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ABSTRACT 

It is recognized worldwide that in particular mountain forests fulfill a variety of ecosystem 

services based on a close, dynamic and reciprocal relationship between the state and 

functionality of the ecosystem and human society. However, the demands on forests and 

their resources are steadily increasing due to global developments such as climate change. 

It has been reported that climate change has affected mountain forests through an 

increasing intensity and frequency of disturbances and forest dieback in recent decades. 

Climatically-induced risk factors like extreme weather events can endanger the stability 

of forest stands and their resistance to harmful organisms. Storms, heat intervals and 

droughts led to a rapid increase in bark beetle infestations in the Bavarian Forest in 

Germany during the study period of 2017-2019. The so-called “bread tree” of forestry – 

the fast-growing Norway spruce (Picea abies), which was cultivated geographically 

outside its ecological optimum – is considered to be particularly climate-sensitive. In 

order to compensate for inadequate adaptation rates of forest ecosystems and avoid direct 

economic consequences, it will be necessary to consciously adapt managed forests to the 

future climate. However, the presence of large numbers of dead trees and potential 

adaptation strategies may have a fundamental impact on human inhabitants, who are also 

users of ecosystem services such as recreation.  

However, given the strong relevance of forest damage and climate change and potential 

impacts on forest stakeholders and local inhabitants of the Bavarian Forest, it is surprising 

that this research field is seldom investigated to date. Therefore, this study deals with the 

perception of climate change-related consequences as well as possible adaptation 

strategies for the Bavarian Forest. Since it can be assumed that various forest ecosystem 

services will be increasingly in demand in the future, participation by all stakeholders 

(including state forests, private forest owners, non-governmental organizations, and 

residents) is essential. Therefore, a sequential, mixed-method approach (qualitative and 

quantitative survey) allows developing concrete guidelines and strategies for adaptive 

management, in which the environmental and social resilience as well as the diverse 

social demands on the forests can be adequately taken into account. 

Therefore, qualitative, in-depth interviews were carried out with forest stakeholders. A 

discourse analysis reveals how knowledge is produced and passed along different kinds 
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of social actors. Furthermore, it is investigated which adaptation strategy forest 

stakeholder chose. Therefore, the conceptual model of GROTHMANN and PATT (2005) was 

used to explain this process precisely. In addition, inhabitants were asked about their 

perceptions and attitudes towards forest dieback and climate change with the help of a 

quantitative survey (online survey). Through the ClustOfVar method, it was possible to 

provide an overview of groups of individuals with the same attitudes. Furthermore, 

respondents were asked to evaluate elaborated adaptation strategies and scenarios with 

the help of a discrete choice experiment. 

The results indicate that forest dieback and climate change are relevant topics for forest 

stakeholders as well as inhabitants of the Bavarian Forest. The majority of inhabitants 

could be described as climate change and forest dieback realists, while fewer are insecure 

or deny the existence of climate change. This study identified positive trends in forest 

management to increase forest owners’ adaptive capacity, encouraging more forest 

resilience, e.g. financial support for forest conversion into mixed forest stands. However, 

there are also less favorable factors, e.g. low adaptation appraisal as well as a high 

uncertainty of small-scale, private forest owners. Nevertheless, the study proves that pro-

active forest stakeholders are optimistic in terms of forest resilience as they have already 

started implementing adaptation measures. By contrast, reactive and passive forest 

owners need to be activated by an impetus to introduce adaptation measures. The study 

identified also various obstacles to adaptation, e.g. knowledge constraints that need to be 

urgently addressed given the speed of a changing climate. However, the public shows a 

positive attitude towards the mixed forest program, which is promoted by national 

authorities. Nevertheless, the removal of deadwood – which is considered by the state – 

is rather not favored.   
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ZUSAMMENFASSUNG 

Es wird heute weltweit anerkannt, dass insbesondere Gebirgswälder vielfältige 

Ökosystemleistungen erfüllen, die auf einem engen, dynamischen und reziproken 

Abhängigkeitsverhältnis zwischen dem Zustand sowie der Funktionalität des Ökosystems 

und der menschlichen Gesellschaft beruhen. Doch die Anforderungen an Wälder und 

deren Ressourcen nehmen aufgrund globaler Entwicklungen, wie dem Klimawandel 

stetig zu. 

Bedingt durch den Klimawandel gelten Gebirgswälder als besonders gefährdet, da die 

Störungsintensität und -häufigkeit zunimmt. Klimatisch bedingte Risikofaktoren können 

die Stabilität der Waldbestände, sowie ihre Resistenz gegenüber Schadorganismen 

gefährden. Beispielsweise führten Stürme, Hitzeperioden und Trockenheit in den 

Studienjahren 2017-2019 zu einem rasanten Anstieg der Borkenkäferdichte im 

Bayerischen Wald. Als besonders klimasensibel gilt der bisherige „Brotbaum“ der 

Forstwirtschaft, die schnell wachsende Fichte (Picea abies), die geographisch außerhalb 

ihres ökologischen Optimums angebaut wurde. Um unzureichende Anpassungs-

geschwindigkeiten der Waldökosysteme zu kompensieren und direkte ökonomische 

Folgen zu vermeiden, wird es erforderlich sein, Wirtschaftswälder dem zukünftigen 

Klima bewusst anzupassen. Weiterhin können das flächige Auftreten von Totholz und 

potentielle Adaptationsstrategien einen Einfluss auf die Bewohner1 des Studiengebietes 

haben, die die Ökosystemleistungen wie z.B. Erholung auch nutzen.  

Es ist überraschend, dass das beschriebene wissenschaftliche Arbeitsfeld, trotz der 

Allgegenwärtigkeit von Waldschäden und Klimawandeleinflüssen im BW, bislang nicht 

ausreichend erforscht wurde. Daher beschäftigt sich die Studie mit der Wahrnehmung 

von klimawandelbedingten Folgen, sowie sich daraus ergebene Anpassungsstrategien für 

Wälder im BW. Da zu vermuten ist, dass die zahlreichen Waldleistungen in Zukunft 

stärker als in der Vergangenheit nachgefragt werden, ist eine Beteiligung von sämtlichen 

Anspruchsgruppen (u.a. Staatsforsten, Privatwaldbesitzer, Nichtregierungsorga-

nisationen und Einwohner) essentiell. Ein gemischter methodischer Ansatz (qualitative 

und quantitative Erhebung) erlaubt erstmals konkrete Handlungsleitfäden und Strategien 

                                                 
1 In order to improve readability, only the male form is used in the text, nevertheless all data apply to 

members of both gender. 
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für ein adaptives Management zu treffen, bei denen sowohl die ökologische und soziale 

Resilienz, als auch die vielfältigen gesellschaftlichen Anforderungen an die Wälder, 

ausreichend berücksichtigt werden können. Daher wurden qualitative Tiefeninterviews 

mit Waldakteuren durchgeführt. Eine Diskursanalyse zeigt, wie Wissen erzeugt und an 

verschiedene Arten von sozialen Akteuren weitergegeben wird. Ferner wird untersucht 

welche Anpassungsstrategie die Waldakteure gewählt haben. Um diesen Prozess genauer 

zu erklären, wurde das konzeptionelle Modell von GROTHMANN und PATT (2005) 

verwendet. Darüber hinaus wurden die Einwohner im Rahmen einer quantitativen Studie 

(Online-Umfrage) nach ihren Wahrnehmungen und Einstellungen zu Waldschäden und 

zum Klimawandel befragt. Durch die ClustOfVar-Methode konnte ein Überblick über 

Gruppen von Personen mit denselben Einstellungen gegeben werden. Ferner wurden die 

Befragten gebeten, ausgearbeitete Anpassungsstrategien bzw. -szenarien mit Hilfe eines 

Discrete Choice Experiments zu bewerten. 

Die Ergebnisse zeigen, dass Waldschäden und Klimawandel sowohl für Waldakteure als 

auch für Bewohner des BW relevante Themen sind. Die Mehrheit der Einwohner kann 

als Waldschadens- und Klimawandel-Realisten bezeichnet werden, während die Minder-

heit unsicher ist oder die Existenz des Klimawandels leugnet. Diese Studie deckt auch 

positive Trends in der Waldbewirtschaftung auf, um die Anpassungsfähigkeit der 

Waldbesitzer zu erhöhen und eine höhere Widerstandsfähigkeit der Wälder zu fördern 

z.B. finanzielle Unterstützung für den Umbau in gemischte Waldbestände. Es gibt jedoch 

auch weniger günstige Faktoren z.B. eine geringe adaptive Kapazität sowie eine hohe 

Unsicherheit kleiner Privatwaldwaldbesitzer. Die Studie zeigt jedoch, dass proaktive 

Waldakteure hinsichtlich der Resilienz der Wälder optimistisch sind, da sie bereits mit 

der Umsetzung von Adaptionsmaßnahmen begonnen haben. Im Gegensatz hierzu müssen 

reaktive und passive Waldbesitzer erst zur Einführung von Adaptionsmaßnahmen 

gebracht werden. Die Studie identifizierte auch verschiedene Schwierigkeiten bei der 

Adaptation z.B. Wissenslücken, die angesichts der Geschwindigkeit der Klima-

veränderungen dringend adressiert werden müssen. Die Öffentlichkeit zeigt jedoch eine 

positive Einstellung zum Mischwaldprogramm, das von der Regierung gefördert wird. 

Dennoch wird die von der Regierung in Betracht gezogene Entfernung von Totholz eher 

nicht bevorzugt.  
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1 INTRODUCTION 

1.1 Problem statement: Issues of climate change, forest dieback and 

adaptation 

Global climate change2 is one of the most significant environmental challenges facing 

humankind as well as natural systems today (INTERGOVERNMENTAL PANEL ON CLIMATE 

CHANGE [IPCC], 2014a). MAHONY and HULME (2017, p. 395) highlight that “(…) global 

climate change is arguably the greatest contemporary geographical challenge.” Effects 

of global climate change such as the retreat of glaciers, intense heat waves, flood events 

and forest dieback3 are currently occurring and affecting a broad range of human and 

natural systems. The warming of the climate system is unequivocal and many of the 

observed impacts4 are unparalleled over decades since the 1950s (IPCC, 2014a; SWIM et 

al., 2011). The period from 1983 to 2012 is believed to be the warmest 30-year period in 

the last 1,400 years in the Northern Hemisphere (IPCC, 2014a).  

Some of the most concrete evidence and visible signs for climate change come from 

mountain areas (BENISTON et al., 2018; MCDOWELL et al., 2019). As a major ecosystem 

representing the complex and interrelated ecology of our planet, mountain environments 

are essential for maintaining the global ecosystem (UNITED NATIONS [UN], 2019). PRICE 

et al. (2011) report that over 41 % of the total mountain area in Europe is covered by 

forests5. German forests occupy about one-third (ca. 32 %) of the country’s total land area 

(POLLEY et al., 2014).  

The important role of (mountain) forests is beyond dispute as they provide many societal 

goods and functions of considerable ecological, financial and cultural value, often 

                                                 
2 The IPCC (2012, p. 5) defines climate change as “A change in the state of the climate that can be identified 

(…) by changes in the mean and/or the variability of its properties and that persists for an extended period 

(…).” 
3 ALLEN et al. (2009, p. 43) define forest dieback as “(…) tree mortality noticeably above usual mortality 

levels.” 
4 Climate change impacts should be defined here according to the definition of the IPCC (2014a, p. 174): 

“Impacts generally refer to effects on lives, livelihoods, health, ecosystems, economies, societies, cultures, 

services, and infrastructure due to the interaction of climate changes or hazardous climate events occurring 

within a specific time period and the vulnerability of an exposed society or system.” 
5 Mountain forests are defined by the FAO (FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED 

NATIONS [FAO] 2019, p. 1) as “(…) forests on land with an elevation of 2500 m above sea level or higher, 

irrespective of slope, or on land with an elevation of 300-2500 m and a slope with sharp changes in 

elevation within a short distance.” 
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collectively referred to as provisioning, regulating, cultural and supporting ecosystem 

services (ESS)6 (DING, CHIABAI, SILVESTRI, & NUNES, 2016; MEA, 2005). The FAO 

(2019, p. 1) emphasizes their valuable role: “Mountain forests provide important 

environmental services far beyond the mountains themselves.”  

However, forest ecosystems and in particular mountain forests are strongly sensitive to 

climatic conditions and thus they are likely to be distinctly affected by climatic changes 

(SEIDL, SCHELHAAS, & LEXER, 2011; TURNER et al., 2003; YOUSEFPOUR & HANEWINKEL, 

2016). BÄSSLER et al. (2009) note that montane and high montane forests of Central 

European low mountain ranges (where the case study forests are located) are among the 

most threatened mixed montane forest systems worldwide. Coniferous forests – which 

provide essential ESS and host a vast array of plant and animal species – are expected to 

be significantly affected by shifts in temperature, precipitation and atmospheric 

greenhouse gas concentrations (MCNULTY & ABER, 2001).7  

Increased forest damage and associated forest dieback are projected to occur in many 

regions throughout the 21st century due to increased temperatures and drought (ALLEN, 

2009; BRODRIBB, POWERS, COCHARD, & CHOAT, 2020; LINDNER et al., 2010). Indeed, 

many European forests have recently faced unprecedented diebacks due to drought, insect 

outbreaks and wildfire triggered by extreme climatic events (SEIDL, SCHELHAAS, 

RAMMER, & VERKERK, 2014). In 2018, Central Europe experienced one of the most 

severe and long-lasting summer droughts and heat waves ever recorded (SCHULDT et al., 

2020).  

Since Europe appears to be more affected by climate change than the global average, 

novel concepts for the adaptation8 of forests and forestry to the future climate and site 

                                                 
6 The Millennium Ecosystem Assessment (MEA, 2005, p. 40) defines the concept as follows: “Ecosystem 

services are the benefits people obtain from ecosystems.”  
7 However, even if climate change has a substantial impact on (mountain) forests, other global changes 

including e.g. deforestation, agricultural expansion, land use changes, resources overexploitation, habitat 

fragmentation and invasive species are driving additionally rapid transformation of mountain forests 

worldwide (PRICE et al., 2011; BRINER, ELKIN, & HUBER, 2013; ALLEN et al., 2010). Although it is difficult 

to separate the effects of these diverse factors, the combined impact is already leading to rapid changes in 

forests. Consequently, forest ESS seem to be at risk due to climate change but unclear interactions of 

climate-change phenomena make it difficult to estimate those (CUDLÍN et al., 2013). 
8 Adaptation is defined according to ADGER et al. (2005, p. 78) as “(…) an adjustment in ecological, social 

or economic systems in response to observed or expected changes in climatic stimuli and their effects and 

impacts in order to alleviate adverse impacts of change or take advantage of new opportunities.”  
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conditions are urgently needed to ensure a sustainable use of forest resources (BOLTE et 

al., 2009; YOUSEFPOUR, AUGUSTYNCZIK, & HANEWINKEL, 2017). In this context, BOLTE 

et al. (2009, p. 479) note: “Adaptive management is one of the most important challenges 

for forestry in the decades to come, reflecting the intensity of local climate and site change 

and its uncertainties.”  

Indeed, forest management9 is used to cope with the inherent uncertainty in forestry. 

However, climate change exceeds the previous level of risk and uncertainty and it poses 

a major novel challenge to forest management (YOUSEFPOUR & HANEWINKEL, 2016). 

ANDERSSON and KESKITALO (2018) demonstrate the need to understand climate change 

adaptation and implementation as being institutionally rooted in social systems.  

Perceptions of climate change and its impacts on forests – which are investigated in this 

study – play an increasingly significant role in forest risk assessment (YOUSEFPOUR et al., 

2013). It is a common ground that adaptation to climate change is a result of a multi-

faceted perceptional process, shaped by various influencing factors including climate 

change risk appraisal and adaptation appraisal. Even the social discourse about climate 

change, the objective adaptive capacity and various incentives have considerable impacts 

on the adaptation intention of forest owners (GROTHMANN & PATT, 2005). For instance, 

SCHMITHÜSEN and WILD-ECK (2000) indicate that social and political opinions on forests 

may refer to a much broader range of issues than their recreational uses. Thus, the authors 

assume that it is worthwhile to investigate the perceptions of people on forests as natural 

surroundings, their attitudes towards forestry practices and conservation, and their 

opinions and demands on forest management. Hence, it is important to develop 

management strategies in the short term and in cooperation with users of forest ESS 

(BLATTERT, LEMM, THEES, LEXER, & HANEWINKEL, 2017; ELSASSER, ALTENBRUNN, 

KÖTHKE, LORENZ, MEYERHOFF, 2020). The underlying research issue is the need to better 

understand motives and activities to create widely-accepted forestry measures 

(SCHMITHÜSEN & WILD-ECK, 2000).  

                                                 
9 The FAO (2020, p. 1) defines forest management as “(…) the process of planning and implementing 

practices for the stewardship and use of forests to meet specific environmental, economic, social and 

cultural objectives. (…). It may involve varying degrees of deliberate human interventions, ranging from 

actions aimed at safeguarding and maintaining forest ecosystems and their functions, to those favoring 

specific socially or economically valuable species for the improved production of forest goods and 

services.” 
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Moreover, integrating stakeholder knowledge into natural resource governance is 

considered to add flexibility to social-ecological systems (SES)10 because knowledge 

diversity reduces rigidity, represents manifold standpoints and supports adaptability in 

decision-making (GRAY, CHAN, CLARK, & JORDAN, 2012). DOWELL et al. (2019) 

summarize that the challenge of climate change in mountain systems is significant and 

cannot be met without adaptation actions and research that addresses the interwoven 

scientific, human and socio-ecological dimensions of climate change. In addition, STÉNS 

et al. (2016) highlight the importance of social and cultural considerations in forest 

management. Forest management that takes into account the different aspects of cultural 

heritage, traditional knowledge and recreation can help to increase the diversification and 

competitiveness of peripheral rural economies (STÉNS et al., 2016). Indeed, mountains 

are often economically underdeveloped and geographically isolated and based on fragile 

socio-economic systems. These systems are characterized by a high cultural diversity. 

Traditional rural activities such as agriculture, livestock grazing and forestry co-exist with 

mining extraction, hydropower production and tourism (BENISTON, 2003).  

Hence, a changing climate raises critical questions: How are vital mountain areas, their 

forests and local inhabitants being affected by climate change? How do inhabitants and 

experts perceive climate change and forest dieback and which adaptation strategies are 

favored? What needs to be done at a private and/or policy level to address these issues? 

The Bavarian Forest (BF) in Germany was chosen as the survey area to answer these 

questions. Besides agriculture, forestry is a major pillar of the Bavarian economy in rural 

areas (BAVARIAN STATE MINISTRY OF FOOD, AGRICULTURE AND FORESTS [STMELF], 

2018c). However, the Bavarian State Ministry for the Environment and Consumer 

Protection (StMUV) highlights that forests and about 700,000 forest owners in Bavaria 

(share of private forest ownership ca. 56 %) are among the main victims of climate change 

(StMUV, 2016). The latest forest report of the StMELF for 2015-2017 notes that climate 

change is not only seen as a possible trigger, but rather it is seen and communicated as a 

                                                 
10 REDMAN, GROVE, and KUBY (2004, p. 163) define SES as “(…) a coherent system of biophysical and 

social factors that regularly interact in a resilient, sustained manner; a system that is defined at several 

spatial, temporal, and organizational scales, which may be hierarchically linked; a set of critical resources 

(natural, socioeconomic, and cultural) whose flow and use is regulated by a combination of ecological and 

social systems; and a perpetually dynamic, complex system with continuous adaptation.” 
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massive threat (StMELF, 2017). Furthermore, a study by SACHER and MAYER (2019a) 

shows that Bavarian forest experts currently realize a very high risk of climate change. 

Especially small-scale private forest owners (PFO) may be severely affected by climate 

change impacts as their capacities and resources for adaptation are limited (BISSONNETTE, 

DUPRAS, DOYON, CHION, & TARDIF, 2017; BRAUN, OßENBRÜGGE, & SCHULZ, 2018). In 

addition, MÜLLER (2011, p. 937) highlights that the inhabitants identify with the visual 

image of a “thick, green forest” landscape that creates a shared sense of place and 

belonging. The author argues that it is unsurprising when forest disturbances – e.g. bark 

beetle outbreaks and resulting high amounts of deadwood – have profound social 

repercussions. Indeed, the occurrence of deadwood as a result of bark beetle outbreaks 

has led to various emotional debates and conflicts in the BF National Park over the last 

decades (see e.g. LIEBECKE, WAGNER, & SUDA, 2011; MAYER, 2013). Thus, the BF is a 

valued forest landscape in various ways, culturally, economically and ecologically. 

Climate change impacts and forest dieback as well as adaptation measures may have an 

impact on valued characteristics of the forests. However, it has not previously been 

investigated whether and how climate change and forest dieback are perceived among the 

public and which adaptation strategies are favored.  

PALOMO (2017) highlights that integrative approaches focusing on climate change 

impacts on multiple ecosystem services in mountain areas are still lacking. A better 

understanding of adaptation options for mountain areas and their peoples is a high priority 

given the diversity and magnitude of impacts. BONAN (2008) suggest that a re-

examination of climate change should start in particular with contributions from the 

interpretative humanities and social sciences, married with a critical reading of the natural 

sciences, and being informed by a spatially contingent view of knowledge.  

The field of human geography is able to contribute to the research objectives of this study. 

However, even if geographers have a long history in basic, use-inspired and applied 

research on climate change, forestry has seldom been investigated in geography to date 

(NÜSSER, SCHENK, & BUB, 2005; WINDHORST, 1978; 1979). Nevertheless, this study 

argues that human geography builds an essential foundation for climate change research 

in a forestry context and therefore it aims to integrate all relevant geographical research 

fields ranging from hazard studies to perceptional geography. Especially the attitudes of 
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forest stakeholders and their chosen adaptation strategies could contribute to the research 

field of environmental economic geography. This branch of Geography investigates the 

ways in which environmental processes structure, influence or disrupt economic decision-

making (BRIDGE, 2008) and can document the regional impacts of climate change for 

economic activities and associated policy and behavioral responses (HAYTER, 2008). 

BRAUN et al. (2018) argue that economic geographers have engaged with local impacts 

of global climate change, natural hazards and resource depletion, applying concepts like 

vulnerability, resilience, social capital, and adaptation. Moreover, there is a link within 

this study to evolutionary concepts such as adaptation and resilience (PATCHELL & 

HAYTER, 2016). However, the strength of this study is also to implement a wide field of 

interdisciplinary research as some geographical approaches are not sufficient (or up to 

date) to explain certain phenomena. Thus, there is strong potential to rework, improve or 

refine certain geographical approaches and adapt them to the current context.  

 

1.2 Research rationales 

The significance of the study lies in the fact that adaptation to climate-induced forest 

dieback is tied up with the livelihood of the local communities, their resilience, 

vulnerability and adaptive capacity. Understanding the adaptation process including 

perceptions through the forest stakeholders’ and societies’ perspectives warrants special 

attention due to direct and indirect dependencies on forest ESS. A number of natural 

scientists (see e.g. BONAN, 2008; SEIDL et al., 2017) and economists (see e.g. 

HANEWINKEL, CULLMANN, SCHELHAAS, NABUURS, & ZIMMERMANN, 2013) have studied 

the impacts of climate change on forests, although no research to date has investigated 

the silvicultural adaptation process, including the perception of climate-induced forest 

dieback by diverse forest stakeholders and society. For instance, YOUSEFPOUR and 

HANEWINKEL (2015) examined climate change perceptions of forestry professionals and 

adaptation strategies for forests in south-west Germany. BLENNOW et al. (2016) studied 

the effects of education on Swedish forest owners’ attitudes towards climate change. 

Furthermore, MOSTEGL et al. (2019) obtained a thorough understanding of the salient 

factors influencing the decision-making of Austrian small-scale forest owners with the 

help of a discrete choice experiment (DCE). Only a few discourse analyses (BILLER, 

2011; PUKALL, 2019; RUTJES, 2017) have investigated forest dieback and climate change 
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in forests thus far. However, none of these forest and climate change-related studies have 

involved the local community into the decision-making process of adaptation strategies. 

Nevertheless, society directly or indirectly uses forest ESS and may have an interest to 

participate in the silvicultural adaptation process (ELSASSER et al. 2020; LOCATELLI, 

2010; MÜLLER, OLSCHEWSKI, UNTERBERGER, & KNOKE, 2020). MÜLLER (2011) 

describes the BF as a culturally important element that creates identities and a shared 

sense of place and belonging. The author concludes that bonds to the forest landscape 

may be sufficiently strong that significant parts of the population might press for 

silvicultural actions. Furthermore, participation in the process of finding suitable 

silvicultural measures may lead to their higher acceptance by the public (ORDÓÑEZ 

BARONA, 2015). 

As forest adaptation programs are more or less supported by national authorities within a 

top-down process, the interests of the diverse local stakeholders such as small-scale 

private forests owners are often not adequately taken into account (FISCHER, 2018; 

JUUTINEN, TOLVANEN, & KOSKELA, 2020). Current research recommendations reflect the 

need for more in-depth knowledge about the social dimensions of climate change 

adaptation (SEIDL, AGGESTAM, RAMMER, BLENNOW, & WOLFSLEHNER, 2016a). For 

instance, BISSONNETTE et al. (2017) highlight that future research will need to engage 

more clearly with specific impacts of forest management strategies used by small-scale 

PFO and their effective adaptation to potential climate change effects.  

Furthermore, FICKO et al. (2019) note that forest owner typologies should be linked 

directly with their overt behavior to be realistic and useful in practice. The interactions 

between ownership type, actual or appropriate forest management approaches and policy 

hold fundamental importance in understanding and shaping forestry, although they 

represent an often-neglected research area (WEISS et al., 2015). Moreover, LINDNER 

(2010) highlights that there remain many weak areas where potential climate change 

impacts on forests are not well understood. The understanding of adaptive capacity and 

regional vulnerability to climate change among forest owners in Europe is not well 

developed and requires more focused research efforts (LINDNER et al., 2010). ANDERSSON 

and KESKITALO (2018) demonstrate that there is a need for understanding climate change 

adaptation and implementation as being institutionally rooted in social systems and 
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further explore the challenges in producing sustainable and long-term adaptation 

measures that extend beyond the economy-oriented ideals.  

However, this study is limited by deep uncertainty towards climate change. The decision 

process about adaptation strategies underlies doubts about the impacts of climate change. 

The socio-economic and socio-ecologic prerequisites of decision-making on adaptation 

need to be understood as an element of transition on the way towards a climate-robust 

economy and society (BLANCO, BROWN, HOLZHAUER, VULTURIUS, & ROUNSEVELL, 

2017). Decision-making under deep uncertainty is one of the most crucial and hitherto-

unresolved problems in the management sciences and economics (YOUSEFPOUR 

& HANEWINKEL, 2016). YOUSEFPOUR and HANEWINKEL (2016) note that the most 

challenging uncertainty related to climate change effects on forest ecosystems remains 

the difficulty of identifying a single scenario to predict the climate development pathway 

in the coming decades. However, besides the deep uncertainty about climate scenarios, 

forest practitioners need to deal with the uncertainty about the actions to cope with the 

new conditions and climate change impacts. Thereby, the awareness and precaution about 

climate change among forest decision-makers is directly affected by observations about 

the natural variability of climate and the regional weather cycles,11 as well as being 

indirectly affected by the observation of climate change impacts on forest health, 

productivity and risks (YOUSEFPOUR & HANEWINKEL, 2015). 

Overall, successful sustainable forest management needs to consider all relevant 

stakeholders at concerning spatial levels (SCHRAMM & LITSCHEL, 2014; 2017). Thus, our 

understanding of the perceptions and impacts of climate-induced forest dieback and 

chosen adaptation strategies like tree replacement is severely incomplete. Consequently, 

the novelty of this study lies in investigating perception and adaptation while all local 

forest stakeholders are integrated.   

                                                 
11 The notion ‘weather’ is often confused with the term ‘climate’ in the everyday language (TAYLOR, 

BRUINE DE BRUIN, & DESSAI, 2014a, 2014b). The term ‘weather’ is described by BAEDE (2001) as the 

fluctuating state of the atmosphere around us and is characterized by elements like e.g. temperature, wind, 

precipitation and clouds. Weather systems are usually unpredictable beyond one or two weeks. Thus, 

weather has only limited mid to long-term predictability (BAEDE, AHLONSOU, DING, & SCHIMEL, 2001). 

The term ‘climate’ refers to the average weather in terms of the mean and its variability over a certain time 

span and a certain spatial area. Therefore, climate is a mathematical construct (LATIF, 2016). LATIF (2016) 

concludes in simple words that climate is what we expect and weather is what we get. 
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1.3 Research objectives 

The purpose of this study is to facilitate the socio-geographical understanding of the 

perception of climate-induced forest dieback and climate change as well as silvicultural 

adaptation to climate change. The specific research objectives guiding the study include 

the following: 

1) Advance the understanding of climate change and forest dieback perceptions. 

a) Understand how different types of forest stakeholders (e.g. small-scale forest 

owner) and local inhabitants perceive climate change and forest dieback and 

what kind of threats are classified with a particularly high risk. 

b) Analyze whether cause-effect relationships between forest dieback and 

climate change are clear and understandable for forest stakeholders and local 

inhabitants.  

c) Identify which factors may influence the climate change and forest dieback 

perceptions of forest stakeholders and local inhabitants. 

d) Compare the perceptions of forest stakeholders and inhabitants.  

 

2) Contribute to a better understanding of silvicultural adaptation to climate change. 

a) Define forest stakeholder typologies and explain their adaptation process, as 

well as finding bottlenecks to adaptation.  

b) Identify which adaptation strategies are preferred by different types of forest 

stakeholders and local inhabitants. 

c) Explain whether and how the perception of climate change and forest dieback 

influences the choice of adaptation strategies by forest stakeholders. 

d) Assess the willingness to contribute to potential adaptive forest management 

practices and scenarios among local inhabitants. 

 

3) Offer advice for forest managers and decision-makers in forestry and politics. 

a) Bridge the science-practitioner gap by providing information about local 

forest stakeholders’ perception and adaptation strategies. 

b) Recommend more specific policy actions based on the findings of the study. 
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To fulfill the research objectives, two survey methods were chosen, namely a qualitative 

and quantitative survey. Within a sequential mixed-design approach, the qualitative and 

quantitative data are collected one after the other, with the second survey referring to the 

results of the first survey (TEDDLIE & TASHAKKORI, 2006). Hence, the quantitative survey 

is based on findings of the qualitative survey. First, the aim was to gain an in-depth 

understanding of forest stakeholders’ perception of forest dieback and climate change and 

attitudes towards silvicultural adaptation. This is especially important because no survey 

to date has investigated this issue in the BF. Therefore, a qualitative survey with semi-

structured, in-depth interviews was chosen as a suitable data generation tool. Second, the 

quantitative survey (online survey) aims to gain a representative impression about the 

perceptions and preferred adaptation strategies of inhabitants of the BF (including forest 

owners). Data of the qualitative survey was used to elaborate the quantitative 

questionnaire. This was especially important for the stakeholders’ adaptation strategies, 

which needed to be integrated in the quantitative survey to analyze the willingness to 

contribute and the attitude towards them by the inhabitants of the BF. 

 

1.4 Research philosophy and study design  

The research philosophy warrants special attention as it contains important assumptions 

about the worldview or knowledge foundation of this study (Figure 1). SAUNDERS et al. 

(2016) relate the overarching term ‘research philosophy’ to the development of 

knowledge and the nature of knowledge. These assumptions underpin the research 

strategy and the chosen research design. However, it should be noted that geography as a 

scientific discipline is strongly based on a predominantly problem-oriented empirical 

research direction (applied science) and it confronts itself with ‘real’ world problems 

rather than thinking about the world (EGNER, 2010).  

This subjectivism perspective mainly guides the qualitative research. The term 

‘constructivism’ or ‘social constructionism’ means studying details of a situation to 

understand the reality or perhaps a reality working behind them (EGNER, 2010; SAUNDERS 

et al., 2016). From the researchers’ and interpretivist perspective, it is necessary to explore 

the subjective meanings motivating the social actors’ actions to understand these actions 

(EGNER, 2010; SAUNDERS et al., 2016). The focus lies upon the details of a situation, as 

well as the reality behind these details. 
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Figure 1: Sequential mixed design of the study 

 

Source: own draft 

Social constructionism views reality as being socially constructed. Social actors such as 

the forest stakeholders in this study may interpret the situations in which they find 

themselves differently. Thus, individual stakeholders will perceive different situations in 

varying ways due to their own worldview e.g. a forest owner with an anthropocentric 

worldview may be sensitive towards economic rather than biodiversity loss. These 

different interpretations are likely to affect social interactions with other stakeholders or 

climate change adaptation. Consequently, forest stakeholders not only interact with their 

surroundings, but they also try to make sense of it through their interpretation of events 

and the meanings that they conclude from these events. In the context of a socially-

constructed interpretation, forest stakeholders’ actions may be seen by others as being 

meaningful or not. The role of the researcher is to understand the subjective reality of the 

individuals to make sense of and understand their perceptions, motives, behavior, actions 

and intentions in a meaningful way (SAUNDERS et al., 2016). Constructivist researchers 

believe that there is no single reality, but rather that the researcher elicits participants’ 

views of reality (TEHERANI, MARTIMIANAKIS, STENFORS-HAYES, WADHWA, & VARPIO, 

2015). 
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By contrast, positivist theory argues that the methods of the natural sciences are 

appropriate for the study of societies. The data collected is much less open to bias and 

therefore more ‘objective’ (EGNER, 2010). However, social phenomena have no external 

reality as they cannot be seen, measured and modified like objects. While this does not 

imply that human feelings cannot be measured, more authority is placed on such data 

presented in the form of tables from statistical data rather than presented in a narrative. 

This positivist position – which focuses on causalities and law-like generalizations – can 

be clearly distinguished from the interpretivist perspective, which is a part of ontology 

(SAUNDERS et al., 2016).  

However, COLLIS and HUSSEY (2014, p. 54) realize that there is an occasional need for 

researchers to “modify their philosophical assumptions over time and move to a new 

position on the continuum.” For instance, pragmatic researchers adapt modified 

philosophical assumptions (STEINER, 2014). Furthermore, pragmatism research 

philosophy only accepts concepts to be relevant if they support action. Following 

SAUNDERS (2016), the research question is the most important determinant of the research 

philosophy adopted. The focus on practical applied research makes it possible to integrate 

different perspectives, which help to interpret the data. One approach may be ‘better’ for 

answering particular questions compared with the others. Thus, if the research question 

does not unambiguously suggest that either a positivist or an interpretivist philosophy is 

adopted, the pragmatist’s view is more or less confirmed. Pragmatics recognize that there 

are multiple realities. The choice of mixed methods is possible and perchance highly 

appropriate within one study.  

To sum up, it is not easy to allocate the research philiosophy of this study between 

explained philosophies. The qualitative study is based on rather constructivism beliefs 

and the quantitative study on rather positivism beliefs. However, as COLLIS and HUSSEY 

(2014) note, the choice between one position of positivism and interpretivism or further 

philosophies is somewhat unrealistic in practice. Pragmatics recognizes multiple realities 

and mixed methods within one study and should serve here as a suitable research 

philosophy for this comprehensive study. 
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1.5 Thesis structure 

This study is structured into seven chapters. The first chapter introduces the survey topic 

by presenting the problem statement and describing general presuppositions like the 

research rationality, research philosophy and objectives. The following chapter presents 

the theoretical background of the study. All relevant principles that are important for the 

qualitative and quantitative survey are described in this chapter. Furthermore, a literature 

review and overview of the state of the art underpins the relevance of this research and 

facilitates the thematic classification. The third chapter provides more details about the 

BF as the chosen project area.  

According to the mixed-method design of the study, the next two chapters include the 

methods and results of the qualitative (chapter four) and quantitative survey (chapter 

five). This rather unusual segmentation provides a better overview between the two 

chosen approaches and improves the understanding of the comprehensive results. Thus, 

chapter four presents all relevant information about the qualitative survey. Therefore, the 

perception of forest dieback and climate change as well as the adaptation to climate 

change among forest stakeholders in the BF is investigated through a detailed discourse 

analysis. Chapter five contains an explanation of the quantitative survey instruments and 

the results of the public’s forest dieback and climate change perception and its attitudes 

towards adaptation strategies (derived from the qualitative survey). An interim summary 

sums up the main findings.  

Chapter six implements a discussion section that sheds more light on the differences and 

synergies between the qualitative and quantitative survey. This section relates to the 

theoretical concepts of chapter two. Moreover, the research findings are compared with 

other research conclusions, new ideas are highlighted, similarities are stressed and 

recommendations are elaborated. A critical reflection emphasizes the limits of the 

research and practical implications for improvement at the end of this chapter. The final 

chapter concludes the research findings and offers an outlook for future research.  
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2 THEORETICAL BACKGROUND AND STATE OF 

THE ART 

2.1 Introduction 

Climate change alters the world with manifold effects on nature, society, the economy 

and people’s everyday lives, and it poses risks for SES today (HULME, 2008). Mountain 

forests provide various ESS but are especially sensitive to climate change impacts 

(BLATTERT et al., 2017; PALOMO, 2017). People may perceive or rank risks differently 

given their diverse values, attitudes, vulnerability and socio-cultural backgrounds, among 

many other factors. Furthermore, they may also be influenced by e.g. the contextual 

background, institutional structures, socio-economic changes and the discourse about 

climate change. According to their individual perception, they may decide differently 

about adaptation measures (BERROUET, MACHADO & VILLEGAS-PALACIO, 2018). 

Nevertheless, research on this issue has mainly focused on biophysical rather than social 

aspects (PALOMO, 2017). 

The following sections provide a scientific substantiation for the qualitative and 

quantitative study. Therefore, section 2.2 illuminates climate change impacts and 

considers SES as a means of analyzing climate change impacts from a holistic 

perspective. Moreover, section 2.3 introduces the concepts of vulnerability and resilience. 

The following section 2.4 provides an overview of research on the perception of climate 

change and forest dieback. Section 2.5 focuses on adaptive human responses to observed 

and projected climate change impacts and introduces theoretical adaptation models. 

Finally, section 2.6 summarizes the main statements.  

 

2.2 Climate change impacts and social-ecological system 

conceptualization  

Climate change impacts are evident across continents and in many sectors that society 

values and depends on, such as water supply, human health, wildlife, agriculture, forestry, 

food security, transportation, energy consumption, ecosystems and their recreational 

value. These impacts are often interrelated and depend on complex mechanisms. 

Therefore, this section aims to create a better understanding of climate change and its 
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specific impacts by clarifying climate change impacts on mountain forests and 

conceptualizing the issue with the help of SES. 

 

2.2.1 Climate change impacts on mountain forests 

Mountains represent unique areas for detecting climatic change and assessing climate-

related impacts that place at risk many ESS provided by them (KOHLER & MASELLI, 

2009). One reason is that the climate changes rapidly with height over relatively short 

horizontal distances, as does vegetation and hydrology (BÄTZING, 2015; BENISTON, 2003; 

VEIT, 2002). Mountains are affected by climate change in manifold ways, e.g. a shift of 

snow-covered zones, the melting of glaciers and rock fall (KOHLER & MASELLI, 2009; 

LINGUA et al., 2020; RANGWALA & MILLER, 2012; SOMMER et al., 2020). Furthermore, 

the role of mountain forests in global water resources could be significantly altered by 

climate change (VIVIROLI et al., 2011; 2020). However, impacts of ongoing climate 

change on the world’s mountain forests are currently less evident than general impacts on 

mountains (LINDNER et al., 2010). Understanding and predicting the consequences of 

these climatic changes on forest ecosystems emerges as one of the main challenges for 

global change researchers (BONAN, 2008; PALOMO, 2017). ALBRICH et al. (2020) state 

that mountain forests are at particularly high risk of climate change impacts due to their 

temperature limitation and high exposure to warming. Even if their complex topography 

may help to buffer the effects of climate change, climate change can lead to critical 

transitions of mountain forest ecosystems (ALBRICH et al., 2020; GRATZER, 2020). 

Nevertheless, scientists assume that the changes occurring in mountain ecosystems may 

provide an early glimpse of what could come to pass in lowland environments and 

therefore that mountains act as early-warning systems (KOHLER & MASELLI, 2009). 

Before linking climate change with the human system and the environment (section 

2.2.2), it is essential to understand cause-effect relationships within forest ecosystems 

(Figure 2, for a comprehensive overview, see also BOLTE et al., 2010). This is especially 

important because forestry is closely linked to climate and weather as well as the supply 

of water and nutrients from the soil (BRAUNISCH et al., 2014; KÖHL & RAMETSTEINER, 

2010). Figure 2 provides a comprehensive view of relations between drivers/pressures 
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(here climate signals) and climate change impacts (here tree species composition, ESS 

and tree vitality and tree mortality).  

Climate signals are complex and interwoven and they extend beyond simply an increase 

in temperature. Climate change manifests itself in long-term changes to the climate such 

as slowly-increasing average temperatures. Moreover, changed climate variability leads 

to frequent extreme weather events such as drought, storms or heat waves (IPCC, 2014a). 

However, these climatic signals cause concrete climate impacts, e.g. damage through 

pests and pathogens. Climatic and local conditions together largely determine the 

spectrum of possible tree species and the potential growth rate of individual tree species. 

The course of the weather determines variations in the occurrence of phenological phases 

such as foliation or flowering, as well as the amount of biomass growth (ADELPHI/ PRC/ 

EURAC, 2015; BOLTE et al., 2010). It should be noted that the overview in Figure 2 

focuses on forests in general. Thus, mountain forests build a more or less particular case 

as they are considered to be rather climate-sensitive (THRIPPLETON, LÜSCHER, & 

BUGMANN, 2020).  

The following section highlights detailed climate change effects on tree species 

composition, forest ESS and the vitality and mortality of trees (as described in Figure 2).  

First, impacts on tree species composition should be explained here. It is assumed that 

the potential growing area and its tree species composition is shifting with climate change. 

An increase in carbon dioxide (CO2) emissions and temperature leads to a shift to the 

north (resp. south) and higher altitudes, whereby water availability plays a crucial role 

(PEÑUELAS, CANADELL, & OGAYA, 2011; RUIZ-BENITO et al., 2014). It is likely that the 

areas in which certain tree species flourish – so-called climate envelopes – will shift faster 

than usual with climate change (BOLTE, IBISCH, MENZEL, & ROTHE, 2008; KÖLLING, 

2007). HANEWINKEL et al. (2013) show that by 2100 between 21 % and 60 % (mean: 

34 %, depending on three climate scenarios) of European forest lands will only be suitable 

for a Mediterranean oak forest type with low economic returns for forest owners and the 

timber industry and reduced carbon sequestration.
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Figure 2: Climate signals and climate change impacts on forests 

 

Source: own draft based on ADELPHI/PRC/EURAC, 2015, p. 251; changed
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The latest IPCC (2013/2014) report visualizes possible migration rates of diverse species 

(e.g. trees, understory vegetation). Under the worst-case climate change scenarios, the 

migration rates of trees are insufficient to keep up with the changing climate. The 

extinction of tree species will be a consequence.  

Historic changes in forest distribution due to the ice age and other events took place over 

thousands of years, at rates of less than 50 km per century (WINNETT, 1998). However, 

in order to meet the forecast about climate changes for the next decades, migration rates 

would have to be hundreds of kilometers per century (IPCC, 2013/2014). Active human 

intervention – through mitigation or adaptation efforts – is needed to close the gap 

between the natural, possible migration rate of trees and the required migration rate under 

climate change; otherwise, typical landscapes may change over time and the social 

requirements for the forest ecosystem and its resources could no longer be fulfilled (KÖHL 

et al., 2017; SPITTLEHOUSE & STEWART, 2004). SCHELLHAAS et al. (2015) state that the 

European forest system is very inert and it takes a lot of time to influence the species 

distribution by replacing species after final felling. 

Second, climate change may have an impact on forest ESS (BRINER et al., 2013; DING et 

al., 2016; DING & NUNES, 2014; GRATZER, 2020). A temperature increase, longer 

vegetation periods, the tree species composition and partly also CO2 fertilization due to 

climate change may influence the productivity of forests. The protective function of 

forests is affected by their vitality, which may be limited by climate change. The 

recreation function may also be affected (ADELPHI/ PRC/ EURAC, 2015; DING et al., 

2016). A loss of habitat and diversity and the consequent simplification of landscapes can 

often have a major impact on the attractiveness of many places, including mountain areas 

in Europe (DING et al., 2016; SACHER & MAYER 2019a). However, effects on ESS are 

difficult to determine. For instance, BRINER et al. (2013) used an integrated economic-

ecological modeling framework to evaluate the impacts of climate change, combined land 

use change and socio-economic changes on the provision of forest ESS in a mountain 

region of southern Switzerland. The results indicate that the ESS of mountain forests will 

be strongly influenced at all elevations by the direct impacts of climate change. 
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Furthermore, climatic changes are affecting biodiversity on an unprecedented scale. 

Climate impacts have been confirmed for all taxonomic groups across the world (CHEN, 

HILL, OHLEMÜLLER, ROY, & THOMAS, 2011; THOM & SEIDL, 2016). The biodiversity of 

forest ecosystems largely depends on the forest composition and structure, e.g. the 

composition of tree species, vertical and horizontal forest structures, the age of the stands 

or the level of deadwood (see e.g. MÜLLER et al. 2015; THOM et al. 2016). However, the 

structural characteristics of montane and sub-alpine forests are mainly attributed to cold 

ambient temperatures, which are characterized by low forest productivity, long 

succession periods as well as a high risk of snow break or wind throw with subsequent 

exposure to insects (BRAUNISCH et al., 2014).  

Third, it is extremely likely that the vitality of forests and mortality level of trees will 

be affected by ongoing climatic changes (KÖHL et al., 2017). Of particular concern for 

this study are potential increases in tree mortality associated with climate-induced 

physiological stress and interactions with other climate-mediated processes such as insect 

outbreaks. ALLEN et al. (2009, p. 43) define forest dieback as “tree mortality noticeably 

above usual mortality levels.” Furthermore, forest dieback is characterized by high 

variability and is independent of whether the process is caused by climate changes, insect 

pests or human impact on the environment, particularly environmental pollution and 

many factors that have not been identified to date (BAŁAZY, ZASADA, CIESIELSKI, 

WARAKSA, & ZAWIŁA-NIEDŹWIECKI, 2019). Thus, forest dieback is not the result of a 

mono-causal but rather a complex disease caused by multiple stresses (KARNOWSKY et 

al., 2005). Forest dieback poses risks to carbon storage, biodiversity, timber production, 

water quality, recreational value and economic activity (ALLEN, 2009; MARGALEF-

MARRASE, PÉREZ-NAVARRO, & LLORET, 2020; MARTIN, NEWTON, CANTARELLO, & 

EVANS, 2015).  

Within their research, ALLEN et al. (2010) present a first attempt to assess recent global 

tree mortality attributed to drought and heat stress. The results show that at least some of 

the world’s forested ecosystems have already responded to climate change and they raise 

concern that forests may become increasingly vulnerable to future warming and drought. 

Indeed, over the past two decades, extensive tree mortality caused especially by a 

combination of high temperatures, dry climatic conditions and insect and pathogen 
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outbreaks has been documented (ALLEN et al., 2010; BRODRIBB et al., 2020). Especially 

dry forests seem to be affected by decreasing water availability and an increasing 

frequency of droughts. Examples of recent diebacks are particularly well documented for 

Europe (LINDNER et al., 2014) and temperate and boreal forests of western North America 

(WEED, AYRES, & HICKE, 2013). However, the spatial variability is strong (STEINKAMP, 

HICKLER, & GIBSON, 2015). Nevertheless, BAŁAZY et al. (2019) note that forest dieback 

of mountainous areas is a common problem in almost all regions of the world, although 

the process of tree dieback might have different characteristics and causes for relatively 

small mountainous areas in Central Europe with similar species composition, climatic 

conditions and stressors. Furthermore, RUIZ-BENITO et al. (2020) state that some critical 

variables that are relevant to predict responses of European forests to climate change tree 

mortality are only available at relatively short timeframes (up to 10-20 years). 

Figure 3 presents a simple conceptual diagram that shows the variability of climate 

parameters like precipitation and temperature, and alternatively drought duration and 

drought intensity.  

Figure 3: Physiological thresholds of tree mortality under drought 

 

Source: ALLEN et al., 2010, p. 670 
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The future climate is expected to face an increased drought level and temperature events 

(DESOTO et al., 2020). This fact shifts the climate envelope towards a higher mortality 

level of tree species. A higher drought intensity and a longer drought duration is driven 

by a temperature rise and a decrease in precipitation rates. ALBRICH et al. (2020) found 

that at warming levels above +2°C a threshold was crossed, with the mountain system 

tipping into an alternative state, e.g. from a conifer‐dominated landscape characterized by 

large trees to a landscape dominated by smaller, predominantly broad-leaved trees. The 

ability to recover from climate change impacts was especially impaired in scenarios with 

lower precipitation. BRANDL et al. (2020) report that decreasing precipitation substan-

tially increased the mortality risk for Norway spruce in Germany.  

At the beginning of the 1980s, the Central European public perceived that forests in wide 

areas were damaged and seemed to die rapidly. The term ‘Waldsterben’ emerged in this 

context (ESSMANN & ZIMMERMANN, 1991). According to STINGLWAGNER et al. (2009), 

the term ‘Waldsterben’ is the previous word for the so-called new forest damage.12 Due 

to blurred borders and different human connotations and associations, a clear distinction 

between forest dieback, forest damage, forest deterioration and forest disease is not easily 

possible, at least in a German context (MAYER, 2018).13 

It is certain that episodic tree mortality also occurs in the absence of climate change, e.g. 

historically-recorded large-scale bark beetle infestations following heavy storms in the 

BF in 1870 (VAN DER KNAAP et al., 2020). However, the combined impacts of climate 

change and climate-driven changes with the dynamics of forest insects and pathogens 

considerably raise the stress level of trees (ALLEN et al., 2010). Indeed, SCHULDT et al. 

(2020) indicate that the intensive drought stress in German forests in 2018 impaired the 

                                                 
12 New forest damages are related to the mainly anthropogenic-caused air pollution nowadays. Potential 

causes for the complex occurrence of these forest diseases are sulfur oxides (SO2) and an increased level of 

nitrogen oxides (NOX) due to traffic emissions (STINGLWAGNER, HASEDER, & ERLBECK, 2009). Overall, 

forest damages describe the loss or endangerment of entire forests or individual trees. These processes are 

usually described, from an anthropogenic point of view, as damages because they reduce the yield of wood, 

impair the management of the forest, the functions of the forest or other, primarily anthropocentric 

evaluations such as landscape and natural aesthetics (see ibid.). 
13

 Besides, it is important to note that the term ‘forest dieback’ was not directly translated with the German 

loan word ‘Waldsterben’ during the qualitative and quantitative interview phase of this study. Instead, the 

umbrella term ‘forest damages’ (in German: Waldschäden) was used to refer to forest dieback. The large-

scale dying of trees and the media discourse about Waldsterben in the 1980s potentially influenced the 

meaning of Waldsterben for the German society. Thus, to avoid a biased opinion of respondents, this study 

uses a rather neutral term. In addition, an expert survey among forestry experts at the BioHolz-Workshop 

in Laufen/Oberbayern (MAYER, 2018) gives evidence to the fact to avoid the German term Waldsterben.  
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physiological recovery of trees, leaving them highly vulnerable to secondary drought 

impacts such as insect or fungal pathogen attacks in the following years (BRANDL et al., 

2020).  

The effects of climate change on forests can also be divided into direct and indirect 

impacts (KIRILENKO & SEDJO, 2007). Changing temperature and precipitation patterns 

will produce a strong direct impact on natural and cultivated forests. Wildfires, insects, 

pathogens and extreme weather events are rather indirect drivers of change. The 

frequency and intensity of indirect impacts may be more important (or at least visible) for 

the forestry sector than direct impacts like higher temperatures and elevated CO2 

concentrations (KIRILENKO & SEDJO, 2007). Even without fires or insect damage, 

frequency changes of extreme events like winter storms and droughts can bring massive 

loss to commercial forestry (see ibid.).  

However, the effects of climate change on forests not only include negative effects like 

reduced growth rates and increases in stress and tree mortality; rather, impacts also 

include positive ones like increases in forest vigor and growth from CO2 fertilization, 

increased water use efficiency and longer growing seasons (ALLEN et al., 2010; 

D'ORANGEVILLE et al., 2016; LLOYD & BUNN, 2007; SCHOLZE, KNORR, ARNELL, &, 

PRENTICE, 2006). Nevertheless, in areas where regional warming has resulted in water 

deficits, the positive effect of warming can disappear due to water stress and increased 

vulnerability to pests (KURZ et al., 2008; RESTAINO, PETERSON, & LITTELL, 2016). 

Overall, our understanding of climate change in mountains remains challenging owing to 

inadequacies in observations and simulations. Existing climate models do not yet 

adequately represent the complex topography and interactions within mountain 

ecosystems (RANGWALA & MILLER, 2012; TITO, VASCONCELOS, & FEELEY, 2020). In 

fact, it remains uncertain whether mountainous regions are generally warming at a 

different rate than the rest of the global land surface, or whether elevation-based 

sensitivities in warming rates are prevalent within mountains (RANGWALA & MILLER, 

2012). The lack of more precise, regional models concerns the largest mountain massifs 

in the world. Reliable high-altitude and long-term records of mountain climates that allow 

building up regional climate models only exist for a few areas, e.g. the European Alps. 

As a result, the magnitude of projected changes in temperature and precipitation still 
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strongly differ between models for extremes as well as mean values (KOHLER & MASELLI, 

2009). Nevertheless, TITO et al. (2020) recommend using mountain ecosystems as natural 

laboratories for climate change experiments as the high variability of different abiotic and 

biotic factors along elevational gradients provides a useful opportunity to carry out field 

experiments aimed at answering some critical questions about their interrelations. 

To sum up, despite a significant body of research, there are considerable information gaps 

and scientific uncertainties that currently hinder the ability to predict tree mortality in 

response to climate change, which emphasizes the need for a globally-coordinated 

observation system (ALLEN et al., 2010; MILLAR, STEPHENSON, & STEPHENS, 2007; RUIZ-

BENITO et al., 2014; RUIZ-BENITO et al., 2020). BAŁAZY et al (2019) acknowledge that 

forest dieback of mountainous areas is a common problem in almost all regions of the 

world, although they indicate that there is no one universal answer to the question of 

which factors have a significant influence on forest dieback processes in the mountains 

to date. Moreover, a knowledge and communication gap exists between scientists and 

non-scientists concerning how climate change scenarios can be interpreted and what they 

imply for forests and forest management (JUERGES & JAHN, 2020; NELSON, WILLIAMSON, 

MACAULAY, & MAHONY, 2016). LINDNER et al. (2014, p. 69) note that it is“(…) still 

challenging to advise forest decision makers on how best to plan for climate change as 

many uncertainties and unknowns remain (…).”  

All mentioned major impacts of climate change pose a higher degree of uncertainty 

(climate change as a new source of uncertainty) and novel quality of uncertainty 

(changing patterns and magnitude of damage) to forest resource management 

(YOUSEFPOUR & HANEWINKEL, 2016). Thus, it is also essential to understand climate 

change impacts from a holistic perspective as humans and natural systems are interrelated. 

Hence, the next section aims to clarify these relationships with an SES conceptualization.  
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2.2.2 Social-ecological systems as means of analyzing climate change 

impacts from a holistic perspective 

The relationship between climate and society has been dynamic throughout human 

history: “A relationship that has been variously elemental, creative and fearful.” 

(HULME, 2008, p. 5). Nowadays, the relation has become even more interrelated and the 

dynamics of the climate system are changing through human influences. In the 21st 

century, the scientific consensus demonstrates that climate change is essentially a human-

centered problem but with far-reaching consequences. Globally-aggregated human 

activities are modifying the functioning of the climate system on an unpredictable scale 

(see ibid.).  

Natural sciences have long been engaged in studying ecological systems, including the 

physical and chemical developments that change the temperature on Earth, the ways in 

which these processes affect other parts of the global climate system and the 

consequences of all of these changes for physical and biological processes (SWIM et al., 

2011). However, a second science of climate change has been developed for over a 

quarter of a century, namely the science of the human dimensions of climate change 

(BOULDING, 1983; STERN, 1993). Thus, the idea of climate can only be understood when 

its physical dimension is also interpreted by cultural connotations (HULME, 2015). This 

interpretation will allow a considerable opportunity for an increased understanding of the 

factors that underlie anthropogenic causes of climate change and the ways in which 

mitigation and adaptation behaviors may be effectively encouraged. Hence, closing 

knowledge gaps also implies an enormous responsibility to effect change.  

As ADGER et al. (2013) note, society’s response to every dimension of global climate 

change is mediated by culture. Past happenings such as the confrontation with extreme 

weather events and the climate forecasts are interacting in new ways to provide a “novel 

motor for cultural change” (HULME, 2008, p. 5). At the same time, climate change is 

likely to threaten cultural dimensions of lives and livelihoods that include the material 

and lived aspects of culture, identity, community cohesion and sense of place (ADGER et 

al., 2013). Human consequences are also both psychological (e.g. distress) and social (e.g. 

intergroup relations) and they are influenced by intra-individual cognitive, affective and 

motivational processes as well as human systems on a larger scale (SWIM et al., 2011). 
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Additionally, there are important cultural dimensions of how societies respond and adapt 

to climate-related risks. The strained lines between nature and culture are dissolving (in 

geography, see e.g. ZIERHOFER, 1999). In this context, it is essential to reclaim climate 

from the natural sciences and treat it explicitly as a manifestation of both nature and 

culture (ADGER et al., 2013; FOUBERG, MURPHY, & BLIJ, 2015).  

Geography has much to contribute to understand the complex spatial dimensions of 

climate change including the observed and anticipated spatial differentiation in potential 

impacts and vulnerability (AUFENVENNE, 2011). During the 1960s, geographers started 

to ask essential questions concerning problems and challenges resulting from the human 

alteration of natural resources and environments. Conceptualized by critical approaches, 

as a hybrid of the intertwined ‘social’ and ‘natural’ area, climate change represents a topic 

that dissolves this dichotomy while it reinforces the aim to make climate change 

manageable (FLEMING, VANCLAY, HILLER, & WILSON, 2014; HOFFMAN, 2012; HOFFMAN, 

2015). In addition, geographers have a long history of contributing to basic, use-inspired 

and applied research on climate change. MOSER (2010) notes that the contributions cut 

across all of the major traditions and sub-fields within geography, they have aimed at a 

variety of scales, and connected to the scholarship of other disciplines. Nevertheless, 

MOSER (2010) recommends that geographers should continue their interdisciplinary 

research and engage more than before in practice-relevant research, particularly in the 

area of the human dimensions of climate change. One of the main interests of geography 

as a scientific discipline is to describe the intersections between nature and humanity. 

Furthermore, geography has a tradition of understanding details of knowledge, power, 

scale as well as climate change (COX, 1997).  

While physical geographers have been concerned with weather and climate, human 

geography involvement with matters of climate change has substantially increased over 

the past 20 years and it emerged once again when ‘adaptation’ efforts were officially 

recognized. Since then, geographers have contributed to a broad number of issues that 

combine aspects of natural and cultural sciences. A smaller part was concerned with the 

spatially-dispersed collection of climate data and therefore geographically-situated 

knowledge production (MAHONY, 2013; MAHONY & HULME, 2017). Most research 

discusses local efforts and effects of adaptation, while it often neglects to take into 
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account development interventions or the multiple determinants of ‘successful’ 

adaptation measures (ERIKSEN et al., 2011; ERIKSSON, NORDLUND, SCHENK, & WESTIN, 

2014; MERCER, 2010; PELLING, 2011). HULME (2008) raises today’s questions to which 

geography should contribute: What does climate mean to different people and diverse 

cultures? Which of these meanings are threatened by climate change and which can co-

evolve with a changing climate?  

Many research efforts describe the relationship between climate change, the environment 

and human systems with the help of SES models (e.g. BERROUET et al., 2018; GARDNER 

et al., 2013; GIFFORD, KORMOS, & MCINTYRE, 2011; OSTROM, 2009; SWIM et al., 2011). 

This model is also applied in a forestry context (see e.g. BLANCO et al., 2017; FISCHER, 

2018; MÜLLER, 2011; SEIDL & LEXER, 2013). SES models are linked systems of people 

and nature, emphasizing that humans must be seen as a part of – not apart from – nature 

(BERKES, FOLKE, & GADGIL, 1998). Thus, SES models describe environmental and 

human systems as being inextricably interconnected. SES have variable structural 

complexities that change over time and space. Moreover, they share common properties, 

including resilience and complexity, which are linked through feedback relationships 

(FISCHER, 2018; GUNDERSON & HOLLING, 2002).  

The theory of SES is defined by: 1) a coherent system of biophysical and social factors 

that regularly interact in a resilient and sustained manner; 2) a system that is defined at 

several spatial, temporal and organizational scales, which may be hierarchically linked; 

3) a set of critical resources (natural, socio-economic and cultural), whose flow and use 

is regulated by a combination of ecological and social systems; and 4) a perpetually 

dynamic, complex system with continuous adaptation (REDMAN et al., 2004). 

The simple conceptual model in Figure 4 – which is originally adapted from an SES 

approach – visualizes the effect of global and regional drivers of change on ecological 

and social dimensions and the interdependencies between these dimensions (GARDNER et 

al., 2013). Global and regional drivers like climate change affect the ecosystem and 

society, which is embedded in a certain spatial context, in this case the forest landscape. 

The social system itself comprises the economic sector, social institutions and 

organizations, social cycles and the social order in the form of cultural patterns for 

organizing interactions among people and groups.  
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Humans’ response to global and regional drivers is characterized by human behavior, 

which in turn leads to a certain outcome. Factors like access to information, incentives 

and constraints are able to shape the outcome. However, the model also indicates that 

people affect the climate through their activities. For example, clearing forests directly 

alters environmental conditions, which are able to change the climate. These activities are 

a result of a full range of cultural, economic, political and social conditions and processes. 

The human component is complex and cannot be treated as an organism with consistent 

reactions to external stimuli (REDMAN et al., 2004). 

Figure 4: Conceptual model of socio-ecological system in a forestry context 

 

Source: own draft based on GARDENER et al, 2015, p. 4; originally from COLLINS et al., 2011, p. 354; 

changed 

The ecological dimension compromises biophysical factors and landscape features like 

soil and the climate system. Global and regional drivers also have an impact on the 

biodiversity, containing fauna and flora elements, as well as the ecosystem functions and 

habitat services. For example, climate change may result in a change of tree species 

composition at the landscape level. The middle section (synthesis and interactions) 

visualizes the linkage between the environmental impacts or stressors and changes of ESS 
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with the social and ecological dimension. The environmental impacts or stressors directly 

affect human behavior and the biodiversity outcome, while changes in the provisioning 

of ESS have an impact on human outcomes and ecosystem functions and habitat services. 

The direct linkages between cultural services and climate change are very complex to 

convey. DING et al. (2016) note that the link is rather indirect because the use of natural 

resources does not directly depend on a temperature increase but is indirectly related to 

climate variables.  

BLANCO et al. (2017) underline the importance of SES dynamics in understanding 

adaptation to global change in the forestry sector, which is sensitive to the ecological and 

economic impacts of climate change, and where the adaptive decisions of owners play 

out over long periods of time. Moreover, FISCHER (2018) notes that many of the threats 

to forests result from complex interactions between multiple stressors and require 

management at large spatial and temporal scales. The forest landscape has been put forth 

as an appropriate unit for a holistic approach to management where outcomes of past, 

present and future decisions in one location may interact with outcomes of such decisions 

in other locations nearby. Furthermore, FISCHER (2018) identified core processes that 

govern forest landscapes as SES: feedback, time lags, and cross-scale interactions.  

- Feedback describes the modification or control of a process or system by its effects, 

e.g. forest dieback resulting from extensive pest outbreaks has led to higher carbon 

emissions and exacerbated global warming (FLOWER & GONZALEZ-MELER, 2015).  

- Time lags refer to the intervals between landscape conditions and the human-nature 

interactions that lead to them, e.g. due to the longevity of trees, past silvicultural 

practices are social artefacts and they convey information about former social 

conditions and behaviors (FISCHER, 2018; LIU et al., 2007).  

- Cross-scale interactions describe how people act at different levels, e.g. the 

individual, group or population level within the forest landscape. Social groups may 

shape perceptions and norms of behavior regarding forest management within their 

group or they are shaped through social interaction within broader communities of 

place (FISCHER, 2018). However, boundaries between internal and external system 

processes are difficult to define as forests are more or less open systems (FILOTAS et 

al., 2014).  
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Many forest pests and disease problems are a function of cross-scale socio-ecological 

interactions (FISCHER, 2018; TEMPERLI, BUGMANN, & ELKIN, 2013). MORRIS et al. (2018, 

p. 34) characterize bark beetles as “agents of change in social-ecological systems”.14 

Native bark beetles are important mortality agents of conifers that promote forest 

succession and therefore help to maintain forest health in many ecosystems around the 

world. Since the late-1970s, irruptive outbreaks of these insects have affected millions of 

hectares of forests in North America and Europe, with cascading consequences for SES 

(SEIDL et al., 2014). As forest disturbance regimes are highly sensitive to climate 

(TURNER, 2010), the recent increase of bark beetle populations in many locations is 

mainly attributable to increasing temperatures and windfall in the course of climate 

change (TEMPERLI et al., 2013; TEMPERLI & BUGMANN, 2020).  

Especially in Central Europe, a strong link between the mass reproduction of bark beetles 

(Ips typographus) and climate change has been established (SEIDL et al., 2011; TEMPERLI 

& BUGMANN, 2020). The BF features some of the largest natural disturbance patches 

recorded in Central Europe in recent history (SENF & SEIDL, 2018). Climate change is 

likely to affect thresholds and rates of beetle development, while simultaneously 

enhancing beetle winter survival rates. Due to differences in temperature-dependent life-

history strategies including cold induced mortality and developmental timing, responses 

to warming will differ among and within bark beetle species (BENTZ et al., 2010).  

Norway spruce – which has been a success story of Central European forestry since more 

than a century – is especially at risk of bark beetle infestations (JANDL, 2020). Many 

influences have led to low-productivity spruce forests in Central Europe, e.g. Norway 

spruce tolerates low soil fertility, grows well under a wide range of climatic conditions, 

and is often more productive than other coniferous or deciduous tree species (see ibid.). 

Due to high demand by a growing population, a timber shortage was evident in the second 

half of the 19th century. The age-class system of spruce-dominated stands with clear cuts 

at the end of the rotation period leading to monocultures plantations was the 

recommended silvicultural system (O'HARA, HASENAUER, & KINDERMANN, 2007). 

                                                 
14 The Actor-Network-Theory (LATOUR, 2007) defines relations between human as well as nonhuman 

actors and may serve as a further approach to describe the linkage of humans and bark beetles. However, 

only a few studies use the Actor-Network-Theory in a forestry context (see e.g. BOERBOOM & FERRETTI, 

2013; PURNOMO et al., 2017; WALLACE, 2012). 
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Monocultures forest are at a higher risk of pest and pathogen infestation than mixed-

species stands, where the risk is distributed among tree species (BRANG et al., 2014). 

Due to rapid increases of native bark beetle populations, forest ecosystems have 

experienced substantial changes in landscape structure and functioning, which also affect 

nearby human populations (MORRIS et al., 2018). The effects of recent bark beetle 

disturbances have had measurable impacts on communities, especially in areas that have 

experienced disruptions to ESS as a result of outbreaks (SEIDL, SPIES, PETERSON, 

STEPHENS, & HICKE, 2016b). Beetle-caused tree mortality affects various ESS like 

property values, marketable timber products in quantity and quality, the aesthetics of the 

landscape and the combined recreational and tourism appeal (FLINT, MCFARLANE, & 

MÜLLER, 2009; KORTMANN et al., 2021). Bark beetle outbreaks can enhance or diminish 

ESS. On the one hand, outbreaks may increase water yield, especially in mountain 

communities, which is perceived as beneficial for society. On the other hand, they can 

also harm human health by impairing water quality (MORRIS et al., 2018).  

Landscape aesthetics and the perception of the environment are important attractors for 

local inhabitants and outdoor visitors, although they may be disturbed by bark beetle 

outbreaks and related tree mortality (KORTMANN et al., 2021; MÜLLER & JOB, 2009; 

MÜLLER, MAYER, & JOB, 2008; PRÖBSTL, 1989; SACHER, MAYER, & KAUFMANN, 2017). 

MÜLLER (2011) notes that landscape change in the wake of natural disturbance is as much 

a cultural and political issue as an ecological and economic one since landscapes are 

imbued with cultural meaning. Especially resource-based communities have grown 

meaningful bonds with the landscape and bark beetle impacts may lead to questioning the 

cultural impacts of nature and naturalness and a threat of identities (MAYER, 2013; 

MÜLLER, 2011; MÜLLER & IMHOF, 2019). Furthermore, the appearance of landscapes is 

also important to communities that depend on revenues from nature-based tourism 

(MORRIS et al., 2018). Therefore, ARNBERGER et al. (2018a) investigate how visitors 

weigh the trade-offs between physical and social forest environment factors and how 

visitor preferences might differ. The results reveal that the most important variable 

influencing visitors’ landscape preferences was the condition of the immediate forest 

surrounding. Visitors preferred healthy mature forest stands, whereas substantial 

deadwood was rather disliked.  
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Direct effects (changes in the climatic conditions necessary for specific activities) and 

indirect effects (changes in mountain landscapes and wider-scale socio-economic 

changes such as patterns of demand for specific activities or destinations) of climate 

change could also alter the recreation and tourism sector in mountain forests (BENISTON, 

2003). Tourism is a climate-dependent industry and many destinations owe their 

popularity to their pleasant climates during traditional holiday seasons (AMELUNG, 

NICHOLLS, & VINER, 2016; GÖSSLING & HALL, 2007). A study by AMELUNG et al. (2016) 

reveals that the locations of climatically-ideal tourism conditions are likely to shift 

poleward under projected climate change. Furthermore, changing climates will 

potentially alter the seasonal patterns of tourism, with consequences for mountain 

environments. Rising temperatures will shorten winter sport times and threaten the 

viability of ski resorts (STEIGER, SCOTT, ABEGG, PONS, & AALL, 2019). However, the 

effects of these changes will strongly depend on the flexibility demonstrated by 

institutions, the tourism industry and tourists as they react to climate change, with 

substantial implications for both the spatial and temporal redistribution of tourism 

activities (AMELUNG et al., 2016). 

Overall, SES are a suitable way to conceptualize the interdependencies between humans 

and the environment and highlight the dimensions on which climate change may have an 

impact. However, this study should also draw attention to the factors and processes that 

determine whether ecological, social and integrated SES are likely to experience harm 

due to climate change and which factors may enhance the systems’ resilience and reduce 

the vulnerability. Therefore, this study should illuminate the broad concepts of 

vulnerability and resilience in the course of SES.  

 

2.3 Vulnerability and resilience to climate change in an uncertain 

future 

It is the aim of this section to clarify the terms vulnerability and resilience in a climate 

change and forestry context. These terms are important components that are able to 

explain the silvicultural adaptation process more precisely. Moreover, uncertainty about 

climate change is a relevant issue that substantially shapes the climate change discourse 

(REUSSWIG, 2010) and therefore warrants special attention.  
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2.3.1 Vulnerability to climate change 

Vulnerability has been conceptualized in many ways depending on various research 

traditions (see overview of LEI, WANG, YUE, ZHOU, & YIN, 2014).15 As noted by MOSER 

(2010), vulnerability-focused research benefits from significant geographic scholarship 

(see e.g. BOHLE, 2017; POLSKY, NEFF, & YARNAL, 2007; SCHRÖTER, POLSKY, & PATT, 

2005) but it needs to be expanded conceptually (BIRKMANN, 2008).  

The disagreement about an appropriate definition of vulnerability is a frequent cause of 

misunderstandings in interdisciplinary research on climate change and a challenge for 

attempts to develop formal models of vulnerability. Several researchers have emphasized 

that the term vulnerability can only be used meaningfully with reference to a particular 

vulnerable situation (FÜSSEL, 2007a). However, vulnerability is derived from the Latin 

word ‘vulnerare’, which means to be wounded and describes the potential to be harmed 

(KASPERSON, KASPERSON, & DOW, 2001). Thus, the term is characterized by the 

sensitivity to a perturbation or stress (LEI et al., 2014) and it refers to the degree to which 

people or the things that they value (economic value and wealth, but also cultural, spiritual 

and personal values) are susceptible to or unable to cope with climate change impacts. 

During recent years, analyzing the vulnerability of socio-ecological systems when facing 

the loss or degradation of ESS has gained increasing attention (BERROUET et al., 2018). 

Figure 5 illustrates the concept of climate vulnerability and tries to combine different 

perspectives on vulnerability (O’BRIEN, ERIKSEN, NYGAARD, & SCHJOLDEN, 2007).  

A deterministic (or biophysical) approach to vulnerability focuses on the physical impacts 

of natural hazards (FÜSSEL & KLEIN, 2006). This approach relies on modeling and 

measurement techniques but neglects the social, economic and political factors that shape 

vulnerability. The response to climate change is determined by the contextual 

vulnerability, and vice versa. Answers to climate change like adaptation measures 

influence political and institutional processes as well as social and economic structures 

and dynamics. Moreover, whether individuals or communities perceive themselves to be 

                                                 
15 The concept of vulnerability has been developed largely in social sciences addressing environmental risks 

and hazards (KASPERSON & KASPERSON, 2005). Since the popularity of the human dimensions of climate 

change research, the focus of vulnerability has been transformed from the physical vulnerability of 

environmental systems to an investigation of the social vulnerability of human societies. Vulnerability is a 

critical property of SESs that unfolds in the interaction between humans and the environment. It can be 

reduced by enhancing awareness and promoting social learning (LEI, WANG, YUE, ZHOU, & YIN, 2014). 
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vulnerable to climate change depends upon funding regimes, policy approaches, and 

adaptive behaviors (HOPKINS, 2015; MCLAUGHLIN & DIETZ, 2008; O’BRIEN et al., 2007).  

This approach was further developed by the political economy approach, which questions 

who is the most vulnerable to environmental risks and hazards, and why. For instance, 

marginalization effects and the under-development of economic sectors may lead to 

disproportionate vulnerability among certain social groups (HOPKINS, 2015). In addition, 

BARNETT (2020) concludes that climate change is a result of the nexus of ideas, 

institutions and interests that have combined to accumulate power at the expense of 

people. He further argues that research has been more purposefully applied to explain the 

(re)workings of power in response to the risks. Moreover, FAYOMBO (2020) realizes a 

recent call for a more politicized view of adaptation that reiterates the need to highlight 

and pay attention to the influence of other sources of power that drive vulnerability. The 

author uses a discourse analysis to examine the power of discursive constructions in 

fostering adaptation deficits and entrenching the vulnerability of residents of informal 

spaces.  

Figure 5: Influencing factors on climate vulnerability 

 

Source: own draft after O’BRIEN et al., 2007, p. 80; GREIVING, HARTZ, HURTH, & SAAD, 2016, p. 87; 

changed 
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Furthermore, vulnerability (or outcome vulnerability) could also be seen as a function of 

exposure, sensitivity and adaptive capacity (SCHEFFRAN, 2017). An exposure is described 

by the presence of people, livelihoods, species or ecosystems, environmental functions, 

services and resources, infrastructure or economic, social, or cultural assets in places and 

settings that could be adversely affected (IPCC, 2014a). FAULKNER et al. (2020) define 

exposure as the non-responsive properties of a place existing prior to shock, whereas 

sensitivity is a definitive measure of change reflecting the extent to which a place has 

been negatively affected by a shock. More precisely, sensitivity describes the extent to 

which an existing non-climatic system – e.g. a sector, population group but also 

biophysical factors such as air quality – reacts to a defined climate signal (ADELPHI/ PRC/ 

EURAC, 2015). Sensitivity usually refers to the status quo of the system and it does not 

consider future changes like land use and demographic change. This could be seen as 

especially critical because certain vulnerabilities only result from a change in sensitivity. 

For example, the risk of forest dieback in the future is only likely to increase by combining 

an increase of monoculture practices in potentially vulnerable forests with a potential 

increase in natural hazards from climate change (JANDL, 2020).  

Adaptive capacity is the ability of a system to adapt to climate change and mitigate 

potential damage (FAULKNER et al., 2020). By definition, adaptive capacity always refers 

to the future or the possibility of taking additional measures. These are avoidance, 

reduction or protection measures that extend beyond what already exists (ADELPHI/ PRC/ 

EURAC, 2015). Enhanced capacities to adapt are part of the essentials for managing 

climate change risks for many regions and sectors like forestry (SEIDL & LEXER, 2013). 

Climate vulnerability in a forestry context is not only determined by ecological processes 

such as storms, droughts or bark beetle outbreaks, but it is additionally influenced by the 

adaptive capacity of the forest owners. There are many factors shaping the land users’ 

adaptive capacity including the ownership structure (e.g. public or private forest areas), 

established management traditions and decision-making structures, societal trends and 

value changes, the availability of forest sector labor, climate change awareness, recent 

experiences, training, knowledge, information and education (PRÖBSTL-HAIDER et al., 

2016a; 2016b).  
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FÜSSEL (2007a) identified four dimensions of vulnerability that are fundamental to 

describe a vulnerable situation: 

1) System: The concerning system of analysis could be – for example – a coupled human-

environmental system, but also a population group, an economic sector, a geographical 

region or a natural system (BOHLE, 2017; FÜSSEL, 2007a). During recent years, increasing 

attention has been paid to analyzing the vulnerability of SES when facing the loss or 

degradation of ESS (BERROUET et al., 2018). The BF system can be conceived as a socio-

ecological system bound by a complex political-institutional structure (see section 3.3), 

while the Bavarian wood use system is conceived as a socio-economic system (BOBAR & 

WINDER, 2017) 

2) Attribute(s) of concern: These describe the valued aspect(s) of the vulnerable system 

that is threatened by its exposure to a hazard. Examples of attributes of concern include 

human lives and health, the existence, income and cultural identity of a community, 

biodiversity, the carbon sequestration potential and timber productivity of a forest 

ecosystem (FÜSSEL, 2007a).  

3) Hazards: Hazards have the potential to have a damaging influence on the system of 

analysis and therefore the valued attribute(s) of the system. A hazard is usually (but not 

always) external to the relating system. For instance, a community may be threatened by 

risky business activities or exploitation of land within this community (FÜSSEL, 2007a). 

Hazards may include processes that range from brief events such as thunderstorms and 

floods to slow trends such as temperature change that lead to multi-decade droughts or 

rising sea levels. According to TURNER et al. (2003), hazards are defined as threats to a 

system, comprising perturbations and stress (and stressors) and their consequences. A 

variety of hazards create climate-related risks.16  

4) Temporal reference: This refers to the point in time or temporal period of interest. 

Specifying a temporal reference is particularly important when the risk to a system is 

expected to significantly change during the time horizon of a vulnerability assessment. 

                                                 
16 Following TURNER et al. (2003), a risk could simply be defined as the probability and magnitude of 

consequences after a hazard (whether it is a perturbation or stress). Risk of climate-related impacts results 

from the interaction of climate-related hazards and vulnerability (as a function of exposure, sensitivity and 

adaptive capacity) of human and natural systems (see also POHL, 2005). 
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This is especially valid for long-term assessments of anthropogenic climate change 

(FÜSSEL, 2007a). In existing studies, the current state is usually cited as a reference. 

However, the time reference is often discussed controversially. For example, the climate 

signal describes the manifestation of today’s climate (t0) or the climate in the near future 

(t1) and distant future (t2). The difference of the climate signal between t0 and t1 or t0 and 

t2 is described as climate change. Thus, the change is the stimulus that produces a climate 

effect within an existing system (ADELPHI/ PRC/ EURAC, 2015). While the climate signal 

explicitly refers to future climate changes in many studies, the time reference of the other 

elements is often not defined (ADGER, 2006; SCHMIDT-THOME & GREIVING, 2013).  

Overall, humans and mountain forests are threatened by direct and indirect consequences 

of climate change. Unlike other species, humans have the ability to plan for the future, 

invest in technology and adapt to future changes. However, just as the impacts of climate 

change are spatially and temporally unequally distributed, the adaptive capacity to cope 

with these impacts is distributed likewise. The financial situation, knowledge, 

infrastructure, governance and other factors contribute to the capacity to anticipate and 

respond to change and therefore to the vulnerability of a region to climate change. Thus, 

vulnerability to climate change and the capacity for adaptation are strongly influenced by 

livelihoods, lifestyles, behavior and culture.  

 

2.3.2 Resilience and resistance to climate change 

In order to explain the concept of resilience from an SES perspective, it is essential to 

clarify its origin, which has its roots in ecological research. Resilience was originally 

defined by HOLLING (1973) and modified by WALKER et al. (2004). HOLLING’s (1973) 

definition describes resilience as the buffer capacity or ability of a system to absorb 

perturbations or the magnitude of disturbance that can be absorbed before a system 

changes its structure.17 Other definitions of resilience emphasize the speed of recovery 

from a disturbance (ADGER, 2000).  

                                                 
17 In the early-1980s, scientists realized that the terms ‘disturbance’, ‘perturbation’ and ‘stress’ have been 

used in various ecological contexts, often synonymously (RYKIEL, 1985). Disturbance is a neutral term in 

natural sciences, even if it may sound negative. According to a recent definition from VAN ANDEL and 

ARONSON (2012, p. 5) causes a disturbance factor “a change or transformation in an ecosystem’s steady 

state (…) which may be followed by either recovery to the former state (through resilience or resistance) 

or a change to another state.” 
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The IPCC (2014a, p. 127) defines resilience as: 

“(…) the capacity of social, economic, and environmental systems to cope with a 

hazardous event or trend or disturbance, responding or reorganizing in ways that 

maintain their essential function, identity, and structure, while also maintaining the 

capacity for adaptation, learning, and transformation.” 

Ecosystems are in general dynamic entities that are variable across both space and time, 

and these patterns of variability in ecosystem development are modulated by events or 

processes known as ‘disturbances’ (FISCHER, MARSHALL, & CAMP, 2013). A system is 

stable when disturbances are dampened so that their dynamics remain within certain 

limits and essential system features are preserved. However, if the system is no longer 

stable, there are breaks, phases of transitions and fundamental exchange processes 

(SCHEFFRAN, 2017).18  

Disturbances are an integral part of forest ecosystems, although it depends on the biome 

which disturbance is the most important once. FISCHER et al. (2013) note that storm 

damage reflects the most meaningful disturbances in temperate forests. SHOROHAVA et 

al. (2009) refer to fire and storms as the main disturbances for European boreal forests. 

In the continental Siberian forests, insect outbreaks are most important (see ibid.). A 

disturbance such as bark beetle infestations or storm events dramatically affects a 

substantial proportion of species, causing them to die or forcing them to rapidly migrate 

to more favorable parts of the environment. A catastrophic disturbance could completely 

change the system’s conditions locally. However, such a destruction at a local scale does 

not mean the end of local functioning. Usually organisms at a larger spatial scale re-

colonize the affected area according to their particular tolerances and abilities 

(KULAKOWSKI, SVOBODA, & BEBI, 2017; SEIDL et al., 2017).  

Bringing the ecological resilience to a more social conceptualization demands an 

operational examination. CARPENTER et al. (2001) tries to make the term resilience more 

concrete by asking the simple question: resilience of what to what (what time period and 

at what scale)? Social resilience is an important component of the circumstances under 

                                                 
18 Reponses to a disturbance factor could be ‘resistance’ or ‘resilience’ (VAN ANDEL & ARONSON, 2012). 

‘Resistance’ the ability of a community to remain unchanged when it is challenged by disturbance factors 

(GRIMM & WISSEL, 1997). In contrast, ‘resilience’ is the capacity of a system to absorb disturbance factors 

and re-organize while undergoing change. Thus, the system retains essentially the same functions, 

structures, identity and feedbacks after a disturbance (VAN ANDEL & ARONSON, 2012). 
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which individuals and social groups adapt to environmental change (ADGER, 2000). The 

sociological definition of resilience is “(…) the ability of groups to cope with external 

stresses and disturbances as a result of social, political and environmental change” 

(ADGER, 2000, p. 347). In order to assess a system’s resilience, it is essential to specify 

which system configuration and which disturbances hold interest.  

Simply transferring the concept of resilience from the ecological sciences to social 

systems assumes that there are no essential differences in behavior and structure between 

social institutions and ecological systems. However, separating between the social and 

ecological system is often seen as fundamental error of environmental policy (WALKER 

et al., 2006), given that SES are themselves linked (see section 2.2.2). Thus, the resilience 

of social systems is related in some (still undefined) way to the resilience of the ecological 

systems on which social systems depend (ADGER, 2000). ADGER (2000) argues that it is 

important to explore social resilience as an analogy of how societies work, drawing on 

the ecological concept and through exploring the direct relationship between the two 

phenomena of social and ecological resilience. Accordingly, social-ecological resilience 

is defined as “the capacity of social-ecological systems to absorb recurrent disturbances 

(...) so as to retain essential structures, processes and feedbacks.” (ADGER, HUGHES, 

FOLKE, CARPENTER, & ROCKSTRÖM, 2005a, p. 1036). Alternatively, in other words 

resilience is “(…) the magnitude of disturbance that can be tolerated before a 

socioecological system moves to a different region of state space controlled by a different 

set of processes” (CARPENTER et al., 2001, p. 765).19 

The notion of resilience has become increasingly prominent in the last decade within 

several academic disciplines and research fields, and it is one of the most important 

research topics in the context of achieving sustainability (ALVERSON & ZOMMERS, 2018; 

FOLEY et al., 2005). For example, FAULKNER et al. (2020) note that resilience has emerged 

as a key concept in spatial planning theory and practice to understand how places should 

respond to change in a time marked by insecurity, systemic risks and the coupling of 

                                                 
19 Besides focusing on the hybrid concept of SES, there are also other conceptualizations focusing – for 

example – on ecosystems. In this sense, resilience correspondents to the underlying capacity of an 

ecosystem to maintain ESS, like food production, in the context of human usage (CARPENTER et al., 2001). 

In addition, the ecological-economical definition of PERRINGS (2006, p. 418) focuses on “(…) the ability 

of the system to withstand either market or environmental shocks without losing the capacity to allocate 

resources efficiently”. 
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economic uncertainty with global environmental risks. However, a controversial 

discussion has emerged regarding the question of whether resilience is a valid concept for 

socio-economic studies (BRAND & JAX, 2007). There are developments that have been 

subject to deep criticism towards resilience from both natural and social scientists. For 

instance, BRAND and JAX (2007) argue that the conceptual clarity and practical relevance 

of the notion of resilience is critically in danger. Besides the ecological conceptualization 

of resilience, there is a vaguer and malleable view on resilience used as an approach or 

boundary object by different scientific disciplines, although increased conceptual 

vagueness can be valuable to foster communication across disciplines and between 

science and practice (see ibid.).  

Furthermore, FAULKNER et al. (2020) note that the application of resilience is empirically 

grounded but remains theoretically underdeveloped. The authors suggest bridging the gap 

between studies that focus exclusively on either vulnerability ‘or’ resilience as they often 

neglect how these two concepts interrelate and interact. According to LEI et al. (2014), it 

is always a major challenge to clarify the intricate relationships of vulnerability and 

resilience within a coupled human-environmental system. COTE and NIGHTINGALE (2012) 

suggest critically examining the role of knowledge at the intersections between social and 

environmental dynamics because it may help to address normative questions and capture 

how power and competing value systems are not external to but rather integral to the 

development and functioning of SES. The authors realize a need for critical engagement 

with questions of social difference and inequality in SES research focusing on governance 

and social institutional dynamics.20 

However, managing vulnerability seems especially challenging for decision-makers 

because it requires consideration of both observable and non-observable characteristics 

of a system. While vulnerability has often been characterized as non-observable (LUERS, 

LOBELL, SKLAR, ADDAMS, & MATSON, 2003), managers and policy-makers often rely on 

information and observations to make decisions. For instance, CHRISTMANN and IBERT 

                                                 
20 The resilience framework of GIM et al. (2019) (see section 3.3 for an application of this framework) 

accounts for the fact that social systems and governance institutions have multi-dimensional structures that 

affect resilience and adaptation across multiple scales. The focus lies on operational work (aims to maintain 

and optimize the performance of systems), the constitutional work (establishes the basic rules of society 

that govern regulatory and operational work), and regulatory resilience work (monitors and evaluates the 

performance of operational institutions) (see ibid.).  
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(2012) show that climate change-related perceptions of vulnerability and resilience build 

on physical-material aspects, but they are above all considerably interwoven with specific 

cultural and social patterns of interpretation. 

To sum up, the term resilience has been considerably transformed over time. Although 

there remains a link to the definition of HOLLING (1973), the distinct use of the concept 

within different scientific disciplines has generated a spectrum of meanings. Research on 

social-ecological resilience still seems to be in an explorative phase. However, FOLKE 

(2006) highlights that there are recent advances to understand social processes like 

institutional and organizational inertia and change, transformability and systems of 

adaptive governance. Nonetheless, there are also numerous research challenges like 

clarifying the feedbacks of interlinked SES, those that cause vulnerability and those that 

build resilience, their interplay, the role of adaptive capacity as well as dealing with 

uncertainty about climate change.  

 

2.3.3 Uncertainty about climate change  

Uncertainty21 is a common feature of many decisions in everyday life and it typically 

arises in a situation that has limited or incalculable information about the predicted 

outcomes of behavior (BLAND & SCHAEFER, 2012; HUETTEL, SONG, & MCCARTHY, 

2005). During the literature review, it became obvious that uncertainty not only comprises 

a single dimension. There is a growing body of research in recent years trying to explore 

the psychological mechanisms that underlie our choices during conditions of uncertainty 

(HELD, 2017). Different lines of evidence explain different variants of uncertainty in the 

literature. This particularly applies to risk, ambiguity and expected (related to the 

variability of outcomes) and unexpected (related to the variability of the environment) 

forms of uncertainty (BLAND & SCHAEFER, 2012; SOLTANI & IZQUIERDO, 2019). 

Unexpected uncertainty or volatility induced by unexpected changes in learned stimulus-

response-outcome (S-R-O) contingences is a form of uncertainty that has received less 

attention in research (BLAND & SCHAEFER, 2012). Unexpected uncertainty arises from 

                                                 
21 The IPCC (2013, p. 128) defines uncertainty as “a state of incomplete knowledge that can result from a 

lack of information or from disagreement about what is known or even knowable. It may have many types 

of sources, from imprecision in the data to ambiguously defined concepts or terminology, or uncertain 

projections of human behaviour.” 
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fundamental changes in the environment, which produces sensory observations, and 

strongly violates top-down expectations. This form of uncertainty should signal a revision 

of beliefs about the preferred outcome (YU & DAYAN, 2005). 

Agents can learn that a specific association between a stimulus (S) and response (R) is 

linked with a positive or negative outcome (O). An agent has a prediction or expectation 

about the probability of an outcome when faced with a decision. This decision is derived 

from experiences with past choices. Hence, an agent must have the ability to learn S-R-

O relationships and the probability with which they will occur to make an ideal choice 

(BUSSEMER, 2003). YU and DAYAN (2005) note that the simple decision about whether 

to take an umbrella in the morning entails considerations about different, potentially-

conflicting sources of information. For someone who checks the weather forecast on a 

regular basis, the probability of a mis-forecast is a form of unexpected uncertainty. A 

substantial decline in the reliability of the weather forecast – e.g. due to the onset of a 

hurricane – would induce unexpected uncertainty. Thus, the agent would probably choose 

another information source the next morning.  

An improved understanding of how uncertainty can be explained by diverse variables in 

the decision-making process has made a major contribution to S-R-O relationships. 

Several studies have demonstrated separable neural correlates of reward expectancy and 

variance (PREUSCHOFF, BOSSAERTS, & QUARTZ, 2006), reward probability and 

magnitude, which comprise dual components of expected value (KNUTSON, TAYLOR, 

KAUFMAN, PETERSON, & GLOVER, 2005) and ambiguity and risk (HUETTEL, STOWE, 

GORDON, WARNER, & PLATT, 2006). For example, the academic literature about risks 

covers a broad range from mathematical analyses to sociological discourses. Both ends 

of the spectrum deal with uncertainty, but quantitative research uses the official language 

of probability theory as a tool for analysis, while qualitative research tends to emphasize 

the political, social and personal responses to perceived hazards (BECK, 2009; MORGAN 

& HENRION, 1992). Therefore, uncertainty can be represented by quantitative measures 

(e.g. the probability density function) or qualitative statements (e.g. reflecting the 

judgment of experts).  

However, there are increasing attempts to bring these two perspectives together. Using 

subjective biases in analysis or bringing cultural views to rational actions synthesis could 
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acknowledge the possible limitations of a strictly formal approach and engaging the social 

sciences within the process of building risk analysis models (SPIEGELHALTER & RIESCH, 

2011). In this context, SPIEGELHALTER and RIESCH (2011) raise an important point 

concerning the analysis of risks: there is an additional challenge to a fully-quantified 

approach that can arise due to scientific uncertainty towards climate change. However, 

the public does not develop its views on climate change based on a careful reading of the 

scientific literature; rather, humans routinely use a variety of cognitive shortcuts to make 

decisions quickly and efficiently (DIETZ, 2020). The transfer of scientific data through 

the media as well as the correctness of reporting play an essential role in creating 

uncertainty towards climate change (SPENCE, POORTINGA, & PIDGEON, 2012). 

Furthermore, values, prior beliefs, policy preferences, and simply how we feel about a 

source of information – so-called biased assimilation – may have an impact on climate 

change perception (DIETZ, 2020).  

Moreover, uncertainty in the context of climate change and scientism has received strong 

attention within discourses (HOFFMAN, 2011; POORTINGA, SPENCE, WHITMARSH, 

CAPSTICK, & PIDGEON, 2011). Under psychological consideration, uncertainty is one of 

four theorized dimensions of psychological distance (besides temporal, social and 

geographical distance) in relation to climate change perception (SPENCE et al., 2012). The 

authors note that the utility of psychological distance in determining behavioral choices 

is perhaps counter-intuitive because distant events may be more uncertain in nature. 

However, evidence demonstrates that distant representations seem to help humans to 

make confident predictions, clearer evaluations and behavioral choices (see ibid.).  

Furthermore, it has been found that uncertainty regarding the seriousness of climate 

change impacts correlates with greater skepticism regarding the reality of climate change 

and its anthropogenic causes (see ibid.). It seems clear that individuals who are skeptical 

about climate change are less likely to behave in a ‘pro-climate’ and sustainable way. 

Likewise, the belief in the anthropogenic causes of climate change is a prerequisite for 

considering that individual behavior and actions can have an influence on reducing the 

impacts of climate change. Uncertainty about future climate due to temporal distance can 

be a barrier to pro-active adaptation (FEW, BROWN, TRAIN, & TOMPKINS, 2007). 

TVINNEREIM et al. (2020) found that people across nine countries see climate change as a 
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greater threat to the world than to themselves, with intermediary entities such as their 

country, province, and continent falling between these extremes. The willingness to act 

could also be affected by the extent to which a particular type of impact has already been 

experienced, as well as the prior exposure to inaccurate reporting (PARKER, PRIEST, & 

MCCARTHY, 2011). 

People generally prefer certainty over uncertainty, although in some cases uncertainty is 

used as a justification for inaction (STOLL-KLEEMANN, O’RIORDAN, & JAEGER, 2001). In 

fact, further research is demanded to ascertain whether the individual is truly uncertain or 

if the status is ‘exploited’. There has been relatively little research devoted to the 

connection between uncertainty and other perceptions within the climate change 

discourse. Whether attitudes towards scientific uncertainty and precautionary 

communication might influence the willingness to support adaptation policies and 

actively adopt protection against climate change impacts currently remains unclear 

(TAYLOR et al., 2014a).  

The public perception of and response to climate change and its uncertainty is a matter of 

concern in the field of climate risk management. The main goal is to improve 

communication to the public. How information about risk and uncertainty can be most 

effectively presented has been discussed by many researchers (see e.g. SPIEGELHALTER, 

PEARSON, & SHORT, 2011). VISSCHERS et al. (2018) found that concern about the climate 

is strongly associated with believing that climate change is happening. On the one hand, 

the feeling of being more certain about the climate may result in stronger beliefs regarding 

human-caused climate change. On the other hand, being more concerned about the 

climate due to personal experiences with global warming consequences may result in a 

stronger belief that anthropogenic climate change is a proven fact. The authors’ 

respondents (German-speaking population of Switzerland) believed that there was 

measurement uncertainty and uncertainty due to future consequences of climate change, 

whereby climate research was perceived as ambiguous (see ibid.).  

Uncertainty in a forestry context is also not a new phenomenon (SEIDL & LEXER, 2013; 

YOUSEFPOUR et al., 2012). Forest owners and managers have always managed risks and 

uncertainties in their forests. Decisions for forest planning usually underlie long planning 

horizons as trees grow slowly (with rotation periods typically between 100 and 115 years) 
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(ZIMOVÁ, DOBOR, HLÁSNY, RAMMER, & SEIDL, 2020). YOUSEFPOUR and HANEWINKEL 

(2016, p. 148) note that “(…) modeling uncertainty about the response of forest 

ecosystems not only to climate but also to management remains unsolved.” 

However, there is a rising risk of catastrophic losses of forest structures and functioning 

due to abiotic and biotic factors in Central Europe (BOLTE et al., 2010). Such events are 

often extreme hazards whose time and location are unpredictable. In addition, 

uncertainties of global socio-economic development and the unknown adaptive potential 

of existing forest structures have led to ideas of flexible risk management and uncertainty 

management concepts (MILLAR et al., 2007). However, almost any planning situation is 

unique to its problem setting and the forests involved, as well as being based on long-

term forecasts, models and simulations (KORJUS, 2014).  

To sum up, uncertainty will always exist to some extent regarding any complex problem, 

including climate change at regional and local scales. It is important to understand this 

uncertainty, embrace it as a given and move forward. Successfully detecting, processing 

and resolving uncertainty is important for adaptive behavior (BLAND & SCHAEFER, 2012). 

A recent study by RINALDI and JONSSON (2020) indicates that the degree of perceived 

uncertainty among forest owners/managers regarding unknown factors concerning forest 

management like climate change impacts affects harvesting behavior and forest 

development. Thus, it is worthwhile to investigate how people perceive climate change 

impacts and how they cope with forest damage to understand the adaptation process more 

precisely and develop appropriate adaptation strategies.  

 

2.4 Perception of climate change and forest dieback 

The well-known saying that “fact is fact, but perception is reality” builds an essential 

truth for the discourse of climate change (RAMETSTEINER & KRAXNER, 2003, p. 9). 

Effectively adapting to climate change requires understanding the causes and impacts of 

climate change, as well as society’s willingness to change its own behaviors. As LUJALA 

et al. (2013) highlight, the understanding of public risk perception to possible climate 

change consequences holds paramount importance. Risk perception has an influence on 

climate policies and is important to generate support for initiatives for adaptation (LUJALA 

et al., 2013; SOUSA-SILVA et al., 2018). A number of studies indicate that risk perception 
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is an important predictor of the public’s willingness to mitigate climate change 

(O'CONNOR, BARD, & FISHER, 1999; SPENCE et al., 2012; SPENCE, POORTINGA, BUTLER, 

& PIDGEON, 2011; TOBLER, VISSCHERS, & SIEGRIST, 2012).  

Put simply, this study aims to understand how people think about different sources of 

potential harm, which factors may have an impact on their risk perception, what 

conclusions they draw for their everyday life and how social actors may shape their 

decisions. Therefore, the following section provides an overview of the risk perception in 

general, theoretical models about risk perception as well as research findings based on 

the perception of climate change and forest dieback. 

 

2.4.1 Risk perception in Geography 

Climate change perception is often equated to risk perception22 (see e.g. VAN DER LINDEN, 

2015), always remembering that risk is a function of uncertainty and values. Perception 

needs to be seen as an individual process of understanding and constructing the reality 

and in turn influencing decisions (PICKENS, 2005). KASPERSON and DOW (1993) note that 

perception plays a central role in explaining how risk, uncertainty, and values enter into 

the ways in which societies and individuals debate and cope with hazards and climate 

change. DOEVENSPECK (2013, p. 140) understands perceptions of hazards and risks as 

“(…) the images people create of a specific source of potential harm.”  

Since the mid-1940s, various attempts have been made to fit ideas of perception into a 

geographical context. Perceptional geography (in German: Wahrnehmungsgeographie) 

was first developed in the English-speaking area and it reached the German-speaking 

geography in the 1970s (WEICHHART, 2008). Perceptional geography is the oldest micro-

analytical approach in geography (see ibid.). The micro-analytical perspective places the 

human subject and in particular (spatial) behavior in the foreground of research interest.23  

                                                 
22 MÜLLER-MAHN and EVERTS (2013) recognize risk (from a constructivist perspective) as an object of 

perception and negotiation within society. The concept of ‘riskscape‘ (metaphoric meaning, combines the 

territorial unit ‘landscape’ with the structuring phenomena ‘risk’) indicates how individual actors and social 

groups develop personal visions of risk and translate them into spatial settings (see ibid.). 
23 WOOD (1970, p. 129) illuminates the general advantages of investigating perception in research: 

“Perception can be envisaged, not as just another ingredient of the socio-economic pottage, but as factor 

which is present in all human activity. It can have a marked effect on the appearance of the landscape and 

on the behavior of the individuals operating in the landscape.” 
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The focus of primary research has been placed on the nature of environmental risk 

perceptions, measurement considerations and correlations with attitudes and further 

personal characteristics (O'CONNOR et al., 1999). In the 1970s, risk perception was seen 

as a question of subjective probability, which should be understood as a function of 

‘heuristics’ (TVERSKY & KAHNEMAN, 1974). The earliest psychometric research was 

conducted by the psychologists KAHNEMAN and TVERSKY (1974), who performed a series 

of gambling experiments to see how people evaluated probabilities. Their major finding 

was that people use a number of heuristics to evaluate information. These heuristics are 

usually useful shortcuts for thinking, but they may lead to inaccurate judgments in some 

situations, in which case they become cognitive biases. According to SJÖBERG (2000), 

the generalizability to daily, real-world problems is highly speculative. The author notes 

that risks as future events cannot be sensed, but rather only dangers and threats, whereas 

risks can be imagined or constructed. Risk is more about the probability of harm and the 

extent and quality of the harmful consequences. Risk perception is about thoughts, beliefs 

and constructs (see ibid.).  

Environmental perception and behavioral geography are today broad sub-areas within 

human geography, which takes a disaggregate approach to the study of human activity, 

culture and society (WALMSLEY & LEWIS, 2014). A substantial contribution to 

perceptional geography was made by several human geographers in the book series of 

‘Perceptional Geographical Studies’ (see e.g. HASSE & KRÜGER, 1984; MOSE, 1992, 

2009). However, there are only a few perceptional studies in geography focusing on 

climate change and forest dieback, even if the wide research field of human geography 

has the potential to contribute to these issues. For example, LAAKKONEN et al. (2018) use 

cognitive mapping to investigate forest owners’ attitudes towards pro-climate and 

climate-responsive forest management. The authors found that forest owners were 

uncertain about climate change impacts and demand for guidance from authorities. In 

addition, VAN GAMEREN and ZACCAI (2015) found that PFO were not adapting to climate 

change due to a low adaptive capacity, which varied based on socio-cognitive factors and 

multiple objectives. The authors argue that investigating qualitative research about 

decision-making processes brings fruitful aspects for understanding concrete adaptive 

processes as they highlight some strengths or weaknesses in terms of adaptive capacity. 

Moreover, studies from Sweden suggest that forest owners in different geographical areas 

https://en.wikipedia.org/wiki/Daniel_Kahneman
https://en.wikipedia.org/wiki/Amos_Tversky
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differ in their risk assessment and responses, perhaps as a result of more extensive forest 

damage in certain areas or differences in silvicultural practices (BLENNOW, 2012; 

BLENNOW & SALLNÄS, 2010).  

Nevertheless, which risk is perceived as meaningful depends on the local scale and on-

site conditions. SOUSA-SILVA et al. (2018) note that European forest owners perceive 

mainly windstorms, drought and heat waves as extreme weather events due to climate 

change and they expect more pest outbreaks and changes in tree species composition in 

the future. ERIKSSON (2014) states that forest owners are in general concerned about risks 

such as those that could severely damage their forest, resulting in a loss of economic and 

aesthetic value. In addition, SCHRAMM and LITSCHEL (2017) report that German forest 

stakeholders relate especially physical and economic risks and less social risks to climate 

change.  

Perceptions are shaped by a multitude of factors, whether rooted in the individual’s 

psychology or the societal and cultural context (DOEVENSPECK, 2013). The next section 

aims to explain these influencing factors from a theoretical perspective.  

 

2.4.2 Model of influence factors on (climate change) risk perception  

The first research approach in behavioral geography to explain perceptions is the 

stimulus-perception-response (SPR) model (DOWNS, 1970). The model assumes that the 

(spatial) behavior of an individual does not depend on the world’s objective conditions, 

but rather the subjective perceived structures of reality (WEICHHART, 2008). Since this 

model represents a strong simplification of mental processes by reducing the perception 

of external stimuli, it was superseded in the 1970s by cognition models (in German: 

Kognitionsmodelle), which focus on cognitive structures. Cognition is a key concept of 

recent psychology, reflecting the result of concept formation, object identification and 

imagination (see ibid.). Information represents the environmental stimulus of the SPR 

model and it is modified by a re-interpretation and comparison of already-familiar 

situations. In other words, an ‘information filter’ adapts the environmental stimuli to the 

cognitive apparatus of the individual. Information that seems uninteresting or unpleasant 

to the individual can be repressed, while pleasing information can be highlighted. This 

leads to a cognitive representation of the perceived stimulus in the consciousness of the 
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perceiver. The cognitively-structured information is processed through decision-making 

and weighing processes and it is correlated with existing value relations. This decision 

filter finally leads to the control of observable behavior.  

The cognition model represents a much more appropriate approach to the complexity of 

human thinking and consciousness processes (WEICHHART, 2008). Under globalized 

conditions, WERLEN (1993, 2008) called for a complete departure from the old spatial-

oriented paradigms to a more action-centered social geography in which subjects as such 

define their selves through actions. The author assumes that social and cultural universes 

have no fixed spatial existence and therefore he supports the constructivist research 

perspective (WERLEN, 1993). However, Werlen’s understanding about space and society 

was criticized in terms of its serious inconsistencies and a number of basic weaknesses 

concerning the perception of social space (ARNOLD, 1998), as well as its lacking focus on 

questions of power (KÜHNE, 2008).  

It should be noted that geographical perception studies mostly concentrate on technical 

risks or the comparison of different sources of risk, and empirical surveys on the 

perception of natural risks are relatively rare (FELGENTREFF, WESTHOLT, & KUHLICKE, 

2012). A study by WACHINGER and RENN (2010) – which is one of the few comparative 

meta-studies – compared around 30 research reports and publications from different 

disciplines (geography, sociology, etc.) on floods, droughts and alpine hazards. The 

authors found that mainly two factors influence the risk perception, namely experience of 

hazardous events in the past and trust in experts and authorities. Trust is an important 

factor of risk perception and it becomes even more important when the individual’s 

knowledge about the hazard is low (see ibid.). RENN and ROHRMANN (2000) developed a 

structured framework that provides an integrative and systematic perspective of risk 

perception and combines approaches from different disciplines. Cultural background, 

social-political institutions, cognitive-affective factors and heuristics of information 

processing influence risk perception. Each level is embedded in the higher level to 

highlight the mutual contingencies and interdependencies among individual, social and 

cultural variables.  

While public risk perceptions are clearly complex and multi-dimensional (RENN 

& ROHRMANN, 2000), past research has suggested that risk perceptions of climate change 
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are primarily influenced by four key dimensions (Figure 6), namely cognitive, 

experiential processing, socio-cultural, and socio-demographic factors (VAN DER LINDEN, 

2015). In the following, these factors are described more specifically with reference to 

research findings about climate change perception.  

Figure 6: Climate change risk perception and influencing factors 

 

Source: own draft, based on VAN DER LINDEN, 2015, p. 117; changed 

1) Cognitive factors (what people believe to be true about a risk) refer to ‘higher’ mental 

processes such as thought, memory, judgments and decisions (SJÖBERG, 2000). Cognition 

about a risk source governs the attribution of qualitative characteristics (psychometric 

variables) to specific risks (e.g. personal control options) and determines the effectiveness 

of these qualitative risk characteristics regarding the perceived seriousness of risk and the 

judgment about acceptability (WACHINGER & RENN, 2010). The role of information and 

knowledge and the formation of environmental beliefs is directly related to risk 

perception. Environmental knowledge may increase or in some cases reduce perceptions 

of risk and thus indirectly relate to environmental behaviors. For example, increased 

knowledge may directly affect environmental behaviors by heightening a sense of 

awareness and obligation and providing cues for appropriate behavior (O'CONNOR et al., 

1999; WEBER, 2010). A study by LIDSKOG and SJÖBERG (2014) shows that the knowledge 

of forest owners towards silvicultural practices is situated and to a large extent 
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unarticulated. This knowledge is transferred across generations and based on a practical 

logic based on previous experiences. Adopting new management methods that depart 

from one’s knowledge is thus considered risky or even reckless (see ibid.).  

Knowledge about climate change is generally seen as a cognitive aspect of risk judgments 

(SUNDBLAD, BIEL, & GÄRLING, 2007). A German study by MENNY et al. (2011) revealed 

that respondents who have a better knowledge concerning questions about climate change 

perceived climate change impacts as less grave compared with those with weaker 

knowledge. Moreover, a lack of public understanding perpetuates inappropriate mental 

representations of climate change and downplays the perceived risks, which hinders 

public action (HELGESON, VAN DER LINDEN, & CHABAY, 2012).  

VAN DER LINDEN (2015) highlights that the extent to which a cognitive understanding of 

climate change can explain and predict public risk perceptions remains relatively unclear 

due to the difference between an individual’s subjective knowledge and the actual 

evidence. This distinction has received little attention in research thus far. In addition, 

KAISER and FUHRER (2003) note that researchers fail to make a conceptual distinction 

between different types of knowledge, e.g. knowledge about causes, impacts and 

responses. SHI et al. (2015) found that specifically causal knowledge significantly 

increased concerns about climate change and a willingness to support climate-friendly 

policies in Switzerland. 

However, cognitive knowledge plays only one part in explaining perceptions and 

behavior, while other factors such as heuristics, emotions, social and cultural norms and 

context conditions in which knowledge arises or is situated are equally relevant in many 

cases (HELGESON et al., 2012). 

2) Experiential processing could be described by emotions and affects as well as 

personal experiences. First, emotions should be considered here. While cognitive factors 

have been extensively explored, emotions have been widely neglected in risk perception 

research (BREAKWELL, 2007). Emotion-based or affective factors are mainly relevant 

when individuals face a decision that involves a challenging trade-off between attributes, 

or where there is interpretative ambiguity (WACHINGER & RENN, 2010).  
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Emotional reactions to climate change are likely to influence perceptions of risk and they 

have long been recognized as playing a key role in public risk perception (TAYLOR et al., 

2014a). Emotional reactions to climate change risks are likely to be conflicted and muted 

because climate change can be seen beyond the control of individuals, communities and 

– quite possibly – science and technology. Strong negative emotions may have counter-

productive consequences for risk protection behavior because fear and anxiety lead to 

avoidant behaviors and defensive denial (WITTE & ALLEN, 2000). However, ROSER 

(2012) states that emotions might be the missing link in effective communication about 

climate change. The author further notes that emotions are necessary for understanding 

the moral impact of the risks of climate change. Emotional and cognitive factors are 

mutually related, although it is not yet clear whether cognitive beliefs trigger the 

emotional reaction or whether emotional factors are a determining factor to develop 

arguments that support the emotional stance (WACHINGER & RENN, 2010). 

Second, personal experiences should be discussed as a component of experiential 

processing.24 Furthermore, studies have shown that perceived and experienced changes 

in local weather are associated with stronger climate change beliefs (DERYUGINA, 2013; 

EGAN & MULLIN, 2012; JURT, BURGA, VICUÑA, HUGGEL, & ORLOVE, 2015; LI, JOHNSON, 

& ZAVAL, 2011; TAYLOR et al., 2014b) and they affect the intended or actual adoption of 

climate adaptation and mitigation behaviors (BROOMELL, BUDESCU, & POR, 2015; 

SPENCE et al., 2011). For instance, SOUSA-SILVA et al. (2018) found a weak but significant 

positive association between forest owners’ and managers’ individual experiences with 

climate change and the silvicultural adaptive response. 

Concern about adverse consequences of climate change is low on average, partly because 

small probability events tend to be underestimated in decisions based on personal 

experience, unless they have recently occurred, in which case they are vastly over-

estimated (SWIM et al., 2009). The extent to which the experience of specific extreme 

weather events influences trust in the reality of climate change and concern about its local 

impacts is less well known (TAYLOR et al., 2014a). Besides the fact that climate change 

                                                 
24 In this context, WEBER (2010, p. 339) notes that “(…) increasing personal evidence of climate change 

and its potentially devastating consequences can be counted on to be an extremely effective teacher and 

motivator, if and when they occur and are recognized as the result of human activity. Unfortunately, such 

lessons may arrive too late for corrective action.” 
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is not perceptible and that concern about climate change is mostly experience-driven 

(LUJALA et al., 2013), the uncertainty, time span and geographical distance lead to 

divergences in the perception process. SWIM et al. (2009) note that the costs of mitigation 

will be incurred with certainty in the present or near future, while many people perceive 

climate change as both considerably uncertain and being mostly in the future and 

geographically distant. Moreover, DOEVENSPECK (2013) describe that personal 

experience may be evaluated with personal exposure and vulnerability. Thus, those 

people who are more exposed and therefore vulnerable to a threat are more likely to 

perceive severe impacts.  

3) Socio-cultural influences are mainly shaped by social norms25 and value orientation 

(VAN DER LINDEN, 2015). Climate change has recently occupied a prominent place in 

public and policy discourse and a substantial literature focusing on the role played by 

human values in determining public engagement with climate change has quickly 

emerged (see overview provided by CORNER, MARKOWITZ, & PIDGEON, 2014). 

Behavioral research in the past 30 years has strongly promoted the notion that attention-

catching and emotionally-engaging informational interventions are needed to create 

public concern, which is essential for individual or collective action in the field of climate 

change (WEBER, 2010). According to WEBER (2010), interventions are conducted with 

full awareness about the unintended side effects and designed in ways to help people to 

overcome cognitive and affective capacity limits. However, the author concludes that 

moral (rather than analytical or emotional) influences on decision-making build the most 

promising way for sustainable behavior change (see ibid.).  

