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Summary 
Indonesia is well-known for its ambivalent character of hosting high richness in 

biological diversity and being one of the three countries with highest amounts of 

deforestation and degradation worldwide. Forests in Indonesia are in particular 

threatened from expanding deforestation due to logging activities and conversion into 

agricultural land. International conservation conventions such as the Convention on 

Biological Diversity (CBD) claim to safeguard global biodiversity by significantly 

reducing the loss of biodiversity by 2010. The first goal of the CBD thus calls for 

conserving at least 10 % of each of the world’s ecological regions. However, at the last 

summit in 2010 in Nagoya, Japan, delegates have admitted that the member states 

have failed to achieve the 2010 targets. Legal protection of an area through the 

establishment of protected areas (PA) or biosphere reserves (BR) does not 

automatically result in effective conservation of biodiversity. One of the main reasons for 

the failure of PAs to conserve biodiversity is in many cases their weak management. 

This includes effective management of the buffer zone (as part of the BR or defined as 

the area around strictly protected core areas), an aspect which is still neglected in many 

research agendas. Considering local people’s needs and ensuring ecological integrity of 

the strictly protected core area, the functioning of the buffer zone still constitutes a 

particular challenge and the factors determining its effectiveness are still unknown.  

Thus, this thesis aims at bridging the gap of deficient understanding of effective buffer 

zone management. The overall research goal of the thesis is to evaluate buffer zone 

effectiveness and to identify factors influencing effective buffer zone management in 

forest biosphere reserves. In particular the following three main research questions are 

drawn: 1) Does the buffer zone effectively protect the core area of biosphere reserves in 

general and in particular in Lore Lindu Biosphere Reserve, Indonesia? 2) What are the 

factors influencing buffer zone effectiveness in Lore Lindu Biosphere Reserve, 

Indonesia? 3) What recommendations can be drawn to improve buffer zone 

management in Lore Lindu Biosphere Reserve and in general? 

 

To address the multi-facetted issue of buffer zone effectiveness an integrative research 

design was applied. To answer the raised research questions a combination of social 

science (quantitative and qualitative approaches) and natural science (remote sensing) 

was chosen. To gain global insights into buffer zone management (research question 1) 
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the quantitative approach of social science research was chosen. As part of a global 

telephone survey of BR management conducted by the research project in which the 

thesis was embedded, BR managers were asked to evaluate different management 

aspects. Between July and December 2006, managers from 225 BRs in 79 countries 

were interviewed, which corresponds to an overall response rate of 42 %. Answers 

were statistically analyzed using SPSS 17.0.  

To obtain detailed information of factors influencing buffer zone management (research 

question 2) the qualitative social science research approach was applied. A case study 

was conducted in the Lore Lindu Biosphere Reserve, Sulawesi, Indonesia between 

March and May 2008. Following the snowball sampling approach 47 semi-structured 

interviews and seven group discussions were carried out representing the local, sub-

national, and national level associated with the BR management. These interviews and 

discussions provide important insights into the institutional dimensions and their 

interaction within the context of BR management including e.g. implementation of rules 

and the distribution of responsibilities for buffer zone management. Interviews were 

conducted in the national language Bahasa Indonesia, fully recorded, and subsequently 

transcribed and translated into English. Analysis was carried out with ATLAS.ti to 

specify categories and to formulate theorems.  

To evaluate buffer zone effectiveness in terms of reducing deforestation in the core area 

of Lore Lindu Biosphere Reserve (research question 1), satellite image analysis was 

performed using a GIS. A time series of LANDSAT scenes from 1972, 1983, 1999, 

2002, and 2007 was used to classify homogeneous areas of forest cover to ultimately 

detect deforestation. Deforestation rate was computed for the periods before and after 

management establishment in 1998.  

The combination of all three research methods provided important insights into buffer 

zone management of BRs. Thus, based on these findings, recommendations to improve 

buffer zone management (research question 3) could be drawn.  

 

In general, analysis revealed that, yet, buffer zones do not fulfill their function to protect 

the core area (publication I), hence are ineffective. In particular BRs in non-high-income 

countries challenge the task to protect the core area against threats such as illegal 

activities, e.g. encroachment. This finding is supported by satellite image analysis of the 

case study site Lore Lindu Biosphere Reserve in Indonesia revealing that the buffer 

zone is not effective in reducing deforestation in the core area (publication IV). Instead, 
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in the strictly protected core area the deforestation rate rather quadruplicated after 

management establishment in 1998. To evaluate overall buffer zone effectiveness in 

Lore Lindu Biosphere Reserve the implementation status of the goals of the Seville 

Strategy (explicitly designed to enable effective BR management) was analyzed. 

Analysis revealed that great weaknesses prevail for adopting the four goals: Goal I: Use 

BRs to conserve natural and cultural diversity (publication I, III, IV); Goal II: Utilize BRs 

as models of land management and of approaches to sustainable development 

(publication II, IV); Goal III: Use BRs for research, monitoring, education and training 

(publication IV); Goal IV: Implement the BR concept (publication III, IV). Reasons for 

this ineffectiveness can be related to known design principles by Ostrom (1990) for the 

management of common pool resources (CPR). In the case of Lore Lindu Biosphere 

Reserve these include the lack of 1) clearly defined boundaries (publication II, III, IV); 2) 

congruence between appropriation and provision rules and local conditions (publication 

III, IV); 3) collective-choice arrangements (publication II, III, IV); 4) conflict resolution 

mechanism (publication II); 5) minimal recognition of rights to organize (publication III). 

Besides these principles known from CPRs in general, further factors specifically 

referring to buffer zone effectiveness were extracted from case study analysis: 1) 

suppressive national political regime (publication IV); 2) lack of legal backing for buffer 

zone management (publication IV); and 3) absence of coordination mechanisms among 

stakeholders (publication III, IV). Disregard of these basic conditions caused denial of 

the management among the residents in Lore Lindu Biosphere Reserve and resulted in 

reactant behaviour. In this regard, especially two principles of Brehm’s (1966) theory of 

psychological reactance help to explain this phenomenon: awareness and importance. 

Before management establishment in 1998 the residents had the freedom of control 

over the forest (principle of awareness). This freedom was eliminated when the 

management was implemented without participation of the residents. This lack of 

integration and the dependency on the forest in terms of economic, e.g. fuel wood 

collection, and cultural, e.g. religious practices, aspects (principle of importance) led to 

reactant behaviour aiming to re-establish the eliminated freedom.  

 

Overall, the evaluation of buffer zones depicts their importance for BR management 

effectiveness. Analysis revealed buffer zone effectiveness as important success factor, 

while it explicitly depends on both the implementation of the BR concept at the national 

level and coordination of stakeholders on the local level. As more and more PAs create 
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buffer zones to integrate the local people, they may face similar problems. The case 

study from Lore Lindu exhibited important preconditions for successful buffer zone 

management. From a methodological perspective the thesis calls for the need of 

integrated research approaches across disciplines to adequately assess both buffer 

zone and PA effectiveness. Generally, it is recommended to pay special attention to 

pre-Seville BRs in the future, since most of these BRs still lack the three zone scheme. 

Analysis of the case study area revealed particular weaknesses in implementing central 

elements for effective BR management, such as the four goals of the Seville Strategy, 

even 15 years after inauguration. Thus, the thesis shows that not only the quantity of 

PAs but also the quality of its management and thus effectiveness is an important 

indicator for global conservation targets.  

Finally, it can be summarized that the idea of establishing buffer zones within BRs and 

PAs in general, is the right way forward to enhance PA effectiveness and to achieve 

global reduction of biodiversity loss. Integrating the people living within and adjacent to 

PAs, must be given more attention in the future. Establishment of buffer zones, where 

this integration and cooperation is a necessity, should be the central conservation 

measure, not only within BRs but also within PAs in general.  
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Zusammenfassung 
Indonesien ist eines der artenreichsten Länder der Welt und gleichzeitig eines der drei 

Länder weltweit mit der höchsten Entwaldungsrate. Der tropische Regenwald mit 

seinem Artenreichtum ist vor allem durch Holzeinschlag und dem stetig steigenden 

Bedarf and landwirtschaftlicher Nutzfläche bedroht. Internationale Naturschutz-

konventionen, wie das Übereinkommen über die biologische Vielfalt (engl. CBD), 

fordern daher den weltweiten Schutz der biologischen Vielfalt und einen signifikanten 

Rückgang des Biodiversitätsverlustes bis 2010. Das erste Ziel der CBD ist, mindestens 

10 % aller ökologischer Regionen weltweit unter Schutz zu stellen. Die letzte 

Vertragsstaatenkonferenz im Oktober 2010 in Nagoya, Japan hat allerdings gezeigt, 

dass die Mitgliedsstaaten die 2010 Ziele nicht erreicht haben. Gesetzliches 

Unterschutzstellen von Flächen, in Form von Schutzgebietsausweisungen wie 

beispielsweise Biosphärenreservate, führt nicht automatisch zum Schutz des darin 

enthaltenen Artenreichtums. Vielmehr ist bekannt, dass mangelhaftes Schutz-

gebietsmanagement weltweit zu Entwaldung und Degradation von Wäldern in 

Schutzgebieten führen kann. Dies beinhaltet auch effektives Management von 

Pufferzonen (als Bestandteil von Biosphärenreservaten oder definiert als die Fläche 

außerhalb streng geschützter Kernzonen). Die Pufferzone jedoch wird bislang als 

Forschungsobjekt vernachlässigt. Ziel der Pufferzone ist es, die Bedürfnisse der 

Bevölkerung in der Pufferzone mit dem Schutz des Artenreichtums in der Kernzone zu 

vereinen. Das Erreichen dieses Ziels stellt allerdings noch immer eine Herausforderung 

dar und die Ursachen sind weiterhin unklar.  

Ziel dieser Doktorarbeit ist es, diese Wissenslücke in Bezug auf 

Pufferzonenmanagement zu schließen. Als Forschungsziel wird definiert: Evaluierung 

von Pufferzoneneffektivität und Identifizierung von Faktoren, die effektives 

Pufferzonenmanagement in Wald-Biosphärenreservaten beeinflussen. Im Einzelnen 

werden die folgenden drei Forschungsfragen bearbeitet: 1) Ist die Pufferzone weltweit 

und speziell im Lore Lindu Biosphärenreservat in Indonesien erfolgreich um die 

Kernzone zu schützen? 2) Welche Faktoren beeinflussen Pufferzoneneffektivität im 

Lore Lindu Biosphärenreservat in Indonesien? 3) Welche Empfehlungen können 

abgeleitet werden um Pufferzonenmanagement zu verbessern?  
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Um die Komplexität der Einflussfaktoren wiederzugeben, wurde ein integrativer 

Forschungsansatz gewählt. Methoden der Sozialwissenschaft (quantitativer und 

qualitativer Ansatz) wurden mit Methoden der Naturwissenschaft (Fernerkundung) 

kombiniert. Um global einen Überblick über Pufferzonenmanagement in 

Biosphärenreservaten zu bekommen (Forschungsfrage 1) wurden Methoden aus dem 

Bereich der quantitativen Empirischen Sozialforschung angewandt. Innerhalb des 

Forschungsprojektes, in das die Doktorarbeit eingebunden ist, wurde weltweit eine 

Telefonbefragung zu Biosphärenreservatsmanagement durchgeführt. Zwischen Juli und 

Dezember 2006 wurden 225 Verantwortliche in Biosphärenreservaten aus 79 Ländern 

befragt. Die Statistische Auswertung wurde mit Hilfe des Computerprogramms SPSS 

17.0 durchgeführt.  

Um spezifische Einflussfaktoren des Pufferzonenmanagements im Lore Lindu 

Biosphärenreservat zu untersuchen (Forschungsfrage 2), wurden Methoden aus der 

qualitativen Empirischen Sozialforschung angewandt. Von März bis Mai 2008 wurde 

eine Fallstudie im Lore Lindu Biosphärenreservat in Indonesien durchgeführt. Als 

Auswahlverfahren der Interviewpartner diente die Schneeballmethode. 47 halb-

strukturierte Interviews und sieben Gruppendiskussionen wurden auf lokaler, regionaler 

und nationaler Ebene in Bezug auf das Biosphärenreservatsmanagement durchgeführt. 

Diese Interviews und Gruppendiskussionen lieferten relevante Informationen in Bezug 

auf den institutionellen Rahmen sowie deren Interaktion mit dem Biosphären-

reservatsmanagement, wie z.B. Regelung von Zuständigkeiten in Bezug auf 

Pufferzonenmanagement. Die Interviews wurden in der Landessprache (Bahasa 

Indonesia) durchgeführt. Die Gespräche wurden aufgezeichnet, transkribiert und 

anschließend ins Englische übersetzt. Auswertung und Kategorienbildung wurde mit 

Hilfe des Computerprogramms ATLAS.ti durchgeführt um Theoreme ableiten zu 

können.  

Zur Bewertung der Pufferzone zum Schutz der ökologischen Integrität der Kernzone 

wurden die Entwaldungsraten der Kern- und Pufferzone miteinander verglichen 

(Forschungsfrage 1). LANDSAT Szenen von 1972, 1983, 1999, 2002, und 2007 wurden 

klassifiziert und mit Hilfe eines Geographischen Informationssystems wurde die 

Entwaldung in der jeweiligen Zone vor und nach Einsetzung des Managements 

berechnet.  
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Eine Kombination aus den drei vorgestellten Forschungsansätzen diente dazu, 

Empfehlungen zur Verbesserung des Pufferzonenmanagements abzuleiten 

(Forschungsfrage 3).  

 

Ein zentrales Ergebnis der Telefonbefragung ist, dass die Pufferzone nicht effektiv zum 

Schutz der Kernzone beiträgt (Veröffentlichung I). Besonders Biosphärenreservate in 

Entwicklungsländern sind davon betroffen. Illegale Aktivitäten, wie landwirtschaftliche 

Nutzung in der streng geschützten Kernzone, stellen eines der Hauptprobleme dar. 

Satellitenbildauswertung des Fallstudiengebietes Lore Lindu Biosphärenreservat 

bestätigt dieses Ergebnis (Veröffentlichung IV). Die Pufferzone ist nicht effektiv im 

Hinblick auf Reduzierung der Entwaldung in der Kernzone. Vielmehr vervierfachte sich 

die Entwaldungsrate nach Einsetzung des Managements 1998. Evaluierung des 

Managements nach der Umsetzung der Ziele der Sevilla Strategie (eigens dafür kreiert 

um effektives Biosphärenreservatsmanagement zu gewährleisten) weist deutliche 

Defizite auf: Ziel I: Nutzung der Biosphärenreservate zur Erhaltung der natürlichen und 

kulturellen Vielfalt (Veröffentlichung I, III, IV); Ziel II: Nutzung der Biosphärenreservate 

als Modelle für die Landbewirtschaftung und für Ansätze zur nachhaltigen Entwicklung 

(Veröffentlichung II, IV); Ziel III: Nutzung der Biosphärenreservate zu Forschung, 

Umweltbeobachtung, Bildung und Ausbildung (Veröffentlichung IV); Ziel IV: Umsetzung 

des Konzeptes der Biosphärenreservate (Veröffentlichung III, IV). Gründe für diese 

Ineffektivität können in Zusammenhang gebracht werden mit Ergebnissen aus dem 

Bereich der Allmenderessourcen Forschung von Ostrom (1990). Im Fall von Lore Lindu 

Biosphärenreservat sind dies die folgenden Faktoren: Fehlen von 1) klar definierten 

Grenzen (Veröffentlichung II, III, IV); 2) Übereinstimmung zwischen Gesetzgebung und 

lokalen Gegebenheiten (Veröffentlichung III, IV); 3) kollektiven Entscheidungs-

mechanismen (Veröffentlichung II, III, IV); 4) Konfliktlösungsmechanismen 

(Veröffentlichung II); 5) dem Recht auf Selbstorganisation (Veröffentlichung III). Neben 

diesen bekannten Faktoren konnten mit Hilfe der Fallstudie weitere Faktoren identifiziert 

werden, die speziell für Pufferzonenmanagement relevant sind: 1) totalitäres Regime 

(Veröffentlichung IV); 2) fehlende Rechtsgrundlage für Pufferzonenmanagement 

(Veröffentlichung IV); 3) fehlende Koordinationsmechanismen zwischen den 

Stakeholdern (Veröffentlichung III, IV). Eine fehlende Umsetzung dieser Grundsätze 

von Seiten des Managements führte schließlich zu ablehnendem Verhalten in der 

lokalen Bevölkerung im Lore Lindu Biosphärenreservat. Zwei Prinzipen von Brehm’s 
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(1960) Reaktanztheorie können dieses Verhalten erklären: Bewusstsein und Wichtigkeit 

der eingeengten Freiheit. Vor Einrichtung des Managements 1998 hatten die Bewohner 

die Freiheit, über den Wald und dessen Nutzung selbst zu bestimmen (Prinzip des 

Bewusstseins der eingeengten Freiheit). Diese Freiheit wurde der Bevölkerung mit der 

Einrichtung des Managements entzogen, da dies ohne Einbeziehung der Bevölkerung 

stattgefunden hat. Sowohl die fehlende Partizipation als auch die ökonomische (z.B. 

Sammeln von Feuerholz) und kulturelle (z.B. Ausübung religiöser Praktiken) 

Abhängigkeit vom Wald (Prinzip der Wichtigkeit der eingeengten Freiheit) führte zu 

ablehnendem Verhalten in der Bevölkerung. Um die verlorene Freiheit über die 

selbstbestimmte Nutzung des Waldes wieder herzustellen, wurden die Existenz des 

Parks und dessen Grenzen missachtet.  

 

In dieser Doktorarbeit konnte die Wichtigkeit der Pufferzone für erfolgreiches 

Biosphärenreservatsmanagement gezeigt werden. Die Ergebnisse verdeutlichen ferner, 

dass Pufferzoneneffektivität vor allem von der Umsetzung des Konzeptes auf nationaler 

Ebene sowie der Koordination der Stakeholder auf lokaler Ebene abhängen. Diese 

Erkenntnis gilt auch für Schutzgebiete allgemein, da zunehmend mehr Schutzgebiete 

Pufferzonen ausweisen. Aus methodologischer Sicht geht aus dieser Doktorarbeit 

hervor, dass ein multidisziplinärer Forschungsansatz unabdingbar ist um Pufferzonen- 

und Schutzgebietseffektivität zu bestimmen. Allgemein muss künftig vor allem den 

Biosphärenreservaten, die vor Einführung der Sevilla Strategie 1995  ausgewiesen 

wurden, besondere Aufmerksamkeit geschenkt werden. In diesen Biosphären-

reservaten ist die Umsetzung des drei-Zonen-Systems noch nicht oder ungenügend 

umgesetzt. Die Analyse der Fallstudie zeigte, dass die Umsetzung der vier Ziele der 

Sevilla Strategie auch 15 Jahre nach Inkrafttreten noch immer mangelhaft ist.  

Somit verdeutlicht diese Doktorarbeit, dass nicht nur die Quantität, sondern auch die 

Qualität der Schutzgebiete ein wichtiger Indikator für die Erreichung der globalen Ziele 

zum Schutz der Artenvielfalt ist. Die Ausweisung von Pufferzonen ist in diesem 

Zusammenhang ein wichtiger und notwendiger Schritt in die richtige Richtung der 

Reduzierung des Artenverlustes. Integration der Menschen, die in und um 

Schutzgebiete leben, muss dabei künftig mehr Aufmerksamkeit geschenkt werden. 

Pufferzonen, die ebendies zum Ziel haben, sollten daher eine zentrale Rolle spielen, 

nicht nur in Biosphärenreservaten, sondern auch in Schutzgebieten allgemein.  
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1 Introduction 

1.1 Study context 

Yet, biodiversity continues to decline even though international conservation policy and 

management responses are increasing (MA 2005, Butchart et al. 2010). In particular 

forest habitat decreases (Butchart et al. 2010, FAO 2010) while related extinctions of 

mammal and amphibian species is reaching a crisis point (Gilbert 2010). Deforestation, 

mainly due to conversion of forests into agricultural land, particularly occurs in the 

tropics (FAO 2010). Among the major tropical forest regions of Meso-America, South-

America, and Sub-Sahara Africa, South-East Asia has not only the highest annual 

deforestation rate, but the rate has also increased considerably during the last two 

decades (Sodhi et al. 2010). Indonesia, which had besides Brazil the highest loss of 

forest cover in the 1990s, has indeed reduced the rate of forest loss between 2000 and 

2005. However, it is still among the three countries with the highest rates of 

deforestation (FAO 2010). With an annual forest loss of 0.51 %, Indonesia is above the 

worldwide deforestation rate of 0.13 % per year (2000-2010), (FAO 2010).  

To halt global biodiversity loss, protected areas (PAs) have been the dominant policy 

response and are still considered as core element in  biodiversity conservation (Pimm et 

al. 2001, MA 2005, Andam et al. 2008, Joppa et al. 2008). Reducing human impact on 

biodiversity has worldwide political recognition (Chape et al. 2005). The importance of 

PAs is reflected in their widely accepted role as an indicator for global conservation 

targets (Chape et al. 2005). For example, in 1992 at the United Nations Conference on 

Environment and Development, the United Nation (UN) Convention on Biological 

Diversity (CBD) was adopted and is now one of the most widely ratified treaties in the 

world. Since 2002, 193 parties have committed “to achieve by 2010 a significant 

reduction of the current rate of biodiversity loss” (CBD 2005). The first goal of the CBD 

claims to “promote the conservation of the biological diversity of ecosystems, habitats 

and biomes” and in particular to conserve at least 10 % of each of the world’s ecological 

regions (CBD 2005). This goal was later endorsed into goal seven (ensure 

environmental sustainability) of the UN Millennium Development Goals (UN 2008). 

However, at the last summit in October 2010 in Nagoya, Japan, delegates of the CBD 

have admitted that the international effort has failed to significantly slowdown 

biodiversity loss by 2010 (Butchart et al. 2010, CBD 2010, Nayar 2010, Stokstad 2010). 

Progress was only achieved to some extent in protecting 10 % of all ecological regions 
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(Stokstad 2010). Recent years have experienced an expansion of the PA network with 

an average of 0.13 % per year of the global land area added (Jenkins and Joppa 2009). 

Overall, total land area under legal protection has increased to 12 %, but still half of the 

world’s ecoregions have less than 10 % of their area under protection (Jenkins and 

Joppa 2009). However, although conservation efforts in form of PA establishment are 

increasing, biodiversity loss still continues unabated (Butchart et al. 2010). Legal 

protection of an area does not automatically result in effective management and 

conservation of biodiversity (Dudley and Stolton 1999, Ervin 2003, WWF 2004, Dudley 

and Hockings 2007, Stolton et al. 2007). Dudley and Stolton (1999) identified 

impoverished PA management to be a key reason for forest degradation and forest loss 

in many forest PAs worldwide. Thus, the draft target of the CBD summit in Nagoya 

emphasizes next to further increase terrestrial area under legal protection to 

concentrate in particular on effective management of PAs (CBD 2010, Nayar 2010, 

Stokstad 2010).  

Setting aside natural areas to maintain their intrinsic values is not a recent 

phenomenon. It has rather been part of human endeavor for millennia. The motivation 

for nature protection has ranged from religious, such as designation of sacred sites, to 

resource or species management in terms of regulating resource exploitation (Chape et 

al. 2005). Since human impact on natural ecosystems increased by the nineteenth 

century, the establishment of national parks (NP) and reserves, as understood in the 

initial western paradigm of PAs, continually increased (Chape et al. 2005). As a result a 

multitude of PA categories arose and in 1994 the International Union for Conservation 

of Nature (IUCN) developed a management-objective based category system of six 

distinctive categories (IUCN 1994, Chape et al. 2005). Among these categories 

biosphere reserves (BRs) evolved as a separate category, internationally designated by 

the United Nations Educational, Scientific and Cultural Organization (UNESCO). BRs 

are considered more separate from other PAs due to the equal emphasis given to 

development objectives (Ishwaran et al. 2008). The BR concept was the first deliberate 

international effort to identify ways and means of achieving sustainable development of 

terrestrial ecosystems aiming at reconciling utilization with long-term protection (Batisse 

1993). The implementation of this vision at the local level is realized through zonation of 

the designated area into core area (strictly PA), buffer zone (focus on sustainable land 

use), and transition area (focus on cooperation with local stakeholders). Buffer zones 

constitute the core element in reconciling nature conservation with local development 
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goals (UNESCO 2008). With people living in the buffer zone depending on the resource 

under protection, human needs and conservation objectives should be fulfilled in this 

area. Besides protecting the core area against external threats such as e.g. 

deforestation, human uses in the buffer zone have to be sustainable from the point of 

view of conservation. In human-modified landscapes PA effectiveness is a matter of 

effective buffer zone management, an aspect which is still neglected in research 

agendas (Chazdon et al. 2009, Willis and Bhagwat 2009). Thus, this thesis seeks to 

enhance the deficient understanding of buffer zone management.  

1.2 Scope of the thesis 

From the study context presented above, the following main research goal of the thesis 

is drawn:  

To evaluate buffer zone effectiveness and to identify factors influencing effective buffer 

zone management in forest biosphere reserves.  

 

In particular, the main research questions are: 

1. Does the buffer zone effectively protect the core area of biosphere reserves in 

 general and in particular in Lore Lindu Biosphere Reserve, Indonesia? 

2. What are the factors influencing buffer zone effectiveness in Lore Lindu 

 Biosphere Reserve, Indonesia? 

3. What recommendations can be drawn to improve buffer zone management? 

 

To address these research questions the following sub-questions with corresponding 

intermediate research goals are formulated in Table 1. The publications, referred to by 

their Roman numbers, addressing the respective sub-questions are indicated. To 

answer the first research question, the different functions of buffer zones in forest BRs, 

such as protecting the core area against threats (sub-question 1.1), e.g. deforestation 

(sub-question 1.3), and fostering sustainable land use (sub-question 1.2) are 

addressed. Research question two deals with two central factors influencing buffer zone 

management: actors related to buffer zone management (sub-question 2.1) and the 

regulatory system shaping resource use in the buffer zone (sub-question 2.2). The 

intermediate research goal 2.3 finally summarizes the factors identified. Research 

question three aims to draw recommendations on case study level (sub-question 3.1) 

and in general (sub-question 3.2).  
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Table 1: Main research questions and sub-questions with publications addressing the respective 
intermediate research goal.  

Question Intermediate research goal Publication

1. Does the buffer zone effectively protect the core area of biosphere reserves in general and in 

particular in Lore Lindu Biosphere Reserve, Indonesia? 

1.1 What are the major threats to 

biodiversity in forest biosphere 

reserves? 

Overview of threats and underlying causes 

impacting the core area of forest biosphere 

reserves worldwide. 

I 

1.2 Are human uses in the buffer 

zone sustainable from the point of 

view of conservation? 

Valuation of ecological sustainability of human 

uses in the buffer zone by biosphere reserve 

managers worldwide. 

II 

1.3 Is the buffer zone effective to 

impact forest cover clearing in the 

core area? 

Evaluation of buffer zone effectiveness to reduce 

deforestation in the core area in Lore Lindu 

Biosphere Reserve, Indonesia. 

IV 

2. What are the factors influencing buffer zone effectiveness in Lore Lindu Biosphere Reserve, 

Indonesia? 

2.1 How do different actors perceive 

buffer zone functioning? 

Identification of the ways of thinking of the 

managers’ global perspective and the villagers’ 

local perspective in the buffer zone of Lore Lindu 

Biosphere Reserve, Indonesia. 

II 

2.2 Which regulations on resource 

use influencing buffer zone 

management are predominant? 

Overview and valuation of local traditional 

compared to state-induced rules regulating 

resource use in the buffer zone of Lore Lindu 

Biosphere Reserve, Indonesia. 

III 

2.3 Which factors play a major role in 

buffer zone management? 

Overview of factors influencing buffer zone 

management in Lore Lindu Biosphere Reserve, 

Indonesia. 

II, III, IV 

3. What recommendations can be drawn to improve buffer zone management 

3.1 on case study level? 
Synthesis of recommendations on case study 

level. 
I - IV 

3.2 in general? Synthesis of recommendations in general. I - IV 
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1.3 Affiliation of the thesis 

This thesis was designed and performed as part of the “Governance of Biodiversity” 

(GoBi) project – Assessing Biodiversity Governance and Management Approaches, 

which was financed by the Robert Bosch Stiftung. The research project was led by Prof. 

Dr. S. Stoll-Kleemann at the University of Greifswald, Germany, started in July 2004 

and ended in July 2010. The overall objective of the research project was to analyze 

and evaluate success and failure factors in PA and BR management worldwide. An 

interdisciplinary team of researchers investigated the given objective by combining 

quantitative and qualitative social science research approaches. 