Several theories of risk perception have been criticized for neglecting the role of 

competing social and cultural structures in shaping individual risk perception (JACKSON, 

ALLUM, & GASKELL, 2006). Cultural theory – a popular approach to account for cultural 

differences in risk perception – proposes a conceptual typology of risk culture, namely 

                                                 
25 Social norms are expectations for how people are supposed to act, think or feel in specific situations. 

Descriptive social norms describe the extent to which referent others are taking action to help reduce the 

risk of climate change; prescriptive social norms describe the extent to which an individual feels socially 

pressured to view climate change as a risk that requires action. The greater the extent to which climate 

change is viewed as a risk by social referents like friends, the more it amplifies and intensifies the risk 

perception of an individual (VAN DER LINDEN, 2015).  
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the “grid-group” system (VAN DER LINDEN, 2015, p. 115). The relative position of the 

cultural types is determined by the extent to which individuals feel bounded by feelings 

of belonging and solidarity (group) and the amount of control and structure that maintain 

social roles (grid). GOLDBERG et al. (2020) found that social consensus plays an important 

role in climate change beliefs, attitudes and policy preferences. PERSSON et al. (2015, p. 2) 

note that the culturally-sensitive risk analysis has been particularly important as an 

antidote to the “(…) economists’ sometimes exclusive focus on economic and material 

values.”  

Moreover, O’BRIEN and WOLF (2010) argue that another, broader interpretation of values 

concentrating on intrinsically desirable principles or qualities is needed to understand and 

respond to climate change. Thus, the value orientation allows analyzing the meaning of 

climate change simply in the context of things that we value. A cross-European study 

shows that human values are important predictors of climate change beliefs and concern 

(POORTINGA, WHITMARSH, STEG, BÖHM, & FISHER, 2019). A recent study by PERSSON et 

al. (2020) shows that European forest professionals and scientists do not exhibit polarized 

expectations about the values of specific impacts of climate change on forests in their 

countries. However, in Northern European countries, the aggregated values of the 

expected effects are more neutral than in Southern Europe, where they are more negative 

(mostly negative expectations about impacts on timber production, economic returns, and 

regulatory ESS). Furthermore, VAN DER LINDEN (2015) argues that cultural worldviews 

and values tend to overlap conceptually, given that cultures are essentially comprised of 

and characterized by their underlying value structures. For instance, SHI et al. (2015) 

found that cultural worldviews are important for people’s willingness to change behaviors 

and accept climate change policies. Especially a ‘green’ self-identity directly refers to a 

higher risk perception and response efficacy (BRADLEY, BABUTSIDZE, CHAI, & RESER, 

2020).  

The use of cultural theories is contested. While some studies have found significant 

relationships between cultural worldviews and the risk perception of climate change 

(AKERLOF, MAIBACH, FITZGERALD, CEDENO, & NEUMAN, 2013; CAILLAUD, BONNOT, & 

KRAUTH-GRUBER, 2020; SMITH & LEISEROWITZ, 2012), others prove a low explanatory 

power (OLTEDAL, MOEN, KLEMPE, & RUNDMO, 2004).  
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WACHINGER and RENN (2010) raise another important issue, namely the role of social 

and political institutions and the perception of fairness and justice in allocating benefits 

and risks to different individuals and social groups. The media, the perceived norms and 

values of one’s reference group and organizations also shape individual and societal risk 

experience. For instance, RUIZ et al. (2020) found that perceptions are directly influenced 

by the share of principles and ideals within a community. Indirect influences are found to 

be related to the level of a community’s development, its level of social interaction and 

the spread of climate change information. 

4) Socio-demographic factors: It has been shown by some studies that gender has an 

effect on the risk perception of climate change (MENNY et al., 2011; POORTINGA et al., 

2019). Males tend to have lower risk perceptions than females (BRODY, ZAHRAN, 

VEDLITZ, & GROVER, 2007; FULDA & HÖVERMANN, 2020; SUNDBLAD et al., 2007). In 

addition, the political ideology plays a role within the perception process (FULDA 

& HÖVERMANN, 2020; LEISEROWITZ, 2006; SMITH & LEISEROWITZ, 2012). 

Conservatives are usually less concerned about climate change compared with liberals 

(GOLDBERG et al., 2020). FULDA and HÖVERMANN (2020) found that Germans with a 

high risk perception vote rather the Green party. In addition, LEE (2015) note that 

educational attainment is the single strongest predictor of climate change awareness and 

suggests that improving basic education, climate literacy, and public understanding of the 

local dimensions of climate change are vital to public engagement and support for climate 

action.  

ECHVARREN et al. (2019) reports that individual-level variables (education and political 

orientation) significantly mediate how natural hazards and political contexts influence 

climate change risk perception in Europe. People with higher education levels have higher 

concerns about climate change in European countries that are more vulnerable to floods 

and droughts, and left-leaning voters in European countries with higher democracy 

indices and better climate policies demonstrate higher levels of climate change risk 

perception. Furthermore, BLENNOW et al. (2016) demonstrate that the perception of risk 

in terms of the strength of belief in the local effects of climate change was higher for 

Swedish and German forest owners with university education than for those without. In 
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neither of the two countries was university education found to reduce the perception of 

risk from climate change.  

While gender, education and the political ideology are able to shape risk perception, other 

factors like income and age often do not correlate with the risk perception of climate 

change (BRODY et al., 2007; FULDA & HÖVERMANN, 2020; MILFONT, 2012; SUNDBLAD 

et al., 2007). However, findings from one country do not always generalize to other 

national contexts (BRADLEY et al., 2020; ECHAVARREN et al., 2019; POORTINGA et al., 

2019). For instance, WHITMARSCH (2011) states that an older age is a direct predictor of 

climate change skepticism. A European study shows that older respondents (aged > 55) 

are less likely to mention climate change as a serious problem compared with all other 

younger age groups (EUROPEAN COMMISSION [EC], 2009). 

 

2.4.3 Perception of climate change, scales and imperceptibility 

It is essential to clarify the main peculiarity of the research field. First of all, climate 

change is relatively unique in the sense that the magnitude and complexity of the climate 

change problem are unprecedent in terms of the scale from global to local as well as the 

timeline involved (VAN DER LINDEN, 2015).  

KIM and WOLINSKY-NAHMIAS (2014) note that climate change poses significant 

challenges to societies worldwide, although the extent to which it is publicly viewed as a 

risk substantially varies on a spatial scale. Public perceptions of climate change differ 

between countries and fluctuate over time. However, CAPSTICK et al. (2015) state that a 

clear picture has not yet emerged concerning the principal trends and patterns that have 

occurred over the past quarter-century or the factors behind these changes. Cross-national 

divergences in public opinion trends seem to be continuing to the present time. 

Nevertheless, there are signs that public worry about climate change is stabilizing in some 

parts of the world, while it is increasing in some cases (see ibid.).  

Surveys of the European Commission among EU member states between 2009 and 2013 

showed that the relative importance of climate change has remained largely consistent 

(EC, 2014). At each of the three research intervals, 16 % to 20 % of European residents 

named climate change as the single most serious problem facing the world today. When 

considering more than one area of concern, climate change is perceived by about half of 
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the interviewees to be among the most serious problems facing the world today (see ibid.). 

Moreover, a recent survey by POORTINGA et al. (2019) shows that more than 90 % of 

European citizens (95.4 % of Germans) believe that the climate is probably or definitely 

changing and at least partly caused by human activity. Especially citizens of Western 

European countries are more likely to believe that anthropogenic climate change is 

occurring, they perceive climate change to be a serious problem and express a personal 

willingness to pay to deal with climate change (MCCRIGHT, DUNLAP, & MARQUART-

PYATT, 2015).  

BLENNOW et al. (2012) notice a clear North-South trend concerning perceptions of climate 

change among PFO in Europe. Forest owners in the North – e.g. in Scandinavia – are less 

likely to be concerned about climate change than those in the South, e.g. in Portugal. 

Furthermore, a survey among forest owners and managers in seven European countries 

shows comparable research findings: the majority of European forest owners and 

managers (91 %) consider climate change as a fact (with 74 % referring to the notion that 

climatic changes are partly or mainly driven by human activities) and 6 % consider 

climate change to be an unlikely phenomenon or they deny its existence (SOUSA-SILVA 

et al., 2018). In addition, a survey among forest professionals in South-West Germany 

indicates that 80 % of forest experts perceive climate change as having anthropogenic 

origin, while very few see it as a natural phenomenon (YOUSEFPOUR & HANEWINKEL, 

2015). 

A recent representative German population survey (FULDA & HÖVERMANN, 2020) shows 

that two-thirds of Germans are concerned about climate change. Compared with other 

social developments such as immigration, technological changes or the economic 

situation, climate change is one of the developments that worries the respondents most. 

The results of the survey reveal that the number of people who are worried about climate 

change significantly increased between 2017 and 2019. For instance, POORTINGA et al. 

(2018) notes that more than 40 % of Germans are very or extremely worried about climate 

change, reflecting one of the highest rates of concern across 23 participating European 

countries. In Eastern Germany, the concern about climate change is lower than in Western 

Germany and fewer respondents in rural areas are concerned about climate change than 

people in urban areas (FULDA & HÖVERMANN, 2020). DAVIDSON et al. (2003) describe 

rural, forest-based communities as having a limited community capacity and limited 
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potential to perceive climate change as a salient risk issue that warrants action. 

Furthermore, the authors realize constraints on adaptability in rural, resource-dependent 

communities to respond to risk in a pro-active manner and see the potential by members 

of these communities to under-estimate the risk associated with climate change. 

FULDA and HÖVERMANN (2020) assume that the strong media presence regarding climate 

change is also reflected in the concerns of the population. Even under the current 

pandemic situation, climate change is still an important topic among the German public 

(FRONDEL, KUSSEL, LARYSCH, & OSBERGHAUS, 2020). Only 6 % of those surveyed think 

that climate change has lost its importance since the beginning of the year. About one-

quarter think that climate change has become even more important in recent months. 

Nevertheless, households with coronavirus-related financial losses rate climate change as 

less relevant than unaffected households (see ibid.).  

There have been less consistent trends at an international scale over this time. Whereas 

concern in many developed countries (e.g. the UK, the US, Canada and France) has 

stabilized during the 2010s, the trends for developing countries have been more diverse, 

with some countries (e.g. China, Mexico and Kenya) seeing declining public concern 

(CAPSTICK et al., 2015).26 Climate change is perceived as a higher risk in developing 

countries than in most countries in the Western world (KIM & WOLINSKY-NAHMIAS, 

2014).  

However, climate change perception varies between individuals in the same country 

(SMITH & LEISEROWITZ, 2012). Interestingly, BISSONNETTE et al. (2017) revealed that 

perceived forest risks (mainly pest outbreaks) identified by qualitatively-interviewed 

Canadian forest owners were not always in relation with climate change, although climate 

change may have been discussed in relation to a specific risk.  

O’CONNER et al. (1999) note that risk perceptions are not a surrogate for general 

environmental beliefs, but they account for behavioral intentions. The behavioral 

                                                 
26 The issue of skepticism towards climate change should be mentioned here. There are numerous reasons 

(many of them are strategic and political) for a possible disagreement about climate change proposed by 

the general public, politicians and policy-makers, the media and scientists (HULME, 2009). Studies found a 

growing skepticism underpinned by economic and socio-political factors in some developed countries in 

the latter 2000s (CAPSTICK, WHITMARSH, POORTINGA, PIDGEON, & UPHAM, 2015). This has been attributed 

to a variety of factors like climate fatigue, misleading media representations, social attenuation, 

psychological and cultural reasons (PIDGEON, 2012; WEBER, 2010). 
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intentions regarding climate change are complex. People who will take no action 

themselves and oppose all government interventions are neither non-believers nor are 

they believers who promise to both make personal efforts and vote for every climate 

change-related government proposal (see ibid.).  

Moreover, CAPSTICK et al. (2015) demand research attention to examine prospective 

trends and patterns in public perceptions across multiple regions. AKERLOF et al. (2013) 

note that public perceptions of local risks from global warming are increasingly important 

as communities face decisions about how to most effectively adapt to emerging changes. 

Moreover, the application of qualitative (longitudinal) methodologies may offer insights 

to better appreciate the cultural contexts in which climate change perceptions are 

evolving. The ways in which individuals, societies and polities respond to climate change 

relies in many cases on public perceptions about its causes, consequences and wider 

implications (PIDGEON & FISCHHOFF, 2011). Thus, the understanding of perceptional 

processes and public opinions has far-reaching implications for the design of educational 

and policy interventions that can lead to greater convergence in beliefs and willingness to 

act (WEBER, 2010).  

Nevertheless, recent regional Bavarian studies about climate change mostly focus on 

hydrology (see e.g. KAISER, BORGA, & DISSE, 2020; POSCHLOD, WILLKOFER, & LUDWIG, 

2020), climate extremes (ESTRELLA & MENZEL, 2013), carbon stocks (WIESMEIER et al., 

2012; WIESMEIER et al., 2014), health issues (RAI et al., 2019) and forest landscapes 

(KLEIN, HÖLLERL, BLASCHKE, & SCHULZ, 2013; MICHLER, FISCHER, & FISCHER, 2020). 

Furthermore, no study has investigated the perceptions of both inhabitants and forest 

stakeholders in a common survey area on a local scale to date. 

Second, climate change is a phenomenon that cannot be easily and accurately identified 

by the lay public, using their “normal tools of observation and inference” (WEBER, 2010, 

p. 333). Climate is a statistical phenomenon that describes average weather conditions or 

their typical range for a region. The classical period for averaging these variables is 30 

years (IPCC, 2013). Humans’ perceptional system is unable to calculate such averages 

and their changes. Therefore, climate change is not directly perceptible like single 

weather phenomena (GROTHMANN, 2019). The perception of climate change needs to be 

differentiated between real-world threats and the subjective perceptual experience of such 
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threats (PIDGEON, KASPERSON, & SLOVIC, 2003). Hence, the perception of risk is a mental 

construct. Lay people are typically more concerned about the weather, rather than the 

local climate (LATIF, 2016). Thus, it is plausible that changing meteorological conditions 

may influence aggregate public perceptions over time.  

In addition, the spatial and temporal gap between an action and its effects causes the 

problem that the direct experience of action is no longer guaranteed. Moreover, the slow 

emergence of climate change effects restricts the observation of environmental damage 

and fosters habitation effects (PREUSS, 1991). LEMBCKE (2012) notes that a socialization 

of the climate takes place through a scientification of the climate. Corresponding 

consequences are manifold: the causal model associated with the current climate concept 

– which presents events and phenomena as effects – forces the identification of causes 

and causers, the naming of perpetrators and sinners and the juxtaposition of forerunners 

and deniers. In addition, LEMBCKE (2012) states that the climate is increasingly being 

identified as climate change and currently specified as anthropogenic. There is an attempt 

to represent a specific meteorological reality, a kind of external object that can be defined 

and regulated.  

 

2.4.4 Perception of forest dieback and ‘Waldsterben’ discourse 

Over recent decades, crucial changes have taken place in the views and demands of 

society on forests, like increased environmental awareness and recreational interests. 

Especially in the temperate forests of Europe, society has placed increasing importance 

on biodiversity and ESS than wood production over recent decades (BORRASS, 

KLEINSCHMIT, & WINKEL, 2017). A recent study by CECCHERINI et al. (2020) reveal an 

increase in forest harvesting in 26 European countries for the years 2016-2018 compared 

with the average for 2011-2015. Hence, the pressure on forests and their ESS is increasing 

and the perceptions of residents are likely to change (FRICK, BAUER, LINDERN, & 

HUNZIKER, 2018).  

In the first instance, the most important aspect to investigate is the actual public 

perception of forests. This factor expresses the value of forests for the society. As FRICK 

et al. (2018) note, information about how forests are perceived by residents and the 

preferences that they express is urgently needed. These questions are not only worth 
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investigating to support current policy planning but they are also worth monitoring over 

time. Many studies have summarized public and/or stakeholders’ perceptions of forest 

ESS (see e.g. FRICK et al., 2018; GRILLI, JONKISZ, CIOLLI, & LESINSKI, 2016; 

RAMETSTEINER et al., 2009; RANACHER, LÄHTINEN, JÄRVINEN, & TOPPINEN, 2017) but 

fewer studies deal with mountain forests and ESS (see e.g. RÜDISSER, SCHIRPKE, & 

TAPPEINER, 2019; SEIDL et al., 2019).  

The perception of forest dieback in mountain forests is seldom investigated.27 Forest 

dieback perception has been studied through pest outbreaks (MCFARLANE, PARKINS, & 

WATSON, 2012; QIN, 2015; URQUHART et al., 2017), on a limited number of species such 

as Norway spruce (CHANG, VAN LANTZ, & MACLEAN, 2009) or Ash (FELLENOR et al. 

2019a, 2019b; JEPSON & ARAKELYAN, 2017; RUTJES, 2017) or after extreme weather 

events by the public (URQUHART et al., 2017) more than by the forest stakeholders 

themselves. Furthermore, no survey has truly examined in-depth whether forest 

stakeholders attribute forest dieback to climate change.28 In contrast to natural hazards – 

e.g. wind throws and forest fires – which have been thoroughly studied, climate-induced 

forest dieback is a slow-onset disaster whose signs may only be visible after several 

months or years (ALLEN, 2009). In addition, drought-triggered forest mortality can result 

in rapid ecosystem changes over huge areas, much more quickly than the gradual 

transitions that occur from tree regeneration and growth. A 100-year-old tree may be 

killed by severe drought within a few months to a few years (see ibid.). Hazards with a 

gradual and creeping onset should also be theoretically easier to manage and proactively 

respond to than those with sudden and unexpected ones (DEUFFIC, GARMS, HE, BRAHIC, 

YANG & MAYER, 2020).  

RAMETSTEINER and KRAXNER (2003) summarize the results of representative public 

opinion surveys undertaken in Europe since 1990. The authors note that forests are mainly 

perceived through impressions and feelings. About half of the forest-related perceptions 

are dominated by positive attributes like fresh air, green, silence, quietness, happiness, 

                                                 
27 Only 75 research articles were found (search engine results web of science, 08.2020) for the terms: forest 

dieback, mountain forest and perception.  
28 Only 19 research articles were found (search engine results web of science, 08.2020) for the terms: forest 

dieback, mountain forest, climate change, perception and stakeholder. A closer look at the research articles 

shows that no study has investigated the perception and the link between climate change and forest dieback 

so far.  
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trees and wood, or the recreational function of forests. The other half of the interviewees 

state more negative aspects like threat, darkness, danger or forest dieback 

(RAMETSTEINER & KRAXNER, 2003). Most of these negative issues do not seem to be 

dominated by feelings but rather by cognitively-formed opinions on physical objects like 

infrastructure. Only a small group of respondents mentioned forest management. The 

impressions were mostly negative concerning the forest treatment, rather positive on 

reforestation and mainly positive on the economic importance of forestry (see ibid.).  

A qualitative study by ARZBERGER et al. (2015) indicates that Germans perceive forests 

as places with a high recreational value. Germans appreciate experiencing forests with all 

of their senses. Negative impressions were only mentioned on request and were mainly 

dominated by waste issues and conflicts with other user groups. The ownership of forests 

– e.g. private, state, or community forest – is seen as negligible. The authors identify two 

interpretation patterns of forests among the German public: “forest as wilderness” and 

“forest as garden” (ARZBERGER et al., 2015, p. 12). These two contrary interpretation 

patterns determine the attitude towards deadwood and forest damage as well as the 

economic usage of wood products and the intervention level by forestry. The forest as a 

wilderness pattern shows a negative attitude towards forest management activities and a 

high ecological rationality. People are afraid of losing forests as a place for flora and 

fauna. The forest as a garden pattern shows a negative attitude towards biotic and abiotic 

forest damage because these factors may threaten the state of the healthy forest, which is 

regarded as a cultural landscape (ARZBERGER et al., 2015). Interestingly, members of both 

groups are afraid of forest decline, although these interpretation patterns are more or less 

polarizing.  

Moreover, FRICK et al. (2018) investigate the public’s forest perceptions in Switzerland, 

and the results indicate that respondents are well informed about forest issues, especially 

recreation, animals and protection from natural hazards. However, functions such as 

wood production, air quality and biodiversity are rated as even more important than 

recreational functions. In addition, a mixed forest and multisensory experiences is 

preferred in contrast to wilderness. 

In addition, a few studies determine how natural forest conditions and the combined 

increasing share of deadwood are perceived and evaluated by forest visitors, which 
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preferences they have and how groups of forest visitors differ. The study settings are 

mainly protected areas like national parks, where it has meanwhile become possible to 

observe natural undisturbed succession including changing forest conditions with 

deadwood accumulations. For instance, PRÖBSTL (1989) found that recreationists of the 

BF were highly concerned about forest dieback. However, the extent of forest damage 

during the 1980s has not led to a significant impairment of the recreational value for most 

forest visitors. A study by MÜLLER et al. (2008) proves that visitors to the BF National 

Park have an increasing open-mindedness towards the idea of letting nature be nature. 

The laissez-faire management of the bark beetle in the national park appears unusual and 

unnatural at first, but is not rejected in principle (see also e.g. MÜLLER & JOB, 2009).  

Nevertheless, for a significant part of the local population of the BF, the bark beetle 

outbreak since the beginning of the 1990s represents a threat to their homeland and it has 

led to political conflicts concerning disturbance management policies (MÜLLER, 2011; 

MÜLLER & IMHOF, 2019). Furthermore, several German studies have investigated the 

acceptance of national parks in the context of bark beetle outbreaks and deadwood 

accumulation (JOB, FLIEßBACH-SCHENDZIELORZ, BITTLINGMAIER, HERLING, & WOLTER-

ING, 2019; LIEBECKE et al., 2011; VON RUSCHKOWSKI & MAYER, 2011; VON 

RUSCHKOWSKI, 2010; VON RUSCHKOWSKI & NIENABER, 2016).  

A study by SACHER et al. (2017) shows that visitors’ perceptions of the natural forest 

development in the Harz National Park is heterogeneous and not always consistent. On 

the one hand, respondents prefer to retain the deadwood share in the National Park forests. 

On the other hand, the question of bark beetle-controlling measures revealed different 

views. Thus, the authors conclude that there is still need for information concerning the 

tasks and objectives of national parks in relation to natural forest development. For 

example, RATHMANN et al. (2020) used the visitor-employed photography method to 

investigate the role of deadwood during respondents’ forest visits to the BF National Park. 

The authors found that deadwood plays an important role in forest perception, even 

though deadwood photographs are evaluated significantly worse than most other forest 

elements (mainly positively perceived). However, a higher proportion of deadwood is 

even associated with more aesthetics or recreational value. Regarding deadwood 

structure, results show that deadwood fragments and debris are perceived negatively, 
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while rootstocks were assessed more positively. Moreover, the authors found a gradient 

with positive evaluations increasing with progressing decomposition (RATHMANN et al., 

2020). Moreover, a recent study by SACHER (2020) indicates that deadwood does not have 

a significant influence on the decision of Bavarian inhabitants concerning which forest to 

choose for a recreational visit. 

However, a clear majority of the European public is worried about the status of forests, 

whereby this fact leads to the issue of forest damage. Three-quarters of European citizens 

are mainly not satisfied with the condition of their domestic forests, which includes 

health, vitality and biological diversity (RAMETSTEINER et al., 2009). While the general 

public seems to reach an agreement concerning the threat to forests, research on forest 

stakeholder perception shows another picture. ERIKSSON (2014) notes that Swedish forest 

owners are not very concerned about a range of risks (including climate change) and that 

a high number of threats are uncovered. By contrast, MATTHES et al. (2014) analyzed the 

opinion of forest stakeholders towards climate change in Rhineland-Palatinate and found 

that predominantly a high risk awareness exists on climate change among forest experts. 

Interestingly, ANDERSSON (2012) reveals that attitudes to risk-taking of PFO depend less 

on property characteristics and more on the owner characteristics. A longer period of 

ownership increases the probability that the owner is risk-averse, while increased time in 

the forest conducting silvicultural work increases the likelihood that an owner is risk-

seeking. 

However, people in Europe think that the forest area has decreased – in some cases 

sharply – during recent decades (RAMETSTEINER & KRAXNER, 2003). Nevertheless, the 

latest State of Europe’s Forest Report (FAO, 2015) presents a different picture of 

European forests: the total growing stock of forests in Europe (215 million ha, accounting 

for 33 % of total land area) amounts to 35 billion m3. The average density of growing 

stock in forests in the European region is 163 m3/ha, which is larger than the world 

average (133 m3/ha). In the last 25 years, the total growing stock in forests has increased 

on average by 403 million m3/year (increase rate of 1.4 %). Due to a low expansion rate 

of forest area (< 0.4 %) in the same period, the growing stock density in European forests 

increased from 126 m3/ha in 1990 to 163 m3/ha in 2015. Moreover, some studies indicate 

that forest areas of German and the Swiss Alps are also increasing (BÄTZING, 2015; 
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GELLRICH, BAUR, KOCH, & ZIMMERMANN, 2007; MAYER & JOB, 2014). Thus, the public 

perception of forest decline is in contrast to the actual state of the forests (BÄTZING, 

2020).29  

In order to more precisely explain the perception of forest dieback, it is essential to take 

a look at the historical development of the forest dieback discourse. The ‘Waldsterben’ 

discourse significantly shaped the perception of forest health in Germany and adjacent 

states (DER SPIEGEL, 1981). The decline and death of forests has aroused concerns among 

many scientists, policy-makers and the public alike. The level of press reporting has been 

almost unparalleled for an environmental issue (CLARIDGE, 2010). Photographs of dead 

trees have created a strong impact, predominantly in Germany where trees and forests 

form a central part of the national psyche (MÜLLER, 2011; SKELLY & INNES, 1994). Forest 

dieback became a dominant topic within the forestry sector during the 1980s. Especially 

younger people were among those most convinced about forest dieback. Acid rain was 

blamed as the main reason causing forest dieback and environmental pollution was seen 

as a general personal and environmental threat. This opinion among the Central European 

public – especially in Alpine regions – reached its peak at the end of the 1980s and at the 

beginning of the 1990s, when these topics made daily headlines (BEMMANN, 2013).  

Indeed, as BEMMANN (2013) discusses, forest dieback was not a new phenomenon and 

one part of a long development process with its roots in the 19th century. However, 

pictures of dying trees made people feel affected. The discourse polarized people, some 

of whom considered forest dieback the “big lie of the century” and for others it was 

simply “hysteria” (ZIERHOFER, 1998, p. 9). When people were asked to be more specific 

about the forest dieback topic, the answers were very vague and often not correct 

(RAMETSTEINER & KRAXNER, 2003). In this context, ZIERHOFER (1998) notes that many 

environmental problems – including forest dieback – are not easy to recognize for lay 

people. Thus, citizens depend on information from media and environmental sciences.  

                                                 
29 Nevertheless, the results of the latest Global Forest Resources Assessment (GFRA) of the FAO indicate 

that forest area (largely in the tropics) declined worldwide by 3 %, and natural forest area declined by 6 % 

between 1990 and 2015 (KEENAN et al., 2015). The proportion of land area covered by forests decreased 

from 31.6 % in 1990, 30.8 % in 2010 to 30.6 % in 2015 (UN, 2017).  
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The most frequent reasons given for forest dieback were perceived factors that contribute 

to air pollution, such as coal-fired power stations and exhaust emissions from traffic and 

private heating. Pests, general environmental pollution and monocultures were also 

named as reasons, although they were clearly not seen as being as important as air 

pollution (RAMETSTEINER & KRAXNER, 2003). However, the latest Europe’s Forest 

Report (FAO, 2015) notes that depositions of air pollutants have continuously decreased 

since 1997, except for N-depositions, which have only increased in Southern and Central-

Eastern Europe. SKELLY and INNES (1994) critically discuss the previous ‘Waldsterben’ 

debate in forests of Central Europe and Eastern North America. The authors argue that it 

is very rare that all trees in a forest die simultaneously. In some circumstances, several 

stressors may interact to cause forest dieback, although only a few susceptible species at 

a particular site will be affected. Thus, the concept of large-scale forest decline is 

untenable.  

In addition, KANDLER (1993) concludes that the results of a decade of forest research are 

not compatible with the central dogma of the Waldsterben concept. These results rather 

confirm the occurrence of non-synchronous fluctuations of forest conditions and frequent 

episodes of clarified as well as unsettled species-specific declines. The author sets out 

several reasons to justify his assumptions, e.g. no spatial and temporal correlation 

between novel forest damage and air pollution could be shown, and retrospective studies 

on forest conditions suggest that similar levels of crown transparency (Norway spruce) 

were found at the beginning of the 19th century (see ibid.).  

However, forest dieback-related topics such as acid rain or bark beetle infestations 

continued to exist in people’s minds as significant forest problems for a long time period 

(BROGGI, 2002). During the 1990s, a clear majority of people in Central Europe stated 

that forest dieback still persists. There was a trend towards a more negative perception of 

forest health among the public, especially during the early-1990s. Only a small group 

believed that forest dieback was exaggerated by the media. Little information other than 

forest dieback-related questions has been found on time series about the perception of 

forest health. Studies concerning the “best-known forest health problem” cover only 

Central European Alpine countries, while little information could be obtained from the 

rest of Europe (RAMETSTEINER & KRAXNER, 2003, p. 26). Nevertheless, the memory of 
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forest dieback is still ingrained in many people’s minds as an image of barren landscapes 

that should be avoided (MÜLLER, 2011).  

Today, about 3.7 million ha of European forests (3.1 % of the whole forest) are affected 

by forest damage, most frequently caused by biotic agents (FAO, 2015). Wildlife and 

grazing are frequently-observed damaging agents in Europe’s forests (affecting ca. 1.4 % 

of the European forest area). However, the amount of area affected by the different factors 

provides no indication about the severity of the damage and the associated economic 

losses (see ibid.). Crown defoliation is a key factor that indicates the health and vitality 

of a tree. In 2014, nearly one-quarter of the trees were classified as damaged or dead in 

European forests. However, tree crown conditions remained unchanged on two-thirds of 

the plots monitored within the period from 2002 to 2014 (see ibid.).  

VON WILPERT (2013) states that German forests are now in a worse condition than 30 

years ago. The author analyzed that an increased tree age coincides with a higher foliage 

loss. Between 1984 and 2000, the trend was stable but since 2000 the increase has been 

significant. 1984, 1993 and 2006 were remarkable dry years with the highest foliage 

losses since forest monitoring. Since 2000, the condition of the tree crowns has 

significantly deteriorated. Moreover, VON WILPERT (2013) express his astonishment that 

these facts have not led to a remarkable public awareness comparable to the forest dying 

debate in the 1980s.  

The author was not incorrect: in 2019, a new forest dieback debate entered the German 

‘Waldsterben 2.0’ discourse (BROGGI, 2020; KOHRS, 2019; MEYER, 2020; SEIDLER, 2020; 

SÜDDEUTSCHE ZEITUNG [SZ], 2020; WEIß, 2020). Climate change was named as the main 

cause of forest dieback (BROGGI, 2020; EHMANN, MAST, & TRÖGER, 2019). The drought 

and heat intervals of 2003 and 2015 and extreme weather events in 2018 considerably 

weakened the forests in Germany. Calamities and a price decline for wood products lead 

to discussions among the forest sector, politicians, non-governmental organizations 

(NGOs) and the public. The main themes discussed are causes of forest damage, 

adaptation strategies and financial help for forest owners. One-quarter of German forests 

are still monocultures, which are thought to be at a high risk in times of climate change 

(EHMANN et al., 2019). BROGGI (2020) reports that the resilience of German forests is 
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higher than currently expected by the public and that sustainable forestry usually leads to 

a more resistant and future-proof forest.  

Overall, the results of the European surveys show that forestry itself is not seen by the 

public as being able to solve problems related to the overall forest condition 

(RAMETSTEINER & KRAXNER, 2003). Thus, the trust in official forest management is no 

longer evident and it is challenging to shape the acceptance of forestry measures. 

RAMETSTEINER et al. (2009) summarize key areas for communication improvement. 

According to their report, there is a need for clear and detailed information transfer that 

allows the public to make appropriate distinctions depending on the relevant specific 

issues and challenges for various geographic contexts, including forest damage. One 

reason why Europeans have a rather negative perception of European forests is that 

citizens may be influenced by the media. People may think that their surrounding forests 

are lost to increasing pressures due to climate change and damage, because they are 

unable to separate this from the global state of forests.30 

FELLENOR et al. (2019a) investigate public concern, public attention (phone calls and e-

mails) and the nature of reporting about ash dieback in the United Kingdom. The study 

revealed that while the equivalence of public concern with public attention (or volume of 

contacts from the public) appears to hold at the collective level, it largely disappears at 

the individual level. Individual attention to a ‘public’ concern issue reflects individual 

contexts and motivations and it has a ‘private’ orientation. Furthermore, the authors came 

up with the issue of hybrid knowledge, i.e. the intermixing of (scientific) systematized, 

explicit, transferable knowledge with knowledge that is (locally) tacit, contextualized and 

informal (REED, 2008). For instance, public e-mails about concern related to ash dieback 

implicitly and explicitly provide information for forestry commissions, e.g. about the 

geographical spread of ash dieback. This information has become part of the broader field 

of scientific and technical knowledge around dieback in the UK (FELLENOR et al., 2019b).  

                                                 
30 RAMETSTEINER et al. (2009, p. 123) highlight: “Global communications (…) broadly covered the issue 

of tropical deforestation and its connection to climate change, worldwide forest fires, illegal logging, (…) 

etc. Thus, Europeans no longer view the state and functions of European forests in isolation. Rather, their 

perception (…) is based on their assessment of the global situation and a diverse set of information, (…) 

when walking through their local forest.” 
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Moreover, URQUHART et al. (2017) investigate public perceptions of invasive tree pests 

and pathogens in the UK. Despite revealing low levels of awareness and knowledge, the 

results indicate that the British public are concerned about the health of trees, forests and 

woodlands and they are moderately willing to adopt bio-secure behaviors (precautions 

taken to protect against the spread of harmful organisms and diseases). A key finding is 

that membership of environmental organizations and strong place identity are likely to 

engender higher levels of awareness and concern. Furthermore, those who regularly visit 

woodlands are likely to be more aware compared with non-visitors. Women, older 

respondents, those with a strong place identity and dependence, members of 

environmental organizations, woodland visitors and gardeners are most likely to express 

a willingness to adopt bio-secure behaviors.  

However, QUIN (2015) found that new residents of Alaska’s bark beetle-disturbed Kenai 

Peninsula initially indicate higher degrees of perceived tree mortality and forest risks but 

lower levels of community wildfire experience and participation in typical community 

activities and community response to beetle disturbance compared with long-term 

residents.  

BILLER (2011) found that the social perception of forests and evaluation of climate change 

strongly differ and have markedly changed over recent decades in Germany. During an 

eight-year period (2001 to 2009), the perspective of Germans on forests completely 

transformed, from the forest as a ‘climate protector’ to a ‘climate patient’ or victim of 

climate change. The author highlights that print media plays an important role in the social 

construction of reality. While climate change reporting was rather generally framed in 

2001, it started to increasingly emphasize regionally-perceptible climate change impacts 

in the following years and thus made climate effects visible for the public. Thus, the 

former interpretation of the forest as a ‘climate protector’ – which provides an exit from 

the dilemma and creates a connection between the forest and the climate discourse at the 

national level – was no longer valid. People were generally convinced about the 

unstoppable changing climate. Thus, climate change was no longer perceived as a crisis, 

but rather as an unavoidable fate. In 2009, forestry actors were stylized as saviors of the 

climate. This belief in a savior seems to have become obsolete and dominated by the 

representation of man as a victim of climate change (BILLER, 2011; JENAL, 2019).  
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To sum up, the perception of forest dieback – at least for the Central European case – is 

mainly shaped by the ‘Waldsterben’ debate of the 1980s. Besides other factors like 

information from global forest decline, people have rather negative impressions 

concerning the health of forests. While their concerns may not always reflect trends 

depicted by the latest data, it is nevertheless a strong perception that needs to be addressed 

by future forest communication. It is important to note that besides the process of forest 

dieback, single events such as storms and natural disasters can significantly alter 

residents’ perceptions in relatively short periods of time (WILD-ECK, SCHENK-

ZUMBRUNN, & HUNZIKER, 2004). Whether climate change is seen as a triggering or 

aggregating factor leading to forest damage has not been investigated within research to 

date. However, research indicates that climate change plays an increasingly crucial role 

within the forest dieback discourse. Thus, it is worthwhile studying the perception and 

linkages between forest dieback and climate change.  

Having the influencing factors and the actual perception of forest dieback and climate 

change in mind, the question arises concerning whether forest stakeholders adapt to 

climate change and what challenges they face in this process. 

 

2.5 Adaptation as human response to climate change in a forestry 

context 

The following section provides an overview of the theoretical foundations of adaptation 

and clarifies different types of adaptation with a focus on forests. Furthermore, different 

conceptual approaches with the potential to simultaneously explain the perceptional and 

adaptation process will be presented in detail. An additional section about adaptive forest 

management31 should provide an overview of different silvicultural adaptation 

approaches to facilitate the understanding of the research findings. 

  

                                                 
31 Adaptive forest management represents an integrative part of the overall strategy of avoiding the 

unmanageable and managing the unavoidable (BOLTE et al., 2009). 
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2.5.1 Defining types of adaptation 

Responding to climate change is about adjusting to risks, in either reaction to or 

anticipation of changes arising from changing weather and climate (ADGER et al., 2013). 

Adaptation seeks to reduce the vulnerability of SES to relatively sudden change and thus 

offset the effects of climate change. In other words, climate change adaptation reflects 

the ability of a society or natural system to adjust to the (changing) conditions that support 

life in a certain climate region, including weather extremes (IPCC, 2014a). The term 

adaptation has its origins in natural sciences – particularly evolutionary biology – and it 

broadly refers to the development of genetic or behavioral characteristics that enable 

organisms or systems to cope with environmental changes (SMIT & WANDEL, 2006). The 

social science treatment of adaptation in human systems refers to the fact that societies 

(or cultures) adapt to a range of stimuli including – but not limited to – environmental 

stress. Societies that are able to respond to or cope with change are considered to have a 

high capacity to adapt (DENEVAN, 1983).  

The concept of adaptation has been used both explicitly and implicitly by scholars of the 

social sciences, e.g. scholars with a hazards perspective have focused on the perception, 

adjustment and management of environmental hazards (BURTON, KATES, & WHITE, 1993; 

SMIT & WANDEL, 2006). However, MOSER (2010) notes that many definitions has been 

put forth by geographers and other scholars over the years, with persistent gaps, 

disconnects, overlaps, confusions that hinder easy exchange, integration and synthesis 

(see e.g. PATT, SCHRÖTER, KLEIN, & LA VEGA-LEINERT, 2009; THOMALLA, DOWNING, 

SPANGER-SIEGFRIED, HAN, & ROCKSTRÖM, 2006). Adaptation – as defined by MOSER 

(2010, p. 466) – involves:  

“(…) various responses by or interventions in a system, varying along a spectrum of 

relatively superficial adjustments to deep systemic changes, that allow a system to avert 

or minimize the negative consequences of a perturbation or take advantage of beneficial 

ones arising from it.”  

Researchers have developed numerous taxonomies of adaptation. FÜSSEL (2007b) notes 

that human adaptation to climate change is not well defined and delimited to a set of 

activities. Thus, there are various ways to classify adaptation options. For instance, KLEIN 

(2003) distinguishes between pro-active (or anticipatory) or reactive adaptation and 
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between private or public adaptation. Figure 7 visualizes different adaptation approaches 

and offers selected examples from the forestry sector.32  

Figure 7: Matrix of adaptation types to climate change in a forestry context 

 

Source: own draft 

Whether adaptation can be either reactive or pro-active/anticipatory strongly depends on 

the timing, goal and motive of the implementation. Thus, the first differentiation of 

‘proactive versus reactive adaptation’ explains whether adaptation is motivated by 

predictions of an event that may occur in the future, or by the onset of the event itself 

(ADGER et al., 2005b; GROTHMANN & PATT, 2005). Reactive adaptation occurs after the 

primary impact of climate change has become manifest, while pro-active adaptation takes 

place before the impacts are apparent (KLEIN, 2003). The second distinction of ‘private 

versus public adaptation’ is based on the system in which the adaptation takes place. In a 

                                                 
32 When characterizing behavioral responses to climate change with the help of clusters or typologies (like 

in the case of this survey), it may also help to differentiate between adaptation and coping behavior 

(FISCHER, 2019). Adaptation is distinguished from coping by referring to the temporal scale at which it 

occurs. Adaptation is rather a long-term process of enduring adjustment, whereas coping is considered as a 

short-term process of temporary adjustments. Thus, behavioral responses, which are extremely 

autonomous, reactive and incremental might be better termed as coping, whereas responses that are highly 

planned, pro-active and transformational could be rather named as adaptation (see ibid.). 
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natural system, adaptation is reactive by definition. In the human system, both reactive 

and pro-active adaptations are possible. Private (e.g. individual households and comer-

cial companies) or public (e.g. governments) interests at all levels may motivate the 

adaptation decision (KLEIN, 2003). One example of a pro-active, public adaptation option 

is the installation of early-warning systems like bark beetle pheromone traps, while a 

reactive and private adaptation strategy could be the change of silvicultural practices in 

the forestry sector due to a storm event and resulting open spaces for cultivation 

(YOUSEFPOUR et al., 2017). 

A further differentiation between adaptation forms is the separation between planned and 

autonomous adaptation (CARTER, PARRY, NISHIOKA, & HARASAWA, 1994), which 

corresponds to private and public adaptation. The focus of planned adaptation lies on the 

whole society and therefore collective needs. Planned adaptation results from policy 

decisions that recognize the current or prospective change. Autonomous adaptation 

involves the changes that natural and most human systems will undergo due to changing 

conditions regardless of any policy decision or adaptation plan. This type of adaptation 

does not constitute a conscious response to climatic stimuli, but is triggered by ecological 

changes in natural systems and market or welfare changes in human systems. 

Autonomous adaptation in human systems would therefore be in the actors’ rational self-

interests (KLEIN, 2003).  

According to KLEIN (2003), the extent to which society can rely on autonomous 

adaptation is an issue of major academic and policy interest. Autonomous adaptation 

forms a starting position with which the need for planned adaptation can be evaluated. 

However, constraints for autonomous adaptation could be limited information, 

knowledge, awareness and access to resources. Awareness and understanding of potential 

change is crucial for raising adaptive capacity, which is the potential to implement 

planned adaptation measures (METZGER, SCHRÖTER, LEEMANS, & CRAMER, 2008). 

Especially anticipatory adaptation aims to reduce the vulnerability by minimizing risk or 

maximizing adaptive capacity (SMIT & WANDEL, 2006).  

Moreover, the IPCC (2014b) distinguishes between incremental adaptation and 

transformational adaptation. Incremental adaptation comprises adaptation actions where 

the central aim is to maintain the essence and integrity of a system or process at a given 
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scale. The concept refers to efforts to avoid disturbances and continue pursuing the same 

aims with only small changes (FISCHER, 2019). By contrast, transformational adaptation 

changes the fundamental attributes of a system in response to climate and its effects. It 

involves changes at large scales that are new to a particular context and fundamentally 

change the broader social, economic or biophysical system (PELLING, O’BRIEN, & 

MATYAS, 2015). There are at least three classes of transformational adaptations, 

according to KATES et al. (2012): those that are adopted at a much larger scale or intensity, 

those that are truly new to a particular region or resource system, and those that transform 

places and shift locations. Moreover, KATES et al. (2012) distinguish between responsive 

and anticipatory transformative adaptation: responsive adaptation takes place during and 

after serious climate change impacts, while anticipatory adaptation happens in advance 

of threats posing serious risks of very painful impacts.  

However, FISCHER (2019) indicates that forest owners usually do not undertake 

transformational responses that would fundamentally change the broader biophysical, 

social, or economic system. Furthermore, FISCHER (2019) notes that adaptation 

frameworks in a forestry context vary concerning the implicit goals of adaptation 

strategies. Thus, if adaptation aims to buffer or protect forests from change, promoting 

resistance is an appropriate adaptation strategy. If forest owners want to improve the 

capacity of ecosystems to recover from climate shocks like extreme weather events, 

‘promoting resilience’ is a suitable framework and if the goal is to facilitate change 

‘enabling transition’ is an option (see also JANOWIAK et al., 2014; MILLAR et al., 2007; 

YOUSEFPOUR et al., 2017).  

 

2.5.2 Differentiation between adaptation and mitigation and today’s 

relevance of adaptation 

Individual and societal adaptation to climate change is not a new concept, and it is neither 

an empirical reality nor a theoretical construct (ADGER et al., 2009a). The reason is that 

resource irregularities offered by different climates and the climate instability have acted 

as major stimuli for social and technological innovation processes throughout human 

history. Humans have adapted and shaped their social practices in the face of variable 

climates e.g. irrigation, insurance options and weather forecasting. Nowadays, adaptation 

to climate change has become part of the current discourse about the politics and 
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economics of global climate change, albeit in a new, deliberative and self-conscious way 

(ADGER et al., 2009b; SCHIPPER, 2006). 

Much of the earlier international climate policy debate of the 1990s and early-2000s was 

determined by mitigation concerns, and a tension between scientists and policy-makers 

in favor of mitigation over adaptation activities has strongly characterized the discourse 

on climate change policy (PIELKE, PRINS, RAYNER, & SAREWITZ, 2007; SCHIPPER, 2006). 

The response approaches developed from ‘prevention or control’ to ‘mitigation and 

vulnerability reduction’ (IPCC 2007; 2001), then gradually to ‘adaptation and 

transformation’ (IPCC 2012; O’BRIEN 2012; LEI et al. 2014). Much of the initial work 

related to climate change – both internationally and nationally – has focused on mitigation 

and thus GHG emissions and efforts to reduce the rate and amount of climate change 

(EDWARDS & HIRSCH, 2012).  

Climate change mitigation remains an important goal to which forests are able to make 

essential contributions. Efforts to mitigate or limit climate change aim to directly or 

indirectly alter the proximate causes of climate change. Adapting to climate change 

includes addressing the psychological and social impacts of both the threat and the 

unfolding consequences of climate change (IPCC, 2014a). While mitigation focuses on 

the source of climate change, adaptation addresses its consequences (SCHIPPER, 2006). 

One of the main differences between adaptation and mitigation – besides the problem that 

they address – is the scale at which the response to climate change might take place 

(FÜSSEL & KLEIN, 2006). In order to be effective, mitigation activities have to take place 

at the global scale. By contrast, adaptation can take place from local to global scales 

(ADGER, 2001). Hence, adaptation is able to address climate-related problems at specific 

levels and it makes use of adaptive capacities available to that group of e.g. local actors.  

Even though adaptation and mitigation are both set out as responses to anthropogenic 

climate change in the United Nations Framework Convention on Climate Change 

(UNFCCC), a dichotomy between the two policy approaches has emerged as one of the 

most striking features of the discussion on how to respond (SCHIPPER, 2006). Article 2 of 

the UNFCCC (1992) describes adaptation to climate change in relation to food 

production, ecosystem health and economic development. Nevertheless, there were 

several political and conceptual reasons why adaptation was left off the political agenda 
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(see overview of SCHIPPER, 2006). One example is the uncertainty about climate change 

and the related question of how to adapt. Thus, there was confidence in the degree to 

which mitigation actions would be promising and effective, but there was uncertainty 

over the extent to which climate change would occur. However, the debate has shifted 

since 1980 as perceptions and political perspectives on adaptation have altered.  

Due to the focus on mitigation in both scientific and policy areas, a number of scholars 

have made efforts for adaptation to occupy a more prominent role in climate policy 

(SCHIPPER, 2006). Furthermore, the current discussion on climate change adaptation 

intensified with the publication of the IPCC Assessment Reports written by the scientific 

body supporting the UNFCCC process. Moreover, adaptation projects flourished with the 

agreement on the Marrakesh Accords under the UNFCCC in 2011, which focused on 

adaptation as a policy response (see ibid.). The need to adapt to climate change is now 

widely recognized with the increasing scientific evidence of climate change impacts on 

social and natural systems. Researchers and specialists attempt to better understand 

adaptation across various levels of social organization as humans increasingly recognize 

the need to learn to live with the impacts of climate change (ADGER et al., 2009b; MOSER, 

2010).  

There is a growing body of research documenting how individuals respond to local 

impacts of climate change. However, it is difficult to identify optimal and appropriate 

adaptation strategies. In particular, the identification and quantification of adaptation 

benefits face a number of uncertainty-related disagreements and methodological 

discrepancies. KLEIN (2003) notes that adaptation is complicatedly linked with non-

climatic developments and it takes place in a dynamic and societal context (WISE et al., 

2014).  

Moreover, many policy plans aim to help individuals to reduce the exposure to climate 

change and improve their livelihoods. However, there remains a limited understanding of 

how to determine whether and how adaptation is happening (FISCHER, 2019). Individuals 

are typically uncertain about how to address these changes. However, studies have found 

that individuals tend to respond stepwise to environmental changes, which are of direct 

concern and personal significance, and which they perceive themselves as being capable 

of addressing. It is assumed that individuals do not adapt in a planned, pro-active and 
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transformational way without policy interventions (ADGER et al., 2009b; FORD, 

BERRANG-FORD, & PATERSON, 2011; GIFFORD et al., 2011; GROTHMANN & PATT, 2005). 

 

2.5.3 Theoretical approaches and challenges towards adaptation 

2.5.3.1 General theoretical approaches to adaptation 

Many approaches can explain the theoretical foundations of climate change adaptation 

(see systematic overview provided by BERRANG-FORD, PEARCE, & FORD, 2015). For 

example, PERSSON et al. (2015) try to explain adaptation by using a value-based approach. 

A certain sensitivity to cultural perspectives enables identifying the events and activities 

that people may perceive as risky. A culture-sensitive risk analysis has been particularly 

important as an antidote to economists’ focus on economic and material values (O'BRIEN 

& WOLF, 2010).  

The ‘ecosystem-based approach to adaptation’ (EbA) takes advantage of the capacity of 

nature to buffer human communities against the adverse impacts of climate change 

through the sustainable delivery of ESS (MUNANG et al., 2013). The EbA focuses on 

specific ESS and uses targeted management, conservation and restoration activities to 

reduce climate change exposure. MUNANG et al. (2013, p. 70) note that “harnessing the 

adaptive forces of nature is economically viable and effective to combat the impacts of 

climate change.” Moreover, the authors highlight that annual global investment of $45 

billion in protecting ecosystems could deliver benefits of $5 trillion/year (cost-benefit 

ratio of over 100:1). Furthermore, an annual investment of $20 billion could halve 

deforestation emissions (20 % of global GHG emissions), while securing livelihoods and 

reducing poverty in tropical countries. However, these findings underlie various ‘ceteris 

paribus’ assumptions and a high uncertainty towards RCP scenarios.  

Climate adaptation long belonged to one of four distinct and largely-independent research 

and policy communities33 that have been actively engaged in reducing socio-economic 

vulnerability to natural hazards (THOMALLA et al., 2006). THOMALLA et al. (2006) note 

that better collaboration between these communities is needed, as well as an emerging 

                                                 
33 The communities are climate adaptation, disaster risk reduction, environmental management and poverty 

reduction (THOMALLA, DOWNING, SPANGER-SIEGFRIED, HAN, & ROCKSTRÖM, 2006). 
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need to learn from one another. Thus, a further approach that should be presented here 

connects disaster risk reduction and climate adaptation. Both approaches aim to assess 

risk and vulnerability and they use a large range of analytical tools and methodologies 

from risk management. While climate adaptation traditionally has a long-term perspective 

and is usually elaborated via top-down processes on a global scale, disaster risk reduction 

always has a rather short-term perspective and is elaborated via community-based 

approaches on a local scale (BIRKMANN & TEICHMAN, 2010; BOOTH et al., 2020; 

THOMALLA et al., 2006).  

The disaster risk management community (mainly natural scientists and civil engineers) 

concentrates on a variety of natural and human-induced hazards and responds with 

structural measures on short-term, single stressors. By contrast, the climate change 

community (highly interdisciplinary group of scientists) has an environmentalist focus.  

Early work mainly concentrates on changes in extreme conditions, long-term changes in 

climate, and the potential consequences of climate change under different emission 

scenarios. Nonetheless, climate change adaptation increasingly places weight on 

enlightening the capacity of governments and communities to address current 

vulnerabilities to existing climate variability and climatic extremes. Therefore, the 

disaster risk management community is increasingly adopting a more anticipatory and 

forward-looking approach (BOOTH et al., 2020; THOMALLA et al., 2006).  

FIELD et al. (2012) developed a model of adaptation and disaster risk management 

approaches for a changing climate. The approaches include ‘reduce exposure’, ‘reduce 

vulnerability’, ‘increase resilience to changing risks’, ‘transfer and share risks’, 

‘transformation’ and ‘prepare, respond and recover’. These approaches can overlap and 

be pursued concurrently (see ibid. for more information about the named approaches). 

However, empirical research on adaptation has mostly failed to address the importance 

of measurable and alterable psychological factors in determining adaptation to date 

(GROTHMANN & PATT, 2005). ARONSSON and SCHÖB (2018) discuss a behavioral 

environmental economics approach in the context of psychological adaptation and 

developed a model of optimal tax policy to combat climate change. Moreover, 

GROTHMANN and PATT (2005) developed a model of private pro-active adaptation to 

climate change (MPPACC) to visualize and conceptualize the individual cognition of 
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climate change and explain why some people show adaptive behavior while others do not 

(see DEUFFIC et al. 2020 for an application in a forestry context and section 4.3.3.1).  

This model is based on the protection motivation theory (PMT)34 (ROGERS, 1975; ROGERS 

& PRENTICE-DUNN, 1997) and the theory of planned behavior (TBP)35 (AJZEN, 1985; 

1991). The MPPACC highlights the psychological steps that need to be considered when 

taking action, and it enables identifying where bottlenecks occur within the individual’s 

adaptation process. The model includes risk perception and objective adaptive capacity, 

as an issue that is largely neglected in previous climate change research (GROTHMANN 

& PATT, 2005). The center of the individual cognition is dominated by climate change 

risk appraisal (perceived probability and perceived severity) and adaptation appraisal 

(perceived adaptation efficacy, perceived self-efficacy and perceived adaptation costs).  

Climate change risk appraisal describes the evaluation of a person concerning a threat 

probability and damage potential to valued things under the condition of no change 

(GROTHMANN & PATT, 2005). Risk appraisal has two sub-components: first, perceived 

probability is the person’s expectation of being exposed to the threat, such as the 

probability of a storm event that might harm the forest; and second, perceived severity 

is the person’s appraisal of how harmful the consequences of the threat would be to things 

that he or she values. This may be the forest owner judgment that dry conditions would 

harm wood production and therefore lead to a decrease in income (see also DEUFFIC et al. 

2020 for an application of the model). VAN DER LINDEN (2015) notes that in order to 

estimate both the probability with which global warming is likely to occur and the severity 

of associated impacts, it is first necessary to acquire some knowledge of these factors 

(cognitive dimension of risk) (see also SUNDBLAD et al., 2007). However, it remains 

relatively unclear whether and to what extent a cognitive understanding of climate change 

                                                 
34 The PMT, an expectancy-value theory, proposes that people protect themselves from threatening events 

based on a) the perceived severity of an event; b) the probability of that event’s occurrence; and c) the 

efficacy of a protective response (ROGERS, 1975). Each of these communication variables initiate 

corresponding cognitive appraisal processes that mediate attitude change (see ibid.).  
35 The TPB is a theory that links attitudes, beliefs and behavior. The attitudes, subjective norms and 

perceived behavioral control shape an individual’s behavioral intention, which leads to a certain activity 

(KAN & FABRIGAR, 2017). The applications of this approach are very wide see for an application in a 

tourism context e.g. QUINTAL, LEE, AND SOUTAR (2010) or PRÖBSTL‐HAIDER and HAIDER (2013) and for 

a forestry context e.g. FICKO et al. (2019). The strength of TPB is the understanding of individual decision-

making. However, attitudes only provide limited information about trade-offs, which are essential in 

decision-making processes.  
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might explain and predict public risk perceptions, not least because there is an important 

difference between an individual’s subjective knowledge and the actual evidence (insofar 

that clear scientific consensus exists) (VAN DER LINDEN, 2015). 

ERIKSSON (2014) investigate forest owners’ risk perception and responses and examines 

how risks are conceptualized when something valued – in this case, the forest – is 

threatened. The in-depth interviews suggest that risk tolerance and perceived control are 

important components to understand forest owners’ risk perception and responses. 

However, the authors indicate that there is a need to differentiate between risk awareness 

and concern.  

Adaptation appraisal is the evaluation of a person’s ability to avert being harmed by the 

threat, along with the costs of taking such action (GROTHMANN & PATT, 2005). Whereas 

the cognitive process of risk appraisal results in a specific risk perception, the result of 

the adaptation appraisal process is an explicit perceived adaptive capacity (see also 

section 2.3.1). Adaptation appraisal occurs after the risk perception process, and it only 

starts if a specific threshold of threat appraisal is exceeded. Adaptation appraisal has three 

sub-components. 

First, perceived adaptation efficacy implements the belief in adaptive actions or 

responses to be effective in protecting from being harmed by the threat. Second, 

perceived self-efficacy refers to the person’s perceived ability to perform or carry out 

concerning adaptive responses. Third, perceived adaptation costs are the assumed costs 

of taking the adaptive response. This can include any kind of costs associated with taking 

the risk-minimizing adaptive response like money, time and effort (GROTHMANN & PATT, 

2005). Climate change risk appraisal and adaptation appraisal form a person’s response 

to the threat and they are assumed to be positively related to adaptation intention. Risk 

appraisal is assumed to be positively and adaptation appraisal negatively related to 

avoidance. Thus, an individual would respond with ‘avoidance’ if he or she appraises 

climate change as a risk but is not aware of adaptation measures that are effective, 

practicable and efficient (MITTER, LARCHER, SCHÖNHART, STÖTTINGER, & SCHMID, 

2019).  
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SWIM et al. (2009) note that many psychological and social structural barriers hamper 

behavioral changes that would help to limit climate change. The authors summarize that 

barriers are manifold: humans may be simply unaware of the problem and uncertain about 

the facts or how to react, they do not believe their own conclusions, think that the problem 

is somewhere else, or they are fixed in their ways. Moreover, they may believe that others 

should act, or they think that their actions will make no difference and are not important 

compared with those of other actors. They may be engaged in actions that they consider 

to be helpful but objectively are not. They may have other goals and aspirations that draw 

their time, effort and resources, or they believe that solutions beyond human control will 

address the problem (see ibid.). 

There are two different types of responses: adaptation and maladaptation. Adaptation is 

chosen when risk perception and the perceived adaptive capacity are high. 

Maladaptation includes avoidant reactions and inappropriate adaptations, which actually 

increase climate change damage despite not intending to do so (BARNETT & O’NEILL, 

2010; FISCHER, 2019; JUHOLA, GLAAS, LINNÉR, & NESET, 2016). Avoidant reactions 

could be fatalism, denial, wishful thinking (GROTHMANN & PATT, 2005) or – like in the 

case of Austrian farmers – religious faith (MITTER et al., 2019). Avoidant reactions do 

not prevent monetary or physical damage in the case of a climate change impact, but the 

negative emotional consequences of the perceived risk of such impacts, e.g. fear. A person 

would take an avoidant maladaptation if his or her risk perception is high but the 

perceived adaptive capacity is low. These notions of maladaptive and inappropriate 

responses may be discussed as a very normative assertion, presupposing that some 

options are better than others (GROTHMANN & PATT, 2005).  

Individuals may have contrasting opinions on each component of the MPPACC. 

Therefore, MITTER et al. (2019) – who applied the MPPACC in an agricultural context – 

describe four groups with different adaptation intentions formed by their perceptions: 

climate change adaptors, integrative adaptors, cost-benefit calculators and climate change 

fatalists. While ‘climate change adaptors’ mostly perceive climate change as a risk, they 

have successfully implemented adaptation measures on their farms and indicate 

adaptation intentions, ‘climate change fatalists’ express highly negative feelings about 

climate change, they are unaware of effective and efficient adaptation measures, they 
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perceive the government and consumers as responsible for action and express avoidance 

mostly through fatalism.  

Considering the high level of uncertainty surrounding climate change, the outcomes of 

many options are not yet known and some good options may prove unsustainable in the 

long term. As noted by ADGER et al. (2011), many adaptation decisions taken today that 

are considered as good, reasonable or rational impose negative environmental and social 

impacts on future generations. However, the contribution of the MPPAC is to introduce 

the perceived and objective adaptive capacity. Adaptive capacity is a component of 

vulnerability, whereby the concept refers to the conditions that enable people to anticipate 

and respond to changing conditions, as well as absorbing and recovering from losses 

stemming from climate impacts, and exploiting novel opportunities that arise in the 

process of adaptation (ADGER & VINCENT, 2005).  

It is essential to distinguish between intention and actual behavioral adaptation, because 

people often have intentions but do not transform them into actual behavior (ADGER & 

BARNETT, 2009). One of the reasons for this limited intention realization is a lack of 

objective adaptive capacity, which was not expected when the intentions were formed, 

e.g. a lack of resources such as time, money, knowledge, entitlements, social or 

institutional support. In this case, the perceived behavioral options were previously over-

estimated (perceived adaptive capacity is higher than the objective adaptive capacity) or 

mis-estimated. Thus, objective adaptive capacity is a direct determinant of adaptation. 

Objective adaptive capacity also influences the perceived adaptive capacity, as long as 

people’s perceptions of their adaptive capacities are realistic.  

Moreover, GROTHMANN and PATT (2005) propose adding further variables to the 

MPPACC. For instance, cognitive biases and judgment heuristics are able to shape the 

perceived adaptive capacity irrationally and influence risk perception. Optimistic bias or 

unrealistic optimism describe the phenomenon where people estimate their personal risk 

of being harmed by a certain threat as lower than the average risk. This heuristic is 

grounded on the cognitive combination with memories of vivid examples: events that 

have occurred more recently are judged as being more probable to happen again and 

events that create a more vivid memory are often judged as being more likely (see ibid.). 

In addition, risk experience appraisal – which assesses the severity of a risk experience 
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in the past – plays an essential role in motivating people to take adaptive action against 

climate change. There is no uncertainty involved in the risk experience appraisal, which 

is an important difference compared with risk appraisal. Furthermore, the reliance on 

public adaptation is included in the MPPACC. Hence, if people rely on the effectiveness 

of public or administrative adaptation, they will probably take less protective actions 

themselves (GROTHMANN & PATT, 2005)  

Besides the objective adaptive capacity, the MPPACC is surrounded by social discourses 

on climate change, risks and adaptation as well as adaptation incentives. This is especially 

important because people’s perceptions of risk or adaptive capacity are influenced and 

shaped by the media, public agencies and others. Adaptation incentives like tax reductions 

or laws and the perception of these incentives determine the adaptation intention. 

Adaptation incentives are able to provide additional motivation for adaptation, although 

these incentives can also be an alternative source of motivation in the case of missing risk 

perception. The conceptual MPPACC of GROTHMANN and PATT (2005) is an ideal basis 

for visualizing and conceptualizing the results of this research. This model is able to 

describe the individual process of perception and adaptation and it enables transferring 

the theoretical concepts to the forestry context. Hence, the MPPACC was used for 

analyzing the forest stakeholders’ perceptions and adaptation to climate change.  

 

2.5.3.2 Challenges to adaptation 

Efforts to adapt to climate change – as reported in the literature over recent decades and 

in selected case studies – have not led to substantial rates of implementation of adaptation 

actions despite substantial investments in adaptation science (WISE et al., 2014). MOSS et 

al. (2013) state that decision-makers across the world face challenges of adapting to a 

changing climate. While adaptation options exist in all sectors, their context for 

implementation and potential to reduce climate-related risks differs across sectors and 

regions (IPCC, 2014a).  

One major challenge is to implement adaptation measures to climate change from the 

‘bottom-up’, namely by starting with considerations of adaptation at the local level 

(CONWAY et al., 2019). Scientific results and political guidelines are mainly written and 

published on trans-international, international or national levels. However, these results 
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have to be downscaled, interpreted and adapted to local municipal or community levels 

(CONWAY et al., 2019; RAYNER, 2010). Moreover, the challenges for implementing 

adaptation measures are also rooted in a large number of uncertainties, from long time 

spans to matters of scale, as well as in economic, political and social interests, not least 

in the forestry sector (PETR, BOERBOOM, RAY, & VAN DER VEEN, 2014). Furthermore, 

public perceptions of the risk posed by climate change and support for adaptation policies 

vary between countries (TAYLOR et al., 2014b). From a human perspective, climate 

change impacts occur rather slowly while local decision-makers are engaged with daily 

business over much shorter time spans, e.g. legislative periods, reporting requirements 

for companies. Adaptation can reduce the risks of climate change impacts, although there 

are limits to its effectiveness. The increasing magnitude and rates of climate change will 

pose challenges for many adaptation options (IPCC, 2014a).  

Climate change adaptation reduces adverse effects of climate change but may also have 

undesirable environmental impacts, e.g. snowmaking and glacier skiing may affect 

vegetation, wildlife, soils, hydrology and landscape in sub-alpine and alpine areas 

(ENRÍQUEZ-DE-SALAMANCA, DÍAZ-SIERRA, MARTÍN-ARANDA, & SANTOS, 2017). Taking 

a longer-term perspective in the context of sustainable development increases the 

likelihood that more immediate adaptation actions will also enhance future options and 

preparedness (IPCC, 2013). According to BARNETT (2001), it is necessary to consider two 

perspectives when implementing policy plans: on the one hand, the adaptation concept 

includes modifying systems to accommodate long-term incremental changes, while on 

the other it includes modifying systems to enable them to absorb and respond to short-

term changes without passing critical threshold limits and flipping into alternative states 

of equilibrium. 

Research and policy on adaptation and mitigation has largely focused on the material 

aspects of climate change, e.g. the risks of climate change for livelihoods, the costs of 

decarbonizing economies and the costs of impacts on different economy sectors. These 

are often quantifiable aspects and therefore they are conventionally included in policy 

analyses. However, the cultural dimensions of climate change are no less important 

because they plays a part in framing climate change as a phenomenon of concern to 

society (ADGER et al., 2013). ADGER et al. (2013) note that culture is embedded in the 
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dominant modes (like consumption, lifestyle) that give rise to greenhouse gas emissions, 

whose consequences are given meaning through cultural interpretations of science and 

risk.  

Besides the challenging conditions of climate change adaptation, there is an emerging 

discourse on adaptation limits. DOW et al. (2013) note that the analysis of adaptation 

limits and their relation to adaptation goals is a relatively recent development, which 

emerges from earlier research about adaptive capacity. Limits are traditionally analyzed 

as a set of immutable thresholds in biological, economic or technological parameters 

(ADGER et al., 2009b). An adaptation limit is defined by DOW et al. (2013, p. 387) as the 

“(…) point at which an actor’s objectives cannot be secured from intolerable risks 

through adaptive actions.” Indeed, adaptation is a continuous process, although there 

may be financial, political, technological, social or cultural limits to what aims can be 

achieved with the capacity available to an actor. Moreover, actors may experience 

tangible or intangible physical, cultural or economic losses after an adaptation. Hence, an 

adaptation limit represents a threshold beyond which risks and losses rise in an 

unmediated way to intolerable levels for the actor concerned (ADGER et al., 2009b). In 

contrast to incremental adaptation, transformational adaptation addresses the issue of 

adaptation limits.  

However, given the climate change impacts described in the previous sections, there has 

been an increasing emphasis placed on the need for concurrent silvicultural adaptation 

actions that have to be undertaken immediately (STMUV, 2015b). JANOWIAK et al. (2014) 

conclude that climate change adaptation is a fast-growing field that will continue to 

develop as more members of the management community responds, modeling and 

projections increase in reliability, and climate change-related impacts increase.  
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2.5.4 Adaptive (mountain) forest management 

2.5.4.1 Climate change and forest management and policies 

(Mountain) forest management needs to consider various issues, above all climate change 

(LEXER & BUGMANN, 2017). It is important to note that any interference in fragile 

mountain forest ecosystems requires careful considerations. Factors that need to be taken 

into account include accessibility, terrain, site and environmental factors (e.g. 

temperature, precipitation, steepness, soil condition, watercourses and exposure to the 

sun), existing silvicultural models (e.g. tree species composition, increment and 

regeneration requirements) and biodiversity (e.g. number of endangered species) (FAO, 

2019).  

Climate change may affect forest management not only through ecological impacts on 

forests, but also by reframing land use perspectives and changing forest policies 

(KEENAN, 2015; STORCH & WINKEL, 2013). STORCH and WINKEL (2013) conclude that 

the extent to which climate change is integrated into the forest policy depends on the 

framing of climate policy and the opportunities for the forest sector to substantiate the 

need for climate change adaptation. In addition, forest science plays a significant role by 

influencing political programs and providing scientific criteria to determine and 

rationalize measures (see ibid.). BORRASS et al. (2017) state that forest policy and 

management are subject to various, often contradictory demands, which internationally 

have led to various policy responses and management paradigms. These range from a 

strong focus on commodity production (e.g. plantations), to community-based approaches 

(local participation and stakeholder engagement), to a focus on ESS and conservation. 

The specific reconciliation and integration of different land owner interests have been at 

the center of scientific and political discussion on forest policy and management for 

several decades (see ibid.).  

Hence, SPITTLEHOUSE and STEWARD (2004) note that an effective adaptation policy must 

be responsive to a wide variety of economic, social, political and environmental 

circumstances. Although policies certainly have impacts on management decisions and 

even if governments should take a lead role in developing forest policies, the process 

should involve all concerned actors and take advantage of their knowledge, experience 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plantations
https://www.sciencedirect.com/topics/social-sciences/stakeholder-engagement
https://www.sciencedirect.com/topics/social-sciences/reconciliation
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and perceptions (FAO, 2018a; FRIEDMAN et al., 2020). However, research to support 

silvicultural adaptation has mostly focused on the vulnerability and impacts of climate 

change on forests (KEENAN, 2015).  

Nevertheless, literature findings indicate that there are various approaches for climate 

change adaptation in a European forestry context (see e.g. overviews provided by BOLTE 

et al., 2009; BOLTE et al., 2010; KEENAN, 2015; YOUSEFPOUR, NAKAMURA, & MAT-

SUMURA, 2020). One can distinguish between adaptive approaches with a focus on the 

behavior of the forest owners, e.g. active, passive adaptation or no intervention (see e.g. 

BERNIER & SCHOENE, 2009; BOLTE et al., 2009; YOUSEFPOUR et al., 2017), strategies with 

a focus on multiple benefits of a forest, e.g. ecosystem-based approach to adaptation (see 

e.g. VERKERK et al., 2020) and single silvicultural adaptation options (see e.g. BOLTE et 

al., 2010). These different perspectives on adaptation will be explained in the following 

sections.  

 

2.5.4.2 Adaptive approaches with a focus on the forest owners’ behavior 

First, the approaches that are related to the behavior of the forest owners should be 

considered here. Active (or pro-active or planned) adaptation is the most 

recommended and studied adaptation strategy in the literature (BOLTE et al., 2009). Active 

adaptation includes a wide range of diverse management options, e.g. silvicultural 

interventions, selecting tree species for regeneration and establishing novel and better-

adapted provenances (YOUSEFPOUR et al., 2017). MILLAR et al. (2007) summarize 

different pro-active management options as response options aiming to facilitate the 

transition of ecosystems from present to new conditions. More specifically, the strategic 

goal of this framework is to encourage gradual adaptation and transition to inevitable 

change, and thereby avoid rapid threshold or catastrophic transformation that may occur 

otherwise. Changes in the fundamental ecosystem state are assumed to happen in either 

general deterministic directions or unknown and in-deterministic directions, where goals 

are developed for uncertainty (see ibid.). Furthermore, pro-active adaptation involves 

deliberate, anticipatory interventions at various levels and across sectors (BERNIER 

& SCHOENE, 2009).  
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Criteria for the application of a pro-active approach are: a) low stand and forest stress 

tolerance to climate/site change, b) a low degree of forest functioning, c) high risk of 

hazards for adjacent stands and forests, and d) perceived higher pressure than is 

manageable with the other two approaches (BOLTE et al., 2009).  

While it may be argued that sustainable forest management always involves planned 

adaptation, planning for climate change involves much greater uncertainty, novel risks 

and systematic risk reduction in response to expected events. Planned adaptation includes 

exploring new opportunities that arise as a result of climate change, e.g. planting 

provenances that grow faster under projected climatic conditions, or gaining benefits 

through new forms of bioenergy (BERNIER & SCHOENE, 2009). Active adaptation could 

be only developed for the most likely climate change scenario, but under deep uncertainty 

concerning climate change and forest disturbances there is usually no consensus among 

scientists, decision-makers, and politicians about any particular most likely scenario. 

Therefore, robust decision-making approaches are required (YOUSEFPOUR et al., 2017).  

In contrast to active adaptation, reactive adaptation36 recommends postponing 

management options on climate change and its impacts until the realization of negative 

effects. Autonomous adaptations are usually reactive, drawing on existing knowledge and 

technology to respond to climate change (SOUSA-SILVA et al., 2018). This strategy is 

appreciated if the decisions are irreversible or expensive (YOUSEFPOUR et al., 2017). 

Examples include salvage logging, updated harvest scheduling, and recalculated 

allowable cuts (BERNIER & SCHOENE, 2009). MESSIER (2015) notes that a reactive 

approach may be ineffective or detrimental when dealing with long‐lived organisms such 

as trees.  

Passive adaptation – as described by BOLTE et al. (2009) – addresses the active decision 

to stop measures that maintain forest structures against successional pressures or which 

actively adapt the forest to environmental changes, e.g. use spontaneous adaptation 

                                                 
36 BOLTE et al. (2009) do not mention a reactive approach by name but refer to the conservation of forest 

structures as adaptation approach (besides active and passive adaptation). Criteria for a positive application 

of the conservation option are: a) low adverse impact of climate change, b) high stand resistance to climatic 

stress, c) high stand age, d) high importance of the existing stand structure and forest composition for forest 

functioning (e.g. high economic value), and e) high likelihood that silvicultural interventions improve the 

stability and/or vitality of the stand (see ibid.). 
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processes in terms of natural succession and species migration. Criteria for the use of this 

silvicultural option are: a) low importance of the forest stand for economic and ecological 

functioning, b) no adequate measures for active adaptation, and c) a better cost-benefit 

ratio than the previously-mentioned strategies (see ibid.).  

YOUSEFPOUR et al. (2017) describe this form of adaptation as a business-as-usual 

strategy, while BERNIER and SCHOENE (2009) define this behavior as ‘no intervention’. 

A study by ANDERSSON and KESKITALO (2018) demonstrates that realizing business as 

usual regarding climate change as illogical or incorrect is not target-oriented, but rather it 

is important to comprehend and explore the logics of adaptation that drive and structure 

these defined actions. Moreover, JANDL et al. (2019) state that the continuation of 

business-as-usual management or the adoption of a passive non-management approach 

will yield satisfactory results for only a few Central European forest types like mature 

beech forests and sub-alpine pine forests. A study by SCHELHAAS et al. (2015) shows that 

in 2070 on average about 36 % of the forest area in Europe with reduced species 

suitability will have actually changed species following business-as-usual management, 

while alternative management (here shortening rotations length and thinning) will 

increase this to 40 %. Thus, it takes a lot of time to influence the species distribution by 

replacing species after felling in European forests. 

The management concept of resistance relates to both reactive and passive adaptation 

and it is an approach to uncertainty that could be seen as a denial of future change 

(MILLAR et al., 2007; PARKER et al., 2000). Developing adaptation measures for the future 

under an uncertain climate and in an unknown socio-economic context seems to be a 

highly speculative issue (BURTON, HUQ, LIM, PILIFOSOVA, & SCHIPPER, 2011). Therefore, 

this approach maintains the status quo of a forest for a short time and tries to improve 

forest defenses against direct and indirect effects of rapid environmental changes like 

reducing undesirable or extreme effects of e.g. wildfires, invasive species or forest 

damage (MILLAR et al., 2007). However, HARRIS et al. (2006) criticize the static 

conservation and restoration objectives of ecosystems in the context to climate change, 

especially in the face of national legislative frameworks designed to protect habitat types 

and important species, e.g. Natura 2000 (KONING et al., 2014; WINKEL et al., 2015).  
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The geographical change of biophysical envelopes challenges the former notification and 

designation of certain species in a defined area. However, PARKER et al. (2000) note that 

if climate change alters a crucial aspect of the habitat – which is important for the survival 

of a species – biodiversity will change regardless of any forest management activities. 

The ability to retain ecosystems with biodiverse, old-growth forests is likely to decline as 

the climate changes and the frequency and severity of forest disturbances increases. 

Forests with a low climate sensitivity may have the strongest ability to accommodate 

resistance treatments, and high-sensitivity forests may require the most intensive efforts 

to maintain (MILLAR et al., 2007). 

YOUSEFPOUR et al. (2017) developed an adaptation model visualizing a threshold line for 

implementing adaptive actions instead following the business-as-usual approach. Based 

on this model, an adaptive solution (either reactive or active) will be implemented when 

the benefits of climate change adaptation are higher than the expected adaptation costs. 

Furthermore, the authors introduce a new strategy, called ‘robust adaptation’. This 

adaptation concept describes a diversification of management strategies that are 

recognized as a simple and effective to cope with climate change and build upon a 

portfolio of adaptation measures (HÄRTL et al., 2015; YOUSEFPOUR et al., 2017).  

MOSTEGL et al. (2019) acknowledge that small-scale PFO are not a homogenous group 

(utility-oriented, recreation-oriented and tradition-conscious small-scale forest owners), 

as they are in favor of different adaptive forest management scenarios. However, even 

under a worst-case climate change scenario, 84 % of forest owners would select some 

sort of management over no procedure. Surprisingly, monetary incentives barely 

influence forest owners’ decision-making and are therefore unfeasible and unable to 

motivate the owners to undertake climate change adaptation measures. The study 

recommends a segmentation based on management behavior and preferences rather than 

pre-defined characteristics (see ibid.).  

To sum up, active, reactive and passive approaches to adaptation include a range of 

different management strategies and describe the actual behavior or reaction of the forest 

owner towards climate change, e.g. pro-active or passive behavior. However, literature 

findings also suggest another differentiation of management approaches, focusing on the 
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state of the forest or SES rather than individuals’ behavior. These approaches will be 

explained in the next section.  

 

2.5.4.3 Adaptive approaches with a focus on multiple benefits of forests  

Table 1 provides an overview of adaptive strategies with a focus on multiple benefits of 

forests and literature findings.37 It is beyond the scope of this study to provide insights 

into all adaptive forest management frameworks. However, the most important 

approaches for this study will be presented in this section.  

Ecosystem-based approaches to adaptation (also EbA, see section 2.5.3.1) address the 

crucial link between climate change, biodiversity and sustainable resource management 

and enable society to better mitigate and adapt to climate change by preserving and 

enhancing ESS (MUNANG et al., 2013). BLATTERT et al. (2017) note that the main ESS of 

central European mountain forests (protection against hazards, timber production, 

recreation, biodiversity conservation and carbon storage, see also section 2.2) are all in 

high demand, whereby these demands make managing mountain forests a challenging 

task, involving manifold synergies and conflicts between the different ESS. However, 

healthy and fully-functioning forest ecosystems are more resilient to stressors and 

therefore better able to support adaptation to climate change impacts (MESSIER, 

PUETTMANN, & COATES, 2014).  

There is growing awareness that nature-based solutions can help to protect from climate 

change impacts while supporting biodiversity and securing ESS (SEDDON et al., 2020). 

This approach of using the ecosystems’ natural variability relies on the ideas that past 

conditions and processes provide context and guidance for managing present ecological 

systems, and disturbance-driven spatial and temporal variability are a vital feature of 

nearly all ecological systems (LANDRES, MORGAN, & SWANSON, 1999). Many forest 

owners or managers use the range of historical ecosystem conditions as a management 

target, assuming that by restoring and maintaining historical conditions they maximize 

chances to maintain sustainable ecosystems in the future. Forest managers often even 

refer to this approach as ongoing climate change brings climates beyond the bounds of 

                                                 
37 Literature findings are not based on a systematic review but should allow to get a fast overview about 

information sources. Research results of literature findings are summarized in the following text.  



 

91 

the last several centuries to millennia (MILLAR et al., 2007). However, the potential of 

nature-based solutions to provide these benefits has not been thoroughly assessed, e.g. in 

terms of their cost-effectiveness (SEDDON et al., 2020). 

Table 1: Forest management approaches with a focus on multiple forest benefits 

Forest 

management 

approach 

Main objective of the approach Literature findings 

Ecosystem-

based approach 

and nature-

based solutions 

Preserving and enhancing ESS of 

forests: provisioning services (e.g. 

wood production), regulating 

services (e.g. climate regulation), 

cultural services (e.g. recreation, 

aesthetic) and supporting services 

(e.g. soil formation) (see also 

section 2.2.2 and section 2.5.3.1) 

see e.g.: BLATTERT et al., 2017; 

BLATTERT et al., 2020; BOWDITCH 

et al., 2020; DÍAZ-YÁÑEZ, 

PUKKALA, PACKALEN, & PELTOLA, 

2019; PUKKALA, 2016; VERKERK 

et al., 2020  

Maintaining or 

enhancing 

ecosystem 

carbon storage 

Enhancing forests’ carbon sinks 

and resilience against climate 

change through forest management 

practices, e.g. selection of climate-

tolerant tree species, mitigation of 

climate change (see also section 

2.5.2) 

see e.g.: BLAŠKO, FORSMARK, 

GUNDALE, LUNDMARK, & NORDIN, 

2020; BOWDITCH et al., 2020; 

INGALLS & DWYER, 2016;       

ONTL et al., 2020; VERKERK et al., 

2020 

Forest 

management for 

enhancing 

resilience 

Resilience options aim to improve 

the capacity of ecosystems to return 

to desired conditions after 

disturbances (see also section 2.3.2) 

see e.g.: HONKANIEMI, RAMMER, & 

SEIDL, 2020; MESSIER et al., 2014; 

NIKINMAA et al., 2020; ROBERTS et 

al., 2020; THOMPSON, MACKEY, 

MCNULTY, & MOSSELER, 2009; 

VERKERK et al., 2020 

Adopting social 

dimensions in 

forest 

management  

Considering SES (see also section 

2.2.2), public and stakeholder 

participation, community-based 

forest management, etc.  

see e.g.: FISCHER, 2018; NELSON et 

al., 2016; ORDÓÑEZ BARONA, 

2015; SEIDL et al., 2016a 

Source: own draft  

In fire-dominated landscapes such as the boreal forests of Canada, the fulfillment of a 

natural ecosystem management approach (to favor landscape compositions and stand 

structures similar to those of natural ecosystems) is only possible if current and future fire 

frequencies are sufficiently low compared with pre-industrial fire frequency. This 

prerequisite makes it possible to substitute fire with forest management (BERGERON, 

FLANNIGAN, GAUTHIER, LEDUC, & LEFORT, 2004). Moreover, BERGERON et al. (2004) 

note that simulation results of fire regimes in the boreal forests suggest that the effects of 

climate change on fire activity are complex and vary from region to region.  
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Furthermore, JANDL et al. (2019) state that relying only on natural mechanisms that 

regulate the effects of climate change in central European forests is risky. Even traditional 

forestry concepts seem insufficient to prepare the forests for future conditions. Changes 

in the tree species composition, rotation period, and stand density are required 

silvicultural options for Central European forests (see ibid.). Moreover, at sites with 

nutrient limitations – e.g. in mountain regions – the range of available options for adaptive 

forest management is narrower as there are fewer tree species available that could replace 

the existing dominant tree species, or there is limited experience with tree species that 

could be used as stand-dominating trees (see ibid.). Mountain forest managers face the 

challenge to anticipate climate change impacts across large elevation ranges 

(THRIPPLETON et al., 2020). THRIPPLETON et al. (2020) demonstrate the importance of 

site-specific forest management solutions with local projections of climate change 

impacts across large elevational ranges and low browsing for the resilience of mountain 

forests.  

Maintaining or enhancing ecosystem carbon storage is a relatively new approach of 

adaptive forest management and it refers to so-called climate smart forestry (KÖHL, 

EHRHART, KNAUF, & NEUPANE, 2020). This approach is based on the idea that forest 

management practices such as the selection or mixing of particular tree species may 

enhance forests’ carbon sinks and resilience against climate change (BLAŠKO et al., 2020). 

According to BOWDITCH et al. (2020), climate smart forestry is an emerging branch of 

sustainable forest management. This framework is new as it tries to integrate adaptation, 

mitigation and social dimensions, which were previously considered in isolation 

(BOWDITCH et al., 2020).  

NABUURS et al. (2017) state that it may be possible to nearly double mitigation effects38 

of European forests through climate smart forestry. Various management measures are 

                                                 
38 Following BASTIN et al. (2019), the restoration of trees is among the most effective strategies for climate 

change mitigation. The authors mapped the global potential tree coverage and showed that there is room 

for additional 0.9 billion ha of canopy cover excluding existing trees, agricultural and urban areas (in sum 

4.4 billion ha of canopy cover that could exist under the current climate). These additional forests could 

store 205 gigatons of carbon in areas that would naturally support woodlands and forests (see ibid.). 

However, climate change will impact the potential tree coverage as well. BASTIN et al. (2019) estimate that 

the global potential canopy cover may shrink by about 223 million ha until 2050, corresponding to an 

additional emission of 46 gigaton of carbon. POPKIN (2019) contests that trees are supposed to slow down 

global warming and emphasizes that there is growing evidence that they might not always be climate 

saviors.  
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needed to achieve this ambitious aim, e.g. stimulating ESS promotion and preservation 

may be realized by drawing the public’s explicit attention to the benefits of forest 

interactions and awarding CO2 credits and other payments for ESS (NABUURS et al., 

2017). A study by KLEIN et al. (2013) concludes that unmanaged forests have smaller 

climate change mitigation effects in the long term than managed forests if a sustainable 

management is assumed, the forested area remains forest without any long-lasting carbon 

losses in soil carbon, and the harvested wood is used efficiently. 

Nevertheless, a Swedish study found that in many cases mixed stands performed equally 

well as monocultures, indicating that management for multi-species stands may not result 

in any loss in carbon uptake and storage (BLAŠKO et al., 2020). In a German context, 

KRAUSE et al. (2020) found that carbon mitigation potential is generally much lower in 

existing forests than on agricultural land in Bavaria. The conversion of coniferous 

monocultures into mixed forests offers only minor carbon mitigation potential. One 

reason may be that deciduous trees tend to grow slower and are less commonly used for 

long‐lived constructions. Besides, KLEIN (2013) shows that climate change mitigation 

rates of tree species are dynamic, changing with the length of the simulation period and 

the specific point in time when the climate change mitigation effects are estimated. 

However, distribution models often under-estimate the mortality of trees and do not 

account for bark beetle outbreaks and wind throws (KRAUSE et al., 2020).  

Forest management for enhancing resilience is a widely-suggested adaptive option 

discussed in a forestry and climate change context (MESSIER et al., 2014). A recent survey 

by YOUSEFPOUR (2020) shows that sustainable forest management aiming to enhance 

forests’ resilience and carbon sink to sustain the forest area and wood production remains 

a significant objective among forest stakeholders. Resilient forests not only accommodate 

gradual changes related to the climate but they also tend to return towards a prior 

condition after disturbances, either naturally or with management assistance (MILLAR et 

al., 2007) (see section 2.3.2). Thus, resilience options aim to improve the capacity of 

ecosystems to return to desired conditions after disturbances. Adaptive capacity 

determines the capability to implement planned adaptation and it includes the inherent 

adaptive capacity of trees and forest ecosystems as well as socio-economic factors 

(LINDNER et al., 2010). Resilience can be increased through practices similar to those for 
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resisting change, but applied more broadly and specifically aimed at coping with 

disturbances. MILLAR et al. (2007, p. 2147) note that “promoting resilience is the most 

commonly suggested adaptive option discussed in a climate-change context (…), but like 

resistance, is not a panacea.” The capacity to maintain and improve resilience may 

become more challenging and it requires intensive interventions when climatic changes 

accumulate. 

According to DEROSE et al. (2014), it is important that definitions of resistance and/or 

resilience should reflect whether the disturbance affects individual stands or entire 

landscapes.39 Furthermore, HONKANIEMI et al. (2020) suggest that both landscape 

configuration (i.e. spatial characteristics like the shape and connectivity of patches of a 

certain tree species) and composition (e.g. the percentage of a certain tree species among 

the overall tree species composition) influence the resilience of Norway spruce to climate 

change at the trailing edge of its natural distribution in Austria. While currently-discussed 

adaptation measures largely focus on the stand level, the authors show that modifying 

landscape composition and configuration can be used to foster Norway spruce resilience 

while maintaining socio-economically-relevant proportions of this tree species. 

Dispersing Norway spruce throughout the landscape in mixed stands resulted in the 

highest levels of climate resilience. This assumption could be underpinned by a study by 

HILMERS et al. (2020), who investigated transformation scenarios from pure Norway 

spruce to mixed and uneven-aged forests in mountain areas. The authors suggest that it is 

possible to return destabilized, secondary pure spruce stands to sustainable and stable 

systems with suitable management options (e.g. shelterwood) but clear-cutting and do-

nothing scenarios are not suitable techniques for this objective. 

LAUSCH et al. (2013) note that understanding the structure and dispersal of bark beetle 

infestations holds significant importance for forest management systems to predict the 

risk of outbreaks, especially in the face of climate change. The effectiveness of treatments 

for resistance to bark beetle infestations is temporary. Resistance should negatively 

influence the bark beetle population by structural and compositional attributes like 

                                                 
39 ‘Stand resilience’ is the influence of disturbance on subsequent vegetation structure and composition in 

terms of e.g. stand age, tree size distribution or species dominance. ‘Landscape resilience’ is the influence 

of a disturbance on the subsequent structure and composition of multiple stands (DEROSE & LONG, 2014). 
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spacing or thinning (DEROSE & LONG, 2014). However, forest strategies focused on 

resistance will only delay the bark beetle population infestation. By contrast, resilience 

may have the goal to maintain landscape-wide tree species diversity and spruce age-class 

diversity over the long term (see ibid.). 

Salvage logging is one of most frequently-applied management responses to forest 

disturbances worldwide. Especially in Norway spruce-dominated forests of Europe, 

salvage logging is – inter alia – applied to reduce the risk of bark beetle outbreaks (DOBOR 

et al., 2019; THORN et al. 2017a). DOBOR et al. (2019) note that realistic rates of salvaging 

(< 95 % of disturbed trees detected and removed) had no significant effect on bark beetle 

dynamics and reduced the total ecosystem carbon stored in the landscape. Furthermore, 

the effect of reduced bark beetle disturbance under intensive salvaging was partly offset 

by increased wind disturbances. Hence, the authors conclude that clearing disturbed areas 

to prevent future bark beetle disturbances should only be applied where very high 

salvaging rates are feasible, i.e. small and concentrated disturbances. Alternative 

disturbance management approaches need to be developed due to changing disturbance 

regimes (DOBOR et al., 2019). GUSTAFSSON et al. (2020) state that retention forestry40 

could positively affect ecosystem resilience and functioning by supporting forest 

biodiversity and thus mitigate economic losses in the future. Nevertheless, retention 

forestry will typically lead to a loss in the net harvestable wood volume for some forest 

owners since a share of the harvestable biomass remains on the site. At the landscape 

level, increased production by some of the forest owners could compensate for any 

reduction in production incurred by one or several other owners (see ibid.).  

Although resistance and resilience have been used in the ecological literature for more 

than 40 years (HOLLING, 1973), the terms need to be clearly incorporated into forest 

management. YOUSEFPOUR et al. (2017) note that experiences with the outcomes of 

silvicultural strategies and their effectiveness to improve the resistance and resilience of 

forests under climate change remain at an early stage. Forest management advice and 

reports often do not include how to measure resilience and evaluate whether specific 

                                                 
40 Retention forestry implies that biological legacies like dead and living trees are deliberately selected and 

retained beyond harvesting cycles to benefit biodiversity and ecosystem functioning (GUSTAFSSON et al., 

2020). 
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management activities are effective (DEROSE & LONG, 2014). The development and 

evaluation of specific, measurable objectives is a time-consuming and laborious process 

for forest managers, particularly under uncertainty (BOLTE et al., 2010). The long 

lifecycle of forests requires far-reaching decisions. Frustrations associated with these 

ambiguities can be alleviated if forest managers focus on how climate change will 

probably affect the rate of recovery to the previous state and the system’s ability to re-

organize itself (DEROSE & LONG, 2014). However, building or maintaining resistance 

and/or resilience to disturbances in the context of climate change adaptation is often 

named as a general goal of forest management (DEROSE & LONG, 2014; MILLAR et al., 

2007; STEPHENS, MILLAR, & COLLINS, 2010). By meeting this goal, it is presumed that 

desired forest characteristics such as ecological goods and services will be maintained 

when the forest faces a broad range of disturbances like storms and bark beetle 

infestations (O'HARA & RAMAGE, 2013).  

The approach of adopting social dimensions in forest management describes the need 

for social participation in forest management (SEIDL et al., 2016a). HAGERMAN and PELAI 

(2018) identify the need for more governance processes that enhance dialogue among 

stakeholders to better anticipate and navigate the trade‐offs implied by potential future 

forests in the decades to come. Furthermore, ADGER and BARNETT (2009) note that the 

goals of adaptation can only be understood within the social context in which adaptation 

takes places. Communities value things differently, which must be taken into account if 

adaptation should be effective, efficient, legitimate and equitable. In participatory forest 

planning, relevant stakeholders are included in the decision-making process to involve all 

groups of interests, thus increasing the legitimacy and transparency of the process 

(PALETTO, HAMUNEN, & MEO, 2015).  

This approach is based on the assumption that the climate vulnerability of managed forest 

ecosystems is not only determined by ecological processes but also influenced by the 

adaptive capacity of forest managers (SEIDL et al., 2016a). NESLON et al. (2016) describe 

forest management system adaptation more precisely as a multi-scale incremental process 

that involves diverse actors like forest management practitioners collaborating to identify, 

evaluate and implement climate change adaptation measures. Moreover, enabling 

adaptation may require revising, upgrading formal and informal institutions, re-
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engineering governance, addressing knowledge gaps and information management issues 

and changing practices (see ibid.).  

Furthermore, ORDÓÑEZ BARONA (2015) suggests integrating the value-based perspective 

(provision of important ESS to citizens) into climate change adaptation. Focusing forest 

management on this perspective may help to ensure the success of programs and 

increasing citizen participation in forest management (see ibid.). AUGUSTYNCZIK et al. 

(2020) state that especially the social value of biodiversity is not adequately incorporated 

into adaptive forest management in South-Western Germany, even if forest biodiversity 

underpins social welfare by preserving ecosystem multi-functionality and the provision 

of ecosystem goods and services. The authors suggest policy mechanisms to guarantee 

biodiversity provision in temperate forest landscapes.  

Nevertheless, the current conversation within the forestry community is still largely 

centered on understanding the potential impacts of climate change on forests, even if 

adaptation inherently spans the boundary between research and management 

communities. According to JANOWIAK et al. (2014), this limited view is inadequate as the 

complexity and increasing urgency of the issue as well as the need for place-based 

decisions require active engagement from forest managers and other professionals. 

Especially collaborative participatory policy approaches have recently been proposed as 

governance tools to achieve sustainability and address challenges of integrating different 

demands on forest land use (SOTIROV, BLUM, STORCH, SELTER, & SCHRAML, 2017). 

MCINTYRE and SCHULTZ (2020) note that there is a growing need for policy approaches 

that facilitate partnerships and participatory approaches to land management in an era of 

devolution and social-ecological change.  

Community-based forest management (which is a form of participatory forest 

management) involves a complex network of interactions between stakeholders, e.g. 

organizations outside of communities play important roles in achieving multiple social 

and ecological objectives (FRIEDMAN et al., 2020). Nevertheless, German forest policy 

has traditionally been known for expert-based decision-making in which forest 

management is mainly viewed as a natural science and economic-based issue (MAIER, 

LINDNER, & WINKEL, 2014). A recent study by JUERGES and JAHN (2020) investigating 

science-society interfaces revealed that German forest stakeholders long for 
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transdisciplinary research and like to be involved in research. However, MAIER et al. 

(2014) distinguish between forest stakeholder types in Southern Germany and found that 

conservation groups are the most positive, while private land owners are the most 

skeptical about participation. The authors found that the increasing trend towards civil 

society participation in forest policy is seen as hardly affecting the ideologies and interests 

of the groups involved.  

Managing SES at landscape and temporal scales is essential, since many ecological 

processes and disturbances occur over large spatial extents (FISCHER, 2018) (see also 

section 2.2.2). For this reason, many ecosystem managers have begun to recognize the 

need to consider the broader context of decisions and the interactions with outcomes of 

such decisions in other locations nearby (see ibid.). Landscape management is especially 

relevant in forests where management challenges such as wildfires, invasive plant 

incursions and pest and disease outbreaks are a function of conditions and processes that 

interact across large areas. Since landscapes are expansive, they often extend across 

multiple property ownerships, requiring cooperation among property owners for 

management. Individual private forest landowners are particularly important for 

cooperative landscape management efforts. Their lands have a major impact on the 

connectivity of forests and many ecological conditions and processes (FISCHER, 

KLOOSTER, & CIRHIGIRI, 2019). Thus, climate change adaptation needs to receive 

extensive attention in the small-scale private forestry sector. While measures are being 

applied in state forests and large private properties, it remains unclear how small-scale 

PFO (< 20 ha) perceive the possible influence of climate change and whether they will 

approach the required activities (MOSTEGL et al., 2019; PRÖBSTL-HAIDER et al., 2017).  

To sum up, forest managers need powerful approaches and tools that could enable them 

to react to the rapidly-changing conditions (KAŠPAR, BETTINGER, VACIK, MARUŠÁK, & 

GARCIA-GONZALO, 2018). However, the complexity of current adaptive approaches, the 

uncertainty concerning climate change and the integration of relevant stakeholder may 

complicate the process of finding one suitable adaptation approach. Sometimes different 

silvicultural adaptation options need to be combined to find one robust and individual 

adaptation approach (YOUSEFPOUR et al., 2017).  



 

99 

2.5.4.4 Adaptive, single silvicultural options 

This section provides an overview of single silvicultural adaptation options. These 

adaptation measures are not as comprehensive as those presented in the previous section 

but could be seen as sub-components of these approaches. There are various silvicultural 

adaptation options (see the comprehensive overview provided by e.g. BOLTE et al., 2010), 

but only those that are interesting for this study will be briefly presented in the following 

section. As learned in section 2.2.1, climate change has an impact on the tree species 

composition. Tree species diversification and the selection of climate-resistant trees is 

a promising way to enhance the adaptability of a forest stand to climate change (see ibid.). 

BRANDL et al. (2020) developed a model that estimates the survival probability of seven 

common tree species in German forests (including Norway spruce, Douglas fir, etc.) in 

dependence on age, climate and species mixture. For all species, a decrease in survival 

probability with increasing temperatures was found. In particular, reduced precipitation 

increased the mortality risk for Norway spruce and Douglas fir.  

Moreover, a positive effect of species admixture on the survival of Norway spruce and 

Douglas fir was found. However, uncertainty regarding estimations remains high due to 

limitations of the sampling design and methodology (see ibid.). Thus, the future challenge 

is to find combinations of tree species that are suited to the impending site conditions of 

a certain region. For each stand, it has to be decided whether the present tree species 

composition could be extrapolated to the future or whether other tree species that are more 

adapted to the expected climate change should be considered (BOLTE et al., 2010). For 

instance, WALENTOWSKI et al. (2014) developed a species distribution model for different 

climate change scenarios in southern Germany. The authors found that one-third of the 

scenarios are too warm and dry for Common beech. However, the local ecological niches 

of some tree species (oak tree, ash tree) are mainly characterized by soils or light 

availability providing favorable water supply, rather than by climate. Thus, besides the 

climate, various other factors need to be integrated in adaptive forest management 

decisions.  

Diversity and un-even-aged structures may be another approach to adaptation. 

PUKKALA (2016) analyzed the impacts of even-aged rotation forest management, 

continuous cover forestry and any-aged forestry (un-even-aged and even-aged 
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management schedules)41 on ESS in Finland. The results indicate that continuous cover 

forestry provides more ESS and is more efficient compared with other management types. 

Based on the assumption of the author, this finding is unsurprising since continuous cover 

forestry excludes clear-felling, which is detrimental to NWFPs, scenic beauty and habitats 

for certain bird species. However, the assumptions cannot be directly transferred to other 

regions since the importance of ESS varies and the relationships between forest structure 

and ecosystem are not similar everywhere (see ibid.).  

DÍAZ-YÁÑEZ et al. (2019) studied the impacts on forest ESS of five adaptive forest 

management strategies: rotation forest management (with thinning from below or 

above), continuous cover forestry42, a combination of rotation forest management and 

continuous cover forestry and any-aged forestry (both un-even-aged and even-aged 

management schedules). The results indicate that rotation forest management was less 

profitable than the other strategies (which were close to each other in economic 

profitability), as well as being the poorest in terms of carbon stocks, carbon balance43 and 

biodiversity indicators. In general, management strategies that used thinning and were not 

restricted to rotation forest management as the only option – e.g. continuous cover 

forestry – provided more ESS (DÍAZ-YÁÑEZ et al., 2019). In a Central European context, 

ZIMOVÁ et al. (2020) suggest that shortening rotation length can reduce the impact of 

wind and bark beetle disturbances, although the overall efficiency of the measure is 

limited and it decreases under climate change. The authors conclude that rotation length 

is no panacea for managing increasing disturbances and it should be applied in 

combination with other management measures reducing risks and fostering resilience. 

                                                 
41 Even-aged stands are ones where the range of tree ages within a stand do not vary by more than 20%. 

Plantation forests are the best example of even-aged stands. Uneven-aged stands are sometimes referred to 

as all-aged stands, but generally are considered those containing more than two or three distinct age classes. 

Management of uneven-aged stands is often associated with the maintenance of the targeted diameter 

distribution. Uneven-aged stands can be created from even-aged stands using different harvesting programs 

(BETTINGER, SIRY, BOSTON, & GREBNER, 2017). 
42 Continuous cover forestry is the selective harvesting of individual trees or groups of trees to maintain 

continuous forest conditions. Recently, a major goal of continuous cover forestry has been the conversion 

of mostly even-aged conifer forests towards uneven-aged, mixed-species stands of broad-leaved trees in 

several parts of Central Europe (GUSTAFSSON et al., 2020). 
43 Besides the ecosystem perspective on adaptive planning, there is also one research line which is more 

concerned with the maintaining or enhancing ecosystem carbon storage (see e.g. BLAŠKO, FORSMARK, 

GUNDALE, LUNDMARK, & NORDIN, 2020; ONTL et al., 2020). 
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BLATTERT et al. (2020) developed a national scenario analysis (utility-based multi-criteria 

approach regarding timber production, protection against gravitational hazards, carbon 

sequestration and biodiversity conservation) to determine long-term forest management 

impacts for Switzerland. The authors conclude that no single scenario can simultaneously 

maximize all forests’ ESS and biodiversity benefits. Therefore, a combination of locally-

adapted scenarios with targeted priorities can guarantee a higher degree of multi-

functionality and long-term timber supply.  

Overall, managing forested ecosystems under the assumption that future environments 

will be different from those at present and the uncertainty about the specifics of change 

requires flexible approaches in favor of constant learning and capacity (MILLAR et al., 

2007). The forests regenerated today will have to cope with climate conditions that may 

drastically change during the life of the trees in the stand (KOLSTRÖM et al., 2011). 

Moreover, as it is necessary to consider harvesting intervals of typically 60 years or more 

(depending highly on the tree species), long-term, far-sighted and targeted adaptation 

strategies and measures will be necessary to sustain forest functions and services at 

desired levels in the upcoming decades (PÜLZL, 2013; SEIDL et al., 2016a). TEMPERLI et 

al. (2012) note that forest conversion takes up to 120 years, with past and future adaptive 

management being the key drivers of timber and forest diversity provision. Accepting 

that the future will be different from both the past and the present forces resource 

managers to elaborate new management ways. A central concern of managing an 

uncertain future is that there is no single approach that fits all situations (HOBBS et al., 

2006; MILLAR et al., 2007). Therefore, a portfolio of approaches (short and long term) 

focusing on forested ecosystems to adapt to the unavoidable impacts of a changing 

climate is needed (MILLAR et al., 2007; PERSSON et al., 2020; YOUSEFPOUR et al., 2017).  

 

2.6 Interim summary 

Climate change alters the world with manifold effects on SES. Climate change manifests 

itself in both long-term climate changes and extreme weather events such as drought, 

storms or heat waves. As previously discussed, whether climate change is realized as a 

risk or not strongly depends on the individual’s perception. Throughout history, people 

and societies have adjusted to and coped with climate variability and extremes, with 
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varying degrees of success. However, people and societies may perceive or rank risks and 

potential benefits differently given their diverse values, attitudes, (financial) resources, 

resilience, vulnerability, etc. Furthermore, especially climate variations and changes may 

be only partly predictable, particularly on larger spatial scales. The issue of uncertainty 

substantially drives the discourse about climate change.  

However, forest ecosystems are strongly sensitive to climatic conditions, and they are 

thus likely to be distinctly affected by climatic change (ALBRICH et al., 2020). Mountain 

forests are fragile ecosystems due to their steep slopes and often-extreme climates and 

weather events. BÄSSLER et al. (2009) even assume that montane and high montane 

forests of Central European low mountain ranges – to which the BF belongs – are among 

the most threatened mixed montane forest systems worldwide. Indeed, over the past two 

decades, extensive tree mortality caused especially by a combination of high 

temperatures, dry climatic conditions and insect and pathogen outbreaks has been 

documented worldwide (ALLEN et al., 2010). It is likely that increases in the frequency, 

duration and/or severity of drought and heat stress associated with climate change will 

fundamentally alter the composition, structure and biogeography of forests in many 

regions. As the changes are likely to continue in the decades ahead, some of the ESS 

provided by forests are at risk (DING et al., 2016; PALOMO, 2017).  

SES are a suitable way to conceptualize the interdependencies between humans and the 

environment and show the dimensions on which climate change may have an impact. In 

order to describe why some people perceive climate change impacts as being especially 

severe while others do not, it is additionally helpful to understand the broad concept of 

vulnerability (a function of exposure, sensitivity and adaptive capacity; institutional 

backgrounds and change, etc.) and the influencing factors on risk perception (e.g. socio-

cultural influences, socio-demographics, etc.). The conceptual risk perception model of 

VAN DER LINDEN (2015) – which was tested empirically on a national sample – also 

reflects current research findings about risk perception and it was chosen as an appropriate 

and reliable model to investigate (both qualitatively and quantitatively) forest 

stakeholders’ and the public’s perception of climate change and forest dieback.  

However, this study goes a step further and tries to shed more light on the adaptation 

process of forest stakeholders, which is more or less the outcome of a perceptional process 
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that is influenced by various variables. Forest owners and managers have to cope with 

climate change adaptation in SES to reduce the associated vulnerabilities and risks. The 

long lifecycle of tree species requires far-reaching decisions despite the considerable 

uncertainty of climate change. Although adaptation inherently spans the boundary 

between the research and management communities, the current discussion within the 

forestry community is centered on understanding the potential impacts of climate change 

on forests. This limited view is inadequate, as the complexity and increasing urgency of 

the issue as well as the need for fast place-based decisions require active engagement 

from forest managers and other professionals.  

Researchers are currently discussing a wide range of silvicultural adaptation approaches 

and options, such as ecosystem-based approaches to adaptation or options like tree 

species diversification. However, a central concern of managing an uncertain future is 

that no single approach fits all situations. Therefore, a portfolio of approaches is needed 

that focuses on forested ecosystems to adapt to the unavoidable impacts of a changing 

climate (YOUSEFPOUR et al., 2017). The conceptual model of GROTHMANN and PATT 

(2005) was chosen to investigate in depth (qualitative) how the adaptation intention of 

forest stakeholders is formed. Thus, this model is able to explain the adaptation process 

by involving the actual perception of forest stakeholders and external influencing factors 

like social discourses about climate change, as well as the objective adaptive capacity. 

Furthermore, the model enables ascertaining where bottlenecks occur within the 

individuals’ adaptation process. This is especially important to analyze because factors 

like socio-economic or socio-cultural backgrounds may hamper in particular small-scale 

forest owners to adapt to climate change even if silvicultural adaptation is largely 

promoted by the state (STMUV, 2015a).  

Given the current and expected amplitude of climate change impacts on forests, the 

considerable economic and social importance of forests for society and the need for 

silvicultural adaptation, it is surprising that no research to date has investigated whether 

and how forest stakeholders perceive climate change and forest dieback in their forests, 

if they attribute forest dieback to climate change and which adaptation strategies they 

prefer. Especially private small-scale forest owners may see several obstacles to 

adaptation.   
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3 FOREST DIEBACK AT THE REGIONAL LEVEL: THE 

CASE OF THE BAVARIAN FOREST 

3.1 Description of the case study area 

The BF is a wooded, low mountain range in the South-East of Germany, and it extends 

over a surface of about 5,200 km2 from the Danube River between Regensburg and 

Vilshofen in the South, the Cham-Furth depression in the North-West, and to the Czech 

border in the East. The BF is continued on the Czech side by the Šumava or the Bohemian 

Forest. Together with the Bohemian Forest, the area is the largest contiguous forest area 

in Central Europe (ZEITLER, 1991). From a geomorphological perspective, the BF is 

divided into the High BF or Inner BF (in German: Hinterer Bayerischer Wald) in the 

center, the Regen valley or Middle BF (in German: Mittlerer Bayerischer Wald), and the 

Anterior BF (in German: Vorderer Bayerischer Wald). The High BF – between the river 

Regen and the Czech border – includes the highest mountains of the massive: Großer 

Arber (1,456 m), Großer Rachel (1,452 m) and Lusen (1,373 m) (BURGER, 2003).  

The BF is defined as a low mountain range (in German: Mittelgebirge).44 The translation 

of the German word ‘Mittelgebirge’ is lacking in some linguistic areas. As the term 

generally describes mountains of a lower height, a suitable English translation could be 

‘sub-mountainous area’, ‘upland mountains’ or ‘mid-range mountains’. FICKERT (2017) 

defines the term ‘Mittelgebirge’ by the flanking relief units, i.e. the flat to flat rippled 

surfaces of the northern German lowlands, the Alpine foothills and the high mountain 

areas of the Alps. All mountains in Germany – with the exception of the Alps – are 

designated as ‘Mittelgebirge’ (see ibid.). According to BRUNOTTE et al. (2002), a 

‘Mittelgebirge’ features the following characteristics in relation to the relief units: 

absolute peaks between 300 m and 1,500 m above sea level, relief energy between 200 m 

and 1,200 m of altitude and a climatic altitude gradient coupled to the relief energy 

(clearly recognizable change in vegetation, soils and land use potential). KUHLE (2007) 

names the relief energy as the central characteristic of every mountain classification. 

                                                 
44 See also definition by MAYER (2014, p. 583), originally derived from: www.deutschemittelgebirge.de: 

“The German term Mittelgebirge refers to the many large areas of high uplands in many parts of Central 

Europe, which while having semi-mountainous physical and climatic conditions are not high mountains in 

the way in which the Alps (Hochgebirge) are. They are typically largely forested areas, with below average 

economic opportunities.” 
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Moreover, KUHLE (2007, p. 24) highlights that mountains form “the third pole of the 

earth” because they hypsometrically repeat the climate zones as far as the Arctic within 

the smallest space. While climate-specific processes due to weather and erosion are 

dominant in lowlands, the geomorphology of mountains is dependent on the geologic-

tectonic structure, i.e. the energy of erosion that increases according to the vertical 

(KUHLE, 2007). TROLL (1955) postulated that high mountain criteria – which include the 

rise above the current timberline, recent periglacial forms, and the existence of the 

solifluction and traces of a Pleistocene glaciation – could not be fulfilled simultaneously 

by mountains of a lower range. Thus, not only the absolute altitude or relief energy are 

responsible for determining whether a mountain belongs to the high or low mountain 

range; rather, it is the mountain character.  

From an administrative perspective, the BF as defined here (Figure 8) includes the 

districts of Regen, Cham, Freyung-Grafenau (in the full extent, with all municipalities) 

and Deggendorf, Straubing-Bogen and Passau (partly, area north from the Danube river). 

The Danube River is defined as a natural border and it delimits the project area besides 

the official administrative regions. Moreover, the case study area includes the towns of 

Passau and Straubing, because urban PFO are supposed to live in this area and inhabitants 

are forest users, e.g. for recreation. The total area is 5,418 km2 (7.6 % of the Federal State 

of Bavaria), with 600,826 inhabitants (DESTATIS, 2019). In 2016, the population density 

of the project area was about 139 inhabitants/km2, while the Bavarian mean was 183 

inhabitants/km2 (LANDESAMT FÜR STATISTIK [LFSTAT], 2019a). About three percent of 

the employees work directly in the agriculture, forestry and fishery sector (LFSTAT, 

2019b). However, including the wider forestry sector with wood processing and crafts, 

the number of employees is higher. Furthermore, the region has been traditionally very 

poor and highly dependent on forests and forestry.  

The rural districts of the inner BF are typified by MARETZKE (2016) as structurally rather 

strong regions with a focus on production outputs, whereas those in the outer BF are 

typified as structurally rather strong regions with manifold potential.45 However, the latest 

regional development plan of the Bavarian State Ministry for Economy, State 

                                                 
45 The typification of rural areas in Germany was done with the help of seventeen economic, social and 

infrastructural indicators. 
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Development and Energy (BAVARIAN STATE MINISTRY FOR ECONOMY, STATE 

DEVELOPMENT AND ENERGY [STMWI], 2019) outlines that the disposable income per 

inhabitant and the economic power (gross domestic product per inhabitant) in the 

geographical region of ‘Donau Wald’46 is far below the Bavarian average value. In 

addition, demographic decline characterizes the rural area (STMWI, 2019). Moreover, 

further studies (MAYER, 2013) show that especially the districts of Freyung-Grafenau and 

Regen are among the poorest districts of Bavaria.  

Figure 8: Map of the case study area – the Bavarian Forest 

 

Source: see legend 

                                                 
46 The districts Regen, Freyung-Grafenau, Passau, Deggendorf, Straubing-Boden and the towns Passau and 

Straubing are included. 
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Besides the administrative districts, Figure 8 also visualizes the forest cover of the BF. 

The German federal state of Bavaria – where the case study area is located – comprises 

an above-average size of forest area. In sum, 26,055.63 km2 (ca. 37 %) of land is 

dedicated as forest area (POLLEY et al., 2014). In sum, 2,525 km2 of the BF (ca. 47 %) is 

covered with forests. The share of forest area varies between the districts. In the two 

counties of Regen and Freyung-Grafenau (1,960 km2 with about 154,000 inhabitants), 

forests cover about 120,000 ha (ca. 61 %). Around 71,000 ha is dedicated as private and 

cooperate forests (ca. 59 %), while the rest belongs to the state forest (25,000 ha, ca. 

21 %) and the BF National Park (24,000 ha, ca. 20 %) (AELF REGEN, 2019). However, 

there are no exact forest ownership numbers for the whole BF as delimited above. Norway 

spruce is the main tree species in the BF and Bavaria (50.6 %) (KLEMMT et al., 2017). 

The BF implements three large-scale protected areas: the BF National Park, the BF Nature 

Park and the Upper BF Nature Park.  