In addition, this thesis was associated to the “Stability of Rainforest Margins in 

Indonesia” (STORMA) project at the University of Göttingen, Germany. The project was 

financed by the Deutsche Forschungsgemeinschaft (DFG), Sonderforschungsbereich 

(SFB) 552. The interdisciplinary research within the STORMA project was related to 

processes and factors of the stability and dynamics of rainforest margins in the Lore 

Lindu Biosphere Reserve (LLBR) on Sulawesi, Indonesia. The thesis was affiliated to 

sub program A5, “welfare economic assessment of forest encroachment and ENSO 

effects in the face of personal capital and social capital dynamics”. The case study of 

the thesis was carried out in cooperation with the STORMA project using infrastructure 

in the field. Furthermore, satellite images of the case study area were provided by 

STORMA.  

2 World network of biosphere reserves1 
“Biosphere reserves are areas of terrestrial and coastal/marine ecosystems or a 

combination thereof, which are internationally recognized within the framework of 

UNESCO’s programme on Man and the Biosphere (MAB)” (UNESCO 1996:2).  

A BR is an international designation granted by UNESCO’s MAB Programme (Ishwaran 

et al. 2008). The idea of setting up BRs resulted from the UNESCO Conference on 

Rational Use and Conservation of the Resources of the Biosphere in 1968. The MAB 

Programme, which was a direct result of this conference, aimed at reconciling utilization 

with long-term protection through an interdisciplinary research approach (Batisse 1993). 

Therefore, MAB was the first deliberate international effort to identify ways and means 

of achieving sustainable development of terrestrial ecosystems (Batisse 1993). The 

                                            
1 This chapter is a modified version of the section Biosphere Reserve Concept from publication II.  
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MAB Programme was launched in 1971 and it was from this framework that the BR 

concept originated (Ishwaran et al. 2008). The objective of the MAB Programme is to 

achieve sustainable balance between the sometimes conflicting goals of conserving 

biological diversity, promoting economic development, and maintaining associated 

cultural values (UNESCO 1996). BRs are sites where this vision should be tested, 

refined, demonstrated, and implemented (UNESCO 1996).  

2.1 Biosphere reserve concept 

The BR concept itself was initiated in 1974 with the ambitious idea of reconciling nature 

conservation with human needs. As of February 2011, 564 BRs in 109 countries form 

the World Network of Biosphere Reserves (WNBR), which seeks to promote exchange 

of information and experience. BRs are nominated by national governments and must 

meet a minimal set of criteria before being admitted to the WNBR (UNESCO 1996). 

Basically, each BR is intended to fulfill three major functions: (1) conservation of 

biological and cultural diversity, (2) logistic support through participation in 

(international) research and monitoring, and (3) development in terms of cooperation 

with local populations living in or around the BRs to promote sustainable development 

compatible with conservation objectives (Batisse 1993). One way of realizing these 

basic functions is through zoning BRs ideally in a series of concentric rings of core 
areas (strictly PAs to meet the conservation objectives), buffer zones (delimited for 

management purposes on sustainable land use), and transition areas (focus of 

cooperation with local stakeholders), (Figure 1, for an ideal cluster of a BR). However, in 

order to meet local conditions, the three zones have often been implemented in a 

variety of ways.  
Individual BRs are under the jurisdiction of the State where they are situated. The 

legislative setting varies among countries. In some countries core areas and buffer 

zones are designated as PAs under national law, while other countries have even 

implemented legislation specifically to establish BRs. Many BRs include areas holding 

the status of a different PA category, e.g. NP, or being recognized under another 

international designation such as e.g. World Heritage Site (UNESCO 1996). Ownership 

arrangements may also vary. Core areas are mostly public land but can also be in 

private or non-governmental organization (NGO) ownership. In many cases, the buffer 

zone is privately or belongs to the community, and this is generally the case for the 

transition area (Dogse 2004). 
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Figure 1: Biosphere reserve zonation in core area, buffer zone, and transition area (Lange 2005, 
modified).  

 

2.2 Seville Strategy and Madrid Action Plan 

In practice, however, BRs were not always understood as tools for sustainable 

development. They were rather sometimes viewed as areas designated for the 

protection of valuable biodiversity and places for various forms of ecological research 

(Batisse 1993). Thus, many of the BRs established in the first decade (before 1995) of 

the MAB Programme (pre-Seville BRs) were selected according to their relevance for 

both conservation of biodiversity and potential research interests (Batisse 1993). Most 

of these sites had already been declared as PA e.g. NP, where existing research 

activities and management facilities could be used or enhanced.  

However, in 1995 a new starting point for the development of the network and 

reorientation of the concept was set. An International Conference on Biosphere 

Reserves in Seville, Spain was organized to enable an evaluation and reflection on the 

role of BRs in the 21st century and started a new era for the WNBR (UNESCO 1996). 

The conference adopted a two-pronged approach: 1) to examine past experiences in 

implementing the BR concept and 2) to identify future emphases that should be given to 

the three functions of conservation, logistic support, and development. The Seville 

Conference concluded that despite the problems and limitations encountered with the 

establishment of BRs, the MAB Programme as a whole had been innovative and 
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successful (Dogse 2004). In particular, the three functions would be as valid as ever in 

the future. Promoting conservation and sustainable development, BRs offer much more 

than other multilateral agreements such e.g. the CBD (Dogse 2004). BRs should 

preserve and generate natural and cultural values, through management that is 

scientifically correct, culturally creative, and operationally sustainable. However, at the 

Seville Conference local community participation and zonation were identified as not 

being satisfactorily adopted (Ishwaran et al. 2008).  

Thus, the conference drew up the Seville Strategy and the Statutory Framework for 

enhancing the WNBR (UNESCO 1996). The strategy provides recommendations for 

developing effective BRs in the future. In particular, this strategy emphasizes 

sustainable development through distinct zonation of the BR area and collaboration 

between communities and the BR authority. Thus, BRs now extend further than 

concepts of ecosystems or NPs, and involve local private and public interests in 

collaborative land management, explicitly integrating ecological, social, and economic 

goals (Price 1996). Since the Seville Conference BRs are much more than only PAs. 

Two far reaching implications of particular importance have been the evolution of the 

concept of sustainable development and the growing recognition that local people 

should be involved in the management (Price 1996). 

The Statutory Framework is intended to contribute to the widespread recognition of the 

concept and to promote good working examples. In Article four of the Statutory 

Framework criteria for an area to be qualified for designation as BR are listed (UNESCO 

1996). Paragraph five explicitly refers to appropriate zonation and defines the buffer 

zone as “the area surrounding or contiguous to the core area(s), where only activities 

compatible with the conservation objectives can take place” (UNESCO 1996:19). To 

realize the Statutory Framework and to enable effective management, four goals of 

major priority are formulated within the Seville Strategy (UNESCO 1996):  

(I) Use BRs to conserve natural and cultural diversity.  

(II)  Utilize BRs as models of land management and of approaches to sustainable 
 development.  

(III) Use BRs for research, monitoring, education, and training.  

(IV) Implement the BR concept.  

For each goal different objectives and concrete recommendations are listed. Actions are 

to be taken at the local (individual BR), national (all governmental levels higher than the 

individual reserve: provincial, state, county, national or local NGOs; MAB national 
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committee; national commission for UNESCO), and international level (regional and 

sub-regional networks; UNESCO-MAB secretariat).  

The recent International Conference on Biosphere Reserves was held in 2008 in 

Madrid, Spain. At this 3rd World Congress of Biosphere Reserves the Madrid Action 

Plan (MAP) was agreed. The MAP builds on the Seville Strategy and aims to capitalize 

on its instruments to raise BRs as the principal internationally designated areas 

dedicated to sustainable development in the 21st century (UNESCO 2008). In 

attempting to re-orient the MAB and the WNBR during 2008-2013 towards the 

challenges of an ongoing global change (climate change, urbanization), the MAP 

focuses on translating global principles of sustainable development into locally relevant 

praxis. While the Seville Strategy focused on the clarification and deepening of the 

niche of BRs, MAP aims to demonstrate and emphasize the role of BRs as learning 

sites for local and regional sustainable development practices and for demonstrating 

best practices examples in sustainability sciences (UNESCO 2008). Since adoption of 

the Seville Strategy in 1995 BRs have made considerable progress in integrating the 

three functions, implementing the three zone scheme, integrating resident and migrant 

human settlements, and reviewing BRs at least once every ten years after inclusion in 

the WNBR (UNESCO 2008).  

The MAP defines four main actions with 31 targets and 65 actions that are critical to 

achieving the vision of the MAB Programme. The four main actions constitute: (1) 

cooperation, management, and communication, (2) zonation – linking functions to 

space, (3) science and capacity enhancement, and (4) partnership. In order to respond 

to new and emerging environmental and economic challenges, MAP identified the 

assessment of achievements of the Seville Strategy within particular BRs to be of major 

concern in order to ensure effective BR management (UNESCO 2008). Furthermore, 

the delegates agreed that special attention is to be given to the buffer zone (UNESCO 

2008). Its role is to minimize negative and external effects of human-induced activities 

to the core areas. Thus, target 12 of the MAP explicitly refers to the investigation of 

zonation and fulfilling their functions.  
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3 Case study site: Lore Lindu Biosphere Reserve, Sulawesi, 
Indonesia2 

The LLBR on Sulawesi, Indonesia was selected as case study site, because of 

Indonesia’s ambivalent character of hosting high richness in biological diversity and 

being one of the three countries with highest amounts of deforestation and degradation 

worldwide (Albrecht et al. 2010, FAO 2010). The LLBR on the Island of Sulawesi is of 

special interest due to its great variation in ecology, agriculture and socio-economic 

conditions (Faust et al. 2003), whereas in contrast to other regions in Indonesia 

economic pressure from concession based deforestation and establishment of oil palm 

plantations is not prevalent. This fact offers the opportunity to focus the investigation on 

further drivers, such as cultural, social, and political aspects, threatening buffer zone 

management and ecological integrity. Focusing their interdisciplinary research on the 

dynamics of Lore Lindu forest, the STORMA project was working in the area since the 

year 2000. Using the STORMA project’s research infrastructure further triggered the 

case study site selection.  

3.1 Geographical conditions  

Comprising more than 17,000 islands, the Republic of Indonesia is the biggest 

archipelagic state worldwide (Albrecht et al. 2010). With more than 200 million 

inhabitants, Indonesia is the world’s fourth most populated country with the largest 

portion of Muslims (Albrecht et al. 2010). Besides Java, Sumatra, and Borneo, Sulawesi 

is part of the greater Sunda islands and is situated between Borneo to the West and 

Maluku to the East (Figure 2).  

Sulawesi is the fourth largest island in territory and forms the center of the South East 

Asian ecoregion of Wallacea (Cannon et al. 2007). The study site (0°50’S – 2°04’S and 

119°40’E – 120°30’E ) consists of the LLBR and is situated in the province Central 

Sulawesi, south of its capital Palu. The LLBR is located in Dongala and Poso regencies.  

3.2 Administration and conservation history 

As one of seven BRs in Indonesia (as of February 2011), LLBR was officially declared 

as UNESCO Biosphere Reserve in 1977 comprising the five sub-districts Sigi Biromaru, 

Kulawi, Lore Selatan, Lore Utara, and Palolo (Figure 2), (Widagdo 2008).  

                                            
2 This chapter is a modified and extended version of the study site descriptions in publications I to IV.  
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Figure 2: Indonesia (above) and case study site Lore Lindu Biosphere Reserve on Sulawesi 
(below).  
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In 1993 the core area of the LLBR was designated as Lore Lindu National Park (LLNP), 

(Shohibuddin 2008). The core area resulted from fusion of three nature reserves: Lore 

Kalamanta Wildlife Sanctuary (declared in 1973), Sungai Sopu and Gumbasa Wildlife 

Sanctuary (declared in 1981), and Danau Lindu Recreational and Protection Forest 

(declared in 1978), (Shohibuddin 2008). The area was further declared as World 

Heritage Site by UNESCO. However, the official boundary of the core area was not 

determined until 1998, when the management body was implemented by the Ministry of 

Forestry (Widagdo 2008). In 1999 the area of LLNP was reduced through the exclusion 

of Besoa and Lake Lindu enclaves (Shohibuddin 2008).  

Until now the management is carried out by the Balai Taman Nasional Lore Lindu 

(authority of LLNP), an administrative office under the Ministry of Forestry at the 

national level (Shohibuddin 2008). In this thesis LLNP authority corresponds to LLBR 

authority as the head of the Indonesian MAB Programme in Jakarta passed the BR 

responsibility on the LLNP. Depending on context and interview partner the respective 

term is used. 

3.3 Zonation 

The LLBR authority defined the area around the LLNP as the buffer zone aiming to 

protect the core area. However, the border to the transition area is not yet defined and 

the transition area has not yet been specified. Until now only a zonation draft of the BR 

exists (Figure 3). About 64 villages are located in direct proximity to the core area 

(Widagdo 2008).  

As the definite borders of the BR (buffer zone and transition area) are not yet 

determined, the total area is defined as the STORMA research area matching the five 

sub-districts Sigi Biromaru, Kulawi, Lore Selatan, Lore Utara, and Palolo (Figure 2, 

page 11). The core area corresponds to the area of LLNP. The total area covers 

approximately 7,500 sq. kilometers where 2,200 sq. kilometers constitute the core area 

(Erasmi et al. 2004). For this thesis the buffer zone was defined as three kilometer 

buffer around the core area including two enclaves located inside LLNP as 

recommended by LLBR administration. This buffer zone covers an area of about 1,100 

sq. kilometers. 
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Figure 3: Zonation draft of Lore Lindu Biosphere Reserve (source: LLBR administration).  

 

3.4 Ecological characteristics 

Sulawesi is extremely important from an environmental conservation point of view 

because of its unique biodiversity. Located to the east of Wallace’s line and the 

proximity to the Sunda plate it is internationally recognized as Global 200 Ecoregion 

(Widagdo 2008). The unique geography, with four narrow arms radiating from a small 

central area, has placed strong geographic constraints on local population size. With no 

location being more than 100 km from the coast, it is a large island with no ‘interior’ 

(Curran et al. 2004). Its formation and isolation have resulted in a mix of Oriental and 

Australian fauna with a higher rate of endemic taxa than any other Indonesian island 

(TNC 2002).  
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The Lore Lindu region is topographically divers with mountains ranging between 500 

and 2,600 meters a.s.l. interspersed with narrow and outspread valleys (Erasmi et al. 

2004). The study site is characterized by humid tropical climate with mean annual 

temperature between 25 - 26 °C and mean annual precipitation above 2,500 mm 

determining high humidity (85 - 95 %), (Whitten et al. 2002). The area is furthermore 

catchment area for three main rivers in Central Sulawesi: Lariang, Gumbasa and Palu.  

The high endemism is also a result of its complex geology including the largest mafic 

outcrops in the world (Proctor 2003). Ultramafic Oxisol constitute the dominant soil type 

(USDA 1999). These highly weathered soils are characterized by extremely low native 

fertility (USDA 1999). Most nutrients in these ecosystems are contained in the standing 

vegetation and decomposing plant material.  

Constituting the largest island in Wallacea, Sulawesi has the richest avifauna in the 

region with 224 resident species, 41 of it being endemic (TNC 2002). Most of these 

endemics are dependent on forest (TNC 2002). The most distinctive bird species is the 

Maleo bird (Macocephalon maleo) revealing a quite unusual nesting behavior of using 

solar or geothermal heat to incubate eggs (TNC 2002). The core area of LLBR is 

estimated to contain 11 % of the world’s nesting area (TNC 2002). Due to the long 

period of isolation to other major land masses, a unique mammal fauna that is not 

particularly high in species richness but with a very high level of endemism (60 %) can 

be found in LLBR (TNC 2002).  

LLBR further contains a mixture of forest types ranging from lowland to montane and 

cloud forests (Cannon 2001). The majority of the forests in LLBR is in good condition as 

classified by Cannon et al. (2007), (Figure 4). Forest species richness is comparable to 

that in Borneo and other Sulawesi forests (Culmsee and Pitopang 2009). A long period 

of isolation caused high flora endemism (Cannon 2001). Culmsee and Pitopang (2009) 

found half of their investigated tree species as new records for Sulawesi.  
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Figure 4: Forest Condition of Lore Lindu Biosphere Reserve as assessed by Cannon et al. (2007).  
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3.5 Socio-economic characteristics 

Besides this ecological uniqueness there is also an astonishing cultural heritage of 

ancient stone megaliths from 1300 AD. Furthermore, the area of Lore Lindu is 

demographically and culturally a very divers region (Faust et al. 2003). Several distinct 

ethnic groups are living in the villages applying traditional custom laws (Widagdo 2008). 

Three main ethnic groups can be distinguished: Kulawi, Kaili, and Lore (Weber 2006). 

They are descendants of ancient kingdoms and developed their own respective 

ethnicity and unique traditions (Faust et al. 2003).  

The northern sub-district Sigi Biromaru (Figure 2, page 11) is the most densely 

populated area consisting of extended plains for paddy rice cultivation (Faust et al. 

2003). The adjacent sub-district Palolo remained largely unsettled until the 1960s and 

was then populated very fast (Faust et al. 2003). Besides spontaneous migrants from 

sub-district Kulawi, the area attracted migrants from South and North Sulawesi, mainly 

Bugis. The outer southern parts of the LLBR are still sparsely populated although first 

settlements date back to the old kingdoms (Faust et al. 2003). Narrow valleys and 

remoteness of these southern areas hinder people to settle down. Besides these 

spontaneous migrations, the central government’s transmigration program led to 

establishment of new villages mainly in Palolo and Lore Utara between 1960s and 

1990s (Faust et al. 2003). However, most of those transmigrants have left the region in 

the meantime. The main portion of immigrants came from South Sulawesi. Since the 

early 1980s Bugis settled mainly in Palolo and Lore Utara due to land availability.  

It was the Bugis who introduced cacao cultivation into the area displacing coffee 

cultivation practiced by indigenous communities (Weber 2006). Bugis as well as some 

better-off households acquire land from poorer, local households outside the core area. 

This aggravates pressures on the core area, as the land-stripped local households 

acquire new land by illegally clearing primary forest inside LLBR. These new plots at 

steep slopes inside LLBR are of inferior land-use quality and of a highly precarious 

tenure status (Mehring et al. 2011).  

The LLBR is predominantly a rural area and 87 % of the 33,000 households depend on 

agriculture as the primary source of income (Maertens et al. 2006). 15 percent of the 

total area - excluding the core area – is used for agriculture (Maertens et al. 2006), 

(Figure 5). Most of the remaining area is forested with secondary forest and to a minor 

degree with primary forest (Maertens et al. 2006). The principal food crop is paddy rice 
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cultivated in the valley bottom, while cacao and coffee are important cash crops 

cultivated at sloping land (Erasmi et al. 2004). Cultivation of maize, coconut, cassava, 

and peanuts play a minor role (Erasmi et al. 2004). Agricultural expansion, particularly 

for cacao cultivation, threatens the integrity of the core area as the land needed for 

farming is increasing (Faust et al. 2003). 

 

 
 
Figure 5: Land use in Lore Lindu Biosphere Reserve as classified from satellite sensor in 2007.  
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3.6 Management  

The management of LLBR is carried by the LLNP authority. LLNP authority is under 

jurisdiction of the Ministry of Forestry at the national level. The head and staff members 

are employed and paid by the Ministry of Forestry. Constituting government-

management, LLNP authority gets support from NGOs. Since 1992 The Nature 

Conservancy (TNC), an international NGO supports LLNP authority to manage the 

area. This includes among other things developing a management plan for the area. As 

systematic knowledge on flora and fauna is still incomplete (Cannon 2001), TNC 

focused on inventory research and monitoring of the core area. A vegetation map was 

developed and surveys on bird and mammal diversity were carried out. However, the 

management plan was finished in 2002, a time of great change and upheaval in 

Indonesian society. Rigid directives of central planning are gone and a new way of 

considering stakeholders’ needs must be taken into consideration since this time (TNC 

2002). Until now no definite management plan for the BR covering core area, buffer 

zone, and transition area has been implemented. However, there is a first draft 

available, of which management objectives are summarized in Table 2 (Widagdo 2008).  

 
Table 2: Management plan draft for Lore Lindu Biosphere Reserve.  

Zone Management effort 

Core area 

Goal: Conservation of biodiversity 

 Involvement of local people (collaborative monitoring of flora and fauna) 

 Development of ecotourism (bird watching, guided tours to hot springs and 

Megalith) 

 (international) research cooperation (TNC and local NGOs, STORMA and 

University of Palu) 

Buffer zone 

Goal: Guarantee protection of core area through sustainable use of natural resources 

 Implementation of sustainable development activities (honey production, cattle 

breeding) 

 Implementation of collaborative management strategies (introducing Community 

Conservation Agreements between local people and park authority) 

Transition 

area 

Goal: Implementation of successfully tested sustainable development approaches  

 Collaboration with researchers, local communities, and other stakeholders 

Source: Widagdo (2008) 
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Among these management objectives collaborative monitoring and development of 

ecotourism are still to be realized, while the other objectives are partly implemented 

(Widagdo 2008).  

4 Conceptual framework  
The following chapter introduces the different concepts and theories applied for this 

thesis. The concept of common pool resources (CPR) led the overall research of 

managing CPRs. CPRs such as forests can be under legal protection in form of PAs 

and thus require specific management responses. Application of social psychology 

enabled to explain local people’s behaviour in the buffer zone. The different assessment 

types for PA management effectiveness finally led to adoption of triangulation and 

accomplishment of different research methodologies.  

4.1 Management of common pool resources 

Hardin (1968) argued that users of a CPR are caught in an inevitable process that leads 

to destruction of the resource they depend on. Triggered by Hardin’s work, the so-called 

“rational actor model” which assumes strict self-interest as the primary motivator of 

action, has been the dominant conception among the early resource economists. There 

are two far-reaching implications in his argumentation: 1) only coercive means of control 

could sustain CPRs in the long time and 2) only unitary (private or state) ownership is 

capable of designing effective rules to prevent the “tragedy” (Dietz et al. 2003). This 

oversimplification has been used by many scholars and policy-makers to rationalize 

central government control over CPRs arguing that solutions must be imposed on users 

by external authorities (Ostrom et al. 1999). Although tragedies have indeed occurred, 

there is also an increasing number of field studies challenging Hardin’s assumption in 

showing that people have been successful in self-organizing and managing CPRs on 

the long run (Ostrom 1990). An important lesson from the empirical studies is that more 

solutions exist than Hardin proposed (Ostrom et al. 1999). Both implications, 

government ownership and privatization, can be subject to failure in some instances 

(Ostrom et al. 1999).  

To better understand CPR problems, a conceptual differentiation must be made. 

According to Ostrom (1994b), the term CPR refers to resource systems regardless of 

the property rights involved. Typical CPRs are e.g. forests or pasture. Furthermore, 

CPRs share two characteristics of a physical world: 1) exclusion of beneficiaries through 
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physical and institutional means is difficult and costly (exclusion); 2) resource units used 

by one individual are not available to another (subtractability), (Ostrom 1994b). These 

two characteristics create potential CPR dilemmas in which people following their own 

short-term interests produce outcomes that might impact anyone’s long-term interest 

(Ostrom et al. 1999). When resource users interact without the benefit of effective rules 

that limit access and define rights, fundamental free-riding in two forms is likely: overuse 

without concern for the negative effects on others and a lack of investment in 

maintaining and improving the CPR itself (Ostrom et al. 1999). Thus, solving CPR 

problems needs two distinct elements: restricting access through rules and sanctions in 

case of violation as well as creating incentives for users to invest in the resource rather 

than overexploiting it (Ostrom et al. 1999). However, rules-in-use differ markedly from 

one case to another. Sustainable use of a resource cannot be explained by the 

presence or absence of particular rules taking into account specific physical, cultural, 

social, and economic attributes of the system (Ostrom 1994a). Addressing this variety, 

the works by Wade (1988), Ostrom (1990), and Baland and Platteau (1996) represent 

three of the most significant, comprehensive analyses of managing CPRs (Agrawal 

2001). Wade (1988) relies on data of irrigation systems collected in South India in one 

single district, while Baland and Platteau (1996) reviewed empirical studies on 

managing CPRs. The work from Ostrom (1990) using detailed case studies of 

managing CPRs worldwide thus best represents the methods used in this thesis. Based 

on comprehensive field studies Ostrom (1990) identified a set of eight success factors 

(design principles) to best characterize sustainable CPR management (Table 3). 

Ostrom (1990) defines design principles as  

“an essential element or condition that helps to account for the success of these 

institutions in sustaining the CPR and gaining compliance of generation after 

generation of appropriators to the rules in use” Ostrom (1990:90).  

In summary, recent studies on CPR use suggest, in contrast to Hardin (1968), that 

integrating local people in management can be very effective, based on the argument 

that CPRs are better conserved when the people can use and therefore value them as 

part of their livelihood (Brandon et al. 1998, Ostrom et al. 1999, Bates and Rudel 2000, 

Ostrom and Nagendra 2006).  
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Table 3: Design principles illustrated by long-enduring CPR institutions according to Ostrom 
(1990).  

Design Principle Definition 

Clearly defined boundaries 

Individuals or households who have rights to withdraw resource 

units from the CPR must be clearly defined, as must the boundary of 

the CPR itself.  

Congruence between 

appropriation and provision rules 

and local conditions 

Appropriation rules restricting time, place, technology, and/or 

quantity of resource units are related to local conditions and to 

provision rules requiring labor, material, and/or money. 

Collective-choice arrangements 
Most individuals affected by the operational rules can participate in 

modifying the operational rules. 

Monitoring 

Monitors, who actively audit CPR conditions and appropriator 

behaviour, are accountable to the appropriator or are the 

appropriator.  

Graduated sanctions 

Appropriators who violate operational rules are likely to be assessed 

graduated sanctions (depending on the seriousness and context of 

the offense) by other appropriators, by officials accountable to these 

appropriators, or by both.  

Conflict resolution mechanism 

Appropriators and their officials have rapid access to low-cost local 

arenas to resolve conflicts among appropriators or between 

appropriators and officials.  

Minimal recognition of rights to 

organize 

The rights of appropriators to devise their own institutions are not 

challenged by external governmental authorities.  

For CPRs that are parts of larger systems 

Nested enterprises 

Appropriation, provision, monitoring, enforcement, conflict resolution, 

and governance activities are organized in multiple layers of nested 

enterprises.  

Source: Ostrom (1990:90) 

 

4.2 Reactance theory 

Lack of participation of local people in PA management can create resistance to PAs. 

Stoll-Kleemann (2001), for example, analyzed drivers of resistance to PAs in Germany 

and found strong opposition towards the PA among residents. Brehm’s theory of 

reactance provided a useful explanation for this phenomenon. Stoll-Kleemann (2001) 

concludes that for residents, in particular in the former German Democratic Republic, 
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the choice of freedom was very important after the German reunification and they felt 

being ignored in the PA establishment process as there was no opportunity to 

participate. The theory of reactance was chosen for this thesis as similar behaviour was 

observed among residents in LLBR.  

It was in the context of Festinger’s (1957) new dissonance theory assuming an inner 

motivational process rather than that all influences between stimuli and behaviour are 

simple and direct, that Brehm and Cohen (1962) carried out extensive research in 

persuasion with an emphasis on resistance to social influence. Brehm’s scientific 

interest in resistance to social influence finally resulted in the formulation of reactance 

theory (Brehm 1966). Based on his comprehensive research he defines psychological 

reactance as a motivational state directed toward the re-establishment of the free 

behaviour which has been eliminated or threatened with elimination (Brehm 1966). The 

theory’s assumption was initially stated as follows: 

“It is assumed that for a given person at a given time, there is a set of behaviour 

any one of which he could engage in either at the moment or at some time in the 

future. This set may be called the individual’s “free behaviour”. Free behaviour 

includes only acts that are realistically possible. (…) In general, we may say that 

for specified behaviour to be free, the individual must have the relevant physical 

and psychological abilities to engage in them, and he must know, by experience, 

by general custom, or by formal agreement, that he may engage in them. It 

should be noted that the concept of “free behaviour” is intended to include any 

conceivable act” (Brehm 1966:3-4).  

The theory conceptualizes that a threat to lose or the actual loss of freedom motivates 

the individual to restore that freedom (Brehm and Brehm 1981). Reactance is thus 

reactive, not proactive (Brehm and Brehm 1981). Justification and legitimacy can be 

seen as affecting the magnitude of reactance. A loss of freedom even if justified or 

legitimately grounded (e.g. through formal rules or regulations), could still create 

reactance (Brehm 1966). Brehm and Brehm (1981) further define the following four 

principles that determine the strength of reactance:  

1) Awareness: reactance can be aroused in a person only to the extent that the 

individual believes he or she has a freedom or control over a potential outcome.  

2) Importance: the greater the importance of the freedom that is threatened, the 

greater is the amount of reactance.  
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3) Number of freedoms: the amount of reactance is a direct function of the number 

of freedoms threatened.  