The BF National Park (IUCN Category II) was established in 1970 on the German side 

of the central part of the Bavarian/Bohemian Forest, followed by the Šumava National 

Park on the Czech side in 1991 (THORN, BÄSSLER, SVOBODA, & MÜLLER, 2017b). Since 

its expansion in 1997, the park covers an area of 242 km2 (Šumava National Park: 680 

km2). THORN et al. (2017b, p. 114) note that “(…) together, these National Parks 

represent one of the most extensive contiguous forest landscapes in Central Europe.”47  

The National Park accommodates a high biodiversity, with more than 14,000 species, 

accounting for about 22 % of all species known in Germany (NATIONAL PARK BAVARIAN 

FOREST [NLP BF], 2011). Ranges in altitude of about 800 m and a steep gradient of forest 

structures characterize the BF National Park. Relicts of old-growth forests (areas of 

former local nature reserves) and deadwood stands are accompanied by widely-varying 

levels of woody debris and light. The gradients comprise a wide range of abiotic forest 

structure factors (BÄSSLER et al., 2009). The park is dominated by mixed mountain forests 

with high proportions of Norway spruce (Picea abies) and admixtures of European beech 

(Fagus sylvatica) and Silver fir (Abies alba). Forest stands above 1,100 m a.s.l. are almost 

solely covered with spruce. In addition to the forests, there are also ecologically-valuable 

                                                 
47 For further information about large cross-border protected areas see MAYER, ZBARASZEWSKI, 

PIEŃKOWSKI, GACH, and GERNERT (2019). 
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bogs and high meadows (in German: Schachten) (NLP BF, 2019). Although a few 

fragments of primeval forests remained, the character of the national park forest is still 

influenced by the former forestry use. Since nature should take its own course following 

the slogan of ‘let nature be nature’, there is no longer any human intervention in the 

National Park’s core zones. Thus, there is a unique possibility to detect developing 

wildernesses, although natural hazards and the consequences such as forest damage or 

even forest dieback have to be accepted (see ibid.).  

Moreover, the long-established national park is an important tourism factor. Tourism in 

protected areas can create considerable income for adjacent communities (MAYER, 

MÜLLER, WOLTERING, ARNEGGER, & JOB, 2010a).48 There were around 1.36 million 

visits to the park in 2018 (ALLEX et al., 2020) Between 13 % and 31 % of visitors to the 

national park are local residents and between 69 % and 87 % are tourists (more than three-

quarters are overnight tourists) (ARNBERGER, EDER, ALLEX, PREISEL, & HUSSLEIN, 2019; 

MAYER et al., 2010a; MAYER, 2013). A high share of visitors (95 %) are hikers, followed 

by 3 % bicyclists (ARNBERGER et al., 2018b).  

In addition, another 3,008 km² belongs to the BF Nature Park – established in 1967 – and 

1,738 km² belongs to the Upper BF Nature Park, established in 1965 (VERBAND 

DEUTSCHER NATURPARKE [VDN], 2020). 

 

3.2 Climate change and forest dieback in Bavaria and the Bavarian 

Forest 

The STMUV (2015a, p. 3) notes within its Climate Policy Program: “Climate change has 

been present in Bavaria for a long time - it is both noticeable and measurable.” The 

average temperature in Bavaria rose by ca. 1.1°C between 1931 and 2010. In the sensitive 

Alpine region, temperatures have risen even twice as steeply as the global average over 

the last 100 years (STMUV, 2015a). Observed climate change in Bavaria is associated 

with a temperature increase, a shift in the intra-annual precipitation amount, an increase 

in the frequency of extreme storm events, decreasing snow coverage, as well as a shift in 

phenological phases (STMUV, 2015a; ESTRELLA & MENZEL, 2013). Indeed, 

                                                 
48 For further information about German tourism in protected areas see MAYER (2013; 2014; 2016), MAYER 

and WOLTERING (2018). 
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temperatures are expected to further increase in Bavaria during the next decades. Hence, 

the rise of the average annual temperature is projected to be between 1°C and 2°C for the 

near future (2021-2050), and between 2°C and 4.5°C for the distant future (2071-2100). 

Thereby, the seasons show similar changes. A study by MICHLER et al. (2020) 

demonstrates that even a moderate temperature change (+2°C) will have a dramatic 

impact on the site conditions of Bavarian vegetation types. The authors conclude that if 

the temperature scenario is even worse, forestry, agriculture and generally all kinds of 

land use management in Bavaria will find themselves victims of global climate change 

(MICHLER et al., 2020). However, projected future changes in precipitation rates and other 

climate variables are associated with stronger uncertainties (STMUV, 2015b).  

Besides other sectors, the forestry sector is currently strongly influenced by climate 

change. Bavarian forest experts list climate change as the most important influencing 

factor from a mid- and long-term perspective (SACHER & MAYER, 2019a). The Climate 

Report of the STMUV (2015b) notes that impacts on forestry are mainly given by 

increasing temperatures and water stress. Prior to 2018, the 2003 millennial drought was 

classified as the most severe event in Europe in the last 500 years. First insights now 

confirm that the 2018 drought event was climatically more extreme and had a stronger 

impact on forest ecosystems of Austria, Germany and Switzerland compared with the 

2003 drought (SCHULDT et al., 2020). Furthermore, the STMUV emphasizes the 

problematic of long-term planning horizons in forestry and that adaptation measures can 

only be effective if the climatic conditions do not change too quickly. This also concerns 

adaptation measures such as systematic forest conversion into species-rich, mixed forest 

stands by establishing heat- and drought-resistant tree species (STMUV, 2015b). 

Climate change impacts are predominantly expected for regions with rather cool and 

moisture-preferring species, e.g. the Alps (see ibid.). In particular, forests with a high 

share of spruce trees (more than 50 %) are at a high risk according to current projections. 

The sub-alpine belt of the higher mountains in the temperate zone represents climate 

conditions similar to those of the boreal zone. Spruce-dominated forests occur as isolated 

ecological islands in Central Europe: in the Alps (Austria, Germany and Switzerland) and 

the peak areas of mountain ranges such as the Bavarian-Bohemian Forest and the High 

Tatras (Germany, Czech Republic, Poland and Slovakia). In the mountain range along 
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the Czech-German border (Bohemian Forest on the Czech side, BF on the German side), 

the major vegetation type of the potential natural vegetation (PNV) is the mixed mountain 

forest with beech and fir at elevations up to about 1,050 m. The boreal type of spruce 

forests covers vast areas in elevations above about 1,100 m a.s.l. (FISCHER, WINTER, 

LOHBERGER, JEHL, & FISCHER, 2013). Thus, similar disturbance regimes as in boreal 

forests could be expected in this region (SVOBODA et al., 2012).  

Cold and humid summers and long, cold and humid winters with snow cover lasting up 

to mid-May characterize the climate of the region (THORN et al., 2017b). The annual 

precipitation rate ranges from 1,300 mm to 1,800 mm and the annual mean air 

temperature varies from 3.0°C to 4.0°C, having increased by about 1.0°C since the 1980s 

(BÄSSLER, 2008; BÄSSLER & MÜLLER, 2010). However, the growth reaction to drought 

of Norway spruce depends on the altitude. HÄRTL-MEIER et al. (2014) found that an 

elevation of about 1,400 m seems to be the break point between growth decline and 

increase. Spruce trees at higher elevations benefit from exceptionally warm and dry 

conditions but suffer at lower elevations. 

Large areas of temperate mountain spruce forests in Central Europe have been disturbed 

by windstorms and subsequent bark beetle outbreaks in recent years. The impact of these 

events has been severe, with millions of canopy trees dying in national parks, where 

salvage logging was not conducted (BRŮNA, WILD, SVOBODA, HEURICH, & MÜLLEROVÁ, 

2013; SEIDL, MÜLLER, HOTHORN, BÄSSLER, HEURICH, & KAUTZ, 2015). The BF National 

Park experienced large-scale disturbances by bark beetles (Ips typographus) in mature 

spruce stands since the 1980s (HEURICH, BAIERL, & ZEPPENFELD, 2012; LAUSCH et al., 

2013; MÜLLER et al., 2008; SEIDL et al. 2015). First, only single trees were effected but 

the bark beetle rapidly spread across the whole spruce belt, resulting in considerable 

ecological loss due to the destruction of almost 5,800 ha of spruce forests (LAUSCH et al., 

2013; LEHNERT, BÄSSLER, BRANDL, BURTON, & MÜLLER, 2013). This development led 

to an extensive enrichment of deadwood along with rather open landscape conditions 

within a very short time frame. For the first time in the modern history of Central Europe, 

an ecosystem development of near-natural spruce forests took place on a landscape scale 

without the regulating impacts of humans (BEUDERT et al., 2015; NÜßLEIN et al., 2000). 

The death of high elevation forests in the 1990s triggered controversial discussions among 



 

111 

the residents of the national park region, leading to acceptance problems (JOB et al., 2019; 

LIEBECKE et al., 2011, 2008; MÜLLER & IMHOF, 2019; RENTSCH, 1988; VON 

RUSCHKOWSKI & MAYER 2011).49 As a result, buffer zones were arranged to monitor the 

bark beetle on a regular basis (HEURICH et al., 2012). However, owing to a “benign-

neglect strategy” (THORN et al., 2017b, p. 113), windstorms and bark beetle outbreaks 

have increased stand structural heterogeneity as well as the volume of deadwood and light 

availability, which contribute to increased populations of nearly-extinct forest specialists 

(MÜLLER, NOSS, BUSSLER, & BRANDL, 2010). 

Besides, there is a long forest utilization history in Central Europe. Consequently, 

scientists do not have sufficient knowledge about natural forest development after large-

scale disturbances there (THORN et al., 2017b). There is also insufficient knowledge 

concerning the sum of logged wood and calamites in Bavaria and especially the BF. This 

may be due to the high share of private forests. Nevertheless, the state forests’ documents 

annual logging activities and may serve as an example to gain an impression about the 

severity of large-scale disturbances. Figure 9 visualizes the sum of harvested wood and 

thus the share of calamities of the Bavarian state forest from 1997 to 2018.  

In particular, several storms have led to a high share of calamities and unplanned logging 

activities for the state forest in recent years. Since 1997, the highest amount of harvested 

timber (7 million m3) was recorded due to the ‘Kyrill’ storm event in 2007. In 2017, 

710,000 m3 bark beetle infested wood – which is 15 % of the whole amount of harvested 

wood and 22 % of harvested spruce wood – was harvested (BAYERISCHE STAATSFORSTEN 

[BAYSF], 2018). 2018 was marked by a high volume of calamities, caused by various 

storm events and bark beetle pests. Overall, 1.85 million m3 of damaged wood – 0.95 

million m3 of which was spruce timber – needed to be harvested due to insect infestation 

by bark beetles. This is about 20 % of the whole amount of harvested wood and 30 % of 

the total amount of harvested spruce wood (BAYSF, 2018). There is a legal binding for 

the forest owner at the state level to protect the forest against forest damage and monitor 

                                                 
49 See also JOB et al. (2016) for more information about how different types of protected areas should be 

evaluated in terms of their contributions to the conservation and development of biodiversity, the role 

played specifically by woods and forestry management with regard to biodiversity and sustainable land use, 

and the patterns of conflict that exist due to competing land uses. 
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the forest on a regular basis.50 Furthermore, there are regional regulations for the forest 

owners concerning how to react after bark beetle infestations, e.g. immediate reporting to 

the regional departments of Food, Agriculture and Forestry (AELF) and the 

logging/removal of infested wood (BAVARIAN STATE INSTITUTE FOR FORESTRY [LWF], 

2020). 

Figure 9: Logging and share of calamities in Bavaria from 1997-2018 

 

(Dates and names of storm fronts (in German: Sturmtief) are marked in the graphic. The dark pillar 

visualizes the planned timber harvest in million m3 and the light pillar visualizes the calamities in million 

m3), Source: BAYSF, 2018, p. 15 

The qualitative survey of this study was conducted in spring and summer 2017 and the 

quantitative survey was conducted in summer 2018. The StMELF notes directly in the 

foreword of its recent forest status report that 2017 was not an easy year for forests and 

forest owners due to a very high reproduction rate of bark beetles (STMELF, 2018a). 

About 3.5 million m3 bark beetle damaged wood had to be removed by the Bavarian 

foresters and forest owners, which is much more than in recent decades (see ibid.). WÜHR 

(2020) describes a negative development of the private forestry sector due to the amount 

of abiotic and biotic forest damage as a consequence of climate change. Especially 2018 

was marked by a net yield loss of minus 11 % in contrast to the previous year (123 

Euros/ha net yield in 2018 for all investigated private forest enterprises), which is the 

worst net yield since 2011 (see ibid.).  

                                                 
50 See article 14(1) of the Bavarian forestry law (BayWaldG) and §6(2) of the Bavarian regulation for insect 

damage control in a forest (WaldSchadInV). 
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Furthermore, the STMELF (2018a) notes that winter 2017/18 was above-average warm 

due to the mild December 2017. There was also a record warmth in January 2018. In 

addition, spring 2018 showed record heat temperatures in a row (e.g. in April +5°C 

temperature deviation in relation to the mean value from 1961-1990), which is a very rare 

event. After the almost unbroken transition from winter 2018 to early summer 2018, the 

vegetation period started immediately. High temperatures, low precipitation rates and a 

high thunderstorm potential continued in summer 2018. Moreover, there was an intense 

heat wave with increased forest fire probability from late-July to August 2018. Water 

storage was completely exhausted in many places. Thunderstorms caused a very different 

degree of dryness. The summer of 2018 was already classified as the ‘third century 

summer’ since 2000. Since 1881, 2018 records the hottest (April and May are added due 

to an earlier vegetation season) as well as the fourth-driest period from April to August 

(STMELF, 2018a).  

The annual report of the StMELF assesses the general status of the forests and in 

particular the condition of tree crowns (STMELF, 2018a). The dry conditions in spring 

and summer of 2018 were also reflected in the results of the 2018 forest survey. Compared 

with 2017, the condition of the trees slightly deteriorated in Bavaria. The mean needle or 

leaf loss of all tree species increased from 20.7 % to 21.3 %. The mean needle loss of 

conifers was 21.7 %, which is 0.7 % higher than in 2017. The average leaf loss of 

deciduous trees amounts to 20.5 %, which is an increase of 0.4 % over the previous year. 

However, there were clear regional differences: in northern Bavaria – which was hit 

particularly hard by the heat intervals and drought in 2018 – significantly less favorable 

foliage and needling values were determined for all tree species than in southern Bavaria. 

In sum, 26.6 % (Ø 22.7 %, 2009-18) of all conifers in Bavaria showed obvious damage 

(forest damage level 2 ‘medium damage’ to 4 ‘dead’; classification depends on the share 

of needle or leaf loss) in 2018. By contrast, 23.1 % (Ø 30.1 %, 2009-18) of all broad-

leaved trees had obvious damage in 2018. Besides the massive impacts from bark beetles 

on tree mortality, Ash dieback (Hymenoscyphus pseudoalbidus) was also named as a 

widespread disease causing the death of many trees. All age classes were affected, but the 

fungus usually lead with the infestation of secondary pests to rapid death especially in 

young ash stands. Mistletoe attacks on pine and fir trees continued to spread in the face 

of climate change (see ibid.). 
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To sum up, the above explanations and research findings emphasize that climate change 

is certainly a global problem, but it has also a regional impact on forests and forestry. 

Even if local data about climate projections and impacts is insufficient or not available in 

some cases, climate change is already modifying our forests to a considerable degree, 

with consequences for long-term planning and commercial decision-making. As a result, 

the BF is a suitable survey area to investigate forest stakeholders’ and the public’s 

perception of forest dieback and climate change due to high forest cover, impacts of forest 

dieback and climate change on the forests, the economic importance of the forestry and 

tourism sector and the high number of PFO. 

 

3.3 Institutional structure of the Bavarian forestry sector, its 

programs and positioning regarding climate change 

The Bavarian forest system can be conceived as a socio-ecological system bound by a 

complex political-institutional structure (BOBAR & WINDER, 2017).51 The StMELF acts 

as highest state authority and it carries out legislative and administrative tasks. Moreover, 

the StMELF is responsible for supervising subordinate authorities and institutions52 such 

as the Bavarian Forest Administration or the Bavarian State Institute for Forestry (LWF) 

(STMELF, 2020).  

The Bavarian Forest Administration is the forest department of the StMELF. This 

institution administrates the state forests and supervises non-state owned forests, as well 

as providing education and advisory services for foresters and forest owners.53 The 

sustainable development of the forestry sector is a central focus of the Bavarian Forest 

Administration (STMELF, 2016a). The Bavarian Forest Administration supports efforts 

                                                 
51 In contrast, the Bavarian wood use system is conceived as a socio-economic system, partially related to 

the Bavarian forest system, and producing diverse values, such as packaging, handcrafted objects and 

firewood (BOBAR & WINDER, 2017). Both systems are bounded by the boundaries of the Bavarian State, 

which already suggests that the systems are entangled in national and local policies, but with diverse actors, 

practices, and connections from within and outside each system (see ibid.). 
52 Institutions include habitualized behavior, rules and norms that govern society, as well as the more usual 

notion of formal institutions with memberships, constituencies and stakeholders. This broad definition is 

important because institutional structures such as property rights, govern the use of natural resources 

creating incentives for sustainable or unsustainable use. Hence, they are a central component linking social 

and ecological resilience (ADGER, 2000). 
53 Since 1983, the Bavarian Forest Administration carries out an annual survey concerning the general status 

of the forests and the condition of tree crowns in particular. This inventory is an important component of 

the long-term, precautionary environmental monitoring in Bavaria. In 2018, around 11,500 trees were 

examined as part of the forest condition examination (STMELF, 2018a). 
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to prepare forests for climate change, and in turn to guarantee the provision of public 

services and the supply of raw materials and energy. From a state forest area of about 

808,206 ha (11.2 % of the whole Bavarian surface), the department Bodenmais 

administrates 17,000 ha and Neureichenau about 17,300 ha. These two state forest 

departments, which are both in the project area, cover less than 7 % of the whole region.  

The LWF supports the local forestry authorities with eight specific departments in 

Bavaria and it is an institution for all types of forest ownership. The main tasks lie in the 

practice-oriented research around the forest, consultation and promotion as well as further 

education. Moreover, the LWF should support the forest management of forest owners 

and forest practitioners by recommending silvicultural treatment strategies, with a focus 

on forest protection and care, soil conservation as well as the rational use of machinery 

(STMELF, 2019).  

The AELFs are responsible for the direct contact (training, education, advice, etc.) of 

forest owners and forest owner associations (FOA) as well as citizens in a certain district 

of Bavaria. The regional responsibility of the 47 departments is based on the 

administrative districts and the independent cities. The BF compromises (partly or in the 

full extant) the AELFs of Cham, Deggendorf, Passau, Regen and Straubing. The tasks of 

the forestry section of the AELF include monitoring of the forests, providing advice and 

support for forest owners and environmental education. Every department is separated 

into several forest districts. A forester – employed by the AELF – is responsible for each 

district. The district forester is able to provide detailed information and advice about 

silvicultural management. The foresters could use certain tools for consulting services in 

terms of climate change, e.g. maps of risk areas. Moreover, the forester provides advice 

about financial support like natural rejuvenation programs (broad-leaved trees with a 

share of more than 30 %), plantation after calamities, maintenance, and voluntary nature 

protection activities, such as the preservation of habitat trees (AELF REGEN, 2020).  

Climate change and the protection of resources as well as adaptation are consistent themes 

within the state departments of Bavaria (STMUV, 2015b). Concerning current challenges, 

the Bavarian Forest Administration (STMELF, 2016a, p. 1) notes that “(…) the general 

framework has changed fundamentally over the past few years. (…) our work is shaped 

by big issues with important impacts for the future.” With its impacts on forests and 
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forestry, climate change is named as one of the most important issues besides the globally-

increased demand for timber as a raw material and source of energy, the importance of 

forests for preserving biodiversity and the demographic change in society combined with 

changing requirements towards the forests (STMELF, 2016a).  

The Free State of Bavaria already published the Bavarian Climate Adaptation Strategy 

(BayKLAS) in 2009, as one of the first adaptation strategies at the German Länder level 

(BAVARIAN STATE MINISTRY FOR ENVIRONMENT AND HEALTH [STMUG], 2009). 

BayKLAS indicates that direct and indirect effects of climate change as well as climate 

protection and adaptation measures could arise in every social and economic sector (see 

ibid.). BayKLAS systematically analyzes fourteen individual fields of action regarding 

the criteria of consequences and vulnerability, need for action or action goals, existing 

adaptation measures, and medium-term options until 2020. As a reaction to the report, a 

massive afforestation program was launched in the forestry sector. By 2020, about 

100,000 ha of 260,000 ha ‘endangered’ spruce stands should be transformed into climate-

tolerant mixed forests in private and corporate forests. Moreover, protection measures 

should be increased in mountain forests (see ibid.). The responsibility for the 

implementation lies at the StMELF under participation of the Bavarian State Ministry for 

the Environment and Health. Moreover, public actors like the Bavarian state forests and 

forestry associations (e.g. FOA) and other professional associations (e.g. cluster initiative 

forest and wood) are a part of the BayKLAS network.  

In the most recent report of 2016, BayKLAS has been updated and systematically 

developed (STMUV, 2016). The problematization of climate change in forests is 

highlighted compared with 2009. The report highlights that forests and about 700,000 

forest owners in Bavaria are among the “main victims of climate change” (STMUV, 2016, 

p. 68). Overall, private forests (55.7 % of all forests in Bavaria) and PFO (674,300 

individuals) are supposed to be particularly vulnerable due to an above-average number 

of risk assets and unfavorable structures (small plot size and small-scale businesses) (see 

ibid.). Bavaria has the largest forest area (950,045 ha) in Germany with an ownership 

class less than 20 ha (66 % of all Bavarian private forests) and 20 to 50 ha (11 % of all 

Bavarian private forests) in comparison with other German Länder. Bavaria has also an 
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above-average forest area of 26,055.63 km2 (ca. 37 %, share of land utilization) (POLLEY 

et al., 2014). 

In addition to pollutants and nitrogen inputs, it is assumed that the high speed and extent 

of climate change is likely to considerably affect the adaptability of Bavarian forests. 

Climate change effects include rising temperatures and an increasing number of extreme 

weather events such as dry periods and storms. These impacts are likely to have an effect 

on forest growth, tree species composition, the risk of abiotic and biotic damage and the 

overall stability of forest ecosystems (STMUV, 2016). The adaptive capacity of the forest 

owners in Bavaria is classified as medium due to diverse adaptation options, the time 

horizons of implementation and the high costs for forest conversion. Moreover, a medium 

to high vulnerability on a mid-term scale is supposed due to the already-observed events 

and the proceeding climate change (see ibid.). In this context, vulnerability could be 

interpreted in a two-fold manner: forests are vulnerable to climate change due to e.g. 

drought, weather extremes, as well as the forest owners themselves due to insufficient 

resources (time, money, etc.) or knowledge and experiences. The central goal of 

BayKLAS regarding forests is to conserve or develop climate-tolerant and future-proof 

forest stands under consideration of biodiversity preservation. The diverse, vital functions 

and efficiency of the forests should be fulfilled and secured in the future. Research and 

monitoring should accompany this process (see ibid.). 

The detailed aims are divided into basic, operational and accompanying measures. The 

basic measures set value on monitoring programs (observation and analysis of climate 

change impacts through e.g. forest climate stations, annual forest condition reports), 

developing decision support tools and knowledge transfer between practice and science 

and practice and public. Even if private forests and PFO are supposed to be particularly 

vulnerable due to an above-average number of risk assets and unfavorable structures, the 

basic measures have not implemented any methods to support the PFO. By contrast, the 

operational measures aim to strengthen the forest owners through providing education, 

training and financial support for climate change adaptation. The reconstruction of forest 

stands at risk into mixed forest stands is seen as a general solution and it is obviously 

uncontroversial. The accompanying measures support the basic and operational 

measurers, although concrete methods are missing. 
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A feasibility study within the BayKLAS project developed indicators for a monitoring 

system of climate change and adaptation in Bavaria (SCHÖNTHALER, ANDRIAN-

WERBUNG, & BUTH, 2017). The proposed indicators of BayKLAS are divided into impact 

and response indicators. Suggested impact indicators are endangered spruce stands, 

timber growth, damaged wood, mistletoe damaged wood, risk of forest fire and the forest 

condition (crown defoliation). The response indicators are mixed forest stands 

(proportion of natural forest with up to four different tree species), financial support for 

forest conversion and the conservation of forest genetic resources (SCHÖNTHALER et al., 

2017). 

The monitoring system for the forests of Bavaria is mainly based on the forest reports of 

the StMELF, which are published within a three-year period. The basis of these reports 

is the National Forest Inventory, which is a statutory duty under the Federal Forest Act § 

41a. It should provide an overview of the large-scale forest conditions and forest 

production potentials. Therefore, it is a central database for the forest situation in 

Germany. The more recent forest report of the StMELF for 2015-17 notes that climate 

change is not only seen as a possible trigger, but it is also seen and communicated as a 

“massive threat” (STMELF, 2017, p. 18). The consequences of climate change are 

expected to pose major challenges to forest owners in the near future (STMELF, 2017). 

The latest Bavarian Climate Report 2015 provides an overview of the most pronounced 

climatic changes in Bavaria in the past and future. It highlights the most important 

implications for the action fields of the BayKLAS (STMUV, 2015b). The Bavarian 

Climate Report is being developed under the leadership of the German Meteorological 

Service, the Bavarian Environment Agency and the Environmental Research Station 

Schneefernerhaus/Zugspitze. Following these reports, impacts on forests are mainly 

driven by increasing temperatures and water stress. Thus, impacts on forests are 

predominantly expected for regions with rather cool and moisture-preferring species. This 

is valid for most parts of the Alps and parts of Bavaria, where mainly spruce is cultivated. 

In addition, pests are named to pose further problems to forests. Long-term planning 

horizons due to relatively slow growing trees challenge the forestry sector. The Bavarian 

Climate Report (STMUV, 2015b, p. 7) also highlights constraints to adaptation: 

“Therefore, adaptation measures (…) can only be effective if the climatic conditions are 



 

119 

not changing too fast.” Adaptation measures should be promising up to a temperature 

increase of 2°C over the next 100 years (STMUV, 2015b). 

Within the Climate Policy Program of Bavaria 2050 (STMUV, 2015a, p. 14), the Bavarian 

government especially emphasizes the need for adaptation in the forestry sector: 

“Forests, and with them the approximately 700,000 forest owners in Bavaria, rank 

among those most affected by climate change. There is particular need for adaptation in 

Norway Spruce forests (…).” Therefore, the aim is to turn about 100,000 ha “severely 

endangered private and corporate coniferous forests” into climate-tolerant mixed forests 

(see ibid.). From 2008 to 2016, about 55,000 ha of private and corporate forests were 

already reconstructed in Bavaria. During the same time, the Bavarian State Forestry 

converted around 60,000 ha coniferous forests into more ‘climate-friendly’ mixed forests. 

The aim is to reconstruct additional 110,000 ha of the state forests by 2035 (STMELF, 

2017).  

In September 2017, a significant acceleration and reinforcement of the forest 

reconstruction targets was decided with the newly-launched Forest Offensive 2030. The 

current annual average forest conversion of 6,000 ha per year should be increased to 

10,000 ha per year. This results in an overall target of around 200,000 ha reconstructed 

forests by 2030 (STMELF, 2018b). However, it is said that adaptive measures are required 

on about 260,000 ha of private and corporate forests in Bavaria (STMUV, 2015a).  

In addition, the Climate Policy Program of Bavaria 2050 notes that success and progress 

in forest restructuring is dependent upon the independent decisions of the forest owners 

and particularly the small-scale PFO because their forests represent a high share of the 

total of Bavarian forests. Thus, strategies that build on persuasive efforts are needed. 

Therefore, the Climate Policy Program of Bavaria 2050 provides the targets of having a 

clearer customer focus, providing best-practice examples and maintaining a long-term 

approach. The Forest Offensive 2030 acts on the Climate Policy Program and thus sets 

more detailed measures. The Free State of Bavaria should support FOA – where PFO are 

generally organized in – with advice and funding. Funding for forestry associations has 

been enhanced to focus on structural improvements, predominantly in small and 

fragmented private forests. In 2014, the general silvicultural funding program was 

designed more effectively to contribute to the ambitious forest restructuring aims 
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(STMUV, 2015a). The Forest Offensive 2030 was implemented by an increase in funds 

for private and corporate forest starting in 2018, with a supplementary budget of 20 

million Euros per year. Overall, investments of about 200 million Euros and the creation 

of 200 additional jobs in the forestry sector are planned (STMELF, 2018b). Besides 

funding measures, forest restructuring in corporate forests should serve as a role model 

for neighboring private forests. Annual local forest owner days should offer a platform 

for communication and networking (STMUV, 2015a). 

It is important to note that the Forest Offensive 2030 was launched as a reaction to the 

storm event ‘Kolle’ in August 2017. About 2.3 million m3 of wood was broken by the 

storm and large areas in the rural districts of Passau and Freyung-Grafenau (parts of the 

study area) were affected. The StMELF responded with an emergency program decided 

by the cabinet in September 2017. About 60 million Euros was provided for the clearing 

of concerned forests. The logging of damaged wood should reduce the risk of follow-up 

hazards like forest fire or accidents as well as the overall economic consequences 

combined with large-scale bark beetle infestation. A grant of up to 6,000 Euros per ha 

was provided to forest owners for the clearance of the damaged areas. In order to stabilize 

the liquidity situation of companies that were concerned by the adverse weather 

conditions in August 2017, subsidies for program loans were granted. Almost 41 million 

Euros was distributed throughout Bavaria under the emergency aid program during 2017. 

About 4,800 applications for grants – covering a total area of around 8,900 ha – were 

approved. By the end of 2017, about 80 % of the damaged area had already been 

reconstructed (STAHL, 2018).  

In the context of massive calamities, a so-called ‘clean forestry’ (STMELF, 2016b) in the 

sense of clearing-up damaged wood or deadwood followed by reforestation strategies was 

demanded in July 2019 by the German Minister of Agriculture. This program addresses 

the troubled forests, supported by public subsidies with about hundreds of millions of 

Euros (FEDERAL MINISTRY OF FOOD AND AGRICULTURE [BMEL], 2019). Nonetheless, 

this policy is likely to create widespread, even-aged forest stands with high vulnerability 

to future climate change (THORN, MÜLLER, & LEVERKUS, 2019) and it is in contradiction 

to biodiversity targets and forest strategies (HOTES, HAGGE, HÄRTL, SACHER, & SIMONS, 

2019). Therefore, THORN et al. (2019) demand a reconsideration of strategic and financial 
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efforts to create a more sustainable forest system. Public subsidies should promote the 

preservation instead of the elimination of deadwood structures to counteract insect 

decline in forests. This strategy would benefit both economically-important, light-

demanding tree species and highly-threatened insects.  

To sum up the findings, Table 2 presents an overview of the current and potential 

resilience work of the Bavarian forest sector. There are three dimensions in which 

resilience work takes place. Within an operational perspective (short-term, focus on 

singular stands at a high risk), it is essential to sustain system operations and prevent the 

risk of forest dieback. The governance goals are to strengthen the resilience of ecological 

systems and maintain the ecosystem functions. Immediate measures of the government 

are needed to avoid further risks. Nevertheless, uncertainties remain regarding biotic, 

abiotic and economic impacts of climate change. 

The regulatory perspective (medium term, focus on forest stands at risk) implements the 

intention of adapting systems through incremental adjustment, e.g. reconstructing private 

and state forests into stable and mixed forest stands and strengthening the resilience of 

socio-ecological systems. Resources like education, financial support by the government 

and the demonstration of role models may enhance the resilience of forest owners. Social 

and climate change uncertainties still dominate this dimension. 

The constitutional dimension (long-term perspective, focus on the whole forest) 

illuminates the transformation of the whole forest system into novel forms, e.g. changing 

silvicultural models and forest owners’ philosophies. Consequently, the main resilience 

work needs to focus on society. Resources could include the creation of flagship and 

reference projects, which are likely to raise public awareness and support acceptance. 

This measure raises public awareness and supports the acceptance of forestry 

management. Notwithstanding, uncertainties towards social or political concerns like the 

acceptance of silvicultural models by public and forest stakeholders still exist.  
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Table 2: Institutional resilience work of the Bavarian forestry sector 

Dimensions 
Temporal and 

spatial scales 
Functions 

Governance 

goals 
Resources Publications Uncertainties 

Organizational 

levels 

Operational 

Short term 

(months to 

years): single 

forest stands at a 

high risk 

(monocultures, 

dry areas) 

Sustaining 

systems 

operations, e.g. 

financial support 

for forest 

owners after 

storms, 

preventing 

further risks of 

forest dieback 

Resilience of 

ecological 

systems and 

maintaining 

ecosystem 

functions like 

hazard 

prevention 

Immediate 

measures of 

government to 

avoid further 

risks, e.g. 

grants, tax 

reductions 

Annual climate 

reports, national 

forest inventory 

(Federal Forest 

Act § 41a) 

Abiotic: 

precipitation, 

temperature, 

weather 

extremes 

Biotic: pests and 

disease 

Economic: price 

decline for 

spruce wood 

AELF, FOA, 

political 

agreements, e.g. 

legal 

commitment 

‘clean forestry’ 

Regulatory 

Medium term 

(years to 

decades): forest 

stands at risk 

(mainly private 

forests) 

Adapting 

systems through 

incremental 

adjustment, e.g. 

reconstructing 

private and state 

forest into stable 

and mixed 

stands 

Resilience of 

socio-ecological 

and socio-

economic 

systems 

Educational 

training; 

financial support 

by government, 

e.g. natural 

rejuvenation; 

state forest as a 

role model 

Reports of 

Forest and 

Wood Cluster 

Initiative 

(‘Clusterinitative 

Forst und 

Holz’), Forest 

Offensive 2030 

Social 

uncertainties, 

e.g. acceptance 

of broad-leaved 

trees, climate 

change 

uncertainties 

Municipalities, 

state and federal 

regulatory 

organizations 

Constitutional 

Long term 

(decades to 

centuries): 

rebuilding of the 

whole forest 

Transforming 

systems into 

novel forms, e.g. 

changing 

silvicultural 

models and 

forest owners 

philosophies 

Resilience of 

societies, e.g. 

resilience of 

forest owners 

Lighthouse 

projects that 

raise public 

awareness and 

support 

acceptance for 

forestry 

management 

BayKlas Social or 

political 

uncertainties, 

e.g. acceptance 

of silvicultural 

models by 

public and forest 

stakeholders 

State and federal 

political 

agreements 

Source: own draft, order pattern based on GIM et al., 2019, p. 41 
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4 FOREST STAKEHOLDERS’ PERCEPTION OF 

FOREST DIEBACK, CLIMATE CHANGE AND 

SILVICULTURAL ADAPTATION IN THE 

BAVARIAN FOREST 

4.1 Introduction 

The objective of this section is to provide a profound qualitative analysis of the perception 

of forest dieback and the adaptation to climate change among forest stakeholders of the 

BF. First, it is essential to clarify the research methodology of the qualitative study 

(section 4.2). After explaining the study design, different approaches to discourse analysis 

are presented. The ‘Sociology of Knowledge Approach to Discourse’ (SKAD, in German: 

wissenssoziologische Diskursanalyse) is chosen as an ideal instrument to analyze the 

discourse about forest dieback and climate change (section 4.3.). Section 4.4 summarizes 

the main results of the qualitative study.  

Overall, the following section should lead to a deeper understanding of the various forest 

stakeholders’ interests, attitudes and perceptions that ultimately lead to any form of 

adaptation (maladaptation included). It is presumed that all interviewed stakeholder are 

in some way active or passive actors in the discourse arenas. According to the often-

quoted saying of WATZLAWICK (1967, p. 51) that “(…) one cannot not communicate”, 

every stakeholder is a link in the chain and able to form the discourse about climate 

change and forest dieback substantially. 

 

4.2 Methodology: Qualitative research approach 

4.2.1 Qualitative study design 

The qualitative research approach is a systematic and subjective way used to describe 

actors’ life experiences and their meanings (REICHERTZ, 2016, p. 186). The approach 

enables gaining insights and exploring the complexity and meaning inherent in the 

observed phenomena in depth. Thus, this qualitative research is inductive in nature. 

Therefore, data is collected and a theory is developed according to the data analysis. The 

qualitative approach allows a focus on complex and broad subjects from a holistic 
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perspective. Individual interpretation guarantees a sudden uniqueness. TEHERANI et al. 

(2015) describe qualitative research as a systematic inquiry of social phenomena in 

natural settings. These phenomena can include – but are not limited to – people’s life 

experiences aspects, individuals’ and/or groups’ behavior, functioning of organizations 

and interactions that shape relationships. Qualitative research generally draws on post-

positivist or constructivist beliefs. The researcher is the main data collection instrument 

because she examines the reasons for the incidence of occurrences, describes what 

happens and identifies the meaning of a certain phenomenon to the studied participants. 

The basic analysis element are simply ‘words’ (MATTISSEK, PFAFFENBACH, & REUBER, 

2013; MEIER KRUKER & RAUH, 2005; TEHERANI et al., 2015). The detailed research 

objectives are presented in section 1.3. 

 

4.2.2 Discourse analysis 

4.2.2.1 Approaches to discourse analysis 

An increasing interest in discourse research has become evident in recent decades. Since 

the work of FOUCAULT in the 1960s and 1970s, discourse research has been oscillating 

between the comprehensive theoretical interpretation of social macro-discourses and the 

analysis of concrete linguistic discourses (including linguistic pragmatics and ethno-

methodologically rooted conversation analysis) (KELLER, 2005). Discourse analysis has 

been taken up in a variety of disciplines in the humanities and social sciences (CONRAD 

& GROTHMANN, 2015), as well as geography (DITTMER, 2010; GLASZE & MATTISSEK, 

2015a; SACHER & MAYER, 2019b).  

According to the present understanding, discourses are regulated production processes of 

propositional systems that produce valid knowledge about reality and thus legitimize the 

truth.54 Discourses are social systems of thought in which certain ideas are consensually 

codified. Thus, discourses do not essentially constitute the perception of reality. As a 

                                                 
54 Discourse is defined according to HAJER (1995, p. 44) as “(…) a specific ensemble of ideas, concepts 

and categorizations that are produced, reproduced, and transformed in a particular set of practices and 

through which meaning is given to physical and social realities.” KELLER (2011b, p. 51) highlights the 

symbolic meaning and, thus, defines a discourse as “(…) regulated, structured practices of sign usage. (…) 

Discourses can be understood as attempts to freeze meanings or, more generally speaking, to freeze more 

or less broad symbolic orders, that is, fix them in time and by so doing, institutionalize a binding context 

of meaning, values and actions/agency within social collectives.”  
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social framework, they ultimately justify individual and collective behavior to a strong 

degree (SCHETSCHE & SCHMIED, 2013). Thereby, a discursive field is defined as an arena 

in which different discourses try to constitute or define a phenomenon (Keller, 2011c), in 

this case climate change and forest dieback.  

KELLER (2005) groups the various discourse notions into different approaches, which 

focus on questions of micro and macro processes of language use (e.g. corpus linguistics), 

directions towards ideology (e.g. critical discourse analysis, CDA) and related questions 

of knowledge production, circulation and transformation (e.g. culturalist discourse 

research and discourse theories of FOUCAULT, LACLAU and MOUFFE). Table 3 presents an 

overview of the differences among content analysis, CDA and SKAD (see e.g. HANNAM 

& KNOX, 2015; QIAN, WEI, & LAW, 2018; WIGHT, 2019).  

Table 3: Differences among content, textual and discourse analysis 

 
Content analysis 

Discourse analysis 

CDA SKAD 

Ontology 

Realist: assumes that an 

independent reality 

exists 

Criticist: critique of 

ideological functions of 

language use 

Constructionist: assumes 

that the reality is socially 

constructed  

Epistemology Meaning is fixed Meaning is fluid Meaning is fluid 

Major field 

Statistics - Interpreting 

the content of texts to 

identify what is 

significant 

Semantics and semiotics: 

studying the way social 

power abuse, dominance, 

and inequality are 

enacted, reproduced, and 

resisted by text and talk 

in social and political 

context 

Knowledge and 

semiotics: socio-

historical processing of 

knowledge and symbolic 

orderings in larger 

institutional fields and 

social arenas 

Method Quantitative/deductive Qualitative/inductive Qualitative/inductive 

Subjectivity Objective Subjective 

Dialectical perspective on 

society both as “objective 

reality” and as 

“subjective reality”, 

becoming ‘real’ through 

all kinds of knowledge 

Context No context Macro context Meso and macro context 

Source: own draft based on QIAN et al., 2018, p. 528; originally from HARDY, PHILLIPS, & HARLEY, 2004, 

p. 21 

Content analysis clearly distinguishes from two forms of discourse analysis (CDA and 

SKAD) regarding all considered fields, e.g. ontology and epistemology. Discourse 
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analysis – which was mainly developed by Foucault, partly in the era of structuralism – 

is a fundamental instrument of post-structuralism. As an alternative to positivist or 

psychological approaches, post-structural theory is concerned with language, the effects 

of language and alternative possibilities of thought (FOUCAULT & SHERIDAN, 1972). Post-

structural theory advocates examining discourse to understand behavior, rather than 

examining attitudes, perceptions and opinions. Post-structural theory contends that 

individuals are constituted within discourse(s) and that discourses are an opportunity for 

change (HAJER, 1995). Foucault constructed a theoretical idea of discourse within his 

major work on discourse theory entitled the ‘Archaeology of knowledge’ (FOUCAULT, 

1981). Nonetheless, this approach neither addresses relations between discourses and 

other social phenomena nor does it focus on methodical devices for empirical research. 

Foucault developed a discourse analysis about power and knowledge issues, and removed 

from sociological positions (KELLER, 2005). Notwithstanding the well-prepared 

theoretical grounds, Foucault never undertook the discourse analysis for which he 

prepared. 

KELLER (2011c) emphasizes that discourse analysis is more than simply a content or text 

analysis. Discourse research is not only interested in the objects that are constructed 

within the use of signs, but also the construction process itself (Keller, 2011c). Inspired 

by Foucault, discourse analysis deals with the social effects of discourses and the 

discursive constitution of knowledge. Discourse analysis goes one step further than 

content analysis by emphasizing the role of actors in the process of discourse production 

and discourse reception.55 

Nevertheless, sociological research still faces the major problem of how to enter the 

practice of discourse research (KELLER, 2005). There are sociological attempts to bring 

the theoretical groundings offered by discourse theory together with empirical concepts 

and strategies from the toolbox of discourse analysis. This approach is not a new one as 

the ‘critical discourse analysis’ or its German counterpart ‘Kritische Diskursanalyse’ by 

                                                 
55 KELLER (2005, p. 1) summarizes the characteristics of discourse research: “We cannot enter the world 

and see ‘discourses’ (…). ‘Discourse’ is not an ontological entity. (…) Discourse so far is nothing but a 

theoretical device for ordering and analysing data, a necessary hypothetical assumption to start research.” 
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JÄGER (1999) show.56 According to KELLER (2005), the interest results in ideological 

functions of language in a rather reductionist proof of the presence of ideological notions 

and functions in a concrete set of spoken or written language. Moreover, the 

methodological devices are well suited for questions of linguistic research but are hardly 

suitable to grasp the larger dimensions of knowledge and power (original interest of 

Foucault). In addition, CDA cannot (and does not aim to) account for the socio-historical 

processing of knowledge and symbolic orderings in larger institutional fields and social 

arenas. CDA implies that the researcher knows and unmasks the ideological and strategic 

use of language by ‘those in power’ to ‘manipulate the people’. Therefore, KELLER 

(2011c) established SKAD, which promises to grasp these latter dimensions. Even if 

SKAD – which has been in a development process since the mid-1990s in the German-

speaking area – is now a widely-used framework among social scientists in discourse 

research (KELLER, 2011b), only two studies were found using SKAD in a forest and 

climate change context. RUTJES (2017) investigates the perception of ash dieback, while 

BILLER (2011) examines the attitudes towards forests within a changing climate. 

Nevertheless, SKAD is a suitable method to investigate these issues. Therefore, the 

following section aims to explain this method in detail. 

 

4.2.2.2 Sociology of knowledge approach to discourse  

Keller’s SKAD framework extends beyond questions of language in use (KELLER, 

2011c). This approach refers to public discourses and arenas as well as more specific 

fields of discursive struggles and controversies around “problematizations”57 (KELLER, 

2011b, p. 43). SKAD distances itself from CDA (see Table 3, section 4.2.2.1), linguistic- 

and ethno-methodologic-inspired discourse analysis and the analysis of hegemonies, 

which follows Laclau and Mouffe by its embedding (KELLER, 2011b). SKAD is not a 

method but rather a research program rooted in the sociology of knowledge tradition, 

inspired by Foucault’s discursive constitution of knowledge, and Berger and Luckmann’s 

theory of reality construction (see ibid.). BERGER and LUCKMANN (1966) proposed a 

                                                 
56 CDA emerged out of the Critical-Constructionist turn in the mid-1960s to early 1970s when scholars 

studying formal aspects of language and speech began recognizing the role of language in structuring social 

power. CDA is meanwhile a well-established field of scholarship in different disciplines but approaches 

differ concerning their epistemology, theories and methods (RAU, ELLIKER, & COETZE, 2018). 
57 Problematization is the analysis of central breaking or turning points in the history of social constitutions 

of subjectivities or particular orders of practice (see e.g. FOUCAULT & RABINOW, 1991). 
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synthesis of different strands of sociology of knowledge approaches ranging from Marx 

and Durkheim to the phenomenological approach of Schütz.58  

SKAD tries to examine the discursive construction of symbolic orders, which occur in 

the form of conflicting social knowledge relationships and competing politics of 

knowledge. Hence, the awareness of the materiality of social signs and idea production 

leads to their concrete manifestations in practices, institutional structures, objects and 

textual documents. Discourses become real through the actions of social actors and 

supply-specific knowledge claims and they contribute to the dissolution of the 

institutionalized interpretations. Therefore, discourses are both an expression and a 

constitutional prerequisite of the social (KELLER, 2011b).  

SKAD addresses sociological interests, the analyses of social relations and politics of 

knowledge as well as the discursive construction of reality as an empirical, material 

process. This form of discourse analysis is different from the Foucauldian approach by 

recognizing the importance of socially-constituted institutional fields, organizations, 

social collectives and actors in the social production and circulation of knowledge (Keller, 

2011c). SCHETSCHE and SCHMIED (2013) describe a two-fold function of the discourse 

actors within SKAD: on the one hand, discourse actors enable and realize discourses by 

referring to specific topics through expressions, generating concrete statements and their 

practices, and on the other hand, they use communicative actions to update an existing 

discourse. Thus, social actors are both carriers and producers of a discourse.  

SKAD deals in particular with the discursive-institutional structuring of a certain 

discourse concerned – for example – with the filling of speaker positions in the sense of 

general qualifications and resources. These speaker positions allow formulating 

legitimate content in (public) discourses (SCHETSCHE, 2008). SCHETSCHE and SCHMIED 

(2013) note that it is essential to analyze how and which collective and individual actors 

condense the discourse and its patterns of interpretation into a more or less recognized 

perspective and spread its interpretive repertoire. 

                                                 
58 Following this work, everything that is recognized as such in a society is considered as knowledge like 

practices, ideas, and language (KELLER, 2011c). 
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PHILLIPS et al. (2004) argue that the processes underlying institutionalization have not 

been investigated adequately and that discourse analysis provides a coherent framework 

for such a purpose. SKAD examines language and power across a variety of institutional 

settings, showing how institutions are shaped by discourses and how they have the 

capacity to create and impose discourses. Therefore, institutions have considerable 

control over the shaping of routine practices and the classification of daily phenomena as 

well as the world as a whole. In this sense, institutions have the power to foster particular 

kinds of identities to suit their own purposes (see ibid.).  

Furthermore, SKAD is able to combine research questions related to the concept of 

discourse with the methodical toolbox of qualitative social research and it supposes that 

all discourse research has to be interpretative work. A further promise of SKAD is to 

avoid the reification and ontologisation of knowledge regimes by highlighting actors’ 

positions and possibilities (KELLER, 2005). For empirical research on discourse, the use 

of analytical concepts from the sociology of knowledge tradition like ‘grounded theory’ 

– which is a bottom-up theory building approach – is recommended (see ibid.).  

KELLER (2011b) proposes distinguishing between 1) interpretative schemes or frames (in 

German: Deutungsmuster), 2) classifications, 3) phenomenal structures (in German: 

Phänomenstrukturen), and 4) narrative structures for the content-focused analysis of 

discourses. Moreover, it is recommended to differentiate between (argumentative) 

legitimating elements (e.g. scientific, moralistic, and voluntaristic patterns of 

legitimization), subject positions, and discourse-generated practices as components of 

phenomenal structures. These elements create the interpretative repertoire of a discourse 

(KELLER, 2007; 2011b). 

The term interpretative scheme or frame describes the fundamental meaning and 

action-generating schemata that are circulated through discourses and make it possible to 

identify a phenomenon (KELLER, 2011b). It labels the meaning and perception of a 

situation for different kind of actors that is formed by collective knowledge 

(SCHÜNEMANN, 2016). KNAUT (2016) emphasizes the structural component of a 

discourse as a multimodal element since linguistic, visual and acoustic signals are 

embedded in the frame.  
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The exploration of classifications (and therefore qualifications) is performed within and 

by phenomena. Classifications have a specific impact for the actions of social actors 

(KELLER, 2011b). KELLER (2011b) describes that classifications are more or less an 

elaborated, formalized and institutionally-fixed form of social typification processes. 

Moreover, the use of language within discourses classifies the world and brings it into 

specific categories, which are the basis for its experience, interpretation and way of being 

dealt with (see ibid.). Classifications are often not clearly separable in reality. 

Competition for such classifications may occur between discourses about the 

interpretation of (potential) catastrophes, legitimate identity offerings, and differences 

between correct and condemnable behavior (see ibid.). JENAL (2019) notes that symbolic 

assignments are not stable, but rather they are strongly contextual and subject to a constant 

process of updating, (re)production, modification or even rejection and renewal. For 

example, while spruce forests were promoted for a long time as a forest ideal in Germany, 

the same forests are increasingly being rejected (see ibid.).  

The concept of phenomenal structure refers somehow to MANNHEIM’s (1995) classical 

notion of ‘Aspektstruktur’. Discourses have different elements or dimensions in the 

constitution of their specific meaning. KELLER (2011c) states that constructing a theme 

as a problem on the public agenda – for instance, climate change – requires that the 

protagonists deals with the issue in numerous dimensions, and refer to argumentative, 

dramatizing and evaluative methods. Moreover, the actor needs to determine the problem 

or theme of a statement unit, define characteristics, cause-effect relationships and their 

link to responsibilities, problem dimensions, value implications, moral and aesthetic 

judgments, consequences, possible courses of action and others (KELLER, 2011b). When 

analyzing the phenomenal structure of a discourse, two aspects of analysis need to be 

considered.  

First, the composition of the phenomenon should be analyzed in a rather abstract form, 

whereby causal relationships, responsibilities, problem-solving strategies and other 

dimensions need to be coded in an open, selective and axial way (breaking down core 

themes during qualitative data analysis) (KELLER, 2011c). Second, a content-related 

model of the dimensions reconstructed in the first step could vary according to the context 

of a discursive event and it may considerably differ between discourses. SKAD asks for 
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a typifying reconstruction towards rules or principles. Coding families should be built, as 

assignments of different characteristics to the corresponding code categories like causes, 

consequences and identities (see ibid.).  

The final element that should be considered within this study is the narrative structure: 

the structure of statements and discourses, through which various interpretation schemes, 

classifications, and dimensions of the phenomenal structure (e.g. actors and problem 

definitions) are placed in relation to one another in a specific way. The elements of 

knowledge configuration are tied together in a particular narration and integrated via a 

common thread or story line (KELLER, 2011b). Narrative structures include definable 

episodes, processes, spatial and temporal structures, as well as the dramaturgy, the plot 

of a story line. Collective actors from different contexts – e.g. from science, politics and 

economics – deal with public problem definitions by using a common narrative in which 

specific ideas of causal and political responsibility, problematic urgency and problem-

solving are formulated. Problems can be dramatized, objectified, moralized, politicized 

or aestheticized (KELLER, 2011c). SCHETSCHE (2008) divides the discourse actors into 

actively-affected persons, advocates, experts, problem users and social encounters. 

Furthermore, KELLER (2011b) suggests that discursive events (the foundation for the 

development of a discourse), actors, and practices are the building blocks of the 

materiality of discourses. Figure 10 presents a schematic overview of the relationship 

between discourses, discursive events, actors and practices.  

Actors refer to discourses for their practices that underlie discursive events. As a result, a 

discourse is realized. At the same time, this process updates the discourse structure in the 

sense of mutual influences. Social actors are characterized as mediators between 

discourses and the discursive events. In their discursive practices, they react upon rules 

and resources of a discourse. However, they hold also speaker positions or are so-called 

statement producers (KELLER, 2011b). A discursive event may appear on a social and 

spatial scale simultaneously in different places or successively in the same place or 

elsewhere. Actors orient their practices on the existing discourses (rules and resources) to 

which they relate interpretatively. Nevertheless, discourse structures are frequently 

updated, which means that actors regularly reproduce or transform (to different degrees) 

and use these structures for subsequent statements. The theoretical discourse approach of 
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knowledge claims that the determination of discourses as practices requires an actor 

concept (KELLER, 2011c). 

Figure 10: Dialectic between discourse and discursive events 

 

Source: own draft based on KELLER, 2011c, p. 194 

Discursive practices are typical realized communication patterns as long as they are 

integrated into a discursive context (see ibid.). It holds particular interest how discursive 

practices are formed, which functions they have in the discourse formation and how social 

actors use them. SKAD differentiates between various forms of practices. Non-discursive 

practices are characterized as ways of acting, which do not primarily use signs but are 

essential for the statements of a discourse (for example, measuring instruments to prove 

specific statements, e.g. about environmental pollution). Model practices generated in 

discourses are exemplary patterns (or templates) for actions that are constituted in 

discourses for their addressees (including e.g. recommendations of forms of eco-friendly 

behavior) (KELLER, 2011b).  

Social actors establish a corresponding infrastructure of discourse production and 

problem-solving that can be identified as a ‘dispositive’. In SKAD, a ‘dispositive’ refers 

to an infrastructure established by social actors or collectivities to solve a particular 
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situation with its inherent problems like financial laws, administrative regulation, tax 

authorities, tax assessment and tax investigators (see ibid.).  

FLEMING et al. (2014, p. 407) state that climate change research continues to produce an 

“information explosion” and that the diversity and volume of information forms different 

understandings of climate change. SAREWITZ (2004) argues that value perspectives 

(grouped human qualities to which we attribute importance), theories and hypotheses in 

the vast, diverse body of scientific information about climate change need to be 

considered by scientists. Therefore, it is appropriate to discuss ideas and discourses about 

climate change and identify how these discourses help or hinder action in response to 

climate change.  

GLASZE and MATTISSEK (2015a) appreciate discourse research in human geography and 

raise the question why a typhoon can be perceived as a natural disaster, as a punishment 

of God and as a consequence of anthropogenic climate change. The authors highlight that 

the starting point for discourse research in human geography is the thesis that discourse 

approaches offer the opportunity to conceptualize the social production of meanings and 

thus the social production of specific truths and specific social and spatial realities, as 

well as the associated power effects (see ibid.).  

Different social groups using different types of language and privileging different 

concepts create various discourses of climate change. FLEMING et al. (2014) advocates 

each social group or discipline one way of constructing climate change over others and 

generally refuses to acknowledge the existence of the others. Thus, there is potential to 

create change through greater awareness of the manifold framings. WEINGART et al. 

(2008) distinguish between media, political and scientific discourses of climate change 

and emphasize the interdependencies. They assume that there is no cross-community 

communication on climate change where scientific knowledge is a rational fundament for 

societal acting. Indeed, anthropogenic climate change is based on a scientific hypothesis 

and science enjoys a certain authority. Nevertheless, the media and politicians are aware 

of scientific judgments and different problem interpretations and it is a question of 

individual interests and plausibility criteria which scientific knowledge is perceived as 

relevant and valid (see ibid.).  
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4.2.3 Research material and data collection 

4.2.3.1 Sociology of knowledge approach to discourse framework and chosen data 

generation tool 

There are plenty of data generation tools for discourse analysis, including documents, 

group discussions, and qualitative interviews, among others (SCHETSCHE & SCHMIED, 

2013). In this context, KELLER (2011a) argues that there are no strict rules how to collect 

data for discourse analysis. Methods have to be adapted, further developed and/or 

supplemented during the research process. It seems that there is a certain academic or 

scientific freedom in choosing an appropriate data collection strategy. Nonetheless, at the 

beginning of the research process the question about a suitable data generation tool for 

answering the research questions emerged. A closer look at the SKAD allows providing 

answers. 

KELLER (2005) proposes distinguishing two main dimensions of analysis that also have a 

substantial effect on the data sources. The first dimension is concerned with the analysis 

of materialities. The focus mainly lies on the positions of key actors performing a 

discourse, their ‘standing’ and role in the discourse arena, the relations between them (e.g. 

discourse coalitions), the practices and strategies of discourse production and 

reproduction and the elements of dispositifs (e.g. institutionalized data production, socio-

material infrastructures, networks of articulation and distribution). The analysis of 

materialities might also include a closer consideration of institutional settings and 

particular events of discourse production and performance. KELLER (2005, p. 41) notes 

that this approach is comparable to “ordinary case study work in the social sciences”. It 

builds on complementary strategies of observation and data collection; for example, 

through qualitative expert interviews. The second dimension focuses more on the process 

of symbolic ordering or knowledge and meaning production.  

In order to analyze this dimension of discourse, KELLER (2005, p. 42) suggests referring 

to the rich tradition of the sociology of knowledge and the interpretative paradigm rather 

than “(…) focusing on linguistic concepts or methodical devices”. The whole toolbox of 

qualitative research could be used to generate data for the analysis of this dimension. 

Besides this separation of approaches, discourse research is engaged in linking the social 
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or institutional dimensions of knowledge production and circulation with the symbolic 

order, which is thereby achieved (KELLER, 2005).  

Qualitative in-depth interviews are selected as a viable tool to generate data for discourse 

analysis about climate change and forest dieback in the BF. This is especially important 

because first-hand data about perceptions, attitudes, cause-effect relationships and 

preferred adaptation strategies of forest stakeholders have not previously been 

investigated in the project area. Furthermore, undertaking on-site interviews and 

observations allows gaining a deeper understanding about discourse characteristics, 

interpretative patterns and subject positions (GLASZE & MATTISSEK, 2015a). Only this 

method allows access to the everyday implementation of interpretation patterns and a 

reconstruction of the practices resulting from the examined discourse practices. However, 

this study has an exploratory character and therefore leaves space for further research. 

Practically, the discourse analysis of this study follows SKAD in three steps. First, a 

structural analysis in the form of open coding, clustering and labeling of individual 

extracts from each interview into differently-themed categories is organized.  

Open coding is based on grounded theory (a methodology characterized by the iterative 

process and the interrelatedness of planning, data collection, data analysis, and theory 

development) and it is usually the first approach to the data (VOLLSTEDT & REZAT, 2019). 

Core elements of open coding are posing sensitizing questions and continuously 

comparing data and codes. The transcripts are read several times before tentative labels 

for chunks of data are created. Subsequently, these smaller analytical parts are compared 

with respect to similarities and differences. Similar parts can be labeled with the same 

code. The following questions – derived from VOLLSTEDT and REZAT (2019) – were used 

to interpret the data: 

- What? - Which phenomenon is described? 

- Who? - Which people are involved? Which roles do they embody, or which ones 

are assigned to them? 

- How? - Which aspects of the phenomenon are dealt with? Which are left out? 

- When? How long? Where? - In what way is the spacio-temporal dimension 

biographically relevant or important for single actions? 

- Why? - Which justifications are given or deducible? 
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- Whereby? - Which strategies are used? 

- What for? - Which consequences are anticipated? 

Second, a thematic analysis was conducted, which involves studying the different 

opinions expressed by all interviewees on the same topic. The aim is to reveal the 

arguments and system of values used to accept or reject a specific item (e.g. arguments 

for or against deadwood conservation). Table 4 provides a coding example of this study. 

The third step builds a coding of social characteristics (e.g. age, gender, size of the forest 

property) and the interviewees’ type of social network (e.g. professional, associative or 

elective). This is certainly important for finding appropriate ways to characterize forest 

stakeholders and underpin the preferred adaptation strategies. Nonetheless, given the high 

amount of PFO in the BF and the likelihood of having an own forest (or managing a 

forest) when considered as a forest stakeholder, studies on forest owner typologies are 

reviewed to find appropriate characterizations (see e.g. FICKO et al., 2019; HOGL, 

PREGERNIG, & WEISS, 2005; KITTREDGE, 2005; VAN GAMEREN & ZACCAI, 2015).  

Table 4: Coding example - Attachment to forests 

Meaning unit Condensed meaning unit Open code Themes 

“The forest is everything 

for us. You can hardly 

explain it in one hour. The 

forest is everything!” 

Enormous importance 

(economic, traditional 

perspective etc.) of forests 

for PFO of the BF 
High 

attachment to 

forests 

Forest as a 

continuum; 

Fear of loss; 

Importance in 

everyday live 
“As a child, I went already 

out into the woods and I 

have always been there.” 

Positive childhood memories 

and relation to forests 

Source: own draft 

Monitoring structural attributes such as gender, age and property size is the simplest 

approach to understand ownership diversity. However, typologies, based on owner 

values, attitudes and objectives are a more nuanced approach and would serve to provide 

a better understanding of regional concerns (FICKO et al., 2019). Moreover, typologies 

should be linked directly to forest stakeholders’ overt behavior to be realistic and useful 

in practice. FICKO et al. (2019, p. 29) note: “After decades of classifying forest owners, it 

seems necessary to move away from making snapshots and start making movies about the 



 

137 

 

private forest owner’s future”. Thus, the nuanced approach is chosen to fulfill the study 

aims. The software MaxQDA assists the interview analysis.  

4.2.3.2 Sampling techniques 

Two sampling methods are combined to gain a comprehensive database for the discourse 

analysis, namely maximum variation sampling and snowball sampling. The former aims 

to select study units that represent a wide range of variation in interest dimensions. The 

objective is to find shared patterns that cut across cases and derive their significance from 

having emerged out of heterogeneity (PALINKAS et al., 2015). This method is used to 

derive the opinions of the different social, economic and political communities that are 

affected by and engaged with forest dieback at different levels, from the head of the FOA 

to the forest managers, and from the large-scale to the small-scale forest owner.  

After an extensive literature review and identifying forest stakeholders in the case study 

area, invitation letters for interviews were send to 37 forest stakeholders by post on March 

15, 2017. The letters contained brief information about the research topic, the purpose of 

the study and possible suggestions for appointments on-site. A telephone inquiry two 

weeks after the postal inquiry aimed to fix exact interview dates. Ultimately only four 

interview appointments were arranged in advance. Fixing only a few dates at the 

beginning of the interview phase is in line with the sampling approach.  

The second method is snowball sampling, also called cold-calling, chain sampling, chain-

referral sampling, or referral sampling (PALINKAS et al., 2015). This technique is used to 

identify further possible interview partners on-site. The sample group grows 

metaphorically like a rolling snowball based on this method. Existing subjects provide 

referrals to recruit samples required for the research study. Thus, participants of the 

interviews should refer to other stakeholders that may fit to the study requirements. 

Hence, possible interview partners are contacted and asked for an interview date during 

fieldwork. The snowball sampling method is extensively used where a study subject is 

unknown and rare, and where it is difficult to choose subjects to assemble them as samples 

for research. The snowball sampling allows finding multipliers, experts and well-

informed lay people. The advantage of this method is that one informant refers the 
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researcher to another, whereby the researcher has a good introduction for the next 

interview (see ibid.).  

A disadvantage is that the variation in the sample may be limited because it comprises 

informants who belong to the networks of the index cases. This is why it is important to 

have at least two different additional entrances in the community. Unlike quantitative 

surveys, the aim of our qualitative survey is not to achieve a demographically-balanced 

and representative sample of the target population but rather to identify its diversity and 

obtain information saturation (MASON, 2010). The point of saturation is reached when 

novel information is no longer forthcoming and the evidence indicates that all relevant 

categories of stakeholders have been sampled. 

A prevalent language should be used to describe and delimit the discourse actors 

appropriately. It became apparent that the ownership of a forest is an appropriate way to 

differentiate between forest practices and philosophies. It is important to investigate this 

issue because the structure of forest ownership is – besides the public sector income and 

expenditure on forestry – a major institutional variable that affects the way in which 

forests are managed (WHITEMAN, WICKRAMASINGHE, & PIÑA, 2015).59
 Forest owners 

considered within this study are PFO (individuals, church forest, and nature conservation 

associations) and the public forest sector (state forest, NLP) (FAO, 2012) (see overview 

in Appendix 1.1 (A 1.1)). 

Furthermore, the description of the institutional resilience work (section 3.3) includes 

institutions acting at the state level, while the expert interviews mainly focus on the 

regional level. This is especially important in many respects. First, regional actors may 

have better insights and knowledge about local forest conditions. Second, formal 

institutions at the state level influence local actors with their political programs, targets, 

financial support, knowledge transfer, etc., while local actors influence the state actors 

                                                 
59 According to the Forest Resources Assessment (FRA), forest ownership refers to the legal right to freely 

use, control or benefit from a forest. This includes the ownership of the trees growing on land classified as 

forest, regardless of whether or not the ownership of these trees coincides with the ownership of the land 

itself (FAO, 2012). The FRA divides forest ownership into the categories: public, private and unknown 

ownership. Public ownership includes forests owned by the state or administrative units of the public 

administration. Private ownership comprises forests owned by individuals, families, communities, private 

co-operatives, corporations and other business entities, private religious and educational institutions, 

pension or investment funds, nature conservation associations and other private institutions. Unknown 

ownership includes areas where ownership is unclear, unknown or disputed (see ibid.). 
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with their specific requirements and needs. In addition, it is important to analyze whether 

there is a gap in information and knowledge transfer from the local to state level, or vice 

versa. Thus, mutual dependencies should be clarified here. Third, some actors of the state 

are also represented through their ‘organs of speech’ at the local level, like representatives 

of the state forest or the AELF. Nonetheless, this study tries to cover all interests from the 

state representative to the private small-scale PFO of the BF. 

 

4.2.3.3 Guideline for qualitative interviews 

The in-depth interviews had a semi-structured format and the guideline for the interviews 

(see A 1.2) roughly follows the following structure: 1) introduction (ice breaker questions 

and relation to forests); 2) ESS of forests in general; 3) landscape and forest changes in 

the BF; 4) forest damage and dieback in the BF; 5) perception of climate change and 

connection to forests; 6) silvicultural models and adaptation strategies; and 7) socio-

demographic data. 

At the beginning of the interview, it was a matter of course to explain the rights of the 

interviewee, including the assurance of anonymity and communicative validation. During 

the whole pre-phase of the interviews, it was important to influence the interviewees as 

little as possible. The aim was to elaborate topics from the viewpoint of the interviewee. 

Therefore, an essential element of the research strategy was to omit the issue of climate 

change in advance. Causes of forest dieback should be answered in a plain and direct 

manner. The interviewer introduced the project and research intention only with a few 

words. Thus, while only a few items were proposed by the interviewer, others were 

generated by the interviewees themselves (STRAUSS & CORBIN, 1997). 

After clarifying the procedure and organization of the interviews, a brief self-introduction 

and icebreaker questions in relation to forests allowed gaining an impression about the 

interview partner, his/her occupation and forest-related tasks. The following interview 

section on ESS of forests in general focused on the perceived forests ESS without any 

claim to completeness. Hence, it was not the aim to specify and numerate all provided 

ESS and explain the concept. The focus laid rather on the individual viewpoint of the 

interviewee, his/her valued forest functions and the personal assessment of them. 
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Moreover, interviewees were asked to describe a healthy and intact forest. This is 

especially important because interviewees may have various subjective imaginations.  

The third section concerning landscape and forest change in general focuses on how the 

landscape and in particular how the forests of the BF have changed in recent decades, as 

well as the reasons for these changes. The following section regarding forest damage in 

the BF was one of the key aspects and central elements during the interview phase. 

Interviewees were asked whether they have already observed forest damage in the BF in 

recent years or decades. If this was the case, interviewees were invited to explain this 

phenomenon, the perceived causes and possible impacts on the forests. Moreover, the 

role of deadwood was illuminated in the context of forest dieback.  

However, it is not the aim to clarify the scientific terms during the interviews but rather 

to analyze how various forest stakeholders perceive and deal with these processes. 

Moreover, it is not the intention of the interviews to reproduce the former Waldsterben 

debate and the interview guide does not compromise related questions. Nonetheless, if 

interviewees referred to the past happenings, related statements were analyzed as a matter 

of course.  

The next section of the interview guide concerning the perception of climate change and 

connection to forests is a further central element of the survey. First, interviewees were 

asked about their general perception of climate change during recent years. Subsequently, 

the focus laid more on the connection to forests and the relation to forest dieback. 

Respondents were invited to share their opinion about climate change and possible 

impacts on forests and certain forest elements like impacts on insects and plants. 

Furthermore, the relations between climate change as a cause for forest damage and the 

role of extreme weather events (e.g. rain, droughts, flood, storm, wet snow) were 

examined. As it was supposed in advance that negative effects of climate change would 

predominate the interviews, the question about positive effects of climate change on the 

forest (e.g. CO2 fertilization effects, longer vegetation periods) was not omitted. 

Moreover, interviewees were asked to assess the future state of forests. The final content-

related element of the survey guide was the question about silvicultural models and 

adaptation strategies. Hence, interviewees were queried for concrete strategies or 
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approaches that are likely to counteract forest damage. Finally, socio-demographic data 

about the interviewee was collected.  

A 1.1 provides an overview of the interview details, e.g. the place, time and profession of 

the interviewees. Every interviewee is marked by a code, reflecting the profession or 

function of the interviewee (e.g. PFO for private forest owner) and an identification 

number (e.g. I2 for interviewee two). This individual description and a link to the 

transcript paragraph allows providing a rapid capture in the case of citation (e.g. I2, PFO, 

10). All official interviews were held in German and text passages were translated into 

English. Moreover, all official interviews were recorded. In the case of spontaneous 

interviews or the rejection to record the interview, a protocol was written. Interviews had 

no time target, but according to the in-depth character of the survey it was the aim to 

interview forest stakeholders for at least one hour. Further impressions gained through 

non-official interviews or on-site visits were logged in a research diary. 

The first interview phase lasted from April 10-13, 2017 and it aimed to gain a first 

overview of the forestry sector, collect further contacts and re-examine the interview 

guide. The second interview phase from April 24 to May 5, 2017 was the main phase. 

The third interview phase from July 24-27, 2017 aimed to interview a few forest owners 

especially during the high season of bark beetle infestations. In sum, 24 in-depth 

interviews were conducted with 26 interview partners across the project area. The average 

time of the recorded interviews was 1h 1min. In addition, after and before the official 

interviews, most of the forest stakeholders (mainly the PFO) gave information about 

various forest-related topics or agreed to present their own forest stand. 

Interviewed stakeholders include representatives from the Department for Food, 

Agriculture and Forestry (at the district level), the BF National Park, forest industry 

companies, non-governmental organizations, PFO, FOA, hunters, insurance companies, 

the hospitality sector and self-employed foresters. The focus laid on PFO as the BF has a 

high share of those and it was assumed that they are affected the most by forest damage. 

In the case of dual functions of interviewees – e.g. being a PFO and working for a social 

insurance company in the forestry sector – people were asked to illuminate their different 

standpoints in the face of their dual positions. Subsequently, all recorded interviews were 

transcribed to carry out the discourse analysis.  
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4.3 Results of the qualitative study 

The ‘knowledge-interpretation-action’ triad influences the result presentation of the 

qualitative survey.60 Along with the analysis regarding the structure of knowledge, the 

question about the positioning of individuals, groups, social actors, organizations, 

practices, artefacts and institutional structures arises, which fixes or transforms discourse 

orders. Understanding the ‘knowledge environment’ (section 4.3.1) and therefore the 

positions and contexts of discourse actors enables drawing conclusions about their 

individual or collective ways of acting, the social consequences and how – for example – 

they become apparent in the form of a dispositive or the adoption or rejection of 

discourses in their daily life (KELLER, 2011b). 

The component ‘interpretation’ is illuminated by the presentation of discursive fields 

(section 4.3.2). The SKAD analysis refers to the construction of interpretation and action 

structures on the level of individuals, organizations and institutional contexts, but also to 

the practical implementation of interpretation patterns by collective actors. The dynamic 

dimension of negotiation and enforcement processes raises questions about the interests 

and strategies of the actors involved. Finally, this study also includes the question of 

discourse strategies (here understood as outcome of the perception process) used by the 

actors and their possible and, in particular, provable effects (SCHETSCHE, 2008). This 

issue is highlighted in the section ‘action’ (section 4.3.3).  

 

4.3.1 Knowledge environment 

The following section provides an overview of the knowledge environment of the 

discourse actors. Therefore, it is essential to introduce the discourse actors and their roles 

as well as their attitudes and connection towards forests. Most interviewed forest 

stakeholders are organized in formal or informal networks like FOA or regulars’ tables 

and are both sender and receiver of information. Moreover, they are able to influence the 

                                                 
60 This differentiation is derived from SCHETSCHE and SCHMIED (2013). The authors describe that 

interpretive patterns are able to structurally establish the link between knowledge, interpretation and action 

in everyday life and, thus, transform collective meaning into apparently individual, but actually social 

action. Even though the transition between the categories of the triad are fluent, this section tries to treat 

every component individually. 
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discourse through their attitudes, behavior, practices and traditions, and in turn they are 

influenced by other stakeholders, institutions, and the media, among many others.  

 

4.3.1.1 Discourse actors and their forest practices and philosophies 

First, private forest ownerships should be investigated in its variety because it is a very 

meaningful and important segment for implementing adaptation measures.  

Private forest owners (individuals) 

The BF is a heterogeneous area in many respects. About 20,000 individuals own private 

forests in the densely wooded districts Regen and Freyung-Grafenau. Even if the average 

size of private owned forest per individual is very low (two to three hectares for the named 

districts), the total share of private forestland is relatively high compared with other 

ownership forms in the BF.61  

Generalizations are difficult according to the bandwidth of PFO. However, the size of the 

forest parcel does not indicate the management effectivity of forestry efforts. The head of 

the FOA Freyung-Grafenau (I16, FOA, 79) reports: “We have private forest owners with 

an area of 100 hectares and they do nothing. (…) and we have private forest owners with 

two hectares, who actually do too much.” Several interviewees confirm forest owners’ 

diversity and heterogeneity and their diverse silvicultural approaches. The BF shows a 

huge variety of forest landscapes. The patchwork character, mainly of the foothills, is a 

result of diverse values and norms. A forester of the AELF (I18, ALEF, 23) states that 

“(…) the diverse structure is actually influenced by the different mentalities of the forest 

owners (…).”  

Forest owners are free to choose their silvicultural models, but financial incentives from 

the AELF have the potential to form their decision process. The chairperson of the FOA 

Viechtach (I22, PFO, 51) emphasizes that the character of the forest is related to the 

established, silvicultural traditions: “It is a cultural forest (…). This makes the private 

forest interesting because it makes everyone a bit different.” He further indicates the 

stubbornness of some forest owners towards tree species variation and the adoption of 

                                                 
61 The head of the AELF Regen (I1, AELF, 7) notes: “The average forest size [private forest, M.G.] of the 

Bavarian Forest is a bit higher than in Bavaria, there are two forest owners with several thousand hectares. 

However, we have also small structures or microstructures with only one hectare.” 
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financial incentives (see section 4.3.2.1): “Moreover, I do not want to judge anyone. It is 

everyone’s own decision how to use the forest. (…) If someone says: ‘I want one hundred 

percent spruce’, then he should do so.” Nevertheless, interviewees refer to manage their 

forest sustainably and mention a clear-sighted thinking. Long planning horizons in 

forestry have always been a part of forestry measures and the intergenerational contract 

implies a forward-looking attitude. Private forest is often family owned and is passed on 

to the next generation. A PFO from Freyung-Grafenau (I10, PFO, 17) states: “I believe 

that everyone takes a little bit in his own hands. (…) you just plant another tree species 

because you have learned to transform the forest in the long run.”  

Besides, there is a long tradition of working in the forest. Nevertheless, the time budget 

often limits the forest work. A PFO and farmer (I23, PFO, 149) states that working in the 

forests and being active outdoor brings him to a certain inner balance. “It relaxes me. 

Even the chainsaw relaxes me. (…) you are a completely different person in the forest. It 

clears your mind.” The emotional attachment and binding to forests is relatively high. A 

PFO (I22, PFO, 108) reports about his childhood experiences: “As a child, I went already 

out into the woods and I have always been there.”  

Nevertheless, some forest owners cannot visit their forest on a regular basis – some of 

them are so-called urban forest owners. WEISS et al. (2015, p. 1) indicate that in some 

areas a growing number of the so-called “new forest owner” emerges. Nonetheless, there 

are two opposed development directions: In some areas new forest owners have no 

agricultural or forestry knowledge and no capacity or interest to manage their forests, 

while in other areas new community and private owners are bringing new interest and 

objectives to forest management. However, both parties are characterized by holding only 

small forest parcels. The differentiation is the outcome of various societal and political 

developments like changes in lifestyles, restitution, privatization and decentralization 

policies. This development could also be confirmed for the BF. Interviewees state that 

the average forest owner in Bavaria is about 60 years old and there is a “new generation” 

(reference to the so-called urban forest owner) coming (I7, CF, 55). This development is 

seen as a chance but also as challenge for the often time-consuming forest management.  

The manager of the church forest (see ibid.) states that “They [urban forest owners, M.G.] 

are proud forest owners and are very open for nature conservation concepts. The old 
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people have still problems with it.” In this context, nature conservation is seen as a way 

to minimize the impact of forestry measures and to create natural forest stands. The 

manager of the church forests presumes that the forests of urban forest owners are not a 

source of income anymore but rather a way to express the ecological-oriented and 

sustainable lifestyle. By contrast, other interviewees are skeptical and think that urban 

forest owners are increasingly alienated from nature. This detachment from the forest not 

only concerns the urban forest owners; indeed, increasingly more PFO do not frequently 

visit their forest. A forester of a large-scale private forest (I20, FR, 154) indicates that the 

“common” (strongly generalized in this case) PFO “(…) is probably too much in the 

office (…) and not in the woods outside.” Indeed, especially employees of the forest sector 

like foresters and forest administrators or managers emphasize that the private forest is 

often neglected. An employee of a forestry insurance (I4, PFO, 16) remarks:  

“(...) if you like to see neglected forests, you only need to drive out to the private forest. I 

see it every day, because I drive through Freyung-Grafenau, there we have these dense 

forests, never thinned (…). They think that if they plant a forest, they can harvest beautiful 

trees after 60 years. (…) They know nothing.”  

Certainly, all interviewees, which referred to a bad state of private forests, have rather 

economically dominated forestry goals. They realize an economic damage through the 

negligence because the quality of wood is not improved by regular cultivations. In their 

opinion, regular silvicultural measures are essential to increase or sustain the value of the 

forests. Nevertheless, especially small-scale, family-owned private forests have often 

been seen as ‘savings bank’ during the past decades.62 This implies that forest products 

are only used to improve financial situations or pay for larger projects like housebuilding. 

Thus, the forest grows steadily for an unusual long period without human interventions. 

A manager of a FOA (I16, FOA, 71) comments: “The private forest harvest wood when 

the wallet needs it.” There is evidence that some forests are still managed with this 

savings bank attitude.63 The current financial situation and tax considerations seem to be 

still a reason why PFO simply ‘let their forest grow’.  

A PFO from Spiegelau (I4, PFO, 34) notes: “If I start harvesting now, then I have to pay 

one hundred percent taxes. Many forest owners do not want to do that, (…) they do not 

                                                 
62 Attitude is similar to mountain farmers in the Bavarian Alps, see MAYER et al. (2010b). 
63 A manager of a FOA (I21, FOA, 52) states: “I think the term [savings bank, M.G.] is timeless.” 
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need it in financial terms. People are fine!” However, the head of the AELF Regen (I1, 

AELF, 9) explains that the income from forestry only plays a role when the forest property 

has a minimum size of 10 ha to 15 ha. This is valid for 60 % to 70 % of the forest share. 

The rest is divided into small parcels and plays often no role for the income. Hence, he 

(I1, AELF, 9) realizes that there are “(…) limits to income opportunities or engagement 

in forestry.” 

From an ecological perspective, the concerning forests are often more natural and have a 

higher deadwood share than an economically-managed forests. Some interviewees even 

guess that a higher share of climate-tolerant species can be found in old woodlands, which 

are ‘managed’ under the savings bank attitude. A hunter (I19, HUNT, 19) assumes: 

“Forests that have always been managed as a savings bank, are extensively managed 

and have always held certain hardwood and fir shares.”  

Even if these forests are supposed to be more natural than the economically-used forests, 

the main intention of forest owners was never biodiversity conservation. The forest state 

has developed incidentally with the savings bank strategy. Moreover, ecological issues 

like biodiversity and deadwood preservation were seldom topics during the interviews 

with the PFO. Interviewees were only able to reproduce the tree species spectrum of their 

forests. They were not competent to assign certain insects, birds or other species. 

However, the species spectrum of a forest is delimited to a monoculture spruce stand, 

where probably the lowest level of biodiversity exists.64  

The attitudes towards deadwood are manifold. Forest owners are dealing mainly with the 

usage of deadwood. Overall, it is a matter of time and cost considerations if deadwood is 

used and therefore removed from the forest or not. The spectrum of handling deadwood 

is wide: some interviewees use every branch of deadwood for energy purposes – e.g. 

woodchips heating systems – and others only use the easy accessible parts for firewood. 

Nevertheless, only one interviewee recognizes that deadwood improves soil conditions 

and therefore leads to a higher growth rate of trees. Deadwood is broadly realized as a 

place for animals, but not every individual transfers this principle to the own forest.  

                                                 
64 A member of a NGO (I8, NGO, 39) reports: “If this is a pure spruce forest where nothing lives inside 

except spruce trees, then it is of course almost worthless: ecological worthless and quite worthless for the 

recreation function.” 
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Nevertheless, a PFO (I4, PFO, 55) reports: “I decided that I will leave it [deadwood, 

M.G.] there for a while. May be some woodpeckers colonize it. I will do it as much as 

possible, because the forest is also a habitat for animals.” Thus, a few PFO start to think 

about deadwood enrichment for biodiversity purposes but it remains unclear if this 

attitude is rather related to an ecological-oriented environmental worldview or if it is just 

a justification or convenience for removing not all deadwood out of the forests.65 

At least, safety regulations need to be fulfilled when collecting deadwood that may hinder 

some forest owners, especially the older ones, to manage their forest stands. However, 

the behavior of PFO towards deadwood is sometimes ambivalent. Individuals want to 

preserve biodiversity but they do not realize the ecological value of deadwood.66 

However, it is certain that time and cost considerations play an essential role during the 

decision process of collecting deadwood or not.  

In addition, the term and explanation of ESS was only reproduced by representatives of 

administrative boards and employed foresters; the average PFO does not see the 

superordinate meaning of forests. The head of the FOA (I17, FOA, 31) reports that “(…) 

actually everyone comes into contact with the forest but you do not think about functions 

of the forest in particular like flood protection or something.” Further, his colleague (I16, 

FOA, 22) states even more drastically that the concept of ESS is abstract and theoretical: 

“You can read about for example forest ecosystem services in textbooks. That is for sure. 

The forest is everything for us! You can hardly explain it in one hour.” 

Small-scale forest owners have several disadvantages concerning forest operations. 

Interviewees referred several times to the side effects of parcels. The head of the AELF 

Regen (I1, AELF, 26) notes: “Only when the parcel is significantly larger than one 

hectare, I can operate without boundary conditions (…). When the parcel is smaller, I 

actually always need a part of the neighboring forest because of the edge effects.” 

                                                 
65 A PFO (I4, PFO, 55) reports: “I do not have a well-ordered forest because I do not like it. All branches 

are left on the ground. I take not a single branch home because it is a lot of work. And I do not need the 

wood because I have enough firewood.” 
66 A forester from the AELF (I16, AELF, 146) explains her observations: “He [PFO, M.G.] hangs up 

birdhouses in the forest and thinks that he is the greatest conservationists. During the same time, he is 

harvesting deadwood where the woodpecker is just knocking on. So that’s actually an absurd connection.” 



 

148 

 

Besides these edge effects, the forest owner needs to keep an eye on the forest of the 

neighbor due to potential pest outbreaks.67 These findings are interesting in the context 

of management operations. The forest owners are not entirely up to themselves 

concerning management procedures. The conscious or unconscious observation by 

neighboring forest owners (peer group pressure) may shape their behavior as well as legal 

commitments like the removal of infested trees (‘clean forestry’ regularities). A 

comparison between small-scale and large-scale forests needs to consider the influence 

of neighboring forest owners.  

Private forest owners (associations) 

This study aims to cover a high variety of PFO and includes therefore also the church 

forest and the forest of nature conservation associations. The diocese Passau administrates 

a woodland area of 1,300 ha (135 forest plots). The main goal is to preserve the diversity 

of the creation, which is defined synonymously with biodiversity.68 Moreover, he tries to 

find a suitable way how to classify the described management approach of the church 

forest: “One extreme is ‘plantation economy’, then ‘classical forestry’, ‘natural forestry’, 

and what we do here is another step towards natural forest management. We may call it 

‘biological forestry’.” This well-defined and planned ‘biological forestry’ approach is 

some kind of unique and very rare in relation to other PFO’ approaches in the BF. 

Deadwood plays an essential role in the management strategy of the church forest. About 

10 % of the timber stock should be deadwood (> 60 m3/ha in old stocks and > 40 m3/ha 

in mixed forest stands69). This is a remarkable share compared with the average deadwood 

volume of the BF. The National Forest Inventory reports a deadwood stock of 22 m3/ha 

for Bavaria (STMELF, 2017).  

Nature conservation associations put mainly emphasis on biodiversity preservation within 

their forests, mainly in terms of bird species richness. Nevertheless, a certain diversity of 

                                                 
67 A PFO (I4, PFO, 48) sees conflict potentials due to time pressure concerning monitoring: “In principle, 

there is a very clearly, regulated procedure, when a bark beetle infestation is detected and the forest owner 

does nothing. Then there is a rule: either you talk to the neighbor yourself (…) or you talk to the forester. 

(...) If he [neighbor, M.G.] does not react, he gets a written warning from the forestry office (...). However, 

when let’s say five weeks are passed, the bark beetle is already gone.”  
68 The manager of the church forest (I7, CF, 18) realizes: “The ecological goal is above our economical 

goal. If we respect the ecology, if we create a natural, mixed forest with a corresponding proportion of 

deadwood, habitat trees and unused areas, the system will be stabilized and we will have economical stable 

returns on a long run.”  
69 volume of solid wood  
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tree species is appreciated as long as they are naturally regenerated. The key intention of 

the nature associations is not to generate economic profit from the forest, but to restore 

former intensively used forests. The head of the LBV Freyung-Grafenau (I11, NGO, 58) 

notes: “If a spruce stand is removed, the population of songbirds will automatically 

increase (…). In a spruce forest, you will find mainly great tit [common bird, M.G.] but 

nothing else.”  

Nevertheless, the mentioned nature conservation association used disreputable forestry 

techniques to remove monocultures spruce stands. In this context, the head of the LBV 

Freyung-Grafenau (I11, NGO, 38) admits that he already used a harvester for logging, 

but notes that he had no other “choice”. The manual work is more expensive and the 

intervention period is much longer. Negative effects like soil compaction are apparently 

accepted. He (see ibid.) notes: “That is not great for a conservation association, of course 

(…). It is just a question of price. (…) It is just a matter of one day if I use a harvester. 

Otherwise we need fourteen days or three weeks with two workers.”  

The FOA build an important element in the forestry sector as they have the direct contact 

to the PFO and their forest management. They offer diverse services like organizing the 

harvest, consultation and maintenance of the forest. For example, the FOA Freyung-

Grafenau has about 2,100 members with a forest area of approximately 14,000 ha. In sum, 

sixteen foresters are responsible for the private forest of Regen and Freyung-Grafenau, 

including two managers of the FOA and 14 AELF foresters (I1, AELF, 21). Outsourcing 

the management of the forest has become popular in recent decades. A representative 

from the AELF (see ibid.) notes: “Private forest owners make the forestry measures 

themselves in their forest but with decreasing tendency. If you look back 20 to 25 years 

ago, you see a completely different world.” Nevertheless, during the interviews it became 

obvious that FOA of the BF were completely overburdened. One PFO (I7, CF, 9) even 

realized deficiencies and impacts on his forest (e.g. soil fertility decreases, overuse of 

stocks) within his forest management contract with the FOA.70 

                                                 
70 “I am not very satisfied with this management because the forest owner associations simply have 

contracts and wood sales in their mind and unfortunately little time for the implementation of silvicultural 

ideas and targets. I have already noted deficiencies (…). People do not care! (…) Thus, it’s a silvicultural 

problem and an organizational problem.” (I7, CF, 9) 
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Public forest owners 

The following part illuminates the public forest ownership – state forest and National 

Park.71 The state forest is administered or protected by an agency of a sovereign or 

federated state or territory. With an area of over 800,000 ha the Bavarian state forest is 

the largest forest enterprise in Germany. The state forest departments Bodenmais and 

Neureichenau are the only sections located in the BF along the Czech Border. The 

Bavarian state forest acts according to the principle of integrative forest management on 

behalf of the Free State of Bavaria. Sustainable management is based on the three pillars 

of ecology, economy and society. For example, about 95 % of the harvested wood stays 

in the region (radius of 100 km, state forest Neureichenau).72 Moreover, the Bavarian 

state forest is legally obligated to be a role model concerning forest management and 

serve for particularly common welfare, e.g. managed for recreation purposes.  

During the interviews, it became clear that the managers of the state forest have 

outstanding knowledge and experiences in their field. They are aware of the concept of 

ESS and are able to give detailed and first-hand information about the wood market and 

their forest management techniques. The regulatory dimension of the resilience plan 

stipulates that the state forest should act as role model. However, some PFO still blame 

the state forest for the high share of spruce stands. Moreover, it seems that the state forest 

has still a negative image among the PFO due to the high economically-oriented forest 

management. A PFO (I4, PFO, 16) notes: “(...) they work close to the sustainability limit. 

They harvest at least the growth rate. I can’t prove whether they are already over it.”73  

Nonetheless, under the risk of climate change and other hazards, a monoculture spruce 

forest is not an option anymore even for the state forest. The decrease of the spruce share 

                                                 
71 The communal forest plays a subordinate role within the BF and is neglected within this study due to the 

small size of the forest and information constraints. The head of the AELF Regen (I1, ALEF, 24) states: 

“(…) the corporate forest is very small and is structured similar to the private forest. The largest 

municipality in our country has 70 hectares distributed on several parts. Otherwise, it is about 3 to 4 

hectares of our more than 40 or 50 municipalities that we have in our two counties.” 
72 This statement is rather subjective and the region is assessed on a large scale (100 km). Most of the wood 

is processed in sawmills close to the Danube river (MAYER, 2013). 
73 In addition, a hunter (I19, HUNT, 23) comments: “Spruce monocultures developed because of the 

forestry practices in the state forests. Of course, they had a very high mass performance and a really high 

profit. If one does not consider the risk of any calamities now.” 
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is a fact that is recognized in regular forest inventory reports by the state forest.74 The 

forest experts from the state forest note that one has to distinguish between altitudes and 

their individual tree species compositions, e.g. above 800 m to 1,000 m, the forests are 

exclusively dominated by spruce. Thus, the natural spruce forest at these evaluations is 

also said to be stabile with a changing climate. In addition, even if spruce is still the 

dominant tree species of the state forests today (e.g. 60 % of the tree species in the state 

forest Neureichenau), the values of other tree species like beech and fir are broadly 

realized. The head of the state forest Neureichenau (I6, SF, 20) lists several advantages 

of fir: “Fir is important because it is a coniferous tree. Fir has high quality timber and 

ecological properties like deep roots and a slightly decomposable litter. Fir copes 

probably better with climate change than spruce.” Nevertheless, the head of the state 

forest Neureichenau also indicates that the game management needs to be planned 

efficiently otherwise firs suffer from browsing. In addition, natural regeneration of certain 

tree species, a technique that is mainly used by the state forest, needs an effective game 

management.  

Deadwood is appreciated in the state forest as long as the safety conditions for forest 

workers could be guaranteed. Due to a regular forest inventory the share of deadwood 

and the different types of deadwood (lying, standing etc.) are well known. Compared with 

the National Forest Inventory the share of 21 m3/ha (state forest Neureichenau) is an 

average number but it is an above-average number compared with other state forest 

departments in Bavaria. However, the managers of the state forest are aware of rare 

species, which are related to deadwood, but cannot specify those.75 Thus, knowledge 

constraints hinder even the state forest to determine rare species. In addition, the 

recreational function of forests is considered as important. Nevertheless, there are 

conflicts with nature protectionists and diverse other user groups of the forest. An open-

minded communication should be the solution to create more acceptance for forestry 

measures.  

                                                 
74 “(…) spruce declined by 10 percent in the last ten years. Thus, spruce leaves us, the share of fir increases 

and the share of beech increases.” (I6, SF, 40)  
75 “There are certain species, which need deadwood, but you have to search for them. We are not able to 

do that in our daily work. That is what an expert needs to do. They look for certain beetles and fungi but 

we cannot do that. We can only provide the habitat for the rare species.” (I6, SF, 55) 
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The BF National Park is an area set aside by a national government for the preservation 

of the natural environment. Thus, ecological goals predominate the National Park even if 

the area is also a place for recreation and tourism. There are no regular logging activities 

in the National Park anymore but bark beetle infestations need to be controlled in the 

margin areas to guarantee no spillover and to improve park-people relationship.76 

However, about 1,000 to 1,500 m3 timber are harvested every year in the BF National 

Park for internal usage.77 Non-native tree species like Douglas fir (Pseudotsuga 

menziesii) are removed first. The coniferous forest (share of about 65 % spruce and 3 % 

fir) dominates the National Park with more than two third of the whole area. The rest 

comprise deciduous trees, mainly beech and rowanberry (Sorbus aucuparia) as well as 

rare tree species like sycamore (Acer pseudoplatanus) (less than 1 %).  

To sum up, silvicultural practices in the BF are mainly determined by the following 

factors: a) size of forest stand; b) characteristics of forest stand (height, water regime, 

exposition etc.); c) past silvicultural cultivation methods; d) silvicultural philosophy; e) 

financial dependence upon the forest; f) attitude towards deadwood and biodiversity; g) 

knowledge, interest, education; h) time and financial budget; i) membership in FOA; j) 

financial support and/or information by administrative boards; k) experiences with biotic 

and abiotic factors. The importance and meaning of each issue differs between forest 

ownerships. For example, time and financial budget are an important issue for PFO, while 

the attitude towards deadwood and biodiversity concerns the church forest and the 

National Park the most.  

 

4.3.1.2 Reference to the former ‘Waldsterben’ debate 

In the 1980s, the state of the German forests and the resulting projections for the future 

was dramatized to the extent that large forests of Germany were expected to die within 

the coming five years (see section 2.4.4). CLARIDGE (2010) notes that the warning of a 

few scientists results in a classical hype supported by the press, which successfully spread 

over the whole society and was taken up in political discourses. The whole process 

                                                 
76 The manager of the forest department (I5, NLP, 9) explains: “The first goal for the margins and the 

management zone is simple: ‘Prevent damage in the adjacent private forest by treating beetle trees, 

windbreak and snow break.’ We also do some kind of care interventions to a very small extent in medium 

to old stocks.” 
77 These numbers are in contrast to other studies, see e.g. MAYER (2013). 
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resulted in a common understanding that the forests are dying. From an SKAD 

perspective, it is interesting to analyze how this knowledge and deep certainty about forest 

dieback arose among the members of society. Nonetheless, the existence of forest dieback 

was certainly not undisputed under scientists. CLARIDGE (2010, p. 45) describe this 

happening as “discourse-size scale hyperbole”. The Waldsterben discourse arose and 

consisted out of individual hyperbolic statements like dramatically newspaper headlines.  

During the interviews, the question of perceived forest damage over recent decades was 

raised to ascertain whether the former Waldsterben debate is still present and if forest 

stakeholders draw conclusions from this discourse. Surprisingly only six interviewees – 

mainly from official authorities like the AELF, state forest and national park – mentioned 

the former Waldsterben debate. PFO (except one, I20, who is also the chairperson of a 

FOA) did not combine forest damage of recent decades with Waldsterben. Acid rain and 

environmental pollution was blamed as the main reason causing forest dieback in the 

1980s. One national park employee (I5, NLP, 40) notes that he observed a direct 

connection of forest dieback with emissions form brown coal-fired power plants.78 Forest 

dieback at that time was not perceived as a slow-onset disaster but a fast process with 

widely visible impacts and a direct connection to the causes.  

One contemporary witness (I1, ALEF, 53) explains: “One really feared a downfall 

scenario of the forest during this time. So that the forest will completely die if it 

continues.” The fear that the forest will entirely die is deeply grounded in the cultural 

determined esteem for forests. As SKELLY and INNES (1994) note, media reporting about 

forest dieback created a strong impact, predominantly in those countries where trees and 

forests form a central part of the national psyche. The forest dominates the image of the 

BF (MÜLLER, 2011). This implies not only the name of the region. Especially PFO of the 

BF tend to have a strong attachment to their forests. A hunter (I17, HUNT, 27) states: 

“(…) actually everyone comes into contact with the forest from childhood on. You play 

in the forest; you are always in the woods. You cannot go to a place where no forest is.”  

                                                 
78 “It [forest dieback process, M.G.] was pretty fast (…). We were there 1982 or1983. Several 100 hectares 

of the higher elevations of the Czech Mountains were already cleared or dead. Here you directly realized 

the relation to sulfurous lignite because at the foot of the mountains in 20 to 30 kilometers distance were 

lignite power plants next to the other.” (I5, NLP, 40) 
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Nonetheless, the forest is often seen as a status rather than a continuum. A forester (I18, 

FR, 71) indicates: “It is emotionally very difficult for the people when something suddenly 

changes.” Even if people are used to natural hazards like storms and bark beetle 

infestations in the BF, large-scale dying of trees and a complete shift from one state to 

another (closed forest to open landscape) are observed with worries. The bark beetle mass 

reproduction in the National Park was a highly emotional debate in the region.  

Interviewees note that Waldsterben in the BF concerned especially fir. The head of the 

AELF Regen (I1, ALEF, 53) explains: “Fir declined massively because of the acid rain. 

(…) even spruce died.” Further, the head of the state forest Bodenmais (I2, SF, 40) notes: 

“(…) fir was almost on the red list.” Some interviewees even referred to Tannensterben 

(fir dieback) instead of Waldsterben. A manager of a FOA (I21, FOA, 43) reports: “At 

the beginning of the 1970s there was a massive fir dieback, which was the ‘Waldsterben’ 

in the Bavarian Forest.” 

Only one PFO (I22, PFO) was able to reproduce his own experiences with forest dieback 

in the 1980s. He reports about a “dramatic” experience. The fir stock suffered in 

particular from emissions. Intensive care work (harvesting weak or dead trees) with the 

help of the whole family was necessary to sustain the woods. However, not only forest 

owners were affected by forest dieback, even the tourism sector suffered from the large-

scale dying of trees in the 1980s. The manager of the National Park forest department (I5, 

NLP, 42) notes that the recreational function of the forest and combined direct and 

indirect tourism businesses were allegedly impacted.79 Efforts by forest owners and 

politicians were demanded to stem the threat. The head of the AELF (I1, AELF, 53) notes 

that forest owners significantly influenced the environmental policy of the Federal 

Republic. Especially the FOA of Lower Bavaria were “(…) one of the drivers, which 

actively made pressure.” 

The effects of the environmental policy, which lead to the obligated usage of filters in 

power plants and catalysts in cars, were as fast as visible like the sudden occurrence of 

the phenomenon. While some interviewees note that the ecosystem completely recovered, 

others are more or less skeptical. Nevertheless, a common point is that fir is arguably a 

                                                 
79 However, MÜLLER et al. (2008) refuted this statement for the decades ahead. 
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resilient species.80 Thus, a healthy forest in the sense of no forest damage at all is a rather 

unrealistic state. A stable forest, which could be described scientifically as resilient, is 

preferred. However, the Waldsterben debate and the related fear to lose the forest causes 

an implementation of regular monitoring activities. Thus, people are well informed (better 

than in advance of the 1980s) about the state and therefore about forest damage.  

In addition, a PFO (I22, PFO, 75) emphasize the fast recovery rate of fir: “Even if they 

[firs, M.G.] have dry branches near the trunk, next to them are green and new ones. 

Moreover, they have green crowns. It is a real splendor! They recovered completely. That 

is just fir! No other tree is able to do that.” In addition, other interviewees (e.g. I21, FOA 

and I20, FR) also refer to the surprisingly good and considerable development of fir 

during recent decades. It was interesting that one interviewee (I20, FR, 140) refers to 

climate change in relation to Waldsterben and fir:  

“I cannot say whether it is only related to climate change or air pollution control but fir 

(...) has such a vital crown and growth rates even in old ages. This is unbelievable! 

However, it was the first tree species that died. (…), but now the old fir trees are vital, 

they are strong and that is pleasurable to observe (…). I am not a scientist but I am in the 

forest every day. These are all subjective impressions.”  

The reasons why fir has developed in such a good way over the past decades are unclear 

among interviewees but the conclusion remains that fir is likely to be more resilient than 

other species. As fir ‘survived’ the environmental pollution of the 1980s, it is supposed 

that this tree species is more able to resist hazards and threats than other species. This role 

assignment grows slowly and steadily and it is even more important in times of climate 

change. 

 

4.3.2 Interpretation of discursive fields 

The intention of this section is to provide an overview of the forest dieback and climate 

change discourse as well as the interpretation of various actors. Thereby, the classical 

language of discourse analysis, which is presented in section 4.2.2.2, is used.  

                                                 
80 The head of the state forest Bodenmais (I2, SF, 40) remarks: “(…) fir has recovered very well. In some 

areas spruce or beech are bad but fir is good, let it be because of ozone or other air pollutants. In addition, 

we have a forest damage inventory or forest condition inventory every year and certain things have at least 

stabilized. It’s not always puppies and kittens and it’s not all healthy, but it’s stabilized somehow.”  
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4.3.2.1 Climate change as discourse 

Climate change is a discourse that is omnipresent among forest stakeholders of the BF. 

Every forest stakeholder referred voluntarily to climate change during the interviews even 

if the interviewer did not introduce the topic in advance. However, this circumstance does 

not indicate that climate change is treated completely uncontroversially. It rather gives 

evidence to the fact that climate change builds up an essential discourse with various 

interpretative schemes.  

Interpretative scheme 

First, it is essential to describe the interpretative scheme of the climate change discourse, 

which allows identifying the phenomena within a discourse. The interpretative scheme or 

frame is the fundamental meaning and action-generating scheme and is influenced by 

attitudes, norms and values as well as knowledge of the stakeholders.  

Climate and weather were relevant topics and essential issues during the interviews. 

Forest stakeholder feel highly concerned about the current climate happenings. However, 

the exact scientific differentiation between weather and climate is often unclear among 

interviewees. Instead, forest stakeholders frequently mixed up both notions. Moreover, 

forest stakeholders immediately associate climate with climate change. The discourse is 

highly shaped by intra-societal processes like informal discussions at round tables. The 

scientific classification acts as guideline but the perceived reality is formed by the 

imaginations and perceptions of individuals, institutions and other influencing factors like 

the media. Further, climate change is perceived mainly by negative impacts of (extreme) 

weather events. Only a few positive impacts of climate change are mentioned in relation 

to forest growth rates.  

Thus, interviewees refer mainly to negative climate change impacts like mild winters with 

less snow and un-continuous frost periods (lead to an increase in damaging insects), more 

extreme and unpredictable weather events (storms, heavy rainfall), drought with hot 

periods in summer, high temperature differences during one day and a lower precipitation 

rate. These classifications give evidence to the interpretative scheme. Further, it is 

essential to note that the valuation of weather ‘extremes’ is highly subjective. Thus, the 

assessment relies on the experiences, attitudes, values and norms of the evaluator. 
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However, this study is based on the social construction of reality and therefore does not 

query the perception of individuals. However, temperature changes are the most obvious 

perceived negative impacts of climate change. A dialogue between a couple (I12 & I13, 

PFO, 128) shows that the current weather is described as unpredictable and former 

unshaken and unwavering patterns like the stable weather in spring, seem to be not valid 

anymore. Thus, climate change substantially shakes the deterministic models. 

I12: “In the past, you could count on a cold January and a snowy February until March.” 

I13: “Exactly! And now everything has changed.” 

I12: “April weather has always been April weather but May is different.” 

I13: “It’s the temperature. That’s it! Now it is cold and tomorrow, we may have 25 

degrees.”  

The uncertainty towards climate change was a dominant issue during the interviews. The 

unpredictability of weather phenomena leads to planning difficulties and in some cases 

to fear. Thus, perceived climate change impacts produce not only monetary or physical 

damage but also lead to negative emotional consequences. However, climate change has 

not lead to personal health problems as theoretically described in section 2.2 so far. 

Hence, there is still a barrier between affected materialities and not yet concerned 

immaterialities. However, the barrier may dissolve with the expected risk of more 

frequent and severe climate events. The severity of unpredictable hazards is realized as 

especially challenging.81  

In addition, impacts of extreme weather events and their severity vary and are not evenly 

distributed over the area. Thus, small-scale PFO may be affected as well as large-scale 

forest owners. These findings are in line with the concept of unexpected uncertainty. This 

form of uncertainty is induced by unexpected changes in learned Stimulus-Response-

Outcome (S-R-O) contingences (see section 2.3.3). Forest stakeholder learned that a 

specific association between a stimulus (S) and a response is linked with a positive or 

negative outcome (O). A fundamental change in the environment like a severe hazard, 

invalidate existing S-R-O rules that are no longer able to accurately predict the outcomes 

of actions. However, an individual must have the ability to learn these S-R-O relationships 

and the likelihood to which they occur to make the most optimal choices. This relationship 

                                                 
81 An employee of the FOA Regen (I14, FOA, 27) notes: “In the last two years, we have been hit twice by 

such a thunderstorm in our area. It took only fifteen minutes. We had nice weather before, then the storm 

came and afterwards, it was nice again. However, there was quite a damage.” 
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is especially important for the decision whether to choose a silvicultural adaptation 

strategy or not. However, even ‘simple’ decision processes are influenced by S-R-O rules, 

e.g. visiting the forest for bark beetle monitoring in spring and summer.  

The main point of discussed topics is that interviewees feel not well informed about the 

whole issue of climate change. This uncertainty is related to the missing scientific 

accurateness of predictions on a local scale (frequency and severity of local events) as 

well as to the interpretation of cause-effect relationships. Thus, climate change impacts 

are perceived to be not clearly delimitable from the normal variability of the climate. 

Forest stakeholders understand climate change not in terms of a slowly ongoing process; 

the perception is rather related to visible, large-scale weather events like storms or 

extensive heat periods in summer. Thus, a certain conspicuousness is necessary that 

people try to think about possible causes of these events.  

The agriculture sector, where the production is characterized by shorter harvesting 

intervals, may have a better impression about acute climate change impacts. The failure 

of annual harvest due to e.g. drought appears very quickly. The forest is said to react 

temporally delayed. This makes a cause-effect differentiation more difficult as effects 

might not always show up directly after the potential causes. However, some interviewees 

were also farmers and foresters (mainly on sideline) and especially afraid about climate 

change. A manager of the FOA Regen (I14, FOA, 63) notes about the PFO with a 

farmstead: “I guess that they [forester and farmer, M.G.] are aware of climate change. 

As I said, many have a farm and they already see that the rainfall is less. (…) Well, they 

will realize it somehow.” Thus, the visibility of effects, the link to climate change (close 

connection to knowledge component) as well as the economic consequences are 

triggering factors to think about the existence of climate change and possible adaptation 

measures.  

Interviewed forest stakeholders may have a better understanding of natural process 

including the climate system than lay people. This is especially true for forest 

stakeholders who actively use their forest in economic terms because they depend upon 

an intact forest ecosystem and a corresponding stable forest cover. Thus, economically 

dependent forest stakeholders are more sensitive and attentive to climate change impacts 

than others. Despite potential severe impacts of climate change, employees of FOA seem 
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to assess the actual situation more realistically than other institutions. They already gave 

up the search for possible causes of forest damage as they are overstrained with the 

accomplishment of current challenges, e.g. pests and diseases. One employee of a FOA 

(B17, FOA, 144) notes:  

“That’s belief. I have no idea! I am not a climate expert. (…) as I said, we are still young 

but something changes. (…) Maybe dry years will somehow come in shorter intervals but 

I guess that we have too little experiences. We are directly concerned with the acute 

effects.”  

This statement is in line with the difficulty to identify climate change with human senses. 

Climate change is per se not perceivable as it is an average value of a 30 years period (see 

section 2.4.3). Thus, forest stakeholders as well as other involved actors form their own 

reality. This is not always a simple process as own experiences – for instance – need to 

be verified. An interviewee from a NGO refers to his own experiences but he was unable 

to identify his observations as consequences of climate change. He (I8, NGO, 72) 

indicates: “Thus, these are my observations. I cannot statistically verify it. I just watch it. 

(…) I realize it only within my own lifetime span. (…) If the statisticians say so, I will 

believe it.” This statement emphasizes that scientific research has an important role within 

the climate change discourse and its inherent uncertainty. Thus, reliable scientific proves 

on a local scale are demanded from all interviewees.  

However, according to mis-interpretations, exaggerations, incorrect or missing 

information trust in science is often not given anymore. Because mainly of these reasons, 

about one-third of the interviewees were skeptical about the existence of climate change. 

One employee of a FOA (I17, FOA, 146) notes: “No, no one is able to say if it is a normal 

variability or if it is a real effect of a change.” Besides, a PFO from Grafenau (I12, PFO, 

116) refers to the natural variability of weather phenomes: “But there has always been 

storm events. So that’s not a modern-day phenomenon.” Nonetheless, this understatement 

is rather an exception. Indeed, interviewees are experienced with past storm events but 

the frequency of those events is perceived to be higher as in former times. Nevertheless, 

a forester (I26, FR, 75) emphasizes his dissatisfaction with research and therefore 

completely denies the existence of climate change: “As long as experts are still arguing 

about climate change, I do not believe in climate change.” Well, even if not all 

respondents were able to describe exact changes, they realize a certain shift from the past 
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climate. An employee of a FOA (I14, FOA, 63) notes: “I think that we already realize 

climate change. It is getting warmer and there are temperature differences. The climate 

as a whole is not as it once was.” To sum up, the majority of interviewees could be 

divided into insecure and skeptical forest stakeholders. Insecure forest stakeholder did 

not deny climate change but were to a certain degree uncertain of whether assigning 

hazards and other observations to climate change or not. Besides, PFO do not trust their 

own experiences and observations to be indicators for climate change. Skeptical forest 

stakeholder deny climate change to a certain degree through relativization and fatalism.  

The described interpretative repertoire is organized in different modules like assigning 

observations to climate change (cause-effect relationships), experiences and knowledge 

as well as the role and value of research. The classifications of the discourse are often not 

clearly separable in reality. Competition for such classifications may occur between 

discourses about the interpretation of (potential) catastrophes, legitimate identity 

offerings, differences between correct and condemnable behavior (KELLER, 2011b).  

The described modules are underpinned by a deep uncertainty, e.g. former interpretative 

patterns (S-R-O rules) are no longer perceived to be valid. Thus, the storyline connecting 

the discourse fragments via the interpretative repertoire is not clearly visible. 

Nonetheless, the interpretative repertoire is able to update a discourse. Thus, there is a 

potential to shape the current discourse. An example may be the storm event ‘Kolle’ in 

2017, which was assigned by the media and politics to be clearly related to climate 

change. The confirmation of cause-effect relationships is highly able to shape the current 

discourse.  

Phenomenal structure 

Besides the interpretative repertoire, the phenomenal structure is important to describe 

the climate change discourse (Table 5). The following dimensions, which are a result of 

the discourse analysis, are able to describe the discourse precisely: causes, 

responsibilities, need for action and problem-solving, self-positioning, other positioning, 

culture of things and wealth model, and values.  
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Table 5: Phenomenal structure of the climate change discourse 

Dimension Concrete perception and implementation 

Causes 

- Human-caused (GHG produced by industry) 

- Human-caused and/or naturally-caused 

- Uncertainty towards causes 

Responsibilities 

- Politics/Government/National administrations (should develop and 

enforce a climate change politics framework program in 

coordination with the forestry sector) 

- Regional cooperation/Economy (individual responsibility for the 

implementation of the political specifications) 

- Citizens/Society (should give up irrational fears and selfish denials; 

take over responsibility) 

Need for action & 

problem-solving 

- Medium problem level; mastery of the climate change issue is 

possible through global emission reduction 
 

Guidelines: 

- Mitigation and adaptation efforts on various scales from local to 

global 

- Comprehensive mobilization of citizens’ responsibility (local 

authorities, economy, consumers) 

Self-positioning of 

direct forest 

stakeholder 

- Government as the administrator of the collective interest 

- Regional administrations as agent and information channel 

- State forest/National Park as role model 

- Forestry associations show a lack of consciousness for their 

responsibilities 

- (Small-scale) PFO as victims of climate change 

Positioning of 

indirect forest 

stakeholder 

- Local NGOs as role model 

- Civil actors are concerned about climate change but show a lack of 

consciousness for their responsibilities 

Culture of things 

& wealth model 

- Not a topic of the discussion; follows dynamics and market 

rationalities 

Values 
- Government secures collective interests (affluence, progress) 

- Forest as resource, but value for mitigation unclear 

Source: own draft, order pattern based on KELLER, 2011b, p. 59 

The causes for climate change are mainly seen as human related or human and natural 

related. Thus, no forest stakeholder denied the anthropocentric influence on the climate 

system. However, like in the case of climate change impacts, there was a deep uncertainty 

about causes of climate change. It was interesting to hear that even if humanity is 

perceived as a main causer for climate change, no PFO felt responsible for climate change 

and, thus, no one mentioned to mitigate climate change somehow. Thus, climate change 

is perceived as global threat and impacts on the local level seem to be still too weak to 

take action or people did not relate hazards, extreme weather events, forest dieback etc. 

to climate change or they simply do not feel powerful to fight against climate change. 
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There may be different kind of interpretations but the fact is that mitigation has not the 

same significance than adaptation. Besides, the state forest as well as the National Park 

and local NGOs try to mitigate climate change through – for instance – the renaturation 

of swamps. 

The question of responsibilities could not easily be answered because the task spectrum, 

from preventing impacts to adaptation, is relatively wide. However, one clear assertion 

can be assumed: Forest stakeholders who experienced climate change impacts feel not 

responsible for those. Impacts are perceived rather as an act of nature beyond control. 

This is especially valid for storm events, flood and hot periods during summer. The 

attitude to be a ‘climate change victim’ is in line with the weak meaning of mitigation 

and hence fewer efforts to prevent climate change. The local private forest stakeholder 

fells powerless alone. A skeptical interviewee (I16, FOA, 101) mentioned that he does 

not have sufficient individual power to react adequately: “Climate change? That’s just a 

fight against windmills.”  