4) Implication: freedoms can be threatened by implications, and therefore the 

magnitude of reactance increases when the implied threat occurs. Andreoli et al. 

(1974) found reactance arousing when another person’s freedom of choice is 

threatened even when the threat carried no implications for the own freedom.  

Reactance has numerous implications, as the theory proved to be useful e.g. for the 

study of persuasion and attitude change, consumer research (Brehm 1989), 

interpersonal and intergroup relations, therapeutic issues, and more generally 

motivation and emotion (Miron and Brehm 2006).  

In general, reactance will frequently occur in response to restrictions or threats thereof 

imposed by social entities, and the general effect of resistance is to produce tendencies 

to oppose the actual or potentially threatened restriction (Brehm 1966). Possible 

solutions to counteract reactance are a sound information policy, mediation or 

participation of the person concerned. These aspects are thus important measures in 

order to enhance PA acceptance on the local level.  

4.3 Protected area effectiveness3 

PAs offer a specific approach to manage CPRs such as forests. This in situ 

conservation strategy is required to sustain ecological integrity of forest ecosystems in 

the long run. PAs are perhaps the most important of all conservation tools to reduce 

deforestation (WWF 2004, MA 2005). There are now more than 130,000 PAs 

worldwide, covering more than 12 % of the Earth’s land surface (WDPA 2010) with 

21 % of tropical and subtropical moist broadleaf forest under legal protection (Jenkins 

and Joppa 2009). But designation of PAs is only a first step. If PAs are to be effective in 

fulfilling their role in biodiversity conservation, they have to be effectively managed 

(WWF 2004).  

Since the mid 1990s, many methodologies have been developed to assess 

management effectiveness of PAs (Hockings 2003). In 1997 the World Commission on 

Protected Areas (WCPA), therefore, established a Management Effectiveness Task 

Force to draw attention to this emerging issue (Hockings 2003). A framework for 

evaluating management effectiveness of PAs on a global scale has been developed to 

provide overall guidance and to encourage a minimum standard in PA management 
                                            
3 This chapter is a modified and extended version of introduction and conclusion of publication IV.  
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(Hockings et al. 2000). According to Hockings et al. (2000) management effectiveness 

includes three main components: 1) design issues relating to both individual sites and to 

PA system; 2) appropriateness of management systems and processes; and 3) delivery 

of PA objectives. In particular, a set of six aspects that play a major role in PA 

management is proposed in order to measure their effectiveness aiming to understand 

the overall quality of PA management: context, planning, input, process, output, and 

outcome (Hockings et al. 2000). Stimulated by this framework, a multitude of 

assessment systems have been developed by other prominent organizations such as 

e.g. World Wide Fund for Nature (WWF), World Bank, or UNESCO. Until now, a still 

growing number of 42 international and national methodologies have been identified 

(Leverington et al. 2008). And, yet, there is no globally accepted measure for assessing 

management effectiveness due to the complexity in legislation, regulations, and 

contextual settings (Chape et al. 2005). However, there are three internationally 

acclaimed and most commonly used approaches for evaluation of PA effectiveness 

(Stoll-Kleemann 2010):  

1) Rapid Assessment and Prioritization of Protected Area Management (RAPPAM) 

(Ervin 2003) focuses on strengths and weaknesses of management within PA 

networks which was designed by WWF;  

2) Management Effectiveness Tracking Tool (METT) (Stolton et al. 2003) monitors 

management progress of individual sites and is particularly used by the World Bank 

and WWF;  

3) Enhancing our Heritage (EoH) (Hockings et al. 2008) was developed by UNESCO 

focusing on individual PA sites.  

All these methodologies relying on the WCPA framework gather information by means 

of questionnaires and interviews of the persons in charge with the management. A 

review analysis of 27 assessment systems suggests the existence of two groups of 

methodologies based on either the monitoring of WCPA framework elements or a rating 

of management aspects (Hockings 2003). However, critics claim that effectiveness 

evaluation based on questionnaires is subject to bias of respondents reflecting the 

people’s subjective view (Vanclay 2001). This fundamental critique is alleviated by the 

point that PA manager responses are likely to be based on years of field-level 

experience, and thus may sufficiently capture realities and complexities of individual 

PAs (Hockings 2003).  
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However, a major weakness of these questionnaire-based assessment approaches is 

the disregard of conservation achievements in terms of the management objectives that 

should be determined by each PA. Thus, in the case of forest PAs, measuring the 

impact of PAs on forest cover clearing can help assess the effectiveness of their 

management. Remote sensing provides a particularly effective tool and satellite image 

analysis is the most frequently used technique for mapping land cover change (Liu et al. 

2001, Curran et al. 2004, Andam et al. 2008, Joppa and Pfaff 2010). In order to assess 

the impact of a given PA on forest cover, changes over time within the given area need 

to be compared to a standard area without legal protection (Nagendra 2008). However, 

measuring the effectiveness of these areas is difficult because the amount of 

deforestation that would have occurred in the absence of legal protection cannot be 

directly observed (Andam et al. 2008). Two kinds of comparison can provide useful 

indicators in this regard. First, one can compare deforestation rates of areas inside and 

outside PAs using satellite data (Curran et al. 2004). However, these analyses can be 

biased because areas inside and outside the PA can differ in many characteristics 

which in turn influence deforestation (Joppa et al. 2008). This is the case in situations 

where the PA is located in remote areas that are less accessible than the surroundings. 

These areas may show low rates of deforestation due to their remote location rather 

than the existence of the PA. Second, rates of deforestation before and after the 

implementation of management activities can be compared to indicate whether creation 

of the PA has slowed down deforestation. This approach provides a different 

perspective but is limited by the general trend that deforestation is increasing over time 

in some areas. Thus, the combination of both approaches (i.e. deforestation rates inside 

and outside PA boundaries as well as before and after the implementation of 

management activities) supports triangulation of the findings. However, pure satellite 

image analyses focusing solely on ecological integrity tend to ignore institutional 

settings of PAs influencing management achievements (Southworth et al. 2006).   

Overall, conclusions of studies on PA effectiveness relying on either questionnaires or 

satellite images range from ‘PAs are ineffective’ (Dudley and Stolton 1999, Curran et al. 

2004), to ‘PAs are effective’ (Bruner et al. 2001, Joppa et al. 2008, Gaveau et al. 2009), 

and ’PAs are effective, but not in general” (Nagendra 2008). Global studies from De 

Fries et al. (2005) and Nagendra (2008) highlight the special position of PAs in Asia. In 

both articles it is concluded that protection is generally effective in PAs. However, this 

applies not to PAs in Asia where deforestation was found to be higher after PA 
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establishment (Nagendra 2008) and PAs are most severely affected because of 

relatively low surrounding forest habitat in former times (DeFries et al. 2005). Further 

studies focusing on Indonesia approve this finding of PAs being ineffective in reducing 

deforestation (Curran et al. 2004, Nellemann et al. 2007, Linkie et al. 2008).  

The variety of results indicates that PA effectiveness is complex and depends on a 

combination of drivers from different, political levels underlining the need for integrated 

research approaches to understand socio-ecological systems in its local, sub-national, 

and national context (Folke et al. 2007, Joppa et al. 2008). Thus, to adequately address 

the multi-faceted issue of PA effectiveness, interview-based field research  must be 

complemented by satellite image analysis to provide insights into social and institutional 

processes that impact PA management (Naughton-Treves et al. 2005, Southworth et al. 

2006, Elmqvist et al. 2007). The combination of both methods is needed because a) 

without remote sensing, no statement about the effectiveness in maintaining forest 

cover can be made, and b) without social field research, no conclusion can be drawn 

about the drivers of success/failure and thus failure factors cannot be addressed. 

5 Methods 
The following chapters explain how buffer zone effectiveness is defined for this thesis 

and further introduce the different research approaches to measure effective buffer 

zone management.  

5.1 Buffer zone effectiveness in biosphere reserves 

Effectiveness is the degree of achievement of objectives. Effectiveness is determined 

as the ratio between achieved objective (output) and defined objective (outcome), 

(Krems 2010). Related to BR management, effective buffer zone management is given 

when the aim of the buffer zone is achieved. According to UNESCO (1996) the major 

aim of the buffer zone is to guarantee the conservation objectives in the core area. 

However, conservation objectives may vary considerably between different habitats and 

BRs. Thus, for this thesis implementation of the four goals of the Seville Strategy are 

used as criteria to evaluate buffer zone effectiveness. The Seville Strategy was explicitly 

designed to enable effective management and highlights in particular the importance of 

the zonation scheme (UNESCO 1996). For this thesis the buffer zone is declared to be 

effective when the four goals of the Seville Strategy are implemented. To fulfill this aim 
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human land use in the buffer zone has to be ecologically sustainable and stakeholder 

participation has to be adopted (UNESCO 1996).  

5.2 Research design 

To answer the raised research questions an integrative research design of social 

science (quantitative and qualitative approaches) and natural science (remote sensing) 

was chosen. Investigating complex issues such as buffer zone effectiveness in terms of 

conserving biodiversity and its socio-cultural setting, a mixed method research design is 

necessary (Table 4). In order to consider the situation and influence of the people 

concerned in the buffer zone, social science research needs to be applied. Investigating 

conservation achievements, such as reducing forest loss in the core area, needs remote 

sensing to be adequately addressed. Combining methods provides more 

comprehensive evidence through triangulation and the strength of one method offsets 

weaknesses in other methods (Blaikie 2010).  

Quantitative social research is characterized to deal with numbers and normally 

consists of investigations with a high sample number. Interviews are structured and in 

most cases there is no direct contact to the interview partner (e.g. telephone or mail 

survey). Application of probability sampling and analysis with stochastical and 

multivariate methods enable the researcher to generalize from sample to population 

(deductive strategy). However, there is often high cost and personal capacity demand. 

And only selective detection is possible due to reduction to few, measurable variables 

(Punch 2005, Blaikie 2010).  

In contrast, qualitative social research deals with words and copes with ambiguity and 

complexity. While quantitative social research aims to be representative for a 

population, qualitative social research seeks to gain new insights into complex issues. 

Gathering data is more a question of relevance rather than representativeness. The 

qualitative research approach is characterized to be an open and flexible procedure and 

a personal contact with the interviewee is explicitly wanted. The researcher is involved 

in the social world of the interviewee exploring his culture and worldview. While 

adopting a flexible approach with open or semi-structured interviews, it is useful for the 

investigation of social processes. Drawing generalized conclusions from specific 

observations, this research approach follows an inductive strategy (Blaikie 2010).  
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Remote sensing is an effective tool to evaluate PA effectiveness in terms of reducing 

deforestation and time series analysis of satellite images is the most frequently used 

technique for mapping land cover change (Nagendra 2008).  

 
Table 4: Research questions and applied research strategies and approaches.  

Question Strategy Approach 

1. Does the buffer zone effectively protect the core area of biosphere reserves in general and in 

particular in Lore Lindu Biosphere Reserve, Indonesia? 

1.1 What are the major threats to biodiversity in forest 

biosphere reserves? 
Deductive Quantitative approach 

1.2 Are human uses in the buffer zone sustainable from the 

point of view of conservation? 
Deductive Quantitative approach 

1.3 Is the buffer zone effective to impact forest cover 

clearing in the core area? 
 Remote Sensing 

2. What are the factors influencing buffer zone effectiveness in Lore Lindu Biosphere Reserve, 

Indonesia? 

2.1 How do different actors perceive buffer zone 

functioning? 
Inductive Qualitative approach 

2.2 Which regulations on resource use influencing buffer 

zone management are predominant? 
Inductive Qualitative approach 

2.3 Which factors play a major role in buffer zone 

management? 
Inductive Qualitative approach 

3. What recommendations can be drawn to improve buffer zone management 

3.1 on case study level?  Mixed method approach 

3.2 in general?  Mixed method approach 

 

5.3 Quantitative approach: data collection and analysis4 

Within the GoBi project a global telephone survey of BR management executives was 

conducted between July and December 2006. Besides this thesis, the data set also 

serves further analyses within the GoBi project. Applying an ex-post-facto design, a 

                                            
4 This chapter is a modified and extended version of methods: data collection and analysis of publications 

I and II. 
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probability sampling was chosen (Blaikie 2010). All elements in the population (507 BRs 

in 102 countries as of December 2006) were included in the survey (census). A team of 

researchers interviewed managers from 225 BRs in 79 countries, which corresponds to 

an overall response rate of 42 % (as of February 2009). Following a standardized 

questionnaire, the interview guideline included the following items: 1) questions on 

general information of the interviewee (e.g. professional background, affiliation, 

professional experience); 2) questions on general information of the BR (e.g. size of the 

BR, number of people living inside, permanent and temporary staff); 3) given 

statements to be rated on a metric scale between 1 (I don’t agree) and 10 (I fully agree); 

4) questions on consequences of specific aspects; 5) ranking of given threats according 

to the severity within the BR; 6) open ended questions (on e.g. major threats, 

constraints, management activities). Comprising these different tools, the interview 

covered aspects concerning governance and management of the BR as well as status 

and trends of threats and ecological indicators. Interviews lasted between half an hour 

and two hours. The interviews were compiled in an Access database whereby statistical 

analyses were performed using SPSS 17.0.  

For this thesis answers given for the question explicitly referring to the core zone on 

threats and illegal activities were coded and combined into groups of threats and illegal 

activities, respectively (publication I). Absolute and relative frequency was calculated for 

major threats. The contingency coefficient (Pearson) was computed to analyze the 

strength of dependency between the occurrence of illegal activities and UN sub-regions, 

income status (high and non-high), and number of residents. Furthermore, a forest 

specificity index was calculated for each illegal activity to assess whether the respective 

activity mainly occurs in forest ecosystems. 

In addition, ratings on the statement “Human uses inside the buffer zone are 

sustainable from the point of view of conservation” were analyzed (publication II). A two-

tailed t-test was carried out to analyze differences in the mean values of answers on 

sustainable land use in the buffer zone. Discriminators employed were ecosystem type 

(forest/non-forest BRs), climate zone (tropical/non-tropical forest BRs), and income 

status (BRs in high-/non-high-income countries). As the data was not normally 

distributed, the Spearman correlation coefficient was computed to analyze the direction 

and strength of relation between the number of residents and given answers concerning 

sustainability of human uses inside the buffer zone. 
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5.4 Qualitative approach: data collection and analysis5 

A case study was conducted in the LLBR on Sulawesi, Indonesia. For this purpose, a 

systematic qualitative social research approach was applied performing semi-structured 

interviews and group discussions (Punch 2005). These interviews and discussions 

provided important insights into the institutional dimensions and their interaction within 

the context of BR management including e.g. implementation of rules and the 

distribution of responsibilities for buffer zone management or collaboration with local 

people. Interviews were conducted between March and May 2008. A preferential 

sampling design was chosen. Identification and selection of individual interview partners 

was initially done interviewing key persons, such as both the recent and former head of 

the LLBR. These initial interviewees then guided to further contacts, a process known 

as snowball sampling (Punch 2005). Following this data collection approach, 

respondents representing the local, sub-national, and national level associated with the 

LLBR management were interviewed (Table 5). Criteria for the number of interviewees 

derived from the concept of theoretical sampling (Flick 1995). This concept is related to 

the question what empirical data are used to advance the understanding of the 

investigated aspect (Glaser and Strauss 1967). Data collection is finished when 

integrating new interviewees reveals no additional, relevant information for a 

comprehensive understanding (Flick 1995). To interview farmers, four contrasting 

villages were chosen with regard to sustainable development activities undertaken by 

NGOs and the location of the villages within the buffer zone (Figure 2, page11). Overall 

47 interviews and seven group discussions were carried out. Guidelines for the 

interviews and group discussions focused on the four goals of the Seville Strategy: I) 

conservation of biological and cultural diversity; II) BRs as models of land management 

and as approaches for sustainable development; III) research, monitoring, and 

education within BRs; IV) implementation of the BR concept. 

In particular publication II analyses and discusses the villagers’ replies related to goal II 

of implementing sustainable development activities. Publication III presents the NGOs’ 

and management’s perspective related to goal IV of ensuring that the local community 

participates in planning and management activities. The analysis assessed the potential 

and impact of community conservation agreements (CCAs) as part of a collaborative 

                                            
5 This chapter is a modified and extended version of methods: data collection and analysis of publications 

II, III, and IV.  
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management strategy. Publication IV focuses on the issues of implementation and 

zonation (goal IV) impacting buffer zone effectiveness from the local, sub-national, and 

national perspective. 

 
Table 5: Overview of interviews and group discussions from the case study in Lore Lindu 
Biosphere Reserve, Indonesia.  

Level Social entity Interview partner 

Villagers 
Farmers (men and women) in 4 different villages in the buffer zone: 

Tuwa, Tomado, Wuasa, Katu 

Local authorities Mayor, sub-district administrator 

NGOs 

TNC  
The Nature Conservancy; international NGO, focus on nature 
conservation 

YTM  
Yayasan Tanah Merdeka ("Independent Earth Foundation"); 
national NGO, focus on human rights 

KARSA  
"initiate"; national NGO, focus on nature conservation 

Jambata  
"bridge"; national NGO, focus on nature conservation 

LLBR  staff Former and current head, forest police, staff members 

Local 

Researcher 
Tadulako University, Palu, Sulawesi, Indonesia 

University of Göttingen (STORMA), Germany 

Sub-national 

Local 

government 

authorities 

Nature conservation agency  
(BKSDA: Balai Konservasi Sumber Daya Alam) 

Agency for planning and development  
(BAPPEDA: Badan Perencana Pembangunan Daerah) 

Water catchment agency  
(BPDAS: Badan Pengelolaan Daerah Aliran Sungai) 

Forest observation agency  
(BPKH: Balai Pemantapan Kawasan Hutan) 

National MAB committee MAB head and committee members 

 

Interviews were conducted with the help of local assistants in the national language 

Bahasa Indonesia and fully recorded. Subsequently, interviews were transcribed and 

translated into English by local assistants. According to the content-analysis approach 

(Punch 2005), computer-based analysis with ATLAS.ti was carried out. A two-step 

analysis drawn from Grounded Theory Methodology (Glaser and Strauss 1967) was 

applied: open and axial coding. Open coding involves raw data (interview) reduction into 
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categories. This is specified as a process of variable identification, labeling, and 

categorization in the initial stage. Axial coding is done by using a ‘coding paradigm’. 

This process step seeks to identify causal relationships between identified categories. 

Making connections between categories, the aim is to discover regularities, variations, 

and singularities and to formulate propositions (Glaser and Strauss 1967).  

5.5 Satellite image analysis6 

A time series of LANDSAT scenes from 1972, 1983, 1999, 2002, and 2007 was used to 

classify homogeneous areas of forest cover to ultimately detect deforestation. 

Processed and classified satellite images used for change analysis were provided by 

the affiliation partner STORMA. Processing of the images included geometric 

correction, radiometric calibration considering topographic effects on spectral 

reflectance, and land cover classification. As a result of knowledge-based class 

definition and fuzzy logic classification process, four land cover classes were separated 

(Table 6 and Figure 5, page 17). For a detailed explanation of processing and 

classification see Erasmi et al. (2004). 

 
Table 6: Land cover classes of satellite images.  

Land cover class Definition 

Forest 
Broadleaved evergreen forest (including heath and cloud forest) and agroforestry 

systems (mainly cacao under shade trees) 

Shrubland Herbaceous cover 

Cropland Coffee, cacao, clove, maize, vegetables 

Water Lake Lindu and rivers 

Source: Erasmi et al. (2004)  

 

Areas of forest and non-forest were calculated for each point in time. The classified data 

were aggregated to the target resolution of 30 meter and analyzed using Arc GIS 8.3. 

Subsequently change analysis was carried out. Deforestation rate was computed for the 

periods before and after management establishment in 1998. Thus, the difference of 

forest cover between the images from 1972 and 1983 (before management 

establishment) as well as the difference between 1999 and 2007 (after management 

                                            
6 This chapter is a modified and extended version of methods: satellite image analysis of publication IV.  
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establishment) were calculated. Calculation of forest cover and deforestation rate was 

performed for the total area, core area and buffer zone.  

6 Summary of publications 

6.1 Publication I: Evaluation of Major Threats to Forest Biosphere 

Reserves: A Global View7 

The aim of publication I is to evaluate the major threats and their potential causes within 

forest BRs on a global scale. A telephone survey of UNESCO BR managers was 

conducted between July and December 2006. In a standardized interview with open 

questions concerning existing threats and illegal activities, managers were asked to 

describe the current situation at their BR.  

Results show that a clear differentiation can be observed depending on country income. 

In high-income countries, the major threat according to the experts is global climate 

change (25 %), whereas in non-high-income countries, illegal activities (44 %) are most 

frequently mentioned. Given that illegal activities are the major threat, especially in non-

high-income countries, a further differentiation can be made concerning the type of 

illegal activities. We identified one group of forest-specific illegal activities (wildfire and 

its precursors) as an occurrence chiefly predominant in non-high-income countries. We 

interpret wildfire as a major threat to forest BRs, as most of the illegal activities 

mentioned (wood forest product collection, infrastructure, settlement, land conversion, 

and inadequate agricultural practices) act as wildfire precursors and are identified as 

being relevant where the threat of fire is also significant. This is especially true for non-

high-income countries, where these illegal activities appear to be the most severe.  

Our results show that according to BR managers, forest BRs, especially those in non-

high-income countries, challenge the target of biodiversity conservation (in the core 

zone of BRs) because the occurrence of illegal activities such as wood forest product 

collection, land conversion, and settlement directly threaten the ecosystem’s integrity. 

From these findings, the question arises as to why the buffer zone surrounding the core 

area is not able to protect the latter from such immediate threats. And what exactly are 

the factors hindering management from adequately addressing these problems? In 

particular, forest BRs in non-high-income countries are extremely threatened since they 

have to address both climate change and illegal activities at the same time.  
                                            
7 This summary is a modified version of abstract and conclusions of publication I.  
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6.2 Publication II: Principle and Practice of the Buffer Zone: From 

Global to Local – General Perspective from Managers versus 

Local Perspective from Villagers in Central Sulawesi, Indonesia8 

Publication II seeks to identify the diverse ways of relevant actors’ perception related to 

buffer zone functioning. In this publication, characteristics of the global perspective of 

managers are contrasted with findings from the case study in the LLBR, Central 

Sulawesi, Indonesia. In this context, the differences between the villagers’ point of view 

regarding the implementation of sustainable development activities in the buffer zone 

and the managers’ perspective on the sustainability of human uses in the buffer zone 

are highlighted. This publication follows two complementary approaches, combining 

quantitative and qualitative research tools when examining the respective positions of 

both managers and villagers. A global telephone survey of BR managers was 

accomplished from July to December 2006. Following a standardized questionnaire, all 

managers were asked to express their opinion on the statement “Human uses inside the 

buffer zone are sustainable from the point of view of conservation” as a number 

between one and ten. Concerning the case study, seven group discussions were 

conducted with a total of 31 individuals between March and May 2008. The target 

population of the groups was 1) farmers living in the buffer zone, 2) mixed gender and 

age composite, and 3) different education levels. Group discussions were based on a 

semi-structured interview guideline. The discussions focused on implementing 

sustainable development activities in the buffer zone, implementing organizations, and 

the farmers’ attitude towards conservation activities.  

Quantitative analysis of the global survey among BR managers revealed that human 

uses in the buffer zones are generally considered to be sustainable (mean value for 

evaluation of 6.4 on a scale from one to ten). Besides a significant negative correlation 

(-0.3) between number of residents in the buffer zone and accordance to sustainability 

of human uses, no meaningful relation was computed either in respect to country 

income or locality. Because of this lack of conclusive data, we zoomed in on the local 

level and included the villagers’ perspective from LLBR. Factors influencing the 

implementation of sustainable development activities in the buffer zone were the central 

issue of the analysis. Contrasting both perspectives revealed a clear disparity between 

the respective points of view on sustainable development. From the perspective of the 

                                            
8 This summary is a modified version of abstract and conclusions of publication II.  
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Lore Lindu villagers, as an example of a pre-Seville BR, basic management activities 

like zonation, law enforcement, but also cooperation (lack of participation) and 

communication are the most important constraints blocking the way to successful 

implementation of activities for sustainable development. This is in contrast to the 

managers’ perception. We interpret the completely different perception as an indicator 

of missing/malfunctioning communication between both, villagers and management. 

Characteristically for pre-Seville BRs, Lore Lindu was established without involvement 

of local people, resulting in conflicts between them and the management. The results of 

this study also point to the great relevance of involving a mediator in the communication 

process. And given the strong influence of migrants, the clear formulation and 

enforcement of rules and laws by organizations play a major role and are osf high value.  

6.3 Publication III: Local Institutions: Regulation and Valuation of 

Forest Use – Evidence from Central Sulawesi, Indonesia9 

Publication III focuses on the practice of sustainable forest management and the 

associated perspectives of informal and formal rules in the buffer zone of the LLBR in 

Central Sulawesi, Indonesia. The case study applies a qualitative social science 

research approach. Interviews and group discussions with relevant actors such as 

farmers, village authorities, the LLBR authority, and NGO members were conducted. All 

interviews were accomplished between 2006 and 2008. In total, 49 interviews were 

included for the analysis. The Institutional Analysis and Development (IAD) framework 

served to structure the study and to provide a set of questions to be considered 

concerning rules, participants, and conservation outcomes.  

Overall, the results show that both formal, state-induced rules implemented by the 

village representative body and BR authority next to informal, traditional rules mediated 

through the traditional customary organizations are of major relevance. The local human 

forest interaction is characterized by unsuccessfully implemented state-induced official 

conservation rules. Flaws in major design principles known from previous institutional 

analyses have been identified such as insufficient boundary demarcation, and a lack of 

congruence between rules and local conditions. Informal, traditional rules are rather 

more respected by local people since they are adapted to traditional use rights and 

sanctions at the village level.  

                                            
9 This summary is a modified version of abstract and conclusions of publication III.  
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To overcome these deficits, CCAs between LLBR and the villagers were implemented 

as a co-management strategy to foster sustainable resource use. Negotiation of CCAs 

started in the late 1990s. TNC, an international NGO, initiated the negotiation process 

and national NGOs followed to establish CCAs in different villages. Generally, 

institutional analysis assessed these agreements to be a promising strategy to promote 

adequate, locally specific management of forest resources. These existing agreements, 

however, still lack appropriate options to tackle disparities in the participation of all 

ethnics in the villages, e.g. migrants. Compared to the indigenous people, the migrants 

do not have the same traditional ties with the forest and the same value-belief system 

resulting in a negligence attitude towards the social and spiritual importance of LLNP. 

This finding is of high relevance for conservation activities in the tropics as many 

conservation activities rely on traditional local knowledge and participation of local 

people. As more and more migrants settle next to PAs, a sound understanding of their 

values of behavior is essential to ensure sustainable resource management. If the more 

legalistic behavior of migrants, who lack strong ties with the police and indigenous 

village leaders, leads to a long-term acceptance also of CCA regulations remains to be 

seen. In addition, local and international NGOs have not yet taken advantage of their 

opportunity to acquire more influence by combining their strengths through coordination 

of their activities, especially when working in the same village. Rather, they continue to 

work independently, causing confusion and skepticism among the villagers. This is the 

case for national but also international NGOs financed by developed country donors. 

Better coordination among NGOs can thus not only result in achieving conservation 

goals but also in financial efficiency.  

Finally, we conclude that cultural diversity, one of the reasons for the Lore Lindu region 

to be nominated as conservation area (NP as well as BR), still constitutes a challenge 

for the park management. Integrating all ethnics into PA management is still not realized 

and different attitudes concerning the management are prevalent among the different 

ethnics. At present reactance at the local level is obvious, even almost ten years after 

the introduction of CCAs. 
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6.4 Publication IV: How Effective is the Buffer Zone? Linking 

Institutional Processes with Satellite Images from a Case Study in 

the Forest Biosphere Reserve Lore Lindu, Indonesia10 

Publication IV evaluates buffer zone effectiveness to reduce deforestation within the 

LLBR in Sulawesi, Indonesia. Information on processes affecting buffer zone 

management was collected in order to better understand their dynamics. Socio-

economic and remote-sensing data were combined in an integrative approach. A 

systematic qualitative social research design was applied and in-depth interviews with 

local, sub-national, and national authorities were performed. Interviews were conducted 

between March and May 2008. Overall, findings from 25 interviews were analyzed. The 

interviews focused on implementation, zonation, and perception of the LLBR and its 

management. Data collected through these interviews were used to interpret satellite 

images: 1) spatially i.e. forest cover change in buffer zone versus core area and, 2) over 

time i.e. forest cover change as a response to changing management regimes and 

socio-economic processes in the region. For this purpose a time series of LANDSAT 

scenes from 1972, 1983, 1999, 2002, and 2007 was used to classify homogeneous 

areas of forest cover to ultimately detect deforestation before and after management 

establishment in 1998. 