Thus, national administrations, politics and the government are demanded when it comes 

to mitigation and adaptation efforts. They are asked to develop and to enforce political 

frameworks in coordination with the forestry sector. Nonetheless, it is interesting to 

realize that local forest stakeholders, mainly PFO, do not know the institutional efforts 

and their positioning (see section 4.3.1.1). This raises the important question of the 

existence of information gaps between the national administration and the local PFO. 

PFO feel ignored and abandoned by the state and society. The biophysical damage causes 

not only financial loss but leads to emotional reactions like depressing moods and fear. 

One interviewee (I17, FOA, 18) mentions that the media reporting is highly selective and 

that it does not indicate the harmfulness of small-scale events for the local community:  

“That’s completely relative. That is bad! ‘Kyrill’ [storm in 2007, M.G.] was in the press. 

However, the storm ‘Felix’ did not interest anyone. If it concerns a village where – for 

example – twelve forest owners are affected, (…) then it is a disaster for the individual 

person. It is not interesting on a global scale but it is just bad for the local place. If you 

own a small forest area yourself and then it’s gone, it’s simply gone (…).”  

Moreover, regional cooperation and the local forestry sector are asked by the national 

authorities to take individual responsibility for the implementation of the political 

specifications. In addition, the citizens should give up irrational fears and selfish denials 
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and take over responsibility for the forest (demanded by national authorities and large- 

scale forest owners)  

Consequently, the need for action or problem-solving is relatively high. Interviewees 

stated that climate change could be mainly addressed through global emission reduction. 

The guidelines for these issues compromise mitigation and adaptation efforts on various 

scales from local to global as well as the comprehensive mobilization of citizens’ 

responsibility (local authorities, economy, and consumers). Adaptation considerations 

outweigh the debate. Surprisingly, no interviewee mentioned the role of forests towards 

mitigation and, thus, the potential of carbon sequestration. The forest is rather seen as 

resource and victim of climate change but not as carbon sink and climate protector.  

The self-positioning dimension of the phenomenal structure describes the role of each 

actor in the climate change discourse. The government is perceived as the administrator 

of the collective interest. Regional administrations are considered as agent and 

information channel. In this context, the head of the AELF Regen (I1, AELF, 57) notes 

that one task of the administration is to enhance the “memory function” of the PFO and 

to create context and experiences. The intention of the PFO should be driven indirectly 

and intrinsically and should not be influenced directly via top-down processes. The 

administrations’ strategies are to provide advice with trained AELF staff on-site and 

network with active forest owners in the region, including the National Park and state 

forest. Due to the new risk, which climate change poses to the stability function of the 

forest, the administrative work is seen as urgent and important.82  

As discussed earlier, forestry associations show a lack of consciousness for their 

responsibilities. Especially small-scale PFO describe themselves as victims of climate 

change. In addition, they seem to be more vulnerable and less resilient to climate change 

than other actors are. However, forest owners are very heterogeneous. One self-confident 

PFO (I22, PFO, 104) with a forest area of 130 ha notes: “Climate change does not bother 

me because I work with nature.” He further notes that being aware about the 

                                                 
82 The head of the AELF (I1, AELF, 57) notes: “Climate change is changing the former local buzzword: 

the ‘Iron Law’. Forestry relied on the fact that local conditions do not change under generational 

considerations. That is not valid anymore! In other words, we as forestry-trained persons, are well advised 

to reflect new experiences with the forest owners.”  
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responsibility for nature is a valuable resource. Thus, silvicultural philosophies, values 

and, in this case, the trust in natural processes have a profound impact on the perception 

of climate change. Civil actors like inhabitants of the BF are concerned about climate 

change but show a lack of consciousness for their responsibilities. 

To sum up, climate change is omnipresent among forest stakeholders of the BF. It is 

perceived mainly as a threat. However, the uncertainty towards impacts, cause-effect 

relationships and controversial, not easily understandable and transferable research 

results, dominate the discourse.  

 

4.3.2.2 Forest dieback as discourse 

The occurrence of forest damage – an umbrella term that also includes forest dieback – 

was the most dominant topic during the interviews. While climate change is a public 

discourse, forest damage is rather a specific discourse. Nonetheless, forest stakeholders 

were able to provide more detailed information about forest-related issues than on climate 

change. Given the interviewees’ profession or ownership of a forest this comes with no 

surprise because forest stakeholders are directly concerned with the state of their own or 

managed forest.  

Interpretative scheme 

First, it is essential to describe the interpretative scheme, which allows identifying the 

phenomena within the forest dieback discourse. Forest damage – as the name already 

indicates – is supposed to have a negative impact on the forest. This is a common opinion 

among forest stakeholders. A stable, healthy and intact forest is preferred in contrast to a 

natural (disturbed) forest with succession levels and a natural deadwood share. The word 

‘stable’ as indicator for a healthy forest was reproduced by various forest stakeholders 

and serves as an important key element that drives the forest dieback discourse 

substantially. The frequency of the explicit naming during the interviews should give an 

impression about the meaning: ‘stable’ was reproduced 61 times, ‘climate change’ in 

contrast was used 144 times and ‘damage’ 60 times. Given the significance of a stable 

forest, nearly all stakeholders preferred a resistant forest, but the occurrence of 

disturbances, which characterizes a natural forest, is not valued.  
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The demand for stability was often combined with the ideal of a mixed (needle and broad-

leaved trees) and un-even-aged forest stand instead of a monocultures spruce stand. 

Moreover, the main aim, which underlies the whole forest dieback discourse in the BF, is 

to spread the risk of pests and diseases. A PFO (I23, PFO, 66) emphasizes the value of 

mixed and stable forests:  

“Trees need space to develop well. A forest with a 50 percent green crown is also 100 

percent more stable against the bark beetle than one (…) where one tree leans against 

the other. (…) you spread the risk a little bit by planting beeches. The humus is better 

than with pure needles. Thus, the forest is healthier!”  

Another PFO (I22, PFO, 26) reports about the return to a semi-natural forest: “We have 

to stop here because we just hold a certain state. We need to create a semi-natural forest 

that is more stable against pests. It will work!” Thus, the current state of the forests is 

assessed to be mainly not stable against pests and diseases. This holds especially true for 

monocultures stands with spruce trees. The demand for steadiness indicates that forest 

owners were somehow influenced by previous disturbance regimes in the BF. However, 

the value of disturbances is widely not appreciated because they are likely to produce 

high amounts of deadwood and combined harvesting and administrative work for the 

forest owners. Nonetheless, a disturbance could be seen as a damage in economic terms 

but as a gain from an ecological perspective. Only representatives of institutions like the 

National Park, NGOs, the AELF or the church forest, value disturbances to a certain 

degree. However, calamities could also be seen as a triggering factor or chance to change 

silvicultural models in the private forest.  

The employees of a FOA (I17 & I16, FOA, 94) indicate: “It is always the question if it is 

a real damage. It is a problem for the owner (I16: It is a problem for his wallet!). 

However, it also means to react and change something.” The obligatory use describes 

the legal framework to harvest deadwood in the case of bark beetle infestations and 

therefore to prevent further damage. In a discursive context, the legal framework is a 

dispositive that is considerably able to form the discourse. However, there is strong 

potential for the national authorities and FOA to intervene and influence the PFO before 

and after calamities. This is an important point for the planned adaptation program of the 

state.  
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Furthermore, it was obvious that there is an emotional binding to the forests and especially 

to the ideal of a closed forest landscape. A head of a FOA (I16, FOA, 22) describes the 

strong relation and dependency upon forests: “The forest is everything for us. You can 

hardly explain it in one hour. The forest is everything! We are fucked up without a forest.” 

Open forest elements, which could be produced through pests and diseases, are not seen 

as part of a forest. Forest owners are afraid of losing the traditional forest image, as an 

economically-used forest where trees are regularly harvested. A forester (I18, FR, 71) 

reports: “But people (…) do not look over the horizon and see always this static forest. 

(…) when suddenly something changes, it is often emotionally very difficult for the 

people.” This statement is also valid for the local citizens. Continuous young forest 

stands, which may arise after calamities and salvage logging activities, have still a 

negative image among citizens.83 This is because traditional forest functions like 

recreation, provision of wood and NWFPs are not guaranteed for a certain time interval. 

Thus, slow growing forests accelerate the perceived loss.  

Phenomenal structure 

Like in the previous section, the phenomenal structure of the forest dieback discourse is 

described in the following part (Table 6). The cause dimension is a central and leading 

issue in this discourse, thus, this dimension is considered in detail. Moreover, the 

discussion about causes gives already hints towards other dimensions. However, a clear 

separation between dimensions is difficult due to mutual relationships.  

The perceived causes for forest dieback are various and demand for detailed explanations. 

Each forest stakeholder made already experiences with small or even large-scale forest 

damage. However, how the individual forest owner perceives a damage depends on 

various circumstances like the economic dependency on the forest, the emotional 

attachment to forests as well as the environmental attitude. Thus, a forest owner could 

perceive even a small damaged forest parcel as a catastrophe due to – for instance – a 

high social vulnerability.  

                                                 
83 The head of the AELF Regen (I1, AELF, 61) explains: “There is no harm in nature. After every 

disturbance, nature stabilizes on the same or on another level. (…) what you, as a citizen, imagine under a 

forest is no large and young forest stand. If you go back to the pre-war or post-war period, there were large 

areas of bare land and young stocks had to grow up first. Avoiding this situation would be a high cultural 

achievement.”  
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Table 6: Phenomenal structure of the forest dieback discourse 

Dimension Concrete perception and implementation 

Causes 

- Biotic and abiotic stressors and unexplainable stressors 

- Past mistakes concerning silvicultural strategies (e.g. monocultures) 

- Missing care work by PFO 

- No/too little game management 

- Potentially climate change 

- Uncertainty towards causes 

Responsibilities 

- Politics/Government/National administrations (should enforce 

financial incentives/ reduce tax charges, information and knowledge 

transfer) 

- Regional cooperation/Economy (individual responsibility for the 

implementation of the political specifications, guarantee stability of 

wood price market) 

- FOA (should take over more advisory services, be better equipped 

with employees) 

- Citizens/Society (should accept forest restructuring and forestry 

interventions, information campaigns needed) 

Need for action 

and problem-

solving 

- High problem level; mastery of the forest damage issue is possible 

through forest reconstructing 
 

Guidelines: 

- Intensive monitoring program, risk assessment 

- Support by trained stuff concerning silvicultural models and tree 

species selection 

- Comprehensive mobilization of vulnerable PFO by creating problem 

awareness 

- Comprehensive mobilization of citizens’ responsibility (local 

authorities, economy, consumers) 

Self-positioning 

- Government as the administrator of the collective interest 

- FOA overburdened  

- PFO from overconfident to overcautious 

Other 

positioning 
- Civil actors show a lack of consciousness for their responsibilities 

Culture of 

things & wealth 

model 

- Forest as savings bank 

- Production function (timber, NWFPs) of forests 

- Strong attachment to ‘stable’ forests (high emotional binding) 

Values 
- Government secures collective interests 

- Forest as resource, whose usage can be optimized 

Source: own draft, order pattern based on KELLER, 2011b, p. 59 

During the interviews, it became apparent that forest stakeholders mainly distinguish 

between biotic, abiotic and unexplainable stressors. These stressors are able to 

substantially weaken a forest. An accumulation or combination of stressors is likely to 

lead to diverse forest damage as well as tree mortality in the worst case. Biotic stressors 

are related to insects like the European Norway spruce bark beetle (Ips typographus) and 

the six-dentated bark beetle (Pityogenes chalcographus), diverse fungi (e.g. Sirococcus 
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conigenus, Hymenoscyphus fraxineus, Melampsorella caryophyllacearum) and lichens as 

well as parasites like mistletoes (Viscum album).  

Damaging abiotic stressors are extreme weather conditions like storms and high 

temperatures as well as drought in summer and snow fall resulting in snow break. There 

are also unexplainable stressors that lead to barren tree crones and a loss of leaves or 

needle color. However, the dominant topic during the interviews and the main damaging 

factors in the BF are the impacts of bark beetles, more precisely mainly the European 

spruce bark beetle. Forest stakeholders perceive an accumulation of the insect population 

since the last three years (2015 to 2017). Drought, the early beginning of the spring 

season, mild winters, storms and monocultures spruce stands are supposed to be factors 

that increase mass outbreaks. Abiotic stressors need to be seen in relation to biotic 

stressors. Abiotic stressors are often triggering factors, which lead to a weakened tree that 

is unable to resist biotic stressors anymore. As a result, stressors have an impact on the 

tree mortality level when the species’ individual resistance is not given anymore and the 

threshold is exceeded.  

Forest owners are aware of the insects’ biology. They explain logically: Bark beetles 

reproduce in the inner bark of a tree. When conditions for reproduction are right, they 

search for a vulnerable host tree, e.g. a weak spruce. Once the host is located, they 

reproduce and release pheromones to attract more individuals. After two to five weeks 

after contamination, they may migrate to another host. Up to three generations are usually 

produced per year. However, the typical reproduction patterns of bark beetles seem to be 

not valid anymore. Interviewees emphasize that bark beetles start to fly already at the 

beginning of April (instead the end of April) when a temperature of 16.5°C is reached. 

Thus, more generations per year could be built due to a longer season. However, the exact 

number of possible subsequent generations depends on the location. Therefore, one needs 

to distinguish between the inner and outer BF as well as the lowlands. The manager of 

the National Park’s forest management department (I5, NLP, 52) describes the problem:  

“In a normal year the swarming flight begins around the 1st May. However, if we have 

extremely warm temperatures, it could be also the 10th or 15th of April. In an average 

year, you have normally only one or one and a half subsequent bark beetle generations 

in the inner Bavarian Forest. If there are high temperatures and mass flights, there are 

two generations likely. In the lowlands, there are up to three generations possible.” 

https://en.wikipedia.org/wiki/Pheromone
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Further, foresters think that bark beetle generations already overlap.84 Hence, the 

interactions between biotic and abiotic factors play an essential role within the impact 

assessment. The disturbance regime of the bark beetle, which is a discursive element, is 

able to update the discourse about forest dieback in the BF frequently. The reliability of 

usual impact patterns seems to decrease. Thus, like in the case of climate change and 

weather phenomena, bark beetle impacts may lead to unexpected uncertainty. In other 

words, classifications need to be newly arranged in the discourse about forest dieback. 

Learned S-R-O contingences no longer seem to be valid.  

The decision whether spruce is vulnerable and if a certain forest needs to be intensively 

monitored depends on the expected risk consideration. However, it is well known among 

forest owners that monocultures with spruce trees are at a high risk. Spruce trees are 

weakened through drought as they have only shallow roots. Moreover, they were widely 

planted outside of their natural optimum. Some PFO with mixed forests feel better 

equipped towards current conditions.  

A PFO and farmer (I24, PFO, 28) notes: “The bark beetle is seldom here, because he 

loves the land of plenty. The land of milk and honey means spruce next to spruce.” 

Moreover, one representative of the state forest (I6, SF, 44) remarks that storm events 

trigger bark beetle reproductions.85 Nonetheless, spruce is still perceived as the bread tree 

of the forestry – a metaphor for the extraordinary meaning of this tree. During the post-

war period, spruce was widely planted due to the easy cultivation and the high demand 

for timber. Financial incentives of the state lead to afforestation programs on agricultural 

marginal land (BÄTZING, 2020). One employee of a FOA (I17, FOA, 54) explains that he 

notes a paradigm shift in forest policies in comparison with the post-war period. The 

paradigm shift mainly concerns the state funding policy of administrative institutions.86 

                                                 
84 A PFO (I23, PFO, 72) is afraid: “Last week or a few days ago, the forester said (…) that the second or 

third generation is currently present at the same time. Thus, there is at present no swarm flight of one 

generation but it overlaps. This year [2017, M.G.] is extreme because of the strange weather! (…) it [bark 

beetle reproduction, M.G.] is very massive this year.”  
85 “We are driven by bark beetles and storms! It has something to do with the spruce shares, they fall over 

and the bark beetle especially likes this. The bark beetle is the one who is able to reproduce in masses. It 

drives us!” (I6, SF, 44) 
86 “I think that the principles have changed completely since the post-war period because of the state 

funding policy. Many people have 50 to 60 years old spruce monocultures and the state subsidized them. 

(…) Today the Free State supports mixed forests. Planting of hardwoods and fir is financially supported 
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However, the paradigm shift has not reached the forest owners yet. The employee of the 

FOA (I17, FOA, 54) further indicates that spruce is still seen as important even if financial 

incentives should lead to a rather mixed forest.87  

Several interviewees indicate to hold a high share of conifers even under risky conditions. 

Appreciated characteristics of spruce are the high growth rates, the easy treatable 

character, guaranteed sales on the wood market, less risk of browsing compared with 

beech and fir, and a high share of trunk wood. For example, a PFO (I23, PFO, 139) has 

the objective to hold a spruce share of about 60 %. He refers to the resistance of spruce 

and clarifies that this tree species simply belongs to the classical forest image of the 

region. Following his perspective spruce is not vulnerable as the tree survived all stressors 

so far. His imaginations are shaped by great optimism. Nonetheless, he confesses to play 

it safe by also planting several broad-leaved tree species. Thereby, his intention is to 

spread the risk and to make the forest more stable. A further PFO (I4, PFO, 38) notes to 

have a spruce share of 80 %. He describes that spruce, the “universal tree”, is still an 

option under the prerequisites of an active forest management with frequent harvesting 

intervals and monitoring (see ibid.). Moreover, an employee of a FOA (I21, FOA, 80) 

reports to mix species but not in “extreme proportions”. Further, he (see ibid.) 

recommends to reduce the risk of pests and disease by planting alternative species like 

Douglas fir, European larch (Larix decidua) and beech but only “as much as it is 

necessary to improve the soil and to create a healthy, mixed and stable forest.”  

These are only a few examples that illustrate the meaning of spruce for the region. The 

cultural meaning of conifers, including the main species spruce and fir, seems to be a 

strong counterpart of financial incentives and the mixed forest program of the state. 

Broad-leaved trees have still image problems among PFO and are seen as side-species 

even if representatives of the AELF try to promote the triad spruce-fir-beech (classical 

mountain-mixed forest) as potential natural and therefore stable vegetation. Indeed, it 

depends on the individual stand position, exposition and altitude, how high the actual 

                                                 
but spruces are not subsidized anymore. They want to move away from pure spruce monocultures to a more 

sustainable, mixed forest. A certain paradigm shift has occurred.” (I17, FOA, 54) 
87 “From an economical point of view spruce is the number one tree in our region. Spruce is the main tree, 

the bread tree. This is how you earn your money. (…) Even if a stock is only 40 years old, I still earn more 

money with it than with a mixed forest.” (I17, FOA, 54) 
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share of needle trees is, but a certain share of beech and other deciduous tree species 

should be promising. However, broad-leaved tree species like beech are seen as 

economically unfavorable. The interviewees state that only 50 % of the timber could be 

used for planks (but 90 % of conifer species). The growth rate is lower and the trunk 

proportion is unfavorable.88 Nonetheless, PFO are not always driven by financial 

considerations. There seem to be further, hidden factors in terms of cultural denotations 

that may have an impact on the decision of whether raising mixed forests or not. However, 

there is no scientific evidence about this issue so far.  

However, current events shed a different light on spruce. A representative of a NGO (I8, 

NGO, 47) indicates: “Spruce is the bread tree of the Bavarian Forest but someone forgot 

to say that it is the bread tree of the bark beetle.” A bark beetle mass infestation of spruce, 

following a storm event, produces usually high amounts of calamities. Therefore, the 

wood market is often overloaded with timber during this time and the prices are low due 

to an oversupply of wood and a more or less stable demand. Further, bark beetle infested 

wood suffers from quality loss (blue color of wood) and even lower prices. Several 

interviewees (e.g. I10, PFO, 33) report from a tough task with high efforts to find a ready 

market for the damaged wood. The whole treatment chain, from harvesting to timber 

transport and processing in the sawmill, is frequently overloaded.  

Moreover, FOA suffer from a higher workload. In addition, the forest planning is 

regularly disturbed by storm events and high calamities. The head of the state forest 

Neureichenau (I6, SF, 40) indicates that the number of so-called random events (technical 

term for unplanned logging activities) has increased during recent years. Since 2005, 

about 45 % of logging (nearly a half of all logging activities) have been due to random 

events. The unpredictability of nature, an essential element that forest stakeholders are 

aware of, is not disputed among forest owners but the frequency and severity of hazards 

has changed. FOA even report that no regular logging is possible in some years. After a 

heavy storm event, a beetle infestation needs to be considered in the following two to 

three years. This unplanned schedule leads again to uncertainty. However, a higher risk 

awareness was created during the past years.  

                                                 
88 A hunter (I19, HUNT, 19) comments: “In economic terms beech is not a good tree species.”  
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Nevertheless, it seems that small-scale PFO suffer the most from calamities. As a large-

scale forest owner, the state forest is better prepared for the handling of calamities. They 

have (water) storage places for damaged timber in their disposal as well as the market 

power to negotiate appropriately with their customers. The head of the state forest 

Neureichenau (I6, SF, 69) notes to have a contractual term with several saw mills, which 

enables supplying large amounts of timber in the case of calamities. However, she also 

reports about negotiations with neighboring companies (saw mills) to reveal the extent of 

calamities in the surrounding forests. The different positions became obvious: While the 

state forest indicates to “play a game with the wood market” (see ibid.) during calamities, 

small-scale PFO feel powerless.89  

A PFO (I22, PFO, 112) indicates to be depressed after a forest damage but he realizes his 

mistakes.90 An intensive bark beetle monitoring is the only way to prevent dieback 

according to several forest owners. Nevertheless, monitoring is time intensive and 

requests silvicultural knowledge to identify infested trees. Two prerequisites, which are 

not self-evident for every individual. Organizations or large-scale PFO with private 

foresters may have a better chance to detect the bark beetle in time. PFO are largely 

concerned and worried about impacts. A PFO (I21, PFO, 96) admits: “If the beetle would 

not be here, I would not have to worry about anything, the whole summer. The forest 

grows also without me.” A further PFO (I4, PFO, 44) with a 28 ha large forest reports to 

monitor regularly potentially affected forest parcels during the bark beetle season. Even 

if he is frequently in the woods, he admits to be completely overstrained and often 

disappointed to overlook damaged trees.  

However, as described above, typical infestation patterns seem to be not obvious 

anymore. Meanwhile, the beetle e.g. uses vital trees as breeding ground or flies into higher 

altitudes. The problem is that forest owners often detect the bark beetle too late but the 

                                                 
89 In this context, the head of the state forest Neureichenau (I6, SF, 69) realizes: “The market is always 

psychology (…). If the sawyer knows that we are in need, then they take advantage of it. If we know that 

the sawyers urgently needs wood, then - I am not saying - we will not take advantage of it, but then we will 

just play. It is a free market! Not like in the agriculture sector with subsidies and fixed book prices or 

something.” 
90 “But I cannot say that I do not care. That’s wrong. For the moment, you are really depressed, but I do 

not think that’s the biggest problem ever. (…) I do not look at the black side yet. Absolutely no way! I know 

my mistakes and know how I can act in a different way. (...) However, it hurts! I would have liked to sell 

the wood on a normal market, of course.” (I22, PFO, 112) 
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fast removal of infested trees is an essential prerequisite for the prevention of further 

damage. Nonetheless, the legal framework ‘clean forestry’ demands for harvesting 

infested trees as fast as possible and to store them 500 m away from the forest. This 

dispositive has a high impact on the discourse and perception of forest dieback. The 

additional pressure, which is encumbered by official authorities, may lead to negative 

perceptions towards deadwood and is able to create fear or panic. During the interviews, 

it became apparent that calamity produced deadwood is highly disliked and that the 

immediate association of deadwood with a renewed infestation exists. One PFO (I14, 

PFO, 89) notes: “You have to actually harvest bark beetle trees. However, I’m not the 

one who harvest everything until the last branch.” Further, it seems that some forest 

owners still have the image of a tidy forest in mind, an image that is still influenced by 

the intensive usage during the post-war period.  

Hence, some forest owners are overcautious while others do not care about legal bindings. 

The consequences are manifold, e.g. conflicts with neighboring forest owners due to the 

infestation of bordering forests. A PFO (I4, PFO, 48) who is actively engaged in 

monitoring efforts differentiates himself from the urban forest owner. He is frustrated 

because his intensive monitoring efforts may come to nothing if the neighbor does not 

control his stand.91 It is certain that the bark beetle acts as an agent of change but is also 

able to actively mobilize forest owners to rethink their forest management strategies. 

There is a high potential to influence forest owners in their decision processes due to a 

high uncertainty. An avocational hiking guide (see ibid.) reports about educational work 

and the importance of creating direct experiences while hiking with a group through 

former forest dieback areas (Dreisessel, Neureichenau, 1,333 m a.s.l.).92 The example of 

the hiking tour raises another important point, which needs to be considered here. Several 

institutions (AELF, NGOs) indicate that the perceptual system of the forest owner is 

experience-driven. Catastrophic events like bark beetle outbreaks face the concerned 

individuals with challenges but also act as eye-openers. Thus, excursions to stable forest 

                                                 
91 “They [urban forest owners, M.G.] don’t even know what chain reactions are. Five infested trees may 

become ten in the next year! You can observe an unmanaged reproduction in the National Park. (…) Thus, 

you have only the option to go to the forestry office, as I said. However, there is no pressure and nobody 

says ‘I’ll make the wood.’ The damaged wood stays in the forest and the neighbor suffers!” (I4, PFO, 48) 
92 “I had a lot of forest farmers from the lower regions here. They were really excited: ‘What absolute mess 

is this [deadwood, M.G.]’. (…) After three hours, they saw it in a different way and there were statements 

like: ‘It is cruel what happened up here, but it is an alpine hiking feeling.’” (I8, NGO, 41) 
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stands and the communication with pro-active forest owners on-site has already led to 

learning successes about the ecological importance of deadwood as well as the value of 

mixed forests stands.  

Nonetheless, some PFO still take the risk of holding a high share of spruce, as they see 

no substantial alternative to the economical important tree species, spruce. It seems like 

that forest owners are expecting at least bark beetle outbreaks or other events in the 

meantime. However, it means always an economic loss (price decline due to a quality 

loss) and therefore also an unpleasant event. Those who are economically dependent on 

forestry are very worried during the so-called bark beetle season. A rather low proportion 

of forest owners realize that forest damage is only damage in terms of an economic 

assessment.  

Interestingly, the National Park is not blamed for the bark beetle mass reproduction 

anymore. A member of a local NGO (I11, NGO, 159) indicates that the National Park is 

definitely not the causer for the bark beetle infestations and notes that it is simply a natural 

process. According to his opinion, bark beetle damage or “catastrophes” are not a new 

phenomenon (see ibid.). Nonetheless, a NGO is not dependent on the production function 

of the forest but many PFO are. Thus, a PFO (I25, PFO, 43) reports about former highly 

emotional discussions with the National Park staff about the removal of calamities.93 In 

addition, a PFO (I4, PFO, 44), who has a forest close to the border of the National Park, 

is satisfied with regular monitoring activities in cooperation with the National Park. 

However, he assumes that the high red deer population in the National Park leads to 

browsing damage in his forest. By contrast, an employee of a FOA still reports about 

negative attitudes of PFO in the district Regen. He (I12, FOA, 68) reproduces some 

exaggerated statements: “‘I was outside in the forest and then a black cloud came out of 

the National Park. (…) The beetle must have been blown to us from the National Park.’” 

Nevertheless, it seems like interviewed PFO at least accept the National Park. Hence, the 

whole participation process, the intensive educational work as well as the research efforts 

                                                 
93 “I have to say that there were very violent conflicts with the National Park and our forest farmers for 

many years, I have to honestly say that! However, they calmed down. I did it too! I was often there [round 

tables, M.G.] to improve the mood. We also invited experts from the National Park to our meetings. At the 

moment, you can almost say that we have a relative good relationship with the National Park.” (I25, PFO, 

43) 
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(discursive strategies) bear fruits. A change of mind happened by the help of formative 

discursive strategies. Furthermore, it is well known and undisputed that the National Park 

is an economic factor in the region. Especially tourism depended PFO mention income 

effects through the National Park.  

A further discursive element in the forest dieback discourse are responsibilities. 

Responsibilities are mainly a result of the aforementioned forest damage causes. They 

were clearly communicated by interviewees. First, the higher authorities were asked to 

accomplish financial incentives and to reduce tax charges especially after large-scale 

storm events. Further, an information and knowledge transfer should enable PFO to 

enhance their social resilience as well as to improve forest resilience. The information 

transfer also concerns individual assistance concerning adaptation programs. 

Nevertheless, it is remarkable that the most PFO do not know described programs of the 

government. Even the foresters of the AELF, who should give advice to the PFO (every 

PFO is assigned to a certain forester), are seldom known or are not taken in 

consideration.94 However, PFO who use the services provided by the AELF are satisfied. 

A PFO (I4, PFO, 15) notes: “The foresters of the AELF are all good and motivated, but 

people do not know that they exist.” A PFO (I3, PFO, 51) describes that he values the 

discussion and information exchange with the foresters while he is still “allowed” to 

decide on his own about his forest. He indicates:“I discuss a lot with the foresters. (…) I 

like to argue with them. (…) They do not stipulate what you should do. If I want to plant 

robinia, we have a look at the subsidies. Yes, and then we plant robinia, that’s just 

awesome.” Nonetheless, advisory services are not always successful.95  

Moreover, regional cooperations have an individual responsibility for the implementation 

of political specifications. The consulting services need to be developed or rather 

popularized. The forestry sector is asked to guarantee a stability of wood prices, a difficult 

task when referring to a free market economy. In addition, FOA should enhance their 

                                                 
94 A PFO (I4, PFO, 13) indicates: “Quite a lot of forest owners in Freyung-Grafenau (…), more than 50 

percent, do not know their forester. They do not even know which forester is responsible for them or that 

he even exists. The forester gives advice free of charge, that’s amazing! (…) They [private forest owners, 

M.G.] simply do not know that.”  
95 A further PFO and organic farmer (I19, PFO, 40) notes about his forester: “He is our forester since 25 

to 30 years and I have still a good relationship to him. Some others not. I invite him and listen to him and 

if the idea [adaptation strategy, M.G.] is not too bad, I try to do it. But it can be a complete flop.”  
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range of services. According to the wide spectrum of tasks, they should be better equipped 

with employees. It is essential to note that some PFO completely transfer their 

responsibility to FOA as they have an all-embracing contract with them. Thus, more 

attention should be paid to FOA as they have a direct link to the forest owner and in some 

cases even the full power of disposition. Furthermore, the citizens or the society should 

at least accept forest restructuring and forestry interventions. Thus, on the one hand 

educational work and information campaigns are needed and on the other hand a direct 

or indirect financial participation is appreciated. This is an important point for the 

following quantitative analysis and the willingness to pay for adaptation measures (see 

section 5.3.5). 

The need for action and problem-solving is very high among forest stakeholders. In 

contrast to the climate change discourse, forest stakeholders are directly concerned with 

the immediate impacts. Thus, direct experiences with forest damage and risk 

communication by various institutions intensively shape the discourse. The willingness 

to act is high but the potential is not exhausted so far. Administrative institutions like the 

AELF recommend that a coping of the forest dieback issue is possible through forest 

reconstructing. Mixed forest stands should spread the risk of forest damage. However, 

PFO have several impediments to adaptation that need to be considered in detail (see 

section 4.3.3). All parties agree about the AELF guidelines to prevent further damage. 

These include intensive monitoring programs, a risk assessment for potentially 

endangered stands, support by trained staff concerning silvicultural models and tree 

species selection, and a comprehensive mobilization of vulnerable PFO by raising 

problem awareness.  

The spectrum of self-positioning is wide. National authorities, the state forests and FOA 

easily form discourse coalitions because they have a common storyline. PFO are 

heterogeneous in many respects.96 Their social vulnerability depends on various factors 

like the financial situation, silvicultural philosophies, formal and informal networks as 

well as the organizational level. Indeed some PFO are overconfident while others are 

                                                 
96 One PFO (I24, PFO, 92) indicates confidently: “We just have a very stable forest. Thus, it means that it 

can withstand a severe storm. (…) I always say in simple words - the weather is just as crazy as the people 

are. People are developing more and more in crazier directions and the weather is no different.” 
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overcautious. One thing is for sure - forest stakeholders are influenced by discursive 

elements that are able to update the discourse like the reporting (media, but also word of 

mouth communication) about weather events, a change of bark beetle affection patterns 

or the climate change discourse. Hyperboles (exaggerated statements) are formed within 

the discourse but it is difficult to assess the general consternation of forest stakeholders 

because they need to be treated individually.  

However, the higher the economic dependency on the forest, the higher the immediate 

dismay of forest disturbances. An important and underestimated player in the discourse 

of forest dieback are FOA. They are the main contact for many forest owners and have a 

high influence on the forests as well as on the forest owners. As already indicated, FOA 

are overburdened with a high and encompassing work spectrum and are not completely 

aware about their responsibilities. The head of the FOA (I16, FOA, 111) reports: “Unless 

nature directs it in the form of cooler and bad weather (I17: Yes and woodpecker 

reproduction.), we are fucked up when it [bark beetle season, M.G.] starts.” This 

statement describes a rather fatalistic attitude. Some forest owners with unusual forestry 

models like the church forest with their ‘biological forestry program’ realize a disregard 

and no willingness to adapt new ideas among FOA. Nonetheless, the church forest is 

aware of time problems that hinder FOA to offer alternatives to e.g. harvester usages. 

The strong attachment and emotional binding to forests and the usage of forest products 

influence the culture of things and wealth model. Both notions rely on a defined forest 

image. A stable, intact and conifer dominated forest with a closed character is appreciated 

by forest owners. All interviewed forest owners immediately connect certain feelings with 

their ‘home forest’ – the BF. Thus, changing the classical forest management model 

would require intensive efforts because it demands for a change of mind. A deeper 

understanding about the urgency of implementing adaptation strategies with a certain 

share of broad-leaved tree species needs to be created. However, with acute changing 

conditions and direct experiences forest stakeholders are on a good way to accept a 

different forest image. Nevertheless, alternatives to spruce need to be communicated and 

supported.  

To sum up, forest damage is a central discourse among forest stakeholders of the BF. Like 

in the case of climate change, forest dieback is perceived mainly as a threat. Pests and 
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diseases dominate the discourse. Bark beetles act as agents of change and are therefore a 

central discursive element.  

 

4.3.2.3 Linking forest dieback to climate change 

The intention of this section is to find answers on the question concerning whether forest 

stakeholders perceive climate change as a cause for forest dieback. Thus, it is an attempt 

to clarify perceived cause-effect relationships. Therefore, the forest owners or managers 

need to perceive a climate signal and need to consider if this climate signal already 

impacts the forest or if it puts pressure on the forest. Thus, one needs to realize and 

understand the signal-pressure-impact chain. In addition, the individual has to decide if 

the climate sign belongs to a natural variability of the climate or not. Thereby, the forest 

stakeholder may assess the severity of a potential impact according to experiences, 

attitudes and other influencing factors.  

Forest stakeholders are the immediate observers of the climate (or rather weather) as they 

are more or less dependent on the climate conditions. Thus, it is assumed that they are 

more climate-sensitive compared with lay people. Forest owners who are more frequently 

in the forest were able to give more details about possible climate change impacts on the 

forests. A PFO (I20, PFO, 20) admits: “Well, I’m not a scientist but I’m outside in the 

forest every day. These are all subjective impressions that I am describing.”  

During the interviews, it became apparent that identified climate change impacts are 

perceived as a considerable threat to the forests. Forest stakeholders mentioned only a 

few potentially positive impacts but rapidly qualified their considerations by stating 

negative impacts again. Thus, it seems like there is a social consensus that climate change 

is consistently negative for forests and forestry. Social desirability may play a role in the 

discourse about climate change impacts. However, given the severity of drought intervals, 

storms and bark beetle infestations and their considerable impacts on forests, it is no 

surprise that climate change has a constantly bad image among the interviewed forest 

stakeholders.  

But not every climate signal is perceived to weaken the forest. The consternation varies 

considerably. The head of the state forest (I2, SF, 54) reports about the risk of snow break 
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during the Easter season but admits that it is not a new phenomenon.97 Thus, the expected 

resilience of the forest and deep trust in nature are also able to strengthen the social 

resilience of forest stakeholders. However, this interdependent and complex ecosystem is 

not easy to identify and interpret. Moreover, forest ecosystems are dynamic and driven 

by various influences. Hence, it is not easy to separate possible causes of forest damage 

from each other. However, the following overviews (Table 7 and Figure 11) list and 

visualize the perceived climate change impacts on forests according to the climate signals 

of extreme weather events, precipitation, temperature and CO2 content in the air. 

The perceived influence of climate change on extreme weather conditions and the related 

potential to damage forests could be verified during this study. In particular, the frequency 

of extreme weather events is perceived to be higher than in earlier times. A normal 

variance of the weather, serving as a possible explanation for an increase in weather 

extremes, seems to be mainly denied. Moreover, the severity of storms and the related 

tree mortality level are also expected to be higher with climate change. However, relative 

long intervals with high temperatures during summer are seen as new phenomena. 

Extreme temperatures in summer as well as heavy snowfall in winter combined with a 

fast frost melt are able to weaken the forest substantially. Thus, extreme weather events 

are expected to have an influence on the production and protection function of forests. 

PFO were mainly aware about impacts on the production function and representatives 

from administrative boards and foresters were additionally worried about the protection 

function. However, other functions like recreation were not a topic during the interviews 

and not relevant for the forest stakeholders.  

The head of the AELF Regen (I1, AELF, 55) notes that heat and drought have already 

visible impacts on the vitality of trees and biotic stressors are consequently more able to 

damage the forest. Following this assumption, he states: “If abiotic factors affect our 

forest ecosystem, because they are more extreme, it has an impact on the vitality and thus 

on harmful biotic factors like fungi and insects.”  

                                                 
97 “Well, the forest will survive the traditional snowfall at Easter. It is definitely not something that is due 

to climate change or so. It has been here for a long time. My grandfather already told me that the children 

were always looking for eggs in the snow at Easter. (…) the forest will survive!” (I2, SF, 54) 
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The main biotic stressor in the BF is currently the bark beetle. Nonetheless, forest 

stakeholders do not realize the full chain of cause-effect relationships in this case. 

Drought (induced by ‘extreme’ weather events in summer or less precipitation during the 

vegetation season), large calamities through storm events, and vulnerable monocultures 

spruce stands are expected to be triggering factors for a bark beetle infestation. However, 

the connection that drought may be a consequence of climate change goes beyond the 

understanding of many PFO. This fact is related to an insufficient knowledge level as 

well as the everlasting topic of uncertainties. Uncertainties run like a common thread 

through the discourses.  

Table 7: Perceived pressures and impacts of climate change on forests 

Climate signal Perceived pressure and impacts on forests 

Extreme weather 

events 

- Wind throw by storms 

- Heavy snowfall and snow break 

- Drought and heat stress 

- Increased level of tree mortality  

- Influence on protection and production function 

Temperature 

- Shift and extension of the vegetation period (early sprouting in 

spring) 

- More late frost events (foliage sprouting of beech and fir)  

- Shift of tree line (especially for beech) 

- Change in tree species composition (proportion of beech and fir 

increases, proportion of spruce decreases) 

- Improved conditions for reproduction of bark beetles 

- Increase of tree mortality level 

- Influence on production function 

Lack of 

Precipitation 

- Coniferous trees: loss of needles 

- Broad-leaved trees: loss of green leaf color 

- Higher susceptibility to biotic threats like pests, fungal infections 

- Reduced growth rate of trees due to less water during vegetation 

period 

- Influence on production function 

Carbon dioxide 

content in the air 
- Potentially positive influence on growth rate of trees 

Source: own draft  
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Figure 11: Perceived climate signals and climate impacts by forest stakeholders 

 

(thick red lines: high awareness among the majority of forest stakeholders; dashed lines: uncertainty or only a few indications),  

Source: own draft based on ADELPHI/PRC/EURAC, 2015, p. 251
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Nevertheless, creating social resilience demands for revealing the causes of disturbance 

factors and to develop a deeper understanding for the processes within a forest ecosystem. 

The preparedness for the case of renewed disturbances is important because unknown, 

potentially invasive species may harm the dynamic forest system again. In this context, 

the head of the AELF Regen (I1, AELF, 55) notes: “However, soon we will realize other 

pests in Bavaria. We will know nothing about them and they are likely to cause 

widespread damage. We have to assume this.” 

Moreover, the forest vegetation period, which significantly influences forest growth, is 

perceived to be prolonged due to increasing air temperatures. Thus, the potential of higher 

wood growth can go hand in hand in certain areas. PFO realize an early sprouting of beech 

in spring. A PFO (I8, NGO, 72) reports from past experiences: “May begins 14 days 

earlier. That is what actually happens nowadays. I know it from the past, 30 to 40 years 

ago, beeches started to sprout around May 1st. Now they start around April 15th.” 

However, the growth of woody plants depends on the location and water availability, 

which in turn changes with climate change.  

The CO2 content in the air was not a central issue during the interviews. The effects are 

almost unclear but an effect on the growth rate of trees is at least expected. Thus, the 

precipitation rate, the water storage and the CO2 content in the air are perceived as 

important factors that are responsible for the growth rate of trees and the resistance 

towards biotic stressors. Hence, available water is a limiting factor even if the vegetation 

period is prolonged through climate change. The head of the AELF Regen (I1, AELF, 63) 

states:  

“A longer growing season will not help us and may lead to devitalization if it is too dry. 

Thus, this is rather negative. The mixed mountain forest was productive even before 

climate change. It is still true today. However, the most important point is the 

precipitation.”  

The head of the AELF already indicates the role of mixed forests, which are seen as rather 

stable towards various stressors. Nonetheless, constant drought during the vegetation 

period has already visible impacts on coniferous and broad-leaved forests, especially in 

the lower regions of the mountains. Coniferous trees lose their needles and broad-leaved 

trees lose the green color of their crowns. The higher altitudes do not suffer from less 
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precipitation so far and consequences are not visible yet. Spruce is meant to be the main 

species endangered by climate change in rather low altitudes. Nonetheless, it again 

depends on the individual status of the stand – e.g. height, water regime, exposition – 

whether forest stakeholders (e.g. I17, FOA, 166) still trust in cultivating spruces: “We are 

so high up here and have so much rainfall that it will be probably a while enough for 

spruce.” In contrast to the above-cited statement, a forester reports (I20, FR, 34): “There 

are still people who say: ‘One generation of spruce will still be fine. You can do it.’ They 

may have a greater trust in God as we do.” 

As already mentioned, a longer vegetation period is the only positive aspect that is 

expected to be induced by climate change. However, this factor is often restricted by less 

water availability. As a flat-rooted tree species, species is perceived to be especially 

threatened, although other tree species may profit from climate change.98 However, 

browsing is thought to have a strong influence on the growth of young fir stands.99  

Besides the listing of current impacts on the forests, it was also possible to assess the 

perceived severity of those impacts in the future. Table 8 summarizes the significance of 

climate change impacts for the case of the BF. The indicators were taken from the German 

vulnerability study (ADELPHI/ PRC/ EURAC, 2015), adapted for Bavaria by the STMUV 

(2016). Forest stakeholders were unable to distinguish between different climate change 

scenarios, e.g. weak or strong change scenarios. Nonetheless, this overview provides an 

impression about the severity of acute and future impacts.  

Above all, climate impacts by biotic factors like insects, and abiotic factors like drought, 

storms and extreme weather events are significant. The effects on the production function 

is perceived as medium due to calamities and various stressors that may weaken the forest. 

High impacts of all named factors are supposed for the near future. Giving the acuteness 

of impacts this finding is exceptional in comparison with the German vulnerability study. 

Thus, need for action is highly demanded.  

                                                 
98 A forester (I20, FR, 140) reports about the resilience of fir: “I cannot judge whether it is related to climate 

change or to air pollution control. However, fir is a tree that has always had a vital crown and still grows 

in old ages. This is incredible!” 
99 A PFO (I21, PFO, 18) remarks: “I have on 30 percent [forest area, M.G.], old fir stands. It is a great gift 

if you can work this way and if you can use this potential.” Another PFO (I22, PFO, 75) indicates: “That 

is truly a splendor! They recovered completely. That is simply fir! No other tree is able to do that.” 
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By contrast, the perceived risk of fire and the increase of tree growth are expected to be 

low at present and in the near future. The effects on the tree species composition and on 

the protection function are currently considered as low but are supposed to be medium in 

the near future. Indeed, the tree species composition is already impacted to a certain 

degree due to spruce calamities. Nonetheless, the effects of planting or natural 

regeneration does not show up yet. The debate about mixed forest stands arose with the 

recent increase of forest damage through pests and diseases and the search for possible 

causes. The protection function is perceived to be not as harmed as the production 

function. This fact emphasizes the economic importance of forests. Due to the many 

options for adaptation and the simultaneous long adaptation cycles as well as the high 

costs of forest conversion, the overall adaptation capacity could be regarded as medium. 

For the near future, a medium to high vulnerability can be deduced due to the already-

observed concern and the progressive climate change.  

Table 8: Perceived severity of climate change impacts on the Bavarian Forest 

 Perceived severity of impacts 

Impacts of climate change on forests Present 
Near future 

(until 2050) 

Tree species composition + ++ 

Protection function + ++ 

Production function ++ +++ 

Damage through pests and diseases +++ +++ 

Damage through drought and heat ++ +++ 

Damage through storms and extreme weather events +++ +++ 

Risk of fire + + 

Increase of tree growth + + 

(+ “low impact”, ++ “medium impact”, +++ “high impact”),  

Source: own draft based on STMUV, 2016, p. 68; originally from ADELPHI/ PRC/ EURAC, 2015, p. 273 

Like in the previous sections, there is a high insecurity among all stakeholders how to 

handle climate change in the forest. The question about the right tree species selection 

determines the discussion about adaptation efforts by forest owners (see section 4.3.3.1). 

A PFO (I3, PFO, 12) raises the question: “I’m supposed to plant a tree in 2017? However, 

which should be the right one in 2067? You can forget it! (…) we have to accept that we 

speculate. We cannot predict pests.” A further PFO (I10, PFO, 75) reports: “You have to 

speculate [about tree species selection, M.G.] in generations (…) I mean our son profits 
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from those trees that we have planted now. (…) What this generation builds, the next can 

reap.” 

To sum up, the complex cause-effect relationships are not easily understandable for the 

forest stakeholders. Nevertheless, a few impacts are expected to be more severe with 

climate change than others are. This concerns mainly weather extremes (drought, high 

temperature intervals, storm etc.) and biotic stressors. Thus, interviewees expect that 

forest damage and forest dieback are accelerated with climate change. If climate change 

is an additional or triggering factor for forest dieback is mainly unclear among PFO. 

Nevertheless, regional authorities like the AELF confirm the central role of climate 

change in terms of forest dieback.  

Moreover, climate change in forests is not an individual discourse as the two discourses 

about climate change and forest dieback are too consistent in their own. Nonetheless, they 

are overlapping due to mutual dependencies and relations. However, during the analysis 

three sub-discourses were identified to describe the discourses more precisely: ‘logical 

action discourse’, ‘complexity discourse’, the ‘culture of change discourse’. All three sub-

discourses are particularly powerful in enabling active adaptation for climate change. 

The logical action discourse is related to concerns about lack of information and 

knowledge about forests and climate change. Thus, the first sub-discourse emphasizes the 

need for more science, individual and transparent solutions. The forest owners feel not 

well advised and cannot act until more is known. 

The complexity discourse is related to concerns about the lack of clear science about 

cause-effect relationships and a common language. The second discourse describes the 

uncertainty towards impacts of climate change on the forests, so individuals cannot be 

sure if they choose the right option for their forest. Thus, local and individual solutions 

need to be found in cooperation with forestry-trained staff. 

The culture of change discourse involves a problem created by the society. It concerns 

the need for a change of mind within the society, which is difficult for individuals to 

implement alone. Spruce stands are at risk but act as bread tree of the forestry. Under 

cultural considerations spruce is a historical and formative element of the BF. A certain 
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stability of a system is appreciated and large-scale disturbances are not accepted. Even if 

a mixed forest is communicated to be more stable, there is still distrust in economical 

alternatives to spruce and therefore a barrier to adaptation. Furthermore, small-scale PFO 

lack sufficient financial means to afford adaptation measures (described in section 4.3.3). 

 

4.3.3 Action – Forest stakeholder typologies and the adaptation 

process 

In the previous sections (sections 4.3.3.1 and 4.3.3.2), the interpretative repertoire was 

able to structurally establish a deeper understanding of discursive components like 

knowledge and interpretation. Nonetheless, the collective meaning is usually transferred 

into apparently individual, but actually social action and should be considered therefore 

in the following section. Thereby, the silvicultural adaptation process underlies various 

influencing factors. Thus, forest owners or managers need to decide whether to handle 

forest damage in an active or passive manner and have to define the status and 

significance of current and future climate change impacts on their forest.  

The aim of the following section is to provide a comprehensive description of forest 

owner typologies and their chosen adaptive strategies. A process model, which explains 

the adaptation process, will be explained in detail. Moreover, constraints or impediments 

to adaptation are discussed as an important element that may hinder an active engagement 

in finding adaptation solutions.  

 

4.3.3.1 From perception to adaptation in a forestry context 

To explain why some forest stakeholders show adaptive behavior while others not, a 

forestry-related process model of perception of climate change and forest dieback and 

adaptation to climate change was developed. This model has been adapted to forestry by 

the author (Figure 12), and is based on the MPPACC of GROTHMANN and PATT (2005) 

and the analytical grid proposed by RISBEY (1999). One main feature of the model is the 

differentiation between the two major perceptional processes: climate change risk 

appraisal and adaptation appraisal. 
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Figure 12: Process model of perception and adaptation in a forestry context 

 

Source: own draft based on DEUFFIC et al., 2020, p. 860; originally from GROTHMANN and PATT, 2005, p. 204 and RISBEY, 1999, p. 139
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Climate change risk appraisal 

Climate change risk appraisal is a function of perceived probability and perceived severity 

of the climate change impacts. It describes a person’s assessment of the probability and 

damage potential of a threat under the condition of no change in his or her own behavior. 

In a forestry context, forest stakeholders estimate if climate change poses risk to the 

forest, e.g. extreme drought in summer. Subsequently, they assess how severe these 

impacts could be, e.g. the potential of drought to weaken the valued spruce stand.  

Several sub-components have the potential to substantially weaken or strengthen the 

climate change risk appraisal. While the reliance on public adaptation reduces this 

appraisal, the risk experience may strengthen it. This could be verified during the study. 

Forest stakeholders, who experienced already severe climate change impacts on their 

forests, are more sensitive towards potential threats and started to think about adaptation 

strategies.100 However, a prerequisite for the climate change risk appraisal is the 

understanding of cause-effect relationships. Otherwise, an incorrect assignment could 

take place, e.g. people may suppose that climate change is not the cause for a bark beetle 

spreading but the national park or ‘neglected’ neighboring forests. Indeed, climate change 

should not be regarded as an isolated factor that threatens the forest alone. The severity 

of impacts also depends on other factors like cultivation mistakes and many more. 

However, it is advantageous if people start to rethink their silvicultural strategies. 

Moreover, a few forest owners note that they feel to be victims of climate change and 

climate change is an issue that need to be addressed mainly by the public. Thus, cognitive 

bias and heuristics may have an effect on the risk appraisal and can affect people’s 

perceived adaptive capacity irrationally. In addition, they also influence the adaptation 

appraisal. As levels of uncertainty are high, errors of judgment are serious. The 

widespread optimistic bias or unrealistic optimism could not be confirmed within this 

study. Forest stakeholders do not perceive their individual risk of being harmed by a 

certain threat lower than the average risk; they even judge the risk to be higher. This is 

                                                 
100 One PFO (I3, PFO, 5) admits: “I had no forest knowledge in any form. However, (…) we actually 

stumbled from one calamity to the other. Thus, we had frequently, every two years, a storm here. Wiebke, 

Lothar, Felix or how the guys were named. We lived from hand to mouth and never had a strategy. It 

actually became at least a little clear to us: ‘What we did was not correct!’” 



 

189 

especially true because forest stakeholders are users of natural resources and suffer 

directly from environmental threats.  

The so-called availability heuristic describes a process by which people estimate risks by 

comparing them with memories of vivid examples. These biases could be observed by 

the reports of several forest stakeholders. Events that have occurred more recently are 

judged more likely to happen again in the future. An example could be the drought during 

summer in 2015 and 2016. Interviewees were afraid that drought happens in 2017 again. 

In addition, events that create a more vivid memory are often judged to happen more 

likely. Vivid memories are created by dramatic experiences like the occurrence of large-

scale calamites. Indeed, the forest does not look the same after storm events and does not 

fulfill the classical desired image of a stable and vital forest. Especially small-scale forest 

owners often feel overstrained by such events. The head of the AELF Regen (I1, AELF, 

57) notes: “The entire perceptional system of our forest owners is experience-driven.”  

GROTHMANN and PATT (2005) suppose that different biases have a minimizing effect on 

climate change risk perception leading to an under-estimation of risk on average. 

However, to the contrary, this study rather suggests that biases and heuristics may 

enhance the risk perception of forest stakeholders. 

Adaptation appraisal 

The second central perceptional dimension of the model is the adaptation appraisal, which 

is a function of perceived adaptation efficacy, self-efficacy and adaptation costs. The 

adaptation appraisal only starts if a threshold of threat appraisal is exceeded. Thus, people 

feel somehow concerned about climate change impacts.  

Its first component, perceived adaptation efficacy, describes the belief that adaptive 

responses are effective in protecting the own land from a threat. This study shows diverse 

classifications of the adaptation efficacy. Climate change is supposed to reduce the 

adaptive capacity of forests as slow growing tree species and other forest elements do not 

have the chance to adapt in accordance to changing conditions. Thus, immediate human 

interventions, e.g. planting of broad-leaved tree species is supposed to be essential to 

‘save’ the desired state of the forest. However, some forest stakeholders do not realize the 

urgency to react on the expected changes. They accept changing conditions as they think 
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that human interventions have no effects on the forest. Thus, cognitive biases or heuristics 

may weaken the adaptation efficacy. Besides, the size of the forest stand, the current state 

and the silvicultural philosophy of the forest owner have an impact on the adaptation 

efficacy.  

The second component, perceived self-efficacy, is related to the ability of a person to 

actually carry out an adaptive response. Small-scale forest owners with only a few skills 

in forestry techniques and knowledge have a rather low self-efficacy. They do not feel 

well prepared for any adaptation option. Some landowners rely on the support of FOA or 

other informers.  

The third component, perceived adaptation costs, relates to the actual costs of adaptation. 

Forest stakeholders refer to monetary costs and time resources that need to be spend for 

adaptation. In terms of planting new tree species, monetary costs are rather related to the 

raising of trees and not to the actual price of plants. Browsing by game complicates the 

process of implementing climate-tolerant tree species like fir or beech. Some PFO even 

gave up to implement other species as the adaptation costs (fences, regular control, 

negotiations with hunters) are supposed to be too high. Small-scale PFO developed self-

helping methods to protect the forest from browsing, e.g. lamb wool, clips, fences, cow 

manure. However, the implementations of these methods are time intensive and not 

always promising. Besides, in the case of subsidies, the incentives like grants are too low. 

A PFO (I3, PFO, 53) indicates: “If I have a subsidized area, I get a funding. When it 

works out well, I am able to pay the plants with this support. However, browsing 

protection is much more expensive than planting.” However, a self-organized hunting is 

only possible with an appropriate size of the own territory (more than 82 ha). Thus, PFO 

are usually members of hunting societies and need to express their views at regular tables. 

Nevertheless, communication problems with hunters and a poor hunting success lead 

frequently to conflicts of interest. Thus, communication barriers, an additional 

component, influences the adaptation appraisal noticeably. Moreover, small-scale PFO 

often do not have sufficient time to manage their forest appropriately. Thus, all of these 

facts together lead to a feeling of being powerless towards changes. The adaptive capacity 

is weakened through various impediments. A lack of objective adaptive capacity may 

lead to the problem that the adaptation intention will not be fulfilled at the end. In turn, a 
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strengthening of the objective capacity through e.g. educational programs, institutional 

support, and appropriate game management may lead to an actual form on adaptation. 

Hence, it is important to distinguish between the actual behavioral intention and the 

planned adaptation intention and to identify constraints or obstacles to adaptation.  

Both dimensions, risk appraisal and adaptation appraisal, are influenced by the perception 

of the already discussed discourses on climate change risks and forest damage. Social, 

economic and ecological factors are able to shape the forest owners’ individual cognition. 

For example, financial incentives are likely to influence forest owners. In the context of 

monetary incentives for habitat trees, a forester (I18, AELF, 115) notes: “Money 

produces nature conservationists.” However, financial incentives are only partly used 

mainly due to assumed bureaucracy efforts. One forest stakeholder (I24, PFO, 138) 

admits: “I do not leave the tree in the forest due to the financial support. I leave the tree 

in the forest because I am simply convinced. Yes, that’s a community for animals and 

plants.”  

To identify some of the MPPAC steps, the analytical grid proposed by RISBEY et al. 

(1999) was implied. These scholars identify four stages that may help forest stakeholders 

not only to gain an interpretative frame of a complex issue like forest dieback but also to 

monitor the adaptive measures in the long term: 1) signal detection, 2) evaluation, 3) 

decision and response, and 4) feedback.  

1) Signal detection: For any decision-maker, the manner and form of adaptation will 

depend on how ‘what is adapted to’ and ‘what is ignored’ are defined. They will tend to 

define signals in terms of processes they can observe at their characteristic scales of 

attention. Adaptation is conditional on detecting a recognizable signal: no detected signal, 

no response. With slow-onset hazards (like forest dieback), signal detection through 

monitoring, definition of thresholds and alert procedures becomes primordial as the very 

first signs may be ignored for a long time before effective warning. However, like 

previously described, extreme weather events may immediately produce a signal and a 

(severe) impact. If this signal is also interpreted as climate change impact or as a natural 

variability of the climate is another question. 
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2) Evaluation: The second step comprises evaluation as the signal is interpreted and its 

foreseeable consequences or impacts are evaluated by the system controller; be they 

individual forest owners or larger bodies such as forest authorities. 

3) Decision and response: The third step includes decision and response, which results 

in an observable change in the behavior and performance of the system as proposed in 

the MPPAC model. 

4) Feedback: The final step is feedback, which involves monitoring of the outcomes of 

decisions to assess whether they are as expected. 

Whereas these four steps are milestones, it is assumed that the decision-making process 

may be less linear than proposed by RISBEY et al. (1999). Each stage may be reinitialized 

before reaching the final decision-making and its assessment through feedback as new 

configurations of events, state of knowledge, innovation, and power relation may slow 

down or accelerate the pace of decision-making.  

One main reason that could explain forest stakeholders’ inertia or haste in decision-

making is the level of uncertainty that characterize climatic issues. For WAGNER et al. 

(2014), forest managers have always been confronted with some degree of uncertainty 

due to the long time span of forest production and natural dynamics. To reduce 

uncertainty, foresters have developed ambitious deterministic approaches to provide the 

services demanded, and thus the use of deterministic approaches (accuracy of predictions 

in time, accepting uncertainty and enabling forests to respond to change) for adapting to 

climate change seem to be a logical continuation: 

The first approach suggests improving the accuracy of predictions in time. This approach 

would be an option for the forest stakeholders of the BF. They are in favor of predicting 

future impacts due to the sudden happening of extreme weather events and the increased 

frequency and severity of impacts. However, as uncertainty about the intensity of climate 

change is high, forest managers need to answer this uncertainty conceptually. The 

accuracy of conceptual models is still inconclusively for the forest stakeholders. Climate 

risk maps – a supporting tool provided by the AELF – offer an impression about forest 

areas under risk but do not truly provide advice on how to adapt. In addition, even if forest 
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stakeholders are aware about a certain risk and its potential impacts like e.g. drought in 

the lower lands and damage to spruce stands in the coming years, they will probably 

realize the need to react fast. Due to this alarmism, human interventions may be rather 

sharp e.g. thinning or salvage logging.  

The interviews with representatives of the AELF show that there are clear intentions and 

objectives of the authorities to create awareness for adaptation in the context of climate 

change. The head of the AELF Regen (I1, ALEF, 57) mentions the value of a “bottom-

up approach”. Thus, an AELF forester should accompany the PFO during a forest visit. 

Then, the forester ideally judges the vulnerability to climate change and is, in turn, able 

to find suitable and individual adaptation strategies. Furthermore, regional projects – e.g. 

awards for exemplary forest management by PFO – should value the work of forest 

owners and raise awareness.  

The second approach involves accepting uncertainty and enabling forests to respond to 

change without intervention (MILLAR et al., 2007). This second option assumes that 

uncertainty is inherent in the future, and that the forest owners could seek a robust strategy 

that is insensitive (or at least largely insensitive) to uncertainty about the future (LEMPERT 

& SCHLESINGER, 2000). The search for robust strategies could imply that, in an ‘ideal 

state’ before climate change there was some kind of stability or equilibrium in all of the 

factors concerned; in this case (1) forest ecosystem functioning and (2) the provision of 

forest ESS. Thus, the issue of adaptation must be considered as a dynamic process that 

involves system resilience and adaptability, not only from the ecological perspective, but 

also from a social, political, and economic view (WAGNER et al., 2014). The second 

approach, a rather passive attitude, requires a high degree of acceptance and trust in 

nature. However, under current conditions in the BF, this approach seems to hold a rather 

long-term perspective. Forest stakeholders see the urgency of human intervention as the 

forests seem to be substantially weakened by climate change. Moreover, past cultivation 

mistakes like planting spruce far aside from the ecological optimum, are revealed now. 

Thus, forest stakeholders think that the forest is in a transition phase now. The optimum 

would be a resilient forest but the way to this optimal state needs to be discussed 

intensively.  
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ADGER et al. (2009a) remind us that limits to adaptation are not only ecologically- but 

also socially-constructed as limitations depend on goals, values, risk, social choice and 

power structures within society. The authors also argue that individuals’ capacity to adapt 

to climate change is a function of their access to resources. Accordingly, exploring 

adaptive strategies induces to explore ethics (how and what forest stakeholders value), 

knowledge (how and what they know), risk (how and what they perceive) and culture 

(how and why they live). Thus, the next section illuminates different stakeholder types, 

their way of thinking and favored adaptation strategies.  

 

4.3.3.2 Forest stakeholder typologies 

Typologies of forest stakeholders were developed to provide a deeper understanding of 

the diversity of stakeholders’ chosen adaptive strategies, their management objectives, as 

well as their attitudes, beliefs and values. Appendix 1.3 provides an overview of central 

issues that were considered as relevant during the discourse analysis for developing forest 

stakeholder typologies. Not every element of each item group is able to give significant 

information about each of the developed forest stakeholder types. However, given the 

heterogeneity of forest stakeholders in the BF, the overview is able to describe each 

stakeholder appropriately (see A 1.5 for adaptation types of interviewed forest stake-

holders).  

From the previous description of the discursive fields ‘knowledge’, ‘interpretation’ and 

‘action’, it became obvious that three types of actors essentially support the discourse on 

climate change and forest damage: pro-active, active and passive stakeholders. Due to the 

forest stakeholders’ heterogeneity, these groups can be divided into subgroups again 

(A 1.4 summarizes the main characterization of the developed groups which relies on the 

determined topics of Table A 1.3). 

Pro-active forest stakeholder 

The first analyzed group has a pro-active attitude (about 10 % of the forest stakeholders 

in the BF). Instead of reacting to an event or condition, pro-active forest owners anticipate 

future changes and work with the individual on-site forest conditions like soils, site 

characteristics and forest vegetation to accomplish the management objectives. In this 

group, forest stakeholders are totally convinced that climate is changing, not only at a 
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global scale but also locally as they have observed several tangible signs over the last two 

decades. A PFO (I4, PFO, 34) clearly shows his pro-active attitude towards climate 

change adaptation: “If we talk about climate change, let’s assume it’s true. Then we have 

to make our forests fit! There is no more time to waste.”  

Pro-active forest stakeholders largely implemented adaptation measures in their 

silvicultural strategies or realize the ultimate need. They are aware of climate change and 

cause-effect relationships in the forest. One example of a pro-active management strategy 

is harvesting of dense spruce stands. The intention is to open up the canopy (for e.g. 

natural rejuvenation), expose mineral soil sufficiently and allow other species to 

regenerate. In addition, the owners may also plant broad-leaved tree species to spread the 

risk of pests and diseases and make the forest more resilient. However, most of the pro-

active stakeholders already own a mixed forest stand due to their far-sighted forest 

management strategies.101 

In addition, they have learned to orientate themselves at natural processes. The head of 

the forest department of the church forest (I24, CF, 134) notes: “I do not want to influence 

nature, I do not want to put my own stamp on nature, but we work together.” Forest 

management aligned a thorough understanding of natural process and this combination 

produces an intrinsic, deep trust in nature. Hence, forest owners were successful with their 

forest management and realized less forest damage in their forest parcel. Pro-active forest 

owners believe in the resilience of their forest stands. Moreover, these stakeholders have 

a high emotional attachment to forests as most of them grew up in the BF. It is important 

to note that pro-active forest owners, mainly pro-active networkers, feel responsible for 

the whole forest of the BF. Thus, even if they believe in the resilience of their forest, they 

think that the neighboring forests are at risk. Hence, pro-active forest owners often speak 

for the general forest owner and recommend how one might change. Thus, the perceived 

adaptation efficacy and self-efficacy are high. Nevertheless, climate change is perceived 

to add fuel into the fire as it puts the general adaptive capacity of forest stakeholders and 

forests into question. Climate change is supposed to accelerate negative impacts on the 

                                                 
101 A PFO (I22, PFO, 90) reports: “We live from the forest. Half of my income comes from the forest and it 

should come also from the forest also for the next generations. We know that we have to convert the forest 

into a near-natural forest. We already know that! Nevertheless, it should stop at a pace that is economical 

justifiable. That is the problem! That’s just the kind of fear you have.” 



 

196 

forest and demands therefore fast human interventions in the short term to guarantee a 

risk minimization of forest dieback in the long term. A pro-active forest stakeholder from 

an official administration (I1, AELF, 55) notes:  

“Because near-natural forestry does not mean to act intensively on a large or small area, 

but being there [harvesting in the forest, M.G.] moderately often. That means with minor 

interventions, which take place on the area at the same time. Then we have a chance to 

implement more than three or four tree species.”  

However, important ESS are perceived to be at risk with climate change when forest 

owners will not adapt. The profitability of forests is seen as one important subcomponent 

of ESS but the forest also acts as a space for recreation and fulfills protective functions 

like retention functions. The perceived probability and severity of climate change is high 

and leads to a well-founded adaptation intention. Forest damage is supposed to reflect 

human-related faults, e.g. the wide risk of bark beetle infestations traces back to 

cultivation mistakes of planting monocultures spruce stands. These medium- to large-

scale forest stakeholders often hold an official position in the board of forest institutions 

(FOA, public forest administrations). As leaders of these organizations, they gather 

information on climate issues and communicate these topics inside and outside their 

institutions. Pro-active forest stakeholders are well trained in forestry-related issues even 

if some of them are private persons. Strongly attached to their forest, they earn a 

significant part of their living from forest production (mainly timber). Endowed with 

strong economic and cognitive capacities, they have clear opinions on the strategy to cope 

with forest dieback. They are able to define essential sub-components of adaptive forest 

management like game management and intensive monitoring. Pro-active forest 

stakeholders are active observers of forest impacts as they are at least weekly in the woods 

and know their forest stands precisely. They do not live in high distance to their forest 

stands.  

Pro-active forest stakeholders could be further divided into pro-active networkers and 

pro-active visionists. Pro-active networkers could be characterized as communicators 

and thinkers. They are advocates of their own adaptive strategies and hence try to spread 

their ideas via formal and informal networks. They see themselves as forerunners and 

influencers. Consequently, they try to convince other PFO to change their traditional 

forest practices. Some of them offer – for example – guided tours for PFO through their 
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forest stands. Direct experiences and an information exchange should lead to a change of 

mind of forest owners. This intention indicates that pro-active forest stakeholders feel 

responsible for other forests and forest owners and see their forest in context and not as 

isolated island. This subgroup shares a common set of environmental values that puts 

natural mechanisms, including disturbances as part of the solution. As diligent promoters 

of close-to-nature forestry, cultivating a mixed, uneven-aged forest belongs to their 

‘standard repertoire’. Instead of trying to escape natural disturbances, they increase forest 

resilience by mixing stand structures and local species. The minority of forest 

stakeholders could be assorted to this group. Most of the pro-active networkers have 

official positions in institutions like forest owners associations or official administrations 

like the AELF. Nonetheless, there are also PFO that could be assigned to this group. This 

small group has the potential to substantially shape the discourse about climate change 

and forest damage.  

In contrast to pro-active networkers, pro-active visionists follow their concrete 

objectives but prefer to act in a restrained manner. They do not see an urgent need to 

inform other forest owners about their management formula. However, they orient 

themselves towards natural processes and are open-minded like the pro-active 

networkers. A pro-active visionist (I22, PFO, 33) notes the following about other forest 

owners:  

“I can only act as a good example. (…) I manage my forest carefully and others will 

maybe go through my forest and will say: ‘It works quite well here.’ If I go to a local pub, 

I also report how I use the growth rate and that we need mixed forests. (…) I think that a 

rethinking takes already place. The private forest owners are becoming more sensitive. 

Many mixed tree species were already planted. However, they [the private forest owner, 

M.G.] do not take advantage of the tree growth.” 

This statement also indicates that PFO show more or less attempts to adapt their forests 

to current climate conditions but do not know or are not aware of how to transform their 

forest precisely. Hence, knowledge constraints hinder forest owners to adapt their forest 

in a common, recognized way. It is essential to clarify that an adaptation strategy does 

not guarantee to be an accurately fulfilled strategy that is based on well-trained forest 

knowledge. This fact gives important information for the perceptional process model 

leading to adaptation in a forestry context because information or knowledge constraints 

may lead to maladaptation.  
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Reactive forest stakeholder 

The reactive group (about 40 % of the interviewed forest stakeholders in the BF) includes 

forest owners who believe in climate change and suffered from natural hazards in the 

past. Reactive forest stakeholders are characterized by the fact that they react at a certain 

condition like a storm event. They prefer to know exactly what the next calamity will be 

(pest outbreak, drought, windthrow, etc.) and act more appropriately afterwards. By 

contrast, pro-active forest stakeholders do not wait until a certain event but rather act far-

sighted.  

An example that may clarify the two types of reactive management vs. pro-active 

management is the handling of dense forest stands and the urgency of regular care work 

in the forest. A reactive landowner who is interested in generating income from timber 

may decide to harvest a few trees in his stand. However, the forest stand was left alone 

over the years and is overcrowded with spruce trees. Even if the trees thin themselves out 

to an extent through mortality, those that survive do not have a good quality. As a result, 

the forest owner could not handle saw logs to the expected price on a wood market. The 

landowner may be disappointed to find that most of the trees are offered as low value 

pulpwood, firewood or chips.102  

Pro-active management is able to increase the amount of saw logs in the stand. Regular 

care work, especially thinning of dense spruce stands, may enhance the value of timber. 

Thus, making little to no investment yields a poor return. A pro-active forest owner is 

aware of cost-benefit considerations. Even if it takes decades to see the results of action, 

it is important to act pro-active and start management sooner than later. Indeed, to 

enhance the long-term profitability of the forest is only a central issue under economic 

considerations. However, the majority of reactive forest owners do not earn their living 

from the forests. Owning small- to medium-scale properties and being rather well 

educated in terms of forestry, they participate in peer group discussions but never take 

                                                 
102 In this context, one PFO (I4, PFO, 30) explains: “Of course you have to open up the forest. That is the 

problem of our forest owners. They do not know that and are not able to do it. That is the issue! They have 

the densest and darkest forest stands. Maybe a fir tree will come somewhere because it has found a little 

light. However, a fir tree on one hectare is of course nothing.” 
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the lead. Their adaptative capacities are limited by their medium or low level of economic 

resources.  

Reactive forest stakeholders could be further divided into reactive tacticians and reactive 

followers. Both groups have in common that individuals are relative uncertain about the 

urgency and exact time to implement adaptation strategies. Even if both groups think that 

climate change is likely to threaten the forest, the risk assessment of reactive stakeholders 

is lower than the risk assessment of pro-active stakeholders. In the case of reactive 

tacticians, this fact underlies a low perceived probability and severity of hazards due to 

climate change and a low risk experience appraisal. In the case of reactive followers, this 

assumption is based on information and knowledge gaps as well as the reliance on others, 

e.g. FOA. Both groups value conifers as important forest landscape element. In contrast 

to pro-active forest stakeholders, they do not value all ESS of the forest equally. The 

production function predominates the other functions, if known at all.  

Reactive tacticians consider that there are no equal alternatives to the dominant local 

tree species (high growing rates, wood trunk proportion, easy cultivation and high market 

demand). They also believe that harvest benefits between two disturbances will cover 

losses. To reach this objective, they do not change their forest management practices 

significantly. They just implement progressive shifts such as increasing the frequency and 

intensity of thinning and shortening the rotation of the dominant species. Thus, reactive 

tacticians have already developed a plan or tactic how to generate valuable timber form 

their current forest. However, they are not characterized by a long-term management 

perspective. As their financial capacities are limited, they cannot afford investing a lot of 

money into plantations of new tree species such as Douglas fir as its plantation costs are 

prohibitive for them. In addition, they are aware of climate change but the risk appraisal 

is not sufficiently high to form an immediate adaptation intention even if the adaptation 

appraisal is given.103  

Moreover, they have not experienced severe consequences of climate change in their own 

forests so far. However, they know that some kind of prevention like regular monitoring 

                                                 
103 A PFO (I4, PFO, 34) indicates confidently that the water availably is still given in his region: “We have 

over 1,000 mm precipitation here and this is still very good as far as spruce is concerned. Due to the amount 

of precipitation and the water availability for spruce, it looks relatively good for me.”  



 

200 

of bark beetle infestations may reduce the risk of large-scale calamities. Thus, climate 

change impacts have the potential to shape their adaptation intention.  

Reactive followers are less integrated in professional networks than the tacticians. A high 

number of them holds a management contract (partly or in the full extent) with a FOA. 

The trust in the expert knowledge of staff from FOA is remarkable. For example, one 

PFO (I10, 3, PFO) was convinced to plant Grand fir as new and resistant tree species. He 

was unable to explain why he chose this tree species, but a recommendation from the 

FOA was sufficient to convince him. Nonetheless, there are several reasons why reactive 

followers are unable to manage their forest on their own, e.g. time constraints, distant 

location, no forestry-related knowledge, etc.  

Urban forest owners belong to this group. They inherit a forest parcel and administrate it 

from their urban living place. Interviewees were uncertain how to evaluate this situation. 

On the one hand, urban forest owners are described as being relatively open-minded for 

biodiversity relevant topics, but on the other hand they are accused of neglecting their 

forest. Nonetheless, reactive followers rely on the decisions and information of others. 

Thus, there is a potential to influence this group. Moreover, reactive followers are not 

frequently in the woods to monitor the status of the forest. To the disappointment of 

neighboring forest owners, they detect forest damage rather late. Climate change is 

perceived in general as a risk but reactive followers feel not addressed and rely on public 

adaptation. This reliance weakens the climate change risk appraisal and therefore the 

adaptation intention. Moreover, the adaptation appraisal is rather low due to insufficient 

knowledge about cause-effect relationships.  

Passive forest stakeholder 

Passive forest stakeholders (about 50 % of the interviewed forest stakeholders in the BF) 

are more or less inactive stakeholders. They follow the ‘wait and see attitude’ and their 

usual business. This group comprises rather small to very small-scale forest owners who 

feel less concerned with climate change or who lost most of their forest stands in the past. 

The very low profitability is a serious disadvantage as it totally hampers their capacity to 

act or even react to natural disasters. As they are often not members of any kind of 

organization, they have difficulties to be warned by a pest outbreak in time. When the 

crisis is at its maximum, they do not have an equal opportunity to find a contractor who 
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agrees to harvest smallholdings, in particular when there is a congestion of demand in a 

short time. This addition of adverse conditions hinders the implementation of adaptive 

solutions.  

The group of passive forest stakeholders could be divided into insecure stakeholders and 

non-actors. Insecure stakeholders do not react due to an insufficient knowledge and their 

attitude towards climate change. In contrast to reactive forest stakeholders, they are not 

aware (or highly insecure) about the climate change risk for the region and for the forests. 

This is also valid for non-actors with the difference that non-actors totally agree that 

climate change is based on a natural variation of the climate. The impacts on the forests 

confirm their opinion about forestry as a bad business.  

Non-actors do not manage their forest for ages. They deny anthropogenic causes of 

climate change, think that humans are unable to intervene, and show therefore no 

adaptation intention. By contrast, insecure stakeholders realize several constraints 

towards adaptation. The perceived adaptation efficacy and self-efficacy are relatively 

low. Moreover, the adaptation costs are perceived to be prohibitive. In addition, the forest 

property is small and the profitability of the forest plays no role. A PFO (I4, PFO, 9) 

notes:  

“I speak a lot with forest owners and many say ‘I can do it on my own, I don’t need it 

[support, M.G.]. What should I manage within my two hectares? I just harvest firewood. 

Why should I manage the forest?’ However, ten forest owners with two hectares have 20 

hectares of practically unmanaged forest.”  

Thus, adaptation is not a necessary condition for some forest owners. However, this “no 

matter” attitude may change after severe impacts on the forest and the direct link to 

climate change as cause.  

This overview is an attempt to characterize all relevant forest stakeholders of the BF. It 

was not always possible to draw distinct lines between the attitudes of the interviewees. 

However, reactive stakeholders were slightly overrepresented during the interviews. It is 

important to note that pro-active stakeholders are mainly employed foresters or hold 

rather official positions in FOA or administrative boards. Reactive actors mainly 

represent PFO. However, the sample is not representative for the forest stakeholders of 

the whole BF. Hence, it is assumed that only a few key actors act as pro-active networkers. 
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The rest acts more reactive or passive. However, several interviewees note that they 

perceive a shift from a passive tendency towards a more reactive behavior of PFO.  

 

4.3.3.3 Preferred adaptation strategies by forest stakeholder types 

Figure 13 provides an overview of the preferred adaptation strategies by the identified 

forest stakeholder types. The illustration distinguishes between drivers, actors and chosen 

strategies. Drivers should demonstrate the main external and internal processes that may 

trigger the choice of adaptation strategies.  

Figure 13: Forest owner types and preferred silvicultural adaptation strategies 

 

Source: own draft 

Actors refer to the developed forest stakeholder types, which are derived from A 1.4. Pro-

active forest stakeholders are mainly driven by their vision and forward-looking attitude. 

Reactive stakeholders are driven by external triggering factors like forest damage, 

calamities, financial incentives or weather forecasts. Passive stakeholders are driven by 

their business-as-usual attitude and routines. Pro-active stakeholders may influence the 
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reactive and partly the passive stakeholders through their communication and networking 

efforts. However, this simplification does not provide insights into the comprehensive 

perceptional process explained in the previous section. Nevertheless, this generalization 

shows the main foundation of pro-active, reactive and passive behavior and is an 

appropriate way to illustrate the choice of adaptation strategies. 

It is essential to note that transitions between stakeholders’ preferred strategies are fluent. 

Therefore, a separation is often not easily possible. Dashed lines indicate that forest 

stakeholders may show a certain behavior of another group but could not be totally related 

to this group. In addition, it has been found that forest stakeholders have no single ‘silver 

bullet’ or ideal solution to adapt to climate change. They rather prefer to mix certain 

strategies. Thus, different sub-strategies, which may be individually combined by forest 

stakeholders, are presented in the modules: 1) diversifying management; 2) intensifying 

management; and 3) no active strategy.  

The umbrella strategy ‘diversifying management’ is preferred by mainly pro-active 

forest stakeholders. Even if spruce is still perceived as the bread tree of the forestry and 

has therefore a substantial local value, pro-active forest stakeholders started to rethink the 

seemingly undisputed role of the tree. It became obvious that the intention of pro-active 

forest stakeholders is to stabilize the current state of the forests through diversification. 

Buzzwords like ‘stable’, and implementing a ‘climate-tolerant mixed forest’ indicate the 

urgency of pro-active adaptation. Forest stakeholders did not mention the concepts of 

resistance and resilience by name. However, there were a few remarks that provided 

evidence about the desired system state. In general, ‘resistance’ is the ability of a 

community to remain unchanged when it is challenged by disturbances; ‘resilience’ is the 

capacity of a system to absorb disturbances and re-organize while undergoing change. 

Communities that are resistant are minimally impacted by a disturbance, whereas those 

that are resilient recover quickly after a disturbance. A resistant state of the forest is 

preferred because natural disturbances like storms are not desired at all. Thus, the forest 

ecosystem should be sufficiently stable to resist any kind of attack like hazards.  

Nonetheless, in the case of a disturbance, the forest should resist damage, recover quickly 

and reach the former system state again. This indicates the ideal of a resilient forest. The 

current state of the forests is considered to be not resistant against disturbances; forest 
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dieback gives evidence about the achievement of a certain threshold. Thus, given the 

actual impacts of climate change on the forests and the occurrence of forest damage, a 

resistant state is preferred in the first place. Resilience is not denied but the concept is not 

very well known among forest stakeholders. However, some pro-active and reactive 

forest owners referred indirectly to resilience by reporting about the outstanding 

performance of fir after the ‘Waldsterben’ era.  

Forest owners are frequently confronted with diverse challenges in their forest. They long 

for stability and ideally try to spread the risk by looking for alternatives to spruce or rather 

minimize the share of spruce and increase the share of beech, fir and/or other species. 

This could be done by rejuvenation or planting of climate-tolerant species.  

Some adaptation strategies have an innovative character. They are based on new ideas 

and concepts to implement alternative tree species. These concepts are exceptional and 

indicate a pro-active attitude. Especially Silver fir is a native tree species, which is 

described by its resilient character, robustness for e.g. house building and the richness in 

traditions. Forest owners are proud to have portions of Silver fir in their old wood stocks. 

However, fir needs special care in the starting phase because this tree is prone to browsing 

and demands light. The measure for how far an ecosystem can be shifted from its previous 

state and still return to normal conditions is reflected in its amplitude and is an indicator 

for the resilience of this tree species. Fir has a relatively wide amplitude.104  

Finding new models for game management is often combined with the intention to raise 

other tree species than spruce. Official administrations like the AELF are aware of the 

hunting urgency and the problematics to implement alternative tree species. The head of 

the AELF Cham (I15, AELF, n.p) notes: “Hunting is essential to promote Silver fir.” In 

addition, a forester (I16, AELF, 37) states: “It depends currently on hunting. Hence, it is 

quite crucial.” The state forest Neureichenau (I6, SF, 86) reports about the hunting 

success: “Natural rejuvenation works because our game management is very good.” 

However, small-scale forest owners rely on the help of hunting societies but various 

                                                 
104 A pro-active forest stakeholder (I21, PFO, 22) indicates: “Fir provides a lot! Fir has a wide amplitude 

in terms of dryness, heat, temperature and water supply. (…) It has the advantage of being deep rooted. 

(…) If I have a fir tree, I do not need to check the forest because I know that there is no bark beetle in it. 

That is a big advantage!”  
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conflicts hinder an effective game management. One reactive forest owner (I3, PFO, 43) 

demands for a “revolution of the private forest owners” in the sense of absolving hunting 

licenses and managing the game without the participation of hunting societies.  

However, he also indicates that small-scale forest owners may have a forest area of only 

two to three hectares and an expensive hunting education would not be worthwhile. 

However, pro-active forest owners developed a new form of participation. A cooperation 

model intends to participate hunters at the profit when a certain aim is reached, e.g. the 

share of broad-leaved trees. This model turns the tables because the hunter is usually not 

paid for hunting (rather practicable for PFO with a large property).105  

Deadwood preservation is a strategy that is seldom used and a rather exceptional case. 

Deadwood has a widely negative image, not least due to the legal obligation to remove 

bark beetle calamities. This is particular valid for PFO. However, the church forest, a pro-

active networker, aims to establish an over average deadwood share. The priority lies on 

the generation of a near-natural state that should promise a higher stability and therefore 

a higher profit than a traditional managed forest. Creating an uneven-aged forest is a 

matter of course for many forest stakeholders. They refer to the sustainable principles of 

forestry. However, the self-evident fact that uneven-aged structures are important, 

revived with the climate change discourse. A stable forest is characterized by mixed tree 

species at the first place but uneven-aged structures should additionally lead to a resistant 

state. Regular care work is seen as a prerequisite for a profitable forest management and 

for creating a mixed forest. A PFO (I4, PFO, 30) complains about the low knowledge 

level of other PFO. Regular care work is self-evident for him: “That is because of the low 

knowledge level in forestry. I also have to thin my forest (…). Then light comes in and fir 

and beech develop naturally.” Moreover, an intensive usage by shortening rotation 

periods or thinning should lead to an increase of the growth rate and a decrease of risk. 

Pro-active forest stakeholders rather use these strategies occasionally and reactive forest 

stakeholders use it as main intention. 

                                                 
105 A PFO (I4, PFO, 23) reports about this procedure: “The hunter is responsible for achieving the 

rejuvenation of fir and beech (…). We get 1,000 Euros per hectare subsidies for fir and 1,100 Euros per 

hectare for beech. (…) If it works, if he is successful, he gets half of the subsidies. 500 Euros per hectare, 

for example. And we made very good experiences because we simply try to achieve it together.”  



 

206 

The strategy trial and error on small-scale patches describes the intention of some PFO to 

plant alternative, sometimes unpopular, species to test their abilities. The reasons for 

planting alternative tree species are manifold. For example, poplar tree (Populus spp.) is 

mainly planted for energy production, while rowan tree (Sorbus aucuparia) is planted to 

enhance the bird diversity in the forest and other precious deciduous woods like wild 

service tree (Sorbus torminalis) are planted due to aesthetical considerations. 

Nonetheless, forest owners also consider exotic and thermo-resistant species to respond 

to expected temperature changes.106 Nevertheless, this PFO also reports about 

considerable time as cost efforts as well as courage and experiences to implement new 

species. That is why this strategy is rather preferred by trained and experienced forest 

stakeholders.  

The umbrella strategy ‘intensifying management’ is preferred mainly by reactive forest 

stakeholders and aims to get the best out of the current state of the forest. Thus, reactive 

forest stakeholders shorten rotations because they expect a high risk of forest dieback the 

coming years. Early and high-frequency thinning (dense stocks, often monocultures) 

should increase growth rates of spruce and reduce the risk of forest damage.  

A main challenge is to find tree species that do not demand a high level of care, are easy 

treatable and bring a good profit. Minimizing the level of risk while maximizing the profit 

is an ambitious objective. However, reactive forest owners are aware of the risk for spruce 

cultivation. Nevertheless, large-scale forest reconstructing with artificial regeneration 

(planting) of other species makes only sense for them, when it comes to spacious 

calamities as a result of wind throw and/or bark beetle infestations.107 Salvage logging is 

an option for them in this case. However, the risk assessment for spruce depends mainly 

on the water availability and the expected impacts of climate change.  

                                                 
106 A reactive tactician (passage to pro-active attitude) (I3, PFO, 47) reports: “We planted the first sweet 

chestnuts in the Bavarian Forest. Let’s see how they develop. Climate change also means that certain tree 

species will make it here (…). I am happy and satisfied when 25 of 50 trees develop. (…) I planted my first 

Douglas fir and said ‘I have to try it now!’ I think only three of 500 Douglas firs developed. Of course, than 

you say ‘Never Douglas fir again!’ However, I have planted Douglas fir again next year. About 300 

developed. Thus, you shouldn’t be discouraged.”  
107 In this context, a PFO (I23, PFO, 53) notes: “And you do not believe what partially happens on wet 

surfaces: mass performance of spruce! (…) However, it is a risk because spruce, as a flat-rooted tree, is 

quite difficult when a storm comes. What should I plant alternatively?”  
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Options towards spruce entail uncertainty and present the unavoidable risk that the 

expected developments may not actually occur. For example, beech is quite unpopular 

due to poor sale prospects, slow growth rates and a low portion of the wood trunk. Beech 

is accepted for the improvement of soil conditions at least. Douglas fir – a non-native tree 

species – is planted actively by the state forest but only in low portions. The head of the 

AELF Regen (I1, AELF, 31) describes Douglas fir as “a welcomed newcomer, which 

would fit very well into the mixed mountain forest and the dynamics of regeneration.” 

However, PFO rather prefer native tree species due to cultural reasons and unknown risks 

like invasive species. An employee of a FOA (I14, FOA, 23) comments about the 

cultivation of Douglas fir: “Douglas fir? Only if you really need it! I think you do not 

necessarily need it. You can try it but if it gets too much, you will have diseases. There 

exists also a bark beetle for Douglas fir in America.”  

‘No active strategy’ underlies the idea that forest stakeholders do not have a concrete 

adaptation strategy to changing conditions. Indeed, they follow their traditional rules, 

deny mainly anthropogenic causes of climate change but did not experienced climate 

change yet. Ignorance and further reasons may also serve as explaining factors. 

Nevertheless, the ‘savings bank attitude’ with no or low forest management activities and 

no active silvicultural intervention describes this group. As forest owners with small 

forest parcels are mainly concerned, one may argue that this group is negligible. Given 

the fact that the average size of their forest parcels is only two to three ha and that small-

scale PFO dominate the forest landscape, it is not possible to simply ignore these findings.  

To sum up, crucial for the health and resilience of the resulting stocks and, thus, the long-

term success are tailor-made solutions for each individual area and concepts adapted to 

the individual situation of the heterogeneous forest owners. In addition to the use of 

suitable site-appropriate, climate-tolerant and origin-oriented plants of high quality, it 

also depends on the careful implementation of the planting and a long-term support for 

the forest owners. 

 

4.3.4 Conclusions for quantitative survey 

Following a mixed-method approach within this comprehensive study, the qualitative 

survey aims for an in-depth understanding of forest dieback and the linkage to climate 
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change among forest stakeholders of the BF, while the quantitative survey focuses on the 

actual users (direct or indirect) of the forest (chapter five). The qualitative expert 

interviews confirm that several forest stakeholders perceive a lack of awareness for the 

need of forest adaptation and willingness to participate among their fellow citizens. 

Moreover, they feel not well supported by the public even if citizens are direct and 

indirect users of the mountain forests’ ESS like recreation, collection of NWFPs, 

protection from natural hazards and many more. In addition, forest stakeholders report 

about diverse conflicts with citizens like negative attitudes towards an intensive forests 

management (thinning, salvage logging etc.) or hunting. However, forest management 

and hunting are named as essential prerequisites to create more mixed, stable and climate-

tolerant forests. Especially pro-active forest stakeholders reported about the urgent need 

to convert especially spruce monocultures into mixed forests with climate-tolerant tree 

species. Therefore, sharp human interventions or forestry measures will be needed in the 

short term to reduce the risk of forest dieback in the coming years because climate change 

may enhance the threat of various abiotic and biotic stressors. 

Thus, diverse question arose within the qualitative study: Is climate change perceived as 

a risk for forests by citizens of the BF? How is forest damage perceived by the public? 

Which adaptation strategies are preferred by the public? Is there a willingness to 

participate in forest adaptation measures in financial terms? If yes, how much?  

The quantitative survey should provide clarification about the general perception of 

climate change, forest dieback and adaptation among the citizens of the BF. The 

quantitative survey considers several focal points that should be considered here.  

Adaptation in a forestry context is a broad issue that is supposed to be not easy 

understandable for lay public. Therefore, complex adaptation strategies were broken 

down to essential units of interest (simplifies the information transfer to the inhabitants 

of the BF). First, the sub-components of the umbrella strategies ‘diversifying 

management’ and ‘intensifying management’ were clearly defined by the four most 

favored strategies of forest stakeholders. Hence, ‘diversifying management’ includes the 

strategies: introducing new native tree species, introducing new non-native tree species, 

mixing several tree species on a same plot and having forest with trees of different age. 

‘Intensifying management’ includes the strategies having younger forests by shortening 
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rotations, keeping spruce only on better sites, to clear cut the forest as soon as trees are 

dying and remove damaged wood as fast as possible. These strategies were presented to 

inhabitants of the BF to analyze which strategy is favored and which factors (e.g. 

environmental worldview, deadwood attitude) relate to the choice. 

Further, the qualitative survey revealed that different forest stakeholder types may decide 

about the implementation of different adaptation scenarios (combining different strategies 

depending on the current forest state). To meet the heterogeneous character of forest 

stakeholders and their favored adaptation strategies, adaptation scenarios were created. 

These scenarios are an approximation of real situations and should explain how a forest 

at a high risk for climate-induced forest dieback (spruce monoculture) could be treated in 

the future. Thus, the scenarios include a time perspective (short- and medium-term 

intervention). Hence, the following scenarios were created: a strong adaptation scenario 

with a high level of human intervention like harvesting, thinning, hunting and planting of 

new tree species in the short term but reducing the risk of forest dieback in the medium 

term; a soft adaptation scenario with a lower level of human intervention due to natural 

regeneration but a higher risk of forest dieback the coming years; and a no adaptation 

scenario with no specific adaptation efforts. 

A labeled DCE was used to present the adaptation scenarios to the public. Therefore, the 

following attributes, which describe each scenario by different levels, should serve as 

characterizing qualities for the current and prospective forest state: diversity of tree 

species, deadwood level, biodiversity level and risk of forest dieback. These attributes 

were identified as meaningful by forest stakeholders to elaborate suitable representations 

of possible adaptation strategies. Moreover, it is assumed that civil actors as direct or 

indirect users of ESS from forests may contribute in monetary terms to climate change 

adaptation. Thus, adaptation strategies are underpinned with a payment vehicle and offer 

the opportunity of public participation at silvicultural adaptation costs. This is especially 

valuable for small-scale forest owners who may not afford to convert the forest in a more 

climate-tolerant forest. 

Moreover, climate change and forest damage were identified as a discourse that is 

strongly shaped by individual experiences and an understanding of cause-effect 

relationships (knowledge). However, the whole issue and in particular climate change 
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impacts on the forests are prone to a high level of uncertainty. However, citizens of the 

BF may have different impressions of climate change and forest dieback compared with 

forest stakeholders. Thus, the quantitative survey will include questions ranging from the 

general existence of climate change to the detailed climate change impacts on forests. 

Already identified impacts, which were confirmed by forest stakeholders – e.g. the mass 

reproduction of bark beetles or drought – should be implemented in the survey. In 

addition, the quantitative survey enquiries about the knowledge level of inhabitants 

concerning climate change and forests. Moreover, the environmental worldview and 

deadwood attitude is investigated. A separate part of the questionnaire is assigned in 

particular to forest owners to collect additional and more representative information about 

them. 

 

4.4 Interim summary qualitative study 

The BF is a heterogeneous area in many respects. More than half of the forests are 

privately owned. The rest belongs to the state and community forests. The ownership 

structure ranges from small-scale PFO with an average forest size of three hectares to 

large-scale PFO with an average forest size of 200 ha. In the same sense, forest 

management models are varying between a completely outsourced management to a 

silvicultural management with own foresters. Due to a low average forest property size, 

divided over several parcels, the forest structure is a mosaic of different types of forests 

depending on individual conditions, e.g. silvicultural goals (if existent), exposure, 

microclimate and altitude.  

During the study, it became obvious that climate change is not a scientific discourse 

anymore; especially representatives of the administrative boards are well aware about the 

effects of climate change and developed and communicated already adaptation strategies. 

None of the respondents deny the existence of climate change. However, forest owners 

with a substantial income from the forest are more concerned about climate change than 

forest owners who just harvest firewood. Spruce is still seen as the bread tree of the 

forestry for many landowners. However, there is a certain insecurity about the 

development of the climate. Especially extreme weather events are perceived as 

unpredictable and have the potential to weaken spruce substantially. The most recognized 
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damage is owed to the bark beetle, which leads to forest dieback. Possible causes are 

stressors like insufficient water supply, high temperatures, storms, monoculture stands 

and an insufficient monitoring.  

Moreover, forest dieback is also recognized through fungal infestation but no substantial 

economic losses could be named yet. The same assumption holds true for abiotic dieback 

like snow break. Sometimes cause-effect relationships are unclear, e.g. bark beetle 

outbreaks are not connected with stressors like high temperatures. The National Park as 

an alleged ‘breeding ground’ for the bark beetle (highly emotional debate in the past) was 

seldom a topic. However, it seems that deadwood is immediately connected to the risk of 

a bark beetle infestation.  

Typologies of forest stakeholders were developed to provide a deeper understanding of 

the diversity of stakeholders’ chosen adaptive strategies, management objectives as well 

as their beliefs, values, and attitudes. Pro-active forest stakeholders anticipate future 

changes, and work with the individual on-site forest conditions like soils, site 

characteristics, and forest vegetation to accomplish the management objectives. They 

follow a far-sighted strategy and developed new ideas and concepts to face current 

challenges in the forest. They prefer a mixed forest stand with un-even-aged structures. 

Regular care work as well as monitoring and hunting preserves the value of the forest. 

Reactive forest stakeholders react upon external triggers like hazards and bark beetle 

infestations drive them to react. Their preferred strategies are diverse. They may be 

influenced by the communicative skills and networking efforts of pro-active forest 

stakeholders. Passive forest stakeholder have not developed a strategy against climate 

change yet; the reasons are various. There are several impediments to adaptation like the 

absence of forestry-related knowledge and time and costs considerations.  

To sum up, climate change in forests is not an individual discourse as the two discourses 

about climate change and forest dieback are too consistent in their own. Nonetheless, they 

are overlapping due to mutual dependencies and relations. However, during the analysis 

three sub-discourses were identified to describe the discourses more precisely: ‘logical 

action discourse’, ‘complexity discourse’, the ‘culture of change discourse’. All three sub-

discourses are particularly powerful in enabling active adaptation for climate change.  
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5 PUBLIC PERCEPTION OF FOREST DIEBACK, 

CLIMATE CHANGE AND SILVICULTURAL 

ADAPTATION IN THE BAVARIAN FOREST 

5.1 Introduction 

Forests provide a high number of ESS to the society (DING et al., 2016; DING & NUNES, 

2014; FAO, 2018b). However, climate change poses new risks to forest ecosystems. 

Increases in the disturbance frequency and severity are expected to be among the most 

detrimental impacts of climate change on the supporting, regulating and cultural services 

that forest ecosystems provide to society (LINDNER et al., 2010). However, it is still 

unclear how and if citizens perceive the mentioned impacts, in particular cause-effect 

relationships, and if they realize that climate change may put valued forest ESS under risk 

in the future. The socio-geographical perspective is seldom investigated in research even 

if the society is concerned with climate change impacts and valued forest ESS may be 

under risk.  

The objective of this part of the study is to provide a profound analysis of the public 

perception of forest dieback, climate change and the adaptation strategies among 

inhabitants of the BF. Therefore, a quantitative study is carried out. First, the methods of 

the quantitative research are presented in section 5.2. An online survey has been chosen 

as suitable tool to generate representative data about the inhabitants of the BF. Besides 

the usage of a wide tool of descriptive statistics, deeper analysis methods like factor, 

cluster and DCE analysis are applied. Second, the results are presented in section 5.3. The 

last section, section 5.4, summarizes the results of the quantitative survey. 

 

5.2 Methodology: Quantitative research approach  

5.2.1 Quantitative study design and research questions 

A quantitative approach is chosen as an appropriate way to fulfill the research objectives. 

This research approach is characterized by the fact that descriptions and explanations of 

evidence are more objective compared with the qualitative survey, i.e. they are value-free 

and therefore comprehensible to anyone who has the expertise of the discipline. Scientific 
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statements about reality are not influenced by wishful thinking (SCHUMANN, 2018). The 

advantages of this research approach are manifold. Each step of the quantitative survey 

is standardized to reduce biases when collecting and analyzing data. Thus, results are 

valid, reliable and generalizable to a larger population. The data is usually gathered using 

structured research instruments (KUCKARTZ, 2014).  

The aim of this study is to get a representative sample of the inhabitants of the BF towards 

the perception of forest dieback, climate change and adaptation strategies. All aspects of 

the study were carefully designed before the data was collected. Following a mixed-

method approach, the quantitative survey bases partly on the results of the qualitative 

survey. The research tool, an online survey, was chosen as ideal instrument (see section 

5.2.2) to collect data for the described purposes. In France (Pays de Sault, in the Pyrenees 

Mountains) and China (Lijiang prefecture in Yunnan) similar surveys were conducted. 

The detailed research objectives of this survey are presented in section 1.3. 

 

5.2.2 Research material and data collection 

In contrast to qualitative research, quantitative research focuses more on the ability to 

complete statistical analysis. A web-based survey is an ideal research tool to fulfill the 

survey aims because alternative survey forms like a telephone inquiry are often unable to 

visualize DCE choice sets. Moreover, time and cost considerations are reasons that lead 

to the decision of using a web-based tool. As WRIGHT (2005) indicate are there many 

advantages of an online survey, e.g. the access to individuals in distant locations as well 

as the convenience of having automated data collection, which reduces time and effort. 

Furthermore, online surveys are spatial and temporal independent (WAGNER-

SCHELEWSKY & HERING, 2019). Efforts were supposed to be too high and results 

insufficient for alternative survey forms like a postal survey (mainly low response rates 

but high material costs). Furthermore, the margin of error is reduced with online surveys 

because participants enter their responses directly into the system. Moreover, the online 

survey allowed an easy conduction of the labeled DCE due to the visualization and 

randomization of the choice sets. In addition, the online format forces the respondents to 

answer each question of the questionnaire, which produces a comprehensive data set 

without missing data. Indeed, this reply obligation could also be seen as negative (see 
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section 6.5). Moreover, interviewer effects like social desirability could be minimized 

because with an online survey because there is no ‘face to face’ interviewer (WAGNER-

SCHELEWSKY & HERING, 2019). The market research institute ‘Psyma Research and 

Consulting GmbH, Munich’ generated the data and incentives were provided for 

respondents to complete the data set (representative sample). Thus, the probability that 

respondents go simply through the data is minimized (DE LANGE & NIPPER, 2018).  

The questionnaire (see A 2.1) of the online survey includes the following sections: 1) 

introduction; 2) relation to the forests of the project area; 3) relation to the environment 

and climate change; 4) relation to forest dieback in the project area; 5) adaptation to forest 

dieback and climate change; 6) separate part for forest owners; 7) socio-demographic 

details. 

First, an introductory text passage informs respondents about the general aims of the study 

as well as the preservation of anonymity during the analysis. Like in the qualitative 

survey, the terms climate change and forest dieback are not mentioned in advance to avoid 

biased opinions. The average time to complete the questionnaire is set up to 20 minutes. 

A map of the project area with the main districts, the actual forest share and the location 

of the NLP, is presented to the respondents. All respondents are inhabitants of the project 

area and it is supposed that they are more or less familiar with the forests of their 

residential area.  

The second section, relation to the forests of the project area, includes eight questions 

concerning the visit frequency of the forests, preferred activities, the knowledge level 

regarding forests (self-assessment), appreciated characteristics of a forest, perceived 

changes since 1980 (with the beginning of the Waldsterben era and the public awareness 

around the topic forests), forest functions and services and risks to forests.  

The third section describes the relation to the environment and towards climate change. 

A scale with six items, drawn from a European survey by FARJON et al. (2016), 

investigates the images and values of nature (environmental worldview). FARJON et al. 

(2016) revealed the following attitudes with the help of an explorative factor analysis: 1) 

the anthropocentric attitude indicates to what extent the respondents agree with utilitarian 

values of nature; 2) the eco-centric attitude reveals to what extent respondents appreciate 
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the intrinsic value of nature; 3) the holistic attitude shows to what extent the respondents 

agree with the vision that nature conservation should focus on the preservation of habitats 

and ecosystems rather than the protection of individuals. Besides the general view on 

nature, respondents should give information specifically about their opinions on climate 

change. Thus, the survey includes questions about causes of climate change (e.g. human-

caused, caused only by natural variability), the knowledge level about climate change 

(self-assessment), individual experiences with climate change and perceived impacts on 

the survey area. These questions are able to provide important insights into the attitudes 

towards climate change and are able to underpin the environmental worldview. The last 

question leads to the following section as this question aims to identify the opinion about 

future impacts of climate change on the forests. Forest damage is not mentioned in any 

case in advance. Thus, respondents are not informed about the detailed intention of the 

study before. Therefore, the choice of forest damage would show a rather uninfluenced 

voting.  

The next section – relation to the forest dieback in the project area – offers comprehensive 

insights into the detailed perceptions of forest damage and forest dieback as well as 

combined effects like deadwood accumulation. As it is supposed in advance that 

respondents have different imaginations about forest dieback, a brief introduction 

standardize respondents’ notion. Moreover, a picture from a monocultures spruce stand 

of the BF visualizes forest damage (see A 2.1, part IV).  

In addition, respondents are asked whether they have perceived the described forest 

damage during the last 20 years and if forest damage is a past, current or future 

phenomenon. Furthermore, the survey investigates the attitude towards the current 

severity of forest damage as well as the consequences of forest damage on the forests and 

on the forestry sector. The individual delimitation of recreational behavior through forest 

damage is queried in the following part. In addition, as forest dieback usually leads to an 

accumulation of deadwood, respondents have to answer 23 deadwood related items on a 

Likert-type scale from one “strongly disagree” to five “strongly agree” (see SACHER, 

2020; LEIZ, 2019; and a forthcoming paper by MAYER et al., 2021). The last question asks 

for a ranking of the four most important strategies towards the prevention of forest 
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damage. The strategies are drawn from the qualitative survey with the forest stakeholders 

of the BF (see section 4.3.3.3).  

The next section of the questionnaire is able to give more insights into the decision-

making process and preference for adaptation strategies towards forest dieback. 

Therefore, a labeled DCE is conducted (see section 5.2.3.3). A brief text passage 

describes the importance of forests and the potential risk to climate change. The strategies 

and their attributes are described by a few expressive sentences. Respondents have to 

choose one of three strategies out of four choice sets. All pre-defined choice sets were 

randomized for each of the three questionnaire versions. After the implementation of the 

labeled DCE, respondents are asked to rank the attributes according their importance. A 

comparison between the stated preferences revealed by the choice experiment with the 

specified choice could give interesting facts about the self-assessment and the actual 

choice. Moreover, respondents should assess the financial contribution, or payment 

vehicle, concerning the actual importance.  

Due to a high share of forest owners in the BF (see section 3.3), the questionnaire 

implements forest owner-specific questions. Forest owners are additionally asked about 

their general attitude towards their forests, size of their forest stand, the occurrence and 

severity of forest damage and adaptive strategies. The last section requests socio-

demographic details like profession, education, membership of an environmental 

association, income and marital status.  

In addition to single-choice and multiple-choice questions, five-point Likert scales and 

ranking tasks were used for data generation. Within the ranking task format, respondents 

had to choose their four most preferred items and sequence them according to their 

relevance from one “most relevant item” to four “less relevant item” from the four 

preferred items. Each ranking task was analyzed twofold: by the mean value and the 

relative frequency of selection. A re-coded scale – which ranges from four “most relevant 

item” to one “less relevant item” and zero “item was not chosen” – is used to determine 

the mean values. Nonresponses like “I don’t not know” and “I don’t want to answer” 

categories are used for each question. In addition, filter questions are used in case. 

https://www.linguee.de/englisch-deutsch/uebersetzung/specified.html
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The pre-test was online from August 9, 2018 to August 12, 2018 (n = 54) and the full 

launch was online from August 14, 2018 to September 7, 2018 (n = 305). There were 

school holidays in Bavaria during the interview period. The minimum age of respondents 

was set up to 18 years. 

5.2.3 Analysis of quantitative data 

5.2.3.1 Descriptive statistics 

The descriptive statistics use a wide tool of analyzing methods. Besides the advanced 

statistical methods of factor analysis, cluster analysis, and DCE analysis, mean values (µ) 

and standard deviations (σ) were calculated and means were compared (t-test, ANOVA). 

Moreover, tests of statistical relations (Chi-squared test, Spearman’s correlation analysis) 

are conducted. The significance level is based on α = 0.05. Accordingly, a significant 

correlation is given with p ≤ 0.05*, a very significant correlation is given with p ≤ 0.01**, 

and a highly significant correlation is given with p ≤ 0.001*** (Table 9). 

Table 9: p-values and the related significance levels 

Significance level Specification 

p > 0.05 not significant 

p ≤ 0.05* (5 %) significant 

p ≤ 0.01** (1 %) very significant 

p ≤ 0.001*** (0.1 %) highly significant 

Source: BÜHL, 2014, p. 142 

Besides a profound cluster analysis (see section 5.2.3.2), two factor analyses are carried 

out to elaborate environmental worldviews and the deadwood attitude. A factor analysis 

(also called principal factor analysis or principal axis factoring) is a method identifying 

interrelationships between variables. It is the aim to find a smaller number of unifying 

variables called factors (MOOI, SARSTEDT, & MOOI-RECI, 2018). Like any multivariate 

analysis method, a factor analysis is subject to certain requirements, which need to be met 

for the analysis to be meaningful, e.g. considering the scree plot as well as the total 

variance explained for the number of extracted components etc. However, a crucial 

requirement is that the variables need to exhibit a certain degree of correlation.  

The Kaiser-Meyer-Olkin (KMO) statistic – also called the measure of sampling adequacy 

(MSA) – indicates whether the other variables in the dataset can explain the correlations 
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between variables (see Table 10). Consequently, all of the MSA values should also lie 

above the threshold value of 0.50 (MOOI et al., 2018).  

The Bartlett’s Test of Sphericity (BARTLETT, 1950) examines the null hypothesis that the 

correlation matrix is an identity matrix (all correlations are zero). The probability value 

should be less than 0.05 to perform a factor analysis on the data. 

Table 10: Interpretation of Kaiser-Meyer-Olkin Measure of Sampling Adequacy  

KMO Specification 

KMO > 0.90 marvelous 

KMO > 0.80 meritorious 

KMO > 0.70 middling 

KMO > 0.60 mediocre 

KMO > 0.50 miserable 

KMO < 0.50 unacceptable 

Source: BACKHAUS, ERICHSON, PLINKE, & WEIBER, 2016, p. 399; originally from KAISER, 1974, n.p. 

The statistical dependence between two ordinal-scaled variables is measured with the 

help of the Spearman correlation coefficient (Spearman’s R). The correlation 

interpretation is visualized in Table 11. Coefficient values can range from +1 to -1, where 

+1 indicates a perfect positive relationship, -1 indicates a perfect negative relationship, 

and 0 indicates that there is no relationship.108 In addition to the strength of the Spearman 

correlation, a small p-value (< 0.05*) is crucial for a significant correlation between the 

tested variables.  

Table 11: Interpretation of correlation coefficients 

Coefficient interval Specification 

Rs < │0.30│  weak association 

Rs > │0.30│ moderate association 

Rs > │0.50│ high association 

Source: COHEN, 1992, n.p. 

Cramér’s V is a measure for the strength of association between two categorical variables 

and an alternative to phi in tables larger than 2 × 2 tabulation. It is based on Pearson’s 

                                                 
108 A correlation coefficient of Rs < │0.20│ represents a very weak association. Nevertheless, these 

correlations will be presented in the result section but the interim summary and the discussion chapter 

focuses on at least “weak associations”.  
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Chi-squared statistic. Similar to Spearman’s R, a value close to zero means no association. 

Cramér’s V vary between 0 and 1 without any negative values (FIELD, 2018). The 

interpretation follows the Spearman’s R interpretation. 

Variables were tested regarding their correlation coefficients with respondents 

characteristics: socio-demographic data (age, gender, income class, profession and 

professional relation to forestry, highest educational level), environmental worldviews 

(e.g. anthropocentric, holistic), knowledge level on climate change and forests, visit 

frequency of forests, aggregated climate change and forest dieback perception and in case 

with other suitable variables (e.g. impact assessment). 

Furthermore, the data was divided into the groups: forest owner and other respondent; 

urban residents (from the towns Passau, Straubing) and rural residents (from the districts: 

Cham, Deggendorf (north), Freyung-Grafenau, Passau (north), Regen, Straubing-Bogen 

(north)); residents from the inner BF (districts Freyung-Grafenau and Regen) and the 

outer BF (all other respondents). The aim of the division is to reveal significant 

differences between the groups concerning perceptions and attitudes towards forest 

dieback and climate change as well as adaptation to climate change.  

Moreover, the data set is controlled regarding statistical outliers. In addition, weighting 

factors are calculated to improve representativeness based on statistical data of the 

Bavarian State (LFSTAT, 2019). Therefore, the relative frequency of the original sample 

(n°=°305) was determined by a split up into the categories: gender (male, female), 

district/town (districts: Cham, Deggendorf (north), Freyung-Grafenau, Passau (north), 

Regen, Straubing-Bogen (north); towns: Passau and Straubing), age class (18-24, 25-34, 

35-44, 45-54, 55-64 and > 65 years). The relative frequency was compared with the 

statistical data of the Bavarian state (506,518 inhabitants older than 18 years). This 

complex calculation should be clarified by an example: 1.97 % (six respondents) of all 

interviewed respondents are female, have an age between 18-25 years and live in the 

district Freyung-Grafenau. The statistical data of the Bavarian state shows that only 

0.60 % (3,033 inhabitants) have the described characteristics. Thus, there is a difference 

of -1.37 % to the statistical data of the Bavarian state for female inhabitants of the age 

class 18-25 years (see Table 12).  
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Table 12 shows that the younger age classes (18-24, 25-34 and 35-44 years) and the age 

class 55-64 years are overrepresented in the survey sample in contrast to the statistical 

data of the state. Moreover, the age classes of 45-54 years and > 65 years are 

underrepresented in the survey sample. Therefore, the relative frequency of the data 

provided by the Bavarian state (in the above described case: 0.60 %) was divided by the 

relative frequency of the survey sample (1.97 %) to elaborate an individual weighting 

factor. Through this process the original number of n = 305 was downgraded to n = 270.  

Table 12: Example for the calculation of weighting factors 

 

Source: own draft based on own results and on LFSTAT, 2020a, n.p. 

To get a comprehensive understanding about the attitudes towards forests, respondents 

had to answer several ranking tasks. Each ranking task was analyzed by the individual 

item choice (four items to choose) and the mean value of the overall choice. The mean 

value was calculated on a re-coded scale from zero to four, while zero indicates that the 

item was not chosen and four indicates that the item is the most preferred ones.  “I don’t 

not know” and “I don’t want to answer” categories are treated as missing values. The 

statistical programs R and IBM SPSS Statistics 25 are used to analyze the generated data. 