According to the satellite image analysis, forest cover is decreasing since 1972 (Figure 

6) and the buffer zone in Lore Lindu was ineffective at reducing forest cover clearing in 

the core area between 1972 and 2007. Since management establishment in 1998, the 

deforestation rate within the core area even quadruplicated.  

                                            
10 This summary is a modified version of abstract and conclusions of publication IV.  
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Figure 6: Areas of forest and non-forest cover within the Lore Lindu Biosphere Reserve in 1972 
and 2007.  

 

There are three main drivers for the ineffectiveness: 1) A clear differentiation between 

forest awareness and management awareness was observed among the residents. 

This can partly be related to low awareness of boundary demarcation among the 

villagers due to the lack of participation during management and boundary 

establishment. 2) The fall of the national president Suharto in 1998 subsequently 

caused reactant behaviour in form of deforestation activities in the core area as the park 

was perceived to be the local branch of the national, suppressive regime. 3) The lack of 

implementation of the BR concept and its system of rules at the national level leads to 

unclear responsibilities in the buffer zone as the legal backing for any buffer zone 

activity is lacking. This also causes reactance against the management and confusion 

among the villagers regarding the criteria used to define the buffer zone. Furthermore, 

efforts to counteract forest encroachment such as income generating activities are not 

yet successfully implemented. They do not genuinely address the local peoples’ need to 

use the forest instead of being excluded. In addition, they should happen in a 

coordinated manner with both authorities, LLBR authority and local government, 

working together. In times of discussion about implementing Reducing Emissions from 

Deforestation and Degradation (REDD) in Indonesia, this is a very important aspect with 
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respect to successful implementation and acceptance of REDD at the local level. 

Although the forest status in Lore Lindu is still good compared to other regions in 

Indonesia, attention must be given to the protection of the core area. Overall, our study 

underlines the need for satellite image analysis to be supplemented by detailed field 

research to provide insights into processes (e.g. legal framework, collaboration) that 

impact PA effectiveness. Our investigation in Lore Lindu is an illustrative example how 

different factors from different levels (national, sub-national, local) influenced 

management on the ground and negatively impacted buffer zone effectiveness.  

We recommend that first of all the BR concept needs to be implemented at the national 

level. Without this implementation the legal backing for any buffer zone activity is 

lacking and responsibilities are not clear. Thus, personal and economic resources could 

be saved and more efficiently used when combining activities from local government 

and LLBR rather than working alongside. Secondly, our study highlights the importance 

and great potential of learning and understanding through personal experience. Local 

people in Lore Lindu value the protection function of the forest due to personal 

experiences. LLBR should take advantage of this relation in terms of focusing on 

environmental education activities. The management could benefit from these activities 

in terms of strengthening its role as BR constituting a “learning laboratory” and could 

raise local peoples’ awareness of the management. 

7 Synthesis  
The overarching aim of the thesis is to contribute to the understanding of PA 

management with a special emphasis on buffer zone effectiveness in BRs. PAs are the 

core unit of biodiversity conservation and buffer zones are an integral element in terms 

of protecting the core area against threats (Pimm et al. 2001, Andam et al. 2008, Joppa 

et al. 2008, Chazdon et al. 2009, Willis and Bhagwat 2009). Buffer zone effectiveness is 

a multi-facetted issue depending on the interaction of a multitude of stakeholders with 

often conflicting needs (Folke et al. 2007, Joppa et al. 2008). Thus, this thesis 

incorporates different methods from social and natural science to investigate buffer 

zone effectiveness.  

The concept of CPR and associated design principles characterizing sustainable CPR 

management guided the overall research design (Ostrom 1990). Indicators reflecting on 

the implementation status of the Seville Strategy within LLBR were used as criteria to 

evaluate buffer zone management, because this Strategy was in particular designed to 
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enable effective management (UNESCO 1996). Regarding this evaluation social 

science research, qualitative (publication II to IV) and quantitative (publication I and II), 

was combined with satellite image analysis (publication IV). Adoption of social 

psychology such as the reactance theory (Brehm 1966) allowed for an explanation of 

local people’s behaviour in LLBR with respect to the management of the BR.  

In the following sections the major outcomes of the publications I to IV are linked to the 

main research questions in order to achieve the overall objective of the thesis, to 

evaluate buffer zone effectiveness in forest BRs: 

 

1. Does the buffer zone effectively protect the core area of biosphere reserves in 
general and in particular in Lore Lindu Biosphere Reserve, Indonesia? 
Analyses revealed that in general the buffer zone is not effective to protect the core 

area. Publication I presents an overview of the managers’ perspective of major threats 

to biodiversity within forest BRs worldwide. A clear differentiation between high- and 

non-high-income countries occurs. While climate change is perceived to be the major 

threat in high-income countries, immediate pressure from illegal activities occurring in 

the core area was most frequently mentioned from interviewees in non-high-income 

countries. In particular, wood forest product collection, including deforestation as well as 

selective wood extraction for e.g. fire wood, was identified as the only forest-specific 

illegal activity significantly related to non-high-income countries. As underlying causes, 

economic (commercial and subsistence purpose), demographic (population density), 

and cultural aspects (high consumption level in high-income countries) were identified. 

This result indicates that buffer zones, in particular in non-high-income countries, 

challenge the task to protect the core area against threats such as e.g. encroachment.  

At the same time managers worldwide consider human uses in the buffer zone to be 

sustainable form the point of view of conservation (publication II). Besides a significant 

correlation to the number of residents in the buffer zone (the more people the less 

sustainable) no significant correlation was computed with respect to either country 

income (high- versus non-high-income) or tropical forest region. However, the use of 

defined statements in the survey might have simplified this issue by restricting answers 

instead of letting the interviewee state his/her individual opinion to open questions 

(Punch 2005). Thus, this result of publication II must be interpreted to be biased by not 

adequately representing the complexity of human uses in buffer zones. Hence, to 

complement the managers’ perspective on the question of buffer zone effectiveness, a 
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case study investigating the specific situation in the field was conducted (publications II 

to IV) and triangulated with satellite image analysis (publication IV).  

Indeed, satellite image analysis of the case study site LLBR in Indonesia revealed that 

the buffer zone was not effective in reducing deforestation in the core area (publication 

IV). Instead, in the strictly protected core area the deforestation rate rather 

quadruplicated after management establishment in 1998.  

 

2. What are the factors influencing buffer zone effectiveness in Lore Lindu 
Biosphere Reserve, Indonesia? 
From the case study in LLBR different factors were identified challenging buffer zone 

effectiveness.  

Evaluation of buffer zone management according to implementation status of the Seville 

Strategy revealed that great weaknesses prevail for adopting the four goals (Table 7). 

Conserving natural diversity (goal I) constitutes a problem as the buffer zone cannot be 

considered to effectively protect the core area against threats such as encroachment 

(publication I and IV). In addition, CCAs between the management and residents were 

negotiated since the late 1990s as part of a collaborative management strategy. 

Although showing great potential in terms of enhancing cooperation between local 

people and the management, implementation is still challenging due to e.g. equal 

participation of all ethnics, locals and migrants (goal I: cultural diversity), (publication III). 

Furthermore, income generating activities to implement goal II are not accepted by the 

local people (publication II and IV). The BRs function concerning environmental 

education (goal III) remains unsuccessful, as the local people recognize the protection 

function of the forest due to personal experiences of natural disasters, such as flooding, 

rather than management outreach (publication IV). Finally, goal IV has not been 

achieved since the BR concept has not yet been implemented at the national level 

(publication IV), state-induced rules for the regulation of forest use in the core area were 

not successfully implemented in the past either (publication III), and the definite 

zonation of the LLBR is still lacking (publication IV).  
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Table 7: Identified weaknesses of Seville Strategy implementation within Lore Lindu Biosphere 
Reserve.  

Identified weaknesses Seville Strategy Publication

Buffer zone is not effective and core area is 

threatened 

Management does not address all ethnics equally 

Goal I: Use BRs to conserve 

natural and cultural diversity 

I, IV 

 

III 

Alternative income generating activities are not 

accepted by local people 

Community Conservation agreements as new 

approached to land management are not fully 

implemented 

Goal II: Utilize BRs as models of 

land management and of 

approaches to sustainable 

development 

II, IV 

 

II, IV 

 

 

Environmental education has not reached the people 

and is not adapted to local learning  

Goal III: Use BRs for research, 

monitoring, education and 

training 

IV 

 

 

BR concept and zonation is not yet implemented  

State-imposed formal rules on use of natural 

resources were not successfully implemented in the 

past 

Goal IV: Implement the BR 

concept 

IV 

III 

 

 

 

These findings are in line with Ishwaran (2008) and Stoll-Kleeman et al. (2010) who also 

point to the special situation of pre-Seville BRs, established before the Seville Strategy 

inauguration in 1995. Both authors identified weaknesses in the adoption of major 

principles such as zonation (Ishwaran et al. 2008) and community participation (Stoll-

Kleemann et al. 2010) of the Seville Strategy even 15 years after launching.  

However, besides these weaknesses, progress is already perceptible in LLBR 

concerning the goals I to III. Compared to other islands in Indonesia, such as Borneo or 

Sumatra, the conservation status of the forest in LLBR is still good (goal I), (publication 

IV). The management in Lore Lindu has recognized the gap in communication between 

residents and the park and thus started to negotiate CCAs (publication III). These 

agreements aim to implement sustainable development and to enhance the cooperation 

with the local people (goal II). These agreements are the result of intensive field 

research of national and international NGOs encouraging the need to involve local 

people and their traditional customs (goal III).  

In summary, this analysis shows that although considerable effort has been made, the 

LLBR was so far not successful in implementing the four goals of the Seville Strategy 

indicating the buffer zone’s ineffectiveness.  
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In the following section reasons for this ineffectiveness will be elaborated and related to 

Ostrom’s (1990) design principles. Furthermore, special factors influencing buffer zone 

effectiveness will be highlighted.  

Flaws in major design principles known from Ostrom (1990), are identified in LLBR to be 

responsible for ineffectiveness of the buffer zone (Table 8). Lack of clearly defined 

boundary, congruence between rules and local conditions (state-induced versus local 

traditional rules), collective-choice arrangements such as participation during park 

establishment, and conflict resolution mechanisms (lack of mediator), and the 

recognition of the right to organize are predominant in LLBR. Disregard of these basic 

conditions caused denial of the management among the residents and resulted in 

reactant behaviour. Focusing on rules regulating resource use in the buffer zone and 

influencing effective buffer zone management revealed that state-induced, formal rules 

were not successfully implemented in relation to traditional, informal rules (publication 

III). The latter are more respected by local people since they are adapted to traditional 

use rights at the village level. Findings of publication IV support this result showing that 

the management was perceived to be the local branch of the national, suppressive 

regime of Suharto. Although the park was justified and legitimated by national laws, 

reactance among the residents emerged. This phenomenon is in line with Brehm (1966) 

concerning psychological reactance. When free behaviour among people is eliminated 

or threatened with elimination, reactance is likely to occur. In this context rules and 

regulations play a major role concerning restricted resource use within PAs. Two 

principles of Brehm’s (1966) reactance theory help to explain reactance among the 

residents in LLBR: awareness and importance. Before park establishment, residents 

had their own traditional, informal rules to regulate forest resource use. Establishment of 

the management with its regulatory system prohibited forest resource use for the 

residents. Before management establishment in 1998 the residents had the freedom or 

control over the forest. This freedom was eliminated when implementing the park 

without letting these people participating in the establishment process. Furthermore, the 

residents depend on the forest in terms of e.g. fuel wood, but also for maintenance of 

religious practices. Thus, the importance to keep control over the forest is very high for 

the residents from an economic and cultural perspective, respectively. Psychological 

reactant behaviour aims to re-establish the eliminated or threatened freedom (Brehm 

1966). This consequence can also be observed in LLBR. After the fall of the national 

President Suharto in 1998, deforestation within the core area quadruplicated 
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immediately as the park was perceived to be the local branch of the Suharto regime 

(publication IV). Residents wanted to retrieve control over the forest and demonstrated 

the re-establishment of freedom in form of massive deforestation. This phenomenon 

was also observed on other islands in Indonesia (Curran et al. 2004, Gaveau et al. 

2009).  

 
Table 8: Identified flaws in design principles for buffer zone management in Lore Lindu Biosphere 
Reserve.  

Identified flaws in LLBR Design principle  Publication 

Zonation 

Boundary demarcation 

Boundary awareness 

Clearly defined boundaries 

II 

III 

IV 

Formal, state-induced rules not successfully 

implemented 

Congruence of rules and local conditions 

Congruence between 

appropriation and provision 

rules and local conditions 

III 

 

IV 

Lack of participation during park establishment 

Lacking equal participation of migrants and locals 

Collective-choice 

arrangements 

II, IV 

III 

_ Monitoring _ 

_ Graduated sanctions _ 

Missing/bad communication between management and 

residents; lack of mediator 

Conflict resolution 

mechanism 

II 

 

Abolishment of traditional rules and use rights during 

state-induced park establishment caused reactance  

Minimal recognition of rights 

to organize 

III 

 

For CPRs that are parts of larger systems 

_ Nested enterprises _ 

 

Besides these known principles from Ostrom (1990), further factors where extracted 

from case study analysis (Table 9). As these factors are not part of Ostrom’s (1990) 

design principles for managing CPRs and deal with the special characteristics of buffer 

zones, coordination of a multitude of stakeholders in an area without legal protection, 

they are interpreted specifically referring to buffer zone effectiveness. The first identified 

factor, suppressive national political regime, is beyond the scope of the BR 

management. PA managers worldwide have to cope with the political situation of the 
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country the PA is located. Political changes like in Madagascar in 2009 or civil war in 

Ivory Coast in 2002 are known to setback conservation efforts. The other two factors, 

lack of legal backing and absence of coordination mechanisms are related to the 

specific characteristic of the buffer zone mentioned above. Until now there is no 

jurisdiction for the LLBR authority working in the buffer zone and carrying out activities 

with different stakeholders such as residents, NGOs, local authorities (publication IV). 

This substantial deficit contributes significantly to ineffective buffer zone management. 

Various stakeholders, such as LLBR authority, local government, and NGOs feel 

responsible for buffer zone management and carry out e.g. income generating activities 

without coordinating each other (publication III and IV). This leads to confusion among 

the residents and contributes to denial of the management and the boundary 

(publication III and IV). Furthermore, these activities tend to fail because they are 

scarcely accepted by the local people (publication II and IV). Ishwaran (2008) forecasts 

that identification of an authority or authorities with the mandate and resources to 

coordinate stakeholder interests throughout the entire BR and in particular in the buffer 

zone without legal protection will be the key issue for a successful development of the 

BR concept. The results of this thesis prove his fear.  