 

5.2.3.2 Cluster analysis: The ClustOfVar method 

KAUFMANN and ROUSSEEUW (2009, p. 1) describe a cluster analysis as “(…) the art of 

finding groups in data.” This multivariate method is used to group a set of objects in such 

a way that objects in the same group (called a cluster) are more similar to each other than 

to those in other groups. Hence, variable clustering aims to group together variables that 

are strongly related to each other, i.e. containing the same information. Another objective 

of variable clustering is to avoid redundancies between variables by reducing the size of 

Database: Official 

statistics for BF 

(n=506,518)

Database: Survey 

sample BF 

(n=305)

18-24 yr 0.60 1.97 -1.37 0.30

25-34 yr 0.82 1.31 -0.49 0.63

35-44 yr 0.87 1.31 -0.45 0.66

45-54 yr 1.29 0.33 0.96 3.93

55-64 yr 1.24 1.64 -0.40 0.75

> 65 yr 1.77 1.31 0.46 1.35

Weighting factor: 

Official stat./ 

Survey sample   

Deviation (%): 

Official stat. - 

Survey sample

Share of female respondents living in 

the  distr. Freyung-Grafenau (%)
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datasets. Clustering is useful for dimension reduction and variable selection. It is a main 

task of exploratory data mining and a common technique for statistical data analysis 

(WIEDENBECK & ZÜLL, 2010).109  

Even if the basic idea of clustering is very simple, a wealth of algorithms and software 

have been developed over the last decades. As a result, every algorithm defines a cluster 

differently, e.g. spherical clusters, drawn-out clusters, linear clusters. Moreover, the 

understanding of the constitution of a cluster and how to efficiently find it differs 

significantly. Further, different applications make use of different data types like 

continuous and discrete variables, similarities and dissimilarities (KAUFMAN 

& ROUSSEEUW, 2009). Typical cluster models include e.g. connectivity models like 

hierarchical clustering and centroid models like k-means algorithm. 

Several methods have been developed for the clustering of numerical variables. However, 

concerning qualitative variables or mixtures of quantitative and qualitative variables110, 

far fewer methods have been proposed (CHAVENT, KUENTZ-SIMONET, LIQUET, & 

SARACCO, 2012). The clustering of variables (ClustOfVar) method proposed by KUENTZ 

et al. (2015) suggest hierarchical and k-means type algorithms for the clustering of 

quantitative and/or qualitative variables (based on the PCAmix method by KIERS, 1991). 

Both algorithms are designed to maximize the same homogeneity criterion, based on the 

square of the Pearson correlation for numeric variables and on the correlation ratio for 

categorical variables111 (KUENTZ et al., 2015). ClustOfVar is a useful tool to visualize the 

links between the variables and the redundancies in a data set. It is an alternative to 

principal component analysis (PCA) and multiple component analysis (MCA) methods 

for dimension reduction and for re-coding qualitative or mixed data matrices into 

quantitative data matrices. The main difference between PCA and CulstOfVar is that the 

synthetic variables (SVs) of the clusters can be correlated whereas the principal 

components are not correlated by construction. Thus, information about the mutual 

relationship between the SVs may be provided. The homogeneity criterion of a cluster is 

                                                 
109 In contrast to a cluster analysis, a factor analysis attempts to group features and not to group cases. 

Cluster analysis is used to find smaller and representative groups of cases. Factor analysis is used to find 

out underlying structures in a data set (FROMM, 2008). 
110 Categorical variables or variables that are not numerical. 
111 Categorical variables include nominal and ordinal variables per definition. 
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defined as the sum of correlation ratios (for qualitative variables) and squared correlations 

(for quantitative variables) to a synthetic quantitative variable, summarizing the variables 

in the cluster (CHAVENT et al., 2012). Further, ClustOfVar is able to deal with missing 

data.  

The two-steps exploratory statistical approach allows identifying opinion trends among 

the interviewed respondents. First, a variable clustering method provides SVs, which can 

be read as gradients. SVs identify elements of interpretation regarding the different types 

of relationships interviewees have with, in this case, the impacts of forest dieback and 

climate change on forests. The information carried by the variables of the cluster are 

summarized by its SVs. In other words, the SV yk of a cluster Ck is defined as the numeric 

variable, which is ‘most linked’ to all of the variables in the cluster. It maximizes the 

homogeneity of Ck. Thus, yk gives the coordinates of the observation units on the SV of 

cluster Ck. The homogeneity of the cluster H(Ck) is a measure of adequacy between the 

variables in the cluster and its synthetic numeric variable. Hence, H(Ck) measures the link 

between the categorical variables and the synthetic numeric variable yk. Having applied 

MCA to calculate the SV of each cluster of variables Ck, it is possible to obtain the matrix 

Ak (gradients of the SV). Ak includes the coordinates of the mk categories (m is the total 

number of categories of the variables in Ck) of the pk variables on the principal 

components. Then it is possible to calculate the matrix Ck, which contains the squared 

loadings of the variables.  

The matrices Ak and Ck play a central role for the interpretation and labeling of the SVs. 

The main difference to the interpretation rules of the MCA is that these two matrices are 

defined inside a cluster. Their dimension is thus lower because they only focus on 

variables of the corresponding cluster and not the whole set of variables. Because the SV 

of a cluster is the first principal component of MCA applied to the cluster, the focus lies 

on the first column of the matrices. The first column of Ck presents those variables with 

the strongest link to each SV in terms of correlation ratio. Besides, the first column of Ak 

gives the coordinates of the SV variables (see derivations of KUENTZ et al., 2015).  

Table 13 presents the questions and related items, which are selected for a deeper analysis 

of forest dieback and climate change issues (see A 2.5.1 for further information).  
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Table 13: Selected items for the analysis of synthetic variables 

Question Item Description 

Q11a “ThreatFo” Level of threat to forests 

Q15b 

“CqCCfertR” 

Consequences of 

climate change on 

the forests 

Change in soil fertility 

“CqCCgrowR” Increase tree growth rate 

“CqCCdegrowR” Decrease tree growth rate 

“CqCCmortR” Increase in tree mortality  

“CqCCspecR” Change in tree species composition 

“CqCCbdR” Change in fauna and flora diversity 

“CqCClandR” Forest landscape degradation 

“CqCCdamR” Increase in forest damage 

Q18a 

“OpFDpast” 

Opinion on forest 

dieback  

Forest dieback is a past phenomenon 

“OpFDtod”, 
Forest dieback is a current 

phenomenon 

“OpFDfut” 
Forest dieback is a future 

phenomenon 

Q19 

“EFDdwR” 

Effects of forest 

dieback on the 

forests 

Increasing volume of deadwood 

“EFDvegetR” Change in understory vegetation 

“EFDspecR” Disappearance of protected species 

“EFDmicroR” Increase of micro fauna 

“EFDnwpR” Loss of non-timber forest products 

“EFDlandR” Landscape degradation 

“EFDeconR” 
Economic recession of the forestry 

sector 

Source: own draft 

The scales of Q11a, Q15b and Q19 ranged originally from one “no impact” to five “very 

high impact”. To reduce the amount of variables, answering categories with low 

percentages were joined, e.g. CqCCmortR = 2 describes that respondents perceive no to 

very low consequences of climate change (original answering categories 1 and 2 were 

joined). Further, the items of Q15b and Q19 were re-coded. Thus, the “I don’t know” 

answers were integrated in the medium category – e.g. CqCCmortR = 3 – and not 

analyzed as single factors. The “I don’t know” answers were not excluded because these 

categories give important information about the knowledge level of respondents. Hence, 

resulting gradients show clear shades from a perceived high impact to a low impact. A 

medium impact presents a rather undecided opinion and is therefore in the middle of the 

gradient. Without the integration of the “I don’t know” answers into the medium 

categories, the gradients would have shown an attitude span from no knowledge to 

knowledge about impacts and thus would not have provided sufficient information about 

the impact assessment.  
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After finding groups of variables, the second step is to cluster interviewees via classic 

clustering algorithms (Ward’s ascendant hierarchical clustering). A typology of 

individuals highlights the profiles of respondents expressing particular points of view. 

This specifically involved the use of an ascendant hierarchical clustering algorithm (AHC 

with Ward criterion) on individual scores measured using the SVs. It also includes a 

consolidation step using the k-means algorithm to stabilize the typology. By reducing the 

number of variables via ClustOfVar, it is possible to interpret the partition of respondents, 

not based on the nineteen original variables, but by relying on the five SVs. The questions 

and their items (in sum 82) are used for the interpretation of the clusters (see A 2.5.1 for 

more information about the exact variable names and related questions). The proposed 

algorithms are implemented in the R package ClustOfVar available on the CRAN 

(Comprehensive R Archive Network).  

 

5.2.3.3 Discrete choice experiment 

The society is confronted with a multivariate decision problem when selecting adaptation 

strategies to climate change. It requires them to simultaneously contemplate several 

aspects of the strategies and trade-off the specific aspects of the alternatives according to 

their preferences (for applications of a DCE in a climate change context see e.g. 

LANDAUER, PRÖBSTL & HAIDER, 2012; MOSTEGL et al. 2019; PRÖBSTL-HAIDER et al. 

2016a). However, adaptation strategies comprise various elements that need to be 

considered because they may have different kind of impacts on the environment. The 

intricate decision-making process for findings suitable adaptation strategies requires an 

appropriate methodological approach, which allows for the analysis of societies’ 

preferences for and willingness to make specific trade-offs. MEYERHOFF, ANGELI, & 

HARTJE (2012) investigated, for example, monetizing benefits arising from the National 

Biodiversity Strategies and Actions Plans. This information is important for policy 

makers, especially as biodiversity conservation will very likely face stronger competition 

with alternative land uses in the future (see also GARNETT, ZANDER, HAGERMAN, 

SATTERFIELD, & MEYERHOFF, 2018; SACHER, MEYERHOFF, & MAYER, 2021). 

The interest in stated preference (SP) theory and methods has increased strongly in 

economics of agriculture, food, environment and health since the mid-1990s (LOUVIERE, 

FLYNN, & CARSON, 2010). LOUVIERE et al. (2010) note that SP methods are used to elicit 
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an individual’s preferences for alternatives (e.g. goods, services, or courses of action) 

expressed in a survey context. Traditional economic approaches are rather based on 

revealed preference (RP) data obtained by observing individual behavior in real markets 

(HAIDER, 2002; MAYER, 2013). Contingent valuation (CV) with its two arms, willingness 

to pay (WTP) and willingness to accept (WTA), is still the most prominent technique of 

the stated preference methods in nonmarket valuation. Nevertheless, literature discusses 

how CV surveys should be designed, administered, analyzed and whether they 

correspond to economic theory (LIEBE, PREISENDÖRFER, & MEYERHOFF, 2011). In 

general, WTP reveals how much a consumer is willing to pay to avoid a negative or accept 

a positive outcome, while WTA asks how much a consumer would like to be paid to 

accept a negative outcome or forego a positive one. CV can provide information about 

“the (monetary) value of nature”, which may help politicians to make a decision (LIEBE 

et al., 2011, p. 107).  

The economic concept of value is linked to the usage of public goods. A visit of a forest 

landscape as public good is expected to have an instrumental value. A forest visit for 

recreation increases the well-being of an individual (ELSASSER et al., 2021). This direct 

behavioral link between the public good and the individual’s well-being is expressed by 

the concept of use values. If the individual does not visit the forest and therefore does not 

use the public good, the only link between the good and the individual’s well-being is the 

knowledge about the public good. This link is expressed in non-use values (e.g. existence 

value) and is expected to be weaker than a link based on direct use. It is assumed that 

users are willing to pay more than non-users (CARSON, FLORES, & MEADE, 2001; LIEBE 

et al., 2011; PRÖBSTL-HAIDER, 2016).  

The DCE (also named choice-based conjoint analysis, choice modelling or stated choice 

method) is an attribute-based survey method for measuring benefits (utility). Respondents 

choose from various alternative options (for actions) the most preferable one in survey-

based DCEs. DCEs assume that preferences of subjects (as summarized by their utility 

function) are revealed through their choices. This enables a more direct testing of causal 

relations than it is possible with usual survey data, e.g. on Likert-type scales. In contrast 

to the similar design of factorial surveys, the method corresponds better with action and 

decision theories and a high external validity is already given (AUSPURG & LIEBE, 2011). 
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Accordingly, a DCE tries to combine the advantages of experiments and surveys. 

Compared with simple-item queries, more complex stimuli are provided for more realistic 

judgments (see ibid. and MARIEL et al., 2020).  

DCEs are based on a long-standing, well-elaborated theory of choice behavior, the so-

called random utility theory (RUT), which recognizes interlinked behaviors (LOUVIERE 

et al., 2010; MARIEL et al., 2020). The theory was originally proposed by THURSTONE 

(1927). Recent work in DCE theory and methods rely mainly on the research of 

McFadden who takes multiple comparisons of alternatives in account (see e.g. 

MCFADDEN, 1974, 1986; MCFADDEN & TRAIN, 2000). RUT provides an explanation of 

the choice behavior of humans. The theory assumes that the ‘latent’ utilities (cannot be 

‘seen’ by the researcher) can be summarized by two components, a systematic component 

and a random component. Systematic components, which are explainable, comprise 

attributes explaining differences in choice alternatives and covariates explaining 

differences in individuals’ choices. Random components (or error terms), which are 

unexplainable, comprise all unidentified factors that impact choices (CROISSANT, 2011; 

LOUVIERE et al., 2010). The utility and therefore the choice is purely deterministic from 

the decision-maker’s perspective but it is random from the researcher’s perspective. This 

difference is because some of the determinants of the utility are unobserved, which 

implies that the choice can only be analyzed in terms of probabilities (CROISSANT, 2011).  

Respondents take all attributes of the alternatives into account and reveal the trade-offs 

between different attributes within a choice set112 when picking one scenario over another 

[Ua > Ub]. According to the RUT is the full utility of alternative A defined as the sum of 

the measurable (Va) and immeasurable (εa) components [(Ua) = Va +εa]. The probability 

of selecting alternative A can then be described as the exponent of all measurable 

elements of alternative A over the sum of the exponent of all measurable elements of 

alternative B [Prob{choosing a}= eVa/Σ eVb] (TRAIN, 2009). This coherence allows the 

subsequent definition of the use-value of every attribute and its levels. Moreover, the 

                                                 
112 A choice set consist out of the following elements: alternatives, attributes and levels. Alternatives are a 

number of hypothetical alternatives like the strong adaptation scenario in this case. The attributes of the 

alternatives describe the alternatives and are ideally mutually exclusive and independent. Each attribute has 

a number of possible levels that the attributes may range over. The specific levels that are shown are driven 

by an experimental design. Levels are discrete, even in the case that the attribute is a scalar such as price 

(THILL, 2016). 
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probability of a specific alternative as a function of its attributes and the attributes of all 

compared options can be determined (see MARIEL et al., 2020 for more information). 

A fundamental question that arises in the application of a DCE is whether to present the 

choice sets in a labeled or unlabeled form (BLAMEY, BENNETT, LOUVIERE, MORRISON, & 

ROLFE, 2000). The unlabeled form involves assigning unlabeled alternatives in the choice 

set, e.g. alternative A, B or C. The labeled DCE form involves assigning labels that 

provide information about the alternatives. Labels are constant headers in the choice set 

alternatives and they are characterized by alternative-specific attribute levels. In 

marketing applications, labels tend to comprise brand names and logos.  

BLAMEY et al. (2000) note that a potential advantage of using alternative-specific labels 

is that respondents may be better able to base their choices on a real-world context. 

Therefore, a labeled DCE can increase predictive validity while at the same time reducing 

the cognitive burden. The focus of the analysis of this study lies on the prediction of the 

amount of money people would actually pay to obtain a given alternative. The 

presumption is that meaningful labels for the alternatives are apparent. A potential 

advantage of the generic labeling approach is that respondents are not influenced by the 

names of the alternatives and may provide as a consequence better information regarding 

trade-offs among attributes (see e.g. SACHER, 2020). The generic approach should be 

preferred when the objective of the study is to estimate attribute values or marginal rates 

of substitution. Thus, the choice of the approach depends on the objective of the study 

(BLAMEY et al., 2000). Within this study, a labeled DCE is chosen to investigate 

respondents’ preferences for hypothetical scenarios related to forest reconfiguration 

induced by climate change and adaptive strategies of forest owners.  

At the beginning, it was necessary to choose a status quo scenario that should provide an 

impression about the current forest state. However, there are various forest states in the 

BF that may need different, tailor-made adaptation solutions. The qualitative survey 

indicated already that forest stakeholders have various strategies from diversifying to 

intensifying management (and a combination of both) and transitions between the 

strategies are fluent. However, a spruce monoculture with a low deadwood level was 

selected because this forest is thought to be highly vulnerable to climate change (high risk 

of forest dieback) and forest policies recommend to convert monocultures in priority. 
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Further, a low deadwood level indicates that this forest is not highly biodiverse and is 

presently not impacted by forest dieback. These pre-assumptions needed to be determined 

in advance and make it possible to understand the effects of adaptation more easily.  

Based on the described forest state, pro-active and reactive forest stakeholders may decide 

about different adaptation scenarios – in this case a strong and a soft or no adaptation 

scenario. The strong adaptation scenario, which is preferred by pro-active forest 

stakeholders, represents a high level of human intervention in the short term (planting of 

mixed tree species, thinning and harvesting of spruce trees, game management, etc.) but 

guarantees also fast visible effects like a lower risk for forest dieback and a higher 

biodiversity level in the medium term (until 2050). Various pro-active forest stakeholders 

indicate the urgency of converting spruce monocultures immediately. Thus, this scenario 

combines an intensive intervention in the short term with the intention to diversify the 

forest and reduce therefore the risk of forest dieback in the future. A certain deadwood 

level is left in the forest to increase the biodiversity of the formerly monocultures spruce 

forest. This procedure is more costly than the soft adaptation scenario. 

The soft adaptation scenario is characterized by a low level of human intervention (natural 

rejuvenation of native tree species instead of planting etc.) but with a longer time span 

until results may be visible and a higher risk of forest dieback impacts in the medium 

term. Thus, it will be not easy to convert the spruce monoculture directly into a mixed 

forest with the tree species triad – spruce, beech and fir. There are several constraints that 

hinder a more active human intervention like an insufficient game management, a low 

knowledge level about forestry or about financial support by the AELF, insufficient 

financial means, etc. In addition, this strategy may also reflect the attitude towards climate 

change and forest dieback by reactive forest stakeholders. They are not very certain about 

how to react and cause-effect relationships are not truly clear (see also section 4.3.3.2). 

However, given the wide amplitude of deadwood perceptions, forest stakeholders may let 

a low, medium or high deadwood level in the forest. In contrast to the strong adaptation 

scenario, the biodiversity is likely to be slightly lower in the future. The costs for this 

scenario are minor than for the strong adaptation scenario due to less costly forestry 

measures.  
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The no adaptation scenario is mainly chosen by passive forest stakeholders. These forest 

owners prefer the current forest state (spruce monoculture with low deadwood level). 

Therefore, the risk of forest dieback will be higher and the biodiversity lower in the 

medium term.  

The described adaptation scenarios needed to be broken down to essential units of interest 

(attributes). In each choice set are three labeled (and hypothetical) scenarios with five 

attributes presented. Thus, each adaptation scenario comprises five attributes: the current 

diversity of tree species in the forest, the current level of deadwood left in the forest, the 

risk of forest dieback until 2050, the diversity of fauna and flora until 2050 and the 

monetary attribute. These attributes were chosen because they ideally explain the 

adaptation scenarios of forest stakeholders and are assumed to be easily understandable 

for lay people. Thus, while the tree species diversity and the level of deadwood refer to 

the immediate consequence of the forest management measure, the risk of forest dieback 

and the diversity of fauna and flora illustrate mid-term consequences of the chosen 

scenario. The financial attribute took the form of an annual financial contribution per 

household to support forest owners to tackle forest dieback. Adaptation to climate change 

is a cost intensive measure especially for the small-scale forest owners of the BF. A 

financial compensation would allow them to implement demanded forest management 

strategies. Moreover, respondents are direct and indirect users of forest ESS, which are 

partly not guaranteed under forest dieback anymore, and the public may have the interest 

to protect the forest against these impacts.  

All attributes were introduced to the respondents by a brief information. It was supposed 

that the respondents were not familiar to silvicultural adaptation strategies and, thus, were 

unable to make an informed decision. Hence, through an information unit (introduction 

in the questionnaire) it was guaranteed that all surveyed individuals have the same 

understanding of the different attributes. Attributes and their associated levels are 

depicted in Table 14. The attribute levels vary among the strategies. It was not possible 

to present the full factorial design to the respondents, which represents all potential 

choices of hypothetical scenarios. For the strong strategy the full factorial design would 

comprise three attributes with two levels and two attributes with three levels, thus there 
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are 2 × 2 × 2 × 3 × 3 = 72 possible combinations. Each choice set has three alternatives – 

the so-called adaptation scenarios.  

Consequently, the following number of choice sets is theoretically possible: (2 × 2 × 2 × 

3 × 3) Altstrong × (2 × 3 × 2 × 3 × 3) Altsoft × (1 × 1 × 2 × 2 × 1) Altno = 184. The monetary 

attribute (annual payment per household) is composed – for instance – of three levels for 

each adaptive scenario (strong and soft scenario). The amounts for the strong scenario are 

realistically higher than for the soft scenario (except one in common), which requires less 

work for the forest owner. This attribute is not applied for the opt-out scenario because 

no additional costs are assumed for this scenario.  

Table 14: Attributes and their level for each scenario 

 Strong adaptation 

scenario 

Soft adaptation 

scenario 

No adaptation 

scenario 

Diversity of tree 

species in the 

forest 

Spruce + Fir (1) 

Spruce + Beech + Fir 

(2) 

Spruce + Fir (1) 

Spruce + Beech (2) 
Spruce (1) 

Level of deadwood 

left in the forest 

Medium (1) 

High (2) 

Low (1) 

Medium (2) 

High (3) 

Low (1) 

Risk of forest 

dieback until 2050 

Low (1) 

Very low (2) 

Medium (1) 

Low (2) 

High (1) 

Medium (2) 

Diversity of fauna 

and flora until 

2050 

Medium (1) 

High (2) 

Very high (3) 

Low (1) 

Medium (2) 

High (3) 

Low (1) 

Medium (2) 

Contribution to an 

adaptation fund 

(€/household/year) 

30€ (4) 

40€ (5) 

50€ (6) 

10€ (2) 

20€ (3) 

30€ (4) 

0€ (1) 

(see A 2.6.1 for the visualization of the attribute levels), Source: own draft 

Once the attributes and their levels were chosen, the three hypothetical scenarios were 

created and combined into the alternative specific choice sets through an efficient design 

that minimized the d-error. Thus, experimental design methods were used to select a 

reduced sample of choices (fractional factorial design). However, a full factorial design 

may require too many treatment combinations for practical purposes. The software Ngene 

created a suitable design. Experimental design methods consider orthogonality, level 
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balance, minimal overlap and utility balance (HUBER & ZWERINA, 1996). Orthogonality 

means that there is a minimal correlation between different attribute levels as they appear 

in the DCE. Level balance means that each attribute level should appear roughly equal 

times. A minimal overlap is guaranteed when two presented strategies in one choice set 

have rarely the same attributes. Utility balance describes that the utility value of the 

alternatives of a choice set are as equal as possible (see ibid.; MARIEL et al., 2020). 

In sum, twelve different and realistic choice sets were created. In order to reduce the 

cognitive burden placed on respondents during the choice exercise, the twelve choice sets 

were divided into three separate blocks of four choice sets. Each respondent answered 

four choice sets. Hence, one surveyed individual had to make twelve decisions (three 

Alt × four choice sets = twelve decisions). An example of a choice set is shown in 

Figure 14 (for more information about the DCE design see A2.6.1 to A 2.6.3).  

Figure 14: Example of a choice set 

 
Source: own draft 

As illustrations facilitate the interpretation of attributes (ADAMOWICZ, LOUVIERE, & 

SWAIT, 1998), pictorial representations of attribute levels were employed. In addition to 

these representations, each attribute level was described verbally in value-free terms in 

the choice sets.  
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MANGHAM et al. (2009) note that the analysis of DCE data typically involves regression 

models, which have a dichotomous or polychotomous categorical dependent variables 

such as a probit, logit, or multi-nominal logit (MNL) specification. The most common are 

conditional logit (CL), MNL and mixed logit (MXL) models. The choice of a model 

depends on the type of variables that need to be analyzed. The observed sources of utility 

can be defined in its simplest form as a linear expression in which each attribute is 

weighted by a unique parameter to account for the marginal utility of each attribute.  

Individual specific variables, which are alternative invariant and hence do not change 

over the choice questions, can be analyzed with MNL models. Thus, for the purposes of 

the labeled DCE study a MNL model was chosen. Alternative specific variables, which 

have a different value for each choice question like the attribute levels, are usually 

analyzed with CL models and models containing both kind of variables can be analyzed 

with a MXL models (CROISSANT, 2011). Both MNL and CL models are used to analyze 

the choice of an individual among a set of alternatives. The central distinction between 

the two is that MNL models focus on the individual as the unit of analysis and uses the 

individual’s characteristics as explanatory variables; By contrast, CL models focus on the 

set of alternatives for each individual and the explanatory variables are characteristics of 

those alternatives (HOFFMAN & DUNCAN, 1988).  

In general, a choice model with unlabeled or generic alternatives is one in which the 

alternatives differs only in the observed attributes. In terms of model specification, this 

case leads to the CL without alternative specific constants. An alternative specific 

constant is the coefficient of a dummy variable that identifies an alternative (AUSPURG 

& LIEBE, 2011; TRAIN, 2009). However, the aim of this study is to determine the 

alternative specific constants ASCStrong and ASCSoft as well as all β-estimates. Alternative 

specific constants must always be used with labeled choice to obtain real market share of 

each alternative (important difference to unlabeled alternatives) (see ibid.). 

𝑼𝒔𝒕𝒓𝒐𝒏𝒈 =  𝐴𝑆𝐶 𝑠𝑡𝑟𝑜𝑛𝑔 +  𝛽1 ∗ 𝑆𝑃 𝑠𝑡𝑟𝑜𝑛𝑔 +  𝛽2 ∗ 𝐷𝑊 𝑠𝑡𝑟𝑜𝑛𝑔 +  𝛽3 ∗ 𝐹𝐷 𝑠𝑡𝑟𝑜𝑛𝑔 
+  𝛽4 ∗ 𝐵𝐷 𝑠𝑡𝑟𝑜𝑛𝑔 +  𝛽5 ∗ 𝐶𝑜𝑠𝑡 𝑠𝑡𝑟𝑜𝑛𝑔 

𝑼𝒔𝒐𝒇𝒕 =  𝐴𝑆𝐶 𝑠𝑜𝑓𝑡 +  𝛽6 ∗ 𝑆𝑃 𝑠𝑜𝑓𝑡 +  𝛽7 ∗ 𝐷𝑊 𝑠𝑜𝑓𝑡 +  𝛽8 ∗ 𝐹𝐷 𝑠𝑜𝑓𝑡 +  𝛽9 ∗ 𝐵𝐷 𝑠𝑜𝑓𝑡
+  𝛽10 ∗ 𝐶𝑜𝑠𝑡 𝑠𝑜𝑓𝑡 

𝑼𝒏𝒐𝒏𝒆 =  𝛽11 ∗ 𝐹𝐷 𝑛𝑜𝑛𝑒 +  𝛽12 ∗ 𝐵𝐷 𝑛𝑜𝑛𝑒 
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Therefore, dummy variables are created for each attribute of the labeled alternatives (n-1 

level) and for the ASC. Moreover, covariates such as income, age, gender, attitudes 

towards deadwood and environmental worldviews are tested on their influence on the 

decision-making process. The willingness to pay (WTP) (TRAIN, 2009) is calculated by:  

𝐖𝐓𝐏 =  −1 (𝛽 attribute / 𝛽 monetary variable) 

The analysis uses the software environment for statistical computing and graphics R 

(mlogit and gmnl packages). 

 

5.3 Results of the quantitative study 

The results of the quantitative study are presented in the following section. The first 

section (section 5.3.1) gives a brief overview of the socio-demographic details of the 

respondents. After clarifying essential characteristics of the interviewees, the attitudes 

towards the environment and forests will be presented in section 5.3.2. The environmental 

worldview and deadwood attitude should serve as explanatory variables for a further 

profound analysis. Subsequently, section 5.3.3 focusses on the perception of climate 

change, before the perception of forest damage and forest dieback and the relation to 

climate change are highlighted in section 5.3.4. A cluster analysis should divide 

respondents into suitable groups with similar attitudes and perceptions towards forest 

dieback. The preferred adaptation strategies and scenarios and the DCE analysis, are 

presented in section 5.3.5. At the end of the results section (sections 5.3.6 and 5.3.7), 

differences between certain groups (forest owners, urban residents and residents of the 

inner BF) and the rest of the sample are specified.  

 

5.3.1 Socio-demographic characteristics 

Respondents (n = 270, weighted) have an average age of 49 years (σ = 15.09) which is 

older than the average age (45 years) derived from official statistics for the BF (LFSTAT, 

2020b). The youngest participant of the survey is 19 years old and the oldest 81 years old. 

The age class of 45-54 years is overrepresented within this study (21.9 %), followed 

closely by the age class of older than 64 years (21.6 %). The age class of 18-24 years 

(5.4 %) is rather underrepresented.  
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Overall, there are only small deviations from 1.1 % (age class 35-44 years) to 4.7 % (age 

class 18-24 years) of the weighted data in comparison with the official statistics for the 

BF (Figure 15). Thus, the data is almost representative in relation to age. Especially the 

age class of 35-45 years (22.0 % without weighting, n = 305, 15.1 % with weighting, n = 

270) was weighted down to create a higher representativeness. The age class of over 64 

years needed to be weighted up (11.8 % without weighting, n = 305; 21.6 % with 

weighting, n = 270).113  

Figure 15: Relative frequency of age classes compared with the official statistics 

 

(survey sample weighted, only inhabitants of over 18 years were considered),  

Source: own draft based on own calculations and on LFSTAT, 2020a 

There are more female (51.8 %) than male survey participants (48.2 %). A cross 

tabulation between age class and gender (see A 2.3.1) shows that males are over-

represented within the age classes 25-34 years and 45-54 years. These findings are mainly 

in line with the statistical data for the BF (LFSTAT, 2020a). 

Respondents disperse over the whole survey area (see A 2.3.1). Regarding the six districts 

of the BF, about two of ten respondents are from the district Cham (22.6 %, north of the 

survey area), while less respondents are form the district Deggendorf (11.0 %, south-west 

of the survey area but north of the Danube) and from the district Straubing-Bogen (6.3 %, 

north-west of the survey area). These districts represent the Anterior BF. The High BF 

and Regen valley are mainly represented by the districts Regen (13.2 %) and Freyung-

Grafenau (14.0 %). Thus, about one-third of the respondents live in the center of the BF, 

                                                 
113 A comparison between weighted and unweighted survey data and the official statistics for the variables 

age class, gender and place of residence (district/town) of the BF provides more details about the weighting 

effects (see A 2.2). 
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which is characterized by its low-relief plateau rising almost everywhere to above 

1,000 m. However, about two of ten (17.4 %) live in the cities Passau (9.9 %) or Straubing 

(7.5 %). These are the areas where the most respondents are from. Hence, the density 

(respondent/km2) is the highest. 

A closer look at the living situation of respondents shows that about one-fourth (25.6 %) 

live alone while the rest (74.4 %) lives together with at least one additional person (see 

A 2.3.1). The most frequent household format is to live with one additional person 

(55.9 %), regardless the age of the additional person. Nevertheless, the average household 

size is about three persons (µ = 2.88, σ = 1.27). Most of the respondents live together with 

their wife or husband (63.0 %), of whom two in ten live as a couple with children (22.2 %) 

or they are a single parent (3.3 %). In sum, the size of the households (> 2 persons) 

amounts over 500 persons, among whom the highest number (81.1 %) are over 18 years 

old.  

The professional situation (see A 2.3.1) shows that respondents are mainly employees or 

other officials (26.8 %), followed by retired persons (23.0 %) and craftsmen or workers 

(16.0 %). The former positions of pensioners are employees or other official positions 

(60.5 %), craftsmen or workers (21.9 %) and leadership positions (16.0 %). About 2.9 % 

of the respondents are unemployed, which is slightly above the Bavarian average value 

(2.8 %) for 2018 (BUNDESAGENTUR FÜR ARBEIT, 2020) 

Less than one percent of the interviewees (0.3 %) are full-time farmers or foresters. 

However, considerably more (4.5 %) are at least part-time farmers or foresters. Thus, 

more than nine of ten persons (95.5 %) have neither a full- nor part-time position on a 

farm or in a forest or forest office. In addition, almost three percent (3.0 %) have at least 

a reference to forests or forestry during their professional work. In comparison with the 

statistical data of Bavaria, about 1.4 % worked in the agriculture or forestry sector of the 

BF in 2017 (LFSTAT, 2020c). Nevertheless, the share varies between the districts. The 

rural district Straubing-Bogen, for instance, had an above-average value of employees 

working in the agriculture or forestry sector (2.6 %) in 2017 (LFSTAT, 2020c).  

Respondents are mainly organized in environmental associations (13.0 %), followed by 

FOA (7.2 %) and hunting or fishing associations (5.7 %). Those, who are organized in a 

FOA do not work to a large extent (96.0 %) in a forestry sector or another forestry-related 
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profession. Respondents, who were organized in a forestry association, work mainly as 

employee/other official (27.6 %) or as craftsman/worker (24.6 %).  

The educational profile of the respondents shows that nearly eight of ten (77.5 %) have a 

higher school education than the primary level. More than every third (36.9 %) reached 

the highest degree of school education and has therefore an A-level or similar school 

education, e.g. vocational baccalaureate diploma, advanced technical college certificate. 

The educational level is relatively high compared with the official statistics for the BF 

(reference year 2018) where only 22.1 % reached the A-level (LFSTAT, personal 

communication, June 5, 2020).  

Moreover, about seven of ten respondents (73.4 %) have a vocational training or 

(technical) university degree, of whom almost one-quarter (23.3 %) have a degree from 

a vocational school or a one-year school in the health sector. Furthermore, 14.1 % state 

having the highest educational level (Diploma, M.Sc., M.A. or higher). In sum, one-fifth 

of the whole sample (20.2 %) are academics. Compared with the official statistics for the 

BF (reference year 2018) where about 65.8 % of the inhabitants with an A-level have a 

vocational training or (technical) university degree and only 9.7 % are academics, the 

educational level of this survey is relatively high (LFSTAT, personal communication, June 

5, 2020). However, in comparison with a representative survey for Bavaria (SACHER, 

2020), where about 44.7 % of the respondents have an A-level or similar school education 

and 29.5 % are academics, the educational profile of this survey is slightly lower. 

The socio-economic profile should be determined here by the monthly household income 

of the respondents (see A 2.3.1). The overview of the income situation shows no clear 

peaks or a trend. Two of ten (21.0 %) state that their household income is less than 1,500 

Euros (net) per month, while nearly the same amount (20.0 %) has more than 4,000 Euros 

(net) per month available. However, most of the interviewees (64.4 %) have a monthly 

net income between 1,000 and 3,500 Euros. This is roughly in line with the official 

statistics for the BF (reference year 2018) where 57.0 % of the households earn between 

900 and 3,200 Euros (net) per month (LFSTAT, personal communication, June 5, 2020). 
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5.3.2 Public relation to forests and the environment 

5.3.2.1 Relation to forests 

This section illuminates the publics’ relation to forests by referring to the forest visit 

frequency, the self-assessed knowledge level about forests, the most preferred activities 

done in a forest as well as the most liked characteristics and key functions of a forest.  

First, the forest visit frequency should be investigated here (Figure 16). More than one-

third of the respondents (38.0 %) visit at least once a week the forests of the BF. A visit 

frequency of every day is true for 8.7 % of the inhabitants, while 20.0 % are more than 

once a week, 9.3 % once a week and 25.0 % more than once a month in the forest. 

However, an amount of 21.7 % respondents is only once a year or several times a year in 

the forests. Only 3.4 % are never or less than once a year in the forests.  

Figure 16: Forest visit frequency over the past 12 months 

 

(n = 255, weighted; Scale: 1 “every day” to 5 “never or less than once a year”), Source: own draft 

The visit frequency of the respondents of the BF is relatively high compared with other 

surveys (see e.g. SACHER, 2020; TAYE et al., 2019). A European study by TAYE et al. 

(2019) shows that 44 % of the Germans are between once and several times per month in 

the forests and 20 % are more often in the woods. Thus, in sum 64 % of the Germans are 

at least once a month in the forest, which is 10.7 % less compared with the respondents 

of the BF. In addition, SACHER (2020) reveals that only 2.9 % of the Bavarian public are 
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every day in the forest (8.7 % respondents of this survey) and 31.7 % are at least once a 

week in the woods (38.0 % respondents of this survey).  

Even if the forest visit frequency of the survey participants is relatively high, the self-

assessed knowledge level about forests is on average rather ranked as medium (µ = 3.33, 

σ = 0.73) (Figure 17). Thus, respondents feel not as laypersons but also not as experts 

concerning forests. In sum, 257 respondents are able to judge their level of knowledge 

towards forests. However, 35.3 % assess their knowledge level as good and 3.6 % as very 

good.  

Figure 17: Self-assessed knowledge level about forests 

 

(n = 257, weighted; µ = 3.33, σ = 0.73; Scale: 1 “very bad” to 5 “very good”), Source: own draft 

Concerning the correlations with respondents’ characteristics114, there is a highly 

significant, correlation with a moderate effect size (Rs = -0.384***) between the frequency 

of forest visits115 and the knowledge level about forests. Hence, the more often the 

individuals are in the woods, the higher their general knowledge about forests (and vice 

versa). Under consideration of the socio-demographic data, there is a significant, positive 

correlation with a very weak effect size (Rs = 0.154*) between the monthly net income 

class per household and the knowledge level about forests. Thus, the higher the income 

class, the higher the knowledge level about forests or the lower the income class, the 

                                                 
114 See also A 2.7 for an overview of Spearman’s correlations of the variables income, age, forest visit 

frequency, environmental worldview, knowledge level on forests and climate change, deadwood attitude 

(aggregated) and forest dieback and climate change perception (both aggregated). The correlation 

coefficients show often (very) weak to moderate effect sizes. However, the description will follow in the 

following sections (section 5.3.2 to 5.3.5).  
115 Scale for forest visit frequency: 1 “every day” to 5 “never or less than once a year”. The same scale is 

used for further correlations of the forest visit frequency with other variables. 
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lower the knowledge level about forests. However, between the variables age and 

knowledge level is no significant correlation. Moreover, no clear statements could be 

made regarding the educational level, the profession and the professional relation to 

forestry.116  

To get a comprehensive understanding about the attitudes towards forests, respondents 

had to answer several ranking tasks. These ranking tasks are related to the most important 

activities done in a forest, the most liked characteristics of a forest and the most important 

key functions of a forest. To reveal the importance of NWFPs, respondents were 

additionally asked for further details about the collection of NWFPs (see A 2.3.2). 

First, respondents’ activity spectrum should be investigated here. Interviewees were 

asked to select the four most important activities that they prefer to practice in the forests 

of the BF out of fifteen items (see A 2.3.2 visualizes the rank of the chosen items, the 

mean values and standard deviations). A large majority (82.7 %) chose the item 

appreciating scenery. Thus, there is a wide consensus that the BF offers aesthetical forest 

landscapes. However, respondents rank this item rather on the third place (25.5 %) than 

on the first (18.5 %). According to the mean values, walking (µ= 2.39) is on average the 

most popular activity done in the forests of the BF. Hence, about one-third (34.3 %) rank 

this activity on the first place. Appreciating scenery (µ = 2.06, σ = 1.37) and hiking 

(µ = 1.88, σ = 1.56) are on the following ranks regarding the mean values. Collecting 

mushrooms (µ = 0.39, σ = 1.30) is appreciated by 43.2 % of the respondents but rather 

on the fourth (11.3 %) of fifth (14.5 %) rank.  

More than half of the interviewees (55.2 %) collected NWFPs over the last 12 months in 

the BF, of whom 84.8 % collected mushrooms. The majority (43.4 %) collected less than 

one kilogram mushrooms during the last twelve months, while 42.7 % collected between 

one and five kilograms. The rest of the interviewees mainly picked fruits and nuts 

(82.8 %) like strawberries, blueberries, raspberries or walnuts. Only 7.5 % collected 

plants like herbs. Furthermore, about one of ten interviewees (9.7 %) collected other 

NWFPs like cones. In addition, only 2.2 % of all interviewees go hunting in the project 

                                                 
116 More than 20% of the cells have an expected frequency of less than five. Thus, the sample size is too 

small to analyze the correlations between the knowledge level about forests and further socio-demographic 

details (despite the income class). 
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area. The number of hunters in the sample is relatively low. Only six individuals (2.3 %) 

have a hunting license. Concerned persons hunt only big game like deer or wild boar. The 

mean amount of hunted game during the last 12 month is 65.78 kg. 

However, respondents prefer the following activities less: hunting or fishing (µ = 0.07, 

σ = 0.50), picnic (µ = 0.08, σ = 0.38) and motorized activities (µ = 0.10, σ = 0.54). About 

one of ten respondents (10.3 %) chose other activities (µ = 0.16, σ = 0.55), e.g. activities 

with dogs (4.6 %), using the forest simply for recreation (3.1 %) or discovering the forest 

with or without children (1.1 %). People often refer to going for a walk with the dog while 

voting for other activities. This fact gives importance to the walking item. Thus, physical 

movements (hiking, walking) in the appealing scenery of the BF are the most preferred 

activities. 

To get a detailed understanding about valued features of a forest, the four most liked 

characteristics of the forests of the BF were investigated. As a result, a mixed forest stand 

(µ = 2.51, σ = 1.42) is the most chosen and on average highest valued characteristic of a 

forest. About one-third of the interviewees (32.6 %) rank mixed forest out of nine other 

items as most appreciated characteristic. Considering the mean value and the overall 

choice, this feature is followed by paths (µ = 2.14, σ = 1.49) and fauna and flora richness 

(µ = 1.65, σ = 1.52). Understory vegetation (µ = 0.45, σ = 0.89) and deadwood (µ = 0.24, 

σ = 0.68) and are on average the least preferred forest states. Coniferous stands (µ = 0.47, 

σ = 1.07) are also seldom chosen, rarer than broadleaves stands (µ = 0.67, σ = 1.22). 

Given the strong relevance of physical engagement in nature (walking, hiking) the 

recreational area (µ = 0.51) as feature of a forest is not highly appreciated. Only one-

fourth (25.0 %) chose this item. Thus, concerning the choice (when neglecting the rank), 

the value of a recreational area is comparable to the item understory vegetation and plays 

therefore a relatively subordinate role.  

Concerning the four most important key functions of the forests of the BF, respondents 

value the key function that forests preserve the air, soil quality and water resources 

(µ = 2.00, σ = 1.59) the highest. Seven of ten persons (70.0 %) choose the preservation 

of crucial resources. Contributing to health and quality of life (µ = 1.82, σ = 1.59) is a 

further item that was selected very often (69.0 %). Hence, besides the provisioning of 

fresh water, forests are perceived as important component that directly affects the well-
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being. Moreover, being an area for conservation of animals and plants diversity (µ = 1.68, 

σ = 1.53) highlights again the importance of biodiversity (selected by 65.1 %). In 

addition, the forest as area for diverse species is higher valued than the forest as 

recreational area for humans (µ = 1.15, σ = 1.42) with beautiful landscapes (µ = 0.85, 

σ = 1.31). This selection may indicate a rather biocentric attitude of the respondents.  

The items being a cultural heritage (µ = 0.65, σ = 1.20), producing wood (µ = 0.47, 

σ = 0.90) and mitigating global warming (µ = 0.48, σ = 1.09) were seldom chosen. Thus, 

the economic importance of forests seems to be mostly not relevant for the citizens of the 

BF, regardless of the public usage of wood products and the long forestry tradition. This 

lack of awareness was also discussed by forest stakeholders during the qualitative survey. 

In addition, citizens do not assess the cultural heritage functions of the forest as important. 

Interestingly, the climate change mitigation function of forests is not valued by the 

respondents. It seems like that the enormous potential of forests to be a carbon sink is not 

appreciated or not well known.  

 

5.3.2.2 Environmental worldview 

Inhabitants of the BF may have contrasting opinions on the right way of dealing with the 

environment and especially with nature. Ethical views on nature differ between 

anthropocentric, holistic and eco-centric attitudes (FARJON et al., 2016). This analysis 

explores the normative dimension of citizens’ images of nature and measures the variety 

among opinions about values of nature in a more comprehensive way through an analysis 

of the response to six propositions. To analyze the environmental worldview, respondents 

had to rank the propositions on a scale from one “strongly disagree” to five “strongly 

agree”. Results are summarized in Figure 18.  

The statement a) “vulnerable nature areas should be closed to leisure and recreational 

activities” (n = 263, µ = 4.22, σ = 0.97), has on average the highest agreement among 

respondents. This attitude characterizes a rather eco-centric attitude because it gives 

evidence to the appreciation of nature’s intrinsic value. The statement e) “it is natural that 

wild animals sometimes starve to death or are injured by other animals and we should 

accept that” (n = 260, µ = 3.67, σ = 1.17) has the second highest agreement. This 
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proposition is followed by f) “trees may be felled if needed to increase the diversity of 

species in a forest” (n = 257, µ = 3.54, σ = 1.08).  

Figure 18: Agreement with environmental worldview items 

 

(survey sample weighted; Scale: 1 “strongly disagree” to 5 “strongly agree”), Source: own draft 

The statements b) “we should use nature in such a way that we get the most economic 

value from it” (n = 260, µ = 2.19, σ = 1.26), and c) “too much emphasis has been placed 

on nature conservation” (n = 261, µ = 2.00, σ = 1.17) have on average the lowest 

agreement. These rather anthropocentric attitudes indicate to what extent the respondents 

agree with utilitarian values of nature. The proposition d) “hunting is cruel and inhumane 

to animals” (n = 261, µ = 2.86, σ = 1.28) has the highest standard derivation and shows 

therefore the highest spectrum of (dis)agreements. This fact indicates that the issue is seen 

controversial.  

In order to extract a smaller number of independent variables or factors, a factor analysis 

was carried out. The rotated component matrix (see A 2.4.1) shows that the KMO is 

mediocre and the Bartlett’s Test of Sphericity is highly significant (p < 0.001). Thus, the 

data is suitable for the factor analysis. The factor analysis results in an extraction of three 

43.5%

37.6%

18.2%

30.3%

30.7%

19.8%

7.7%

7.4%

14.8%

16.4%

34.1%

33.4%

24.2%

17.8%

13.3%

32.8%

33.7%

25.4%

6.3%

9.4%

14.5%

20.4%

27.5%

51.6%

0% 20% 40% 60% 80% 100%

c) Too much emphasis has been placed on nature

conservation (n=261, µ=2.00, σ=1.17)

b) We should use nature in such a way that we get

the most economic value from it (n=260, µ=2.19,

σ=1.26)

d) Hunting is cruel and inhumane to animals

(n=261, µ=2.86, σ=1.28)

f) Trees may be felled if needed to increase the

diversity of species in a forest (n=257 µ=3.54,

σ=1.08)

e) It is natural that wild animals sometimes starve

to death or are injured by other animals and we

should accept that (n=260, µ=3.67, σ=1.17)

a) Vulnerable nature areas should be closed to

leisure and recreational activities (n=263, µ=4.22,

σ=0.97)

Share (%)

Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree



 

243 

from six components (λ1 = 1.811; λ2 = 1.152; λ3 = 1.049) that are able to explain 66.86 % 

of the total variance.  

Component k = 1 shows strong positive correlations with the propositions b) and c) and 

a negative correlation with proposition a). These correlations can be interpreted as “high 

load” due to l > 0.5. Thus, the first component describes an anthropocentric environmental 

worldview and therefore the agreement with utilitarian values of nature. FARJON et al. 

(2016) suggest including propositions b) and c) into the anthropocentric worldview. 

According to the negative load of statement a) (l = -0.644), this study adds proposition a) 

to the anthropocentric attitude as this view indicates to exclude humans from vulnerable 

areas.  

The second component k = 2 has a strong positive correlation with the statement f) and 

therefore it describes a holistic environmental worldview. The statement e) loads 

positively but relatively low on this factor l > 0.4. However, this attitude reveals the extent 

to which respondents appreciate species richness and biodiversity over the protection of 

single species. Thus, this attitude reflects that nature comprises much more than the fate 

of an individual animal or plant. 

The third component k = 3 indicates a rather eco-centric or sentiocentric awareness. The 

factor loads positively (l > 0.5) on the statement d) and negatively on the statement e). 

Thus, respondents agree that hunting is inhuman and think that it is not natural that wild 

animals sometimes starve to death or are injured by other animals. This is only partly in 

line with FARJON et al. (2016), who found a clear eco-centric attitude of the European 

public. However, within this study it becomes obvious that respondents appreciate the 

intrinsic value of nature and especially the moral rights of animals. Thus, the philosophy 

of sentiocentrism is able to describe this factor appropriately because it assumes that the 

sentient individual is of moral concern and interests and rights of the conscious beings 

should be considered (DÜWELL et al., 2011). 

A cluster analysis with the three elaborated environmental worldviews shows that 35.8 % 

of the respondents belong to cluster 1 (Figure 19). Respondents of cluster 1 agree the least 

with the anthropocentric worldview (µ = 2.23) and the most with the holistic worldview 

(µ = 3.26). Respondents of cluster 2 (27.4 % of all respondents) strongly agree with the 

anthropocentric worldview (µ = 4.34) and the least with the holistic worldview (µ = 2.99). 
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Cluster 3 includes the highest share of respondents (36.8 %). Respondents of cluster 3 

have the highest agreement with the eco-/sentiocentric worldview (µ = 4.38) and the 

lowest agreement with the anthropocentric worldview (µ = 2.35). 

Figure 19: Environmental worldview cluster 

 

(n = 254, weighted), Source: own draft 

Due to a vague opinion formation within the clusters, the calculated factors were used for 

further analyses. Nevertheless, after the clustering were several variables like socio-

demographic characteristics (e.g. age, gender, income class, educational level, 

professional relation to forestry), forest visit frequency, knowledge level about forests 

and climate change, environmental worldview, deadwood attitude (aggregated variable, 

see section 5.3.2.3), forest dieback perception and climate change perception (aggregated 

variables see section 5.3.3 and 5.3.4.1) were tested concerning differences within the 

clusters. Therefore, a variance analysis (resp. T-test for dichotomous variables) was used. 

A comparison of means and posthoc multiple comparison test (Tamhane-T2) shows no 

significant results for the socio-demographic characteristics and for further variables. 

There are only significant differences between the clusters concerning the aggregated 

deadwood attitude (F = 13.40, p < 0.001) (see A 2.4.2). Respondents with a rather 

anthropocentric worldview have a rather negative deadwood attitude compared with 

respondents with a rather eco-/sentiocentric (-0.57, 95 %-CI [-0.84, -0.31]) or holistic 

worldview (-0.51, 95 %-CI [-0.79, -0.22]). How the deadwood attitude is generated and 

which exact items lead to the aggregation of the variable will be explained in the 

following section.  
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5.3.2.3 Deadwood affinity 

To reveal the deadwood affinity, respondents were asked to what extent they agree on a 

scale from one “strongly disagree” to five “strongly agree” with selected items. To 

provide a better overview, the items were classified into the parts: knowledge about 

deadwood, behavior and attitudes towards deadwood (see A 2.3.2). 

Concerning the knowledge-related items, respondents agree on average the highest with 

the statement that deadwood is important for the survival of rare species (n = 243, 

µ = 3.92, σ = 1.04). Further appreciated characteristics of deadwood are the importance 

for biodiversity in forests (n = 244, µ = 3.88, σ = 1.03), the importance for nature 

conservation (n = 235, µ = 3.71, σ =1.07) and the creation of more natural forests 

(n = 246, µ = 3.59, σ =1.04). Thus, the respondents value a biodiverse and more or near-

natural forest with a certain deadwood share. These items also have the highest mean 

value among all requested deadwood items. However, respondents also indicate that they 

neither agree nor disagree to know a lot about deadwood (n = 242, µ = 2.50, σ = 1.00). 

Thus, the knowledge level is still insufficient. In comparison with a representative 

Bavarian-wide survey (SACHER, 2020), the agreement with the knowledge-related items 

of this survey is constantly lower, e.g. more than half (54.6 %) of the Bavarian population 

think that deadwood is important for the survival of rare species (n = 2078, µ = 4.30, 

σ = 0.90). However, only one-third (34.6 %, µ = 3.92) of the BFs’ population strongly 

agrees that deadwood is important for the survival of rare species.  

The attitude-related items show that respondents agree on average the highest with the 

statement to be interested in forests (n = 260, µ = 4.05, σ = 0.90) and to concisely perceive 

deadwood in forests (n = 253, µ = 3.58, σ = 1.04). Furthermore, respondents agree on 

average to perceive deadwood as an integral part of the BF (n = 252, µ = 3.54, σ = 1.13). 

In addition, respondents disagree that deadwood is waste and useless (n = 248, µ = 1.65, 

σ = 0.92) and to feel endangered by deadwood while doing activities in a forest (n = 253, 

µ = 1.77, σ = 0.92). These findings are mainly in line with the representative Bavarian-

wide survey of SACHER (2020). However, slightly more of the population agree to be 

higher interested in forests (µ = 4.05) than the Bavarian population (µ = 3.90). This may 

indicate the traditional meaning of the forests, serving as a cultural important landscape 

in the BF. In addition, the inhabitants of the BF agree on average less with the statement 
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to find dead trees appealing (µ = 3.36) than the Bavarian wide population (µ = 3.80) 

(SACHER, 2020).  

Concerning the behavior-related deadwood items, respondents neither agree nor disagree 

on average that they avoid areas with deadwood during their forest visits (n = 252, 

µ = 2.49, σ = 1.25). However, respondents rather disagree to consciously avoid paths that 

lead to deadwood (n = 253, µ = 1.92, σ = 1.06). Deadwood is seldom a topic during 

discussions with family and friends (n = 240, µ= 2.05, σ = 1.09). The average values are 

comparable to the representative Bavarian-wide survey by SACHER (2020). 

Further analysis is carried out to explain the deadwood attitude more precisely. The 

choice of appropriate items for the factor analysis is based on SACHER (2020).117 A factor 

analysis revealed an extraction of two components (λ1 = 4,374; λ2 = 1.267) out of nine 

selected deadwood items.118 These components are able to explain 62.68 % of the total 

variance. The rotated component matrix (see A 2.4.3) shows that the KMO is meritorious 

and the Bartlett’s Test of Sphericity is highly significant (p < 0.001). Thus, the chosen 

factors are appropriate. 

Component k = 1 contains six items and describes deadwood as important, natural and 

aesthetical part of the forest. This component shows strong relations to the ecological 

relevance of deadwood by highlighting the role for biodiversity, rare species and nature 

conservation. The statements deadwood is important for biodiversity (l = 0.877), 

deadwood is important for nature conservation (l = 0.861) and deadwood is important for 

the survival of rare species (l = 0.818) load the highest on this factor. People do not agree 

to exploit deadwood commercially (l = -0.579). Due to the negative loading and the 

reversed attitude, this item was re-coded for the further analysis.  

                                                 
117 Nine items were chosen for the calculation of the aggregated DW attitude: DW plays an important role 

in the biodiversity of forests, DW plays an important role in nature conservation, DW is important for the 

survival of rare species, DW is an integral part of the Bavarian forests, Dead trees can look very attractive, 

DW in forests should be exploited commercially, DW influences my sense of recreation during a forest 

visit, When carrying out my activities in forests, I feel endangered by DW, DW disturbs my image of 

forests.  
118 LEIZ (2019) extracted six factors (biodiversity/nature protection, danger/fear, economical usage, 

recreation, aesthetics, identity/place attachment) out of the sample used here (BF) and the German Alps 

(n = 597, weighted). The low sample size of this study does not allow a subdivision into six factors. 

However, for further information about the applied deadwood scale in Bavaria see SACHER (2020) and a 

forthcoming publication by MAYER et al. (2021).  
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Component k = 2 comprise three items with mainly negative attitudes towards deadwood, 

especially concerning the influences on recreation in a forest. For instance, respondents 

think that deadwood influences their sense of recreation during a forest visit (l = 0.804) 

and fell endangered by deadwood (l = 0.747).  

In order to create an aggregated variable for each component and a common aggregated 

deadwood attitude variable as a composite out of the two components, the items with a 

negative attitude were re-coded on a scale from one “very negative attitude towards 

deadwood” to five “very positive attitude towards deadwood”. This concerns all items of 

component k = 2 and one item of component k = 1 (“people do not agree to exploit 

deadwood commercially”). This step is important for the comparison of the components’ 

agreement spectrum, e.g. if a respondent originally noted that he strongly agrees (five on 

a five-point Likert scale) that deadwood has an influence on the sense of recreation, the 

statement was interpreted as a rejection and negative attitude towards deadwood and 

therefore re-coded (new coding: one on a five-point Likert scale). Subsequently, the mean 

average for each component was calculated by the sum of the agreements for each item 

of the component and divided by the number of factors. The overall deadwood attitude 

variable was created by the average agreement towards component k = 1 and component 

k = 2 divided by the number of components (in this case two).  

As a result, respondents have on average a rather positive attitude towards deadwood as 

important, natural and aesthetical element of the forest (k = 1, µ = 3.50, σ = 0.90). About 

one-third (35.3 %) have a very positive opinion about this component while only 3.8 % 

have a very negative opinion (Figure 20). By contrast, the attitude towards the influences 

on recreation (k = 2, µ = 3.93, σ = 0.89) is even more positive, i.e. respondents do not feel 

disturbed by deadwood while visiting the forests and do not see deadwood as a source of 

danger. It is remarkable that about two third (62.0 %) have a very positive impression 

under consideration of recreational aspects. Only 2.4 % have a very negative attitude 

towards the influences of deadwood on recreation in a forest.  

The aggregated deadwood variable (Figure 21) shows the overall attitude towards 

deadwood based on the two revealed components. Generally, the deadwood attitude is 

rather positive (µ = 3.71, σ = 0.78). In sum, 40.3 % of the respondents have a very positive 

attitude towards deadwood, while 38.3 % have a rather positive attitude towards 
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deadwood. About one-fifth (21.5 %) have a rather neutral to negative attitude towards 

deadwood. These findings are in line with the Bavarian wide survey by SACHER (2020) 

with a comparable mean value (µ = 3.76, σ = 0.78). 

Figure 20: Attitude towards deadwood components 

 

(n = 258, weighted; Scale: 1-2 “very negative attitude”, 2-3 “rather negative attitude”, 3 “neutral attitude”, 

3-4 “rather positive attitude”, 4-5 “very positive attitude”), Source: own draft  

 

Figure 21: Agreement with aggregated deadwood attitude 

 

(n = 258, weighted; µ = 3.71, σ = 0.78; Scale: 1-2 “very negative”, 2-3 “rather negative”, 3 “neutral”, 3-4 

“rather positive”, 4-5 “very positive”), Source: own draft 

A Chi-squared test and Spearman correlation analysis (see A 2.7) were used to test 

correlations between the aggregated deadwood attitude and socio-demographic 
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and climate change, the environmental worldview, the forest risk perception as well as 

the assessment if climate change has currently an impact on forests. However, there are 

no significant results for the socio-demographic characteristics like gender, income class, 

educational level and professional relation to forestry. In addition, the forest visit 

frequency has no significant correlation with the deadwood attitude. 

Under consideration of the knowledge level (self-assessed), there are significant, weak 

correlations between the aggregated deadwood attitude and the knowledge level about 

forests (Rs = 0.121*) as well as the knowledge level about climate change (Rs = 0.269***). 

Thus, respondents have a more positive attitude towards deadwood, the higher the self-

assessed knowledge level about forests or climate change.  

Moreover, there is a highly significant, negative and moderate correlation between the 

deadwood attitude and the anthropocentric environmental worldview (Rs = -0.297***) and 

a significant and very weak correlation with the eco-/sentiocentric environmental 

worldview (Rs = 0.124*). Thus, respondents with a rather anthropocentric worldview tend 

to perceive deadwood rather negative while those with a rather eco-/sentiocentric 

worldview tend to have a positive opinion on deadwood. More specifically, respondents 

with a more anthropocentric worldview have very significant and negative correlations 

with the components: deadwood as important, natural and aesthetical part of the forest 

(Rs = -0.240**) as well as deadwood and influences on recreation (Rs = -0.246**). By 

contrast, respondents with an eco-/sentiocentric worldview have only a significant 

correlation with the first component “deadwood as important, natural and aesthetical part 

of the forest” (Rs = 0.140*). However, these correlations are rather weak. No 

specifications could be made for the holistic worldview.  

The individual assessment if forests are at risk shows a significant, negative and very 

weak correlation with the deadwood attitude (Rs = -0.148*). Thus, the more positive the 

deadwood attitude, the lower the risk perception. This statement may indicate that 

respondents accept deadwood as integral part of the forest and do not see it as reason to 

be concerned. A closer look at the two revealed deadwood components shows that the 

component k = 2 (deadwood and influences on recreation) has a very significant, negative 

and very weak correlation (Rs = -0.177**) with the risk perception. Component k = 1 

(deadwood as important, natural and aesthetical element of the forest) has no significant 
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correlation. Thus, respondents who feel not disturbed by deadwood during their 

recreational forest visit tend to have a lower risk perception and vice versa.  

The assessment if climate change has an impact on the forests does not correlate with the 

aggregated deadwood variable but with component k = 1 (deadwood as important, natural 

and aesthetical element of the forest) (Rs = 0.168**) and component k = 2 (deadwood and 

influences on recreation) (Rs = -0.176**) (both very weak effect size). Thus, the higher the 

agreement that deadwood is an important, natural and aesthetical element of the forest, 

the higher the perceived impacts of climate change on forests. Moreover, the higher the 

agreement that deadwood influences the recreation in a positive way, the lower the 

perceived impacts of climate change on forests. Thus, the more sensitive respondents are 

towards climate change impacts, the more they perceive deadwood as an important 

element for the nature’s own sake and not for the own recreation. However, even if the 

relations are both very significant, the effect sizes are very weak. 

 

5.3.3 Public perception of climate change 

This section aims to provide an overview of the opinion on climate change, the knowledge 

level about climate change, individual experiences with climate change, and perceived 

impacts of climate change on the BF and more specifically on the forests of the BF. At 

the end, a climate change perception variable will be generated and tested regarding 

correlations with other variables.  

The existence of climate change is without controversy among inhabitants of the BF (see 

A 2.3.3). Nearly every respondent (97.4 %) has an opinion on the causes of climate 

change. More than nine of ten respondents (93.6 %) think that climate change is a reality. 

About eight of ten respondents (79.1 %) consider that climate change is entirely or partly 

caused by human activities. Nevertheless, 14.5 % claim that climate change is based on 

a natural variation of the Earth’s temperature. Only 2.6 % are sure that climate is not 

changing.  

Concerning the knowledge level, the majority of respondents (47.5 %) feel partly 

informed about climate change (µ = 3.42, σ = 0.97) (Figure 22). This fact is more or less 

in line with the knowledge level about forests (∆ -1.5 %, Figure 17). Thus, this evidence 

indicates that respondents are uncertain about climate change and forests or at least they 
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are not sufficiently confident to evaluate their knowledge level as better.119 In fact, 8.5 % 

feel badly to very badly informed about climate change (bottom two box values). This is 

lower than the respondents’ knowledge level about forests (∆ 1.9 %). Only 6.8 % think 

that their knowledge about climate change is very good (∆ -3.2 %, knowledge level about 

forests). About 37.2 % feel well informed (∆ -1.9 %, knowledge level about forests). A 

correlation analysis and Chi-squared test with respondents’ characteristics like socio-

demographic characteristics, the forest visit frequency, the self-assessed knowledge level 

about forests and climate change, the environmental worldview and deadwood attitude 

(aggregated variable) shows the following results (see A 2.7 for Spearman’s correlations). 

No clear statements could be made regarding the correlations with socio-demographic 

characteristics like the educational level, the profession and the professional relation to 

forestry.120 

Figure 22: Self-assessed knowledge level about climate change 

 

(n = 250, weighted; µ = 3.42, σ = 0.97; Scale: 1 “very bad” to 5 “very good”), Source: own draft 

There is a significant, negative and weak correlation between the self-assessed knowledge 

level about climate change and the frequency of forest visits within the past 12 months 

(Rs = -0.141*). Hence, the more often the individuals were in the woods during the past 

12 months, the better they assess their knowledge about climate change.  

There is a highly significant and moderate to high correlation between the knowledge 

level about climate change and the knowledge level about forests (Rs = 0.465***). 

                                                 
119 However, at least thirteen respondents (4.4 % of n = 270, not considered in the graphic) are unable to 

classify their knowledge level about climate change.  
120 More than 20 % of the cells have an expected frequency of less than five. 
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Hereafter, the better the self-assessed knowledge level about forests, the better the self-

assessed knowledge level about climate change, and vice versa.  

Concerning the environmental worldviews, there is a very significant, negative and very 

weak correlation between the climate change knowledge and the anthropocentric 

environmental worldview (Rs = -0.166**). Hence, the higher the agreement with the 

anthropocentric worldview, the lower the knowledge about climate change. The 

deadwood attitude correlates highly significant with a weak effect size with the 

knowledge level about climate change (Rs = 0.269***). Thus, the more positive the 

deadwood attitude, the higher the self-assessed knowledge about climate change.  

Moreover, people were also asked if they already made individual experiences with 

climate change and, in case, to specify these experiences (open category). About one-

fourth (24.7 %) state that they made already experiences with climate change. Over the 

half (55.7 %) deny this question. Nevertheless, nearly two of ten (19.5 %) did not 

response because they don’t know an answer (16.0 %) or didn’t want to answer the 

question (3.5 %). A very significant relation between the knowledge level about climate 

change and individual experiences with climate change could be approved 

(χ2 (n = 207) = 15.4**; Cramér’s V = 0.266**). However, Cramér’s V shows a weak effect 

size.  

The analysis of the open category reveals that respondents evaluate climate change 

experiences to be negative throughout the sample (see A 2.3.3). About one-third (33.8 %) 

report about damage caused by high temperatures. This category includes direct effects 

caused by heat like drought and dried vegetation and indirect effects like bark beetle mass 

outbreaks.  

About one-fourth (23.1 %) state that they experienced flood and water damage. Several 

respondents (15.4 %) report about general, rather unspecific, weather extremes. The same 

amount of respondents (15.4 %) was more specific about weather extremes and specified 

these impacts: they realized especially more storm and hail events. Only two respondents 

(4.6 %) report about milder winter with less snow and health complaints in the form of 

circulatory problems during summer. Thus, respondents experienced climate change 

mainly via (extreme) weather conditions and changed weather patterns. Valued objects 
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like buildings, garden plants etc. were mainly impacted. Climate change has so far only 

a minimal effect on individual health conditions.  

Besides, respondents were asked if they have already realized impacts of climate change 

in the BF on a scale from one “not at all impacted” to five “extremely impacted”. 

Respondents vote on average that the area is partly affected (n = 241, µ = 3.30, σ = 0.84). 

Thus, 17.0 % (bottom two box responses) think that the BF is rather not impacted, 38.9 % 

assume that the area is partly impacted and 44.2 % (top two box responses) perceive 

higher impacts.  

If respondents voted another item than “not at all impacted”, they were asked to assess 

more specific climate change impacts on the BF (Figure 23). Five general abiotic impacts 

of climate change, which were supposed to be easily understandable by lay people, were 

therefore selected in advance: drought in summer, higher frequency of storms, fire, and 

flood events as well as the occurrence of warmer winters.  

Figure 23: General climate change impacts on the Bavarian Forest 

 

(sample weighted; Scale: 1 “not at all impacted” to 5 “extremely impacted”), Source: own draft  
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As a result, respondents perceive that drier summers have on average (n = 231, µ = 4.27, 

σ = 0.82) the highest impact on the study area. About half of the respondents (46.0 %) 

already realize extreme impacts, while 39.6 % still realize high impacts. Thus, 

temperature increases in summer, heat periods with less rainfall and resulting drought are 

currently the most relevant impacts of climate change. These circumstances have even an 

impact on individuals. The previous analysis of already-experienced impacts shows the 

strong relevance of heat intervals and drought. In addition, the mean value of drier 

summers is followed by the mean value of more storms (n = 232, µ = 4.00, σ = 0.99) and 

warmer winters (n = 231, µ = 3.86, σ = 1.02). These items are rather classified into 

category four, indicating high (but not extreme) impacts. Floods (n = 227, µ = 3.25, 

σ = 1.23) and fires (n = 223, µ = 2.63, σ = 1.09) are perceived to have still a medium 

impact on the project area. However, it is remarkable that no one recognizes no impacts. 

To analyze the perceived climate change impacts on the forests of the BF, respondents 

were asked for the level of current impacts on a scale from one “not at all impacted” to 

five “extremely impacted” (Figure 24). The majority of respondents think that the forests 

are partly (34.8 %) to rather (42.5 %) impacted. This fact is reflected in the mean value 

(µ = 3.27, σ = 0.86), which describes a medium position. Only 2.3 % state that the forests 

are not at all impacted and 3.1 % think that the forests are extremely impacted.  

Figure 24: Current climate change impacts on the forests of the Bavarian Forest 

 

(n = 237, weighted; µ = 3.27, σ = 0.86; Scale: 1 “not at all impacted” to 5 “extremely impacted”), Source: 

own draft 
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tions). Concerning the socio-demographic characteristics, there is a significant, negative 

and weak correlation of the perceived climate change impacts on forests with the age 

(Rs = -0.206**). Thus, the higher the age, the lower the currently perceived impacts on the 

forests. Other socio-demographic test variables like gender, income class and profession, 

show no significant results. However, there is a significant, negative and very weak 

correlation between the perceived current climate change impacts on forests and the forest 

visit frequency (Rs = -0.146*). Thus, the more often people are in the woods, the higher 

the perceived climate change impacts on forests and vice versa. Moreover, the self-

assessed knowledge level about climate change an forests show no correlations with the 

perceived climate change impacts on forests. Furthermore, there is a very significant, 

negative and very weak correlation between the perceived current climate change impacts 

and the anthropocentric environmental worldview (Rs = -0.164**), i.e. the higher the 

agreement with the anthropocentric worldview, the lower the perceived climate change 

impacts on forests. However, the holistic and eco-/sentiocentric worldview show no 

significant correlations with the perceived climate change impacts. The same is true for a 

correlation with the aggregated deadwood attitude variable.  

Additionally, it was tested if there are correlations between the general assessments of 

climate change impacts (see Figure 23) and the perceived climate change impacts on 

forests. As a result, there are highly significant and moderate correlations between the 

perceived climate change impacts on forests and the general assessment about several 

climate change impacts: drier summers (Rs = 0.439***), warmer winters (Rs = 0.443***), 

more storms (Rs = 0.352***), more flood (Rs = 0.352***) and more fire (Rs = 0.318***). 

Thus, the higher the general climate change impact assessment regarding drier summers, 

more storms, floods and fires, the higher the climate change impact assessment on forests. 

To reveal the exact impact assessment on forests, respondents were asked to assess eight 

potential impacts on a scale from one “not at all impacted” to five “extremely impacted”. 

As previously assumed, the rate of “don’t know” answers is relatively high compared 

with other questions, e.g. more than one-quarter of interviewees (26.7 %) could not assess 

the impacts of climate change on forests’ biodiversity. Thus, the “don’t know” category 

should be considered in Figure 25 as important element giving information about possible 

knowledge gaps.  
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Figure 25: Climate change impacts on the forests of the Bavarian Forest 

 

(n = 262, weighted; scale for mean value calculation without don’t know and don’t want to answer: 1 “not at all impacted” to 5 “extremely impacted”), Source: own draft 
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First, respondents think that an increase in forest damage (µ = 4.02, σ = 0.96) is the most 

severe consequence of climate change on forests. About one-third (32.0 %) of the whole 

sample realize extreme impacts. Nearly every one (99.2 %) thinks that the forests are 

somehow impacted by forest damage, while only 0.8 % perceive no impacts. This fact is 

especially interesting as the previous questionnaire sections tried not to influence 

respondents in advance. Thus, it seems that the respondents immediately connect forest 

damage to climate change. 

Whether forest damage is completely seen as a consequence of climate change remains 

unclear. However, the occurrence of forest damage seems to concern the inhabitants of 

the BF. Besides, increases in forest damage is the topic with the lowest number of “don’t 

know” answers (12.3 %). Thus, people are able to judge the impact level on forest damage 

rather than biodiversity (26.7 % don’t know answers). Reasons may be the respondents’ 

expertise and the visibility of effects – e.g. forest damage – are much more visible than 

the disappearance of some rare or even unknown species. 

Further, respondents refer to the increase of tree mortality (µ = 3.63, σ = 1.05) as second 

most severe consequence of climate change on forests. About two of ten (18.3 %) of the 

whole sample perceive this impact as extreme, while every third person (33.3 %) rank the 

current situation as “rather impacted”. Only 12.8 % are unable to assess tree mortality 

changes. These facts are especially interesting for the study’s interest in the general 

perception of forest dieback (which is defined here as tree mortality above usual mortality 

levels). However, respondents were not informed about forest dieback and the relation to 

climate change in advance.  

Changes in tree species composition (µ = 3.43, σ = 1.05) and forest landscape degradation 

(µ = 3.32, σ = 1.03) have nearly the same profile. About one-third of all respondents think 

that there the forest is “rather impacted” by these changes. While 11.3 % perceive an 

extreme impact on the tree species composition, 8.6 % think that there is an extreme 

impact on forest landscape degradation. As discussed before, only 177 respondents are 

able to judge changes in fauna and flora diversity (µ = 3.22, σ = 1.06). The range of 

answers demonstrates heterogeneous attitudes. The majority (21.4 %) assume that the 

biodiversity is partly impacted, while 19.1 % think that the area is rather impacted and 

16.2 % state that it is less impacted. However, only 2.4 % consider that there are no 
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impacts. Further, respondents perceive on average only partly soil fertility changes in the 

forest (µ= 3.19, σ = 1.03). Two of ten (21.4 %) are unable to assess this state. However, 

this inability to judge the impacts may be due to knowledge constraints and the missing 

visibility of these impacts. Concerning the growth rate of trees, respondents rather realize 

a decrease in tree growth (µ = 3.09, σ = 1.06) than an increase in tree growth (µ = 2.29, 

σ = 1.03). Nearly every second respondent (45.0 %) assumes that the forest is rather less 

impacted by an increase in tree growth.  

The correlations of the variables among each other (Table 15) show highly significant, 

mainly positive correlations of a high strength between – for instance – a change in soil 

fertility and a change in fauna and flora diversity (Rs = 0.665***) as well as a decrease in 

tree growth and forest landscape degradation (Rs = 0.642***). This means that the more 

respondents expect changes in soil fertility, the more that they also suppose changes in 

fauna in flora diversity or the more that they think that climate change influences a 

decrease in tree growth, the more they expect forest landscape degradation (and vice 

versa). The only item that shows no significant correlations with other variables is the 

increase in tree growth. This item also has the lowest average value and respondents 

perceive rather fewer impacts on an increase in tree growth (µ = 2.29, σ = 1.03).  

Table 15: Correlations between climate change impact statements 

  1 2 3 4 5 6 7 

(1) Change in soil 

fertility 

1.000       

(2) Increase in tree 

growth 

.063 1.000      

(3) Decrease in tree 

growth 
.559*** .032 1.000     

(4) Increase in tree 

mortality 
.481*** .046 .552*** 1.000    

(5) Changes in tree 

species composition 
.520*** -.015 .514*** .497*** 1.000   

(6) Change in fauna and 

flora diversity 
.665*** .114 .559*** .526*** .544*** 1.000  

(7) Forest landscape 

degradation 
.591*** .092 .642*** .501*** .402*** .546*** 1.000 

(8) Increase in forest 

damage 
.357*** -.062 .335*** .449*** .440*** .369** .313*** 

(sample weighted; scale: 1 “not at all impacted” to 5 “extremely impacted”; Spearman rho coefficients), 

Source: own draft 
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In addition, climate change impacts on forests were tested on their correlations with 

respondents’ characteristics (see for A 2.7 for Spearman’s correlation). The correlation 

of the climate change impacts variables with the age shows significant, negative and 

(very) weak and moderate correlations with impacts on soil fertility (Rs = -0.303***), 

change in fauna and flora diversity (Rs = -0.252***), decrease of tree growth 

(Rs = - 0.197***), increase in tree mortality (Rs = -0.152*), change in tree species 

composition (Rs = -0.152*), and. Thus, it is possible to conclude that respondents with a 

higher age, rather perceive lower impacts of climate change on forests soil fertility, 

biodiversity, tree growth, tree mortality and tree species composition (and vice versa).  

It is noticeable that the age variable has mainly negative and significant correlations. For 

instance, there is a moderate correlation with a change in soil fertility (Rs = -0.303**). 

Thus, the higher the age, the lower the impacts assessment. Other socio-demographic test 

variables like gender, income class and profession show no significant results.  

The forest visit frequency and the self-assessed knowledge level about forests have no 

significant influence on the impact variables. Nevertheless, the knowledge level about 

climate change correlates very weak with the increase in forest damage (Rs = 0.151*). 

Thus, the higher the self-assessed knowledge level about climate change, the higher the 

perceived impact on an increase in forest damage. 

The consideration of the environmental worldview shows that there is a significant, 

negative and very weak correlation between the eco-/sentiocentric worldview and the 

change of tree species composition (Rs = -0.131*). Respondents with a rather 

eco- /sentiocentric worldview perceive lower impacts on the tree species composition. 

Moreover, the anthropocentric environmental worldview correlates highly significant and 

(very) weak with the increase in tree growth (Rs = 0.254***) and negatively with a change 

in tree species composition (Rs = -0.178**) and an increase in forest damage 

(Rs = - 0.156*). Thus, the higher the agreement with the anthropocentric worldview, the 

higher the perceived impacts on an increase in tree growth and the lower the perceived 

impacts on a change in tree species composition and an increase in forest damage.  

The aggregated deadwood variable only correlates significant, weak and very negative 

with the decrease in tree growth (Rs = -0.139*). Thus, those respondents with a more 

positive deadwood attitude perceive rather lower impacts on a decrease in tree growth.  
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Moreover, respondents were asked to estimate future impacts of climate change on forests 

of the BF (Figure 26). Nearly every one (99.5 %) thinks that climate change will have an 

impact on the BF in the next 30 years. Even 21.8 % of the respondents assume that climate 

change will have an extreme impact on the forests of the BF.  

Figure 26: Future impacts of climate change on the forests of the Bavarian Forest 

 

(n = 249, weighted; µ = 4.05, σ = 0.69; scale: 1 “not at all impacted” to 5 “extremely impacted”; time scale: 

until 2050), Source: own draft  

Figure 27 provides a comparison between the currently perceived impacts and the 

supposed future impacts of climate change on the forests of the BF. As a result, impacts 

are expected to be more severe in the future. More than eight of ten respondents (86.5 %) 

think that climate change may have a high to very impact in the future, while only less 

than five of ten respondents (45.6 %) assume that there are currently high to very high 

impacts of climate change on the BF (top two box values).  

The variable “future climate change impacts on forests” was tested on its correlations 

with respondent’s characteristics (see also A 2.7) and the risk assessment of the current 

climate change impacts.  

The age shows a significant, negative and very weak correlation with the assumed future 

impacts on the forests (Rs = -0.142*). Like in the case of a correlation with the currently 

perceived impacts of climate change on forests – the higher the age, the lower the assumed 

future impacts of climate change on forests. Other socio-demographic test variables like 

gender, income class and profession and the forest visit frequency show no significant 

results. However, in contrast to the correlation with currently perceived climate change 

impacts, there is a highly significant and weak correlation between the knowledge level 
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about climate change and the expected impacts on the forests in the future (Rs = 0.270**). 

Thus, the higher the self-assessed knowledge level about climate change, the higher the 

expected impacts on the forests in the future. 

Figure 27: Comparison of future and current climate change impacts on the forests 

 

(sample weighted; scale: 1 “not at all impacted” to 5 “extremely impacted”), Source: own draft 

Concerning the environmental worldviews, there is a significant, negative and weak 

correlation between the expected future impacts and the anthropocentric worldview 

(Rs = -0.230**), i.e. the higher the agreement with the anthropocentric worldview, the 

lower the expected climate change impacts on forests. This correlation is also true for the 

current impact assessment but the effect size is lower. 

Moreover, there is a highly significant and moderate correlation with the risk assessment 

of the current forest state (Rs = -0.370***), i.e. the higher the current risk assessment about 

the impacts of climate change on forests, the higher the supposed impacts on forests for 

the future.  

Finally, the variable “climate change perception” is created to sum up the perceptional 

process and, in particular, the influencing factors more precisely. This variable is an 

aggregated variable built of the following questions: perception of general impacts of 

climate change on the BF (Q14a), perception of climate change impacts on the forests of 

the BF (Q15a) and assumed impacts of climate change on the forests of the BF in the 

future (Q16). The scale ranges from one “not at all impacted” to five “extremely 
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impacted”. A reliability check proves the good internal consistency of the questions with 

a good Cronbach’s Alpha score of α = 0.771.  

Figure 28 visualizes the agreement with the aggregated climate change perception. About 

three of four respondents (73.0 %, top two box responses) have a high perception of 

climate change. Only 0.5 % have a very low climate change perception. As a result, 

respondents’ climate change perception is on average rather high (µ = 3.53, σ = 0.70).  

Figure 28: Agreement with aggregated climate change perception 

 

(n = 261, weighted; µ = 3.53, σ = 0.70; scale: 1-1.5 “very low perception”, 1.5-2.5 “rather low perception”, 

2.5-3.5 “neutral perception”, 3.5-4.5 “rather high perception”, 4.5-5 “very high perception”),  

Source: own draft  

Respondents’ characteristics were tested regarding their correlations with the aggregated 

climate change perception variable (Figure 29, see also A 2.7 for Spearman’s 

correlations). As a result, there is a significant and weak correlation between individual 

experiences with climate change and climate change perception.121 Concerning the socio-

demographic variables, the following characteristics were tested: gender, profession and 

professional relation to forestry, income class, age and highest educational level. There is 

a highly significant relation with a weak effect size between climate change perception 

and the educational level (χ2 (n = 267) = 15.14***; Cramér’s V = 0.238***) and a very 

significant but very weak correlation with the age (Rs = 0.161**). Thus, the higher the age, 

                                                 
121 (χ2 (n = 215) = 12.59*; Cramér’s V = 0.242*). However, 30% of the cells have an expected frequency 

of less than five. Thus; this variable does not meet the correlation requirements (therefore not considered 

with a thin arrow in Figure 29).  
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the higher the perceived climate change impacts. The other variables show no significant 

correlations or a Chi-squared test was not possible.122  

Figure 29: Influencing factors on climate change perception 

 

(n = 261, weighted; thin arrows show significant correlations; dashed thin arrows show that correlations 

were tested, but results are not significant; variables without thin arrows do not meet the correlation 

requirements), Source: own draft 

In addition, there is a highly significant, weak and negative correlation between the 

aggregated climate change perception and the anthropocentric environmental worldview 

(Rs = -0.221***) and a very significant and very weak correlation with the 

eco- /sentiocentric worldview (Rs = 0.180**). Thus, respondents with a rather 

anthropocentric worldview tend to have a lower climate change perception and those with 

an eco-/sentiocentric worldview tend to have a higher climate change perception.  

The aggregated deadwood attitude variable shows no significant correlation with the 

climate change perception variable. However, the component k = 1 “deadwood as 

important, natural and aesthetical element of the forest” correlates and very weak with 

the climate change perception variable (Rs = 0.185**). Hereafter, the more positive the 

attitude towards the natural and aesthetical value of deadwood, the higher the climate 

change perception.  

                                                 
122 More than 20 % of the cells have an expected frequency of less than five. 
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Moreover, there is a very significant and very weak correlation between the climate 

change perception and the knowledge level about climate change (Rs = 0.163**). Thus, 

the higher the self-assessed knowledge level about climate change, the higher the climate 

change perception. The knowledge level about forests shows no correlation with the 

climate change perception.  

A closer look at the correlations of the aggregated climate change perception variable 

with the detailed climate change impacts on forests (see A 2.7), reveals that the climate 

change perception variable correlates highly significant with the increase in tree mortality 

(Rs = 0.526***). This correlation (high effect size) has the highest correlation coefficients 

among the tested correlations between the aggregated climate change perception and the 

items regarding the detailed climate change impacts on forests. This fact is strongly 

relevant for the surveys’ interest as it indicates that a higher climate change perception 

also leads to a higher perception of tree mortality (and vice versa). The next section 

illuminates the perception of forest dieback and risks to forests and the relation to climate 

change in detail. 

 

5.3.4 Public perception of forest dieback 

5.3.4.1 General perception of risks to forests and forest dieback  

This section sheds more light on the perception of forest dieback. Therefore, respondents 

were asked about current risks to forests, forest specific changes since 1980, their forest 

dieback observation and perspective, the degree of forest dieback impacts and specific 

impacts on the forests as well as the influence of forest dieback on leisure activities.  

First, respondents were asked if they perceive forests to be threatened (Figure 30). Nearly 

every respondent thinks that the forests of the BF are somehow threatened (99.3 %). Even 

8.6 % assume that the forests are extremely threatened and the majority (42.9 %) consider 

that forests are rather threatened. 

The perceived threat to forests was tested on correlations with respondents’ 

characteristics (see A 2.7 for Spearman’s correlations). As a result, there is a significant, 

very weak correlation with the income class (Rs = -0.162*), i.e. the lower the income class, 

the higher the perceived threat to forests. Other socio-demographic variables like the 
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educational level, profession and professional relation to forestry do not fulfill the 

requirement for a Chi-squared test123 and show no significant results. However, there is 

very significant and very weak correlation between the self-assessed knowledge level 

about climate change and the threat assessment (Rs = 0.123*). Accordingly, the more the 

respondents think that forests are endangered, the better the individual knowledge about 

climate change. 

Figure 30: Perceived threat to forests of the Bavarian Forest 

 

(n = 270, weighted; µ = 3.48, σ = 0.82; scale: 1 “not at all threatened” to 5 “extremely threatened”), Source: 

own draft 

In addition there is a significant, very weak and negative correlation of the perceived 

threat to forests with the anthropocentric environmental worldview (Rs = -0.172**). Thus, 

the higher the agreement with the anthropocentric worldview, the lower the perceived 

threat to forests. The other environmental worldviews show no significant correlations. 

The aggregated deadwood variable correlates significant, negative and very weak with 

the assumed threat to forests (Rs = -0.148*). Hence, the more negative the deadwood 

attitude, the higher the perceived threat to forests.  

Furthermore, there is a highly significant and moderate correlation with the aggregated 

climate change perception variable (Rs = 0.427***). Thus, the more respondents perceive 

climate change, the higher the assumed general threat to forests. This fact is interesting, 

as the question about threats and risks to forests was asked at the beginning of the 

questionnaire and respondents were not informed about the climate change and forest 

dieback context of this study in advance.  

                                                 
123 More than 20 % of the cells have an expected frequency of less than five. 
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The following questions shed more light on the detailed risks respondents perceive. Thus, 

respondents were asked to name the three main risks currently threatening the forests of 

the BF the most. Figure “Main risks to the forests of the BF” (A 2.3.4) summarizes the 

answers (n = 166) via determined categories and presents the relative frequency for each 

risk category. Besides, Figure “Three main risks to the forests of the BF (with rank order)” 

(A 2.3.4) considers the order: first, second and third named risk. The open question does 

not force respondents into a certain answer format they do not necessarily want to give. 

Thus, the open question should lead to a deeper understanding of forest risks as the 

respondent adequately expresses the individual perspective. It is remarkable that nearly 

every third answer (28.9 %) refers to climate change and its consequences, e.g. weather 

extremes like storms and drought.  

However, under consideration of the rank is climate change not the first response: 26.2 % 

of all first answers (n = 62), 35.1 % of all second (n = 57) and 25.0 % of all third answers 

(n = 48) are related to climate change. First, respondents rather refer to bark beetles and 

other parasites as most important risk (34.4 %). In sum, 22.9 % answers relate to bark 

beetle and other biotic stressors. If respondents perceive the occurrence of bark beetles 

and parasites as a consequence of climate change is still unknown at this stage but should 

be investigated in the following part.  

Furthermore, respondents refer to damage caused by tourism (15.7 %) and habitat loss 

(15.7 %) as threats for forests. Tourism threats relate to environmental pollution like 

waste in nature. Respondents classify these impacts mainly on the third rank (18.8 %). 

The overall term ‘habitat loss’ summarizes responses like fragmentation, salvage logging 

and forest clearance. Likewise, respondents classify these impacts mainly on the third 

rank (22.9 %). Respondents perceive monocultures (7.2 %) and damage caused by 

humankind (6.6 %) as rather less important. Damage caused by humankind relates 

specifically to air pollution and more broadly to human beings. Respondents categorize 

these impacts mainly in the third rank (10.4 %). 

Figure 31 visualizes a ranking of the four risks that respondents perceive as most 

threatening for the forests of the BF. In this case, answer categories were given. As a 

result, respondents perceive pests, disease and invasive species (µ = 2.31, σ = 1.51) as 

most threatening risks for the forests. 
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Figure 31: Most threatening risks for the forests of the Bavarian Forest 

(n = 248; scale for mean value calculation: 1 “less important” item to 4 “most important” item and 0 “not chosen”), Source: own draft
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About eight of ten respondents (80.9 %) chose this item regardless the rank. The 

occurrence of these biotic stressors is by far the most selected risk. About one-third 

(32.5 %) rank this item as most threatening risk (rank 1). This is in line with the open 

question, where 34.4 % name the bark beetle and other parasites as most important risk.  

Nevertheless, respondents think that climate change (µ = 1.62, σ = 1.65) is the second 

main threat for the forests even if it has not the same importance like pests, disease and 

invasive species. About six of ten respondents (56.5 %) chose this item regardless the 

rank and 21.8 % think that it is the most important risk. Climate change is followed by 

drought (µ = 1.24, σ = 1.39) and windstorm (µ = 1.26, σ = 1.44) as potential abiotic 

impacts. Respondents perceive over-usage rather in the form of over-harvesting of wood 

products (µ = 0.56, σ = 1.12) and over-frequentation by the public (µ = 0.56, σ = 1.12) 

than over-harvesting of NWFPs (µ = 0.23, σ = 0.75). The risk of forest damage (µ = 0.46, 

σ = 1.00) holds a medium position within the ranking. Respondents perceive deer 

browsing (µ = 0.18, σ = 0.68) as less important risk. 

Due to the study interest in climate change and forest damage as well as the strong 

relevance of bark beetle infestation in the area, the variables “risk of forests damage”, 

“risk of climate change” and “risk of pests, disease and invasive species” were tested 

regarding their correlations with respondents’ characteristics (see A 2.7)124.  

As a result, the risk perception of forest damage correlates significantly, negatively and 

very weakly with age (Rs = -0.126*) and positively with the aggregated forest dieback 

perception variable (Rs = 0.142*) (see further explanations concerning the aggregated 

forest dieback perception variable at the end of this section). Hence, the more often that 

respondents chose forest damage as most threatening risk, the lower the age and the higher 

the general perception of forest dieback.  

A closer look at the correlations between respondents’ characteristics and the risk 

perception of climate change reveals no significant results concerning the knowledge 

level but there is a significant, very weak correlation with the eco-/sentiocentric 

environmental worldview (Rs = 0.137*) and a negative, weak correlation with the 

                                                 
124 Results need to be interpreted careful as the risk perception is based on a ranking task with the four most 

often chosen risks for the forests of the BF. The scale ranges from 1 “less important” to 4 “most important” 

item and 0 “not chosen”.  
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anthropocentric worldview (Rs = -0.232***). Thus, the more often respondents chose the 

risk of climate change as most threatening risk, the higher the agreement with the eco-

/sentiocentric worldview and the lower the agreement with the anthropocentric 

worldview. In addition, the more respondents think that climate change belongs to the 

four most threatening risks for the forests, the higher their general climate change 

perception (aggregated variable) (Rs = 0.277***) and the higher the general forest dieback 

perception (aggregated variable) (Rs = 0.252***). This fact is interesting as it highlights 

the perceptional linkages between the risk of climate change and forest dieback. 

The risk of pests, disease and invasive species correlates very significant, negative and 

very weak with the knowledge about climate change (Rs = -0.163**), i.e. the higher the 

self-assessed knowledge about climate change, the lower respondents chose the risk of 

pests, disease and invasive species as forest risk.The agreement with the environmental 

worldview is reversed to the risk perception of climate change. Thus, the more often 

people chose pests, disease and invasive species as threatening risk, the lower the 

agreement with the eco-/sentiocentric worldview (Rs = -0.181**) and the higher the 

agreement with the anthropocentric worldview (Rs = 0.163**) (both very weak effect 

size). In addition, respondents with a high risk awareness concerning pests, disease and 

invasive species, have a rather negative deadwood attitude (Rs = -0.170**). This fact 

makes sense as high amounts of calamities and deadwood may be produced as a result of 

bark beetle mass infestations. Thus, people who do not appreciate deadwood rank the risk 

of pests, disease and invasive species for the forests even higher than those with a positive 

attitude towards deadwood. However, the correlation coefficients show only very weak 

effect sizes.  

Before the relation between forest dieback and climate change was introduced to the 

respondents in the questionnaire, respondents were asked to assess if they have perceived 

changes in the forests since 1980. Figure 32 visualizes the range of answers for six 

different changes on a scale from one “strongly disagree” to five “strongly agree”.  

As a result, respondents have clearly realized an increase of biotic forest damage, e.g. 

bark beetle and pest outbreaks (n = 244, µ = 4.21, σ = 0.92) and abiotic forest damage, 

e.g. wind throw, snow damage and forest fires (n = 247, µ = 4.04, σ = 0.94). Nearly half 

of the respondents (44.5 %) strongly agree that they have perceived biotic damage since 
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1980. Only 0.4 % strongly disagree. However, about one of ten respondents (9.3 %) is 

uncertain about biotic changes and vote for “I don’t know”. About one-third (33.7 %) 

strongly agree that they have perceived abiotic damage in recent decades.  

Besides forest damage, respondents have also perceived an increase in tree mortality due 

to growing pollution (translated in German as “Waldsterben”, reference to the discourse 

of the 1980s) (n = 244, µ = 3.60, σ = 1.03). Thus, the former “Waldsterben” debate still 

seems to be relevant for the respondents. Over half (53.1 %) agreed that they have 

perceived tree mortality due to pollution. However, abiotic and biotic forest damage is 

much more central.  

Figure 32: Forest specific changes since 1980 in the Bavarian Forest 

 

(sample weighted; scale: 1 “strongly disagree” to 5 “totally agree”), Source: own draft 

Moreover, respondents partly agree that the number of pure spruce forests (monocultures) 
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respondents is uncertain about a decrease of monocultures and state that they have no 

knowledge to assess this statement. However, 44.9 % agree about a decline of pure spruce 

stands. Besides, respondents are relatively uncertain about an increase of broad-leaved 

trees (n = 210, µ = 3.30, σ = 0.95). About two of ten (21.8 %) state that they have no 

knowledge about this issue and 27.9 % think that they have perceived partly a change 

since 1980. At least, respondents do not agree nor disagree on average that fauna and 

flora richness have increased (n = 230, µ = 2.94, σ = 1.04). Nearly one-third (32.0 %, 

bottom two box values) strongly disagree to disagree, while less of the respondents 

(26.1 %, top two box values) agree to strongly agree. Thus, statements concerning tree 

species composition and biodiversity seem to be not easy to answer in contrast to forest 

damage.  

Table 16 shows that there are several highly significant, mainly positive correlations with 

a moderate effect size between the statements. The highest effect sizes are to be found 

among the items: increase in tree mortality due to growing environmental pollution and 

the increase in biotic (Rs = 0.403***) as well as abiotic forest damage (Rs = 0.399***). Thus, 

respondents who have noticed a higher degree of tree mortality due to environmental 

pollution have also perceived a higher increase in biotic or abiotic forest damage since 

1980.  

Table 16: Correlations between statements about forest specific changes 

  1 2 3 4 5 

(1) The number of pure spruce forests 

(monoculture) decreases 

1.000     

(2) The share of broad-leaved trees increases .350*** 1.000    

(3) Fauna and flora richness increases .181** .220** 1.000   

(4) Biotic forest damage increase .199** .061 -.013 1.000  

(5) Abiotic forest increase .381*** .095 -.047 .366*** 1.000 

(6) Tree mortality increases due to growing 

environmental pollution 

.077 .031 -.240*** .403*** .399*** 

(sample weighted; scale: 1 “not at all impacted” to 5 “extremely impacted”; Spearman rho coefficients), 

Source: own draft 

The item “increase in tree mortality” also shows a highly significant, negative and weak 

correlation with the increase in fauna and flora richness, i.e. respondents who have rather 

perceived tree mortality due to environmental pollution since the 1980s have also 
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observed that biodiversity decreases (Rs = -0.240***). This is the only constellation among 

the various statements where a negative and significant correlation exists. However, the 

biodiversity item correlates significant and positive with an increase of broad-leaved tree 

species (Rs = 0.220**) and with a decrease of spruce monocultures (Rs = 0.181**). Thus, 

respondents who have perceived a higher rate of biodiversity increases, have also 

perceived a higher rate of tree species diversification (less spruce and more broad-leaved 

tree species) and a higher rate of tree mortality (and the other way around).  

In addition, respondents’ characteristics were tested to reveal correlations with the 

perceived changes in forests since 1980 (see also A 2.7 for Spearman’s correlations). The 

correlation of the six variables with the age shows only a significant correlation of a very 

weak effect size with the biodiversity item (Rs = 0.144*), i.e. respondents with a higher 

age, have rather observed an increase in biodiversity. In addition, respondents with a 

higher income class, have rather observed a decrease in spruce monocultures 

(Rs = 0.242***), but rather not an increase in biotic forest damage (Rs = -0.155*) as well 

as an increase in abiotic forest damage (Rs = -0.150*). Concerning the gender there is a 

significant and weak correlation (χ2 (n = 229) = 10.77*; Cramér’s V = 0.217*) with 

perceived increases in biodiversity. However, a comparison of means (T-Test) between 

men and women shows no significant results. The educational level as well as the 

profession and professional relation to forestry do not fulfill the prerequisites for a 

correlation.125  

Moreover, the forest visit frequency over the past 12 months correlates only (but very 

weak) with the item abiotic damage (Rs = -0.132*), i.e. respondents who were more in the 

forest over the past 12 month have rather realized an increase in abiotic damage.  

In addition, there are significant correlations of with a (very) weak effect size between 

the self-assessed state of knowledge about forests and the decrease in spruce 

monocultures (Rs = 0.202**), an increase in broad-leaved trees (Rs = 0.151*) and an 

increase in abiotic damage (Rs = 0.124*). Thus, respondents with a higher knowledge 

about forests, have rather perceived a decrease in spruce monocultures, an increase in 

broad-leaved trees and abiotic forest damage. Similar assumptions could be made for the 

correlations with the self-assessed knowledge about climate change. Thus, if respondents 

                                                 
125 More than 50 % of the cells have an expected frequency of less than five.  
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expect to a high degree that abiotic conditions have increased (Rs = 0.152*) and spruce 

monocultures have decreased (Rs = 0.134*), they assess their knowledge level about 

climate change higher. An increase in broad-leaved trees has no correlation with the 

knowledge about climate change.  

Respondents with a higher agreement with the anthropocentric environmental worldview 

rather assume that biodiversity increased (Rs = 0.203**) and that abiotic damage has not 

increased (Rs = -0.212***). However, there are not significant results for the other 

environmental worldviews. The aggregated deadwood variable shows only a significant, 

negative and very weak correlation with an increase in biotic damage (Rs = -0.131*), i.e. 

respondents with a rather negative deadwood attitude, have rather perceived an increase 

in biotic damage.  

However, until now it remains unclear how respondents define forest dieback as well as 

other relevant changes. These issues underlie complex processes and demand for a deeper 

understanding of forest ecosystems. To guarantee that every respondent has a common 

understanding of forest dieback, a short introduction defines the term in the questionnaire 

section “relation to forest dieback in the project area” (see A 2.1). Therefore, forest 

dieback is described by a sudden tree mortality noticeably above usual mortality levels. 

Climate change is likely to accelerate forest dieback processes. A picture of a forest (stand 

level) in the BF with dying trees visualizes the processes. Based on this common 

understanding, the following questions allow identifying respondents’ attitudes towards 

forest dieback.  

About seven about of ten respondents (68.1 %) have already observed forest dieback 

during the past 20 years, while significantly fewer (16.4 %) have not recognized forest 

dieback so far. However, 14.0 % do not know and 1.5 % do not want to answer the 

question. Furthermore, 68.0 % think that forest dieback is an event that already happened 

the past two decades. One-fourth (24.9 %) think that forest dieback happens rather today 

and 7.1 % think that forest dieback will happen in the future. 

A correlation analysis (Chi-squared test) between the forest dieback observation over the 

past 20 years and the general perception of climate change consequences, the current 

impacts of climate change on forests and the future impacts (until 2050) on the forests of 
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the BF was not possible as the requirements for a correlation were not fulfilled.126 

However, a comparison of means shows that respondents who have perceived forest 

dieback over the past 20 years, perceive on average higher current impacts of climate 

change on forests (µ = 3.45, σ = 0.76; ∆ 0.93***) (t(206) = 4.12, p < 0.001) and higher 

future impacts (until 2050) on the forests of the BF (µ = 4.22, σ = 0.84; ∆ 0.77***) 

(t(213) = 6.99, p < 0.001) than those who have not perceived forest dieback. The 

differences are highly significant.  

Figure 33 visualizes the perceived degree of forest dieback impacts on the BF. More than 

half of the respondents (58.8 %) think that the forests of the BF are currently rather to 

extremely impacted by forest dieback (top two box values). More than one of ten 

respondents (12.3 %) think that the area is extremely impacted. Less than one percent 

(0.5 %) think that the area is not at all impacted.  

Figure 33: Current degree of forest dieback impacts on the Bavarian Forest 

 

(n = 257, weighted; µ = 3.60, σ = 0.85; scale: 1 “not at all impacted” to 5 “extremely impacted”), Source: 

own draft  

There is a highly significant correlation with a strong effect size between the current 

degree of forest dieback impacts and the forest dieback observation over the past 20 years 

(χ2 (n = 221) = 102.52***; Cramér’s V = 0.681***). A T-Test revealed that respondents 

who already observed forest dieback over the past 20 years perceive on average currently 

higher impacts of forest dieback (µ = 3.89, σ = 0.84) than those who did not perceived 

forest dieback (µ = 2.60, σ = 0.82; ∆ 1.29***) (t(220) = 6.99, p < 0.001). 

                                                 
126 More than 20% of the cells have an expected frequency of less than five.  
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A comparison between perceived and expected climate change impacts on forests and 

current forest dieback on forests (Figure 34) shows that current forest dieback impacts 

are thought to be slightly higher than climate change impacts. However, future impacts 

of climate change are expected to be higher than all current impacts.  

Figure 34: Comparison of perceived climate change and forest dieback impacts 

 

(sample weighted; scale: 1 “not at all impacted” to 5 “extremely impacted”), Source: own draft  

A closer look at the correlations between the current and future climate change impacts 

and the current forest dieback impacts (Table 17) shows highly significant and positive 

correlations with a high effect size (Rs > 0.500) between the variables. Respondents who 

expect higher climate change impacts in the future currently also realize higher forest 

dieback impacts (Rs = 0.538***). In addition, the more respondents perceive currently 

forest dieback impacts, the higher the perceived current climate change impacts 

(Rs = 0.599***). Moreover, the higher the perceived current forest dieback impacts, the 

higher the expected future climate change impacts (Rs = 0.557***). 

Table 17: Correlations of climate change and forest dieback impact statements 

 1 2 

(1) Current climate change impacts  1.000  

(2) Future climate change impacts  .538*** 1.000 

(3) Current forest dieback impacts .599*** .557*** 

(sample weighted; scale: 1 “not at all impacted” to 5 “extremely impacted”; Spearman rho coefficients), 

Source: own draft 
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The analysis of correlations between the perceived degree of forest dieback impacts and 

respondents’ characteristics reveals the following facts. Respondents with a higher age 

perceive rather lower forest dieback impacts (Rs = -0.201**) (weak effect size). The 

income class shows no significant correlation. The gender, educational level, the 

profession and professional relation to forestry do not fulfill the prerequisites for a 

correlation127 or were not significant. 

However, there is a very significant, negative and weak correlation with the forest visit 

frequency (Rs = -0.211**), i.e. with an increasing frequency of forest visits, forests are 

more likely to be classified as rather affected by forest dieback. Moreover, there are very 

significant, very weak correlations between the perceived degree of forest dieback 

impacts and the self-assessed knowledge level about forests (Rs = 0.167**) and climate 

change (Rs = 0.163**), i.e. the higher the self-assessed knowledge level about forests or 

climate change, the higher the perceived forest dieback impacts on the BF. 

Under consideration of the revealed environmental worldviews, respondents with an 

anthropocentric worldview perceive lower forest dieback impacts on the area. Thus, there 

is a highly significant, negative and weak correlation between the anthropocentric 

worldview and the perceived degree of forest dieback impacts (Rs = -0.267***). 

Concerning the linkages between the perception of current forest dieback impacts and 

further climate change related variables the following assumptions could be made. First 

of all, the higher the climate change perception (aggregated variable), the higher the 

currently perceived impacts of forest dieback (Rs = 0.669***). More specifically, there are 

highly significant correlations with a high effect size between the sub-components of the 

aggregated climate change variable: the perceived general climate change impacts on the 

BF (Rs = 0.599***), the current climate change impacts on the forests of the BF 

(Rs  = 0.614***) and the expected future impacts of climate change on the forests of the 

BF (Rs = 0.577***). Thus, forests are currently classified as rather affected by forest 

dieback with an increasing agreement that there are climate change impacts on the BF in 

general or on its forests (today or in the future). 

                                                 
127 More than 20 % of the cells have an expected frequency of less than five.  
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The previous analysis showed that forest dieback perception among inhabitants of the BF 

relates to various factors like the environmental worldview, the forest visit frequency and 

the climate change perception. To investigate which influences forest dieback has on the 

inhabitants of the BF, they were asked to give more details about the effects on their 

leisure practices in the forests (see A 2.3.4).  

As an outcome, about seven out of ten (65.2 %) note that forest dieback does not influence 

their leisure practices. However, about three of ten respondents (28.6 %) changed their 

behavior in a certain way and feel disturbed by forest dieback, e.g. 14.3 % state that they 

go less in the forests and 12.5 % changed the place for their forest walks.  

A higher deadwood level is usually expected with forest dieback (at least on a short to 

medium perspective). Thus, it was tested if the aggregated deadwood attitude correlates 

with the variable forest dieback influence on leisure activities. As a result, the aggregated 

deadwood attitude shows significant and weak and moderate correlations with a reduction 

of forest walks through forest dieback (χ2 (n = 259) = 27.96***; Cramér’s V = 0.329***), 

no behavior change due to forest dieback (χ2 (n = 260) = 15.69**; Cramér’s V = 0.246**) 

and a change of the place for the forest walks (χ2(n = 259) = 13.32*; Cramér’sV = 0.227*).  

Figure 35 visualizes specific impacts of forest dieback that are currently manifest in the 

BF including non-response rates. Like in the case of the perception of detailed climate 

change impacts on the forests, there is a high insecurity among respondents about forest 

specific questions and a resulting high share of “don’t know” answers. Respondents are 

rather able to evaluate the impacts of forest dieback on non-timber products (n = 232, 

µ= 3.43, σ = 1.16) than on the economic situation of the forestry sector (n = 177, µ = 3.34, 

σ = 1.16). Thus, about one-third (31.4 %) of all respondents was unable to assess if there 

is a recession in the forestry sector.  

By contrast, only 13.4 % (lowest “do not know” frequency among all items) are unable 

to evaluate the impacts on non-timber products. Thus, people may feel more 

familiar/concerned with the effects of forest dieback on non-timber products due to the 

NWFPs collection. Respondents perceive on average the highest increases in the volume 

of deadwood and dead trees (n = 228, µ = 3.81, σ = 0.92), followed by decreases of micro 

fauna (n = 215, µ = 3.62, σ = 1.12) and disappearance of protected species (n = 225, 

µ = 3.59, σ = 1.19). However, the spectrum of answers is relatively heterogeneous. 
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Figure 35: Current forest dieback impacts on the forests of the Bavarian Forest 

 

(n = 270, weighted; scale for mean value calculation without don’t know and don’t want to answer: 1 “not at all impacted” to 5 “extremely impacted”), Source: own draft
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On the one hand, respondents rank the increasing volume of deadwood on average the 

highest, but only 18.5 % of all respondents think that there are extreme impacts. On the 

other hand, 22.3 % state that there are extreme impacts in the form of disappearance of 

protected species, but this item is on average not as important as the deadwood 

accumulation. Thus, the weight of other categories changes the average values. The 

heterogeneous answer spectrum of the item “disappearance of protected species” is also 

reflected by the high standard deviation (σ = 1.19). In addition, respondents on average 

perceive rather partial impacts on landscape degradation (n = 217, µ = 3.43, σ = 1.04) and 

changes in understory vegetation (n = 209, µ = 3.35, σ = 0.95). 

The correlations with respondents’ characteristics (see A 2.7 for Spearman’s correlations) 

shows only a few significant and mostly weak correlations with the variables age, income 

class, knowledge level about climate change, environmental worldview and deadwood 

attitude. However, the climate change and forest dieback perception (aggregated 

variables) have significant, positive and weak to high correlations with all forest dieback 

impact variables. The highest correlation coefficients has the item landscape degradation 

(highly significant and strong correlations with forest dieback perception (Rs = 0.469***) 

and climate change perception (Rs = 0.465***)). Thus, the higher the assumed forest 

dieback impact on the degradation of the landscape, the higher the general forest dieback 

and climate change perception (and vice versa).  

This relation is also valid for other forest dieback impact variables in particular a change 

in understory vegetation, disappearance of protected species and increasing volume of 

deadwood and dead trees. Finally, the aggregated variable “forest dieback perception” 

should be analyzed in detail to sum up the perceptional process and, in particular, the 

influencing factors more precisely. This variable is a construct of the following questions: 

threat to forests (Q11a) and forest dieback impacts on the forests (Q18b). The scale ranges 

from one “not at all impacted” to five “extremely impacted”. A reliability check proves 

the good internal consistency of the questions with a rather low Cronbach’s Alpha score 

of α = 0.625. As a result, respondents have a rather high forest dieback perception 

(µ = 3.52, σ = 0.72) (Figure 36).   
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Figure 36: Agreement with aggregated forest dieback perception 

 

(n = 264, weighted; µ = 3.52, σ = 0.72; scale: 1 “very low perception”, 1-2.5 “rather low perception”, 2.5-

3.5 “neutral perception”, 3.5-4.5 “rather high perception”, 4.5-5 “very high perception”), Source: own draft  

Figure 37 visualizes the correlations between the aggregated forest dieback perception 

and the variables: experiences with climate change, socio-demographic details, 

environmental worldview, deadwood attitude and knowledge level. The Chi-squared test 

shows no significant correlation between the aggregated climate change perception and 

individual experiences with climate change.  

The socio-demographic details reveal that the age (Rs = -0.162**) and the income class 

(Rs = -0.134**) correlate significant with the forest dieback perception, i.e. the higher the 

age or income class, the lower the forest dieback perception (both very weak effect size). 

Moreover, there is a significant and very weak correlation between the forest dieback 

perception and the forest visit frequency (Rs = -0.140*), i.e. the more often the respondents 

are in the woods, the higher is the forest dieback perception (and vice versa). Further 

socio-demographic variables, e.g. professional relation to forestry and education were 

unable to fulfill the prerequisites for a correlation (aside from income class, which was 

not significant).128  

Concerning the environmental worldview, there is a highly significant, negative and weak 

correlation with the anthropocentric worldview (Rs = -0.266***) and a very significant and 

weak correlation with the eco-/sentiocentric worldview (Rs = 0.161**). Thus, like in the 

case of climate change perception, an anthropocentric worldview indicates a rather low 

forest dieback perception and an eco-/sentiocentric worldview shows a higher state of 

                                                 
128 However, more than 30 % of the cells have an expected frequency of less than five.  
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consciousness. In addition, there are no significant correlations between the deadwood 

attitude and the forest dieback perception. However, there are significant and very weak 

correlations with the knowledge level about climate change (Rs = 0.190**) and forests 

(Rs = 0.120*). Thus, the higher the self-assessed state of knowledge about climate change 

or forests, the higher the perception of forest dieback.  

Figure 37: Influencing factors on aggregated forest dieback perception 

 

(n = 264, weighted; thin arrows show significant correlations; dashed thin arrows show that correlations 

were tested, but results are not significant; variables without thin arrows do not meet the correlation 

requirements), Source: own draft 

Moreover, the aggregated forest dieback perception has a very significant and high 

correlation with the aggregated climate change perception (Rs = 0.614***), i.e. respondents 

with a high forest dieback perception also tend to have a higher climate change 

perception. Further, it is remarkable that the aggregated forest dieback perception 

correlates significantly and with a strong effect size (the highest that was identified within 

this study) with a subcomponent of the aggregated climate change perception – the 

currently perceived climate change impacts on the forests (Rs = 0.807***). Thus, the more 

respondents perceive that climate change has an impact on the forests, the more they think 

that forest dieback also has an impact on the forests.  

In comparison with the significant influencing factors of the climate change perception, 

the simplified assumptions for both aggregated variables could be made: The higher the 
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climate change/forest dieback perception, the lower the age and the agreement with the 

anthropocentric worldview (and vice versa). Moreover, the higher the climate 

change/forest dieback perception, the higher the agreement with the eco-/sentiocentric 

worldview and the knowledge level about climate change (and vice versa).  

 

5.3.4.2 Clustering of individuals 

The previous analysis of the public’s climate change and forest dieback perception 

showed that respondents have different attitudes towards specific forest dieback and 

climate change impacts on the forests as well as different opinions about the causes of 

climate change. The range of results is comprehensive. Therefore, the ClusOfVar method 

should provide an overview of groups of individuals with the same attitudes and 

agreements with certain forest dieback and climate change related variables.  

The results of the ClustOfVar analysis are presented in two different sections. First, SVs 

based on the selection of nineteen variables are calculated. The interpretation of the SVs 

is a key element in the proposed methodology. It aims to reveal groups of variables that 

are strongly related to each other and bring the same information. The variables should 

allow gaining knowledge about the detailed perception of forest dieback and climate 

change. However, the SVs are interpreted according to the sociological results they 

produce. Thus, second, a typology of individuals based on the SVs and selected 

explanatory variables is elaborated.  

Development of synthetic variables 

First, a cluster dendrogram and the aggregation levels (see A 2.5.2) are calculated to 

identify the number of clusters. In addition to the observation of the tree, the progressively 

increasing level of aggregation provides an appropriate instrument to select the number 

of clusters when separating variables. The elbow shape in the curve corresponds to the 

aggregation of clusters. However, it is not easy to detect a clear “jump” in the hierarchical 

tree or a clear “break” in the aggregation levels. Nonetheless, as KUENTZ et al. (2015, 

p. 177) indicate “the choice of the number of synthetic variables is not only based on 

statistical arguments”. The emphasis lies on understanding the clusters of variables and 

analyzing them in connection with the issue at stake. Thus, with the help of the cluster 

dendrogram and the aggregation levels, five SVs are selected that are able to describe the 
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opinion patterns of respondents appropriately. It is remarkable that the SVs do not 

represent homogenous clusters according to the content of each question. Thus, 

individuals answered the four main questions (Q11a, Q15b, Q18a, Q19; see also section 

5.2.3.2) with a low similarity.  

The two matrices Ck (see A 2.5.3) and Ak (see gradients, A 2.5.4) are important for the 

interpretation and labeling of the clusters. Both tables show the relevance of a five cluster 

partition. Matrix Ck provides a description of each cluster of partition and provides the 

squared loadings with the central SV of the cluster (first principal component of 

PCAMIX). For quantitative variables (resp. qualitative), the squared loadings are squared 

correlations (resp. correlation ratios) with the central SVs, e.g. the squared correlation 

between the variable CqCCmortR and the central SV of cluster 1 is 0.78.  

The correlation ratios between the categorical variables and the numeric SV of the cluster 

show that the clusters with the smallest number of variables are composed of variables 

that are strongly related to the SV, e.g. SV5 has only two variables with high squared 

loadings of 0.85. Larger clusters implement more variables and cover a wider number of 

themes, e.g. SV4. Thus, the correlation ratios are lower, e.g. OpFDfut = 0.27 in SV4. The 

homogeneity H(Ck) of a cluster could be interpreted as the variance of its SV because it 

is defined as the largest eigenvalue of MCA applied to the variables of the cluster. In 

other words H(Ck) measures the link between the categorical variables and the synthetic 

numeric variable (defined as the numeric variable most linked to all of the variables of 

the cluster) and is therefore a measure of adequacy between the variables in the cluster 

and its synthetic numeric variable. SV 4 has the highest homogeneity in this case. 

Moreover, the percentage of inertia of the cluster explained by the SV is calculated by the 

division of the homogeneity of the cluster by the total variance of the cluster, defined by 

mk

pk
 -1. Cluster 4 shows a lower percentage of inertia, because this cluster contains the most 

variables.  

The gradients Ak (see A 2.5.4) give detailed information about the coordinates (mean 

value of the SV) of each variable category and therefore reflect the attitude towards forest 

dieback and climate change. Positive and negative values of each SV (numeric) provide 

an overview of the answering spectrum and evidence for the interpretation of attitude 

patterns. For instance, a closer look at SV 1 shows that the low impact assessment of 
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climate change on tree mortality (CqCCmortR = 2) has the highest positive value on the 

gradient while a high impact assessment on the decrease of tree growth 

(CqCCdegrowR = 4) has the lowest value. Under the consideration of other variables, it 

becomes clear that negative values on the gradient show a high concern about climate 

change impacts and positive values indicate a low concern about climate change impacts. 

The following part explains the interpretation of the SV and their gradients in detail.  

Interpretation of synthetic variables 

A 2.5.5 presents an overview of the results of the SV analysis. Therefore, the SVs and 

their gradients Ak (see A 2.5.4) as well as the correlation rations of the matrix Ck (see A 

2.5.3) were contemplated in detail to elaborate suitable labels and to provide profound 

interpretations.  

The first synthetic variable (SV 1), “Climate change impacts on the productive function 

of a forest”, mainly contains the question 15b (CqCC_, respondents opinion on climate 

change consequences on the forests) and question 11a (ThreatFo, opinion on threat 

intensity of forests). Only one item “EFDdwR”, which describes the impact of forest 

dieback on the volume of deadwood, is derived from question 19 (EFD_, respondents’ 

opinion on forest dieback effects on the forests). The items with the highest correlation 

ratios are increase in tree mortality (CqCCmortR), decrease in tree growth 

(CqCCdegrowR), and threat intensity of forests (ThreatFo) (see A 2.5.3). Negative SV 

values (-0.68 to -0.35) indicate high impacts of climate change on decrease in tree growth 

(CqCCdegrowR = 4), tree mortality level (CqCCmortR = 4), forest damage level 

(CqCCdamR = 4) and a high impact of forest dieback on the deadwood level 

(EFDdwR = 4). The perceived threat intensity is the highest (ThreatFo = 3).  

Positive SV values could be divided into low positive and high positive values. Low 

positive SV values (0.09 to 0.48) indicate a rather undecided opinion (medium impacts 

or “do not know” option) on mentioned impacts on forests (CqCCmortR = 3, 

EFDdwR = 3, CqCCdamR = 3). The threat intensity to forests is perceived medium 

(ThreatFo = 2). High positive SV values (1.34 to 2.34) indicate low to no impacts of 

climate change (CqCCmortR = 2, CqCCdamR = 2, CqCCdegrowR = 2) on forests and 

low impacts of forest dieback (EFDdwR = 2) on forests. The perceived threat intensity is 

very low (ThreatFo = 1).  
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The second synthetic variable (SV 2), “Climate change related changes of forests’ 

ecological elements”, includes three items of question 15b (CqCC_, respondents opinion 

on climate change effects on the forests) concerning impacts on changes in soil fertility 

(CqCCfertR), changes in fauna and flora diversity (CqCCbdR) and changes in tree 

species composition (CqCCspecR). Rather low negative SV values (-0.26 to -0.36) show 

an undecided opinion (medium impact or do not know option) of climate change impacts 

on biodiversity, soil fertility and tree species composition (CqCCbdR = 3, 

CqCCfertR = 3, CqCCspecR = 3). Rather high negative SV values (-0.36 to -0.55) 

indicate high impacts of climate change on fauna and flora diversity, soil fertility and tree 

species composition (CqCCbdR = 4, CqCCfertR = 4, CqCCspecR = 4). Nonetheless, 

there is not a clear step between high and low SV values like in SV 1.  

Positive SV values (1.94 to 2.01) present low (or no) impacts of climate change on the 

mentioned ecological elements of a forest.  

The third synthetic variable (SV 3), “Impacts on microelements of a forest”, comprise 

one item “CqCCgrowR” of question 15b (CqCC_, respondents opinion on climate change 

effects on the forests) and one item “EFDmicroR” of question 19 (EFD_, respondents 

opinion on forest dieback effects on the forests). The correlation ratios are the same for 

each item. SV 3 describes two impacts, which are likely to be difficult to assess for lay 

people: the increase of micro fauna (EFDmicroR) and the increase in tree growth 

(CqCCgrowR). Negative SV values (-0.97 to -0.88) indicate a rather undecided position 

about impacts on micro fauna and tree growth (EFDmicroR =3, SV mean value = -0.88; 

CqCCgrowR = 3, SV mean value = 0.98).  

Low and high positive SV values show a rather unclear positioning. Low positive SV 

mean values indicate high impacts of climate change on tree growth (CqCCgrowR = 4, 

SV mean value = 0.36) and low (or no) impacts of forest dieback on an increase of micro 

fauna (EFDmicroR = 2, SV mean value = 0.54). Whereas high positive SV values indicate 

low (or no) impacts of climate change on tree growth (CqCCgrowR = 2, SV mean 

value = 0.74) and high impacts of forest dieback on an increase of micro fauna 

(EFDmicroR = 4, SV mean value = 0.81). Thus, individuals have an opposite opinion 

towards impacts on tree growth and micro fauna. If the micro fauna increases, the tree 
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growth is perceived to decrease and vice versa. In their opinion, the effect of micro fauna 

is negative towards the productive function (in economic terms) of a tree.  

The fourth synthetic variable (SV 4), “Forest dieback impacts on landscape elements”, 

gives evidence about forest dieback impacts on the landscape and its elements. This 

variable implements seven items and is mainly composed of question 19 (EFD_, 

respondent’s opinion on forest dieback effects on the forests). The three items with the 

highest correlation ratios are forest dieback impacts on landscape degradation 

(EFDlandR), changes in understory vegetation (EFDvegetR) and disappearance of 

protected species (EFDspecR). The economic recession in forestry (EFDeconR = 3) and 

the opinion about forest dieback impacts in the future (OpFDfut) load not high on the 

factor and could be neglected. Low SV values (-0.08 to -0.23) indicate a rather undecided 

opinion (medium impact or do not know option) about impacts of forest dieback on 

forestry-related economic recession (EFDeconR = 3), understory vegetation 

(EFDvegetR = 3), landscape degradation (EFDlandR = 3, CqCClandR = 3), 

disappearance of protected species (EFDspecR = 3) and NWFPs (EFDnwpR = 3). 

Moreover, forest dieback is not supposed to happen in the future (OpFDfut = 0). High 

negative SV values (-0.27 to -0.53) indicate high impacts of forest dieback and climate 

change on the landscape and its composition (species, vegetation).  

Positive SV values could be divided into low and high SV values. Low positive SV values 

(1.21 to 1.52) describe low impacts of forest dieback on the forestry sector 

(EFDeconR = 2), on NWFPs (EFDnwpR = 2) and on the disappearance of protected 

species (EFDspecR = 2) as well as low impacts of climate change on landscape 

degradation (CqCClandR = 2). High positive SV values (1.95 to 2.06) include the 

assumption that forest dieback happens in the future (OpFDfut = 1) and that forest dieback 

has a low impact on landscape degradation (EFDlandR = 2) and understory vegetation 

(EFDvegetR = 2). 

The last synthetic variable (SV 5), “Forest dieback observations”, describes if 

respondents realize the impacts of climate change as a past (OpFDpast = 1) or current 

(OpFDtod = 1) phenomenon. These two items are derived from question 18a (OpFD_, 

forest dieback as a past, future or current event). Negative SV values indicate that forest 
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dieback is considered as a past event, positive SV values indicate that forest dieback is 

considered as a current event. 

The correlations between the SVs (Table 18) show highly significant and high 

correlations between SV 1 and SV 2 (Rp = 0.581***), SV 1 and SV 4 (Rp = 0.605***), SV 2 

and SV 4 (Rp = 0.620***). These correlations are homogenous considering the attitude 

patterns. Thus, respondents who perceive higher climate change impacts on the 

productive function of a forest (SV 1), also perceive higher climate change impacts on 

ecological elements in a forest (SV 2) as well as higher impacts of forest dieback on 

landscape elements (SV 4). 

Further, there is a significant and weak correlation between SV 2 and SV 3 (Rp = 0.130*). 

Thus, climate change related changes on ecological forest elements (SV 2) and impacts 

on microelements of a forest (SV 3) are likely to have a comparable attitude pattern. 

However, according to the explanation difficulties within SV 3 as well as the low 

correlation coefficient are no clear interpretation patterns visible.  

Table 18: Correlations between the synthetic variables 

 SV 1 SV 2 SV 3 SV 4 

SV 1 1.000    

SV 2 .581*** 1.000   

SV 3 -.021 .130 1.000  

SV 4 .605*** .620*** .109 1.000 

SV 5 -.012 .031 .038 -.050 

(Pearson correlation), Source: own draft 

Typology of individuals 

A typology of individuals should highlight the profiles of respondents expressing 

particular points of view. Therefore, an ascendant hierarchical clustering algorithm with 

Ward criterion on individual scores measured by using the five SVs was used. It also 

includes a consolidation step using the k-means algorithm to stabilize the typology. By 

reducing the number of variables via ClustOfVar, it is possible to interpret the partition 

of respondents, not based on the nineteen original variables, but by relying on the five 

SVs described above.  
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An analysis of the histogram (see A 2.5.2), which presents the agglomerative hierarchical 

clustering level indices, indicates a jump of three and five clusters. A five cluster typology 

seems to be less relevant than a three cluster typology due to the number of significant 

describing variables. The variable clustering algorithm does not impose orthogonality 

constraints between the SVs. A normalized PCA has to be conducted on the SVs to get 

uncorrelated variables. A plot of the partition of three clusters on the first factorial plane 

shows that the clusters are relatively homogenous and separate from each other (dim 1 

and 2 as the first principal components of the normalized PCA on the five SVs) (see 

A 2.5.2).  

Figure 38 shows the deviations from the mean values of each SV for the three clusters of 

individuals. In bold are the negative (resp. positive) means that are significantly lower 

(resp. superior) to zero (p < 0.001).129  

Figure 38: Mean value of each SV for the clusters of individuals 

 

Source: own draft 

Thus, all clusters could be significantly characterized by four SVs, e.g. cluster 1 could be 

described by SV 1, SV 2, SV 4 and SV 5. Especially cluster 1 shows a high negative 

deviation with the overall mean value of the SV 5 (forest dieback observations). Further, 

the overview demonstrates high positive deviations within the cluster 3 (aside from SV 3 

                                                 
129 As KUENTZ et al. (2015) indicate, this test has no real statistical value because SVs were used to create 

groups of individuals. However, it is useful for the interpretation because it indicates which SV describes 

different clusters of individuals. 
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and 5). This is especially true for SV 4 (forest dieback impacts on landscape elements), 

SV 1 (climate change impacts on the productive function of a forest) and SV 2 (climate 

change related changes of forests ecological elements). This fact makes the interpretation 

more difficult as the characterization is less marked. However, it also provides more 

details about individuals.  

Besides the deviations from the mean value for each SV, the overview of the typology of 

individuals and the cluster description (see Table 19 and A 2.5.6) presents a further 

indicator that is mainly used for the interpretation of the typologies: v-test (vt) values.  

V- test values consider the mean of the variable for the cluster (conditional mean) vs. the 

overall mean of the variable. It is distributed approximately as a normal distribution. The 

critical value is ± 2 for a two-sided significance test at a 5 %-level. A positive (resp. 

negative) v-test value indicates that the mean of the cluster is superior (resp. inferior) to 

the general mean of the SV. The introduction of further illustrating variables is an 

additional interpretation aid as it provides more details about respondents’ socio-

demographic characteristics.  

Respondents of cluster 1 (n = 67, 22.0 % of the sample) are rather undecided about 

impacts of climate change and forest dieback on forests (Table 20). Therefore, they could 

be characterized as “climate change and forest dieback insecure individuals”.  

The v-test values for SV 2 (vt = -3.31) and SV 4 (vt = -3.62) are negative, although in 

comparison with the other clusters with vt > 10 they are not sufficiently high to indicate 

a clear positioning of the citizens. The mean values of these SVs (SV2̅̅ ̅̅ ̅ = -0.521, 

SV4̅̅ ̅̅ ̅ = - 0.694) (see A 2.5.5) suggest an undecided or rather neutral opinion towards 

impacts of climate change on ecological elements of a forest and forest dieback impacts 

on landscape elements.  

Moreover, they have no distinct opinion on the impacts on microelements of a forest 

(SV3̅̅ ̅̅ ̅ = 0.013, vt = 0.02). While respondents of cluster 1 recognize rather high climate 

change influences on the productive functions of a forest (tree mortality, forest damage, 

decrease of tree growth) (SV1̅̅ ̅̅ ̅ = -0.692, vt = - 4.04), they do not realize climate change 

related impacts on ecological or micro forest elements and landscape features.  
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Table 19: Overview of the typologies of the clusters 

(see A 2.5.6 for further information about the characteristics), Source: own draft 

Synthetic 

variable 

Clusters of individuals (K = 3) 

Cl.1: Climate change 

and forest dieback 

insecure individuals 

(n = 67, 22.0 %) 

Cl. 2: Climate change 

and forest dieback 

realists 

(n = 198, 64.9 %) 

Cl. 3: Climate change 

and forest dieback 

denier 

(n = 40, 13.1 %) 

SV1 – Climate 

change impacts 

on the 

productive 

function of a 

forest 

(vt : -4.04) 
High impacts of 

climate change on 

decrease in tree 

growth, tree 

mortality, damage & 

deadwood level; 

Highest threat to 

forests 

(vt: -4.92) 

High impacts of 

climate change on 

decrease in tree 

growth, tree 

mortality, damage & 

deadwood level; 

Highest threat to 

forests 

(vt: 11.91) 

Low (or no) impacts 

of climate change on 

tree mortality, 

damage level, 

decrease in tree 

growth; 

Low impacts of forest 

dieback on 

deadwood; Lowest 

threat to forests 

SV2 – Climate 

change related 

changes of 

forests 

ecological 

elements 

(vt : -3.31) 

Medium (or don’t 

know, undecided) 

impacts of climate 

change on fauna & 

flora diversity, soil 

fertility and tree 

species composition 

(vt: -5.81) 

High impacts of 

climate change on 

fauna & flora 

diversity, soil fertility 

and tree species 

composition 

(vt: 12.26) 

Low (or no) impacts 

of climate change on 

fauna & flora 

diversity, tree species 

composition and soil 

fertility 

SV3 – Impacts 

on micro-

elements of a 

forest 

(vt: 0.02) (vt: -1.92) 

(vt: 2.58) 

Medium (or don’t 

know, undecided) 

impacts of climate 

change on tree 

growth and micro 

fauna 

SV4 – Forest 

dieback 

impacts on 

landscape 

elements 

(vt: -3.62) 

Medium (or don’t 

know, undecided) 

impacts of forest 

dieback on landscape 

degradation, 

vegetation and 

NWFPs 

(vt: -6.86) 

High impacts of 

forest dieback on 

landscape 

degradation, 

vegetation, 

disappearance of 

protected species, 

NWFPs 

(vt: 14.13) 

Low (or no) impacts 

of forest dieback on 

vegetation, landscape 

degradation, 

disappearance of 

protected species and 

NWFPs; Forest 

dieback will happen 

in the future 

SV5 – Forest 

dieback 

observations 

(vt: -15.06) 
Forest dieback is 

considered as a past 

event 

(vt: 13.60) 

Forest dieback is 

considered as a 

current event 

(vt:-0.76) 



 

291 

Table 20: Detailed description of cluster 1 

Cluster 1 – Climate change and forest dieback insecure individuals (n = 67, 22.0 %) 

Synthetic variable Description 

SV 1: Climate change impacts on the 

productive function of a forest 

(vt = -4.04, SV1̅̅ ̅̅ ̅ = -0.692) 

- Rather high impacts of climate change on: 

decrease in tree growth, tree mortality level, 

forest damage level. 

- High impacts of forest dieback on deadwood 

level. 

- Threat to forests high. 

SV 2: Climate change related changes 

of forests ecological elements 

(vt = -3.31, SV2̅̅ ̅̅ ̅ = -0.521) 

- Medium (or don’t know, undecided) impacts of 

climate change on: fauna & flora diversity, soil 

fertility, tree species composition. 

SV 4: Forest dieback impacts on 

landscape elements 

(vt = -3.62, SV4̅̅ ̅̅ ̅ = -0.694) 

- Medium (or don’t know, undecided) impacts of 

forest dieback on: landscape degradation, 

understory vegetation, NWFPs. 

SV 5: Forest dieback observations 

(vt = -15.06, SV5̅̅ ̅̅ ̅ = -2.121) 
- Forest dieback is considered as a past event. 

Further significant characteristics of respondents: 

- Opinion on general climate change impacts:  

o No clear positioning towards impacts on the project area 

o Impacts are supposed to be high in the future (ImpCCFutur = 5) 

- Forests and forest dieback: 

o Visit frequency of forests low (several times a year or once the last 12 month) 

(Visit2 = 1) 

o “Providing beautiful landscapes” (Func3 = 0) not important function of forests 

o Realize risks of pests, disease, invasive species (Risk = 8), forest dieback (Risk = 6) 

and over-harvesting of wood products (Risk9 = 1) 

o Knowledge level (self-assessed) about forests low (KnowForest = 2) 

o Neither agree nor disagree that deadwood should be removed (DwmovR = 3), agree 

that deadwood is waste (DwwasteR = 4) and is dangerous for forest visitors 

(DwdangR = 4) 

- Environmental worldview: Disagree to harvest trees to increase biodiversity (Wvtree = 2) 

- Age: relatively young (mainly between 25-35 years) (AgeClass = 2) 

- Education: low education (secondary level) (Educ = 2) 

Source: own draft 

However, the agreement with the first SV is relatively low. Moreover, forest dieback is 

considered highly as a past event (SV5̅̅ ̅̅ ̅ = -2.121, vt = -15.06). This opinion is outstanding 

in contrast to the other SVs. The typology of individuals with further describing variables 

provides more information about the sociological profile of cluster 1. Even if respondents 

of cluster 1 are undecided about climate change impacts on forests, they realize extreme 

impacts of drought (ImpCCdry = 5) and high impacts of flood (ImpCCflood = 4) on the 
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BF. Moreover, impacts of climate change are supposed to be very high in the future 

(ImpCCFutur = 5). The knowledge level (self-assessed) concerning forests is relatively 

low (KnowForest = 2). Nevertheless, respondents were able to evaluate several risks to 

forests. The highest perceived risks for forests are pests, disease and invasive species as 

well as forest dieback and over-harvesting of wood products (Risk 6 = 1, Risk 8 = 1, 

Risk 9 = 1).  

Deadwood is not perceived as meaningful and respondents have a rather negative attitude 

towards deadwood. They neither agree nor disagree that deadwood should be removed 

(DwmovR = 3), but agree that deadwood is waste and useless (DwwasteR = 4) and is 

dangerous for forest visitors (DwdangR = 4). Respondents disagree with the statement 

that trees may be felled if needed to increase the diversity of species in a forest 

(Wvtree = 2). This fact indicates a rather anthropocentric environmental worldview. 

Respondents of cluster 1 visit the forests very seldom (only several times a years, 

Visit2 = 1) and do not value aesthetical functions of forests (Func3 = 0). They are very 

young (mainly 25-35 years) and have a low educational level. 

Respondents of cluster 2 (n = 198, 64.9 % of the sample) perceive high impacts of climate 

change and forests dieback on the forests of the project area and could be characterized 

as “climate change and forest dieback realists” (Table 21). This cluster builds with 64.9 % 

of the respondents by far the largest cluster.  

Perceived impacts are the highest compared with respondents of cluster 1 and cluster 3 

(see A 2.5.5). Individuals of cluster 2 realize especially high climate change impacts on 

the productive functions of a forest (vt = -4.92, SV1̅̅ ̅̅ ̅ = -0.329) and on ecological forest 

elements (vt = -5.81, SV2̅̅ ̅̅ ̅ = -0.357) (v-test comparison). The forests of the BF are 

perceived to be threatened. Respondents perceive high impacts of climate change on a 

decrease in tree growth, the tree mortality and forest damage level. The high tree mortality 

level is apparently connected to the deadwood level, which is expected to be impacted 

additionally. More specifically, respondents think that the forests’ biodiversity, soil 

fertility, and tree species composition is highly impacted by climate change. Forest 

dieback impacts are perceived rather on a landscape level (vt = - 6.86, SV4̅̅ ̅̅ ̅ = -0.513) than 

on a stand level. Thus, individuals of cluster 2 have no distinct opinion about the impacts 

on microelements of a forest (vt = -1.92, SV3̅̅ ̅̅ ̅ = -0.093). However, they think that forest 
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dieback influences landscape degradation, understory vegetation and leads to a 

disappearance of protected species and a change in NWFPs.  

Given the strong relevance of the SVs 1, 2 and 4, forest dieback is considered as a current 

event (vt = 13.60, SV5̅̅ ̅̅ ̅ = 0.747), which is a strong contrast to cluster 1. However, a closer 

look at the additional explanatory variables shows that forest dieback is considered to be 

not a new phenomenon. Tree mortality has also been observed over the past 20 years 

(ObsFD = 1). Thus, respondents have perceived forest dieback in the past and they also 

realize it at present. 

Table 21: Detailed description of cluster 2 

Cluster 2 – Climate change and forest dieback realists (n = 198, 64.9 %) 

Synthetic variable Description 

SV1: Climate change impacts on the 

productive function of a forest  

(vt = -4.92, SV1̅̅ ̅̅ ̅ = -0.329) 

- High impacts of climate change on: decrease in 

tree growth, tree mortality level, forest damage 

level. 

- High impacts of forest dieback on deadwood 

level. 

- Threat to forests very high. 

SV2: Climate change related changes 

of forests ecological elements 

(vt = -5.81, SV2̅̅ ̅̅ ̅ = -0.357) 

- High impacts of climate change on: fauna and 

flora diversity, soil fertility, tree species 

composition. 

SV4: Forest dieback impacts on 

landscape elements  

(vt = -6.86, SV4̅̅ ̅̅ ̅ = -0.513) 

- High impacts of forest dieback on: landscape 

degradation, understory vegetation, 

disappearance of protected species, NWFPs. 

SV5: Forest dieback observations 

(vt = 13.60, SV5̅̅ ̅̅ ̅ = 0.747) 
- Forest dieback is considered as a current event. 

Further significant characteristics of respondents: 

- Opinion on general climate change impacts: No clear positioning towards general climate 

change impacts but impacts of fire, flood and storm are somehow perceived 

- Forests and forest dieback: 

o Forest visit frequency about more than once a month (Visit3 = 1) 

o Did not realize the risk of pests, disease, invasive species (Risk8 = 0) 

o Observed forest dieback in in the past 20 years (ObsFD = 1) 

o No clear deadwood attitude 

o Do not collect mushrooms (mushrooms2 = 0) 

- Environmental worldview: undefined 

- Age: 45-54 years old (AgeClass = 4) 

Source: own draft 
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However, pests, disease and invasive species are not seen as risk factor for the forests 

(Risk8 = 0). There is no significant information concerning the perception of risks to 

forests. Nonetheless, it seems likely that climate change is perceived as a main risk for 

the forests. The negative v-test values show that respondents definitely think that it is 

likely that fire (ImpCCfire=2, vt =-2.83***) and storm (ImpCCstorm = 2, vt =-4.11***) 

have an impact on the BF. The degree could not be determined. In addition, climate 

change is expected to have an impact on the BF in the future (ImpCCFutur = 2, 

vt = - 2.59**). Like in the previous case could the degree not be determined. The typology 

gives no detailed facts about the deadwood attitude and the environmental worldview. 

Respondents do not collect mushrooms (mushrooms2 = 0) and are several times, at least 

once a month, in the forest (Visit = 3). The average age is mainly between 45-54 years 

(AgeClass = 4), which corresponds to the mean age of the respondents (see section 5.3.1).  

Respondents of cluster 3 (n = 40, 13.1 % of the sample) realize no to very low impacts 

of climate change and forest dieback on the BF. They could be characterized as “climate 

change and forest dieback deniers” (Table 22). This cluster is by far the smallest cluster. 

The analysis of the relation to the first SV shows that respondents perceive low (or no) 

impacts of climate change on the decrease of tree growth, tree mortality level and forest 

damage level (vt = 11.91, SV1̅̅ ̅̅ ̅ = 2.789). Thus, climate change is perceived to have no 

impact on the productive function of a forest. Further, respondents of cluster 3 think that 

forest dieback has no or a low impact on the deadwood level. Forests seem to be perceived 

as not threatened.  

These assumptions are in line with the agreement towards the SV 2 (vt = 12.26, 

SV2̅̅ ̅̅ ̅ = 2.638). Climate change is expected to have only a low (or no) impact on 

biodiversity, soil fertility and tree species composition. In addition, forest dieback is 

perceived to have a low (or no) impact on landscape elements (vt = 14.13, SV4̅̅ ̅̅ ̅ = 3.704). 

Especially landscape degradation, a change in understory vegetation, the disappearance 

of protected species, and a change in NWFPs seem to be not relevant. Respondents were 

rather undecided concerning impacts on the increase of tree growth and micro fauna 

(vt = 2.58, SV3̅̅ ̅̅ ̅ = 0.437).  

The analysis of further characteristics reveals interesting information about cluster 3. As 

expected, respondents perceive no to very low impacts of climate change on the BF 
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(ImpCCflood = 2, ImpCCfire = 2, ImpCCstorm = 2, ImpCCwarm = 2, ImpCCdry = 2). 

Future impacts of climate change are anticipated to be rather low (ImpCCFutur = 2). 

People did not observe forest dieback the past years in the BF (ObsFD = 0). Current 

impacts on the forests are perceived to be very low.  

Table 22: Detailed description of cluster 3 

Cluster 3 – Climate change and forest dieback denier (n = 40, 13.1 %) 

Synthetic variables Description 

SV 1: Climate change impacts on the 

productive function of a forest 

(vt = 11.91, SV1̅̅ ̅̅ ̅ = 2.789) 

- Low (or no) impacts of climate change on: 

decrease in tree growth, tree mortality level, 

forest damage level. 

- Low impacts of forest dieback on deadwood 

- Lowest threat to forests 

SV 2: Climate change related changes 

of forests ecological elements  

(vt = 12.26, SV2̅̅ ̅̅ ̅ = 2.638) 

- Low (or no) impacts of climate change on: 

fauna and flora diversity, soil fertility, tree 

species composition. 

SV 3: Impacts on microelements of a 

forest (vt = 2.58, SV3̅̅ ̅̅ ̅ = 0.437) 

- Medium (or don’t know, undecided) impacts of 

climate change on tree growth and micro fauna 

SV 4: Forest dieback impacts on 

landscape elements 

(vt = 14.13, SV4̅̅ ̅̅ ̅ = 3.704) 

- Low (or no) impacts of forest dieback on: 

landscape degradation, understory vegetation, 

disappearance of protected species, NWFPs. 

- Forest dieback will happen in the future 

Further significant characteristics of respondents: 

- Opinion on general climate change impacts:  

o Perceive no to very low impacts of climate change on the BF (ImpCCflood = 2, 

ImpCCfire = 2, ImpCCstorm = 2, ImpCCwarm = 2, ImpCCdry = 2) 

o Future impacts are expected to be rather low (ImpCCFutur = 2) 

- Forest dieback and forests: 

o Deadwood is perceived not as waste (DwwasteR = 2) but it does not seem to be 

important for the survival of rare species (DwsurvR = 2) 

o People did not observe forest dieback the past years (ObsFD = 0) 

o Appreciate scenery of a forest (Activ3 = 1), collect NWFPs (mushrooms2 = 1) 

- Environmental worldview: rather holistic worldview 

o Disagree that hunting is cruel and inhumane to animals (Wvhunt = 1) 

o Agree that it is natural that wild animals starve to death or are injured by other 

animals (Wvwild = 5) 

o Disagree to close vulnerable areas for leisure and recreation (Wvrecre = 2) 

- Income class: 4,000 Euros or more (Income = 7) 

- High job position (SprofClass = 2), High education = Master or higher (Educ = 5) 

Source: own draft 
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The environmental worldview of cluster 3 is rather holistic. Thus, respondents disagree 

with the statements that hunting is cruel and inhumane to animals (Wvhunt = 1) and 

vulnerable nature areas should be closed for leisure and recreational activities 

(Wvrecre = 2), and agree that it is natural that wild animals starve to death or are injured 

by other animals (Wvwild = 5).  

Respondents appreciate the scenery of a forest (Activ3 = 1) and collect NWFPs in the 

forests (mushrooms2 = 1). Deadwood is not perceived as waste but also not expected to 

be important for rare species (DwwasteR = 2, DwsurvR = 2). Individuals of cluster 3 have 

a high job position (SprofClass = 2) and a corresponding high income class of 4,000 Euros 

or more (Income = 7). The level of education is very high (Master or higher) (Educ = 5).  

Overall, the clusters are able to provide important information about the respondents’ 

characteristics and their attitudes towards forest dieback and climate change. However, 

even if the adaptation strategies were integrated in the typology of individuals (see section 

5.2.3.2), they are unable to explain the three clusters significantly. Thus, the next section 

sheds more light on the chosen adaptation strategies and the results of the DCE analysis 

concerning the three proposed adaptation scenarios – strong, soft and no adaptation 

scenario.  

 

5.3.5 Silvicultural adaptation strategies 

5.3.5.1 Preferred predetermined adaptation strategies 

To reveal the preferences for different adaptation strategies against previously described 

forest damage, respondents were asked to rank predetermined strategies according to their 

subjective importance. Figure 39 visualizes the rank order of these strategies. The 

strategies “mixing several tree species on a same plot” (µ = 2.47, σ = 1.49) and 

“introducing new native tree species” (µ = 1.63, σ = 1.49) are most preferred by the 

inhabitants of the BF. In sum, nearly nine of ten respondents (86.3 %) chose mixing tree 

species, i.e. to integrate mainly beech or fir in the spruce-dominated forests. A high 

number of respondents (37.5 %) rank this item as the most important one. The highest 

mean value (µ = 2.47) gives evidence about the importance.  
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Figure 39: Adaptation strategies against forest dieback 

 

(n = 270; Scale for mean value calculation: 1 “less important” item to 4 “most important” item and 0 “not chosen”), Source: own draft 
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The strategy “introducing new native tree species” has not the same relevance. Never-

theless, 66.6 % ranked this strategy and 15.8 % chose this strategy as the most important 

one. Thus, species diversification is a preferred strategy against forest dieback. This is in 

line with the most liked characteristics of the forests (Q7). A mixed forest stand (µ = 2.51, 

σ = 1.42) is the most chosen and on average highest valued characteristic of a forest. 

However, native tree species are favored in contrast to non-native tree species. Hence, the 

strategy “introducing non-native tree species” (µ = 0.39, σ = 0.99) is seldom selected and 

the most unimportant one.  

Moreover, the strategy “keeping spruce only on better sites” has a low mean value 

(µ = 0.65, σ = 1.05) and gives therefore importance to species diversification. Only 2.8 % 

rank this strategy as most important one. However, 19.2 % of the respondents rank the 

strategy on the fourth place. Thus, this strategy should not be neglected but is not seen as 

ideal and single solution. Further, 65.0 % of the respondents chose the strategy “having 

forests with trees of different ages” (µ = 1.50, σ = 1.39) on one rank out of four 

preferences. However, only 15.6 % think that this item is the most important one; it is 

rather ranked as third (25.7 %) or second (16.1 %) important item. Strategies that demand 

for fast and active human interventions like “remove damaged wood as fast as possible” 

(µ = 1.43, σ = 1.58), “to clear cut the forest as soon as trees are dying” (µ = 1.02, σ = 1.37) 

and “having younger forests by shortening rotations” (µ = 0.60, σ = 1.13) are ranked on 

the fourth, fifth and seventh place. It is remarkable that 18.6 % (second highest value) of 

all respondents think that removing damaged wood as fast as possible is the most 

important strategy against forest dieback. This fact gives first indices about the attitude 

towards deadwood and the current forest politics (“clean forestry program”). 

The single strategies were summarized under the umbrella strategies “diversifying 

management” and “intensifying management”.130 These umbrella strategies were 

identified by different forest stakeholders in the qualitative part of the study as related to 

each other. Overall, inhabitants prefer on average rather strategies that belong to 

                                                 
130 The umbrella strategies “diversifying management” and “intensifying management” consist out of four 

strategies (see Table 24). People chose four strategies out of the eight presented strategies. Thus, they assign 

the rank 1, 2, 3, 4 to the most preferred strategies and 0 for the rest. The rank of the strategies that belong 

to one of the umbrella strategies was added up (maximum 10, when only e.g. diversifying management 

strategies were chosen) and divided by four to create a common variable. Thus, the scale of the new 

umbrella strategy variables ranges from 0 “no strategy of the umbrella strategy chosen” to 2.5 “four 

strategies of the umbrella strategy chosen”.  
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diversifying management (µ = 1.50, σ = 0.64), which is mainly appreciated by pro-active 

forest stakeholders. Strategies of intensifying management (µ = 0.93, σ = 0.61), which 

are rather preferred by reactive forest stakeholders, are less preferred. In addition, both 

umbrella strategies correlate negatively with each other (Rs = -0.844***), i.e. people who 

chose more intensifying management strategies, chose less diversifying management 

strategies. This impression is also derived from the ranking of the single strategies. 

A correlation analysis between the single adaptation strategies (Table 23) and a separate 

correlation analysis of the strategies and umbrella strategies with the knowledge level 

about climate change and forests, the environmental worldview, the deadwood attitude 

and the aggregated climate change and forest dieback perception (Table 24) provides 

further interesting details about dependencies.  

For instance, the most preferred strategy of “mixing several tree species on a same plot” 

correlates highly significantly, negatively and weakly with “to clear cut the forest as soon 

as trees are dying” (Rs = -0.242***) and very significant, negative and very weak with the 

strategy “remove damaged wood as fast as possible” (Rs = -0.170**).  

Moreover, there are further significant and (very) weak correlations with the self-assessed 

knowledge level about forests (Rs = 0.200**) and climate change (Rs = 0.152*) as well as 

with the anthropocentric worldview (Rs = -0.207**), eco-/sentiocentric worldview 

(Rs = 0.119*), the deadwood attitude (Rs = 0.195**), the aggregated forest dieback 

perception (Rs = 0.120*) and the aggregated climate change perception (Rs = 0.152*). 

Thus, respondents who prefer the diversification of tree species, prefer less clear-cutting 

and the removal of damaged wood. In addition, these respondents assess their knowledge 

level about forests and climate change higher, have a rather eco-/sentiocentric worldview, 

a more positive deadwood attitude and a higher perception of forest dieback and climate 

change. However, the correlation coefficients are mainly very weak.  

The second most preferred strategy “introducing new native tree species” correlates 

highly significant and negative with the strategies shortening rotations (Rs = -0.203***) 

and clear-cutting (Rs = -0.260***) (both with weak effect size) and with removing 

damaged wood (Rs = -0.324***) (moderate effect size). Thus, respondents who rank the 

introduction of new native tree species high (or mixing tree species, see previous 
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example) prefer less strategies that demand for fast human interventions. In addition, 

these respondents have a higher agreement with the holistic worldview (Rs = 0.131*) and 

a more positive deadwood attitude (Rs = 0.171***) (both very weak effect size).  

Table 23: Correlations between adaptation strategies  

  1 2 3 4 5 6 7 

(1) Keeping spruce only on better 

sites 
1.000       

(2) Introducing new native tree 

species 
-.031 1.000      

(3) Introducing new non-native tree 

species  
-.066 -.064 1.000     

(4) Mixing several tree species on a 

same plot 
-.017 .017 -.075 1.000    

(5) Having younger forests by 

shortening rotations 
-.143* -.203*** -.075 -.120* 1.000   

(6) To clear cut the forest as soon 

as trees are dying 
-.296*** -.260*** -.160** -.242*** .035 1.000  

(7) Remove damaged wood as fast 

as possible 
-.176** -.324*** -.134* -.170** -.125* .278*** 1.000 

(8) Having forest with trees of 

different age 
-.001 .073 .102 .053 -.018 -.271*** -.345*** 

(sample weighted; Scale: 1 “less important” item to 4 “most important” item and 0 “not chosen”; Spearman 

rho coefficients), Source: own draft 

Table 24: Correlations of adaptation strategies with selected variables 

 

Knowledge level Environmental worldview 
DW 

attitude 
Perception 

Forests CC 

Anthro

pocent-

ric 

Holis-

tic 

Eco-/ 

sentio-

centric 

DW 

(aggr.) 

FD 

(aggr.) 

CC 

(aggr.) 

Diversifying management  .117 .129* -.313*** .119* .151* .321*** .118* .121* 

(2) Introducing new 

native tree species 
.056 .031 -.155** .131* .064 .171*** .021 -.106 

(3) Introducing new non-

native tree species 
.075 .002 -.026 .066 .047 .048 .128* .089 

(4) Mixing several tree 

species on a same plot 
.200** .152* -.207*** .098 .119* .195** .120* .152* 

(8) Having forest with 

trees of different age 
-.064 .096 -.185** -.091 .018 .143* -.032 .043 

Intensifying management  -.074 -.081 .298*** -.081 -.153* -.335*** -.142* -.089 

(1) Keeping spruce only 

on better sites 
.050 .004 -.078 .001 .042 .153*** -.051 -.009 

(5) Having younger 

forests by shortening 

rotations 

-.051 .010 .137* -.110 -.011 -.102 -.172** -.107 

(6) To clear cut the forest 

as soon as trees are 

dying 
-.173** -.084 .230*** -.038 -.152* -.302*** -.045 -.105 

(7) Remove damaged 

wood as fast as 

possible 

.021 -.082 .201** .011 -.101 -.289*** .077 .015 

(Spearman rho coefficients), Source: own draft 
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By contrast, the strategy “removing damaged wood as fast as possible” correlates 

significantly and with a weak effect size with all other strategies. There are negative 

correlations with all strategy variables aside from the strategy “to clear cut the forest as 

soon as trees are dying” (Rs = 0.278***). Moreover, the removal strategy correlates 

negatively with the deadwood attitude (Rs = -0.289***) and positively with the 

anthropocentric environmental worldview (Rs = 0.210**). Thus, the more strongly that 

respondents prefer the removal strategy, the more that they rank all other strategies (aside 

from clear-cutting) rather low and have a rather anthropocentric worldview as well as a 

negative deadwood attitude.  

Overall, a high awareness about forest dieback (aggregated perceptional variable) 

correlates positively and very weakly with the strategies of introducing new non-native 

tree species (Rs = 0.128*) and mixing several tree species (Rs = 0.120*) and relates 

negatively to shortening rotations (Rs = -0.172**). The climate change perception shows 

only a positive, very weak correlation with mixing several tree species (Rs = 0.152*). 

A closer look at the preferred umbrella strategies underpins and synthetizes the 

aforementioned findings. The umbrella strategy “diversifying management” correlates 

significantly with all selected variables aside from the knowledge level on forests. Thus, 

the higher the preference for diversifying management strategies, the higher the 

knowledge level about climate change (Rs = 0.129*), the higher the agreement with the 

holistic (Rs = 0.119*) and eco-/sentiocentric worldview (Rs = 0.151*) and the lower the 

agreement with the anthropocentric worldview (Rs = -0.313***). By contrast, the 

correlations with the umbrella strategy “intensifying management” show a diversed 

relation: the more often people chose “intensifying management” strategies, the higher 

the agreement with the anthropocentric worldview (Rs = 0.298***) and the lower the 

agreement with the eco-/sentiocentric worldview (Rs = -0.153*). Further, a more positive 

deadwood attitude leads to a higher preference of diversifying management strategies 

(Rs = 0.321***) and a more negative deadwood attitude to a higher preference of 

intensifying management strategies (Rs = -0.335***) (moderate effect size).  

Nevertheless, the aggregated forest dieback and climate change perception variables 

show only very weak correlations with the umbrella strategies. Hence, the more often 

people chose diversifying management strategies, the higher their forest dieback 
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(Rs = 0.118*) and climate change (Rs = 0.121*) perception. The preference for intensifying 

management strategies shows no significant correlation with the climate change 

perception but a very weak correlation with the forest dieback perception (Rs = -0.142*), 

i.e. the more often people chose strategies of intensifying management, the lower their 

forest dieback perception.  

The correlation and Chi-squared test between the single strategies and umbrella strategies 

and the socio-demographic variables gives only a few significant results. For example, 

age correlates very weakly with the introduction of new non-native tree species 

(Rs = - 0.126*), i.e. respondents with a higher age prefer rather not to introduce non-native 

tree species. Furthermore, the income class correlates very weak (Rs = 0.171**) with the 

removal of damaged wood. Thus, the higher the income class, the higher the preference 

to remove damaged wood. Further tested variables like gender, professional situation and 

educational level show no significant results. 

 

5.3.5.2 Preferences for strong, soft or no adaptation scenario 

The aim of this section is to provide a simplified overview of the agreement spectrum 

with the three different scenarios (strong, soft and no adaptation scenario) that were 

presented to the respondents with the help of DCE choice sets (see section 5.2.3.3). These 

scenarios are different to the already analyzed strategies in section 5.3.5.1 as they reflect 

a bunch of different adaptation strategies that were adjusted to the situation of a 

monocultures forest with spruce trees, e.g. a pro-active forest stakeholders would decide 

about an immediate conversion of a spruce monoculture into a mixed forest stand as he 

perceives this forest as highly vulnerable to climate-induced forest dieback. Moreover, 

the scenarios include a time perspective with resulting changes of the forest dieback risk 

level and biodiversity level after the silvicultural measures. However, the choice of single 

attributes is considered in section 5.3.5.3. This section studies only the amount of chosen 

scenarios and their correlations with specific variables like socio-demographic details.  

Therefore, three variables were created that give an impression about the chosen DCE 

scenarios, i.e. respondents who chose four times the strong adaptation scenario (out of the 

four presented DCE choice sets) have a very high agreement with the strong adaptation 

scenario because they only chose this scenario. It must to be noted that this simplification 
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does not comprise the attributes of the scenarios and does not replace the DCE in any 

form (see section 5.3.5.3 for DCE analysis). It is rather a further tool to gain additional 

information about the respondents’ scenario choice. Therefore, results need to be 

considered and interpreted carefully.  

Figure 40 provides an overview of the agreement spectrum concerning the three 

scenarios. As a result, the strong adaptation scenario (µ = 2.16, σ = 1.42) is the most 

chosen scenario (only 19.8 % do not agree with this scenario and chose it not at all out of 

the four presented choice sets). This scenario is followed by the soft adaptation scenario 

(µ = 1.57, σ = 1.34) which is not at all chosen by 26.4 %. By contrast, the no adaptation 

scenario is only chosen by 17.4 % of the sample. A closer look at the number of chosen 

scenarios reveals that the strong adaptation scenario was most often chosen three times, 

indicating a high agreement with this scenario (26.9 %).  

Figure 40: Agreement with adaptation scenarios 

 

(n = 270, weighted; Scale: 0 “no agreement – scenario not at all chosen”, 1 “low agreement – scenario one 

times chosen”, 2 “medium agreement – scenario two times chosen”, 3 “high agreement – scenario three 

times chosen” to 4 “very high agreement – scenario four times chosen”), Source: own draft 

The soft adaptation scenario was most often chosen one times, indicating a low agreement 

with this scenario (27.8 %). And the no adaptation scenario was mainly not at all chosen 

(82.6 %). About two of ten respondents (21.1 %) have a very high agreement with the 

strong adaptation scenario and chose it four times, which is the maximum number of 

possible “strong” choices. However, less than one percent (0.4 %) chose the no adaptation 

scenario four times. As the MNL model (see section 5.3.5.3) does not provide further 

details about the correlations of the adaptation scenarios with other variables, e.g. forest 

82.6%

26.4%

19.8%

10.6%

27.8%

13.3%

21.0%

18.9%

12.1%

26.9%

12.8%

21.1%

0% 20% 40% 60% 80% 100%

No adaptive scenario (µ = 0.27, σ = 0.66)

Soft adaptive scenario (µ = 1.57, σ = 1.34)

Strong adaptive scenario (µ = 2.16, σ = 1.42)

No agreement Low agreement Medium agreement

High agreement Very high agreement
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visit frequency, risk assessment, the already-created variables (agreement with strong, 

soft and no adaptation scenario, see Figure 40) were used to test dependencies. 

A correlation analysis (Spearman correlation and Chi-squared test) between the 

agreement with the adaptation scenarios and the respondent’s characteristics (see A 2.7 

for Spearman’s correlations) provides the following results. Under consideration of the 

socio-demographic details, there is very weak correlation between the age and the 

agreement with the no adaptation scenario (Rs = 0.139*), i.e. the higher the age, the more 

often was the no adaptation scenario chosen. In addition, the income class correlates very 

weak with the soft adaptation scenario (Rs = 0.181**) and negative and weak with the no 

adaptation scenario (Rs = -0.215**). Thus, respondents with a higher income class, prefer 

rather the soft adaptation scenario than the no adaptation scenario. This fact makes sense 

as the soft adaptation scenario was described by a payment vehicle and respondents with 

a low income class might not afford the financial support of any adaptation scenario. 

Further, there are significant and weak correlations between the gender and the agreement 

with the soft adaptation scenario (χ2 (n = 270) = 17.0**; Cramér’s V = 0.251**) and the 

strong adaptation scenario (χ2 (n = 270) = 21.58***; Cramér’s V = 0.282***). However, a 

T-Test gives no significant information about the differences concerning the mean values. 

Furthermore, the soft adaptation scenario correlates with the highest educational level 

(χ2 (n = 268) = 16.7*; Cramér’s V = 0.250*). A posthoc test (Tamhane-2) reveals that 

there is a significant difference within the no adaptation scenario (F = 4.77, p < 0.05): 

respondents with an A-Level chose on average significantly less no adaptation scenarios 

in contrast to respondents with a primary level (general secondary school) (-0.324, 

95 %- CI [-0.62, -0.03]).  

The forest visit frequency correlates significantly and very weakly with the soft 

adaptation scenario (Rs = -0.122*). Thus, the more often people are in the forest, the more 

they prefer a rather soft adaptation solution. The self-assessed knowledge level and the 

aggregated perception variables (climate change and forest dieback) do not correlate with 

the chosen scenarios. However, the anthropocentric environmental worldview has a 

highly significant, positive and very weak correlation with the amount of chosen no 

adaptation scenarios (Rs = 0.197***), i.e. respondents with a rather anthropocentric 

worldview chose a higher amount of no adaptation scenarios. The correlations of the 

scenarios with the holistic and eco-/sentiocentric environmental worldviews show no 
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significant results. Moreover, the aggregated deadwood variable has a significant 

correlation of a very weak effect size with the strong adaptation scenario variable 

(Rs = 0.154*) and a highly significant and negative correlation with a moderate effect size 

with the no adaptation scenario variable (Rs = -0.303***). Thus, respondents with a more 

positive attitude towards deadwood chose rather a higher amount of strong adaptation 

scenarios and those with a rather negative deadwood attitude prefer rather a higher 

amount of no adaptation scenarios. 

In addition, it was tested if there are correlations between the predetermined adaptation 

strategies and umbrella strategies and the chosen adaptation scenarios. Hence, 

respondents who prefer the adaptation strategy “to keep spruce only on better sites” prefer 

rather no adaptation scenarios (Rs = 0.279*) (weak effect size) while those who think that 

introducing new native species may be an adaptation strategy prefer less no adaptation 

scenarios (Rs = -0.302*) (moderate effect size). Further strategies show no significant 

results.  

However, a closer look at the correlations with the umbrella strategies is more interesting. 

Respondents who have a higher preference for the umbrella strategy “diversifying 

management”, chose more often strong adaptation scenarios (Rs = 0.234***), less soft 

adaptation scenario (Rs = -0.150*) and less no adaptation scenarios (Rs = -0.235***). By 

contrast, respondents who have a higher preference for the umbrella strategy “intensifying 

management”, chose less often strong adaptation scenarios (Rs = -0.264***), more often 

soft adaptation scenario (Rs = 0.166**) and more often no adaptation scenarios 

(Rs = 0.279***) 

Moreover, respondents who rank the risk of climate change relatively high, rather do not 

prefer no adaptation scenario (Rs = -0.332*) (moderate effect size). This fact makes sense 

as those who perceive no risk of climate change are probably not willing to contribute to 

any adaptation scenario. More specifically, respondents who perceive a lack of forest 

management as a rather high risk chose less strong adaptation strategies (Rs = -0.186**) 

but more soft adaptation strategies (Rs = 0.170*) (both very weak effect sizes).  

The fact that respondents who prefer intensifying management strategies chose more soft 

adaptation scenarios and perceive a lack of forest management as a rather high risk is 



 

306 

surprising at a first glance because the soft adaptation scenario is not described by an 

intensive management at all and respondents were informed about this fact in advance 

(introduction text before the conduction of the DCE, see A 2.1).  

Further, respondents who prefer more strong adaptation scenarios (characterized by a 

strong human intervention from a short-term perspective) prefer less intensifying 

management strategies but more diversifying strategies. At a second glance is this choice 

more reasonable: The strong adaptation scenario describes a more far-sighted forest 

management with a sharp human intervention at a first place but with a forest dieback 

risk reduction, a more diverse forest (concerning tree species and biodiversity) with a 

certain share of deadwood at a second place. The DCE analysis provides more details 

about the actual choice of respondents concerning the valued characteristics of each 

scenario.  

 

5.3.5.3 Results of the Discrete Choice Experiment analysis 

The analysis of the labeled DCE provides a further and deeper understanding of the 

respondents’ preferences for silvicultural adaptation strategies in the face of a changing 

climate. Therefore, respondents had to select one adaptation scenario out of three 

alternatives: strong adaptation scenario, soft adaptation scenario and no adaptation 

scenario (opt-out). The alternatives were labeled and described with five attributes: 

diversity of tree species in the forest, level of deadwood left in the forest, risk of forest 

dieback in 2050, diversity of fauna and flora in 2050 and the contribution to an adaptation 

fund (€/household/year) (see section 5.2.3.3).  

The scenarios were analyzed in detail regarding the attribute constellation. Therefore, a 

simple MNL model (Table 25)131 presents the part-worth utilities (β-coefficient or β-

estimates) of the different attribute levels. The reference levels are predetermined (in 

brackets). High positive utilities have a positive impact on participants’ choice, while 

levels with a negative or low utility are less preferred. The positive estimates for the 

                                                 
131 McFadden R², which could be interpreted as a coefficient of determination of a classical regression 

model, has a relative low value (R² = 0.051). However, the pseudo R² for choice models should be between 

0.2 and 0.4 for a strong significant relation. In addition, a lower Log-Likelihood (LL) value shows a better 

model accuracy (BENNET & ADAMOWICZ, 2001). In comparison to comparable studies (e.g. SACHER, 2020), 

the LL of -1019.7 is relatively low. 
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strong adaptation scenario and soft adaptation scenario indicate that these types of 

adaptation scenarios are preferred over the status quo scenario, which is the reference 

level.  

Table 25: MNL model of adaptation scenarios 

Alter-

native 
Attribute Level Estimate 

Std. 

Error 

z-

value 
Pr(>|z|) 

 

[No adaptation scenario]  
 

ASC strong adaptation scenario 1.379 0.502 2.749 0.006 ** 

ASC soft adaptation scenario 1.160 0.414 2.803 0.005 ** 

Strong 

adaptation 

scenario 

Tree species 

diversity 

[Spruce, Fir]  
 

Spruce, Fir 

and Beech 
0.338 0.176 1.920 0.050 * 

Biodiversity 

[Medium]  
 

High 0.616 0.268 2.297 0.022 * 

Very high 0.691 0.216 3.208 0.001 ** 

Deadwood 
[Medium]   

High -0.284 0.129 -2.207 0.027 * 

Risk of forest 

dieback 

[Low]   

Very low 0.626 0.178 3.516 0.000 *** 

Soft 

adaptation 

scenario 

Tree species 

diversity 

[Spruce, Fir]   

Spruce, Beech 0.053 0.162 0.329 0.742  

Biodiversity 

[Low]   

Medium 0.024 0.352 0.067 0.946  

High 0.603 0.214 2.814 0.005 ** 

Deadwood 

[Low]  
 

Medium 0.071 0.304 0.232 0.816 

 

High 0.261 0.176 1.484 0.138 

 

Risk of forest 

dieback 

[Medium]  
 

Low 0.143 0.231 0.619 0.536 

 

No 

adaptation 

scenario 

Biodiversity 
[Low]     

 

Medium -0.702 0.258 -2.725 0.006 ** 

Risk of forest 

dieback 

[High]     
 

Medium -0.235 0.262 -0.898 0.369 

 

 Costs -0.012 0.008 -1.469 0.142 

 

Optimization of log-likelihood by Newton-Raphson maximization 

Log-Likelihood = -1019.7, McFadden R2 = 0.051,  

Likelihood ratio test : χ2 = 110.72 (p-value < 0.001) 

(n = 270, reference levels in italic and brackets), Source: own draft 

For the strong adaptation scenario, the following statements could be approved. A mixed 

forest stand with a certain share of broad-leaved tree species is preferred in contrast to a 

coniferous forest. More specifically, the tree species triad “spruce, fir and beech” 

(β = 0.338*, σ = 0.176) is preferred over a pure coniferous forest consisting out of “spruce 

and fir”. Moreover, a high biodiversity (β = 0.616*, σ = 0.268) is significantly favored 

over a medium biodiversity. The same assumptions could be made for a very high 
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biodiversity level (β = 0.691**, σ = 0.216). Even if a very high biodiversity plays an 

essential role during decision-making, a high deadwood level is rejected. Thus, a medium 

deadwood level is preferred over a high level (β = -0.284*, σ = 0.129). In addition, a very 

low risk of forest dieback is appreciated over a low risk (β = 0.626***, σ = 0.178). This 

attribute level shows a highly significant result.  

However, within the soft adaptation scenario a high biodiversity level is the only 

significant item shaping the preferences of the inhabitants of the BF. Thus, respondents 

prefer a high biodiversity (β = 0.603**, σ = 0.214) over a low biodiversity. Concerning 

the no adaptation scenario with a pure spruce forests and a low deadwood level, a low 

biodiversity is appreciated over a medium biodiversity (β = -0.702**, σ = 0.258).  

The WTPs are calculated for each attribute level based on the MNL model (see A 2.6.4). 

As the previous analysis already showed, biodiversity is the attribute with the highest 

WTP regardless the scenario, e.g. respondents of a household would pay in sum 

49.40 Euros/year for the soft adaptation scenario to reach a high biodiversity level instead 

of a low biodiversity level. Further, they would pay 56.65 Euros/year for a very high 

biodiversity in the strong adaptation scenario. The deadwood attribute has a negative 

WTP (-23.25 Euros/year) for the strong adaptation scenario indicating that a medium 

deadwood level is preferred over a high deadwood level. Nevertheless, the WTP needs to 

be considered carefully because the financial contribution is not significant. 

A further MNL model with covariates was calculated (see A 2.6.5) to determine the 

influence of certain variables (tested were income class, age, gender, climate change and 

forest dieback perception, environmental worldview, knowledge level about forests and 

climate change and deadwood attitude) on the preferences. The covariates show that the 

income level has a positive effect on the chosen scenarios. Thus, the soft adaptation 

scenario (β = 0.154***, σ = 0.041) is preferred in contrast to the no adaptation scenario 

when the income class increases.  

The same assumption could be made for the strong adaptation scenario (β = 0.163***, 

σ = 0.040). The deadwood attitude has a positive influence on the soft adaptation scenario 

(β = 0.299*, σ = 0.118) but even a higher influence on the strong adaptation scenario 

(β = 0.500***, σ = 0.118). Thus, respondents with a rather positive deadwood attitude are 
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likely to choose the soft or strong adaptation scenario (higher effect size) instead of the 

no adaptation scenario. This fact is interesting because a high deadwood level is not 

preferred over a medium level in the strong adaptation scenario. However, a medium 

deadwood level seems to be a sufficient level for the respondents. More important are a 

very high biodiversity level and the decrease of forest dieback risk.  

Moreover, the aggregated variable “climate change perception” shows a significant and 

positive influence on the strong adaptation scenario (β = 0.464**, σ = 0.171).132 Thus, 

respondents who are aware of climate change appreciate the strong adaptation scenario. 

This fact makes sense as this variable also contains a relation to climate change impacts 

on the forests. Thus, people who are aware about climate change in the BF, appreciate a 

scenario with strong human interventions and a maximal risk-minimizing effect over the 

passive, opt-out scenario. Nevertheless, forest dieback perception has not a significant 

influence on the decision-making process. Further tested variables like age and 

environmental worldviews etc. show no distinctive results and were excluded from the 

MNL model. 

After answering the DCE with twelve choice sets, respondents were asked to rank the 

previously presented attributes according to their relevance from one “most important” to 

four “less important” (see A 2.6.6). As a result, the diversity of tree species (µ = 2.07, 

σ = 0.98) is the most important attribute for the respondents. More than one-third 

(35.7 %) chose this item as most relevant one. The diversity of fauna and flora (µ = 2.09, 

σ = 0.99) is the second most important item (rank 2, 34.7 %). The risk of forest dieback 

(µ = 2.46, σ = 1.05) ranks third. Thus, about one-third (35.1 %) chose this item on the 

third place. The level of deadwood (µ = 3.38, σ = 0.92) is the least important attribute for 

the respondents. Nearly six of ten respondents (62.5 %) rank this item on the fourth place. 

Only 5.6 % think that this attribute is the most important one. These assumptions could 

be partly verified within the DCE study. The tree species composition plays a subordinate 

role in the strong and soft adaptation scenario. The biodiversity attribute is the most 

important attribute. Especially for the strong adaptation scenario, the risk of forest 

                                                 
132 The significant influence of the climate change perception variable on the choice of the scenarios could 

not be approved by the correlations with the three created agreement variables for the adaptive scenarios 

(see section 5.3.5.2). However, it could be approved that the income and the deadwood attitude show 

significant correlations with the scenarios (without attribute consideration).  
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dieback is an important component. Nonetheless, respondents reveal that the deadwood 

level is the most unimportant attribute. Furthermore, respondents are on average 

undecided about the financial contribution (µ = 2.76, σ = 1.02) (see A 2.6.7). The 

financial contribution is only for 19.1 % an important to very important element in the 

decision process (top two box responses). Half of the respondents (47.5 %) have a rather 

neutral position. For one-third of the respondents (33.5 %) is the financial contribution is 

not or not at all important (bottom two box responses). 

 

5.3.6 Specifications of forest owners 

5.3.6.1 Analysis of separate forest owner questions 

The questionnaire also includes a section for PFO or managers, details about their own 

forest and individual experiences with forest damage (see A 2.1). In sum, 14.9 % of the 

sample (n = 40) own a forest or manage a forest133. The majority come from the districts 

of Cham (25.0 %), Freyung-Grafenau (22.5 %) and Regen (17.5 %). The mean size of 

their forests is 67.6 ha (n = 38, σ = 396.09). The size ranges from 1 ha to 3,000 ha134. 

People most often own 1 ha, followed by 10 ha. The median is 6.68 ha. Forest owner live 

mainly in the districts Cham (25.9 %), Freyung-Grafenau (21.5 %) and Regen (18.3 %). 

Only two forest owners (6.0 %) live in a town (Passau, Straubing) and could be designated 

as urban forest owners. The majority of forest owners (77.1 %) know their forester and 

55.9 % of those took advantage from consulting services. 

Concerning the objectives for the own forests, forest owners refer on average the most to 

biodiversity preservation forests (µ = 4.14, σ = 0.64) and to the practical work in the 

forest, i.e. they like owning and working in their forests (µ = 4.06, σ = 0.98) (Figure 41). 

Thus, they have a high place attachment. In addition, the stability and adaptation to 

climate change is on average very important for the forest owners (µ = 3.99, σ = 0.87). 

Three of four forest owners (75.9 %) state that the stability and adaptation to climate 

change is important to very important (top two box values). Other respondent thinks that 

this objective is not at all impotent. This fact shows that forest owners perceive adaptation 

as an important objective in their forests. This is more important than the forest as income 

                                                 
133 Only one respondent out n = 40 has a professional relation to forestry. Thus, for reasons of simplicity 

are forest owners and managers described in the following part as “forest owners”. 
134 Mean size is 16.04 ha (σ = 39.92, n = 37) without the large scale forest owner (3,000 ha). 
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source (µ = 2.44, σ = 1.41) or recreation area (µ = 2.94, σ = 1.50). About a half of all 

forest owners (48.4 %) state that financial considerations (forest-related) are not 

important (bottom two box values).  

The objectives of forest owner were tested concerning their correlations with each other 

(Table 26). As a result, there are several significant and high correlations between the 

objectives. The variable stability and adaptation to climate change correlates positively 

with biodiversity preservation (Rs = 0.328*) and the forest as recreation area (Rs = 0.378*), 

i.e. the more forest owners think that the stability and adaptation to climate change is an 

important objective, the more they believe that biodiversity preservation and the forest as 

recreation area are important.  

Figure 41: Objectives regarding the own forest 

  

(n = 39; Scale: 1 “not at all important” to 5 “very important”), Source: own draft 

By contrast, the stability and adaptation to climate change objective correlates negatively 

with the practical work in the forest (Rs = -0.320**) indicating a reversed attitude. Thus, 

the more the practical work in the forest plays an important role, the lower the objective 

of stability and adaptation to climate change. Moreover, the more forest owners state that 
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the income source is important, they more they assume that recreation in a forest is an 

important objective (Rs = 0.380*). 

Further characteristics (socio-demographic details, environmental worldview, deadwood 

attitude and aggregated forest dieback and climate change perception) were tested 

concerning their correlation with the forest owners’ objectives.  

Under consideration of the socio-demographic details (age, gender, income class, 

educational level) it could only be approved that the age correlates very significant and 

with a moderate effect size with the practical work in the forest (Rs = -0.346*). Thus, 

forest owners with a lower age prefer the practical work in the forest while those with a 

higher age rather not prefer to work practical in the forest. In addition, the anthropocentric 

worldview correlates moderately with the practical work in the forest (Rs = 0.378**) and 

with the source of income (Rs = 0.480**), i.e. forest owners with a rather anthropocentric 

worldview prefer rather financial and practical objectives. The holistic worldview 

(Rs = 0.503***) and the eco-/sentiocentric worldview (Rs = 0.352*) correlate positively and 

with a moderate to high effect size with the biodiversity objective. Thus, forest owners 

with a rather eco-/sentiocentric or holistic worldview value more the objective 

“biodiversity preservation” in their forest. The deadwood attitude shows no correlations 

with the objective variables. 

Table 26: Correlations among the forest owners’ objectives 

 1 2 3 4 

(1) Biodiversity preservation 1.000    

(2) Practical work -.061 1.000   

(3) Stability and adaptation to climate change .328* -.320** 1.000  

(4) Forest as recreation area .250 .274 .378* 1.000 

(5) Source of income .297 .171 .010 .380* 

(n = 40, weighted; Scale: 1 “not at all important” to 5 “very impacted”; Spearman rho coefficients; bold 

numbers indicate statistically significant results), Source: own draft 

The aggregated climate change perception correlates very significantly and positively 

(moderate effect size) with the stability and adaptation objective (Rs = 0.391**). Thus, 

forest owners with a higher climate change perception also value the stability and 

adaptation in their forest higher. A closer look at climate change related variables shows 

that there is a very significant correlation (moderate effect size) with the assumed future 

impacts of climate change on forests (Rs = 0.475**). Thus, forest owners who assume that 
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the coming climate change impacts are high rather aim to adapt the forest and create more 

stability in priority. In addition, there are positive and moderate to high correlations of 

the aggregated forest dieback perception with the stability and adaptation objective 

(Rs = 0.551**) and with the recreation variable (Rs = 0.299*). Thus, respondents with a 

higher forest dieback perception, value the stability and adaptation objective and the 

forest as recreational place even more. In addition, it was tested if the forest size correlates 

with the objectives. As a result, the forest size correlates very significant (moderate effect 

size) with the biodiversity objective (Rs = 0.393**). Thus, respondents with a larger forest 

rank the biodiversity objective higher.  

Besides the individual objectives, forest owners were also asked about their experiences 

with forest damage in their forest. As a result, the majority of forest owners (90.6 %) have 

already observed forest damage in their own forest in the last 20 years. The mean size of 

impacted private forest area is 21.2 ha (σ = 1.89, �̃� = 1.89). Half of the PFO (46.8 %) 

mention (open question, n= 59) that pests, disease and invasive species, windstorm and 

snowfall (21.8 %) as well as drought and forest dieback (21.8 %) affected their own 

forests the most. Only 2.6 % mention impacts by deer browsing.  

The perceived level of different forest damage is presented in A 2.3.5. Every second forest 

owner (52.5 %) states that pests, e.g. bark beetle or fungal infestations damaged their 

forest extremely. This item is ranked on average the highest (µ = 4.05, σ = 1.29). 

Moreover, extreme weather events (µ = 3.52, σ = 1.19) had on average the second highest 

impacts on the forests and drought (µ = 3.00, σ = 1.40) the third highest impact. Mistakes 

in cultivation are seen as less important influencing factor on forest damage (µ = 2.15, 

σ = 1.05). Climate change holds a rather medium position (µ = 2.98, σ = 1.03). The 

majority (37.6 %) think that the forests have been partly impacted by climate change. 

However, only 7.5 % think that climate change has no impact on the forests. 

Moreover, forest owners were asked to rank the four most important strategies they have 

chosen after a forest damage (see A 2.3.5). The strategies “remove damaged wood as fast 

as possible” (µ = 3.05, σ = 1.17), “implementing more mixed forest” (µ = 2.49, σ = 1.43) 

and “salvage logging” (µ = 1.80, σ = 1.27) are selected in priority while “changing the 

main tree species” (µ = 0.87, σ = 0.89) and “selling the forest” (µ = 0.12, σ = 0.43) are 

rather unpopular.  
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5.3.6.2 Differences to other respondents 

This section aims to providing an overview of the characteristics of forest owners such as 

perceived consequences of climate change and forest dieback, risks to forests and 

appreciated adaptation strategies, as well as presenting significant differences compared 

with other respondents. Therefore, a T-test was conducted with all variables where a 

comparison between mean values was possible.135 A 2.8.1 presents an overview of the 

preferences of forest owners as well as the significantly most and less preferred items in 

contrast to other respondents.136 

As a result, forest owners are on average once a week in the forest and, therefore, 

significantly more often in the forests than other respondents (µ = 3.00, σ = 1.29, 

∆ 1.18***) (t(73) = -4.86, p < 0.001). This finding is reasonable as forest owners monitor 

or manage their forests often on a regular base. Moreover, forest owners prefer on average 

more strongly to manage the forest (µ = 1.39, σ = 1.55, ∆ 1.36***) than other respondents. 

However, they prefer on average less wildlife watching (µ = 0.18, σ = 0.57, ∆ -0.41***). 

In addition, forest owners prefer significantly more the provision of beautiful landscapes 

(µ = 1.33, σ = 1.65, ∆ 0.56*) as a key function. This may be due to their high attachment 

and identification with the forests of the BF.  

Under the consideration of the forest owners’ risk ranking, one may conclude that forest 

owners are more aware about detailed biotic and abiotic impacts on their forests while 

inhabitants without an own forest are more aware about impacts that are due to the public 

(over-frequentation) or forest management (over-harvesting). However, forest owners 

perceive only significantly a lower risk of over-frequentation by the public (µ = 0.19, 

σ = 0.71, ∆ -0.43*). The knowledge level of forest owners about forests is on average 

higher (µ = 3.82, σ = 0.53, ∆ 0.57***) (t(69) = 5.91, p < 0.001) but there is no significant 

difference between forest owners and other respondents concerning the knowledge level 

about climate change.  

                                                 
135 Additionally, it was tested if there are significant differences between urban forest owners and forest 

owners resp. other respondents. However, there are no significant differences. 
136 If T-Test results are not depicted in A 2.8.1, they will be presented in this section. Otherwise only the 

deviation from the mean value (positive for more preferred, negative for less preferred) and the significance 

level are presented.  
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The opinion on climate change of forest owners is rather realistic compared with other 

respondents. No one thinks that climate does not change (3.0 %, other respondents) or is 

uncertain whether climate change is a reality or not (1.4 %, other respondents). Only 

8.8 % of the forest owners think that climate change is related to a natural variation of the 

Earth’s temperature (15.4 %, other respondents). A higher amount compared with the 

group of other respondents thinks that climate change is only induced by anthropogenic 

factors (33.8 % instead of 15.4 % for other respondents). However, the same amount 

(55.1 % for both groups) thinks that climate change is caused by a natural variability of 

the climate and human interventions at the same time.  

Concerning the general consequences of climate change on the BF and on the forests of 

the BF, forest owners significantly consider stronger that the area is in general “rather 

impacted” by climate change (µ = 3.60, σ = 0.90, ∆ 0.35*) (t(238) = 2.41, p < 0.05) and 

significantly perceive stronger that forests are more impacted by climate change than 

other respondents assume (µ = 3.58, σ = 0.91, ∆ 0.37*) (t(233) = 2.48, p < 0.05). Hence, 

forest owners seem to be more attentive towards climate change impacts on their forests. 

This may be due to a higher knowledge about forests, a higher visit frequency and a higher 

place attachment. The assessment of several climate change indicators shows that forest 

owners classify all impacts (in general on the BF and on its forests) higher than other 

respondents do. Forest owners realize significantly stronger warmer winters (µ = 4.46, σ 

= 0.70, ∆ 0.47**) and changes in tree species composition (µ = 3.75, σ = 0.81, ∆ 0.39*). 

This attitude is also reflected in the climate change perception (aggregated var., µ = 3.77, 

σ = 0.69, ∆ 0.26* (t(257) = 2.12, p < 0.05)), which is significantly higher than the 

perception of other respondents.  

However, the perception of forest dieback (aggregated variable) shows no significant 

differences even if the forest dieback perception is higher among forest owners (µ = 3.93, 

σ = 0.70, ∆ 0.24). Nevertheless, forest owners state on average that they realize 

significantly more a recession in the forestry sector (µ = 3.70, σ = 1.23, ∆ 0.46*). This 

perception may be related to the high amount of calamities leading to a price decline for 

spruce timber. Furthermore, forest owners significantly prefer the adaptation strategy “to 

remove damaged wood as fast as possible” (µ = 2.04, σ = 1.50, ∆ 0.72**). This adaptation 

strategy is the second most preferred strategy (after mixing tree species). The legal 
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obligation to harvest infested trees may enforce the intention to remove damaged wood. 

This preference is also reflected by the already implemented strategies after a forest 

damage (see A 2.3.5).  

Nevertheless, the attitude towards deadwood (aggregated variable) shows no significant 

differences between forest owners and other respondents. However, a closer look at the 

single variables provides interesting details: Forest owners prefer on average significantly 

more the item that “deadwood should be removed” (µ = 3.22, σ = 1.46, ∆ 0.57**) 

(t(248) = 2.59, p < 0.01) and prefer less that “deadwood leads to more natural forests” 

(µ = 3.24, σ = 1.30, ∆ -0.42*) (t(244) = -2.19, p < 0.05). Thus, the natural value of dead-

wood for the forests seems to be rejected.  

However, there are no significant differences to other respondents concerning further 

adaptation strategies and scenarios, socio-demographic characteristics (education, 

income etc.) and environmental worldview. 

 

5.3.7 Specifications of urban and rural residents and residents of the 

Inner and Outer Bavarian Forest 

All variables were tested regarding significant differences between respondents living in 

a town (n = 47) and those living in the rural districts of the BF (n = 223) as well as 

respondents living in the Inner BF (districts Freyung-Grafenau and Regen, n = 73) and 

those living in the Middle or Anterior BF, here described as “Outer BF” (n = 197). 

Therefore a T-Test for independent samples was conducted.  

A 2.8.2 provides an overview of the significantly most preferred items for urban and rural 

residents. Concerning activities in the forest, rural residents prefer on average 

significantly more hiking (µ = 2.41, σ = 1.54, ∆ 0.58*) and collecting wood (µ = 0.16, 

σ = 0.61, ∆ 0.16***). Further, they appreciate the key function “producing wood” 

(µ = 0.54, σ = 0.96, ∆ 0.42***) higher than urban residents. These findings are reasoned 

as the urban residents live in a greater distance to the forests and the sample of rural 

residents has a high share of forest owners (16.6 %). Interestingly, urban residents value 

the mitigation function of forests higher (µ = 1.02, σ = 1.57, ∆ 0.65**) even if the 

knowledge level about climate change or forests does not significantly distinguish 
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between the two investigated groups. Thus, urban residents are more aware of the 

potential of trees to diminish global warming.  

Moreover, the investigation of further climate change related variables shows that 

respondents of urban areas perceive on average significantly higher general impacts of 

climate change on the BF (µ = 3.54, σ = 0.96, ∆ 0.28*) and specifically more warmer 

winters (µ = 4.18, σ = 0.79, ∆ 0.39*), more storms (µ = 4.43, σ = 0.60, ∆ 0.52***) and 

more fire (µ = 2.89, σ = 1.10, ∆ 0.20*). Concerning the detailed climate change impacts 

on the forests, respondents from an urban areas perceive higher decreases in the tree 

growth rate (µ = 3.46, σ = 0.90, ∆ 0.45*). Other climate change-related variables that were 

additionally tested with significant differences between urban and rural residents – e.g. 

expected impacts in the future or the aggregated climate change perception – show no 

significant results.  

Urban respondents have on average a significantly higher forest dieback perception 

(µ = 3.92, σ = 0.65, ∆ 0.24*) than those living in a rural area even if inhabitants of the 

rural areas are more often in the woods (µ = 3.78, σ = 1.69, ∆ 1.18***) (t(253) = -3.97, 

p < 0.001). A closer look at the forest dieback impact variables shows that urban 

respondents perceive on average significantly higher impacts on a decrease of protected 

species (µ = 3.96, σ = 0.97, ∆ 0.45*) and on landscape degradation (µ = 3.89, σ = 0.83, 

∆ 0.56***) than those living in a rural area. Other variables like impacts on tree mortality 

level or changes in tree species composition show no significant results. As urban forest 

owners are not frequently in the woods, they may be additionally influenced by the local 

media reporting. Further, their visits may be better prepared and memorable. Rural 

residents may be simply “blind” to see differences in the landscape as they are frequently 

confronted with their usual surroundings. 

The attitude towards deadwood (aggregated variable) shows no significant results but 

there is a significant difference concerning the item “when carrying out my activities in 

forests, I feel endangered by deadwood” (µ = 1.82, σ = 0.94, ∆ 0.30*). Thus, rural 

residents feel more endangered by deadwood in the forest than urban residents. This is 

surprising because rural residents are more often in the woods and should be more 

familiar with deadwood. However, they could have also gained negative experiences with 

deadwood. The contrasting opinion about deadwood will be discussed in the section 6.2.3. 
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Under consideration of the perceived risks like climate change, drought etc., respondents 

of the rural area perceive only more snowfall and snow break (µ = 0.51, σ = 1.07, 

∆ 0.39***) than those living in a town. This may be due to the fact that rural residents are 

more able to evaluate (or familiar with) the impacts of snowfall on forests as they live 

directly in the survey area and probably closer to a forest than urban forest owner.  

However, there are no significant difference concerning further socio-demographic 

details (income class, education etc.), the environmental worldviews and preferences for 

adaptation strategies and umbrella strategies and scenarios.  

The investigation of residents of the Inner BF in comparison with those of the Outer BF 

should give more insights into the significant differences of respondents living in an area 

which is rich in agricultural and silvicultural traditions (but belongs to the rather 

economical underdeveloped districts of Bavaria), has higher elevations and a higher forest 

cover and is closer to the National Park (see A 2.8.3). Nevertheless, the share of 

respondents with an own forest living in the Inner BF is lower (11.7 %) compared with 

the share of forest owners for the whole sample (14.9 %). 

Like rural residents, inhabitants from the Inner BF are more often in the woods (µ = 3.25, 

σ = 1.65, ∆ 1.04***) (t(253) = -4.13, p < 0.001) than those living around the area. They 

significantly prefer appreciating scenery (µ = 2.43, σ = 1.18, ∆ 0.61***) while those in the 

Outer BF prefer more hunting (µ = 0.10, σ = 0.58, ∆ 0.10*) and sports with specific 

infrastructure (µ = 0.29, σ = 0.90, ∆ 0.10*). Concerning the key functions of forests, 

respondents of the Outer BF value on average the protection function from natural hazards 

(µ = 0.99, σ = 1.40, ∆ 0.38*) and the recreation function (µ = 0.60, σ = 1.14, ∆ 0.34**) 

higher than those living in the center of the BF.  

Respondents from the Inner BF think that over-harvesting (µ = 0.94, σ = 1.39, ∆ 0.61*) 

and over-frequentation by public (µ = 0.65, σ = 1.20, ∆ 0.32*) are on average significantly 

lower risks for the forests compared to residents from the Outer BF. However, even if the 

qualitative survey indicates that forest stakeholder perceive high harvesting activities in 

the Inner BF, especially in the state forest, respondents from this area do not perceive this 

risk to be significantly higher. Moreover, the high tourism share in the area (also due to 

the National Park) leads apparently not to a significantly higher risk perception of over-
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frequentation. There might be other risks that are currently perceived to be more 

threatening (on average ranked the highest: pests/disease/invasive species, climate change 

and storm) but these risks are not perceived to be significantly more important for 

respondents of the Inner BF than for respondents from the Outer BF. 

Like urban residents, residents of the Outer BF perceive more warmer winters as a 

consequence of climate change (µ = 3.98, σ = 0.98, ∆ 0.41**). However, all other climate 

change related variables (including the aggregated climate change perception) show no 

significant differences. The same is assumption is valid for the forest dieback impacts and 

the aggregated forest dieback perception. Residents form the Outer BF only perceive that 

forest dieback has a higher impact on NWFPs (µ = 3.52, σ = 1.16, ∆ 0.34*) even if 

respondents of the Inner BF are collecting more NWFPs (73.0 %) than residents of the 

Outer BF (48.2 %).  

The aggregated deadwood attitude shows no significant differences between residents of 

the Inner and Outer BF but the items “deadwood is a source of danger for forest visitors” 

(µ = 2.59, σ = 1.15, ∆ 0.36*) and “I am interested in forests” (µ = 4.27, σ = 0.82, ∆ 0.30*) 

are significantly preferred by respondents of the Inner BF. Thus, even if respondents are 

more interested in forests, they think that deadwood is dangerous for forest visitors. This 

negative, recreation oriented attitude towards deadwood is also reflected by rural 

residents.  

The investigation of adaptation strategies shows that residents of the Inner BF prefer the 

introduction of new non-native tree species (µ = 0.61, σ = 1.17, ∆ 0.31*) and creating 

uneven-aged forests (µ = 1.65, σ = 1.38, ∆ 0.55**) significantly more than residents of the 

Outer BF. This fact is interesting as the introduction of non-native tree species is the less 

preferred adaptation strategy within the whole sample. Further, the state forest 

(Bodenmais and Neureichenau, extending at the Czech border of the Inner BF) plans to 

implement a certain share of non-native tree species (Douglas fir), which seems to be 

more accepted by inhabitants of the area than those around. The creation of an uneven-

aged forest may be influenced by the forest structures of the National Park but there are 

no further indications to underpin this assumption. 
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Concerning the socio-demographic details, there is a very weak correlation between the 

highest educational level and the origin (χ2 (n = 268) = 8.03*; Cramér’s V = 0.173*). The 

investigation of further variables like further socio-demographic variables (e.g. income 

class) and the environmental worldview show no significant differences.  

To sum up, rural and urban residents as well as residents from the Inner and Outer BF 

distinguish from each other mainly concerning the preferred activities in the forest, valued 

key functions, perceived risks for the forests, climate change and forest dieback impacts. 

While urban residents and residents form the Outer BF perceive higher climate change 

and forest dieback impacts, the perception of respondents of rural areas and the Inner BFs 

does not significantly distinguish. Further, respondents of rural areas and the Inner BF, 

perceive deadwood to have a negative impact on recreation. The socio-demographic 

variables show only a few significant differences between the groups. However, it seems 

like urban and rural residents and respondents form the Inner and Outer BF seem to be 

relatively homogenous. 

 

5.4 Interim summary quantitative study 

The objective of the quantitative survey was to provide a profound analysis of the public 

perception about climate change and forest dieback as well as silvicultural adaptation to 

climate change among inhabitants of the BF. An online survey was chosen as an 

appropriate tool to fulfill these research objectives. The calculation of weighting factors 

created an almost representative survey sample. 

The majority of respondents (74.7 %) visit the forests of the BF at least once a month. 

Only 3.4 % are never or less than once a year in the forests. The visit frequency is 

relatively high compared with other surveys (see e.g. SACHER, 2020; TAYE et al., 2019). 

It could be approved that a higher visit frequency leads to a higher self-assessed 

knowledge level about forests (Rs = -0.384***) and a higher current forest dieback impacts 

assessment (Rs = -0.211**).137  

                                                 
137 Most of the calculated Spearman correlations have a very weak correlation coefficient (Rs < │0.200│). 

Reasons may be a low sample size or an inconsistent answering behavior of respondents. However, only 

correlations with at least a “weak association” should be considered here.  
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The most popular activity done in the forests of the BF is walking, followed by 

appreciating scenery and hiking. A mixed forest stand is the most chosen and on average 

highest valued characteristic of a forest. Deadwood is on average the least preferred forest 

feature. However, the overall deadwood attitude, a composite of the two extracted 

components: “deadwood as important, natural and aesthetical part of the forest” and 

“deadwood and influences on recreation in a forest”, is rather positive. The attitude 

towards the influences on recreation is even more positive, i.e. respondents do not feel 

disturbed by deadwood while visiting the forests and do not see deadwood as a source of 

danger.  

The analysis of the public perception of climate change reveals that the existence of 

climate change is without controversy. More than nine of ten respondents (93.6 %) think 

that climate change is a reality, more precisely the majority (79.1 %) consider that climate 

change is entirely or partly caused by human activities.  

Nevertheless, about a half of all respondents (47.5 %) state to have a medium knowledge 

level about climate change. Respondents assume that the BF is on average partly affected, 

mainly by drier summers. Concerning the climate change influences on forests, about 

one-third realize extreme impacts on the forest damage level. Further, respondents refer 

to an increase of tree mortality as second most severe consequence of climate change on 

forests. The overall perception of climate change (aggregated variable) shows that 

respondents perceive climate change on average to have a high impact on the BF 

(µ = 3.53, σ = 0.70). The climate change perception is significantly dependent upon the 

variables: age, educational level, environmental worldview (anthropocentric and 

eco- /sentiocentric), knowledge level about climate change and deadwood attitude 

(important, natural and aesthetical element of the forest). No correlation between the 

climate change experiences and the climate change perception could be approved.  

A detailed analysis of the public perception about forest damage shows that nearly every 

interviewee thinks that the forests of the BF are somehow threatened (99.3 %). Even 

8.6 % assume that the forests are extremely threatened. Respondents perceive pests, 

disease and invasive species as currently most threatening risks, followed by climate 

change. In addition, forest damage is not perceived as a new phenomenon. During recent 

decades (since 1980), respondents have realized an increase of biotic forest damage and 
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abiotic forest damage. About seven out of ten respondents (68.1 %) had already realized 

forest dieback during the past 20 years. Respondents think that BF is currently rather 

affected (46.5 %) by forest dieback and 12.3 % assume that the area is extremely 

impacted by forest dieback. Nevertheless, respondents perceive mainly the following 

forest dieback impacts: increases in the volume of deadwood and dead trees, increases of 

micro fauna and disappearance of protected species. The overall perception of forest 

dieback (aggregated variable) is on average high (µ = 3.52, σ = 0.72) and significantly 

dependent upon the variables age, income class, environmental worldview 

(anthropocentric and eco-/ sentiocentric) and knowledge level about climate change and 

forests. No correlation with the climate change experiences could be approved. 

There are a few hints in the quantitative survey that indicate a dependence between the 

forest dieback perception and the climate change perception. Respondents with a high 

forest dieback perception also tend to have a higher climate change perception (both 

aggregated variables) and vice versa (Rs = 0.614***). In addition, the more respondents 

think that climate change belongs to the four most threatening risks for the forests, the 

higher their general climate change perception (aggregated variable) (Rs = 0.277***) and 

the higher the general forest dieback perception (aggregated variable) (Rs = 0.252***). In 

addition, the more respondents perceive current forest dieback impacts, the higher they 

perceive currently climate change impacts (Rs = 0.599***).  

Moreover, the ClustOfVar analysis identified three clusters with the help of five SVs and 

a comprehensive typology of individuals. As a results, respondents of cluster 1 (22.0 % 

of the sample) are rather undecided about impacts of climate change and forest dieback 

on forests and could be described as “climate change and forest dieback insecure 

individuals”. They visit the forests very seldom, do not value aesthetical functions of the 

forest, are very young (mainly 25-35 years) and have a low educational level. 

Respondents of cluster 2 (64.9 % of the sample) perceive very high impacts of climate 

change and forests dieback on the forests of the BF and could be characterized as “climate 

change and forest dieback realists”. Respondents are several times, at least once a month, 

in the forest. The average age is mainly between 45-54 years, which corresponds to the 

mean age (49 years). By contrast, respondents of cluster 3 (13.1 % of the sample) perceive 

no to very low impacts of climate change and forest dieback. They could be categorized 
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as “climate change and forest dieback deniers”. Individuals of cluster 3 have a high job 

position, a corresponding high income class and a high educational level.  

Two methods were conducted to analyze preferred adaptation strategies. First, 

respondents were asked to rank predetermined strategies against previously described 

forest dieback according to their importance. As a result, the strategies mixing several 

tree species on a same plot and introducing new native tree species are mostly preferred 

by the inhabitants of the BF. Respondents value strategies more that could be summarized 

by the term “diversifying management” – an umbrella strategy which is also favored by 

pro-active forest stakeholders (qualitative study). While “intensifying management” 

strategies, preferred by reactive forest stakeholders, are least favored. A correlation 

analysis revealed that respondents with a more positive deadwood attitude (Rs = 0.321***) 

and a lower agreement with the anthropocentric worldview (Rs = 0.298***) chose more 

diversifying management strategies while a more negative deadwood attitude 

(Rs = - 0.335***) and a higher agreement with the anthropocentric worldview 

(Rs = 0.298***) leads to a higher preference of intensifying management strategies. 

Second, the analysis of the labeled DCE provides a further and deeper understanding of 

the decision process while voting for silvicultural adaptation scenarios in the face of a 

changing climate and a vulnerable monocultures spruce stand. Therefore, respondents 

had to select one adaptation scenario out of three alternatives: strong, soft and no 

adaptation scenario. Within the strong adaptation scenario, which is mainly favored by 

the respondents, a mixed forest stand with a certain share of broad-leaved tree species is 

significantly preferred over a pure needle forest. Moreover, a very high biodiversity is 

significantly favored in contrast to a medium biodiversity. Nonetheless, a high deadwood 

level seems to be not relevant. In addition, a very low risk of forest dieback is significantly 

appreciated over a low risk. For the soft adaptation scenario, a forest with a high 

biodiversity level is significantly preferred over a medium level. The other attributes 

show no significant results. Concerning the no adaptation scenario with a pure spruce 

forests and a low deadwood level, a low biodiversity is significantly appreciated over a 

medium biodiversity.  

An analysis of the number of chosen scenarios (without considering the attributes which 

describe each scenario) provides further significant details about the scenario choice. 
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Respondents with a lower income class (Rs = -0.215**), a rather negative deadwood 

attitude (Rs = -0.303***), who do not see climate change as a risk for the forest 

(Rs = - 0.332*) and a preference for the strategy “to keep spruce only on better sites” 

(Rs = 0.279*), prefer more no adaptation scenarios. Moreover, respondents with an A-

Level chose on average significantly less no adaptation scenarios in contrast to 

respondents with a primary level. The other scenarios are characterized by only very weak 

correlation coefficients.  

In addition, the attitudes of PFO were investigated. In sum, 14.9 % of the sample own or 

manage a forest. During analysis, it became obvious that forest owners are more aware 

about forest damage and climate change compared with respondents. The majority of 

forest owners (90.6 %) have already observed forest damage (mainly induced by pests, 

disease and invasive species, windstorm and snowfall) in their own forest in the past 20 

years. Only 7.5 % think that climate change has no impact on their forests. Consequently, 

forest owners implemented mainly the strategy “remove damaged wood as fast as 

possible” – a strategy which is rather not preferred by the inhabitants of the BF but which 

is demanded by the national authorities. Even if the climate change perception 

(aggregated variable) is significantly higher compared with other respondents, the forest 

dieback perception (aggregated variable) shows no differences to other respondents. 

Moreover, a spatial investigation of certain groups (urban and rural residents; residents 

of the High and Outer BF) shows that respondents are relatively homogenous. While 

urban residents and residents form the Outer BF perceive higher climate change and forest 

dieback impacts, the perception of respondents of rural areas and the Inner BFs does not 

significantly distinguish. For instance, urban respondents have on average a significantly 

higher forest dieback perception compared with rural residents.  

To sum up, the quantitative survey shows that forest damage and in particular climate 

change are perceived as considerable risks for the forests. The need for adaptation in a 

forestry context seems to be generally recognized among inhabitants of the BF. 

Respondents prefer mixed forest stands with different age classes as silvicultural 

adaptation strategy. Furthermore, a high human intervention in the short term is accepted 

if the risk of forest dieback is minimized and the biodiversity level is enhanced in the 

future.   
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6 DISCUSSION 

6.1 Introduction 

The StMUV highlights that forests and forest owners in Bavaria are among the main 

victims of climate change (STMUV, 2016). The issues of climate change and the impacts 

on forests are taken seriously on the political agenda in Bavaria and nationwide (STORCH 

& WINKEL, 2013). The ‘Moritzburger Erklärung’ (declaraction of Moritzburg) is a 

political reaction to the immense forest damage in 2017 and 2018 and should support 

climate change adaptation in German forests with 800 Million Euros from 2020 to 2024 

(HABEKUß, 2019). The main goal is the conservation and development of climate-tolerant 

and future-proof forest stands (mainly mixed forests) under consideration of biodiversity 

preservation. As FLEMING et al. (2014) highlight, the effective promotion of change at the 

individual, community and government levels is essential to limit the negative effects of 

climate change and enable vulnerable communities to adapt. Even if climate change in 

forests is perceived and taken seriously by the government, there may be information 

gaps, constraints to adaptation or simply discrepancies on a regional level, which were 

not considered so far and may hinder an active adaptation of several forest owners. 

Further, the perceptions of inhabitants, the acceptance of the policy program of the state 

and their willingness to participate at adaptation measures were not considered so far.  

Hence, the intention of this chapter is to compare the surveyed climate change and forest 

dieback perception (section 6.2) and preferences for adaptation strategies of qualitatively-

interviewed forest stakeholders and quantitatively-interviewed inhabitants of the BF 

(section 6.3) and to synthesize both main empirical parts of this study. Further, literature 

findings should underpin the results and highlight differences. Indeed, the comparison of 

qualitative and quantitative data is a challenging process as the output of each survey, 

words vs. numbers, is different. Nevertheless, it is the aim to describe the problem 

awareness, outline approximate similarities and differences as well as tendencies and to 

elaborate recommendations for decision-makers (section 6.4). The chapter closes with a 

critical refection (section 6.5) and an overview of ideas for further research (section 6.6). 
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6.2 Comparing and synthesizing forest stakeholders’ and public 

perception of forest dieback and climate change  

This section aims to compare and synthesize forest stakeholders’ and publics’ perception 

of forest dieback (section 6.2.1) and climate change (section 6.2.2.) in the BF. Therefore, 

the perceptions of climate change and forest dieback are illuminated with the help of 

comparative tables.  

A comparison between quantitatively-interviewed forest owners and qualitatively-

interviewed forest stakeholders was done in the case of significant peculiarities. The role 

of deadwood is illuminated in a separate section (section 6.2.3). 

 

6.2.1 Forest stakeholders’ and public perception of climate change 

The perception of climate change and the detailed climate change impacts on forests and 

forest stakeholders are discussed in the following part. Therefore, the following topics 

will be highlighted: climate change impacts on the BF, perceived current and future 

climate change impacts on the forests (section 6.2.1.1, Table 27) and influencing factors 

on the climate change perception (section 6.2.1.2, Table 29).  

 

6.2.1.1 General climate change perception 

Climate and weather have become major themes and objects of concern for the whole 

society (LEMBCKE, 2012) – this is an essential truth for this survey. Both terms were 

crucial issues during the qualitative interviews because forest stakeholders are directly 

concerned with weather and climate conditions in their forests. Nonetheless, the exact 

scientific differentiations between weather and climate were often unclear among 

interviewees. Instead, forest stakeholders frequently mixed up both notions. This 

problematic leads to the main peculiarity of the research field: climate change is a 

phenomenon that is not easily and directly perceptible like single weather phenomena 

(AKERLOF et al., 2013; GROTHMANN, 2019). However, as LEMBECKE (2012) notes climate 

is increasingly being identified as climate change and currently specified as 

anthropogenic, which is in line with the study results. The majority of inhabitants 

(79.1 %) consider that climate change is entirely or partly caused by humans and only 
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14.5 % claim that climate change is based on a natural variation of the Earth’s 

temperature.  

Table 27: Comparing forest stakeholders’ and public perception of climate change  

 
Forest stakeholders’ perception 

(n = 26) 

Public perception 

(n = 270) 

Causes of 

CC 

- Majority think that CC is human-

caused 

- Higher frequency and severity of 

extreme weather events question 

natural climate variability 

- 93.6 % think that CC is reality 

- 79.1 % consider that CC is 

entirely or partly caused by 

humans, 14.5 % claim that CC is 

based on a natural variability 

Experiences 

with CC 

- Majority refer to negative 

experiences with CC (mainly 

extreme weather events) 

- Experiences influence the 

adaptation intention 

- 24.7 % made already experiences 

with CC (mainly due to high 

temperatures, flood and extreme 

weather events) 

- Weak association with the 

knowledge level about CC 

(χ2 (n = 207) = 15.4**;  

Cramér’s V = 0.266**) 

General CC 

impacts on 

the BF 

- CC shakes the deterministic 

models (S-R-O relationships) 

- CC impacts produce monetary, 

physical damage, negative 

emotional consequences 

- Detailed impacts: drier summers, 

more storms 

- BF is on average partly impacted 

(µ = 3.30, σ = 0.84)  

- Detailed impacts: drier summers 

(µ = 4.27, σ = 0.82), more storms 

(µ = 4.00, σ = 0.99) and warmer 

winters (µ = 3.86, σ = 1.02) 

CC impacts 

on forests 

of the BF  

- Forests are impacted by CC but 

cause-effect relationships are 

unclear → CC as triggering or 

supplementary factor? 

- Increasing drought stress and 

extreme weather events affect 

silvicultural planning and yield 

security 

- Mortality threshold is often 

reached through an increase in 

biotic and abiotic stressors and 

accelerating CC impacts 

- Forests are on average partly 

impacted by CC (µ = 3.27, 

σ = 0.86) 

- Correlations with the age  

(Rs = -0.206**) and anthropo-

centric EVW (Rs = -0.164**) 

- Detailed impacts: increase in 

forest damage (µ = 4.02, 

σ = 0.96), increase of tree 

mortality (µ = 3.63, σ = 1.05) and 

changes in tree species compo-

sition (µ = 3.43, σ = 1.05) 

Future 

impacts on 

forests of 

the BF 

- Expect a very high threat to 

forests in the future (spruce 

monocultures, forests at low 

altitudes) 

- Severity of unpredictable hazards 

perceived as challenging 

- Forests will be on average rather 

impacted by CC (µ = 4.05, 

σ = 0.69) 

- Correlations with knowledge 

level CC (Rs = 0.270**) and an-

thropocentric EWV (Rs = -.230**) 

(only significant correlations with an effect size > 0.200 are noted), Source: own draft 

Quantitatively-interviewed forest owners believe to a lesser extent than other respondents 

that climatic changes are natural: 88.9 % assume that climate change is entirely or partly 
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caused by humans and 8.8 % think that climate change is related to a natural variation of 

the Earth’s temperature. The impression from the qualitative interviews gives evidence 

to the fact that only a low share of forest stakeholders perceive climate change as purely 

natural. However, the natural variability of climate is thought to play a role but the extent 

is unknown. The currently perceived and expected higher frequency and severity of 

impacts – e.g. through extreme weather events – increasingly calls into question the 

natural variability of the climate. Other surveys on a European or national scale (see also 

section 2.4.3) present varying percentage rates (from 74 % to 94 %) of the citizens or 

forest owners and managers who belief that climate change is at least partly caused by 

human activity (see BLENNOW et al., 2012; EC, 2009; MCCRIGHT et al., 2015; POORTINGA 

et al., 2018; SOUSA-SILVa et al., 2018; YOUSEFPOUR & HANEWINKEL, 2015). 

Nevertheless, results of this study are roughly in line with current research findings about 

the perceived causes about climate change and indicate that quantitatively-interviewed 

forest owners and qualitatively-interviewed forest stakeholders think to a higher extent 

that climate change is caused by human activity than citizens do (quantitative result: 

79.1 % of the inhabitants, 88.9 % of the forest owners). 

Overall, the existence of climate change is present among all interviewed respondents. 

Nonetheless, the question emerges whether respondents have already gained experiences 

with climate change. Experiences with climate change play a major role in the 

perceptional process and are thought to affect the willingness to take action, e.g. the 

capacity to adapt to disturbances (BISSONNETTE et al., 2017; BROOMELL et al. 2015; 

DEMSKI, CAPSTICK, PIDGEON, SPOSATO, & SPENCE, 2017; RESER, BRADLEY, & ELLUL, 

2014; SPENCE et al., 2011). The quantitative survey revealed that about one-quarter 

(24.7 %) of the inhabitants (30.6 % of the quantitatively-interviewed forest owners) made 

already individual experiences with climate change. Respondents mostly refer to negative 

consequences like high temperatures and combined drought as well as to indirect effects 

of high temperatures like bark beetle mass reproductions.  

However, experiences with climate change among inhabitants of the BF do not correlate 

with the chosen adaptation scenarios or strategies nor with the aggregated climate change 

perception (like reported by SOUSA-SILVA et al., 2018) and forest dieback perception. 

Nonetheless, there is a positive and weak association with the self-assessed knowledge 

level about climate change. One possible explanation could be that respondents were 



 

329 

uncertain or simply did not know whether already-experienced impacts are related to 

climate change or not (cause-effect relationships). In this context, AKLEROF et al. (2013) 

note that ‘Don’t know’ was the most frequent response to the question about personally 

experienced effects of global warming. The qualitative survey underpins this assumption. 

Qualitatively-interviewed forest stakeholders mainly referred to experiences with climate 

change impacts on the forests, e.g. extreme weather events and the consequences like 

vulnerability of spruce trees. Nevertheless, forest stakeholders were uncertain about the 

assignment as sole “climate change impact” and if climate change is a triggering or 

supplementary factor leading to forest mortality. Forest stakeholders have always coped 

with various abiotic and biotic stressors in their forests since a long time span. Forest 

damage is not perceived as a new phenomenon. It is rather the severity and frequency of 

impacts and the threatening risk of tree mortality that leads to conspicuousness and – in 

some cases – adaptive silvicultural planning.  

Concerning the general climate change impacts on the BF, inhabitants perceive the area 

to be partly affected by climate change (44.2 % perceive higher impacts, top two box 

responses) mainly by drier summers, more storms and warmer winters. Especially 

respondents from the urban area perceive significantly more warmer winters, storms and 

fire than those from the rural area. The general risk assessment is in line with the EU-

wide survey by POORTINGA et al. (2018). Furthermore, rural residents of the BF perceive 

significantly lower impacts of climate change in general on the BF (warmer winter, more 

storms, and fire) and have a significantly higher forest dieback perception (aggregated 

variable) but there is no significant difference to the urban residents concerning the 

climate change perception (aggregated variable). Thus this fact is only partly in line with 

DAVIDSON et al. (2003) who describe rural, forest-based communities by a limited 

potential to perceive climate change as a salient risk issue that warrants action.  

A conspicuousness difference between quantitatively-interviewed forest owners and 

other respondents (as well between rural/urban residents, and residents of the High/Outer 

BF) is that forest owners perceive significantly more warmer winters than other 

respondents. However, qualitatively-interviewed forest stakeholders referred seldom to 

warmer winters but to extreme weather events like storms, heat intervals and intensive 

drought in summer (which is in line with BRANDL et al., 2020; SCHULDT et al., 2020). The 

difference between qualitatively-interviewed forest stakeholders and quantitative-
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interviewed forest owners may be due to the missing influence by predetermined 

categories during the qualitative survey but also due to the direct and memorable 

experiences of forest stakeholders with drought and the resulting impacts over the past 

years. Nonetheless, extremely low precipitation rates during winter and spring (SCHULDT 

et al., 2020) and warmer winters (GOODSMAN et al., 2018) are climate change impacts – 

a fact which was seldom mentioned among qualitatively-interviewed forest stakeholders. 

Further, a quantitative survey among forestry professionals of south-west Germany shows 

that there are predominantly concerns, besides extreme hazards and water scarcity, about 

changes in climatic zones (YOUSEFPOUR & HANEWINKEL, 2015). A shift in climatic zones 

was only mentioned by pro-active forest stakeholders during the qualitative survey. 

However, the uncertainty towards specific impacts and adaptation measures was 

relatively high among forest experts, which is in line with YOUSEFPOUR & HANEWINKEL 

(2015). 

The current climate (or weather as termed by forest stakeholders) is described by forest 

stakeholders as unpredictable and former patterns seem to be not valid anymore. As 

BRAUN (2000) notes humans rely on a certain stability of the surrounding ecosystems. 

Eventually, climate change shakes the deterministic forest growth models, which have 

guided, reassured and steered forest stakeholders’ behavior up to now (LAWRENCE, 2017). 

Forest stakeholders learned that a specific association between a stimulus and a response 

is linked with a positive or negative outcome. A fundamental change in the environment 

like a severe hazard invalidates existing S-R-O rules that are no longer able to accurately 

predict the outcomes of actions. Nevertheless, an individual must have the ability to learn 

these S-R-O relationships and the likelihood to which they occur to make the most 

optimal choices. This relationship is especially important for the forest owners’ decision 

whether to choose a silvicultural adaptation strategy or not. These findings relate to the 

concept of unexpected uncertainty (BLAND & SCHAEFER, 2012) and underline the notion 

that climate change adaptation requires an integrated social-ecological perspective 

(climatic and social uncertainty on the projected performance of management) (SEIDL 

& LEXER, 2013).  

Concerning detailed climate change impacts on the forests, respondents of the 

quantitative survey think that the forests are on average ‘partly impacted’ by climate 
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change. Nevertheless, nearly every respondent (97.7 %) thinks that the forests are 

somewhat impacted. Respondents especially realize an increase of forest damage, tree 

mortality (link to forest dieback) and changes in tree species composition.  

The linkage between the perception of forest dieback and climate change is in line with 

the identified cluster 2 “climate change and forest dieback realists”. Respondents of 

cluster 2 perceive high impacts of climate change and forest dieback on the forests. This 

cluster is with 64.9 % of the respondents by far the largest cluster. Further, the more 

respondents think that climate change belongs to the four most threatening risks for the 

forests, the higher their general climate change perception (aggregated variable) 

(Rs = 0.277***) and the higher their general forest dieback perception (aggregated 

variable) (Rs = 0.252***). Even if the correlation coefficients are relatively weak, the 

correlation between the aggregated forest dieback perception and climate change 

perception shows a highly significant, positive correlation with a high effect size 

(R = 0.614***). There is even a highly significant, positive correlation with a higher effect 

size among the forest dieback perception (aggregated variable) and the perceived current 

climate change impacts (Rs = 0.807***). Thus, all of these facts give reason to underpin 

the hypothesis that climate change and forest dieback perceptions are positively related 

to each other.  

However, there are generally high no response rates (ranging from 12.3 % to 26.7 %) due 

to knowledge constraints. Lay people were especially uncertain about impacts on the 

forest biodiversity. Thus, perceived impacts are rather related to visible impacts on a 

macro or more specifically on a landscape level. The microelements of a forest (tree 

growth, biodiversity impacts and disappearance of species etc.) are difficult to evaluate 

for participants of the quantitative survey. This assumption could be underpinned by the 

three developed clusters concerning the opinion towards impacts of climate change and 

forest dieback on the forests. The SV 3, which should differentiate the clusters and 

illuminate respondents’ attitudes towards impacts on microelements of forests, shows no 

distinctive differences between the clusters.  

Forest owners of the quantitative survey significantly realize higher climate change 

impacts on the forests (‘rather impacted’) and significantly more changes in tree species 

composition. Moreover, the majority of quantitatively-interviewed forest owners 
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(90.6 %) have already observed forest damage (mainly by pests, disease and invasive 

species; windstorm and snowfall; drought and related forest dieback) in their forest during 

the past 20 years. It is remarkable that forest owners with a high climate change and forest 

dieback perception lay a significantly higher value on the objective to stabilize and adapt 

their forests.  

These findings fit well to those of the qualitatively-interviewed forest stakeholders. As 

direct observers of natural forces in the forests, they often refer to various stressors 

affecting their forest stands severely. Climate change is rather not perceived as a slow-

onset disaster but as a triggering or supplementary force driving rapid transformation 

from one system state to the other when a certain threshold is reached. This fact is in line 

with a recent study by BAŁAZY et al (2019), who indicate that there is not one universal 

answer to the question which factors have a significant influence on forest dieback 

processes in the mountains so far. However, climate change is perceived to increase the 

severity and frequency of hazards and leads to various impacts – in the worst case to tree 

mortality on a stand or landscape level. Concerning concrete climate change impacts on 

forests, forest stakeholders are, as expected, more certain than inhabitants of the survey 

area are. They mainly referred to an increase of stressors with climate change like biotic 

stressors (pests and diseases etc.) and abiotic stressors (high temperatures, storms, 

changed precipitation rates etc.). Forest stakeholders, who are directly economically 

dependent upon their forest, and pro-active forest stakeholders are more sensitive and 

attentive to climate change impacts than others are. This concern is reasonable as 

SCHULDT et al. (2020) note that temperate European forests might approach the point for 

a substantial ecological and economic transition because drought and heat events are 

likely to occur more frequently with the progression of climate change in Central Europe. 

Nevertheless, comparable research findings show that European forest owners are 

‘somewhat concerned’ (which is a lower level of concern than in this survey) about 

climate change and only 36 % have adapted their forest already (SOUSA-SILVA et al., 

2018). Furthermore, which risk is perceived as meaningful depends on the local scale and 

on-site conditions (ERIKSSON, 2014; SCHRAMM & LITSCHEL, 2017; SOUSA-SILVA et al., 

2018). SOUSA- SILVA et al. (2018) found that European forest owners rank changes in tree 

growth and soil fertility, like in the case of this survey, rather low.  
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Overall, both studies (qualitative and quantitative) show that forest owners and forest 

stakeholders of the BF are currently above-average concerned about current climate 

change impacts compared with inhabitants and European forest owners in general. This 

may be due to an increase in abiotic and biotic stressors during the past years (SCHULDT 

et al., 2020). However, some respondents of the qualitative survey discussed the 

perceived risk of pest outbreaks with climate change issues while some wondered about 

the existence of such a link. Thus, this fact gives evidence to the identified problem of 

categorizing cause-effect relationships (BISSONNETTE et al., 2017), the influence of 

knowledge on the identification of climate change impacts as well as on the adaptation 

intention.  

Table 28 shows a comparison between the perceived impacts of climate change among 

forest stakeholders and the inhabitants (only present impacts were investigated in the 

quantitative survey) and the communicated impacts for Bavaria published by the 

Bavarian Climate Adaptation report (STMUV, 2016). Thus, this overview provides an 

impression about the perceived and expected severity of acute and future impacts on the 

BF and reveals discrepancies with the communicated impacts by the Bavarian State 

Ministry.  

Climate impacts on the BF by (1) biotic factors like pests and disease and (2) storms and 

extreme weather events are very relevant for the forest stakeholders. Qualitatively-

interviewed forest stakeholders perceive high impacts at present and in the future. These 

perceived conditions are comparable with the public perception but different to the 

Bavarian Climate Adaptation report, which ranks the damage potential through pests and 

diseases as medium at present and high in the future, and the damage through storms and 

extreme weather events as low at present and as medium in the future.  

Moreover, the (3) damage through drought and heat and the (4) production function are 

assessed presently to be medium impacted and prospectively to be high impacted among 

forest stakeholders. Calamities and drought stress are perceived to weaken the forest and 

especially spruce-dominated forest stands substantially. This is again in line with the 

perception of the inhabitants as well as current research (SCHULDT et al., 2020). By 

contrast, the Bavarian Climate Adaptation report describes presently low impacts on the 
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production function and damage through drought and heat (both medium impacts in the 

future). 

Table 28: Severity of climate change impacts 

 

Perceived severity by 

forest stakeholders 

Perceived 

severity by 

public 

Severity communicated 

by StMUV 

Present Near future Present Present Near future 

(1) Damage through 

pests and diseases 
+++ +++ +++ ++ +++ 

(2) Damage through 

storms and extreme 

weather events 

+++ +++ +++ + ++ 

(3) Damage through 

drought and heat 
++ +++ ++ + ++ 

(4) Production 

function 
++ +++ n.i. + ++ 

(5) Risk of fire + + + + ++ 

(6) Increase of tree 

growth 
+ + + ++ ++ 

(7) Tree species 

composition 
+ ++ ++ + ++ 

(8) Protection function + ++ n.i. +++ +++ 

(Scenario for near future until 2050: strong change; + “low impact”, ++ “medium impact”, +++ “high 

impact”; n.i. “not investigated”), Source: own draft based on own results and STMUV, 2016, p. 68 

The (5) perceived risk of fire and the (6) increase of tree growth are expected to be low 

at present and in the near future and, therefore, perceived to be lower by interviewed 

forest stakeholders than communicated by the ministry. However, the climate report does 

not consider regional differences and the BF is still seen as a humid area in contrast to 

other areas. The increase of tree growth as possible positive impact of climate change is 

rather seen skeptical among forest stakeholders and inhabitants of the BF. The low 

precipitation rate in summer and the water availability is expected to hinder the growth 

rate of trees. Interviewed respondents of the quantitative survey even ranked this impact 

on average the lowest. Nevertheless, urban residents perceive higher impacts on an 

increase in growth rate than rural residents. Research findings show that climatic changes 

can stimulate tree growth (D'ORANGEVILLE et al., 2016) but the positive effect of warming 

can disappear due to water stress and increased vulnerability to pests (KURZ et al., 2008; 

RESTAINO et al., 2016). Moreover, FRICK et al. (2018) revealed that residents of 

Switzerland had a slightly pessimistic perception about forest growth, which is similar to 

the findings of an earlier European study (RAMETSTEINER et al., 2009).  
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The effects on the (7) tree species composition and on the (8) protection function are 

currently considered as low in the BF among forest stakeholders but are supposed to be 

medium in the near future. The inhabitants of the BF currently perceive a medium impact 

on the tree species composition. Indeed, the tree species composition is already impacted 

to a certain degree due to e.g. the attempts to create mixed forest stands after calamities 

(reforestation in the state forest, funds for mixed forest stands in the private forest). Mixed 

forests are thought to provide a wide range of ESS such as hazard protection, carbon 

sequestration, nature conservation and landscape values. Whereas conifer dominated 

monocultures in central and northern Europe are associated with relatively low ecological 

values and a vulnerability towards o disturbances caused by anthropogenic climate 

change (FELTON, LINDBLADH, BRUNET, & FRITZ, 2010). GRILLI et al. (2016) demonstrate 

that people who acknowledge the importance of non-productive forest ESS are more 

likely to prefer mixed forests. Impacts on the protection function were not investigated 

among inhabitants but it is possible to conclude that the protection function (the same is 

true for the mitigation function) is significantly more important for those living in the 

Outer BF. However, several studies have indicated that especially economically 

challenged rural communities living near forests significantly depend on them for 

provision of ESS for their livelihood as well as for resources (LANGAT, MARANGA, 

ABOUD, & CHEBOIWO, 2016; VIHERVAARA, MARJOKORPI, KUMPULA, WALLS, & 

KAMPPINEN, 2012). The qualitative results show that forest stakeholders are not aware 

about the diverse key functions of their forests. Even the potential of forests to mitigate 

global warming was not an issue.  

The protection function is perceived by forest stakeholders to be not as harmed as the 

production function. The production function is also significantly more important for 

rural residents than for urban residents (this may be due to the high share of forest owners 

from the rural areas). This fact emphasizes the economic importance of forests for the 

forest stakeholders. Moreover, TAKALA et al. (2019) even notice that forest owners often 

focus on the impact on timber production and associated economic losses rather than on 

biodiversity loss. The same assumption is revealed by NORDÉN et al. (2017) in a Swedish 

context. However, inhabitants of the BF and pro-active forest stakeholders are more 

aware about the protection function of forests and the value of mixed forest stands than 

reactive and passive forest stakeholders are. They especially prefer the preservation of 
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air, soil quality and water resources by forests. This is in line with a national wide survey 

by FRICK et al. (2018) in Switzerland. The authors revealed that the most frequent 

mentioned forest functions could be categorized into a theme about air. Nevertheless, the 

second most frequent responses were about the production function of forests – an issue 

which was rather ranked as unimportant among inhabitants of the BF. 

 

6.2.1.2 Influencing factors on climate change perception 

Climate change perception is thought to explain highly significantly human responses to 

climate change and therefore the adaptive capacity, as well as contributing or planning 

for adaptation (BLENNOW et al., 2012; BLENNOW & PERSSON, 2009). This assumption is 

valid even for contrasting environments of forest owners in a gradients across Europe 

(BLENNOW et al., 2012). Inhabitants of the BF have on average a rather high climate 

change perception (aggregated variable) (µ = 3.53, σ = 0.70). Quantitative study results 

suggest that the climate change perception is significantly higher among forest owners 

than among other respondents. This fact could be approved only partly by the qualitative 

survey as the climate change perception depends on the type of forest stakeholder. Pro-

active and reactive forest stakeholders are more concerned about climate change than 

passive forest stakeholders are.  

The present study underlines that the climate change perception is influenced by various 

variables which will be explained in the following part: cognitive factors, experiential 

processing, socio-cultural and socio-demographic influences (VAN DER LINDEN, 2015).138  

First, it is revealed by the quantitative survey that the cognitive factor ‘knowledge about 

climate change’ has a positive impact (but very weak association) on the climate change 

perception of the inhabitants of the BF. In addition, the qualitative survey gives evidence 

to the fact that climate change perception is shaped by knowledge. Forest stakeholders 

who were educated and trained in forestry science and management were more aware 

about climate change. A European survey shows that those citizens who feel well 

informed about climate change and the consequences and ways to combat it consider 

climate change more serious (EC, 2009). However, BISSONNETTE et al. (2017) conclude 

                                                 
138 There are no significant differences between forest owners and other respondents of the quantitative 

survey concerning influencing factors on the perception. Therefore, only influencing factors on the 

perception of qualitatively-interviewed forest stakeholders are illuminated. 
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that many PFO expressed a need for better access to knowledge to improve their adaptive 

capacities. Further, even a high amount of forestry experts (72 %) in south-west Germany 

claimed that they are under-informed about climate change (YOUSEFPOUR 

& HANEWINKEL, 2015). The present study indicates that there is a hint that experiences 

with climate change (or disturbances in the forest with unknown cause) are especially a 

triggering factor for PFO to inform themselves about climate change.  

Table 29: Influencing factors on climate change perception in comparison 

 Forest stakeholders’ perception 

(n = 26) 
Public perception (n = 270) 

General CC 

perception 
High CC perception 

Rather high CC perception (aggregated 

variable) (µ = 3.53, σ = 0.70) 

Cognitive 

factors 
Knowledge level about CC 

Knowledge level (self-assessed) on CC 

(Rs = 0.163**) 

Experiential 

processing 

Past experiences with CC, 

probably vicarious experiences 
No significant influences 

Socio-

cultural 

influences 

Social networks and 

communication 

Anthropocentric EWV (Rs = -0.221***) 

and eco-/sentiocentric EWV 

(Rs = 0.180**), “deadwood important, 

natural and aesthetical element of the 

forest” (Rs = 0.185**) 

Socio-

demographics 

Educational level, professional 

relation to forestry 

Age (Rs = -0.161**), educational level  

(χ2 (n = 267) = 15.14***;  

Cramér’s V = 0.238***) 

Source: own draft 

Thus, second, the perceived personal experiences are thought to affect climate change 

beliefs and intended or actual adoption of climate adaptation and mitigation behaviors 

(BROOMELL et al., 2015; DEMSKI et al., 2017; SPENCE et al., 2011). However, this could 

not be shown by the quantitative study but by the qualitative study. Those, forest 

stakeholders who were already affected by climate change were more sensitive and 

attentive to the issue of climate change adaptation. Furthermore, the experiential 

processing not only includes experiences but also emotions as influencing factors on 

climate change perception. For instance, the qualitative study demonstrates that climate 

change impacts produce not only monetary or physical damage but also lead to negative 

emotional consequences like fear. Further, AKERLOF et al. (2013) conclude that perceived 

personal experience of global warming appears to heighten people’s perception of the 

risks, likely through combinations of direct experience, vicarious experience (e.g. news 

media stories) and social construction. Vicarious experience may also have an impact on 
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forest stakeholders but further research is needed to clarify the role of the media and social 

networks for the climate change perception.  

Third, socio-cultural influences and value orientation should also have an impact on 

climate change perception (LEE et al., 2015; VAN DER LINDEN, 2015). This could be 

affirmed by the quantitative survey. Respondents with a higher climate change perception 

agree less with the anthropocentric worldview and more with the eco-/sentiocentric 

worldview (very weak correlation coefficient). Thus, respondents who rather 

acknowledge themselves as being the most significant entities and who have therefore a 

human-centered interest, recognize a lower level of climate change impacts on the BF in 

general and on its forests. Those, who perceive the intrinsic values of nature including its 

flora and fauna are more attentive towards changes in the forest as a consequence of 

climate change. This is in line with HEIMANN (2019) who notes that a higher agreement 

with the eco-centric worldview leads to a stronger belief about the occurrence of climate 

change. Moreover, WHITMARSCH (2011) demonstrates that beliefs about climate change 

are fundamentally linked to existing values and worldviews and that citizens with low 

pro-environmental values tend to be more skeptical about the reality and severity of 

climate change. 

The aggregated deadwood variable shows no correlation with the climate change 

perception. However, the subcomponent variable “deadwood as important, natural and 

aesthetical element of the forest” has a significant but very weak correlation with the 

climate change perception. Thus, respondents who rather value deadwood as integral part 

of the forest also have a higher climate change perception. One possible explanation is 

that respondents who realize deadwood in a positive way are simply more attentive 

towards general changes in the forests especially on impacts at the forest damage level. 

The strong relevance of forest damage and tree mortality as the most perceived climate 

change impacts on the forests give value to this assumption. Moreover, these items are 

derived from Q15, which is part of the aggregated climate change perception variable. 

However, it is not possible to conclude from the qualitative survey if forest stakeholders 

with a more positive deadwood attitude also have a higher climate change perception. 

This holds true for only a few actors like the church forest. Deadwood is a rather 

controversial topic and should be discussed therefore in a separate section (see section 

6.2.3).  
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Moreover, forest stakeholders’ opinions towards climate change and adaptation are 

highly influenced by social networks and communication, e.g. by pro-active forest 

stakeholders, foresters and forest owners associations. The social construction of the 

climate change discourse also relies on the reporting and experiences of other actors and 

is shaped or strengthened by a high uncertainty towards climate change.  

Fourth, socio-demographic influences could be approved mainly by the quantitative 

study. There is a highly significant and weak correlation between the climate change 

perception and the highest educational level and a very significant but very weak 

correlation with the age of the inhabitants. These results are in line with other research 

findings (ECHAVARREN et al., 2019; LEE et al., 2015).  

Forest stakeholders with a high educational level (university degree) were more 

concerned about climate change than those without. The same holds true for the 

professional relation to forestry and the educational training in forestry: trained foresters 

have a higher climate change perception. This finding could be approved by the 

qualitative survey and is in line with BLENNOW et al. (2016). The influence of the age on 

climate change perception could be approved only by the quantitative survey and is in 

line with WHITMARSCH (2011) who states that an older age is a direct predictor of climate 

change skepticism.  

To sum up, the climate change perception is high among inhabitants of the BF and even 

higher among forest stakeholders and owners. Indeed, various studies state reason to be 

concerned about the current state of the forests (see e.g. SCHULDT et al., 2020). The 

severity of various impacts on the forests is even expected to be higher than 

communicated by the state ministry. Forest owners are more attentive to impacts on the 

forests than inhabitants are. Moreover this study reveals a highly significant and positive 

correlation between the forest dieback and climate change perception. The forest dieback 

perception will be illuminated in the following section.  

6.2.2 Forest stakeholders’ and public perception of forest dieback  

The perception of forest dieback by inhabitants and forest stakeholders of the BF is 

discussed in the following part. Therefore, the following topics will be highlighted in 

detail: threats to the forests of the BF, changes in the forests of the BF since 1980, forest 
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dieback impacts on the forests of the BF (section 6.2.2.1, Table 30) and influencing 

factors on the forest dieback perception (section 6.2.2.2, Table 31).  

 

6.2.2.1 General forest dieback perception 

The forests of the BF are perceived by inhabitants and forest stakeholders to be partly 

threatened. Within an open question format, nearly every third inhabitants’ answer refers 

to climate change and its consequences. A closed inquiry of potential threats revealed that 

pests, disease and invasive species, climate change, drought and windstorm are perceived 

as most threatening factors. Forest damage holds a medium position within the ranking 

and deer browsing is perceived as less important risk by inhabitants. While rural residents 

perceive significantly a higher risk of snow break than urban residents, residents of the 

Outer BF realize a higher risk of over-usage (over-harvesting and over-frequentation).  

These findings are mainly in line with the perception of the qualitatively-interviewed 

forest stakeholders. However, especially the threat of biotic and abiotic stressors to the 

forest was illuminated with a higher emphasize by them. Over-harvesting was not seen 

as substantial risk even if a few forest stakeholders indicated that the state forest harvest 

regularly at the logging limit. However, respondents from the area do not perceive the 

risk to be significantly higher. The high risk awareness to forests is different to a Swedish 

study by ERIKSSON (2014) but in line with MATTHES et al. (2014) who analyzed the 

opinion of German forest stakeholders towards climate change. 

However, to understand the heterogonous character of forest stakeholders and to 

illuminate the individual risk perception one needs to distinguish between different forest 

stakeholder types – pro-active, reactive and passive. For instance, quantitatively-

interviewed forest owners perceive deer browsing as a significantly higher risk. The 

qualitative survey underpins that especially pro-active forest owners and those who tried 

to implement climate-tolerant tree species like fir and beech suffered from deer browsing. 

CAILLERET et al. (2014) developed a model to predict a large spruce and fir dieback due 

to the increase in summer drought and winter temperatures in the BF and conclude that 

forest management tools to reduce ungulates population may be helpful to promote 

species diversity in spruce-dominated forests. However, they may not be sufficient to 

compensate for the reduction in basal area and diversity that is induced by climate change. 
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Table 30: Comparing forest stakeholders’ and public perception of forest dieback  

 Forest stakeholders’ perception 

(n = 26) 
Public perception (n = 270) 

Threats 

to the 

forests of 

the BF 

- Everyone thinks that forests are 

somehow threatened mainly by 

pests, storms and drought 

- CC is seen as triggering or 

supplementary factor leading to 

forest damage 

- 42.9 % think that the forests are rather 

threatened (µ = 3.48, σ = 0.82) 

- Main threats: pests, disease and 

invasive species (µ = 2.31, σ = 1.51), 

CC (µ = 1.62, σ = 1.65) and drought 

(µ = 1.24, σ = 1.39)  

Changes 

in the 

forests of 

the BF 

since 

1980  

- Majority have realized an 

increase of biotic and abiotic 

forest damage (tree mortality as 

a consequence) 

- Mixed forests have gained more 

attention with CC debate 

(promoted mainly through pro-

active forest stakeholders) 

- Official authorities (AELF, 

NLP) mentioned the former 

Waldsterben debate 

- Have realized mainly an increase of 

biotic (µ = 4.21, σ = 0.92) and abiotic 

forest damage (µ = 4.04, σ = 0.94), 

increase in tree mortality due to 

pollution (µ = 3.60, σ = 1.03) 

- 68.1 % have already realized FD 

during the past 20 years (those 

perceive/expect significantly higher 

current/ future CC impacts on the 

forests) 

Current 

FD 

impacts 

on the 

forests of 

the BF 

- Increasing volume of deadwood 

(→ high amounts of calamities 

need to be handled, planning 

difficulties) 

- Increase of insects especially 

bark beetle 

- Quality loss of bark beetle 

infested wood (→ drop in 

timber prices) 

- Forest landscape degradation 

- Changes in tree species 

composition (→less spruce 

portions) 

- FD impacts on average moderate to 

high (µ = 3.60, σ = 0.85) 

- Correlations with perceived current 

(Rs = 0.599***) and future CC impacts 

(Rs = 0.557***) 

- Correlations with the age  

(Rs = -0.201**), forest visit frequency 

(Rs = -0.211***) and anthropocentric 

EWV (Rs = -0.267***) 

- Respondents perceive on average the 

highest: increasing volume of 

deadwood (µ = 3.81, σ = 0.92), 

decreases of micro fauna (µ = 3.62, 

σ = 1.12) and disappearance of 

protected species (µ = 3.59, σ = 1.19) 

(only significant correlations with an effect size > 0.200 are noted), Source: own draft 

Thus, there is a broader network of risks with mutually-influential effects induced by 

climate change. MATTHES et al. (2014) note that besides the risk of climate change, 

adaptation planning also needs to consider other influencing factors (deer browsing and 

interspecific competition, etc.). This is also true for this survey as climate change cannot 

be isolated as a single factor influencing the forest.  

Concerning general changes in the forest landscape since 1980, the majority of inhabitants 

have mainly realized an increase of biotic forest damage, abiotic forest damage and tree 

mortality due to growing pollution. These variables show significant, positive correlations 
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with a moderate effect size with each other. Indeed, the BF inventory report for 2009 to 

2018 shows an increase in the tree mortality rate for all tree species from 0.2 % in 2009 

to 0.7 % in 2019 (STMELF, 2018d). However, forest damage – which is categorized to 

be considerable (forest damage level 2-4, crown defoliation higher than 26 %) – 

decreased from 29 % in 2009 to 25.6 % in 2019, with the lowest rate in 2012 (17.4 %) 

and the highest rate in 2016 (30.6 %). An older overview of the forest damage rates from 

1983 to 2010 shows that considerable forest damage reached percentage rates of over 

30 % in 1992, 2004, 2006 (STMELF, 2010). There is no clear trend visible over the past 

decades but there is a continuous growth in the forest damage level since 2012. Reasons 

are manifold and in recent years mainly related to drought and its consequences 

(STMELF, 2018d). Especially spruces suffered from storms in 1983/84, 1999 and 2007, 

a severe drought in 2003 and recurrent bark beetle outbreaks since the early-1990s 

(LAUSCH et al., 2013) 

However, these are average values for Bavaria, while forest damage at a local level like 

calamities through storms may alter and shape the perception of the public. Nonetheless, 

the majority of inhabitants of the BF (68.1 %) have already realized forest dieback during 

the past 20 years, which was defined here as tree mortality above usual mortality levels. 

These respondents also perceive higher current climate change impacts on the forests on 

average, and they expect higher future climate change impacts on the forests.  

These perceptions of forest specific changes since 1980 are mainly in line with those of 

the qualitatively-interviewed forest stakeholders. However, there is an important 

difference because every forest stakeholder experienced forest dieback during the past 20 

years. Surprisingly only six interviewees, mainly from official authorities (AELF, SF, 

NLP) mentioned the former Waldsterben debate of the 1980s. Those forest stakeholders 

who experienced already forest dieback were more attentive about current forest changes 

and damage. The effects of the Waldsterben discourse still linger on and are manifested 

in a behavior change of formerly-concerned individuals.  

Forest dieback has massive impacts. The majority of inhabitants think that the forests are 

currently rather (46.5 %) to extremely (12.3 %) impacted by forest dieback. Respondents 

perceive on average mainly increases of deadwood, increases of micro fauna and 

disappearance of protected species. Urban residents significantly perceive higher impacts 
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on the loss of protected species and landscape degradation than rural residents while 

residents of the Outer BF realize more impacts on NWFPs.  

However, there is a general high insecurity and respondents are rather able to assess the 

impacts on non-timber products than on the economic situation of the forestry sector. A 

correlation analysis demonstrates that forests are currently classified as more affected by 

forest dieback with an increasing agreement that there are climate change impacts on the 

BF in general or on its forests (today or in the future). As already stated in the previous 

section, the aggregated climate change perception and the aggregated forest dieback 

perception – which are both on average rather high among inhabitants of the BF – show 

a positive and highly significant correlation with a high effect size among each other 

(Rs = 0.614***), e.g. the more strongly that respondents perceive forest dieback impacts, 

the higher that they perceive climate change impacts. The quantitative study shows that 

current forest dieback impacts are thought to be slightly higher than current climate 

change impacts.  

Forest stakeholders associate mainly deadwood accumulation and calamities with forest 

dieback. Thus, high amounts of calamities need to be handled. This leads in turn to 

planning difficulties and financial loss as the quality of wood suffers from bark beetle 

infestations or storm breakage. In addition, the forestry market is overloaded with timber 

and prices decline as a consequence. This is confirmed by a study of financial impacts on 

the Bavarian forestry sector by WÜHR (2020), whereby especially 2018 was marked by a 

net yield loss of minus 11 % in contrast to the previous year, which is the worst net yield 

since 2011. Thereby, climate change is thought to play a crucial role. In addition, JANDL 

(2020) notes that the regional market price for bark beetle-affected timber declined to 

30 % of the previous level in Austria. As a result, especially small forest owners who 

obtain a marginal income from wood products are losing motivation for active forest 

management.  

 

6.2.2.2 Influencing factors on forest dieback perception 

Overall, the forest dieback perception (aggregated variable) of inhabitants is, like in the 

case of the climate change perception, on average rather high (µ = 3.52, σ = 0.72). Instead, 

the forest dieback perception of forest stakeholder’s is even higher due to the current 
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accumulation of various stressors like abiotic and biotic impacts on the forests and the 

resulting forest damage or even tree mortality level. Surprisingly, there are no significant 

differences between quantitatively-interviewed forest owners and other respondents 

concerning the forest dieback perception. However, urban respondents have on average a 

significantly higher forest dieback perception than those living in a rural area even if 

inhabitants of the rural area are more often in the woods. The under-estimation of impacts 

by rural residents may be explained by the fact that rural residents always had to cope 

with forest damage in the BF and they deny that change occurs (cognitive dissonance) or 

they are used to forests dynamics. In turn, urban residents may be influenced by media 

reporting and may be more sensitive towards changes in forests as they are not frequently 

in the woods. There may be various reasons to explain this divergence. Further research 

is needed to investigate why urban residents perceive forest dieback to be higher. Various 

variables were tested concerning the influences on the forest dieback perception: 

cognitive factors, experiential processing, socio-cultural and socio-demographic 

influences (Table 31).  

First, it is revealed by the quantitative survey that the cognitive factors ‘knowledge about 

climate change’ and ‘knowledge about forest’ have a positive impact (but very weak 

association) on the forest dieback perception of the inhabitants of the BF. Moreover, 

respondents who visit the forests more often also have a higher forest dieback perception 

(very weak association).This fact makes sense as forest dieback is not always noticeable 

upon first glance and knowledge about forests and climate change and regular visits are 

needed to assess the state of the forests. In some cases, forest dieback looks like a slow-

burning crisis (STAUPE-DELGADO, 2019). However, the currently most threatening 

impacts of extreme weather events (storms, heat intervals in summer with drought 

periods) and bark beetle infestations, which were reported by qualitatively-interviewed 

forest stakeholders, might be immediately visible. The seemingly ongoing crisis and 

severity of impacts drives the forest stakeholders to search for possible causes of forest 

dieback. Indeed, educated and trained forest stakeholders (mainly pro-active ones) were 

more aware about forest dieback and the causes and consequences. Knowledge 

constraints may hinder reactive and passive stakeholders to identify forest dieback as a 

consequence of climate change and find suitable adaptation strategies. Second, individual 

climate change experiences of inhabitants do not have a significant influence on the forest 
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dieback perception. By contrast, qualitatively-interviewed forest stakeholders who were 

already concerned by climate change impacts in their forest and identified climate change 

as a cause were even more attentive towards forest dieback compared with others (e.g. 

regular monitoring to prevent further impacts). Moreover, a stronger emotional attach-

ment to forests lead to a higher forest dieback perception.  

Table 31: Influencing factors on forest dieback perception in comparison 

 Forest stakeholders’ perception 

(n = 26) 
Public perception (n = 270) 

General FD 

perception 
Very high FD perception 

Rather high FD perception (aggregated 

variable) (µ = 3.52, σ = 0.72) 

Cognitive 

factors 

Knowledge about forests resp. 

forestry and CC 

Knowledge level (self-assessed) on 

forests (Rs = 0.120*) and CC 

(Rs = 0.190**) 

Experiential 

processing 

Past experiences with FD, 

emotional attachment to forests 
No significant influences 

Socio-

cultural 

influences 

Social networks and 

communication, silvicultural 

philosophy and traditions 

Anthropocentric EWV (Rs = -0.266***) 

and eco-/ sentiocentric EWV 

(Rs = 0.161**) 

Socio-

demographics 

Educational level, professional 

relation to forestry, economical 

dependency on forests 

Age (Rs = -0.162**), income class 

(Rs = -0.134*) 

Source: own draft 

The socio-cultural influences should be determined here by the environmental worldview 

and the deadwood attitude. It is shown that the anthropocentric worldview has a negative 

correlation (weak association) and the eco-/sentiocentric worldview has a positive 

correlation (very weak association) with the forest dieback perception. Hence, like in the 

case of the climate change perception, inhabitants with a higher anthropocentric 

worldview perceive less forest dieback and climate change. Further, inhabitants with an 

anthropocentric worldview have a rather negative deadwood attitude.  

However, the deadwood attitude of inhabitants does not influence the forest dieback 

perception. Concerning socio-demographic details only the age and income class could 

be shown as influencing factor on the forest dieback perception (both with a negative, 

very weak association). Thus, like in the case of climate change perception, an older age 

leads to a more skeptical attitude towards forest dieback. It may be the case that older 

respondents have already experienced severe impacts of forest dieback in their lifetime 

and thus they do not describe forest dieback as a new phenomenon. The financial 
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dependency upon forests also leads to a higher perception of forest dieback among forest 

stakeholders. These actors are more concerned about forest damage as they could lead to 

considerable losses.  

To sum up, the forests are perceived to be currently threatened mainly by pests, disease 

and invasive species, climate change, drought and windstorm. The study revealed that 

urban residents have a higher risk perception compared with rural residents. However, 

qualitatively-interviewed forest stakeholder are highly aware about forest dieback and 

were able to assess the detailed impacts of forest dieback on the forests. There is still a 

high uncertainty about climate change as a supplementary or triggering factor as well as 

on cause-effect relationships by forest stakeholders. Further, even if climate change is 

revealed as possible consequence, there still no sufficient knowledge about site-adapted, 

promising (in financial terms) adaptation strategies.  

 

6.2.3 The role of deadwood 

Several studies have shown that deadwood is often not appreciated by the forest owners’ 

community and the public (DEUFFIC & LYSER, 2012; GUNDERSEN & HELGE FRIVOLD, 

2011). However, a recent study by SACHER (2020) indicates that deadwood has not a 

significant influence on the decision which forest to choose for a recreational visit.  

The results of the qualitative survey demonstrate that deadwood is mostly not appreciated 

by forest stakeholders. In addition, positive effects on biodiversity are not known and 

partly (mainly by reactive and passive forest stakeholders) not valued among PFO. Pro-

active forest stakeholders (e.g. state forest, church forest and National Park as well as 

some large-scale PFO) were aware about the value of deadwood especially for 

biodiversity issues. They appreciate deadwood to a certain degree. Nevertheless, the legal 

obligation to harvest bark beetle infested trees as soon as possible (‘clean forestry 

program’ or sanitation logging as described by DOBOR et al., 2020) and to handle large-

scale calamities after storm events to prevent a renewed bark beetle infestation, leads to 

a negative image of deadwood. Further, the declaration of Moritzburg demands for a 

“clear-up of German forests” followed by an intensive reforestation strategy to address 

the troubled forests. Therefore, 800 million Euros are demanded from 2020 to 2024 

(HABEKUß, 2019). However, the removal of damaged wood is highly contested among 
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ecological scientists as this program is likely to create widespread, even-aged forest 

stands with a high vulnerability to future climate change (THORN et al., 2019). Further, 

the authors conclude that public subsidies should promote the retention instead of the 

removal of deadwood structures to counteract insect decline in forests. Moreover, 

SACHER (2020) suggests enriching deadwood in a forest as it has no significant influence 

on the recreation function. In addition, a study by DOBOR et al. (2020) shows that climate 

change critically reduces the efficiency of sanitation logging.  

The attitude towards deadwood of the the inhabitants shows no clear positioning and an 

inconsistent or ambivalent answering behavior. Overall, inhabitants of the BF have a 

‘rather positive’ attitude towards deadwood (aggregated variable). Respondents 

especially appreciate that deadwood is important for the survival of rare species, for 

biodiversity and nature conservation. In addition, they do not feel disturbed by deadwood 

while visiting the forests and do not see deadwood as a source of danger.  

The cluster analysis revealed that the majority of inhabitants, “climate change and forest 

dieback insecure individuals” (22 % of the sample) and “climate change and forest 

dieback realists” (64.9 % of the sample) currently perceive an increasing volume of 

deadwood as a consequence of forest dieback and climate change. Given the relevance of 

deadwood, it is surprising that the aggregated deadwood attitude has no influence on the 

perceptional variables. Thus, it is not possible to conclude a positive or negative relation 

with the two aggregated perceptional variables. However, the subcomponent variable 

“deadwood as important, natural and aesthetical element of the forest” has a significant 

but very weak correlation with the climate change perception. Therefore, one can 

conclude that respondents who perceive climate change and its impacts on the forests of 

the BF also think that deadwood is an important element in the forest and should remain 

there.  

Even if citizens state that they highly value deadwood in the forest (on average the highest 

for rare species, biodiversity and nature conservation), have a high forest dieback 

perception and are therefore highly aware concerning an increasing volume of deadwood, 

they ranked deadwood as less appreciated forest characteristic and reveal that the 

deadwood level is the most unimportant attribute within the choice of adaptation 

scenarios (DCE analysis). Moreover, inhabitants are rather undecided if there is a need to 
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remove deadwood and to use it in economic terms while forest owners (quantitatively-

interviewed) think that this is the most important strategy to combat with forest damage.  

This finding fits well to the study of PASTORELLA et al. (2014) who investigated the 

perception of deadwood by tourists in mountain forests. The authors show that more than 

60 % of respondents prefer unmanaged forests and close-to-nature managed forests, while 

40 % prefer intensively managed forests in which deadwood is removed during the 

silvicultural treatments. The contrasting opinion by inhabitants of the BF is also reflected 

by a study of PELYUKH et al. (2019) who demonstrate that the majority of Ukrainian 

respondents consider deadwood as an important component of the forest, but generally 

prefer intensively managed forests without deadwood. Moreover, a study of SACHER et 

al. (2017) shows that the visitors’ perception of the natural forest development in Harz 

National Park is heterogeneous and not always consistent. Following respondents’ 

opinions, deadwood should remain in the park but their perspectives on bark beetle-

controlling measures revealed a different views. ARNBERGER et al. (2018a) found that 

visitors of the BF National Park prefer healthy mature forest stands and that deadwood is 

disliked. However, a further study shows that tourists with higher affinity for the National 

Park BF, a better knowledge about the bark beetle and who expect a recovery of the 

affected areas have a significantly more positive attitudes towards bark beetle impacts 

(MÜLLER & JOB, 2009).  

Nevertheless, quantitatively-interviewed forest owners state that biodiversity 

preservation is the most important objective in their forests. Saproxylic biodiversity – for 

instance – may profit from climate-induced forest dieback due to a growing stock of 

deadwood (MÜLLER & BÜTLER, 2010; SEIBOLD et al., 2016). This objective also correlates 

positively and moderately with the stability and adaptation objective. This is in line with 

a study by JOA and SCHRAML (2020), who found that PFOs’ perceptions of biodiversity 

conservation affect their management approaches, which can provide ecologically-

valuable stepping stones for conserving biodiversity on a landscape scale.  

It is surprising that forest owners appreciate biodiversity but like to remove damaged 

wood as fast as possible. However, this may due to the legal obligation and high time 

pressure to harvest infested wood.  
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A further possible explanation is that the calculated deadwood variable is also based on 

attitudes towards nature conservation and biodiversity preservation. Thus, there is a close 

connection between deadwood and the value for nature protection, rare species, 

biodiversity, etc. It may be the case that people simply value nature protection and 

biodiversity while the medium or carrier of these purposes, in this case deadwood, is 

viewed as relatively unimportant. This fact could be underpinned by the results of the 

quantitative study, which indicates that rural residents and residents from the Inner BF 

significantly feel more endangered by deadwood during recreation than respondents from 

urban areas and the Outer BF. However, these assumptions need to be studied in depth and 

could not be enlightened with the present data. 

LIDSKOG and SJÖDIN (2015) found similar reactions of forest owners after storms in a 

Swedish context. These so-called non-normal events139 lead to the establishment of a shared 

belief among diverse actors that as many of the trees as possible needed to be removed as 

quickly as possible because the strategy designed for a normal situation was applied to an 

extreme one. The perception of the urgency and the threat of the crisis restricted the 

opportunity for the pursuit of knowledge. The authors notice that less time pressure might 

have led paradoxically to the knowledge that the removal of the timber from the forest was 

not as urgent as it was believed to be (see ibid.). Besides, this study reveals that time pressure 

is mainly induced by politics (e.g. declaration of Moritzburg, ‘clean forestry program’) and 

social networks (peer group pressure). Thus, time pressure and knowledge are important 

elements shaping forest owners reaction after forest disturbances. 

To sum up, it is possible to conclude that: First, forest dieback is thought to have a high 

impact on the volume of deadwood. This is widely acknowledged among forest 

stakeholders and the public. Second, if inhabitants agree that deadwood is an important, 

natural and aesthetical element of the forest, they perceive forest dieback more strongly. 

Third, from the findings of the DCE analysis, it is possible to conclude that the deadwood 

level is the least important attribute shaping the decision process about silvicultural adaptation 

scenarios. Fourth, deadwood seems to be not on the absolute wish list while visiting the 

forests; it is rather appreciated for biodiversity purposes by the public. Fifth, forest owners 

                                                 
139 Non-normal events are phenomena that disrupt routines but which were always there; like in the case of 

identified reactive forest stakeholders, forest owners know how to handle the aftermath of a storm (LIDSKOG 

& SJÖDIN, 2015). 
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(quantitatively-interviewed) state to remove damaged wood as fast as possible after a 

forest damage but appreciate biodiversity as most important objective in their forest. This 

is not confirmed by the qualitative survey where biodiversity plays no role for (reactive 

and passive) forest stakeholders. Further, the public is mainly not in favor of intensifying 

management strategies and to remove damaged wood as fast as possible. Thus, the 

declaration of Moritzburg and ‘clean forestry program’ will be only partly accepted by the 

public. Undesirable, negative impacts on the biodiversity level, as reported by THORN et al. 

(2019), will lead probably to even more acceptance problems by the public.  

 

6.3 Assessment of forest stakeholders’ silvicultural adaptation 

strategies 

This section aims to reflect the adaptation process of forest stakeholders and to underpin 

it with findings of the quantitative survey. First, the perceptional process leading to 

adaptation will be explained by using the MPPACC model. Second, adaptation strategies 

and scenarios which are thought to be meaningful by the public and forest stakeholders 

will be compared. Third, the results of the discourse analysis should describe discursive 

struggles and controversies around adaptation. 

 

6.3.1 The MPPACC model applied in a forestry context 

The combination of the GROTHMANN and PATT (2005) MPPACC model, the time scale 

of RISBEY et al. (1999) and the typology of stakeholders’ adaptation strategies (see section 

2.5.4.2) are suitable approaches to investigate the perception process of forest dieback 

and to explain forest stakeholders’ behavioral strategies (see also DEUFFIC et al., 2020 for 

an international application of the MPPACC model in a forestry context). External 

influencing factors (ecologic, social and economic), the objective adaptive capacity, 

climate change risk appraisal and adaptation appraisal have a high potential to shape the 

perception and adaptation of forest stakeholders and should be discussed in the following 

part. The perceived impact level of the listed influencing factors described in Table 32 is 

derived from the qualitative interviews. Quantitative results should underpin the 

qualitative findings when possible. 

It is obvious that external influencing factors have an impact on the forests as well as on 

the forest stakeholders of the BF. Ecological factors may have a medium to high impact. 
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Changing climatic conditions exacerbate the effect of ecological factors, e.g. access to 

water resource in dry periods becomes a limiting factor. These weather conditions are 

aggravated by pest outbreaks. High volumes of deadwood are produced and the habitats 

for key species are threatened. Therefore, foresters frequently regard deadwood as a threat 

to forests, which can trigger insect attacks or pests. This matches with the findings of 

PALETTO et al. (2012). Thus, with a changing climate, biotic stressors like pests and 

diseases have a high impact on forest management and adaptation efforts. Whereas forest 

stakeholders are clearly worried about changing ecological conditions for trees, they are 

not so upset about other impacts on biodiversity such as saproxylic fauna and flora as 

observed by DUNN (2005) in other contexts.  

Table 32: Key elements of the MPPACC model and the perceived impact level 

Factors of MPPACC 
Perceived impact level by 

forest stakeholders 

External influencing 

factors 

Ecologic factors ++ / +++ 

Economic factors +++ 

Social factors ++ 

Climate change risk 

appraisal 

Perceived probability ++ 

Perceived severity ++ / +++ 

Adaptation appraisal 

Perceived adaptation efficacy ++ 

Perceived self-efficacy 
+ (small-scale FO), 

++ (large-scale FO) 

Perceived adaptation costs +++ 

Objective adaptive capacity ++ 

Priority to adapt forest management +++ 

(FO = Forest owner; + “low impact”, ++ “medium impact”, +++ “high impact”), Source: own draft 

However, inhabitants of the BF show a divergent attitude. Biodiversity plays a crucial 

role when being confronted with deciding about appropriate adaptation strategies. Tree 

species composition and deadwood play rather a minor role but a forest with broad-leaved 

tree species is preferred over a monocultures spruce stand. This fact is revealed by the 

analysis of the labeled DCE and mainly in line with NORDÉN et al. (2017). Furthermore, 

flora and fauna richness is among the three highest valued characteristics of a forest 

among inhabitants (selected by 65.7 %). The preferred key function of being an area for 

conservation of animals and plants diversity again highlights the importance of 

biodiversity. Further, respondents agree on average the highest with the statement that 

deadwood is important for the survival of rare species and biodiversity. However, while 
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biodiversity is appreciated, the role of deadwood is ambivalent (see section 6.1.3). 

Moreover, respondents were unable to easily assess forest dieback impacts on 

biodiversity. Besides, the cluster analysis shows that impacts on microelements of a forest 

like micro fauna are rather difficult to evaluate for the respondents of all three clusters. 

Thus, they have no distinct opinion about forest dieback impacts on biodiversity and 

especially on micro fauna, e.g. saproxylic fauna. As a result, the public values biodiversity 

very high but does not know a lot about it.  

The quantitative survey has shown that forest owners refer on average the most to 

biodiversity preservation as most important objective in their forests (strong contrast to 

the results of the qualitative interviews). Thus, there is a divergence between the results 

of the qualitative survey where biodiversity plays a negligible role for PFO and the 

quantitative survey where biodiversity is the most important objective. Reasons may be 

social desirability, peer group pressure or the influence through predetermined categories 

in the quantitative survey.  

In addition, forest dieback influences the forestry sector (economic factors) highly but it 

depends on the adaptive capacity and resilience of the wood sector how these impacts are 

handled. The wood sector of the BF is severely weakened by the repetition and 

multiplicity of forest damage. The main species and bread tree of the forestry, spruce, 

suffers from forest dieback. In order to overcome these ongoing difficulties, regional 

forest authorities set up contingency plans and economic support including adaptation 

incentives for tree diversification with broadleaves. However, the wood market still 

demands mainly conifers. As JANDL (2020) describes that the current situation carries a 

bad-news fatigue of continuous biotic disturbances in spruce forests. Particularly small-

holder foresters may give up and leave forests to vaguely defined ecological self-

controlling mechanisms (see ibid.).  

The inhabitants of the BF are mostly not aware about this problematic, e.g. about one-

third of all respondents are unable to evaluate whether there is a recession in the forestry 

sector due to forest dieback. However, inhabitants are rather able to assess the impacts of 

forest dieback on non-timber products than on the economic situation of the forestry 

sector. One possible explanation may be that people feel rather familiar/concerned with 

impacts on NWFPs due to the collection of mushrooms or berries. However, respondents 
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of the Outer BF perceive significantly higher impacts on NWFPs than respondents from 

the Inner BF even if the collect less NWFPs. The altitude and the still sufficient water 

availability in the Inner BF may explain this divergence.  

Moreover, the qualitatively-interviewed forest stakeholders mentioned that the 

understanding for the forestry sector is getting weaker. Forestry measures are not accepted 

because inhabitants feel disturbed during recreation. However, an interviewee from the 

state forest states that inhabitants mostly forget that they are consumers of timber 

products. Indeed, the quantitative survey shows that the key function “producing wood” 

is seldom chosen by inhabitants (but significantly more often by rural residents). Thus, 

the production function of forests is rather unimportant for the public in general but rural 

residents may have another understanding for forestry due to a long silvicultural tradition 

in the area. 

Social factors have a rather medium influence on forest stakeholders’ perception. In line 

with BUCKELEY (2000), this study suggests that social networks are strategic arenas where 

local knowledge, values and scientific information are discussed and assessed to create 

legitimate understandings in particular for wicked problems such as climate change. 

There is a wide network of FOA potentially influencing forest owners (AURENHAMMER, 

2017), even if advisory services for adaptation planning could be further expanded. 

Hence, the agenda setting of forest dieback has been important due to the severity and the 

repetition of the crises. Moreover, pro-active forest owners are influencing reactive forest 

owners by intensive communication efforts. This is in line with the findings of 

STOETTNER and NÍ DHUBHÁIN (2019) who see the formation of forest owner groups as a 

means not only of addressing fragmented ownership but also owner knowledge. The 

authors state that it is increasingly recognized that owner engagement is not only 

influenced by the characteristics of the owner and their forest but also by the individuals 

that surround the owners, their social network.  

A study by SCHRAML (2003) emphasize that one-third of the German population has 

knowingly any contact to forest owners. These are often family members, but also 

neighbors, colleagues and friends. Thus, peer group pressure may have an influence on 

adaptation planning (see also TBP). Moreover, VAINIO et al. (2018) investigate the role 

and importance of forest owners’ diverse social networks in a nature conservation context. 
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The findings encourage a more systematically and dynamically utilization of networks 

while implementing rural, environmental and forest policies to increase their societal 

impact in local contexts.  

The number of private forest holdings and the area of private forests have increased 

remarkably in the last three decades in Europe (WEISS et al., 2015). The main driver of 

this expansion has been the structural change in the agricultural sector. In most European 

countries small-scale forest ownership has been traditionally associated with small-scale 

farming (HOGL et al., 2005). However, the two disciplines farming and forestry are 

separating from each other, which leads to a fragmentation of forest properties, isolation 

due to poor involvement of forest owners in forest management, and a growing landowner 

detachment from the land (KITTREDGE, 2005). These findings could be confirmed by the 

qualitative interviews of this study. Besides structural changes, the forest sector of the BF 

suffers from less individual engagement. FICKO et al. (2019) state that the increasing 

diversity of non-industrial PFO in Europe has been recognized by policy-makers and the 

forestry sector at large.  

Moreover, the inhabitants of the BF may also influence the adaptation efforts of forest 

stakeholders. Bark beetle impacts and forest management in the BF National Park lead to 

acceptance problems among the public in the past decades (LIEBECKE et al., 2008, 2011; 

MÜLLER & JOB, 2009; RENTSCH, 1988; VON RUSCHKOWSKI & MAYER, 2011). However, 

the National Park was not blamed by forest stakeholders for the current occurrence of 

forest dieback anymore. Climate change is increasingly entering the agenda and serves as 

a possible explanation for bark beetle impacts, whereby this relation is also currently 

highlighted by the media (MEYER, 2020; POLLMER, 2020).  

Besides external influencing factors, internal factors may shape the adaptation intention 

of forest stakeholders. Climate change risk appraisal is a function of perceived 

probability (medium) and perceived severity (medium to high). Forest stakeholders 

estimate if climate change poses a risk to the forest and assess how severe these impacts 

could be. However, it depends on diverse factors like social vulnerability, resilience etc. 

how severe the risk is assessed. Several sub-components have the potential to weaken or 

strengthen the risk appraisal. While the reliance on public adaptation reduces the risk 

appraisal, the risk experience may strengthen the risk appraisal. This could be verified 

https://www.sciencedirect.com/topics/social-sciences/societal-impact
https://www.sciencedirect.com/topics/social-sciences/societal-impact
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during the study. Cognitive biases and heuristics have an effect on the risk appraisal and 

can affect people’s perceived adaptive capacity irrationally. GROTHMANN and PATT 2005 

suppose that different bias have a minimizing effect on climate change risk perception 

leading to an under-estimation of risk on average. However, this study rather suggests 

that biases and heuristics may enhance the risk perception of forest stakeholders. For 

instance, optimistic biases or unrealistic optimism could not be confirmed within this 

study. Forest stakeholders do not perceive their individual risk of being harmed by a 

certain threat lower than the average risk; they even assess the risk higher. The so-called 

availability heuristic describes a process by which people estimate risks by comparing it 

with memories of vivid examples. These biases could be observed by the reporting of 

several forest stakeholders. Biases create a higher risk appraisal.  

The adaptation appraisal is a function of perceived adaptation efficacy (medium), 

perceived self-efficacy (low to medium), and perceived adaptation costs (high) and only 

starts if a threshold of threat appraisal is exceeded. The perceived adaptation efficacy is 

assessed to be medium because forest stakeholders will implement new forestry models 

whose efficacy is partially unknown. Besides, the size of the forest stand, the current state 

and the silvicultural philosophy of the forest owners, have an impact on the adaptation 

efficacy. In addition, cognitive bias or heuristics may weaken the adaptation efficacy. 

However, not all forest owners will be able to afford high investments in new forestry 

models. In particular, small-scale forest owners do not have the same economic and 

cognitive capacities (low perceived self-efficacy and high adaptation costs). They will be 

probably the losers of the adaptive turn.  

Once forest dieback is admitted and attested, the implementation of adaptation measures 

appear as another challenge for the forest stakeholders who adopt very different strategies 

ranging from new forestry models to business as usual. For two decades, experts have 

framed general and often non-specific recommendations that suggest maintaining current 

ecological patterns in their present state via adaptation, through either passive or active 

approaches (HAGERMAN & PELAI, 2018). However, stakeholders could have seriously 

questioned experts’ recommendations. As observed by LIDSKOG and SJÖDIN (2015) in 

Sweden, forest experts’ epistemic authority, i.e. the legitimacy to define, describe and 

explain bounded domains of reality, has been gradually restored. The study stresses that 
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the risk governance practices that evolve are a function of time and the availability of 

knowledge. While the forestry consultants admit the diversity of causal factors, they also 

offer the possibility to choose between different suitable options, none of them being 

optimal. Forest stakeholders’ decision-making finally combines intuitions based on their 

own individual experience with powerfully supported explanations offered by those with 

high cultural authority – scientists, experts and leaders of forest owners’ networks 

(SAREWITZ, 2011). Accordingly, forest stakeholders’ decision-making comprises a 

complex mix of confirmed and accepted facts (from epistemic authorities they trust), 

beliefs and perceptions of climate change, forest management objectives, norms and 

values they prioritize (security, profitability, achievement, conformity).  

In any case, financial, social and cognitive adaptive capacity turns out as a crucial factor 

(SEIDL & LEXER, 2013). Objective adaptive capacity is a direct determinant of 

adaptation but it also influences the perceived adaptive capacity, as long as people’s 

perceptions of their adaptive capacities are realistic. A lack of objective adaptive capacity 

– e.g. a lack of resources like time, money, knowledge, social or institutional support – 

leads to a weaker adaptation intention. Large-scale forest owners actually have better 

access to information (on climate change, on forestry alternatives) compared with others. 

They can implement several techniques such as the introduction of new tree species with 

the possibility of trials inducing marginal effects of errors. They also often have a higher 

confidence and trust in others that limit the level of uncertainty and improve their faith in 

adaptive measures. On the other hand, small-scale forest owners who have lost their 

savings due to forest dieback are not only reluctant but also unable to reinvest into forestry 

even when support for reforestation exists as this rarely covers the full-costs and never 

the loss of value for future trees. 

However, individual factors do not steer decisions alone. Adaptive capacity is context-

specific, related to both governance measures and room for maneuver (GUPTA et al., 

2010). Adaptation strategies are steered by the regional forest authorities with strong 

incentives to transform plantations from even to uneven-age and to mix species on the 

forest plots. Due to the various options for adaptation and the simultaneous long 

adaptation cycles as well as the high costs of forest conversion, the overall adaptation 

capacity could be regarded as medium. For the near future, a medium to high vulnerability 



 

357 

can be deduced due to the already-observed concern and the progressive impacts of 

climate change.  

The critique of the MPPACC model mainly concerns the issue of maladaptation. This 

normative assertion presupposes that some options are better than others. In the aftermath 

of natural hazards and extreme climatic events, there is a strong propensity and social 

pressure to impulse major changes. However, several examples (DEUFFIC & NÍ 

DHUBHÁIN, 2019; LIDSKOG & SJÖDIN, 2014) show that concerned forest stakeholders 

often fall back to routines and only make slight shifts in their forest management 

practices. The question emerges if their decisions are necessarily maladaptive. As noticed 

by ADGER et al. (2009a), adaptation decisions taken today and considered as ‘good’, 

reasonable or rationale may impose negative environmental and social impacts on future 

generations. From a theoretical perspective, maladaptive practices may be not the optimal 

ones even if the efficiency and robustness of new alternatives have rarely been assessed 

under severe conditions. Keeping or cutting trees after a natural hazard is far from being 

obvious (PETUCCO, ANDRÉS-DOMENECH, & DUBAND, 2020).  

On the one hand, forest stakeholders who experienced forest dieback in the past know 

that ignoring warnings and putting response on hold often make impacts unnecessarily 

costly to reverse (BLENNOW et al., 2012; SEIDL et al., 2016a). On the other hand, acting 

too promptly may deprive them from future ESS. Salvage logging, which originally 

appeared as solution, turned out to be worse from an ecological perspective (THORN et 

al., 2017b). The word maladaptation also suggests that the fault and responsibility fall to 

the forest owners alone but the socio-economic and political context needs to be 

considered. Forest stakeholders often return to routines due to a lack of capacities to 

implement new forest management models without specific help (information, financial 

incentives and advisory services) (DEUFFIC & NÍ DHUBHÁIN, 2019).  

Further, this study suggests adding the unpredictability of events and insecurity by forest 

stakeholders to the MPPACC model. Whereas extreme weather events are interpreted as 

tangible signs of climate change, they also nourish a persistent feeling of anxiety as these 

events are highly unpredictable, in terms of frequency and severity. Furthermore, the 

additional, slow-onset characteristics of this kind of natural hazards make it more difficult 

to identify than forest fires and wind blows as they spread out over years as a never-
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ending story. Its elusive and uncertain nature produces fragmented responses from forest 

institutions and stakeholders. It leads to fatigue until the slow-onset event reaches the 

acute phase such as the pest outbreaks following drought (STAUPE-DELGADO, 2019). The 

linear timeline proposed by RISBEY et al. (1999) needs to be questioned. The signal 

detection period of a slow-onset and elusive phenomenon (the process until tree mortality 

becomes visible) never ends and overlays with the next steps (evaluation and decision).  

Interactions between factors also contribute to thwart the identification of causes by forest 

stakeholders, as there are intimately intertwined. If an abiotic stressor like drought is often 

the triggering event, pest outbreak appear as an aggravating and potentially fatal factor. 

As with many natural hazards affecting the forest, forest stakeholders also interpret forest 

dieback as an act of God in the very beginning of the crisis (LIDSKOG & SJÖDIN, 2014). 

However, after the initial overflowing of emotion that often submerges individuals 

following the disturbance, the most pro-active forest owners adopt a critical attitude that 

helps them to analyze their failure. At this stage, they often question the past silvicultural 

practices and assign responsibilities of failure to themselves, but also to forest advisory 

providers. This critical period may undermine trust in organizations, peers, and even 

traditional informants. However, with time, a process of ‘resocialization’ takes place in 

which an attitude of trust (limited and highly ambivalent), involving identification with 

authority figures is re-established (DEUFFIC & NÍ DHUBHÁIN, 2019).  

 

6.3.2 Forest stakeholders’ and publics’ preference for adaptation 

strategies and scenarios 

Table 33 presents an overview of forest stakeholders’ and public preferences for 

silvicultural adaptation strategies and scenarios. It needs to be noted that forest 

stakeholders do not follow one of the comprehensive, silvicultural adaptation approaches 

which are currently discussed in literature (see section 2.5.4.3). Forest stakeholders of the 

BF are diverse as their adaptation strategies are. This study rather suggests developing 

forest stakeholder types according to their behavior (see section 2.5.4.2) and 

subordinating single silvicultural strategies (see section 2.5.4.4) to these stakeholder 

types. Nevertheless, it was possible to summarize the single adaptation strategies to the 

umbrella strategies: diversifying and intensifying management.  
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Table 33: Comparing forest stakeholders’ and public preferences for adaptation 

strategies  

 Forest stakeholders’ preference 

(n = 26) 
Public preference (n = 270) 

Diversifying 

management 

- Diversifying management preferred 

by pro-active forest stakeholders 

- Main intention is to stabilize the 

current state of the forest 

- Native tree species preferred by 

PFO, Spruce still seen as ‘bread 

tree of the forestry’ 

- Mixed forests with native tree 

species and different age classes 

preferred, introduction of non-

native tree species less preferred 

- Correlations of mixing tree species 

with knowledge level on forests  

(Rs = 0.200**), anthropocentric 

EWV (Rs = -0.207***) 

Intensifying 
management 

- Intensifying management preferred 

by reactive forest stakeholders 

- Fast removal of damaged wood due 

to legal obligation 

- Early and high-frequency thinning 

should increase growth rates of 

spruce and reduce risk of FD 

- Shortening rotations due to a 

perceived high FD risk 

- Keeping spruce on better sites and 

shortening rotations less preferred  

- Remove damaged wood as fast as 

possible correlates with anthropo-

centric EWV (Rs = 0.201**) and 

DW attitude (Rs = -0.289***); PFO 

prefer this strategy on average 

more than non-forest owners  

(∆ 0.72**) 

- Salvage logging correlates with 

anthropocentric EWV  

(Rs = 0.230***) and DW attitude 

(Rs = -0.302***) 

Importance 

of attributes 
(DCE)  

- Strong adapt. is appreciated by pro-

active forest stakeholders but 

several obstacles to adaptation, e.g. 

browsing 

- High biodiv. and DW level not 

relevant for mainly reactive and 

passive forest stakeholders 

- Low risk of FD strongly relevant 

for all forest stakeholders 

- Strong adapt. scenario: spruce, fir 

and beech (β = 0.338*, σ = 0.176); 

high (β = 0.616*, σ = 0.268) and 

very high biodiv. (β = 0.691**,  

σ = 0.216); medium DW level  

(β = -0.284*, σ = 0.129); very low 

risk of FD (β = 0.626***, σ = 0.178)  

- Soft adapt. scenario: high biodiv.  

(β = 0.603**, σ = 0.214) 

- No adapt. scenario: low biodiv.  

(β = -0.702**, σ = 0.258) 

(only significant correlations with an effect size > 0.200 are mentioned), Source: own draft 

The umbrella strategy ‘diversifying management’ – which is mainly preferred by pro-

active forest stakeholders and the inhabitants of the BF – could be divided into the 

cultivation of a mixed and uneven-aged forest as well as the substitution of tree species 

(native or non-native). Cultivating a mixed and uneven-aged forest is not a new concept 

but is gaining new attention with the climate change discourse (JUUTINEN et al., 2020). 

Climate change is perceived as a significant issue with the selection of tree species being 

the main focus (MATTHES et al., 2014). 
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Diversification has been identified as a key strategy dealing with uncertainty and 

complexity, in particular by promoting mixed forests and forest conversion. However, 

this change of forestry model is rather radical (depending on the current forest state) and 

it requires a strong learning and capacity building of forest owners but is fully in 

accordance to the recommendations of the official forest policies (see section 3.3). 

Moreover, inhabitants of the BF highly prefer a mixed (also preferred the most by 

quantitatively-interviewed forest owners) and structured forest. This is in line with the 

most liked characteristics of the forests: a mixed forest stand is the most chosen and on 

average highest valued characteristic of a forest.  

Tree species substitution consists in displacing decaying tree species by new (non-)local 

and more resistant and resilient species, e.g. Douglas fir. This change may be motivated 

by the rapid decline of the productive species and the associated expected decrease in 

their wood price (HANEWINKEL et al., 2013). HANEWINKEL et al. (2013) highlight the 

urgency of finding appropriate adaptive management actions like the introduction of new, 

more productive species (mainly from outside Europe) due to the risk of reduced carbon 

sequestration rates and a reduced potential for climate change mitigation. Indeed, forest 

stakeholders with a financial dependency upon their forests tend to seek economic 

alternatives to spruce. For instance, the state forest aims to implement Douglas fir on a 

certain share of their forests in the BF. Respondents of the Inner BF rank this strategy 

significantly higher than those of the Outer BF. Thus, implementing Douglas fir would 

lead to local acceptance at least in the Inner BF. However, as observed in Sweden after 

storm Gudrun in 2005 (LIDSKOG & SJÖDIN, 2014), parts of the forest stakeholders (mainly 

reactive and passive ones) still consider the traditional tree species as the best option 

considering soil, climate and market conditions. All of the components of the forest sector 

like nurseries, advisory systems, sawmills, commercial outlets, have been framed to 

valorize these traditional species for decades and this path dependency works for their 

advantage. Risks also seem to be more predictable with traditional species rather than 

with species for which the criteria used to assess risk susceptibility are mainly unknown 

by forest owners.  

Not much research has been conducted on the societal and political perception of non-

native tree species in Europe. A latest report about the role of Douglas fir in the face of 

adaptation and mitigation to climate change may be an exception (SPIECKER, LINDNER, & 
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SCHULER, 2019). DERKS (2019) states that foresters tend to stress the economic benefits 

of Douglas fir while conservationists focus more on the vulnerable biotopes and species, 

which might be at risk and would like to proceed more cautiously. This assumption may 

be valid for large-scale forest owners in the BF like the state forest. However, struggles 

with nature conservationists were not yet reported by the state forest but may change as 

they aim to increase the share of Douglas fir.  

Moreover, the quantitative study clearly suggests that native tree species are favored in 

contrast to non-native tree species by inhabitants of the BF. Hence, the strategy 

introducing non-native tree species is seldom selected and the most unimportant one. 

However, keeping spruce as main species but only on better suited sites has a low 

preference too and gives therefore importance to species diversification (fir and beech). 

While inhabitants are quite sure about the prospective forest state (mixed, structured 

forest with native species), which is also recommended by forest policies and several 

researchers (HILMERS et al., 2020; TEMPERLI et al., 2012; WALENTOWSKI et al., 2014; 

YOUSEFPOUR et al., 2013; YOUSEFPOUR, HANEWINKEL, & LE MOGUÉDEC, 2010), forest 

stakeholders realize several obstacles to adaptation like lack of knowledge and 

information (see section 6.2.1). This is in line with a European wide survey by SOUSA-

SILVA et al. (2018) who found that 36 % of European forest owners having modified their 

management practices according to climate change but constraints limiting their actions 

were lack of knowledge, information and finances.  

However, like in the case of the qualitative survey, experiences with climate change 

influenced the adaptation intention in a positive way. An older survey shows that the share 

of forest owners who implemented adaptation measures in Germany is relatively high 

(50 %) compared to other countries (BLENNOW et al. 2012). However, it depends on the 

understanding what adaptation actually is and on the local context where adaptation takes 

place. The quantitative study shows that nearly every forest owner has already 

experienced forest damage in their own forest mainly related to pest outbreaks. Climate 

change is thought to be partly responsible for the forest damage. Nevertheless, in order to 

combat forest damage, forest owners rank the implementation of a mixed forest as second 

most important strategy (after removing damaged wood).  
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Overall, it could be approved by the quantitative survey that respondents who chose more 

diversifying management strategies, have a higher knowledge level about climate change, 

a rather holistic or eco-/sentiocentric worldview, a more positive deadwood attitude and 

a higher forest dieback and climate change perception. This fits will to the description of 

pro-active forest stakeholders which are more in favor of diversifying strategies.  

The umbrella strategy ‘intensifying management’, which is preferred mainly by reactive 

forest stakeholders, could be divided into several interventions like shortening rotations, 

salvage logging and the removal of damaged wood. Shortening rotations has the 

advantage of not being irreversible like a change of tree species on the long run. Forest 

stakeholders are also enticed to adopt this practice by the wood sector industrialists who 

prefer to process wood with low to medium diameter. However, the current forest 

management model is increasingly questioned with climate change and the main 

traditional species is progressively abandoned and substituted with broad leaves. 

Nevertheless, the short-term priority lies on removing bark beetle infested wood, pest 

control and monitoring. However, strategies that demand for fast and active human 

interventions with a short-term perspective – for instance, salvage logging and shortening 

rotations – are less preferred by inhabitants of the BF.  

Furthermore, it could be approved by the quantitative survey that respondents who chose 

more intensifying management strategies, have a rather anthropocentric environmental 

worldview, a more negative deadwood attitude and a lower forest dieback perception.  

Nevertheless, to combat climate change and forest dieback, inhabitants of the BF prefer 

a strong adaptation scenario to convert a spruce monoculture into a future-proof forest 

stand. Less than two of ten respondents do not agree with this scenario and chose it not at 

all out of the four presented choice sets. This scenario is described by a high human 

intervention (harvesting, planting new native tree species etc.) at a first place but with a 

forest dieback risk reduction and an increase in biodiversity in the medium term. In 

contrast to the intensive strategies described above – e.g. salvage logging or shortening 

rotations – the focus lies on the immediate conversion of a vulnerable spruce stand into a 

mixed and more diverse forest stand. Thus, the strong scenario is characterized by a pro-

active and long-term perspective and reflects the recommendations of the current forestry 

policy and pro-active forest stakeholders.  
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In addition, the DCE analysis revealed that a forest with a certain share of broad-leaved 

tree species (spruce, fir and beech) is preferred over a pure coniferous forests within a 

strong adaptation scenario. This finding fits well to the aforementioned appreciation of 

mixed forests by the public. In addition, the strong adaptation scenario is more promising 

concerning the statistical significance than the soft and no adaptation scenario where only 

the biodiversity attribute level shows a statistical significance. Within the strong 

adaptation scenario, a higher tree species diversity, a high and very high biodiversity level 

and a very low risk of forest dieback are appreciated. However, a medium deadwood level 

(instead of a high level) seems to be “sufficient” for the inhabitants. This is an interesting 

fact in the context of a positive correlation with the deadwood attitude (Rs = 0.154*). 

Thus, inhabitants with a more positive deadwood attitude chose more often strong 

adaptation scenarios but it is revealed at the same time that a medium deadwood level 

(which is the base level) is more preferred than a high deadwood level. Moreover, 

respondents state that the deadwood level influenced their decision to the lowest 

proportion. Even if the effect size of the correlation between the strong adaptation 

scenario and the deadwood attitude is very weak, it gives evidence to the contrasting 

opinions about this issue (see also section 6.2.3).  

The answering spectrum of respondents who choose more no adaptation scenarios is more 

consistent. They are characterized by a lower income class, a more negative deadwood 

attitude and lower risk perception of climate change. Thus, these respondents see not the 

urgency to adapt the forest to climate change as they do not perceive a high risk of climate 

change. Further, they may not afford to pay for adaptation because their income class is 

relatively low and they do not appreciate a higher deadwood level (true for strong and 

soft adaptation scenario) due to a quite negative deadwood attitude.  

As a result, one can conclude that the public largely appreciates a mixed, diverse and 

structured forest with native tree species. This is in line with the current forest policy 

program by the state and the opinion of pro-active forest stakeholders. To reduce the risk 

of forest dieback, the majority of inhabitants prefer a strong adaptation scenario with an 

immediate, high human intervention to convert a monocultures spruce stand into a mixed 

forest with a high biodiversity level and a medium deadwood level. In contrast to the 

major concerns of forest stakeholders, inhabitants have no objection concerning forest 

reconstruction and corresponding forestry measures as long as the forest is more stable 
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towards climate change impacts and offers more biodiversity. For instance, 

quantitatively-interviewed forest owners state that their main objective in the forest is 

biodiversity preservation, which correlates positively with the aim to stabilize and adapt 

the forest. However, the qualitative survey shows that even if forest stakeholders are 

aware about the value of mixed forest stands, they have a contrasting opinion towards 

deadwood and still realize obstacles to adaptation that need to be addressed by decision-

makers. 

 

6.3.3 Constraints to adaptation from a discourse perspective 

The SKAD was a useful framework to analyze the public discourse about climate change 

and forest dieback among forest stakeholders and to describe discursive struggles and 

controversies around adaptation. The SKAD identified three sub-discourses: ‘logical 

action discourse’, ‘complexity discourse’ and the ‘culture of change discourse’, which 

are particularly powerful in enforcing active adaptation for climate change.  

The ‘logical action discourse’ is related to concerns about lack of information and 

knowledge about forests and climate change. Thus, the first sub-discourse emphasizes the 

need for an information and knowledge transfer by researchers as well as national 

authorities concerning the early and correct identification of forest damage, the value of 

biodiversity and deadwood for forests as well as individual and transparent solutions for 

adaptation. On the one hand, forest owners feel not well advised about climate change 

impacts and silvicultural adaptation and are therefore unable to act until more is known. 

On the other hand, forest owners are unable to evaluate cause-effect relationships, to 

identify climate signals and therefore to understand climate change as a direct threat or 

risk for forests. Thus, knowledge constraints shape the perception and hinder active 

adaptation or, more detrimental, induce maladaptation (LIDSKOG & SJÖDIN, 2014; 

SOUSA-SILVA et al., 2018).  

The ‘complexity discourse’ is related to concerns about the lack of clear science about 

cause-effect relationships and a common language. Thus, the second discourse describes 

the uncertainty towards impacts of climate change on the forests, so individuals cannot 

be sure if they choose the right mitigation or adaptation option. It is important to note that 

the existence of climate change is neither contested among inhabitants nor among forest 
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stakeholders; it is rather the designation of impacts, which creates complexity and 

uncertainty. Inhabitants of the BF think – for example – that forests are on average partly 

impacted by climate change. However, there exists a high uncertainty towards concrete 

impacts on forests, e.g. biodiversity, tree growth and soil fertility. Forest stakeholders 

were also uncertain about concrete climate change impacts because the forest ecosystem 

is described as highly complex, sensitive and interwoven. The occurrence of bark beetle 

outbreaks may serve as an example here. Forest stakeholders are not aware to which 

degree the mass reproduction is due to abiotic factors like higher temperatures, drought, 

less precipitation and the shift of seasons or human-induced factors like cultivation of 

spruce monocultures or deadwood accumulation. Moreover, extreme weather conditions 

are frequently put into question regarding the natural occurrence as their frequency as 

well as severity is perceived to increase. Furthermore, it is questionable if climate change 

is a triggering or supplementary factor that leads to forest damage and tree mortality. The 

uncertainty about causes, impacts and adaptation drives the discourse about climate 

change.  

The ‘culture of change discourse’ involves a problem created by the forest stakeholders 

themselves in a narrower sense as well as by the society in a broader sense. The third 

discourse concerns the need for a change of the whole forestry sector, which is impossible 

for individuals to implement alone. Forest stakeholders perceive that spruce stands are at 

risk but they still see the tree species as bread tree of the forestry and therefore perceive 

it as economically important. The timber market is powerful in demanding coniferous 

timber and controlling the cultivation of tree species. Under cultural considerations, 

spruce is a historical, traditional and formative forest element. Moreover, a certain 

stability of a system is appreciated by forest stakeholders and large-scale disturbances are 

not accepted by them. Even if a mixed forest is communicated to be more stable, there is 

still distrust and uncertainty among reactive and passive forest stakeholders e.g. about 

profit from other tree species, browsing problematic etc., and therefore a barrier to 

adaptation. The whole forestry sector needs to be convinced to update its usual and biased 

system relying on spruce.  

However, pro-active forest stakeholders show a more open-minded attitude and prefer 

tree species diversification. This pro-active attitude is also reflected by the preferred 

strategies among inhabitants of the BF. Thus, the opinion of pro-active forest stakeholders 
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and inhabitants suits well. However, the demand for coniferous timber is also controlled 

by the society at large but they may be not aware about the complex relations. Further, it 

may be difficult to retrace if the timber or processed products are from the region or not. 

This concerns the final consumer as well all other entities of the distribution chain for 

timber products. Thus, creating more transparence about the consequences of consuming 

timber may be equally important than offering financial incentives for broad-leaved tree 

species.  

Current literature findings on the discourse climate change and forests, or more 

specifically climate change and certain tree species like Douglas fir or Ash, show the 

following differences or communalities to this research. For instance, PUKALL (2019) 

note discursive struggles (mainly related to power and knowledge) between nature 

conservation actors and forestry actors about the implementation of non-native tree 

species in Germany. These struggles are deeply rooted in different worldviews on forests 

and goals of forestry or ecosystem management. Therefore, different discourses are 

instrumentalized to convince the public and, especially, political actors to introduce 

Douglas fir which is an economically interesting tree species with an unclear invasive 

potential. These assumptions could be partly approved by the qualitative study. Indeed, 

forest stakeholders have different worldviews on forests and goals of forestry or 

ecosystem management. However, the implementation of non-native tree species only 

concerns large-scale forestry actors like the state forest as well as a few PFO of the BF. 

Even if the state forests aims to implement Douglas fir on a certain share, there were no 

struggles reported so far. Most PFO prioritize to implement native tree species as their 

practices are more or less cultural and traditional oriented. They have learned that 

invasive species may bring an additional and probably unknown risk to the forest and rely 

therefore on native tree species. 

Hence, this study reveals the strong relevance of native tree species and specifically Silver 

fir, which increasingly gains attention within the current climate change discourse. The 

Waldsterben era is instrumentalized by pro-active forest stakeholders to convince PFO 

about the resilience of this tree species and to prevent therefore forest dieback. This 

relation should evoke emotions like anxiety and worry about the state of the forests, while 

also creating hope and a higher problem awareness. RUTJES (2017) – who investigates the 

perception of ash dieback with the help of SKAD – found that ash or ash dieback was 
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personified (e.g. ash as problem child, ash dieback as criminal case) to justify or reject 

human interventions in natural processes by emotions. However, this study underpins the 

assumption of RUTJES (2017) that the public discourse is rather shaped by emotions while 

the specialist discourse (conducted by foresters, representatives from administrative 

boards) draws on fact-based conclusions.  

Moreover, this study reveals a further agent that drives rapid change (probably also 

transformation) and places enormous pressure on the whole forestry sector, but also acts 

as an eye-opener. The bark beetle seems to be a direct trigger to think about the role of 

spruce. This agent should alert us to the necessity of questioning the cultivation mistakes 

of the past years (monocultures) and visualizes what happens when a certain mortality 

threshold is reached. This assumption is underpinned by pro-active forest stakeholders 

and in line with BILLER (2011) who examines the public attitudes towards forests and 

climate change with the help of a discourse analysis. Following BILLER (2011), the forest 

is not anymore a savior but a victim of climate change. Especially the suffering of spruce 

visualizes human misjudgements of the past. A reactive or ‘wait and see attitude’ is 

suddenly not an option anymore. Forest stakeholders, which were affected by bark beetle 

outbreaks, started to think about the causes and were more open-minded and attentive 

towards climate change adaptation.  

 

6.4 Practical implications and recommendations 

The following section discusses the practical implications of this study. Therefore, it is 

essential to understand how the adaptation intention of forest stakeholders is formed and 

which obstacles or constraints to adaptation exist (see section 6.3). The conceptual model 

based on GROTHMANN and PATT (2005) was able to identify important bottlenecks to 

adaptation and the SKAD framework illuminates three sub-discourses that are 

particularly powerful in enforcing active adaptation to climate change.  

Further, it is crucial to recognize public concern in enabling more effective policy 

development and operational responses to climate change risk related issues. From this 

standpoint, it is possible to evaluate the current situation and to develop suitable and 

specific recommendations (Table 34). This study suggests distinguishing between basic, 

operative and accompanying measures that need to be addressed by decision-makers.  



 

368 

Table 34: Recommendations for decision-makers 

Measures Issue Details 

Basic 

measures 

Information 

and knowledge 

(transfer) 

Information and knowledge transfer between authorities and 

PFO about CC and its impacts, e.g. clarify cause-effect 

relationships 

Inform PFO about the process after hazards (e.g. handling of 

calamities) and decrease the vulnerability, enlighten possible 

silvicultural failures 

Inform especially PFO about possible adaptation options 

(offer site-specific options, develop concrete reconstruction 

plans) and make adaptation more transparent 

Rapid and mutual knowledge and experience transfer between 

research and practice, e.g. value of deadwood and 

biodiversity, tree species selection 

Disburden FO associations (more trained staff for advisory 

services) 

Make advisory services of foresters (AELF) better known and 

further enhance services 

Funding 

Decreasing the perceived adaptation costs by offering higher 

financial incentives for broad-leaved tree species and tax 

reduction after calamities (pre-information necessary) 

Reduction of structural disadvantages for small-scale PFO 

Tree species 

composition  

Development of innovative wood products from climate-

tolerant tree species as an incentive for FO to rebuild forests 

and as alternatives for the timber industry 

Individual 

adaptation 

options 

Individual risk analysis  

Provision and development of technical basics for PFO and 

managers, e.g. forecasting instruments 

Elaborate possible adaptation options that can be easily 

implemented by FO 

Communication 

Communicate the value of each forest (even small forest 

stands) for adaptation 

Informing the public about risks to forests and businesses 

Operative 

measures 

Education and 

training 

Development and implementation of a training program for 

PFO with focus on detection of climate signals and CC 

adaptation as well as deadwood and biodiversity issues 

Networking 

Exchange of experiences with pro-active forest stakeholders 

through e.g. round tables as local platforms to involve all 

forest stakeholders, on-site visits of forest stands 

Implementation of a social media strategy for forest 

conversion, further development of online information offers 

Role models 

and local 

projects 

Forest conversion of the state and corporate forest into 

climate-tolerant mixed forests to serve as a model for PF 

Creation of flagship projects for exemplary wood use and 

innovative wood products  

Management of 

hazards 

Participation of all forest stakeholders in regional concepts 

concerning the management of extreme weather events 

Development of preventive crisis management strategies  
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Further 

silvicultural 

measures 

Measures to maintain a high level of genetic diversity to 

spread risks and to maintain the adaptability of stocks 

Ensuring mixed tree species in young forest stands through a 

care and thinning concept 

Accom-

panying 

measures 

Information 

and dialogue 

with the society 

Clarify the value of adaptation for ESS, e.g. protection 

function, mitigation role 

Create awareness for forestry measures and periodically 

(strong) human interventions 

Game 

management 
Ensuring forest rejuvenation through game management 

Research 

Expansion of research and further development of monitoring, 

especially for bark beetles 

Increased research on tree species suitability 

Improvement of technical advisory services 

Monitoring Monitoring of CC and adaptation measures 

Source: own draft based on STMELF, 2018b, p. 13 and STMUV, 2016, pp. 72 

Basic measures are probably the most important ones as they lay the foundations for all 

other measures. Hence, it is worthwhile to explain the basic measures in detail and to 

refer additionally to operative and accompanying measures.  

Information and knowledge transfer to PFO about the potential impact level on the forests 

is urgently needed, e.g. to clarify cause-effect relationships and the role of climate change 

as a slow-onset phenomenon (RINALDI & JONSSON, 2020; SOUSA-SILVA et al., 2018). The 

MPPACC model shows that the climate change risk appraisal by the forest stakeholders 

is already appropriate due to an expected increase of the frequency and severity of 

hazards. However, climate change is not recognized as a slow-onset disaster; it is rather 

perceived as a sequence of sudden events like storms. The adaptation of reactive forest 

stakeholders – the majority of forest owners in the BF – is mainly driven by external 

triggers. Thus, there must be a visible damage with a substantial impact on the forests 

until reactive forest owner act (BLENNOW et al., 2012; LIDSKOG & SJÖDIN, 2014; 

YOUSEFPOUR et al., 2013). However, an accumulation of stressors, which (taken 

individually) are not visible at a first glance, may lead once to reach of critical tree 

mortality threshold (ALLEN et al., 2010). These facts need to be clarified and 

communicated to especially small-scale PFO by plenty of information channels, e.g. 

FOA, foresters of the AELF, national authorities.  
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A recent study by TVINNEREIM et al. (2020) suggests that climate change communication 

might be more effective when emphasizing local threats individuals face here and now, 

as a way of generating a sense of urgency and mobilizing public support. A further survey 

by VULTURIUS et al. (2020b) indicate that climate change communication strengthened 

forest owners’ perceived knowledgeability and belief in climate change but did not 

enhance the concern about climate change risks and did not change their forest 

management practices. The study concludes that researchers and practitioners should 

learn how to better tailor climate change communication to the personal experiences and 

decision-making needs of forest owners and involve especially trusted peers and 

information channels (ANDRÉ, BAIRD, GERGER SWARTLING, VULTURIUS, & PLUMMER, 

2017; VULTURIUS et al., 2020a, 2020b).  

Moreover, a study by BLANCO et al. (2017) shows that a combination of planned and 

autonomous adaptation by institutions and forest owners is likely to be more successful 

than either group acting alone. This is especially true for small-scale forest owners of the 

BF. Moreover, the relationship between scientific research and forest management need 

to be strengthened to ensure an effective transfer of knowledge into practice (SOUSA-

SILVA et al., 2018). However, even if a general interest in mixed forests has increased 

considerably in recent years, the scientific knowledge related to the management of 

mixtures is still scarce (COLL et al., 2018).  

Moreover, the study reveals that there is a need to strengthen the adaptation appraisal of 

forest stakeholders. Thus, there is a necessity to enhance the evaluation of a forest owner’s 

ability to avert being harmed by the threat along with the costs of taking such action. 

Thus, individuals need to be confronted or informed about the current risk of climate 

change impacts on their forest stand but need also to be enlightened about how to diminish 

the risk. Therefore, the advantages of mixed forests stands and the funding for e.g. the 

cultivation of broad-leaved tree species needs to be popularized and made more 

transparent. Moreover, especially the process of implementing new tree species – e.g. 

beech and fir – is thought to be cost-intensive. There are many possible options how to 

reduce the perceived and real costs like payment for browsing protection, tax reductions 

and grants but also to develop innovative game management models with a participation 

of hunters.  
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However, besides the perceived costs – which may weaken the adaptation appraisal – the 

economic considerations needs to be contemplated. Under this consideration, the root of 

the problem becomes visible. Broad-leaved tree species are not perceived as valuable 

economic alternative to spruce, which is still perceived as the bread tree of the forestry, 

even if many forest owners are aware of the risk of cultivating spruce. The development 

of innovative wood products made of climate-tolerant tree species may be an incentive 

for forest owners to rebuild the forest. However, much more needs to be done because 

large parts of the timber industry rely on coniferous wood. Consumers have the power to 

affect the offer. Nevertheless, complex market mechanisms, contracts and a weak 

awareness by consumers or contractors may hinder a fast change. However, fir as native 

tree species, is gaining increasing attention as a substitute for spruce. This tree species is 

thought to be resilient and rich in tradition and is therefore used for housebuilding in the 

BF. However, the browsing problematic thwarts the plans to raise fir. Therefore, new 

possibilities for an intensive game management (see accompanying measures) need to be 

discussed among various actors.  

Nevertheless, a chance may arise: one needs to distinguish between forest owners with 

economic interests and those who do not depend on the revenue from their forests. Those, 

who have economic interests, are strongly guided by market mechanisms and difficult to 

influence (only in financial terms) but those with no interest in the income function of 

their forests, mainly small-scale forest owners, may be open for new proposals. For 

instance, JÖNSSON et al. (2020) suggest not exempting low‐productivity forests of forestry 

or protecting them purely based on low productivity or low land‐use conflict if the goal 

is to conserve multiple ESS. However, especially small-scale forest owners are not aware 

of the value of their forests particularly in the light of the provision of ESS. Nevertheless, 

managing forest for ESS is a currently-discussed silvicultural adaptation approach (see 

section 2.5.4.3) In this context, ERIKSSON (2014) suggests that adaptation 

recommendations may need to be justified by stressing the benefits to the forest in general 

rather than labeling them only as climate change adaptation strategies because uncertainty 

dominates climate change perceptions. 

Further, the perceived adaptation efficacy is relative low because they own only small 

forest stands (on average two to three hectares) and assume that adaptation is not 
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necessary and beneficial. This is in line with a recent study of HENGST-ERHART et al. 

(2020) who state that future expectations might narrow forest stakeholders’ perspectives 

on potential chances and opportunities due to a low self-efficacy. However, given the 

total size of private forests, divided on small parcels all over the BF, this assumption is 

incorrect. Further, small-scale forest owners are often organized in FOA and hand over 

the management of the forests. However, FOA are currently overburdened. They do not 

have the capacities to change their business-as-usual strategy that is neither far-sighted, 

innovative nor open for prospective adaptation solutions. In addition, advisory services 

from the regionally organized AELF are not very well known among small-scale forest 

owners. Thus, increasing awareness about the value of the forests – e.g. information 

campaigns by the AELF or forest owners associations (needs to be additionally supported 

in financial terms or concerning personnel) – and creating suitable incentives such as 

offering higher financial incentives for broad-leaved tree species and tax reduction after 

calamities may strengthen the adaptation appraisal of small-scale forest owners.  

The development and implementation of training programs for PFO with a focus on 

detection of climate signals and climate change adaptation as well as deadwood and 

biodiversity issues should be implemented in the medium term (see operative measures). 

This program could ensure an ongoing information and knowledge transfer between 

research (especially important is research about biotic stressors and tree species 

suitability) and interested forest owners and enhance, therefore, the adaptive capacity of 

forest owners. The same assumption may hold true for the management of hazards. 

Regional concepts concerning the management of extreme weather events and the 

development of preventive crisis management strategies may help especially passive and 

reactive forest owners to be more prepared in case of storm events.  

Especially pro-active forest stakeholders are willing to inform other PFO about their 

silvicultural experiences and practices. On-site visits of vulnerable and resilient forest 

stands create direct experiences and offer the opportunity for a direct exchange with other 

forest stakeholders. Another important issue is the highlighting or emphasis of role 

models and local flagship projects. The forest conversion of the state and corporate forest 

into climate-tolerant mixed forests may serve as a model for PFO. These options may be 

worthwhile as social networks have a high meaning among forest stakeholders and could 
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influence the adaptation intention in a positive way (peer group pressure). Further, the 

implementation of a social media strategy for forest conversion or the development of 

online information offers may be a solution for those forest owners who have not 

sufficient experiences with forestry e.g. urban forest owners and who would like to inform 

themselves on an individual and more flexible basis.  

The integration of the public opinion into forest management (see section 2.5.4.4) is often 

not considered among forest stakeholders so far (see accompanying measures). JEPSON 

and ARAKELYAN (2017) investigate public perceptions of tree-breeding solutions to ash 

dieback among the interested public in the UK. The authors found that an active dialogue 

with the public is needed to manage expectations on the extent to which science and 

policy can control tree disease or – put differently – to build acceptability for the prospect 

that tree diseases may have to run their course. Hence, this study shows that inhabitants 

are concerned about the impacts of forest dieback on the forests and they are willing to 

contribute to adaptation measures. They are even in favor for a strong adaptation scenario 

with a high human intervention to convert the forest immediately into a more diverse 

forest. However, they may be not aware about the challenges that may arise with 

silvicultural adaptation for the forest stakeholders. Thus, an active dialogue between the 

public and forest stakeholders would allow creating more awareness and acceptance of 

forestry measures.  

Nevertheless, it is a major challenge to offer equitable opportunities to adapt and adopt 

new forest management in particular among the most disadvantaged forest stakeholders 

(MOSTEGL et al., 2019).  Since large-scale forest owners actually have better access to 

information, they can test diverse forestry models such as introduction of new tree 

species, by anticipation (before the crisis) or ex-post, on several stands, and with marginal 

impacts in case of failure. By contrast, small-scale forest owners with limited economic 

capacities and poor access to information will not be able to afford high investments in 

new forestry models. Even when institutional support for reforestation exists, it rarely 

covers the full-costs and never the loss of value for future trees (see e.g. DEUFFIC et al. 

2020).  

The challenge for forest decision-makers is to propose a panel of solutions, which can be 

implemented by the maximum of forest owners, and not only by those with high economic 
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and social capital. This is in line with URQUHART and COURTNEY (2011) who analyzed 

the diversity of woodland ownership in England with its wide range of non-financially-

oriented owners. The authors suggest that a range of policy options will be required to 

reflect to diverse range of objectives and goals of woodland owners, including advisory 

services, incentives and market mechanisms. Moreover, VAN GAMEREN et al. (2015) 

found that the existence of institutional obstacles to innovation and to a more 

transformative adaptation pathway as well as the absence of collective reflection on 

adaptation for the whole forest and timber sector hinder adaptation among PFO in 

Sweden. Further, the authors suggest that flexible adaptation and continuous learning, 

greater consultation and diversity of adaptive responses are a desirable approach that 

public authorities and other actors of the forest and timber sector could better promote.  

This also holds true for this study as not only the forests but also the forest owners (e.g. 

different forestry traditions, attitude towards economic use of forests) as well as the 

inhabitants of the BF (identified by the results of the ClustofVar analysis) are 

heterogeneous and flexible; tailor-made adaptation solutions are therefore strongly 

relevant. Along with financial support, it is also important to offer information and 

education about new forestry models so that forest stakeholders can chose with a clear 

and informed opinion. Thus, local and individual solutions need to be found in 

cooperation with forestry-trained staff (HENGST-EHRHART, 2019).  

YOUSEFPOUR and HANEWINKEL (2015) discuss the ongoing debate on climate change in 

Germany and recommend to periodically check and improve forestry professionals’ 

knowledge about climate change. The authors state that despite the uncertainty involved, 

tools such as spatially-explicit maps with recommendations for adapted species and 

indices of biotic and abiotic risks are helpful. However, this study reveals that the 

knowledge of forestry professionals (mainly pro-active forest stakeholder) is sufficient to 

support PFO. The forestry professionals report to obtain their information about climate 

change from advanced forestry training, the media and scientific literature. However, it 

is rather the question how to reach the PFO and especially the urban PFO with advisory 

services. Furthermore, climate risk maps seem to be a tool that is used insufficiently 

because there is a lack of scientific thoroughness concerning the accuracy of these 

predictions, which is also stated by the AELF foresters who should actually use this tools 

to support PFO within their adaptation decision.  
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However, if risk perception of climate change is an important precondition for economic 

and technological adaptation, risk adaptation requires credibility and trust in the forecasts, 

scenarios and informants. Forest stakeholders of the qualitative survey were highly 

uncertain which variables and information channels should be used to update their 

knowledge and benefit-risk assessment. YOUSEFPOUR et al. (2013) found that forest 

managers inclined to rely on observed forest variables to infer climate change and 

impacts, but the observation of the weather state – e.g. temperature or precipitation – is 

superior for updating beliefs and supporting decision-making. However, this assumption 

needs to be transferred to practitioners, as they do not trust their own observations or 

findings anymore. Furthermore, the exchange with science is indispensable due to a high 

uncertainty of local impacts of climate change.  

All named measures lead to the overall aim to enhance the adaptive capacity and reduce 

the vulnerability of forest owners. As defined by the risk concept of GREIVING (2002), it 

depends on the vulnerability (function of exposure, sensitivity and adaptive capacity) if a 

threat (frequency and severity of hazards) is perceived as a risk or not. The perceived 

adaptive capacity, which is developed by the adaptation appraisal, is a subcomponent of 

vulnerability. As learned in the theoretical background, vulnerability is a critical property 

of SESs, which unfolds in the interaction between humans and the environment. The 

Bavarian government classifies the adaptive capacity of the forest owners in Bavaria as 

‘medium’ due to diverse adaptation options, the time horizons of implementation and the 

high costs for forest conversion. A ‘medium’ to ‘high’ vulnerability on a mid-term scale 

is supposed due to the already-observed events and the proceeding climate change and an 

above-average number of risk assets and unfavorable structures (small-scale forest 

owners) (STMUV, 2016). Thus, the problem awareness is relatively high among the 

Bavarian government and study results support this classification. Nevertheless, the 

implementation has only partly reached the recipients of the government’s ambitious 

program so far.  

In the short term, it will be important to elaborate monitoring and early-warning systems 

and to pave the way for the handling of impacts on forests like calamities after storm 

events. Thus, if the forest owners are aware about potential risks to the forests and are 

prepared for the handling of forest damage, they reduce their vulnerability. However, 

measures on the long run are needed to ensure a sustainable pathway. Enhancing 
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awareness and promoting social learning, as discussed by LEI et al. (2014), are important 

components of building resilience.  

 

6.5 Critical reflection of research methods 

The complex approach of the sequential mixed research design with a qualitative and 

quantitative survey was used to fulfill the research objectives. However, qualitative and 

quantitative studies are fundamentally different approaches to research and need to be 

considered differently regarding critiquing. Therefore, each survey will be reflected 

separately before a critical overview of the whole research tries to shed more light on the 

general mixed-method design of this comprehensive research.  

Qualitative study 

First of all, the qualitative study will be illuminated. The method of snowball sampling 

was used to identify possible interview partners. This technique is an ideal way to recruit 

potential interview partners from the acquaintances of already-interviewed individuals. 

However, according to the direct, on-site identification of potential interview partners and 

time constraints, it was necessary to divide the interview phases into three parts. 

Therefore, the interview periods spanned over a long time horizon from April to July 

2017. The effect was that rather late-interviewed forest stakeholders had already 

experienced acute impacts – e.g. bark beetle mass reproductions – and were more 

concerned about forest damage than early-interviewed forest stakeholders. However, as 

it was the aim to gain a broad understanding of forest damage and climate change, the 

visit of forest stakeholders during the season brought a deeper understanding about 

seasonal particularities. Further disadvantages of snowball sampling include the fact that 

the first interview partners could have a strong impact on the sample and that well-known 

persons are recommended first. Indeed, it was a challenge to find an appropriate sample 

especially of small-scale PFO covering a wide field of attitudes. Multipliers like 

representatives from institutions were easier to find due to previously-available contact 

details. However, it also depends on the researcher’s ability to vertically network and find 

an appropriate sample. In addition, snowball sampling does not fulfill the conventional 

thinking of random selection and representativeness. Thus, by targeting only a few forest 

stakeholders, it is not always indicative of the actual trends within the group of interest.  
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A survey guide was elaborated to conduct semi-structured in-depth interviews. However, 

forest stakeholders were very enthusiastic and communicative and gave plenty of vivid 

examples about their forest and management practices. Some interview partners – in 

particular PFO – were even pleased that a researcher shows interests concerning their 

individual problems. However, the talkativeness diverges on the question of pests and 

diseases. Especially interviewees from FOA or forester from the AELF remarkably 

suffered from the seemingly never-ending story of bark beetle infestations. The failure of 

current monitoring programs lead them to a depressing mood. Further requests by the 

researcher were needed to mobilize the interview partners.  

A discourse analysis following KELLER (2011b) was conducted for the analysis of the 

generated data. The SKAD seemed to be an ideal way to deal with the research topics of 

perception and adaptation. This framework extends beyond questions of language in use, 

but rather it rather to public discourses and arenas – e.g. climate change – as well as more 

specific fields of discursive struggles and controversies, e.g. impediments to adaptation 

like game management. Further, the question of a suitable data generation tool was an 

important issue during the research process as it has a substantial influence on the results 

and the interpretation. KELLER (2011a) argues that there are no strict rules how to collect 

data in the context of a discourse analysis. However, the freedom of choosing a suitable 

data generation tool also raises many questions concerning the inclusion of historical 

documents, media reporting, multi-stakeholder discussions and more. Especially the 

forest dieback debate (in German: Waldsterben) of the 1980s was a historical event that 

may have shaped the perception of current forest damage. Moreover, as climate change 

is not directly perceivable by human senses, the media reporting plays an essential role 

in the creation of knowledge. However, semi-structured, in-depth interviews with forest 

stakeholders were chosen as data generation tool. The qualitative study has a rather 

explorative character as forest stakeholder were not interviewed in advance concerning 

climate change and forest damage issues in the BF. The discourse analysis offers a new 

access to data and provides a deeper understanding of the mechanisms behind the 

behavior of individuals. Nevertheless, within this method there is a lack of macro-

analytical contextualization since knowledge processes are primarily analyzed from the 

perspective of individual members of society and less regarding the general social 

imprints. Further, it would have been interesting to analyze additional instruments that 
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may have shaped the perception of forest stakeholders like media reporting and the 

influence of networks on the adaptation behavior. Thus, there is a need for further 

research to investigate this issue. 

Forest stakeholder typologies were developed to comply with the heterogeneous attitudes 

and to meet the adaptation behavior of several actors. This study investigates forest 

owners and forest managers as well as representatives from administrative institutions 

like the AELF, which offer consulting services for forest owners. These diverse forest 

stakeholders have individual ideas and concepts about adaptation to climate change in 

forests and were therefore considered for this study. As FICKO et al. (2019) indicates, 

typologies are based on owners’ values, attitudes and objectives a more nuanced approach 

to understand ownership diversity. Nevertheless, such typologies are temporally and 

regionally more difficult to compare. Different understandings of forest management or 

interpretation of forest owner types may hinder an international comparison (FELICIANO 

et al., 2017). The authors indicate that there are theoretical concepts, which can be useful 

in practice but never correspond exactly to empirical cases. Moreover, forest owner 

typologies are usually analyzed in a quantitative way via cluster analysis (one-quarter of 

all studies) and seldom by qualitative interviews (FICKO et al., 2019). However, the 

authors also remark that typologies based exclusively on cluster analysis cannot fully 

describe the diversity in forest ownership.  

A mixed-method approach enables refining and extending the typology derived from 

cluster analysis. However, when using professional foresters as key informants, it needs 

to be considered that the information is likely to be biased as it relies primarily on the 

owners they know (VAN HERZELE & VAN GOSSUM, 2008). Thus, the development of forest 

stakeholder types during this study faces a few challenges. Information was only derived 

from qualitative interviews with forest stakeholders. Even if information satisfaction was 

reached, it was unable to identify the dimension of elaborated stakeholder types via a 

representative sample. Moreover, interviewed forest stakeholders were often biased to 

their individual perceptions of well-known surroundings. Thus, factors like individual 

experiences and attitudes shape the generated information about interviewed forest 

stakeholders. Interest conflicts with neighboring forest owners due to pest and disease 

management and deer browsing were – for example – topics that lead to the impression 
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that the “other forest owners” mainly neglect their forests. However, this study tried to 

balance these highly emotional debates and individual perceptions with an objective view. 

Some interviewees were able to give a realistic impression about the variety of forest 

stakeholders because they simply know them through their daily work, e.g. foresters or 

FOA. A further challenge was to understand the adaptation process via the elaborated 

forest stakeholder types. During research, it became apparent that forest stakeholder types 

do not prefer a simple and homogenous adaptation concept and that two forest stakeholder 

types may have the same adaptation program. A separation of the individual adaptation 

programs was necessary to meet the diverse interests. 

Quantitative study 

Second, the objective of the quantitative survey was to provide a profound analysis of the 

public perceptions of forest dieback, climate change and the adaptation to climate change 

among inhabitants of the BF. Therefore, an online survey was carried out. The conduction 

of the online survey had many advantages. The survey questionnaire was rapidly 

deployed and completed by the respondents. Especially the DCE with its complex design 

was visualized appropriately. Moreover, it was guaranteed that the responses were 

automatically stored in a survey database and that respondents gave each time an answer, 

even if the answer option was “don’t know” or “don’t want to answer”. The automation 

in data input provides hassle-free handling of data and a smaller possibility of data errors. 

Nevertheless, there might have been respondents who did not contribute to the 

advancement of the study and who answered the survey for the sake of getting the 

financial incentive of the online panel. Thus, survey fraud may be a disadvantage of an 

online survey. Furthermore, an online survey is only applicable for respondents who have 

an access to the internet. Thus, elderly and people without internet access were reached 

with a lower probability. Selection bias may be a disadvantage of online panel in 

peripheral regions. A postal survey, which was conducted by JOB et al. (2019) in the BF 

would have been a better option but the costs were be too high. However, the 

commissioned market research institute was unable to provide a higher sample than 305 

cases for the BF. Weighting factors based on age, gender and place of residence were 

calculated to create a better representativeness of the sample.  
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It should also be noted that each survey implies a number of problems or response errors, 

which can hardly be avoided. Response errors include the refusal of an answer (“don’t 

want to answer), the lack of opinion (“don’t know the answer”), the non-attitude problem 

(respondents have no opinion/knowledge but give an answer), social desirability 

(incorrect answer due to fear of social rejection) and systematic response patterns 

(preference to choose the middle category, tendency to agree) (DIEKMANN, 2011; MAYER, 

2008). In addition, the wording of single questions, their order in the questionnaire and 

the pre-defined answer categories can affect the response behavior. However, the inner 

logic and the thematic structure of the questionnaire did not allow rotating all questions. 

Nevertheless, within sub-chapters a rotation was possible, e.g. for the DCE. In general, 

respondents had the chance to choose non-response categories. This was especially 

important as the questionnaire also includes forest specific questions, which require a 

deeper understanding of forest ecosystems. Thus, high non-response rates may indicate 

that a critical knowledge level is reached and respondents were unable to give an ad hoc 

answer.  

Especially the question about the perceived intensity of climate change impacts on forests 

(Q15) had high non-response rates. Thus, this question needed to be analyzed carefully 

under the consideration of potential response errors. This is valid for all forest specific 

questions that demand for a deeper understanding of ecosystem processes. Nevertheless, 

38.9 % of all respondents state that their knowledge about forests is “good” to “very 

good”. Interestingly, RAMETSTEINER and KRAXNER (2003) found in a review of 

representative public opinion surveys in Europe that the majority of respondents across 

Europe evaluate their knowledge as between good and very good. This would imply that 

most people are able to answer simple questions on the topic. However, contrary to that 

assumption, questions related to forest knowledge show very often a lack of knowledge 

by a major part of the respondents (see ibid.). Thus, people may have mis-placed self-

confidence.  

There were only a few difficulties concerning the descriptive statistics. First, the ranking 

tasks (Q5, 7, 9, 11c, 22, 33d) needed to be re-coded. The original ranking from one “most 

important item” to four “less important item” was unable to give evidence about the 

average value because “no answer” was not considered for the mean value calculation. 
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Consequently, a relatively high-ranked item that was chosen by only a few respondents 

had a high mean value. Thus, it was necessary to re-code the scale from four “most 

important item” to one “less important item”, zero “not chosen” and therefore not 

important. There were several ranking tasks in the questionnaire that needed to be re-

coded using this technique. However, through this procedure, it is assumed that 

respondents appreciate exactly four items. To be precise, it would have been better to let 

respondents rank all items or let them assess on Likert-type scales. However, time 

constraints (20 minutes were set as maximum to complete the questionnaire) and the 

preferences of project partners hindered exact specifications.  

Moreover, correlations were tested for the main parameter like socio-demographic 

details, knowledge level, visit frequency, deadwood attitude, individual experiences with 

climate change and environmental worldview. Unfortunately, the correlation coefficients 

were mostly not sufficiently high to show a linear relationship with correlation 

coefficients. 

In addition, the ClustOfVar analysis is a comprehensive analysis that needs a detailed 

consideration of each question and answering category. Hence, answering categories had 

to be joined for low response rates and it was necessary to re-code certain variables. 

Furthermore, it has to be decided which variables should be chosen for the elaboration of 

SVs (describing variables) and which variables should be used to explain the elaborated 

typologies (explaining variables). The choice and the coding of suitable variables was the 

most difficult step during the analysis phase. Each variable has usually the potential to 

change the results and a careful consideration is therefore essential. As discussed in the 

results chapter, the questions about impacts of climate change on the forests (15b) and 

impacts of forest dieback on forests (Q19) had high non-response rates.  

However, these questions were chosen, inter alia, to serve as describing variables for the 

elaboration of SVs. After various attempts, the categories “I don’t know” and “I don’t 

want to answer” were joined with the neutral position to avoid that the gradients of the 

SVs show no clear positioning. Thus, this re-coding measure assumes that non-response 

is equated with the neutral positioning. Thus, there is no clear rule of thumb how to handle 

data with high non-response rates. One further difficulty or disadvantage of the 

ClustOfVar method was that some information about the typologies was simply 
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insufficient to appropriately describe the cluster, even if 178 variables were chosen as 

explaining variables. Unfortunately, the deadwood attitude and the chosen adaptation 

strategies were not adequate to describe the typologies. However, the low sample size 

may also be a reason why there a no significant results. Besides, there are no clear rules 

how to analyze low to high SV mean values and the elaborated vt values precisely. This 

fact makes an exact interpretation even more difficult. Nevertheless, the ClustOfVar 

method is a relatively new method that is still in its infancy and this study is one of the 

first applications. 

To analyze the chosen adaptation strategies specifically, a DCE was integrated in the 

questionnaire. More precisely, a labeled DCE was chosen as suitable tool to investigate 

the preferences for diverse silvicultural adaptation scenarios. Thus, each scenario was 

labeled according to the human impact (strong, soft or no adaptation scenario). However, 

it was a quite challenging process to develop understandable adaptation scenarios for non-

forest experts.  

The first challenge was to find appropriate and understandable attributes with realistic 

levels that explain and distinguish the scenarios. The generation of attributes for the DCE 

analysis was mainly driven by forest owners or managers and not by the main target group 

of the quantitative survey – the inhabitants of the BF (even if forest owners are also 

inhabitants of the BF). Thus, an important perspective was missing during the design 

phase of the DCE. To make the adaptation scenarios more transparent, an information 

text introduces the meaning of adaptation in the context of climate change and the 

attributes. Thus, a brief information unit influenced respondents in advance. However, 

according to the high level of difficulty, this was the only way to standardize the 

knowledge level of the respondents.  

The second challenge was to determine the status quo scenario because the forests of the 

BF are quite heterogeneous. Nevertheless, monoculture spruce stands with a high risk to 

be impacted by forest dieback were chosen as status quo or opt-out scenario. However, 

the results of the DCE need to be analyzed in the context of this rather ‘endangered’ forest 

stand. A transfer to other forest types is not easily possible. The high simplification of 

complex silvicultural adaptation strategies is a main critique point that needs to be 

considered here. Thus, a repetitive DCE conduction should reflect various forest types.  
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The third challenge was to determine the cost attribute or payment vehicle. A payment 

for a climate change adaptation fond was chosen to be the ideal way to analyze the actual 

willingness to pay for each attribute. However, during the analysis and the elaboration of 

the MNL model, it became apparent that the financial attribute is not significant. Thus, it 

was not possible to calculate the willingness to pay. One possible explanation could be 

that the financial attribute did not cover the full range of scenarios, e.g. respondents could 

not express their preference for the soft adaptation scenario with the highest possible 

payment. Given the strong efforts to analyze the DCE and the results – which additionally 

needed to be underpinned with other calculations (creation of variables that reflect the 

chosen scenarios to provide more details about correlations) – the effort-benefit ratio is 

rather low. 

Mixed-method approach 

The mixed-method approach was a suitable tool for the purposes of this study. However, 

there were a few difficulties during the field work of the qualitative and the quantitative 

survey. Overall, the online survey was not conducted simultaneously with the qualitative 

survey. This was especially important because qualitative information was needed for the 

elaboration of the quantitative questionnaire. Nevertheless, 2018 (year of quantitative 

study) and 2017 (year of qualitative study) were marked by drought intervals and massive 

forest damage in the BF. Thus, a comparison between quantitative and qualitative results 

need to take the intensification of the problem into account. It would have also been 

interesting to analyze further forest user groups like tourists or inhabitants within the 

qualitative survey to gain detailed information about their perception of forest damage. 

Thus, the elaboration of the DCE attributes would have been easier.  

Overall, the chosen study area, the BF, provides a profound basis for the study. The low 

mountain range covers a variety of landscape types and the forests and their owners were 

in particular concerned by forest damage and climate change during the research years. 

However, it was quite challenging to find appropriate literature concerning low mountain 

forests and climate change influences because research mainly focuses on high mountain 

areas like the Alps. Nevertheless, there is a parallel study from LEIZ (2019) that compares 

the quantitative results of the BF with the German Alps and a study from DEUFFIC et al. 

(2020) that links the qualitative results of the German survey with the French and Chinese 
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qualitative survey. Further, joined publications with the international and 

interdisciplinary CLIMTREE team are planned.  

 

6.6 Contribution to research and further research needs 

This research contributes to current research interests. Whereas many studies investigated 

forest stakeholders’ attitudes towards climate change (see e.g. ANDERSSON & KESKITALO, 

2018; BISSONNETTE et al., 2017; BLENNOW et al., 2012), the present study is innovative 

as it specifically deals with forest dieback perception in mountain forests. No survey has 

examined in depth whether forest stakeholders or the public attribute forest dieback to 

climate change. Further, only a few discourse analyses (BILLER, 2011; PUKALL, 2019; 

RUTJES, 2017) have investigated forest dieback and climate change in forests so far. 

Nevertheless, the SKAD approach is a valuable tool to investigate the social construction 

of climate change in a silvicultural context and to understand in depth how the adaptation 

intention is formed. Moreover, this study provides important recommendations about 

silvicultural adaptation for decision-makers based on all direct and indirect forest users. 

Especially the investigation of small-scale forest ownership provides interesting findings 

about their adaptation efforts. This is worthwhile as current research recommendations 

reflect the need for more in-depth knowledge about small-scale forest ownership and 

climate change adaptation (BISSONNETTE et al., 2017; LINDNER et al., 2010; WEISS et al., 

2015). Nevertheless, this study identified the following further research needs. 

- First, further dialogues with forest stakeholders, scientists and decision-makers 

(expert discussions, peer groups etc.) are needed to discuss the implications of the 

quantitative study results and to transfer it into practical and realistic adaptation 

options. The public is clearly willing to contribute to adaptation in a forestry context 

and is in favor to reduce the risk of forest dieback by a strong adaptation scenario with 

a mixed forest stand and a resulting high biodiversity level. This suits well to the 

objectives of the StMUV. Nevertheless, the removal of damaged wood and all other 

intensifying management strategies like salvage logging, clear-cutting, etc. are rather 

not appreciated by the public. However, forest owners need to remove bark beetle 

infested wood according to current political programs even if, at least, the 

quantitative-interviewed forest owners state that biodiversity preservation is the most 
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important objective in their forest. This leads to a negative attitude towards deadwood 

by the majority of reactive and passive forest stakeholders. Ecologists underpin that 

the removal of damaged wood is problematic for the biodiversity level (THORN et al., 

2019). Even if this study revealed an inconsistent answering spectrum towards 

deadwood, which should be investigated separately, inhabitants of the BF have on 

average a positive attitude towards deadwood. To avoid acceptance problems by the 

public, all parties involved like politicians and scientists and further experts need to 

discuss the consequences of already planned political adaptation programs (e.g. 

declaration of Moritzburg) and to elaborate a common practicable strategy regarding 

deadwood and biodiversity preservation issues.  

 

- Thus, second, future research needs to address the role of deadwood among forest 

stakeholders and the public more clearly and in greater depth. This study revealed an 

inconsistent answering spectrum concerning the deadwood attitude (see section 

6.2.3). Possible reasons may be social desirability and peer group pressure. However, 

there may be even information and knowledge gaps concerning deadwood and the 

importance for biodiversity among the interviewed respondents, mainly forest 

stakeholders. However, it was not considered in the study that deadwood 

compromises much more than just dead trunks or roots (RATHMANN et al., 2020). 

Thus, people may have different views on different variants of deadwood, e.g. 

formerly bark beetle infested wood may have a difficult connotation compared with 

deadwood that occurs due to competitive pressure among young trees. Furthermore, 

the behavior and place of residence may even determine the attitude towards 

deadwood. Rural residents and residents of the Inner BF – who visit the forest more 

often than urban residents and those of the Inner BF – have a quite negative attitude 

towards single recreational aspects (items of the requested deadwood affinity). 

However, the overall deadwood attitude (aggregated) does not significantly 

distinguish the groups. One possible explanation for the discrepancies and 

inconsistencies concerning deadwood may be that the calculated deadwood variable 

is also based on attitudes towards nature conservation and biodiversity preservation 

(most preferred deadwood items by inhabitants of the BF). Thus, there is a close 

connection between deadwood and the value for nature protection, rare species, 

biodiversity etc. It may be the case that people simply value nature protection and 
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biodiversity while the medium or carrier of these purposes, in this case deadwood, is 

viewed as relatively unimportant. However, these assumptions need to be studied in 

depth and could not be enlightened with the present data. The comparison with further 

studies that used this deadwood attitude scale may be worthwhile (see a forthcoming 

paper of MAYER et al., 2021). 

 

- Third, most current studies addressing climate change perceptions have been place-

based. While such research is informative, comparative studies across sites are 

important for building generalized theory around why and how people understand and 

interpret climate change and associated risks (CRONA, WUTICH, BREWIS, & GARTIN, 

2013). Thus, a comparative study with other countries may enlighten the 

communalities or differences of forest dieback and climate change perception among 

forest stakeholders and the public and may enhance the knowledge about adaptation 

in other socio-cultural, mountain forest contexts. It is certainly of interest to uncover 

the constraints to adaptation and to analyze why some forest owners show an adaptive 

behavior while others not. DEUFFIC et al. (2020) – a paper elaborated by the 

CLITMREE team – compares the results of the qualitative study among three case 

study areas in Germany, France and China. An international comparison between the 

public perception of forest dieback and climate change and attitude towards 

perception is still missing. The application of the relatively new ClustOfVar approach 

in another mountainous case study area may enlighten the attitude spectrum of 

inhabitants towards forest dieback and climate change and make it possible to draw 

parallels in an international context.  

 

- Fourth, research on forest dieback and climate change needs to be interdisciplinary, 

covering not only economic and social but also ecological perspectives (LINDNER et 

al., 2010). In the scope of this study it was not possible to compare all research 

findings with on-site results from natural scientists. The qualitative study is based on 

the principle that that there is no objective reality and climate change and forest 

dieback are socially constructed (SKAD approach, see section 4.2.2). However, it 

would be interesting to analyze if the currently perceived impacts of forest dieback 

and climate change (e.g. decrease of protected species, increase on tree growth level, 

more warmer winters etc.) are in line with the findings of natural scientists. The 
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CLIMTREE project team, which involves ecologists, sociologists, economists, 

geographers, forest entomologists, limnologists, mycologists, molecular biologists, 

offers an ideal platform to discuss the results of this research in an international and 

interdisciplinary context more precisely. Hence, a joint publication between perceived 

and objective, verified facts may enlighten knowledge or information gaps of the 

public or forest stakeholders and make it possible to develop profound adaptation 

management strategies.  

 

- Fifth, a quantitative follow-up study addressing climate change and forest dieback 

perception as well as adaptation among the public in the BF will show how perception 

changed over a certain time period (panel study). Therefore, the sample size for the 

quantitative study needs to be increased and the scope of questionnaire needs to be 

minimized (less ranking tasks). The investigation of urban and rural inhabitants 

(especially forest owners) may bring more significant results concerning the 

differences between them or approves that they are more or less homogenous. 

Nevertheless, the design of the labeled DCE needs to be reworked in the case of a 

renewed application, e.g. the payment vehicle needs to be adapted for the strong 

adaptation scenario.  

Overall, this study was able to contribute to current research interests about forest dieback 

and climate change in mountain forests. Nevertheless, this study has identified several 

research gaps that are crucial for understanding and designing adaptive management 

strategies and therefore essential for the sustainable management of European forest 

resources under climate change. Thus, there is a need to fill these gaps by further research.  
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7 CONCLUSION 

7.1 Research overview 

This comprehensive study investigates the perception of forest dieback and climate 

change as well as adaptation to climate change among forest stakeholders and inhabitants 

of the BF, Germany. This research specifically deals with forest dieback as no previous 

study has examined in depth whether forest actors and users attribute forest dieback to 

climate change. Moreover, studies focusing on the dieback perception of forest 

stakeholders and local inhabitants are scarce. In line with the specific nature of forest 

dieback as a slow-onset but partly also sudden disaster (extreme weather events), this 

study explores how forest stakeholders and specifically PFO face up with its blurred and 

weak signals and how they manage conflicting injunctions about the appropriate 

strategies. Therefore, qualitative, in-depth interviews were carried out. A discourse 

analysis (SKAD framework) reveals how knowledge is produced and passed along 

different kind of social actors like PFO or the state forest. Then, the interpretative schemes 

and phenomenal structures of both discourses, forest dieback and climate change, are 

illuminated. Further, it was investigated which adaptation strategy forest stakeholders 

chose. Therefore, the conceptual model of GROTHMANN and PATT (2005) was used to 

explain his process precisely.  

In addition, inhabitants of the BF were asked about their perceptions and attitudes towards 

forest dieback and climate change. Therefore, a quantitative survey (online survey) was 

carried out. The ClustOfVar method was used to provide an overview of groups of 

individuals with the same attitudes and agreements with certain forest dieback and climate 

change related variables. Further, respondents were asked to evaluate elaborated 

adaptation strategies and scenarios with the help of a labeled DCE. Thus, a sequential 

mixed design with a qualitative and quantitative survey was used to fulfill the research 

objectives. 

As a result of the qualitative survey, forest stakeholders mainly explain forest dieback as 

a mixture of abiotic (weather conditions) and biotic (insects, pests) factors with climate 

change as aggravating influence. Nevertheless, respondents convey uncertainties on what 

is actually changing. For instance, inter-annual variations of weather conditions remain 
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too strong to admit that new climatic conditions are already present. Climate change as a 

possible cause for forest dieback is gaining weight in the forest stakeholders’ mind, while 

the cause-effect relationships are not easy to establish. For instance, forest stakeholders 

were unable to determine whether climate change is a triggering or just a supplemental 

factor for e.g. bark beetle outbreaks, knowing that other factors also contribute to amplify 

the level of damage. Moreover, forest dieback is perceived not as a new phenomenon as 

respondents remember the debate about Waldsterben in the 1980s. These experiences 

help them to identify more rapidly the first potential signs of a massive forest dieback.  

Interviewed forest owners and managers are severely affected by forest dieback. The 

immediate economic losses have long-term impacts as forest owners are strongly 

reluctant to invest again into forestry. Moreover, there has not been any regular harvest 

in recent years due to very large volume of wood infested by bark beetles. Regional 

sawmills are overloaded, FOA overstrained and the market shows rapid price decline for 

timber. This triggers public interventions with the direct economic losses for forest 

owners being partially compensated through financial support by the administrative board 

(AELF), tax advantages and interest-free loans.  

Regarding their strategies to adapt to climate change and forest dieback, forest 

stakeholders express very different perspectives ranging from business as usual to very 

transformative strategies. Forest stakeholders can be grouped into three main profiles: 

pro-active, reactive and passive ones. While pro-active forest stakeholders (about 10 % 

of the forest stakeholders in the BF) mainly prefer diversifying management strategies – 

e.g. introducing (non-)native tree species, mixing several tree species on a same plot and 

having forests with trees of different ages – reactive forest stakeholders (about 60 %) 

prefer mainly intensifying management strategies, e.g. shortening rotations, clear-cutting 

and remove damaged wood as fast as possible. Passive forest stakeholders (about 30 %) 

are more or less inactive stakeholders. They follow the ‘wait and see attitude’ and their 

usual business. It is obvious that these forest stakeholder groups do not necessarily differ 

in their belief in climate change as triggering factor for forest dieback with only the last 

group having some doubts about it. The forest owner types rather diverge in their adaptive 

capacities, economic relevance of forestry, attachment to their forests, knowledge and 

institutional networks.  
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The analysis of the public perception of climate change reveals that the existence of 

climate change is without controversy among inhabitants of the BF. Respondents assume 

that the area is on average partly affected by climate change, mainly by drier summers. 

Concerning the climate change influences on forests, about one-third realize extreme 

impacts on the forest damage level. Further, respondents refer to an increase of tree 

mortality as second most severe consequence of climate change on forests. In additions, 

inhabitants perceive pests, disease and invasive species followed by climate change as 

currently most threatening risks for the forests. It could be confirmed that the climate 

change perception as well as the forest dieback perception are influenced by the 

deadwood attitude, knowledge level about forests or climate change, environmental 

worldview and socio-demographic details (income, age class, and profession). Moreover, 

a correlation between the climate change and forest dieback perception could be 

approved. Thus, respondents who perceive higher climate change impacts also perceive 

higher forest dieback impacts and vice versa. The results of the ClustOfVar analysis 

indicate that the majority of individuals (64.9 %) could be described as climate change 

and forest dieback realists, while 22.0 % are climate change and forest dieback insecure 

individuals and only 13.1 % deny climate change and forest dieback.  

Respondents have a relatively positive deadwood attitude and prefer mixed forest stands 

with different age classes as silvicultural adaptation strategy. Furthermore, a strong 

adaptation scenario with a high human intervention but rapidly visible results is preferred 

over a soft adaptation strategy. In addition, a high level of biodiversity and a low risk of 

forest dieback in the coming years are relevant prerequisites for silvicultural adaptation 

in the opinion of inhabitants of the BF. Moreover, quantitatively-interviewed forest 

owners state that their main objective in the forest is biodiversity preservation even if 

their main strategy after a forest damage is to remove deadwood as fast as possible out of 

the forest (legal obligation).  

To sum up, climate change and forest dieback are perceived as threats by forest 

stakeholders as well as inhabitants of the BF. Thus, the problem is acknowledged at 

various levels. This study identified positive trends in forest management to increase 

forest owners’ adaptive capacity encouraging more forest resilience like financial support 

for conversion into mixed forest stands by the AELF and networking efforts of pro-active 
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forest stakeholders. However, there are also less favorable factors. Forest owners are not 

a homogenous group (the same is valid for inhabitants) and especially vulnerable to 

climate change impacts due to a low adaptation appraisal, a resulting low adaptive 

capacity as well as a high uncertainty. This is especially valid for small-scale forest 

owners. Nevertheless, the study proves that pro-active forest stakeholders are optimistic 

in terms of forest resilience as they already started implementing adaptation measures. 

By contrast, reactive and passive forest owners need to be activated by an impetus to 

introduce adaptation measures. The study also identified various obstacles to adaptation, 

e.g. knowledge constraints that need to be urgently addressed given the speed of a 

changing climate. However, the public shows a positive attitude towards the mixed forest 

program, which is promoted by national authorities. Nevertheless, the removal of 

deadwood – which is considered by the state – is rather not favored.  

Nevertheless, PFO and managers need to be turned from ‘people concerned’ into ‘people 

involved’ to enable a comprehensive, sustainable and convincing silvicultural adaptation.  

 

7.2 Theoretical and practical implications of the study 

This study has far-reaching theoretical, political and practical implications. First, 

theoretical implications should be summarized here. The MPPACC approach of 

GROTHMANN and PATT (2005) adopted to forestry, expanded by the time scale of RISBEY 

et al. (1999) and the model of climate change risk perception by VAN DER LINDEN (2015) 

are valuable and helpful approaches to investigate climate change and forest dieback 

perception and adaptation of forest stakeholders on the local level. Nevertheless, study 

findings suggest treating the issue of maladaptation critically, adding uncertainty to the 

model as well as highlighting the role of social networks. Moreover, as forest stakeholders 

have diverse norms, values, attitudes and adaptation intentions, it was helpful to identify 

appropriate forest owner typologies. Several studies on forest owner typologies were 

reviewed to find appropriate characterizations (see e.g. FICKO et al., 2019; HOGL et al., 

2005; VAN GAMEREN & ZACCAI, 2015). Nevertheless, classifica-tions to characterize 

different forest stakeholder types had to be adjusted to the study purposes. This in-field 

research revealed factors influencing inhabitants’ climate change and forest dieback 

perception. Among them are socio-cognitive and socio-demographic variables like 

knowledge level about forests or climate change, deadwood attitude, environmental 
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worldview, age as well as education. Indeed, it is also necessary to consider these factors 

– which lead to adaptive capacity at the micro level – in relation to the more general 

context at the meso level, here in the social, economic and ecologic context.  

This study also holds comprehensive political and practical implications. The institutional 

(operational, regulatory and constitutional) resilience work shows that the issues of 

climate change and forests are currently discussed and taken seriously on the political 

agenda in Bavaria and in Germany (STORCH & WINKEL, 2013). The declaraction of 

Moritzburg is a political reaction to the immense forest damage over the past years and 

should support climate change adaptation in German forests with 800 million Euros from 

2020 to 2024 (HABEKUß, 2019). The main goal is the conservation and development of 

climate-tolerant and future-proof forest stands (mainly mixed forests) under consideration 

of biodiversity preservation. However, the fast clear up of forest damage is also demanded 

by this political program as well as a legal obligation to harvest bark beetle infested trees 

(‘clean forestry program’). 

The study shows that there is a need for collective reflection on adaptation for the whole 

forest and timber sector. Flexible adaptation and continuous learning, greater consultation 

and diversity of adaptive responses are a desirable approach that public authorities could 

better promote. Moreover, forest stakeholders realize various obstacles to adaptation – 

e.g. knowledge gaps or insufficient financial support – that need to be addressed by 

authorities. Diversifying management strategies – e.g. to build a mixed forest stands with 

mainly native species – are appreciated characteristics by inhabitants of the BF as well as 

pro-active forest owners and the public authorities. Thus, there is a consensus among the 

three groups to create a more mixed forest and to diminish the risk of forest dieback. 

However, even if biodiversity is an important component that should be considered 

during adaptation options following the opinion of inhabitants of the BF, reactive and 

passive forest stakeholders (qualitatively-interviewed) do not care so much about this 

issue. Even if quantitatively-interviewed forest stakeholders state to have biodiversity 

preservation as main objective in their forest, they like to remove deadwood as fast as 

possible after a forest damage (legal commitment). However, the removal of damaged 

wood is controversially discussed among ecologists as it may reduce the biodiversity level 

and create even-aged stands (THORN et al., 2019). Thus, decision-makers need to address 
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this unbalanced opinion spectrum urgently to avoid acceptance problems by the public. 

The forestry sector relies on long planning horizons, and one silvicultural decision in the 

sense of maladaptation such as the removal of deadwood may influence the forest 

landscape over the coming decades. All of these efforts – which rely on public and forest 

stakeholder participation – may open the doors to a resilient BF as well as less vulnerable 

forest owners in the face of climate change.  
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A 1: QUALITATIVE SURVEY 

A 1.1: Details about the qualitative interviews 

Nr. ID Date Place Function/ Position Code 
Length 

(h) 

1 I1 11.04.2017 Regen 
Head of the Department of Food, 

Agriculture and Forestry Regen 
AELF 01:07:49 

2 I2 11.04.2017 
Boden-

mais 
Head of the state forest Bodenmais SF 00:56:50 

3 I3 12.04.2017 
Fürsten-

eck 

Private forest owner, owner/ host of 

the castle Fürsteneck 
PFO 01:12:30 

4 I4 13.04.2017 Spiegelau 

Private forest owner, employee at the 

social insurance for agriculture, 

forestry and horticulture 

PFO 00:55:15 

5 I5 24.04.2017 Grafenau 
Forest management department, BF 

National Park 
NLP 00:48:55 

6 I6 25.04.2017 
Neu-

reichenau 

Head of the state forest 

Neureichenau, hunter 
SF 01:04:20 

7 I7 28.04.2017 Passau 
Head of the church forest department 

at the episcopal office Passau 
CF 00:56:17 

8 I8 30.04.2017 
Neu-

schönau 

Member of the non-governmental 

association for environment and 

nature conservation, freelancer at the 

lower nature conservation authority, 

hiking guide, private forest owner 

NGO 

00:33:18, 

00:50:00 

(non rec.) 

9 I9 01.05.2017 Grafenau 
Private forest owner, owner of 

holiday apartments 
PFO 

00:30:00 

(non rec.) 

10 I11 02.05.2017 Grafenau 

Head of the Bavarian society for the 

protection of birds, Freyung-

Grafenau 

NGO 01:13:25 

11 
I12, 

I13 
02.05.2017 Grafenau 

Private forest owner, former mayor 

of the town of Grafenau (8,600 inh.) 
PFO 00:37:50 

12 I14 03.05.2017 Regen 
Head of forest owner association 

Regen 
FOA 01:30:52 

13 I15 03.05.2017 
Wald-

münchen 

Head of the Department for Food, 

Agriculture and Forestry Cham, 

hunter 

AELF 01:30:00 

14 I10 03.05.2017 Grafenau 
Private forest owner, owner of 

holiday apartments 
PFO 00:53:10 

15 
I16, 

I17 
04.05.2017 Freyung 

Head of forest owner association 

Freyung-Grafenau 
FOA 01:17:30 

16 I18 04.05.2017 Perlesreut 

Forester for the AELF Regen (forest 

district Perlesreut), member of green 

party Freyung 

AELF 01:01:04 

17 I19 05.05.2017 Spiegelau 
Hunter, self-employed consultant for 

forest company Storaenso 
HUNT 01:04:43 

18 I20 24.07.2017 
Jandels-

brunn 

Forester of (large-scale) forest 

enterprise 
FR 00:58:23 

19 I21 25.07.2017 Kollnburg 

Head of umbrella forest owner 

association lower Bavaria, private 

forest owner, hunter 

FOA 00:57:07 

20 I22 25.07.2017 
Pracken-

bach 

Private forest owner, organic farmer, 

first chairman of forest owner 

association Viechtach  

PFO 00:55:13 
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21 I23 25.07.2017 Arnbruck 
Private forest owner, full time 

farmer, owner of holiday apartments  
PFO 01:05:24 

22 I24 25.07.2017 Lam 

Private forest owner (large-scale), 

organic farmer, owner of a skiing 

school, hunter 

PFO 01:02:00 

23 I25 27.07.2017 Grafenau 

Private forest owner, farmer, owner 

of holiday apartments, former chair 

(until 2017) of forest owner 

association Freyung-Grafenau  

PFO 00:52:46 

24 I26 29.04.2017 
Thurmans-

bang 
Forester (free-lancer) FR 

01:30:00 

(non rec.) 

Source: own draft 

A 1.2: Interview guide (English version) 

Explanations at the beginning of the interview:  

- Presentation and explanations about the research intention and aims 

- The term climate change should not be mentioned 

- Information concerning the recording of the interview, clarify rights during the interview 

e.g. interruptions, ensure anonymity, laim for feedback and right for veto: communicative 

validation 

 

1. Introduction (ice breaker questions and relation to forests) 

- Please introduce yourself and your profession. 

o Details about profession e.g. tasks, work experience 

o Forest owners or foresters:  

 Details about e.g. forest size, forest structure, proportion of tree species; 

details about management e.g. use intensity, timber sales, annual harvesting/ 

logging activities;  

 Details about organization/ network e.g. membership of forest owner 

association, NGO 

- How do you use the forest and which objectives do you follow e.g. economic 

considerations or nature conservation? 

 

2. Ecosystem services of the forest in general 

- How does a healthy and intact forest look like in your opinion?  

- Which indicators characterize a healthy and intact forest?  

- Which services does the forest provide for you or, broadly formulated, for the whole 

population or society? 

- Do you know the term ecosystem services? What do you associate with this term? 

 

3. Landscape and forest changes in the Bavarian Forest  

- How did the forest and the forestry sector changed during the last centuries? Please 

mention only the key points. 

- Which tendency do you see - a more positive or negative development?  

- Which reasons may underlie these changes? 
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4. Forest damages and dieback in the Bavarian Forest 

- If not answered under section 3: Have you observed changes in the forests of the Bavarian 

Forest e.g. forest damages during the last years or decades? 

- Please describe these changes or damages e.g. size of impacted area, financial damage. 

- How would you explain the mentioned damages? What are the causes? Are the causes 

more anthropogenic or natural? 

- Were the damages apparent from the beginning on? Which signs did you observe first? 

Would it have been possible to prevent consequences? 

- Which stakeholders were affected by the damages?  

- How did the local community react/ respond to the damages?  

- In case: Did you follow the debate about forest dieback in the 1980s? Who informed you 

about it? Who made the diagnosis about forest dieback? Were there any relations to the 

Bavarian Forest? 

 

- How would you estimate the current vitality of your own forest? 

- Have there been any damages in the last years? If yes, where and which? Are you able to 

determine the causes for the damages? 

- What did you do against these damages? Which consequences occurred for you and the 

neighbors? 

- Do you think that ecosystem services of your forest were threatened? If yes, why? 

- What did you do to improve the vitality of your forest? On which criteria was your 

decision based on? 

- Did you receive support concerning forest relevant topics? Do you currently receive 

support? If yes, in which way and from whom? If no, do you wish any support concerning 

forest relevant topics? 

 

- Do you think that the climate changed during the last years? If yes, please describe the 

changes. 

- Have you ever been affected by climate change personally? 

- Who is responsible for climate change? 

- Do you feel well informed about climate change?  

- To which extent is climate change an issue in your company, administration, association 

etc.? 

 

5. Perception of climate change and connection to forests 

- Do you think that the mentioned forest damages are/ were due to climate change?  

- Do you think that climate change will substantially damage the forest in the future? 

Which elements of the forest ecosystem are especially affected?  

- Do you expect an increase in the frequency of extreme weather events in the future? If 

yes, which one exactly e.g. heavy rainfall, drought, flood, storm, wet snow? Which 

impacts do these extreme weather events have on your forest? 

- Do you think that there are positive effects of climate change on your forest e.g. CO2 

fertilization, longer growing seasons?  

- What could you do against climate change impacts?  

- Did you already participate in training or other education offers concerning climate 

change, forest damages?  
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6. Silvicultural models and adaptation strategies 

- Within the ‘climate protection program 2050’ about 100,000 ha threatened private and 

corporate forest should be modified into climate tolerant mixed forest until 2020. In the 

state-owned forest, around 172,000 ha should be modified until 2033. What do you think 

about it? 

- Have you already heard about any other forest and climate change related programs of 

the ministries? 

- Do you know climate risk maps?  

- Do you know that conversion measures are promoted financially? 

- Which specific strategies or solutions would you suggest to address forest damages?  

- What are the advantages and disadvantages of the chosen strategies and solutions?  

- Which requirements are necessary to implement these strategies and solutions?  

- Which costs may arise? Who should carry these costs?  

- Do you see any risks concerning the implementation of the strategies?  

- On which time horizons do you base your planning and management? Do have long-term 

concepts? 

- Which stakeholders are affected by the chosen strategies? Do you think that there is a 

conflict potential? Who could be a winner and who could be a loser? 

 

7. Socio-demographic data  

- Age, gender, place of residence, education 

- Frequency of forest visit (daily, weekly, monthly) 

A 1.3: Topics addressed to identify forest owner types 

Item group 1: Networks and communication  

- Communication behavior, networks  

- Membership in forest owner association 

Item group 2: Attitudes towards the forest and forest damages/dieback 

- Silvicultural philosophy 

- Mental association with forests in general 

- Attitudes towards own forest and work in own forest 

- Attitudes towards deadwood, forest damages in particular mortality of trees  

- Opinions towards timber harvesting 

Item group 3: Climate change and adaptation efforts 

- Opinion on climate change 

- Strategies towards climate change adaptation 

- Clearness of cause-effect relationships 

- Adaptive and coping capacity 

- Experiences with climate change in general or in the forest 

Item group 4: Other characteristics of forest stakeholder and forest ownership 

- Size of property (small: < 20 ha, medium: 20-100 ha, large: >100 ha) 

- Time spend in the forest 

- Distance to forest 

- Economic relevance of forest (income earned from forestry) 

- Knowledge level about forests and forestry 

- Socio-demographic characteristics (profession, education etc.) 

Source: own draft based on HOGL et al., 2005, p. 329 



 

 

4
5
5
 

A 1.4: Forest owner typology and characteristics 

            Type 

Topic 

Proactive forest stakeholder Reactive forest stakeholder Passive forest stakeholder 

Networker (G1.1) Visionist (G1.2) Tactician (G2.1) Follower (G2.2) Insecure (G3.1) Non-Actor (G3.2) 

Topic 1: 

Networks 

and 

communi-

cation 

- Communicator and 

thinker 

- Support and inform 

other actors via 

informal networks 

- Private engagement 

or official position 

in FOA  

- Innovators 

- No communication 

rather 

understatement 

- Member of FOA 

- Less integrated in 

professional 

networks 

- Member of FOA 

- Less integrated in 

professional 

networks 

- Member of FOA; in 

some extent 

management 

agreement/contract 

- Not integrated in 

professional 

networks 

- Partly member in 

FOA 

- Not integrated in 

professional 

networks 

- Not a member in 

FOA 

Topic 2: 

Attitudes 

towards the 

forest and 

forest 

damage/ 

dieback 

- Sustainable and far-

sighted forest 

management 

- Define essential 

subcomponents like 

game management, 

monitoring 

- Prefer tree species 

diversification 

(mainly native 

species) 

- High emotional 

attachment to 

forests and deep 

trust in nature 

- Believe in resilience 

of forests 

- Deadwood as 

essential component 

of the forest 

- Sustainable and far-

sighted forest 

management 

- Prefer tree species 

diversification 

(mainly native 

species) 

- Profitability of 

forests is important 

- High emotional 

attachment to 

forests and deep 

trust in nature 

- Believe in resilience 

of forests 

- Deadwood as 

essential component 

of the forest 

- Value traditional 

models of forestry 

(economic oriented) 

- Spruce is still 

preferred because of 

the high economic 

relevance 

- Know how to react 

after calamities like 

wind throw or bark 

beetle infestation 

- Frequent 

monitoring of forest 

during the bark 

beetle season 

- Regular care work 

in the forest (e.g. 

thinning) 

- Deadwood should 

be rather used 

- Less regular care 

work in the forest 

- Needle forests are 

perceived as most 

important element 

of the BF landscape 

- Recognizes forest 

damages e.g. bark 

beetle infestations 

rather late 

- Relies on 

knowledge/ 

information of 

others e.g. FOA 

- No opinion 

concerning 

deadwood 

- Less regular care 

work in the forest 

- Needle forests are 

perceived as most 

important element 

of the BF landscape 

- Recognizes forest 

damages e.g. bark 

beetle infestations 

rather late or not 

- Deadwood is 

perceived as not 

important 

- Business as usual as 

strategy and ‘wait 

and see’ attitude 

- Prefer traditional 

forests with Spruce 

as savings bank 

(production 

function important) 

- Deadwood is 

perceived as not 

important 
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Topic 3: 

Climate 

change and 

adaptation 

efforts 

- Highly concerned 

about climate 

change 

- High adaptation 

appraisal and 

climate change risk 

appraisal 

- Cause-effect 

relationships are 

clear 

- Developed and 

implemented 

adaptation strategies 

- High adaptive 

capacity 

- Made experiences 

with climate change 

- Concerned about 

climate change 

- High adaptation 

appraisal and 

climate change risk 

appraisal 

- Cause-effect 

relationships are 

clear 

- Developed and 

implemented 

adaptation strategies 

- High adaptive 

capacity 

- Made experiences 

with climate change 

- Climate change is a 

risk but impacts are 

uncertain 

- Risk assessment: 

low to medium risk 

to forests 

- Partly free rider 

- Adaptation 

appraisal medium 

- Is aware of 

adaptation strategies 

but no 

implementation 

- High coping 

capacity 

- Made partly 

experiences with 

climate change 

- Climate change is a 

risk but impacts are 

uncertain 

- Cause-effect 

relationships are not 

clear 

- Adaptation 

appraisal low 

- Deep trust in 

support of FOA 

concerning 

adaptation strategies 

- Made partly 

experiences with 

climate change 

- Not concerned 

about climate 

change and forest is 

perceived to be not 

at a risk 

- Cause-effect 

relationships are not 

clear 

- Reliance on public 

adaptation, 

adaptation appraisal 

low 

- Objective and own 

adaptive capacity 

low  

- Made no 

experiences with 

climate change 

- Not concerned 

about climate 

change 

- Natural variability 

causes climate 

change 

- Maladaptation 

- Low adaptive 

capacity 

- Made no 

experiences with 

climate change 

Topic 4: 

Other 

character-

istics of 

PFO and 

forest 

ownership 

- Medium-large 

property 

- Are frequently 

outside in the 

woods (weekly) 

- Low distance to 

own/managed forest  

- High economical 

relevance of forest 

- Knowledge level 

about forests/ 

forestry high 

- Medium-large 

property 

- Are frequently 

outside in the 

woods (weekly) 

- Low distance to 

own/managed forest 

- High to medium 

economical 

relevance of forest 

- Knowledge level 

about forests/ 

forestry high 

- Small-medium 

property 

- Are frequently 

outside in the 

woods (weekly) 

- Low distance to 

own/managed forest 

- Partly low to 

medium profitable 

forest 

- Mostly educated in 

terms of forestry 

- Small-medium 

property 

- Not frequently in 

the woods 

- Partly high distance 

to forest (urban 

forest owners) 

- Low profitable 

forest 

- Rather low 

knowledge about 

forests/forestry 

- Small property 

- Are not frequently 

in the woods  

- Partly high distance 

to forest (urban 

forest owners) 

- Forest not 

economical relevant 

(partly savings 

bank) 

- Rather low 

knowledge about 

forests/forestry 

- Small property 

- Are not frequently 

in the woods 

- Forest not 

economical relevant 

(partly savings 

bank) 

- Rather low 

knowledge about 

forests/forestry 

Source: own draft
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A 1.5: Adaptation types of interviewed stakeholders 

ID 
Function 

code 
Adaptation Typology 

Number of 

interviewees 

I1 AELF Proactive Proactive Networker 

6 

I6 SF Proactive Proactive Networker 

I7 CF Proactive Proactive Networker 

I18 AELF Proactive Proactive Networker 

I21 FOA Proactive Proactive Networker 

I24 PFO Proactive Proactive Networker 

I2 SF Proactive Proactive Visionists 

3 I22 PFO Proactive Proactive Visionists 

I26 FR Proactive Proactive Visionists 

I3 PFO Reactive (Proactive) Reactive Tactician (Proactive) 

3 I15 AELF Reactive (Proactive) Reactive Tactician (Proactive) 

I4 PFO Reactive Reactive Tactician (Proactive) 

I5 NLP Reactive Reactive Tactician 

6 

I11 NGO Reactive Reactive Tactician 

I14 FOA Reactive Reactive Tactician 

I16  FOA Reactive Reactive Tactician 

I17 FOA Reactive Reactive Tactician 

I20 FR Reactive Reactive Tactician 

I23 PFO Reactive Reactive Follower 
2 

I10 PFO Reactive Reactive Follower 

I19 HUNT Passive Insecure Stakeholder 1 

I8 NGO Passive Non Actors 

5 

I9 PFO Passive Non Actors 

I12  PFO Passive Non Actors 

I13 PFO Passive Non Actors 

I25 PFO Passive Non Actors 

Sum 26 

Source: own draft  
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A 2: QUANTITATIVE SURVEY 

A 2.1: Questionnaire (English version) 

Dear participants of this survey,  

The University of Greifswald carries out a study about forest perception. The survey is part of an 

international research project and is promoted by the German Research Foundation (Deutsche 

Forschungsgemeinschaft, DFG).  

You have been chosen randomly as a resident of the study area to become a part of this study. In 

the following part, you will find the questionnaire. It is essential that you answer each question 

according to your own opinion as good as you are able to. There are no right or wrong answers 

because we are interested in surveying your personal point of view. If you struggle between a few 

answers and if you are uncertain, please choose the answer that fits the best to your opinion.  

The survey will probably take about 20 minutes. Your statements will be treated confidentially, 

and we will analyze them anonymously.  

Thanks a lot for your participation at this study! 

 

I) Introduction 

1. What is your postal code of your primary residence? ________ 

 

2. How old are you? _____ years 

 

3. You are …? 

 

 male 

 female 

 unspecific 
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Here you can see a map of the study area (yellow border): 

 

II) Relation to the forests of the project area 

4. How often have you been in the forests of the study area over the past 12 months? 
 

 Every day 

 More than once a week 

 Once a week  

 More than once a month 

 Once a month 

 Several times a year 

 Never or less than once over the past 12 months 

 I don’t know 

 I don’t want to answer 

 

Filter: If “Never or less than once over the past 12 months” chosen, continue with Q6, otherwise 

Q5. 
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5. In general, which activities do you practice when you go into the forests of the study area? 

Rank maximum 4 activities from 1 to 4, where 1 is the characteristic that you like the most. 

 

 Walking (alone, with family or friends) 

 Picnic 

 Appreciating scenery 

 Wildlife watching  

 Cultural activities (photography, painting, etc.)  

 Picking mushrooms, flowers, fruits, etc. 

 Collecting wood 

 Hunting or fishing 

 Running 

 Cycling 

 Hiking  

 Sports with specific infrastructure (horse-riding, skiing, etc.) 

 Motorized activities (motor bike, quads, etc.) 

 Managing the forest 

 Other activity: __________________ 

 I don’t know 

 I don’t want to answer 

 

6. Please judge your own knowledge on the topic “forests”.  

 
1 2 3 4 5   

Very bad  Bad Medium Good Very good 
I don’t 

know 

I don’t want 

to answer 
       

 

7. Which of the following forests characteristics of the study area do you like the most?  

Rank maximum 4 characteristics from 1 to 4, where 1 is the characteristic that you like the 

most. 

 

 Conifers stands (fir, spruce)  

 Broadleaves stands (beech, oak)  

 Mixed forests (conifers and broadleaves)  

 Fauna and flora richness  

 Paths 

 Understory with shrubs and small trees  

 Deadwood 

 Open spaces (glade, farmlands)  

 Recreation area (picnic, playground, etc.) 

 Other characteristic: __________________ 
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8. To what extend do you agree or disagree with each of the following statements about the 

forest’s specific changes in the study area since 1980 (or since you can judge)?  

 1 2 3 4 5   

Strongly 

disagree 

Dis-

agree 

Partly 

agree 

Neither 

agree 

nor 

disagree 

Strongly 

agree 

I don’t 

know 

I don’t 

want to 

answer 

The number of pure spruce 

forests (monoculture) 

decreases 

       

The share of broadleaved 

trees increases 
       

Fauna and flora richness 

increases 
       

Biotic forest damages (e.g. 

bark beetle and pest 

outbreak) increase 

       

Abiotic forest damages 

(e.g. wind throw, snow 

damage, forest fires) 

increase 

       

Tree mortality increases 

due to growing pollution 

(forest dieback) 

       

Other changes:        

 

9. According to you, what are the most important key functions of the forests of the study area? 

Rank 4 functions from 1 to 4, where 1 is the most important function.  

 

The forests of the study area: 

 

 … contribute to health and quality of life.  

 … are a cultural heritage. 

 … provide a beautiful landscape. 

 … produce wood. 

 … are a recreational area.  

 … preserve the air and soil quality and water resources. 

 … are an area for conservation of animals and plant diversity.  

 … mitigate global warming. 

 … protect people from natural hazards (landslide, flooding, avalanche, etc.). 

 

10. a) Did you pick e.g. mushrooms, herbs, moss, berries in the study area over the past 12 

months?  

 

 Yes 

 No 

 I don’t know 

 I don’t want to answer 

 

Filter: If “Yes” chosen, continue with Q10b, otherwise Q10c. 
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10. b) How many kg did you approximately collect in the study area over the past 12 months?  

 Less than 1 kg 1 to 5 kg 5 to 10 kg More than 10 kg 

Mushrooms     

Other: _________     

Other: _________     

 

 I don’t know  

 I don’t want to answer 

 

10. c) Do you hunt in the study area?  

 

 Yes 

 No 

 I don’t know 

 I don’t want to answer 

 

Filter: If “Yes” chosen, continue with Q10d, otherwise Q11. 

 

10. d) If you hunt, how many kg did you shoot in the study area over the past 12 months?  

Species Quantity (kg) 

  

  

  

 

 I don’t know 

 I don’t want to answer 

 

11. a) Do you think the forests of the study area are threatened?  

1 2 3 4 5   

Not at all 
Less 

threatened 

Partly 

threatened 
Threatened 

Extremely 

threatened 

I don’t 

know 

I don’t want 

to answer 

       

 

Filter: If “Not at all” chosen, continue with Q12, otherwise Q11b. 

 

11. b) According to you, what are the main risks for the forests of the study area?  

Please write down the three most important key points.  

______________________   ______________________   ______________________ 

11. c) According to you, which are the four main threats to the forests of the study area?  

Rank from 1 to 4, where 1 is the most important threat.  

 

 Fire 

 Storm 

 Drought 

 Snowfall, snow break 

 Climate change 

 Forest damages 

 Deer browsing 
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 Pests, diseases, invasive species 

 Over-harvesting of wood products  

 Over-harvesting of non-wood forest products e.g. wildlife, mushrooms, fruits, etc. 

 Lack of forest management 

 Over frequentation by public 

 Other threats: ___________________ 

 I don’t know 

 I don’t want to answer 

 

III) Relation to the environment and climate change 

12. To what extend do you agree or disagree with each of the following statements? 

 

1 2 3 4 5   

Strongly 

disagree 

Dis-

agree 

Neither 

agree nor 

disagree 

Agree 
Strongly 

agree 

I don’t 

know 

I don’t 

want to 

answer 

Vulnerable nature areas 

should be closed to leisure 

and recreational activities 

       

We should use nature in 

such a way that we get the 

most economic value from 

it 

       

Too much emphasis has 

been placed on nature 

conservation 

       

Hunting is cruel and 

inhumane to animals 
       

It is natural that wild 

animals sometimes starve 

to death or are injured by 

other animals and we 

should accept that 

       

Trees may be felled if need 

be to increase the diversity 

of species in a forest 

       

 

13. a) What is your opinion on climate change? 

 I don’t think climate is changing 

 I don’t know if climate change is real or not 

 I think climate change is real and is based on a natural variation in earth’s temperature 

 I think climate change is real and is only caused by human activities 

 I think climate change is real and is partly caused by natural processes and partly caused 

by human activities 

 I have no categorical opinion 

 I don’t know 

 I don’t want to answer 
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13. b) Please judge your own knowledge on the topic “climate change”. 

 
1 2 3 4 5   

Very bad  Bad Medium Good Very good 
I don’t 

know 

I don’t want to 

answer 
       

 

13. c) Were you personally affected by climate change?  

 Yes: ____________________ 

 No 

 I don’t know  

 I don’t want to answer 

 

14. a) Do you think there are already consequences of climate change in the study area? 

 

1 2 3 4 5   

No, not at 

all 
Rather no Partly Rather yes 

Yes, 

definitely 

I don’t 

know 

I don’t want to 

answer 

       

 

Filter: If “No, not at all” chosen, continue with Q15. 

 

14. b) To what extend is the study area already impacted by climate change? 

 

 

1 2 3 4 5   

Not at all 

impacted 

Less 

impacted 

Partly 

impacted 

Rather 

impacted 

Extremely 

impacted 

I don’t 

know 

I don’t 

want to 

answer 

Warmer winters        

Drier summers        

More fire        

More flood        

More storms        

 

15. a) Do you think that the forests of the study area are currently impacted by climate change? 

 

1 2 3 4 5   

Not at all 

impacted 

Less 

impacted 

Partly 

impacted 

Rather 

impacted 

Extremely 

impacted 

I don’t 

know 

I don’t want to 

answer 

       

 

Filter: If “Not at all impacted” chosen, continue with Q16. 
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15. b) Which impacts of climate change do you currently recognize in the forests of the study 

area? 

 

 

1 2 3 4 5   

Not at 

all im-

pacted 

Less 

im-

pacted 

Partly 

im-

pacted 

Rather 

im-

pacted 

Extremely 

impacted 

I 

don’t 

know 

I don’t 

want to 

answer 

Change in soil fertility        

Increase in tree growth        

Decrease in tree growth        

Increase in tree mortality        

Change in tree species 

composition 
       

Change in flora and fauna 

diversity in the forest 
       

Forest landscape 

degradation (e.g. due to 

soil erosion) 

       

Increase in forest damages 

(e.g. insects and pest 

outbreaks) 

       

Other impacts:        

 

16. Do you think the forests of the study area will be impacted by climate change in the future 

(from now to 2050)? 

 

1 2 3 4 5   

Not at all 

impacted 

Less 

impacted 

Partly 

impacted 

Rather 

impacted 

Extremely 

impacted 

I don’t 

know 

I don’t want to 

answer 

       

 

IV) Relation to the forest dieback in the project area 

 

Please read the following text and look at the corresponding picture.  

Due to climate change a tree mortality above usual mortality 

levels is expected. Single trees and whole forests can lose 

health without any obvious reason (e.g. discoloration of 

leaves and needles, thinning of the crowns of trees etc.) and 

die as a consequent. 
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17. Did you see a forest dieback in the forests of the study area over the past 20 years?  

 Yes 

 No 

 I don’t know 

 I don’t want to answer 

 

18. a) Do you think forest dieback in the study area is an event that…  

 has already happened for the last 20 years 

 happens today 

 will only happen in the future 

 I don’t know 

 I don’t want to answer 

 

18. b) To what extent do you think that the forests of the study area are impacted by forest 

dieback? 

 
1 2 3 4 5   

Not at all 

impacted 

Less 

impacted 

Partly 

impacted 

Rather 

impacted 

Extremely 

impacted 

I don’t 

know 

I don’t want to 

answer 

       

 

19. Which impacts of forest dieback are currently seen in the study area in your opinion? 

 

 

1 2 3 4 5   

Not at 

all im-

pacted 

Less 

im-

pacted 

Partly 

im-

pacted 

Rather 

im-

pacted 

Ex-

tremely 

impacted 

I 

don’t 

know 

I don’t 

want to 

answer 

Increasing volume of 

deadwood 
       

Change in understory 

vegetation 
       

Disappearance of protected 

species e.g. lux, grouse 
       

Decrease of micro fauna e.g. 

insects, reptiles 
       

Loss of non-timber products 

e.g. mushrooms, berries, 

herbs 

       

Landscape degradation e.g. 

due to soil erosion 
       

Recession in forestry sector        

Other impacts:         

 

20. Does forest dieback have any influence on your leisure time practices in the study area? 

 

 Yes, I go less into the forest 

 Yes, I change the place for my forest walks 

 Yes, I change my practices in another way: ______________________ 

 No, forest dieback doesn’t influence my leisure practices 

 I don’t know  

 I don’t want to answer 
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21. The increase of forest dieback has produced a very high amount of deadwood. What do you 

think about deadwood? 

 

 

1 2 3 4 5   

Strongly 

disagree 

Dis-

agree 
Partly Agree 

Strongly 

agree 

I 

don’t 

know 

I don’t 

want to 

answer 

Deadwood is waste and useless        

Deadwood is an eye catcher        

Deadwood should be removed        

Deadwood is important for the 

survival of rare species e.g. 

beetles, mushrooms, lichens 

       

Deadwood can be a valuable 

source of bioenergy 
       

Deadwood improves soil 

fertility 
       

Deadwood is a source of pests 

and diseases 
       

Deadwood is a source of danger 

for forest visitors 
       

Deadwood leads to more natural 

forests 
       

Deadwood disturbs my image of 

forests  
       

I know a lot about deadwood        

Deadwood is important for 

nature conservation 
       

Deadwood is important for 

biodiversity in forests 
       

Deadwood influences my 

recreational feeling during my 

forest visit 

       

Deadwood should be used 

economically 
       

I discuss deadwood with my 

family and friends 
       

I am aware of deadwood in 

forests 
       

Deadwood is a significant part 

of Bavarian forests 
       

I am interested in forests        

I feel endangered by deadwood 

while doing forest activities 
       

Dead trees look appealing        

I consciously avoid paths that 

lead to deadwood 
       

During my forest visits I 

consciously avoid areas with 

deadwood 
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22. According to you, what could be done against forest dieback in the forests of the study area? 

Rank the 4 most important strategies, from 1 to 4, where 1 is the most important. 

 

 Planting spruces only on better sites 

 Introducing tree species that are native and suitable for the location 

 Introducing new non-native tree species (e.g. Douglas fir) 

 Mixing several tree species on a same plot (e.g. with beech and fir) 

 Having younger forests by shortening rotations (time from planting to felling) 

 To clear cut as soon forests are dying 

 Remove damaged wood as fast as possible 

 Having forests with trees of different ages  

 Other strategy: ____________________ 

 I don’t know  

 I don’t want to answer 

V) Adaptation to forest dieback and climate change 

 

Forests provide several goods and services to society e.g. wood, fresh water, protection against 

floods. Due to climate change and the increasing possibility of e.g. droughts, extreme weather 

events and pests, it is expected that forests will not be able to adapt fast enough to these changing 

conditions in the future. Forest dieback may be a consequence. Forest owners can protect their 

forests against the consequences of climate change with different adaptation scenarios (“hard” = 

high level of human intervention or “soft” = more nature-based intervention) or let everything as 

it is now. Please notice that each scenario distinguishes by the following characteristics: 

 

- Diversity of tree species in the forest: One opportunity to adapt the forest consists in the 

right choice of a tree species. Spruce is productive but is known to be sensitive to climate 

change. Beech and fir could be better adapted but the economic advantages/outcomes are 

until now very poor.  

- Amount of deadwood in the forest: When trees die, deadwood may be left in place and 

become a habitat for animals and plants. It can also be removed and used for e.g. energy 

production.  

- Probability of forest dieback due to climate change in 2050: According to foregoing 

decisions the probability of forest dieback due to climate change is either high, medium, 

low or extremely low.  

- Biological diversity in 2050: The decision about forest management strategy will have an 

impact on flora and fauna diversity. The biodiversity can either be low, medium, high or 

extremely high. 

 

Please imagine that there is a social financed fond which supports the forest owners to deal with 

forest dieback due to climate change. In the following we will present you a few of these 
adaptation strategies. Please decide which scenario you would prefer under the consideration of 

the financial contribution. 
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23. Choice A1. Please choose the strategy you prefer under the three proposed below. 

 

 
Strong adaptation 

scenario 

Soft adaptation 

scenario 

No adaptation 

scenario 

Diversity of tree species 

 
Spruce + Fir 

 
Spruce + Fir 

 
Monoculture 

(Spruce) 

Amount of deadwood 

 
Medium 

 
Medium 

 
High 

Probability of forest dieback due 

to climate change in 2050 
 

Extremely low 
 

Medium 
 

High 

Biological diversity in 2050  
Extremely high 

 
High 

 
Low 

Annual payment (€/household) 50€ 20€ 0€ 

Your choice    

 

 

24. Choice A2. Please choose the strategy you prefer under the three proposed below. 

 

 
Strong adaptation 

scenario 

Soft adaptation 

scenario 

No adaptation 

scenario 

Diversity of tree species 

 
Spruce + Fir + 

Beech 

 
Spruce + Beech 

 
Monoculture 

(Spruce) 

Amount of deadwood 

 
High 

 
Medium 

 
Low 

Probability of forest dieback due 

to climate change in 2050 
 

Low 
 

Medium 
 

Medium 

Biological diversity in 2050  
Medium 

 
Medium 

 
Low 

Annual payment (€/Household) 50€ 30€ 0€ 

Your choice    
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25. Choice A3: Please choose the strategy you prefer under the three proposed below. 

 

 
Strong adaptation 

scenario 

Soft adaptation 

scenario 

No adaptation 

scenario 

Diversity of tree species 

 
Spruce + Fir + 

Beech 

 
Spruce + Fir 

 
Monoculture 

(Spruce) 

Amount of deadwood 

 
High 

 
Medium 

 
Low 

Probability of forest dieback due 

to climate change in 2050 
 

Extremely low 
 

Low 
 

Medium 

Biological diversity in 2050  
Extremely high 

 
Low 

 
Low 

Annual payment (€/Household) 50€ 10€ 0€ 

Your choice    

 

26. Choice A4: Please choose the strategy you prefer under the three proposed below. 

 
Strong adaptation 

scenario 

Soft adaptation 

scenario 

No adaptation 

scenario 

Diversity of tree species 

 
Spruce + Fir 

 
Spruce + Beech 

 
Monoculture 

(Spruce) 

Amount of deadwood 

 
Medium 

 
Medium 

 
Low 

Probability of forest dieback due 

to climate change in 2050 
 

Extremely low 
 

Low 
 

High 

Biological diversity in 2050  
Medium 

 
Low 

 
Medium 

Annual payment (€/Household) 50€ 20€ 0€ 

Your choice    
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27. Please rank the 4 criteria which impacted your decisions from 1 to 4, where 1 is the most 

important criteria.  

 

 Diversity of tree species 

 Amount of deadwood 

 Probability of forest dieback due to climate change 

 Biological diversity in 2050  

 

28. How important was the attribute “annual payment for a climate change adaption fond” in all 

your decisions you just made?  

 
1 2 3 4 5   

Not at all 

important 

Not 

important 
Neutral Important 

Extremely 

important 

I don’t 

know 

I don’t want to 

answer 

       

 

Filter: If “No adaptive strategy” chosen in every choice set, continue with Q29, otherwise Q30. 

 

29. Why did you always choose “no adaptive strategy”? 

 

 Because you think you should not pay for forest management strategies.  

 Because you don’t have enough information to decide.  

 Because you don’t have enough financial means. 

 Because you don’t feel concerned by this issue. 

 Because you think you already pay enough tax. 

 Because you think nature should make decisions of its own.  

 I don’t know 

 I don’t want to answer 

 

30. Do you own or manage parts of the forests in the study area? 

 

 Yes, continue with block VI. 

 No, continue with block VII 

 No specification, continue with block VII 

 

VI) Separate part for forest owners 

 

31. How many hectares do you own or manage altogether in the study area? _______ hectares 

 

32. Have you noticed some damage in your forest for the past 20 years?  

 

 Yes 

 No 

 I don’t know 

 I don’t want to answer 

 

Filter: If “Yes” chosen, continue with Q33, otherwise Q34. 
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33. a) Please describe briefly the damage and write down how many hectares have been impacted. 

 
Kind of damage Extend of the damage (in hectare) 

 ha 

 ha 

 ha 

 ha 

 

 I don’t know 

 I don’t want to answer 

 

33. b) How did the following factors damage your forest? 

 

 

1 2 3 4 5   

Not at 

all 

damaged 

Less 

damaged 

Partly 

damaged 

Rather 

damaged 

Extre-

mely 

damaged 

I don’t 

know 

I don’t 

want to 

answer 

Pests e.g. bark 

beetle outbreak, 

fungal infestation 

       

Deers e.g. browsing        

Snow e.g.  snow 

break 
       

Extreme weather 

events e.g. storms 
       

Drought        

Climate change        

Human factors e.g. 

cultivating 

monocultures 

       

Others:         

 

33. c) Did you change your forest management aims after the damages?  

 Yes: ________________________ 

 No 

 I don’t know  

 I don’t want to answer 

 

33. d) Rank the 4 most important strategies which you followed the damage. Start with the most 

important one.  

 

 Salvage logging 

 Keep the same tree species but shorten the rotation 

 Changing the main current tree species  

 Remove damaged wood as fast as possible 

 More mixed forest 

 See the forest 

 Other strategy: __________________  

 I don’t know  

 I don’t want to answer 
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34. a) Do you know the forest ranger who is responsible in your district?  

 

 Yes 

 No 

 I don’t know 

 I don’t want to answer 

 

Filter: If “No” chosen, continue with Q35, otherwise Q34b. 

 

34. b) Have you already been advised by your forest ranger? 

 

 Yes 

 No 

 I don’t know  

 I don’t want to answer 

 

35. How important are the following objects in your forest for you? 

 

 

 

1 2 3 4 5   

Not at 

all im-

portant 

Not im-

portant 
Neutral 

Im-

portant 

Ex-

tremely 

importa

nt 

I don’t 

know 

I don’t 

know 

Source of income        

Stability and adaption to 

climate change 
       

Biodiversity preservation         

Practical work        

Forest as recreation are 

for the public 
       

 

VII) Socio-demographic details 

 

36. What is your professional situation? 

 

 Independent 

 Top manager (senior official, top executive) 

 Craftsman, store keeper 

 Other official, other employee (retailer) 

 Farmer or forester, full time 

 Farmer or forester, part time 

 Housewife/-man 

 Student, trainee 

 Unemployed 

 Retired, what was your last activity? ______________ 

 Other profession: ______________ 

 I don’t want to answer 

 

37. Are you a part time farmer or forester?  

 

 Yes 

 No 

 I don’t want to answer 
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38. Is your professional situation related to forestry? 

 

 Yes 

 No 

 I don’t know 

 I don’t want to answer 

 

39. What is the highest level of school education you have completed? 

 

 Still in school 

 General secondary school  

 Intermediate secondary school  

 A level or similar 

 I don’t want to answer 

 

40. Do you have a vocational training or (technical) university degree? 

 

 Yes 

 No 

 I don’t want to answer 

 

Filter: If “Yes” chosen, continue with Q40, otherwise Q41. 

41. What is your highest level of university degree or professional training you have 

completed? 

 

 Training or practical internship of at least 12 months  

 Vocational preparation year  

 Traineeship for the intermediate service in public administration   

 Degree of a vocational school, degree of a one-year school in the health sector  

 2-3 years in a school in the health sector (e.g. nursing, PTA, MTA) 

 Degree of a university of applied science (Master’s certificate, technician or a similar 

degree)  

 University of cooperative education, professional academy 

 Degree of a technical university of administration  

 Degree of a technical university, degree of an engineering school as well  

 Degree of a university (Bachelor of science, Bachelor of arts) 

 Degree of a university (Diplom, Master of science, Master of arts or higher) 

 

42. Do you live alone? 

 Yes 

 No 

 I don’t want to answer 

 

Filter: If “Yes” chosen, continue with Q43, otherwise Q45. 

 

43. How many people live in your household?  

 

__________person(s) 

thereof  ________ person(s) over 18 years 

thereof  ________ person(s) under 18 years 
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44. With whom do you live together? 

 

 With my wife/husband  

 With my child/children over 18 years  

 With my child/children under 18 years  

 With my parents/one parent  

 With friends in a flat-sharing community   

 Other: _______________ 

 I don’t want to answer 

 

45. Are you a member… 

 

 Yes No 
I don’t 

know 

I don’t want to 

answer 

… of an environmental protection association?     

… of a hunting or fishing association?     

… of a forest owner association?     

 

46. Which category applies to your monthly net household income? 

 

 0-499 € 

 500-999 € 

 1000-1499 € 

 1500-1999 € 

 2000-2499 € 

 2500-2999 € 

 3000-3499 € 

 3500-3999 € 

 4000-4499 € 

 4500-4999 € 

 5000 € or more 

 I don’t know  

 I don’t want to answer 

 

Thank you for your participation!  
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A 2.2: Weighting effects - Official statistics compared to the survey sample (relative frequency gender, age class per district/town) 

 

(only inhabitants of over 18 years were considered, dark grey bars indicate that this group is overrepresented in the survey sample and light grey bars indicate that the 

survey data is underrepresented in contrast to the official statistics for the BF), Source: own draft based on own calculations and on LFSTAT (2020a) 

Compared date 

sets
Gender Age class District Cham

District 

Deggendorf (N)

District Freyung-

Grafenau

District Passau 

(N)
District Regen

District 

Straubing-Bogen 

(N)

Town Passau Town Straubing

18-24 yr -0.02 -0.15

25-34 yr -0.27 -0.09 -0.19 -0.05 -0.13 -0.05 -0.21 0.00

35-44 yr -0.30 -0.18 -0.20 0.00 -0.20 -0.04 -0.18

45-54 yr -0.07 -0.23 -0.17 -0.28 -0.22 -0.13 -0.05 0.03

55-64 yr -0.23 0.01 -0.18 -0.15 -0.25 -0.24 -0.14 -0.09

> 64 yr -0.23 -0.02 -0.34 -0.01 -0.19 -0.25

18-24 yr -0.60 -0.41

25-34 yr 0.56 0.34 -0.41 0.38 0.31 0.35 -0.10 0.07

35-44 yr -1.76 -0.40 -0.09 0.76 -1.08 -0.30 -0.77

45-54 yr -0.18 -0.09 0.95 0.55 -0.73 0.30 0.35 -0.23

55-64 yr -1.00 0.11 -0.69 0.32 -0.11 -0.14 -1.38 0.31

> 64 yr 1.00 -0.20 0.82 0.79 0.57 -0.80

18-24 yr -0.15 -0.10 -0.13 -0.06 -0.05

25-34 yr -0.04 -0.21 -0.27 -0.11 -0.27 0.06 -0.13

35-44 yr 0.00 -0.18 -0.22 -0.06 -0.24 -0.07 -0.20 -0.19

45-54 yr -0.15 -0.22 -0.17 0.01 -0.22 -0.15 -0.06 -0.03

55-64 yr -0.31 0.06 -0.22 -0.15 -0.26 0.06 -0.05 -0.06

> 64 yr -0.44 -0.05 -0.32 -0.33 -0.17 0.05

18-24 yr -0.04 0.29 -1.37 -0.31 0.35

25-34 yr -1.21 -0.43 -0.49 -0.33 -0.82 -0.20 0.27

35-44 yr -0.84 -1.05 -0.45 0.05 -1.12 -0.98 -0.13 -0.45

45-54 yr 0.72 -0.41 0.96 -1.81 -0.41 -0.37 -0.32 0.04

55-64 yr -0.09 -0.82 -0.40 -0.33 0.54 -0.85 0.02 -1.30

> 64 yr 2.17 0.46 0.88 1.20 0.62 -0.17

Male 

respondents

Female 

respondents

Official statistics/ 

weighted survey 

sample

Official statistics/  

unweighted 

survey sample

Official statistics/ 

weighted survey 

sample

Official statistics/  

unweighted 

survey sample
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A 2.3: Descriptive statistics 

A 2.3.1: Socio-demographics 

Cross tabulation of age class and gender 

 

(n = 270, weighted), Source: own draft 

Place of residence by district or city 

 

(n = 270, weighted; N = north of the Danube), Source: own draft 
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Living situation 

 

(n = 266, weighted), Source: own draft 

 

Professional situation 

 

(n = 270, weighted), Source: own draft 

 

Net income classes per month and household 

 
(n = 215, weighted; µ = 6.03 (2,500-2,999 €), σ = 2.65), Source: own draft  

Alone

25.9%

In couple 

without 

children

41.4%

In couple with 

children

22.6%

Single-parent 

family

3.4%

Other 

6.8%

Employee, 

other official

26.8%

Pensioner

23.0%
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Unemployed
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0.9% Farmer or 

forester, full 

time
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A 2.3.2: Public relation to forests 

Most important activities done in the forests of the Bavarian Forest 

 

(n = 261, weighted; Scale for mean value calculation: 1 “less important” item to 4 “most important” item and 0 “not chosen”), Source: own draft 

4.1%

6.6%

21.3%

34.3%

18.5%

5.8%

10.8%

22.3%

23.0%

23.8%

3.1%

7.6%

9.1%

11.3%

14.9%

14.8%

25.5%

2.1%

2.1%

4.1%

7.2%

5.0%

8.3%

14.5%

14.5%

11.6%

10.1%

14.9%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Hunting or fishing (µ=0.07, σ=0.50) 

Motorized activities (µ=0.10, σ=0.54) 

Picnic (µ=0.08, σ=0.38) 

Collecting wood (µ=0.13, σ=0.56) 

Running (µ=0.22, σ=0.78) 

Sports with specific infrastructure (µ=0.24, σ=0.83) 

Managing the forest (µ=0.24, σ=0.86) 

Other activity (µ=0.16, σ=0.55) 

Cycling (µ=0.34, σ=0.94) 

Cultural activities (µ=0.34, σ=0.81) 

Wildlife watching (µ=0.54, σ=0.97) 

Picking mushrooms etc. (µ=0.39, σ=1.30) 

Hiking (µ=1.88, σ=1.56) 

Walking (µ=2.39, σ=1.52) 

Appreciating scenery (µ=2.06, σ=1.37) 

Share (%)

A
ct
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s

Rank1 Rank2 Rank3 Rank4



 

 

4
8
0
 

Most liked characteristics of the forests of the Bavarian Forest 

 

(n = 270; Scale for mean value calculation: 1 “less important” item to 4 “most important” item and 0 “not chosen”), Source: own draft 

4.7%

4.2%

6.0%

10.2%

17.8%

23.3%

32.6%

3.9%

3.7%

6.1%

6.7%

11.3%

15.6%

24.5%

26.3%

5.1%

4.4%

5.5%

7.6%

7.1%

20.0%

15.0%

19.4%

15.8%

5.4%

7.7%

11.6%

11.2%

8.8%

18.5%

17.3%

8.4%

10.2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Other (µ=0.03, σ=0.25) 

Deadwood (µ=0.24, σ=0.68) 

Coniferous stands (µ=0.47, σ=1.07) 

Recreational area (µ=0.51, σ=1.04) 

Understory vegetation (µ=0.45, σ=0.89) 

Broadleaved stands (µ=0.67, σ=1.22) 

Open spaces  (µ=1.33, σ=1.37) 

Fauna and flora richness (µ=1.65, σ=1.52) 

Paths (µ=2.14, σ=1.49) 

Mixed forests (µ=2.51, σ=1.42) 

Share (%)
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h

a
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Rank1 Rank2 Rank3 Rank4
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Most important key functions of the forests of the Bavarian Forest 

 

(n = 270; Scale for mean value calculation: 1 “less important” item to 4 “most important” item and 0 “not chosen”), Source: own draft  

5.4%

8.4%

7.2%

10.1%

18.3%

18.4%

26.0%

4.8%

7.3%

11.3%

8.2%

12.2%

16.3%

18.1%

18.3%

5.2%

7.5%

5.8%

5.5%

11.5%

11.4%

15.5%

22.1%

15.3%

5.3%

14.5%

10.1%

10.4%

9.2%

14.6%

15.0%

10.4%

10.5%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Mitigating global warming (µ=0.48, σ=1.09)

Producing wood (µ=0.47, σ=0.90)

Being a cultural heritage (µ=0.65, σ=1.20)

Protecting people from natural hazards (µ=0.89, σ=1.34)

Providing beautiful landscapes (µ=0.85, σ=1.31)

Being a recreational area (µ=1.15, σ=1.42)

Being an area for conservation of animals and plants diversity (µ=1.68, σ=1.53)

Contributing to health and quality of life (µ=1.82, σ=1.59)

Preserving the air and soil quality and water resources (µ=2.00, σ=1.59)

Share (%)
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n
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Rank1 Rank2 Rank3 Rank4
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Collection of NWFPs over the past 12 months 

 Relative frequency ( %) 

Collection of NWFPs 

Yes 55.2 

No 44.6 

Sum 100.0 

Collection of mushrooms  

Yes 84.8 

No 15.2 

Sum 100.0 

Amount of collected mushrooms 

Less than 1 kg 43.5 

1 to 5 kg 42.5 

5 to 10 kg 9.3 

More than 10 kg 4.8 

Sum 100.0 

Further collected NWFPs 

Fruits 82.8 

Plants 10.0 

Nuts 2.3 

Other 4.2 

Sum 100.0 

Amount of further collected NWFPs 

Less than 1 kg 69.1 

1 to 5 kg 26.8 

5 to 10 kg 0.5 

More than 10kg 3.7 

Sum 100.0 

Source: own draft
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Agreement with deadwood related items 

 

(sample weighted; Scale: 1 “strongly disagree” to 5 “strongly agree”), Source: own draft 

45.9%

40.2%

29.1%

57.6%

48.2%

33.6%

36.4%

25.7%

21.0%

14.1%

10.2%

14.7%

8.2%

9.4%

18.3%

28.2%

28.0%

23.8%

26.7%

33.2%

30.8%

29.4%

31.9%

22.9%

16.1%

17.0%

16.1%

16.6%

16.5%

13.3%

13.5%

30.5%

10.1%

8.3%

8.8%

8.8%

5.4%

16.0%

20.6%

22.6%

11.3%

13.2%

21.2%

17.2%

29.3%

29.3%

39.6%

38.9%

28.5%

27.3%

24.6%

29.2%

29.2%

25.7%

36.1%

32.7%

31.0%

29.2%

24.6%

21.8%

7.7%

8.9%

18.6%

10.4%

10.1%

9.8%

15.1%

19.4%

23.9%

18.9%

38.0%

28.3%

28.5%

34.0%

31.7%

12.8%

33.7%

31.4%

30.7%

31.0%

34.7%

6.0%

11.7%

10.8%

10.0%

21.9%

9.9%

21.4%

24.3%

21.0%

38.8%

20.0%

23.7%

28.0%

34.3%

34.6%

0% 20% 40% 60% 80% 100%

I avoid forest paths that lead me to DW

(n = 253, µ = 1.92, σ = 1.06)

DW is discussed within my family/ friends

(n = 240, µ = 2.05, σ = 1.09)

I avoid areas with dead and fallen trees

(n = 252, µ = 2.49, σ = 1.25)

DW is waste and useless

(n = 248, µ = 1.65, σ = 0.92)

I feel endangered when carrying out activities

(n = 253, µ = 1.77, σ = 0.92)

DW influences my recreation during a forest visit

(n = 248, µ = 2.20, σ = 1.13)

DW disturbs my image of forests

(n = 256, µ = 2.22, σ = 1.23)

DW is source of danger for forest visitors

(n = 245, µ = 2.33, σ = 1.06)

DW should be removed

(n = 251, µ = 2.74, σ = 1.23)

DW is a source of pests and diseases

(n = 234, µ = 2.97, σ = 1.16)

DW is an eye catcher

(n = 252, µ = 3.06, σ = 1.10)

DW should be exploited commercially

(n = 248, µ = 3.17, σ = 1.34)

DW could be a valuable source of bioenergy

(n = 226, µ = 3.25, σ = 1.10)

Dead trees can look very attractive

(n = 256, µ = 3.36, σ = 1.25)

DW is an integral part of the Bavarian forests

(n = 252, µ = 3.54, σ = 1.13)

In forests, I consciously perceive DW

(n = 253, µ = 3.58, σ = 1.04)

I am interested in forests

(n = 260, µ = 4.05, σ = 0.90)

I know a lot about DW

(n = 242, µ = 2.50, σ = 1.00)

DW improves soil fertility

(n = 220, µ = 3.57, σ = 1.03)

DW leads to more natural forest

(n = 246, µ = 3.59, σ = 1.04)

DW plays an important role in nature conservation

(n = 235, µ = 3.71, σ = 1.07)

DW plays an important role for the biodiversity

(n = 244, µ = 3.88, σ = 1.03)

DW is important for the survival of rare species

(n = 243, µ = 3.92, σ = 1.04)

Share (%)

Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree

Attitudes 

Knowledge 

 

Behavior 
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A 2.3.3: Public perception of climate change 

Opinion on causes of climate change 

 

(n = 264, weighted), Source: own draft  

Experiences with climate change 

 

(Categorization of open question; n = 65), Source: own draft 

  

54.8%

24.3%

14.5%

2.6% 2.6% 1.2%

0%

10%

20%

30%

40%

50%

60%

CC is real,

caused by

natural

processes

and human

activities

CC is real,

caused by

human

activities

CC is real, 

caused by a 

natural 

variation in 

Earth’s 

temperature

Climate is

not changing

I have no

categorical

opinion

I don’t know 

if CC is 

reality or not
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 (
%

)

Opinion on CC

3.1%

4.6%

4.6%

15.4%

15.4%

23.1%

33.8%

0% 5% 10% 15% 20% 25% 30% 35% 40%

Unspecific changes

Health complaints

Milder winter with less snow

Damages caused by storm and hail

Damages caused by "extreme weather"

Damages caused by water

Damages caused by high temperatures

Share (%)
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A 2.3.4: Public perception of forest dieback 

Main risks to the forests of the Bavarian Forest 

 

(Categorization of open question; n = 166), Source own draft  

Three main risks to the forests of the Bavarian Forest (with rank order) 

(Categorization of open question; risk 1, n = 62; risk 2, n = 57; risk 3, n = 48), Source own draft 

  

3.0%

6.6%

7.2%

15.7%

15.7%

22.9%

28.9%

0% 5% 10% 15% 20% 25% 30%

Other risks

General damages caused by humankind

Monocultures

Damages caused by tourism

Habitat loss caused by diverse factors

Bark beetle and other parasites

Climate change and its consequences

Share (%)
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11.5%
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14.0%
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4.9%

10.4%
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Risk 2

Risk 1

Share (%)

Bark beetle and other parasites Climate change and its consequences

Habitat loss caused by diverse factors Damages caused by tourism

Monocultures General damages caused by humankind
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Influence of forest dieback on leisure practices 

 

(n = 270), Source: own draft 

A 2.3.5: Forest owner part 

Detailed impacts causing forest damage in the private forest 

 

(sample weighted; Scale: 1 “not at all damaged” to 5 “extremely damaged”), Source: own draft  

  

65.2%

14.3%

12.5%

1.8%

3.9%
2.2% No, forest dieback does not

change my leisure practices

Yes, I go less into these

forests

Yes, I change the place for

my forest walks

Yes, I change my practices

in another way

I don't know

I don't want to answer

9.8% 6.6%

23.6%

7.7% 7.5% 11.7%

34.4%

1.4%
13.8%

9.6%

29.0%
24.1%

29.9%

27.6%

15.5%
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24.7%

35.8%
37.6%

27.2%
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20.7%

34.6%

27.8%
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24.7%

19.5%

9.2%

52.5%

22.2%
14.4% 16.5%

6.1%
11.7%
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bark beetle, 

fungal 

infestation 

(n=34, 

µ=4.05, 

σ=1.29)

Extreme 

weather 

events e.g., 

storms (n=34, 

µ=3.52, 

σ=1.19)

Drought 

(n=33, 

µ=3.00, 

σ=1.40)

Snow e.g., 

snow break 

(n=34, 

µ=2.99, 

σ=1.19)

Climate 

change 

(n=33, 

µ=2.98, 

σ=1.03)

Deers e.g., 

browsing  

(n=34, 

µ=2.90, 

σ=1.21)

Human 

factors e.g., 

cultivating 

monoclutures 

(n=32, 

µ=2.15, 

σ=1.05)
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Forest damages

Not at all damaged Less damaged Partly damaged Rather damaged Extremely damaged
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Chosen adaptive strategies by forest owners after forest damage 

 

(n = 34, weighted; Scale for mean value calculation: 1 “less important” item to 4 “most important” item 

and 0 “not chosen”), Source: own draft 

A 2.4: Factor analyses 

A 2.4.1: Rotated Component Matrix – Environmental worldview 

Statements 
Component Environ-

mental 

worldview 1  2 3  

a) Vulnerable nature areas should be closed to leisure and 

recreational activities 
-0.644 0.213 0.197 

Anthropo-

centric 

b) We should use nature in such a way that we get the most 

economic value from it 
0.756 0.196 0.046 

c) Too much emphasis has been placed on nature conservation 0.726 0.086 -0.018 

d) Hunting is cruel and inhumane to animals -0.194 0.167 0.861 Eco-

centric, 

Sentio-

centric 

e) It is natural that wild animals sometimes starve to death or 

are injured by other animals, and we should accept that 
-0.489 0.432 -0.545 

f) Trees may be felled if needed to increase the diversity of 

species in a forest 
0.128 0.899 0.103 Holistic 

Extraction Method: Principal Component Analysis.  

Rotation Method: Varimax with Kaiser Normalization. 

Rotation converged in 6 iterations. 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 0.616 

Bartlett’s Test of Sphericity: approx. Chi-Square = 115.102, df = 15, σ = 0.000 

Source: own draft 
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17.5%
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wood as fast 

as possible 

(µ=3.05, 

σ=1.17)

More mixed 

forest 

(µ=2.49, 

σ=1.43)

Salvage 

logging 

(µ=1.80, 

σ=1.27)

Changing 

the main 

current 

species 

(µ=0.87, 

σ=0.89)

Keep the 

same 

species but 

shorten 

rotation 

(µ=0.96, 

σ=1.31)

Sell the 

forest 

(µ=0.12, 

σ=0.43)

Other action 

(µ=0.04, 

σ=0.19)
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h

a
re
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%
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Forest owners' srategies

Rank1 Rank2 Rank3 Rank4
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A 2.4.2: Anova with environmental worldview cluster 

Dependent variable 

Mean 

difference 

(I-J) 

Standard 

error 
Sig. 

95 % interval 

confidence 

Upper 

bound 

Lower 

bound 

Deadwood attitude 

(aggregated) 

C1 
C2 0.51*** 0.12 0.00 0.22 0.79 

C3 -0.06 0.11 0.93 -0.34 0.21 

C2 
C1 -0.51*** 0.12 0.00 -0.79 -0.22 

C3 -0.57*** 0.11 0.00 -0.84 -0.31 

C3 
C1 0.06 0.11 0.93 -0.21 0.34 

C2 0.57*** 0.11 0.00 0.31 0.84 

(Tamhane; sig. = statistical significance, bold numbers indicate statistically significant results; Cluster 1 

(C1) = rather holistic worldview, Cluster 2 (C2) = rather anthropocentric, Cluster 3 (C3) = rather eco-/ 

sentiocentric worldview) 

A 2.4.3: Rotated Component Matrix – Deadwood attitude 

Statements 
Component Deadwood 

attitude 1 2 

Deadwood plays an important role in the biodiversity of forests 0.877 -0.103 

Deadwood as 

important, 

natural and 

aesthetical part 

of the forest 

Deadwood plays an important role in nature conservation 0.861 -0.104 

Deadwood is important for the survival of rare species (beetles, 

mushrooms) 
0.818 -0.122 

Deadwood is an integral part of the Bavarian forests 0.725 -0.249 

Dead trees can look very attractive 0.641 -0.342 

In my opinion deadwood in forests should be exploited 

commercially 
-0.579 0.180 

Deadwood influences my sense of recreation during a forest visit -0.147 0.804 Deadwood and 

influences on 

recreation in a 

forest 

When carrying out my activities in forests, I feel endangered by 

deadwood 

-0.065 0.747 

Deadwood disturbs my image of forests -0.472 0.699 

Extraction Method: Principal Component Analysis.  

Rotation Method: Varimax with Kaiser Normalization. 

Rotation converged in 3 iterations 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy = 0.850 

Bartlett’s Test of Sphericity: approx. Chi-Square = 839.225, df = 36, σ = 0.000 

Source: own draft 
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A 2.5: ClustOfVar analysis 

A 2.5.1: Coding of variables 

Chosen variables for the synthetic variables: 

Name of 

variable 
Question Items Description of item 

"ThreatFo" 
Threat intensity of 

forests (Q11a) 

"ThreatFo"=1 Not to low threat (1,2) 

"ThreatFo"=2 Medium threat (3) 

"ThreatFo"=3 High to extreme threat (4,5) 

"CqCCfertR" 
Change in soil 

fertility (15b) 

"CqCCfertR"=2 No to low impact (1,2) 

"CqCCfertR"=3 Medium impact (3) & Don't know 

"CqCCfertR"=4 High impact (4,5) 

"CqCCgrowR" 
Increase in tree 

growth (15b) 

"CqCCgrowR"=2 No to low impact (1,2) 

"CqCCgrowR"=3 Medium impact (3) & Don't know 

"CqCCgrowR"=4 High impact (4,5) 

"CqCCdegrowR" 
Decrease in tree 

growth (15b) 

"CqCCdegrowR"=2 No to low impact (1,2) 

"CqCCdegrowR"=3 Medium impact (3) & Don't know 

"CqCCdegrowR"=4 High impact (4,5) 

"CqCCmortR" 
Increase in tree 

mortality (15b) 

"CqCCmortR"=2 No to low impact (1,2) 

"CqCCmortR"=3 Medium impact (3) & Don't know 

"CqCCmortR"=4 High impact (4,5) 

"CqCCspecR" 

Changes in tree 

species composition 

(15b) 

"CqCCspecR"=2 No to low impact (1,2) 

"CqCCspecR"=3 Medium impact (3) & Don't know 

"CqCCspecR"=4 High impact (4,5) 

"CqCCbdR" 
Change in fauna and 

flora diversity (15b) 

"CqCCbdR"=2 No to low impact (1,2) 

"CqCCbdR"=3 Medium impact (3) & Don't know 

"CqCCbdR"=4 High impact (4,5) 

"CqCClandR" 
Forest landscape 

degradation (15b) 

"CqCClandR"=2 No to low impact (1,2) 

"CqCClandR"=3 Medium impact (3) & Don't know 

"CqCClandR"=4 High impact (4,5) 

"CqCCdamR" 
Increase in forest 

damage (15b) 

"CqCCdamR"=2 No to low impact (1,2) 

"CqCCdamR"=3 Medium impact (3) & Don't know 

"CqCCdamR"=4 High impact (4,5) 

"OpFD…" 
Perception of forest 

dieback (Q18a) 

"OpFDpast"=1 
Forest dieback already happened the 

last 20 years in the BF 

"OpFDtod"=1 Forest dieback happens today 

"OpFDfut"=1 
Forest dieback will happen in the 

future 

"EFDdwR" 

Increasing volume 

of deadwood 

(Q19) 

"EFDdwR"=2 No to low impact (1,2) 

"EFDdwR"=3 Medium impact (3) & Don't know 

"EFDdwR"=4 High impact (4,5) 

"EFDvegetR" 

Change in 

understory 

vegetation (Q19) 

"EFDvegetR"=2 No to low impact (1,2) 

"EFDvegetR"=3 Medium impact (3) & Don't know 

"EFDvegetR"=4 High impact (4,5) 

"EFDspecR" 

Disappearance of 

protected species 

(Q19) 

"EFDspecR"=2 No to low impact (1,2) 

"EFDspecR"=3 Medium impact (3) & Don't know 

"EFDspecR"=4 High impact (4,5) 

"EFDmicroR" 
Increase of micro 

fauna (Q19) 

"EFDmicroR"=2 No to low impact (1,2) 

"EFDmicroR"=3 Medium impact (3) & Don't know 

"EFDmicroR"=4 High impact (4,5) 

"EFDnwpR" 

Loss of non-timber 

forest products 

(Q19) 

"EFDnwpR"=2 No to low impact (1,2) 

"EFDnwpR"=3 Medium impact (3) & Don't know 

"EFDnwpR"=4 High impact (4,5) 

"EFDlandR" "EFDlandR"=2 No to low impact (1,2) 
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Landscape 

degradation (Q19) 

"EFDlandR"=3 Medium impact (3) & Don't know 

"EFDlandR"=4 High impact (4,5) 

"EFDeconR" 

Linked-to-forest 

economic activities 

recession (Q19) 

"EFDeconR"=2 No to low impact (1,2) 

"EFDeconR"=3 Medium impact (3) & Don't know 

"EFDeconR"=4 High impact (4,5) 

Source: own draft 

Chosen variables for the typologies: 

Name of 

variable 
Question Items Description of item 

"Visit1-5" 

Visit frequency over 

the last 12 months 

(Q4) 

"Visit"=1 Never or less than once a year 

"Visit"=2 
Several times a year (last 12 month) 

Once the last 12 month 

"Visit"=3 
More than once a month 

Once a month 

"Visit"=4 
More than once a week 

Once a week 

"Visit"=5 Never or less than once a year 

"Activ1-9" 
Preferred activities 

(Q5) 

"Activ1"=1 Walking 

"Activ2"=1 Picnic 

"Activ3"=1 Appreciating scenery 

"Activ4"=1 Wildlife watching 

"Activ5"=1 Cultural activities 

"Activ6"=1 
Picking mushrooms, flowers, fruits, 

etc. 

"Activ7"=1 Collecting wood 

"Activ8"=1 Hunting or fishing 

"Activ9"=1 

Running, cycling, hiking. sports with 

specific infrastructure, motorized 

activities 

"KnowForest" 
Knowledge on the 

topic forests (Q6) 

"KnowForest"=2 No or low knowledge level 

"KnowForest"=3 Medium knowledge level 

"KnowForest"=4 High knowledge level 

"Char1-6, 8-9" 

Appreciated 

characteristics of a 

forest (Q7) 

"Char1"=1 Conifer stands 

"Char2"=1 Broadleaved stands 

"Char3"=1 Mixed forests 

"Char4"=1 Fauna and flora richness 

"Char5"=1 Paths 

"Char6"=1 Understory 

"Char8"=1 Open spaces 

"Char9"=1 Recreation area 

"Func1-9" 
Key functions of the 

forests (Q9) 

"Func1"=1 Contributing to health, quality of life 

"Func2"=1 Being a cultural heritage 

"Func3"=1 Providing beautiful landscapes 

"Func4"=1 Producing wood 

"Func5"=1 Being a recreational area 

"Func6"=1 Preserving air, soil, water 

"Func7"=1 Being an area for conservation 

"Func8"=1 Mitigating global warming 

"Func9"=1 Protecting people from nat hazards 

"mushrooms2" 
Collected 

mushrooms (Q10) 
"mushrooms2"=1 People collect mushrooms 

"NwFp" 
Collected NWFPs 

(Q10) 
"NwFp"=1 People collect NWFPs 
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"Risk1-12" 
Main risks for the 

forests (Q11c) 

"Risk1" Fire 

"Risk2" Windstorm 

"Risk3" Drought 

"Risk4" Snowfall 

"Risk5" Climate change 

"Risk6" Forest dieback 

"Risk7" Deer browsing 

"Risk8" Pests, disease, invasive species 

"Risk9" Over-harvesting of wood products 

"Risk10" Over-harvesting of NWP 

"Risk11" Lack of forest management 

"Risk12" Over-frequentation by public 

"WVrecre" 

Vulnerable nature 

areas should be 

closed to leisure and 

recreational 

activities (Q12) 

"WVrecre"=2 
Strongly disagree (1) 

Disagree (2) 

"WVrecre"=3 Neither agree or disagree (3) 

"WVrecre"=4 Agree (4) 

"WVrecre"=5 Strongly agree (5) 

"WVecon" 

We should use 

nature in such a way 

that we get the most 

economic value 

from it (Q12) 

"WVecon"=1 Strongly disagree (1) 

"WVecon"=2 Disagree (2) 

"WVecon"=3 Neither agree or disagree (3) 

"WVecon"=4 
Agree (4) 

Strongly agree (5) 

"WVnatur" 

Too much emphasis 

has been placed on 

nature conservation 

(Q12) 

"WVnatur" Strongly disagree (1) 

"WVnatur" Disagree (2) 

"WVnatur" Neither agree or disagree (3) 

"WVnatur" 
Agree (4) 

Strongly agree (5) 

"WVhunt" 

Hunting is cruel and 

inhumane to animals 

(Q12) 

"WVhunt" Strongly disagree (1) 

"WVhunt" Disagree (2) 

"WVhunt" Neither agree or disagree (3) 

"WVhunt" Agree (4) 

"WVhunt" Strongly disagree (5) 

"WVwild" 

It is natural that wild 

animals starve to 

death or are injured 

by other animals 

(Q12) 

"WVwild"=2 
Strongly disagree (1) 

Disagree (2) 

"WVwild"=3 Neither agree or disagree (3) 

"WVwild"=4 Agree (4) 

"WVwild"=5 Strongly agree (5) 

"WVtree" 

Trees may be felled 

if needed to increase 

the diversity of 

species in a forest 

(Q12) 

"WVtree"=2 
Strongly disagree (1) 

Disagree (2) 

"WVtree"=3 Neither agree or disagree (3) 

"WVtree"=4 Agree (4) 

"WVtree"=5 Strongly agree (5) 

"KnowClimate" 

Knowledge on the 

topic climate change 

(Q13b) 

"KnowClimate"=2 No or low knowledge level 

"KnowClimate"=3 Medium knowledge level 

"KnowClimate"=4 High knowledge level 

"OpinionCC" 

Respondents’ 

opinion on climate 

change (Q13a) 

"OpinionCC"=1 Climate is not changing 

"OpinionCC"=2 
CC real, only a natural variation in 

Earth’s temperature 

"OpinionCC"=3 
CC real, only caused by human 

activities 

"OpinionCC"=4 
CC real, caused by natural processes 

and human activity 

"OpinionCC"=5 No categorical opinion 

"OpinionCC"=6 I don't know if cc is reality or not 

"OpCC" 
"OpCC"=3 Human causes 

"OpCC"=4 Human and nature causes 
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Opinion on causes 

of climate change 

(Q13a) 

"OpCC"=5 Other opinion 

"ExpClimate" 

Experiences with 

climate change 

(Q13c) 

"ExpClimate"=1 Made experiences with climate change 

"ImpCCwarm" 

Climate change 

impact; warmer 

winters (Q14b) 

"ImpCCwarm"=2 No to low impact (1,2) 

"ImpCCwarm"=3 Medium impact (3) 

"ImpCCwarm"=4 High impact (4) 

"ImpCCwarm"=5 Extremely high impact (5) 

"ImpCCdry" 

Climate change 

impact; drier 

summers (Q14b) 

"ImpCCdry"=2 No to low impact (1,2) 

"ImpCCdry"=3 Medium impact (3) 

"ImpCCdry"=4 High impact (4) 

"ImpCCdry"=5 Extremely high impact (5) 

"ImpCCfire" 

Climate change 

impact; more fire 

(Q14b) 

"ImpCCfire"=2 No to low impact (1,2) 

"ImpCCfire"=3 Medium impact (3) 

"ImpCCfire"=4 High impact (4) 

"ImpCCfire"=5 Extremely high impact (5) 

"ImpCCflood" 

Climate change 

impact; more flood 

(Q14b) 

"ImpCCflood"=2 No to low impact (1,2) 

"ImpCCflood"=3 Medium impact (3) 

"ImpCCflood"=4 High impact (4) 

"ImpCCflood"=5 Extremely high impact (5) 

"ImpCCstorm" 

Climate change 

impact; more storms 

(Q14b) 

"ImpCCstorm"=2 No to low impact (1,2) 

"ImpCCstorm"=3 Medium impact (3) 

"ImpCCstorm"=4 High impact (4) 

"ImpCCstorm"=5 Extremely high impact (5) 

"ImpCCFutur" 

Opinion on future 

impacts of climate 

change on the 

forests (Q16) 

"ImpCCFutur"=2 Not at all to medium impact (1,2,3) 

"ImpCCFutur"=4 High impact (4) 

"ImpCCFutur"=5 Extreme impact (5) 

"ObsFD" 

Observation forest 

dieback over the 

past 20 years (Q17) 

"ObsFD"=1 
Observed forest dieback over the past 

20 years 

"DWwasteR" 
Deadwood is waste 

and useless (Q21) 

"DWwasteR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWwasteR"=3 Neither agree or disagree (3) 

"DWwasteR"=4 
Agree (4) 

Strongly agree (5) 

"DWeyesR" 

Deadwood is an 

eyesore in the 

landscape (Q21) 

"DWeyesR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWeyesR"=3 Neither agree or disagree (3) 

"DWeyesR"=4 
Agree (4) 

Strongly agree (5) 

"DWmovR" 
Deadwood should 

be removed (Q21) 

"DWmovR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWmovR"=3  Neither agree or disagree (3) 

"DWmovR"=4  
Agree (4) 

Strongly agree (5) 

"DWsurvR" 

Deadwood is 

important for the 

survival of rare 

species (Q21) 

"DWsurvR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWsurvR"=3 Neither agree or disagree (3) 

"DWsurvR"=4 
Agree (4) 

Strongly agree (5) 

"DWenergR" 

Deadwood could be 

a valuable source of 

bioenergy (Q21) 

"DWenergR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWenergR"=3 Neither agree or disagree (3) 
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"DWenergR"=4 
Agree (4) 

Strongly agree (5) 

"DWfertR" 

Deadwood is source 

of soil fertility 

(Q21) 

"DWfertR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWfertR" = 3 Neither agree or disagree (3) 

"DWfertR"=4 
Agree (4) 

Strongly agree (5) 

"DWpestR" 

Deadwood is a 

source of pest and 

disease (Q21) 

"DWpestR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWpestR"=3 Neither agree or disagree (3) 

"DWpestR"=4 
Agree (4) 

Strongly agree (5) 

"DWdangR" 

Deadwood is source 

of danger for forest 

visitors (Q21)  

"DWdangR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWdangR"=3 Neither agree or disagree (3) 

"DWdangR"=4 
Agree (4) 

Strongly agree (5) 

"DWnatR" 

Deadwood leads to 

more natural forest 

(Q21) 

"DWnatR"=2 
Strongly disagree (1) 

Disagree (2) 

"DWnatR"=3 Neither agree or disagree (3) 

"DWnatR"=4 
Agree (4) 

Strongly agree (5) 

"Action1-7,12" 

Opinion on what 

could be done 

against forest 

dieback in the BF 

(Q22) 

"Action1"=1 Fir only on better sites 

"Action2"=1 New native tree species 

"Action3"=1 New non-native tree species 

"Action4"=1 Several tree species on a same plot 

"Action5"=1 Younger forests (shorter rotations) 

"Action6"=1 
Clear cut forest as soon as trees are 

dying 

"Action7"=1 Forest with trees of different age 

"Action 12"=1 Fast clear up of damaged wood  

"Fowner" Forest owner (Q30) "Fowner"=1 Respondent is forest owner 

"FoManage" 

Forest owner and 

activity managing 

the forest (Q5,30) 

"FoManage"=1 Forest owner and Activ 12 =0 

"FoManage"=2 Forest owner and Activ 12 =1 

"Gender" Gender (Q3) "Gender"=1 Woman 

"AgeClass" Age class (Q2) 

"AgeClass"=1 18-24 years 

"AgeClass"=2 25-34 years 

"AgeClass"=3 35-44 years 

"AgeClass"=4 45-54 years 

"AgeClass"=5 55-64 years 

"AgeClass"=6 > 65 years 

"SProfClass" Profession (Q36) 

SProfClass = 1 

Farmer, craftsman, retailer, 

storekeeper, free-lance manager, self-

employed people 

SProfClass = 2 

Top manager (chief executives, senior 

officer-manager), middle manager, 

professional 

SProfClass = 3 

Service and sales worker, employee, 

worker (manual worker, machine 

operator) 

SProfClass = 4 
Unemployed, people in education, 

Housewife/-man 

SProfClass = 5 Retired 
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"SProfClassR" 
Profession (before 

retirement) (Q36) 

"SProfClassR"=1 

Farmer, craftsman, retailer, 

storekeeper, free-lance manager, self-

employed people 

"SProfClassR"=2 

Top manager (chief executives, senior 

officer-manager), middle manager, 

professional 

"SProfClassR"=3 

Service and sales worker, employee, 

worker (manual worker, machine 

operator) 

"SProfClassR"=4 
Unemployed, people in education, 

Housewife/-man 

"Income" Income (Q46) 

"Income"=2 500€ - 999€ 

"Income"=3 1 000€ - 1 499€ 

"Income"=4 1 500€ - 1 999€ 

"Income"=5 2 000€ - 2 999€ 

"Income"=6 3 000€ - 3 999€ 

"Income"=7 > 4 000€  

"ProfFor" 

Profession in 

relation to forestry 

(Q38) 

"ProfFor"=1 Profession in relation to forestry 

"Educ" Education (Q39) 

"Educ"=1 Primary level 

"Educ"=2 Secondary level 

"Educ"=3 A-level 

"Educ"=4 Bachelor (of science, etc.) 

"Educ"=5 Master or higher 

"AssoEnv" 

Membership 

environmental 

association (Q45) 

"AssoEnv"=1 Member of environmental association 

"AssoHunt" 

Membership 

hunting association 

(Q45) 

"AssoHunt"=1 Member of hunting association 

Source: own draft  
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A 2.5.2: Details of ClustOfVar analysis 

 
 

 
 

 
 

Source: own draft  



 

496 

 

A 2.5.3: Description of synthetic variables (matrix Ck) 

Synthetic variable (SV) Variables 
Correlation 

ratio 

Homogeneity 

of the cluster 

H(Ck) 

Percentage 

of inertia 

explained 

SV 1 - Climate change impacts 

on the productive function of a 

forest 

CqCCmortR 0.78 

2.52 84.0 
CqCCdegrowR 0.48 

ThreatFo 0.45 

EFDdwR 0.42 

CqCCdamR 0.38 

SV 2 - Climate change related 

changes on ecological forest 

elements  

CqCCfertR 0.73 

2.12 70.6 CqCCbdR 0.71 

CqCCspecR 0.69 

SV 3 - Impacts on 

microelements of a forest 

EFDmicroR 0.66 
1.31 43.7 

CqCCgrowR 0.66 

SV 4 - Forest dieback impacts 

on landscape elements 

EFDlandR 0.64 

3.15 20.0 

EFDvegetR 0.58 

EFDspecR 0.51 

CqCClandR 0.47 

EFDnwpR 0.38 

EFDeconR 0.30 

OpFDfut 0.27 

SV 5 - Forest dieback 

observations 

OpFDtod 0.85 
1.70 85.0 

OpFDpast 0.85 

(Gain in cohesion: 36.53 %, for exact names and meanings of the variables see A 2.5.1), Source: own draft 
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A 2.5.4: Gradients of synthetic variables (Ak 1-5) 

Gradients SV 1-3 

 

Source: own draft 
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Gradients SV 4-5 

 

Source: own draft  
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A 2.5.5: Detailed description of synthetic variables 

Label of SV Negative values Positive values 

SV1 - Climate 

change impacts on 

the productive 

function of a forest 

(tree mortality, forest 

damages, decrease 

tree growth, 

deadwood level) 

- High impacts of climate 

change on decrease in tree 

growth, mortality level, 

damage level and high impact 

of forest dieback on deadwood 

level 

- Highest threat to forests 

Low SV mean values:0.09 to 0.48 

- Medium (or don’t know, 

undecided) impacts of climate 

change on damage level and 

tree mortality 

- Medium (or don’t know, 

undecided) impacts of forest 

dieback on deadwood level 

Medium threat to forests 

High SV mean values: 1.34 to 2.34 

- Low (or no) impacts of climate 

change on tree mortality, 

damage level, decrease in tree 

growth 
- Low impacts of forest dieback 

on deadwood 

- Lowest threat to forests 

SV2 - Climate 

change related 

changes of forests 

ecological elements 

(soil, biodiversity, 

tree species) 

Low SV mean values: -0.26 to -0.36 

- Low (or no) impacts of climate 

change on fauna and flora 

diversity, tree species 

composition and soil fertility 

- Medium (or don’t know, 

undecided) impacts of climate 

change on fauna and flora 

diversity, soil fertility and tree 

species composition 

High SV mean values: 

-0.36 to -0.55 

- High impacts of CC on fauna 

and flora diversity, soil fertility 

and tree species composition  

SV3 - Impacts on 

microelements of a 

forest 
(micro fauna and tree 

growth) 

- Medium (or don’t know, 

undecided) impacts of climate 

change on tree growth and 

micro fauna 

Low SV mean values: 0.36 to 0.54 

- High impact on tree growth 

(SV mean value = 0.36) and 

low (or no) impacts on 

increase of micro fauna (SV 

mean value = 0.54) 

High SV mean values: 0.74 to 0.81 

- Low (or no) impacts on tree 

growth (SV mean value = 

0.74) and high impact on 

increase of micro fauna (SV 

mean value = 0.81)  

SV4 - Forest 

dieback impacts on 

landscape elements 

(degradation and 

composition) 

Low SV mean values: 

-0.08 to -0.23 

Low SV mean values:  

1.21 to 1.52 

- Medium (or don’t know, 

undecided) impacts of forest 

dieback on forestry sector, 

landscape degradation, 

understory vegetation and 

NWFPs 

- Medium (or don’t know, 

undecided) impacts of climate 

- Low (or no) impacts of forest 

dieback on disappearance of 

protected species, forestry 

sector and NWFPs 

- Low (or no) impacts of climate 

change on forest landscape 

degradation 
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change on forest landscape 

degradation 

- Forest dieback will not happen 

in the future 

High SV mean values: 

-0.27 to -0.53 

High SV mean values:  

1.95 to 2.06 

- High impacts of forest dieback 

on landscape degradation, 

understory vegetation, 

disappearance of protected 

species, NWFPs and forestry 

sector 

- High impacts of climate 

change on forest landscape 

degradation 

- Low (or no) impacts of forest 

dieback on landscape 

degradation, understory 

vegetation 
- Forest dieback will happen in 

the future 

SV5 - Forest 

dieback 

observations 

- Forest dieback is considered as 

a past event 

- Forest dieback is considered as 

a current event 

Source: own draft 

A 2.5.6: Description of each cluster by the categories 

Cluster 1 Cla/Mod Mod/Cla Global p value v.test 

AgeClass=2 41.667 29.851 15.738 0.001 3.352 

ImpCCdry=5 31.897 55.224 38.033 0.001 3.215 

DWmovR=3 32.558 41.791 28.197 0.007 2.708 

DWfertR=NA 34.375 32.836 20.984 0.010 2.579 

KnowForest=2 36.000 26.866 16.393 0.013 2.484 

Func3=0 26.131 77.612 65.246 0.015 2.433 

DWwasteR=4 50.000 10.448 4.590 0.021 2.316 

Risk8=1 25.225 83.582 72.787 0.022 2.288 

Risk6=1 32.813 31.343 20.984 0.024 2.265 

Educ=2 28.814 50.746 38.689 0.024 2.255 

Visit=2 31.884 32.836 22.623 0.029 2.181 

ImpCCflood=4 30.488 37.313 26.885 0.034 2.116 

DWdangR=4 37.500 17.910 10.492 0.035 2.104 

WVtree=2 36.111 19.403 11.803 0.039 2.059 

ImpCCFutur=5 32.203 28.358 19.344 0.042 2.033 

Risk9=1 28.713 43.284 33.115 0.050 1.960 

Risk9=0 18.627 56.716 66.885 0.050 -1.960 

DWsurvR=2 5.000 1.493 6.557 0.047 -1.984 

DWeyesR=3 15.789 26.866 37.377 0.044 -2.019 

DWwasteR=2 19.231 67.164 76.721 0.043 -2.027 

ImpCCflood=NA 11.538 8.955 17.049 0.041 -2.045 

Risk6=0 19.087 68.657 79.016 0.024 -2.265 

Risk8=0 13.253 16.418 27.213 0.022 -2.288 

Func3=1 14.151 22.388 34.754 0.015 -2.433 

ImpCCstorm=NA 8.696 5.970 15.082 0.013 -2.472 

ImpCCdry=NA 8.696 5.970 15.082 0.013 -2.472 

ImpCCwarm=NA 8.511 5.970 15.410 0.011 -2.544 

AgeClass=4 9.836 8.955 20.000 0.008 -2.665 

DWmovR=2 14.400 26.866 40.984 0.007 -2.677 

Visit=3 11.224 16.418 32.131 0.001 -3.207 
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Cluster 2 Cla/Mod Mod/Cla Global p value v.test 

AgeClass=4 80.328 24.747 20.000 0.004 2.875 

ObsFD=1 69.406 76.768 71.803 0.010 2.575 

ImpCCwarm=NA 80.851 19.192 15.410 0.011 2.537 

DWmovR=NA 87.500 10.606 7.869 0.013 2.495 

ImpCCstorm=NA 80.435 18.687 15.082 0.015 2.435 

ImpCCdry=NA 80.435 18.687 15.082 0.015 2.435 

Visit=3 74.490 36.869 32.131 0.016 2.419 

mushrooms2=0 70.833 60.101 55.082 0.017 2.379 

DWdangR=NA 83.333 12.626 9.836 0.023 2.271 

Risk8=0 74.699 31.313 27.213 0.028 2.198 

ImpCCfire=NA 76.667 23.232 19.672 0.032 2.144 

WVwild=0 91.667 5.556 3.934 0.044 2.014 

WVnatur=0 91.667 5.556 3.934 0.044 2.014 

WVecon=0 91.667 5.556 3.934 0.044 2.014 

ImpCCflood=NA 76.923 20.202 17.049 0.045 2.006 

DWeyesR=NA 83.333 10.101 7.869 0.046 1.995 

AgeClass=2 52.083 12.626 15.738 0.048 -1.979 

WVecon=4 50.000 10.101 13.115 0.039 -2.059 

Educ=2 57.627 34.343 38.689 0.036 -2.097 

Risk8=1 61.261 68.687 72.787 0.028 -2.198 

ImpCCflood=2 52.308 17.172 21.311 0.019 -2.349 

mushrooms2=1 57.664 39.899 44.918 0.017 -2.379 

DWpestR=3 54.255 25.758 30.820 0.010 -2.564 

DWmovR=3 53.488 23.232 28.197 0.010 -2.575 

ImpCCFutur=2 46.341 9.596 13.443 0.010 -2.592 

ImpCCfire=2 55.085 32.828 38.689 0.005 -2.827 

ObsFD=0 37.500 7.576 13.115 0.000 -3.754 

ImpCCstorm=2 22.727 2.525 7.213 0.000 -4.114 

Cluster 3 Cla/Mod Mod/Cla Global p value v.test 

ObsFD=0 50.000 50.000 13.115 0.000 6.231 

ImpCCFutur=2 41.463 42.500 13.443 0.000 4.961 

ImpCCfire=2 25.424 75.000 38.689 0.000 4.951 

ImpCCstorm=2 54.545 30.000 7.213 0.000 4.823 

ImpCCflood=2 32.308 52.500 21.311 0.000 4.682 

ImpCCwarm=2 41.379 30.000 9.508 0.000 4.008 

ImpCCdry=2 60.000 15.000 3.279 0.001 3.461 

DWpestR=3 23.404 55.000 30.820 0.001 3.383 

DWwasteR=2 16.239 95.000 76.721 0.001 3.196 

WVhunt=1 27.273 30.000 14.426 0.006 2.727 

mushrooms2=1 18.978 65.000 44.918 0.007 2.701 

WVrecre=2 36.842 17.500 6.230 0.007 2.689 

WVwild=5 21.951 45.000 26.885 0.009 2.631 

Income=7 29.032 22.500 10.164 0.014 2.470 

NwFp=1 16.959 72.500 56.066 0.024 2.250 

Educ=5 27.586 20.000 9.508 0.029 2.179 

Activ3=1 15.254 90.000 77.377 0.034 2.118 

ImpCCdry=4 18.868 50.000 34.754 0.035 2.107 

DWsurvR=2 30.000 15.000 6.557 0.042 2.038 

SProfClass=2 25.806 20.000 10.164 0.045 2.007 

ImpCCfire=3 6.061 10.000 21.639 0.048 -1.975 

WVtree=2 2.778 2.500 11.803 0.037 -2.083 

Activ3=0 5.797 10.000 22.623 0.034 -2.118 

DWmovR=NA 0.000 0.000 7.869 0.030 -2.175 
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DWeyesR=NA 0.000 0.000 7.869 0.030 -2.175 

DWwasteR=NA 0.000 0.000 7.869 0.030 -2.175 

KnowForest=2 4.000 5.000 16.393 0.027 -2.207 

NwFp=0 8.209 27.500 43.934 0.024 -2.250 

ImpCCflood=4 6.098 12.500 26.885 0.023 -2.272 

DWfertR=NA 4.688 7.500 20.984 0.018 -2.363 

SProfClass=3 8.219 30.000 47.869 0.016 -2.420 

ImpCCstorm=5 5.000 10.000 26.230 0.009 -2.624 

mushrooms2=0 8.333 35.000 55.082 0.007 -2.701 

ImpCCfire=4 2.083 2.500 15.738 0.007 -2.709 

ImpCCwarm=5 4.167 7.500 23.607 0.006 -2.733 

DWenergR=NA 2.041 2.500 16.066 0.006 -2.758 

DWsurvR=NA 0.000 0.000 11.475 0.005 -2.789 

DWpestR=NA 0.000 0.000 15.082 0.001 -3.328 

ImpCCFutur=5 0.000 0.000 19.344 0.000 -3.907 

ObsFD=1 7.306 40.000 71.803 0.000 -4.494 

ImpCCdry=5 1.724 5.000 38.033 0.000 -5.054 

Source: own draft 

A 2.6: Discrete Choice Experiment 

A 2.6.1: Pictograms of the attribute levels 

 Level 1 Level 2 Level 3 Level 4 

Diversity of 

tree species 

Spruce 

 

Spruce + Beech 

 

Fir + Spruce 

 

Fir + Beech + 

Spruce 

 

Level of 

deadwood 

Low 

 

Medium 

 

High 

 

 

Risk of forest 

dieback 

High 

 

Medium 

 

Low 

 

Very low 

 

Diversity of 

flora and 

fauna 

Low 

 

Medium 

 

High 

 

Very high 

 

Source: own draft  
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A 2.6.2: Choice design generated with NGene 

Design 

;alts= strong, soft, none 

;rows=12 

;block=3 

;eff=(mnl,d) 

;model: 

  

U(strong) = b1 + b2*Ess_S[3,4] + b3*BM_S[2,3] + b4*FD_S[3,4] + b5*Bio_S[2,3,4] + 

b6*Prix_S[4,5,6] / 

U(soft) = b7 + b8*Ess_M[2,3] + b9*BM_M[1,2,3] + b10*FD_M[2,3] + b11*Bio_M[1,2,3] +  

b12*Prix_M[2,3,4] / 

U(none) = b13*FD_N[1,2] + b14*Bio_N[1,2] $ 

Source: own draft 

A 2.6.3: Choice sets and their levels 

Questionnaire Block 1 

Choice set 1 Strong scenario Soft scenario No scenario 

Tree species 1 1 1 

Deadwood  1 1 1 

Risk of forest dieback 2 1 1 

Biodiversity 3 3 1 

Financial contribution 6 3 1 

 

Choice set 2 Strong scenario Soft scenario No scenario 

Tree species 2 2 1 

Deadwood  2 2 1 

Risk of forest dieback 1 1 2 

Biodiversity 1 2 1 

Financial contribution 6 4 1 

 

Choice set 3 Strong scenario Soft scenario No scenario 

Tree species 2 1 1 

Deadwood  2 2 1 

Risk of forest dieback 2 2 2 

Biodiversity 3 1 1 

Financial contribution 6 2 1 
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Choice set 4 Strong scenario Soft scenario No scenario 

Tree species 1 2 1 

Deadwood  1 2 1 

Risk of forest dieback 2 2 1 

Biodiversity 1 1 2 

Financial contribution 6 3 1 

Questionnaire Block 2 

Choice set 1 Strong scenario Soft scenario No scenario 

Tree species 2 2 1 

Deadwood  1 3 1 

Risk of forest dieback 1 2 1 

Biodiversity 2 3 1 

Financial contribution 5 2 1 

 

Choice set 2 Strong scenario Soft scenario No scenario 

Tree species 1 1 1 

Deadwood  2 3 1 

Risk of forest dieback 1 2 2 

Biodiversity 1 3 2 

Financial contribution 5 3 1 

 

Choice set 3 Strong scenario Soft scenario No scenario 

Tree species 2 1 1 

Deadwood  1 3 1 

Risk of forest dieback 1 1 1 

Biodiversity 3 2 2 

Financial contribution 5 4 1 

 

Choice set 4 Strong scenario Soft scenario No scenario 

Tree species 1 2 1 

Deadwood  2 1 1 

Risk of forest dieback 1 1 2 

Biodiversity 3 2 2 

Financial contribution 5 2 1 
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Questionnaire Block 3 

Choice set 1 Strong scenario Soft scenario No scenario 

Tree species 2 2 1 

Deadwood  2 1 1 

Risk of forest dieback 2 2 1 

Biodiversity 2 3 2 

Financial contribution 4 4 1 

 

Choice set 2 Strong scenario Soft scenario No scenario 

Tree species 1 1 1 

Deadwood  1 1 1 

Risk of forest dieback 1 2 2 

Biodiversity 2 1 1 

Financial contribution 4 4 1 

 

Choice set 3 Strong scenario Soft scenario No scenario 

Tree species 2 1 1 

Deadwood  1 2 1 

Risk of forest dieback 2 1 2 

Biodiversity 1 2 2 

Financial contribution 4 2 1 

 

Choice set 4 Strong scenario Soft scenario No scenario 

Tree species 1 2 1 

Deadwood  2 3 1 

Risk of forest dieback 2 1 1 

Biodiversity 2 1 1 

Financial contribution 4 3 1 

Source: own draft 
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A 2.6.4: Willingness to pay for adaptation scenarios 

Alternative Attribute Level WTP  

Strong 

adaptation 

scenario 

Tree species diversity 
[Spruce, Fir] 

Spruce, Fir and Beech 27.72 € 

Biodiversity  

[Medium] 

High 50.50 € 

Very high 56.65 € 

Deadwood 
[Medium] 

High -23.25 € 

Risk of forest dieback 
[Low] 

Very low 51.26 € 

Soft adaptation 

scenario 

Tree species diversity 
[Spruce, Fir] 

Spruce, Beech 4.36 € 

Biodiversity  

[Low] 

Medium 1.94 € 

High 49.40 € 

Deadwood 

[Low] 

Medium  5.78 € 

High 21.39 € 

Risk of forest dieback 
[Medium] 

Low 11.70 € 

No adaptation 

scenario 

Biodiversity  
[Low] 

Medium -57.52 € 

Risk of forest dieback 
[High] 

Medium -19.28 € 

Source: own draft 
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A 2.6.5: Multinomial Logit Model with covariates – Adaptation Scenarios 

Alternative Attribute Level 
Esti-

mate 

Std. 

Error 
z-value Pr(>|z|) 

 

[No adaptation strategy]   

ASC strong adaptation strategy -3.076 0.980 -3.139 0.002 ** 

ASC soft adaptation strategy -1.607 0.924 -1.740 0.082 * 

Strong 

adaptation 

scenario 

Tree species 

diversity 

[Spruce, Fir]   

Spruce, Fir 

and Beech 
0.366 0.186 1.964 0.050 * 

Biodiversity 

[Medium]   

High 0.650 0.281 2.319 0.020 * 

Very high 0.704 0.226 3.118 0.002 ** 

Deadwood 
[Medium]   

High -0.285 0.133 -2.147 0.032 * 

Risk of forest 

dieback 

[Low]   

Very low 0.669 0.187 3.572 0.000 *** 

Soft 

adaptation 

scenario 

Tree species 

diversity 

[Spruce, Fir]   

Spruce, Beech 0.061 0.167 0.363 0.716  

Biodiversity 

[Low]   

Medium 0.042 0.371 0.113 0.910  

High 0.637 0.223 2.862 0.004 ** 

Deadwood 

[Low]   

Medium  0.071 0.316 0.224 0.823 
 

High 0.278 0.183 1.520 0.128 
 

Risk of forest 

dieback 

[Medium]   

Low 0.153 0.240 0.638 0.524 
 

No 

adaptation 

scenario 

Biodiversity 
[Low]      

Medium -0.640 0.271 -2.357 0.018 * 

Risk of forest 

dieback 

[High]      

Medium -0.165 0.279 -0.590 0.555 
 

  Costs -0.011 0.009 -1.300 0.194 
 

Covariates 

Income: soft   0.154 0.041 3.806 0.000 *** 

Income: strong   0.163 0.040 4.062 0.000 *** 

DW attitude: 

soft   
0.299 0.118 2.542 0.011 * 

DW attitude: 

strong   
0.500 0.118 4.219 0.000 *** 

CC perception: 

soft  
0.224 0.173 1.291 0.197  

CC perception: 

strong  
0.464 0.171 2.708 0.007 ** 

Optimization of log-likelihood by Newton-Raphson maximization 

Log-Likelihood:  -951.79  

McFadden R2: 0.076  

Likelihood ratio test : χ2 = 156.44 (p value < 0.001) 

(reference levels in italic and brackets), Source: own draft 



 

508 

 

A 2.6.6: Importance of DCE attributes 

 

(n = 270, weighted), Source: own draft 

A 2.6.7: Importance of financial DCE attribute 

 

(n = 253, weighted; µ = 2.76, σ = 1.02; Scale: 1 “not at all important” to 5 “very important”), Source: own 

draft 
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A 2.7: Correlations  

Correlations of selected variables with respondents’ characteristics 

 Age Income 

Forest 

visit fre-

quency 

Know-

ledge 

level 

forests 

Know-

ledge 

level CC 

EWV- 

Anthrop-

ocentric 

EWV - 

Holistic 

EWV - 

Eco-/ 

Sentio-

centric 

DW 

attitude 

(aggr.) 

FD 

percep-

tion 

(aggr) 

CC 

percep-

tion 

(aggr) 

General CC 

perception 

(aggr. CC 

perception 

components)  

Perceived current CC 

impacts on the BF 
-.135* -.109 -.102 .146* .188** -.174** -.043 .152* -.023 .568*** .793*** 

Perceived CC impacts on 

the forests 
-.206** .030 -.146* .042 .077 -.164** -.017 .076 -.009 .807*** .538*** 

Assumed future CC 

impacts on the forests 
-.142* -.092 -.044 .026 .270** -.230** .013 .060 .022 .534*** .635*** 

General FD 

perception 

(aggr. FD 

perception 

components) 

Perceived threat to forests -.047 -.162* -.049 .041 .123* -.172** -.074 .119 -.148* .781*** .427*** 

Perceived current forest 

dieback impacts 
-.201** -.062 -.211** .167** .163** -.267*** .001 .093 .023 .822*** .669*** 

Risk to 

forests 

Risk of forest damages -.126* .021 -.026 .045 .096 -.025 .040 -.069 .025 .142* .103 

Risk of climate change -.096 .040 .065 -.014 .058 -.232*** .068 .137* .083 .252*** .277*** 

Risk of pests, disease and 

invasive species 
-.035 .059 .021 -.096 -.163** .163** -.013 -.181** -.170** .021 -.029 

Detailed 

perception of 

CC impacts 

on forests 

Change in soil fertility -.303** -.034 -.099 .003 -.018 .038 -.049 -.069 -.117 .370** .413** 

Increase in tree growth .011 .017 -.053 -.026 -.072 .254*** -.005 -.016 -.116 -.140* -.043 

Decrease in tree growth -.197** -.010 -.009 -.097 -.055 -.078 -.025 .060 -.139* .467*** .473*** 

Increase in tree mortality -.163* -.061 -.051 .128 .080 -.125 .007 .060 -.035 .531*** .526*** 

Changes in tree species 

composition 
-.152* .023 -.052 .085 .067 -.178** .044 -.131* .069 .343*** .381*** 

Change in fauna and flora 

diversity 
-.252*** -.060 -.019 .053 .035 -.103 -.077 .087 .031 .356*** .515*** 

Forest landscape 

degradation 
-.121 -.054 -.087 .003 .043 .010 -.034 .005 -.060 .435*** .504*** 

Increase in forest 

damages 
-.120 -.063 -.064 .027 .151* -.156* .042 .118 .021 .471*** .311*** 
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Detailed 

perception of 

forest 

dieback 

impacts on 

the forests 

Increasing volume of 

deadwood and dead trees 
-.088 -.156* -.113 .052 .075 -.115 -.102 -.049 .016 .393*** .355*** 

Change in understory 

vegetation 
-.140* -.004 .080 -.072 .020 -.095 -.032 .028 -.057 .399*** .416*** 

Disappearance of 

protected species 
-.079 -.158* -.057 -.020 .100 -.142* .065 .191** -.027 .412*** .386*** 

Increase of micro fauna .022 -.107 -.037 .036 .203** -.237*** .107 .209** .186** .296*** .369*** 

Loss of non-timber forest 

products 
-.067 .005 -.039 -.063 .037 -.079 -.094 .065 -.030 .324*** .379*** 

Landscape degradation -.073 -.093 .007 -.066 .057 -.034 -.103 -.075 -.131* .469*** .465*** 

Linked-to-forest 

economic activities 

recession 

-.082 .052 -.111 -.063 .028 -.025 -.231** -.115 -.041 .192** .320*** 

Forest 

specific 

changes since 

1980 

The number of pure 

spruce forests decreases 
.037 .242** .007 .202** .134* -.073 .028 .050 -.008 .196** .165* 

The share of broad-leaved 

trees increases 
.096 -0.013 -.013 .151* .103 .017 .025 .115 .039 .008 .054 

Fauna and flora richness 

increases 
.144* -0.059 -.104 .121 .019 .203** .006 -.007 .044 -.202** -.189** 

Biotic forest damages 

increase 
-.013 -.155* -.057 -.034 -.007 -.004 -.051 .005 -.131* .474*** .228*** 

Abiotic forest increase .019 .150* -.132* .124* .152* -.212** .000 .008 .056 .387*** .281*** 

Tree mortality increases 

due to growing environ-

mental pollution 

-.026 -.102 .070 -.097 -.072 -.010 -.121 .064 -.114 .537*** .330*** 

Adaptation 

scenarios  

Agreement with strong 

adaptation scenario 
.045 -.087 -.071 -.015 .042 -.110 .007 -.031 .154* .006 .054 

Agreement with soft 

adaptation scenario 
-.108 .181** .122* .040 -.032 .027 -.019 .074 -.051 .016 -.028 

Agreement with no 

adaptation scenario 
.139* -.215** -.058 -.090 -.070 .197** .052 -.118 -.303*** -.010 -.037 

(CC = climate change, FD = forest dieback, DW = deadwood, EWV = environmental worldview; Income = monthly net income per household; sample weighted; 

Spearman rho coefficients; bold numbers indicate statistically significant results), Source: own draft 
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Correlations of variables with respondents’ characteristics 

 Age Income  

Forest 

visit 

frequency 

Know-

ledge 

level 

forests 

Know-

ledge 

level CC 

EWV- 

Anthropo-

centric 

EWV - 

Holistic 

EWV - 

Eco-/ 

Sentio-

centric. 

DW 

attitude 

(aggr.) 

FD 

perception 

(aggr) 

CC 

perception 

(aggr) 

Age 1.000           

Income -.169* 1.000          

Forest visit 

frequency 
-.040 -.018 1.000         

Knowledge level 

forests 
-.020 .154* -.384*** 1.000        

Knowledge level 

CC 
.096 .001 -.141* .465*** 1.000       

EWV- Anthropo-

centric 
.106 -.013 .044 -.009 -.166** 1.000      

EWV- Holistic .105 .111 .102 .000 .118 .136* 1.000     

EWV- Eco-/ 

Sentiocentric 
.007 -.094 .020 .104 .071 -.107 .138* 1.000    

DW attitude 

(aggr.) 
.039 .011 .020 .121* .269*** -.297*** .023 .124* 1.000   

FD perception 

(aggr) 
-.162** -.134* -.140* .120* .190** -.266*** -.028 .161** -.062 1.000  

CC perception 

(aggr) 
-.161** -.059 -.108 .107 .163** -.221*** -.061 .180** .048 .614*** 1.000 

(CC = climate change, FD = forest dieback, DW = deadwood, EWV = environmental worldview; Income = monthly net income per household; sample weighted; 

Spearman rho coefficients; bold numbers indicate statistically significant results), Source: own draft 
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A 2.8: Comparison of groups 

A 2.8.1: Details about forest owners and comparison with other respondents 

 Forest owners’ preferences (n = 40) 
Comparison to other respondents (n = 230) 

FO prefer significantly more: FO prefer significantly less: 

(1) Activities in 

the forest 

walking (µ = 2.15, σ = 1.58), appreciating scenery  

(µ = 1.78, σ = 1.26), hiking (µ = 1.55, σ = 1.60) 

managing the forest (µ = 1.39,  

σ = 1.55, ∆ 1.36***), (t(39) = 5.17,  

p < 0.001) 

wildlife watching (µ = 0.18, σ = 0.57, 

∆ -0.41*), (t(265) = -0.25, p < 0.05) 

(2) Key 

functions of a 

forest 

air, soil quality, water resources (µ = 2.33, σ = 1.56), 

biodiversity conservation (µ = 1.50, σ = 1.55), 

health and quality of life (µ = 1.41, σ = 1.38) 

provision of beautiful landscapes  

(µ = 1.33, σ = 1.65, ∆ 0.56*),  

(t(46) = 2.03, p < 0.05) 

--- 

(3) Risks for the 

forests 

pests, diseases, invasive species (µ = 2.66, σ = 1.41), climate 

change (µ = 1.42, σ = 1.61), drought (µ = 1.20, σ = 1.41) 
--- 

over-frequentation by the public  

(µ = 0.19, σ = 0.71, ∆ -0.43*),  

(t(244) = -2.60, p < 0.05) 

(4) General CC 

impacts  

drier summers (µ = 4.46, σ = 0.70), more storms (µ = 4.26,  

σ = 1.01), warmer winters (µ = 4.25, σ = 0.75) 

warmer winters (µ = 4.46, σ = 0.70,  

∆ 0.47**), (t(229) = 2.67, p < 0.01) 
--- 

(5) Impacts of 

CC on the 

forests 

increase of forest damages (µ = 4.20, σ = 0.86), increase in 

tree mortality (µ = 4.91, σ = 1.05), changes in tree species 

composition (µ = 3.75, σ = 0.81) 

changes in tree species composition  

(∆ 0.39*), (t(59) = 2.46, p < 0.05) 
--- 

(6) Impacts of 

FD on the 

forests 

increasing volume of deadwood (µ = 3.99, σ = 0.71), 

recession of forestry sector (µ = 3.70, σ = 1.23), landscape 

degradation (µ = 3.57, σ = 0.89) 

recession of forestry sector (µ = 3.70,  

σ = 1.23, ∆ 0.46*), (t(174) = 2.09,  

p < 0.05) 

--- 

(7) Adaptation 

strategies 

mix several tree species (µ = 2.64, σ = 1.43), remove 

damaged wood (µ = 2.04, σ = 1.50), introduce new native 

tree species (µ = 1.34, σ = 1.46) 

remove damaged wood (µ = 2.04,  

σ = 1.50, ∆ 0.72**), (t(265) = 2.68,  

p < 0.01) 

--- 

(Scale for variables 1-3 and 7 (ranking tasks): 1 “less important” to 4 “most important” item and 0 “not chosen”; scale for variables 4-6 (Likert-scale): 1 “not at all 

impacted” to 5 “extremely impacted”; the comparison to other respondents includes the three most/less preferred items; bold numbers indicate statistically significant 

results), Source: own draft 



 

513 

A 2.8.2: Significant differences between preferences of urban and rural residents 

Issue Sample Significantly preferred items 

(1) 

Activities 

in the 

forest 

Urban --- 

Rural 

- hiking (µ = 2.41, σ = 1.54, ∆ 0.58*), (t(268) = 2.37, p < 0.05) 

- collecting wood (µ = 0.16, σ = 0.61, ∆ 0.16***), 

(t(221) = 3.83, p < 0.001) 

(2) Key 

functions 

Urban - mitigation (µ = 1.02, σ = 1.57, ∆ 0.65**), (t(53) = -2.73, p < 0.01) 

Rural 
- producing wood (µ = 0.54, σ = 0.96, ∆ 0.42***), 

(t(182) = 4.89, p < 0.001) 

(3) Risks 

for the 

forests 

Urban --- 

Rural 
- snow break (µ = 0.51, σ = 1.07, ∆ 0.39***), 

(t(121) = 3.48, p < 0.001) 

(4) CC 

impacts 

Urban 

- warmer winters (µ = 4.18, σ = 0.79, ∆ 0.39*), 

(t(229) = -2.17, p < 0.05) 

- more storms (µ = 4.43, σ = 0.60, ∆ 0.52***), 

(t(69) = -4.34, p < 0.001) 

- more fire (µ = 2.98, σ = 1.10, ∆ 0.20*) (t(221) = -2.20, p < 0.05), 

- increase tree growth (µ = 3.46, σ = 0.90, ∆ 0.45*), 

(t(205) = -2.29, p < 0.05) 

Rural --- 

(5) FD 

impacts 

Urban 

- loss of protected species (µ = 3.96, σ = 0.97, ∆ 0.45*), 

(t(69) = -2.59, p < 0.05) 

- landscape degradation (µ = 3.89, σ = 0.83, ∆ 0.56***), 

(t(59) = -3.52, p < 0.001) 

Rural --- 

(6) 

Deadwood 

attitude 

Urban --- 

Rural 
- “when carrying out my activities in forests, I feel endangered by 

deadwood” (µ = 1.82, σ = 0.94, ∆ 0.30*), (t(68) = 2.21, p < 0.05) 

(Scale for variables 1-3 (ranking tasks): 1 “less important” to 4 “most important” item and 0 “not chosen”; 

scale for variables 4-5 (Likert-scale): 1 “not at all impacted” to 5 “extremely impacted”; scale for variable 

6 (Likert-scale): 1 “strongly disagree” to 5 “strongly agree”), Source: own draft 
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A 2.8.3: Significant differences between residents of the inner and outer Bavarian 

Forest  

Issue Sample Significantly preferred items 

1) Activities 

in the forest 

Inner BF  
- appreciating scenery (µ = 2.43, σ = 1.18, ∆ 0.61***), 

(t(157) = 3.57, p < 0.001) 

Outer BF 

- hunting (µ = 0.10, σ = 0.58, ∆ 0.10*),  

(t(195) = -2.32, p < 0.05), 

- sports with special infrastructure (µ = 0.29, σ = 0.90, ∆ 0.10*),  

(t(225) = -2.23, p < 0.05) 

(2) Key 

functions 

Inner BF  --- 

Outer BF 

- protecting from natural hazards (µ = 0.99, σ = 1.40, ∆ 0.38*), 

(t(140) = -2.04, p < 0.05), 

- recreational area (µ = 0.60, σ = 1.14, ∆ 0.34**), 

(t(216) = -2.99, p < 0.01) 

(3) Risks 

for the 

forests 

Inner BF  --- 

Outer BF 

- over harvesting (µ = 0.94, σ = 1.39, ∆ 0.61*), 

(t(155) = -2.27, p < 0.05),  

- over frequentation by public (µ = 0.65, σ = 1.20, ∆ 0.32*), 

(t(165) = -2.31, p < 0.05) 

(4) CC 

impacts 

Inner BF  --- 

Outer BF 
- warmer winters (µ = 3.98, σ = 0.98, ∆ 0.41**), 

(t(117) = -2.75, p < 0.01) 

(5) FD 

impacts 

Inner BF  --- 

Outer BF 
- less NWFPs (µ = 3.52, σ = 1.16, ∆ 0.34*), 

(t(230) = -2.01, p < 0.05) 

(6) Dead-

wood 

attitude 

Inner BF  

- “deadwood is a source of danger for forest visitors” 

(µ = 2.59, σ = 1.15, ∆ 0.36*), (t(243) = 2.39, p < 0.05) 

- “I am interested in forests” (µ = 4.27, σ = 0.82, ∆ 0.30*), 

(t(258) = 2.41, p < 0.05) 

Outer BF --- 

(7) Adapt-

ation 

Inner BF  

- introduce new non-native tree species (µ = 0.61, σ = 1.17,  

∆ 0.31*), (t(106) = 2.04, p < 0.05) 

- uneven-aged forests (µ = 1.65, σ = 1.38, ∆ 0.55**), 

(t(268) = -2.92, p < 0.01) 

Outer BF --- 

(Scale for variables 1-3 and 7 (ranking tasks): 1 “less important” to 4 “most important” item and 0 “not 

chosen”; scale for variables 4-5 (Likert-scale): 1 “not at all impacted” to 5 “extremely impacted”; scale for 

variable 6 (Likert-scale): 1 “strongly disagree” to 5 “strongly agree”), Source: own draft 