 
Table 9: Identified factors particularly related to effective buffer zone management in Lore Lindu 
Biosphere Reserve.  

Identified factors  Example  Publication

Suppressive national political 

regime 

Fall of national President Suharto and his suppressive 

regime caused deforestation in the core area 

IV 

 

Lack of legal backing 
Lack of implementation of the BR concept with its 

regulations concerning buffer zone responsibilities 

IV 

 

Absence of coordination 

mechanisms among 

stakeholders 

Uncoordinated activities from local and international 

NGOs, local government agencies and the BR authority 

III, IV 
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8 Conclusions and recommendations 
Buffer zones are delineated to reconcile nature conservation with local people’s needs 

living adjacent to the PA. One aim of these buffer zones is to prevent land cover 

clearing in the strictly protected core area through sustainable resource use in the 

surrounding buffer zone. However, effective buffer zone management is often deficient, 

as indicated by ongoing illegal activities such as deforestation in the core area of PAs. 

In this regard different conclusions and recommendations are drawn from this thesis to 

improve buffer zone effectiveness and PA management. These conclusions and 

recommendations do not only apply to the case study area of LLBR, but also to BRs in 

general and to the wider community of PA management.  

 

Case study analysis revealed different aspects to improve buffer zone management 

particularly in LLBR. As one of a pre-Seville BR where the focus of establishment was 

on conservation and research, LLBR still challenges implementation of the statutes 

formulated in the Seville Strategy such as participation and fostering sustainable 

development. Rather, reactance at the local level against the management is prevalent. 

The only way to reduce reactance is actively integrating the local people into 

management. Sound information policies on criteria of the buffer zone and participation 

in boundary demarcation are recommended to overcome these deficits. Focusing on the 

identified flaws in major design principles (zonation, congruence between rules and 

local conditions, participation, conflict resolution mechanisms, and adoption of the right 

to organize) can help to solve these recent problems. In addition, establishment of 

coordination mechanisms such as e.g. round tables, regular stakeholder meetings, 

organization of interest groups in a forum can help to concentrate interests and work 

more efficiently. 

 

From a methodological perspective the thesis points to the need of implicitly integrating 

different disciplines such as e.g. social science and natural science (remote sensing) to 

adequately evaluate effectiveness of buffer zones in PAs. Case study analysis has 

demonstrated that remote sensing provides necessary information on ecological 

integrity of the forest in the core area and combined with exploratory analysis of the 

socio-economic conditions at all relevant levels (national, sub-national, and local) 

important insights on the political and cultural context can be explored. Thus, only a 
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combination of both methods allows for recommendations that take these various 

aspects into consideration. 

 

In general, this thesis highlights the importance to implement the BR concept at the 

national level to regulate buffer zone responsibility. The Indonesian case study has 

shown that without this regulation no legal backing for any activity in the buffer zone is 

given resulting in cooperation problems between the park management and the local 

people. This problem of legal setting is not only valid for Indonesia, but also for many 

other countries, where the core area is under national, legal protection or national 

tenure status and the buffer zone is private property or belongs to the community where 

multiple stakeholders with different interests have to be coordinated. Thus, national 

legislation is a precondition to regulate buffer zone responsibility and significantly 

contributes to buffer zone and PA effectiveness.  

The case study from Sulawesi further exhibited that besides the known pressure from 

e.g. palm oil plantation on other islands in Indonesia, considerable progress in 

enhancing PA effectiveness can be made when strengthening the national, political 

setting for PA responsibility. This result demonstrates that not only common economic 

but also political drivers are crucial in terms of buffer zone management. It is thus 

recommended to refine existing conservation legislation in Indonesia in order to include 

buffer zones in the legislation, which implies e.g. better participation rights of the people. 

This recommendation also applies to all other countries, where the BR concept and the 

Seville Strategy with its principles of zonation and stakeholder participation are still to be 

implemented. The approved flaws in design principles from case study analysis as well 

as the identified factors related to effective buffer zone management such as legal 

backing and coordination mechanisms among stakeholders are indications for actions 

to be taken at the national and local level, respectively.  

Furthermore, the results show that the buffer zone is a core element in overall BR 

effectiveness. Characteristics of buffer zones such as the need for zonation with a 

combined concept of resource use and conservation were repeatedly mentioned by 

different stakeholders in LLBR (mayor, villager, staff member, government employees) 

as major needs. Referring to the Seville Strategy, the results suggest that BRs with its 

zonation system are built upon a concept that offers reasonable aspects for developing 

effective management. However, success depends on implementation of the Seville 

Strategy and its acceptance at the local level. Favored management responses 
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formulated by local people in LLBR (e.g. participation) indicate that the BR could be the 

adequate conservation strategy contributing to enhance communication between local 

people and the management.  

However, cooperation with the local people is still a challenging task within LLBR. As for 

many PAs where the management was externally imposed by the national government, 

the Lore Lindu park management is perceived as the local branch of the former 

national, suppressive system of Suharto. Thus, special emphasis has to be given to 

trust building among the local people. In doing so, there is a high demand of different 

skills (conservation issues, cooperation and communication skills) on the manager in 

Lore Lindu and PA officials in general. As more and more PAs, e.g. NPs, create buffer 

zones around the PA to integrate the local people, they may face similar problems as 

LLBR does. Integrating buffer zones within the management objectives, special training 

and education in cooperation mechanisms and participatory processes for the 

managers is urgently required. This aspect underlines the need for improving 

management of existing PAs alongside establishment of new PAs as claimed from the 

CBD and the newly formulated 2020 targets. Thus, not only the quantity of PAs but also 

the quality of its management and thus effectiveness is an important indicator for global 

conservation targets.  

 

Finally, it can be summarized that the idea of establishing buffer zones within BRs and 

PAs in general, is the right way forward to enhance PA effectiveness and to achieve 

global reduction of biodiversity loss. Ensuring the halt of biodiversity loss can only be 

achieved when integrating the initiator, such as human being. Establishment of buffer 

zones where this integration and cooperation is a necessity must be given more 

attention in the future and the political preconditions for effective management such as 

the legal backing must be facilitated.  
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Forest Biosphere Reserves under Threat

The world has approximately four billion hectares of forest cover -
ing about 30 percent of the world’s land area (FAO 2007). Three
percent of the world’s total forest area were lost between 1990 and
2005 – an average decrease of some 0.2 percent per year (FAO
2007).Forest ecosystems provide many life-sustaining goods and
services (e.g., biodiversity maintenance, carbon sink, climate and
watershed regulation, food production, recreation),without which
life as we know it would not be possible. Moreover, about three-
quarters of the world population lives in forest ecoregions (Shvi -
denko et al. 2005), and at least 1.8 billion people are significantly
dependent on forest and woodland (IUCN 2007). With only ten
percent of the world’s forests in protected areas under biodiversi -
ty conservation status (IUCN 2007), it is important to consider
not only how to stop forest loss, but also how to sustainably man-
age forest ecosystems.TheConvention onBiologicalDiversity(CBD),
for example, addresses forests directly through the Forest Work
Programme (adopted in 2002) with one particular aim of forest
biodiversity conservation.1 The biosphere reserve approach is a
good concept for meeting both conservation objectives and hu-
man needs (UNESCO1995).Ideally, biosphere reserves serve three
functions: biodiversity conservation (mainly in the core zone),
support of research and environmental education, and sustain-
able regional development (buffer and transition zone) (Batisse
1986).2 It is known, however, that many protected forest areas are
suffering from a combination of critical threats, including poach-
ing, encroachment, and logging (WWF 2004).Yet no systematic
research study has been undertaken to investigate the problems
biosphere reserve managers are facing. Therefore, our article aims
at investigating the threats to the core zone of forest biosphere re -
serves, where biodiversity conservation is the primary objective. 

Since forests and woodlands provide life-sustaining 
ecosystem services, their conservation must be given 

top priority. If we want so save these ecosystems, 
we need to know where, how, and why 

they are threatened. 
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Abstract

Forest ecosystems, where natural resource users are potentially 

in conflict with conservationists, are extremely threatened by 

various external factors. Resulting loss of forest cover and land-use 

change can have a great impact on the provision of ecosystem 

services (such as watershed regulation, biodiversity maintenance).

However, little is known on a global scale about the character and

distribution of threats to forest biosphere reserves. In view of this

knowledge gap, our analysis explores the occurrence of threats

and their potential causes. A global telephone survey of UNESCO

biosphere reserve managers was conducted. Upon pinpointing

climate change (in high-income countries) and illegal activities

(in non-high-income countries) as major threats, we identified 

the group of forest-specific illegal activities (wildfire and its 

precursors) as an occurrence chiefly predominant in non-high-

income countries. Our results show that forest biosphere reserves

in non-high-income countries are particularly under extreme

threat, as they have to address both climate change and illegal

activi ties, while the latter are less problematic in high-income

countries. 

Keywords

biosphere reserve, fire, illegal activities, logging, poaching, 

threat, tourism

rp

1 See www.cbd.int/forest/about.shtml. 
2 For an overview of the biosphere reserve concept and zoning scheme see

Stoll-Kleemann and Job (2008, in this issue). 
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In order to understand and describe threats, it is useful to have
a classification framework that helps identify underlying caus-
es. According to Worboys et al. (2006), indirect and direct threats
can be distinguished by their spatial characteristics arising from
outside or within protected areas, respectively. Following the five
categories of underlying causes determined by Geist and Lam-
bin (2001), economic, policy/institutional, technical, cultural, and
de mographic factors were identified in regard to forest decline,
es pecially in the tropics. All of the threats might occur legally (e.g.,
concession-based tree extraction) or illicitly (e.g., illegal slash and
burn activities). Forest protection or biosphere reserve status does
not hinder the eradication of illegal activities.3 There are many
types of illegal activities in which individuals, groups of individ-
uals, and/or institutions might engage, all of which undermine
the governance of forest protected areas (FAO2001). A sound un-
derstanding of the underlying causes and patterns of threats to
forest areas, including illegal activities, is critical for developing
effective management and protection strategies (IUCN 1999). 

For this reason, we interviewed experts in the area of biosphere
reserve management.4 Since there are fundamental discrepan-
cies in sharing data on protected areas and biosphere reserves
(Bertzky and Stoll-Kleemann 2008), semi-structured inter views
were preferred to ecological monitoring data (e.g., deforestation
rate). The subjective response of biosphere reserve managers,
based on years of field-level experience, may reflect the realities
and complexities of protected areas even better (cf. Hock ings
2003). We addressed the following questions: 

What are the major threats to the core zone of forest 
biosphere reserves?, and 
What are the potential causes and patterns of such threats?

Research Method

Between July and December 2006, we conducted a global tele-
phone survey of biosphere reserve management executives.5 As
the data set also serves further analysis, all elements in the popu -
lation (507 biosphere reserves in 102 countries6) were included

in the survey. We interviewed managers from 213 biosphere re-
serves in 78 countries, which corresponds to an overall response
rate of 42 percent. In this standardised interview with open ques-
tions7 concerning existing threats and illegal activities, we asked
managers and academic staff to describe the current situation at
their biosphere reserve. In regard to the analysis, the two answers
given for each question were treated equally. 

The results of two different open questions explicitly referring
to the core zone on threats and illegal activities were coded and
combined into groups of threats and illegal activities, respective -
ly, revealing a binary matrix (threat or illegal activity existent: 1,
or inexistent: 0). Additional information on the sampled bio -
sphere reserves was used to analyse underlying causes in terms
of economic (country income), regional (UN subregion), and de-
mographic (number of biosphere reserve residents) factors. A
categorisation in high and non-high-income countries was made
in accordance with the categories of the World Bank’s gross na-
tional income per capita indicator (World Bank 2007). For region -
al aspects, the data set was grouped according to the United Na-
tions’ geographical subregion scheme8. Each interviewee was
al so asked about the number of residents living inside the bio -
sphere reserve, as there is no data available for biosphere reserves

3 Definition: any human activities (e.g., use, transport, processing, trade)
that are inconsistent with national (or sub-national and international) laws
(Guertin 2003). 

4 For the methodology of expert interviews in protected area management
see Stoll-Kleemann (2005). 

5 A documentation of the survey can be found at www.biodiversitygovernance.de. 
6 As of December 2006.
7 For example: “What are the two biggest threats to biodiversity within your

biosphere reserve (core zone)?”
8 UNgeographical subregions in Africa: Eastern Africa, Middle Africa, Northern

Africa, Southern Africa, and Western Africa. In the Americas: Latin America
and the Caribbean (Caribbean, Central America, and South America) and 
Northern America. In Asia: Central Asia, Eastern Asia, Southern Asia, South-
Eastern Asia, and Western Asia. In Europe: Eastern Europe, Northern Europe,
Southern Europe, and Western Europe. In Oceania: Australia and New Zea -
land, Melanesia, Micronesia, and Polynesia. For a more detailed classification
see http://unstats.un.org/unsd/methods/m49/m49regin.htm. 

activity

infrastructure
settlement
land conversion
wood forest product collection
drug cultivation
non-wood forest product collection
poaching
disregard of biosphere reserve law
trash deposition
wildfire
inadequate agricultural practice

Calculation of the forest specificity index: When the relative frequency of activities is higher for forest biosphere reserves, the activity is referred to
as forest-specific. We define activities with an index value higher than 0.80 as forest-specific (in bold letters).
TABLE 1:

relative frequency (%)

1.9
13.1
2.8
29.6
4.7

25.4
54.0
20.7
11.3
8.9
11.7

all interviewees (n=213) all forest biosphere reserve interviewees (n=166) forest specificity
index

1.00
0.93
0.83
0.83
0.80
0.78
0.77
0.75
0.75
0.74
0.72

absolute frequency

4
28
6
63
10
54
115
44
24
19
25

relative frequency (%)

2.4
15.7
3.0
31.3
4.8
25.3
53.0
19.9
10.8
8.4
10.8

absolute frequency

4
26
5
52
8
42
88
33
18
14
18
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in general and developing countries in particular (cf. Bertz ky and
Stoll-Kleemann 2008). The numbers were grouped in the same
order of magnitude as the well-documented biosphere reserves
(0, <100, <1000, <10000, <100000, <1000000, >1000000). 

According to the classification of the UNESCO MAB(Man and
Biosphere)Programme 9, a biosphere reserve was classified as for-
est10 when the major habitat and land cover type of the reserve
was specified as forest. Hence, 166 biosphere reserves out of the
213 were categorised as forested and included in this study. This
corresponds to a response rate for forest biosphere reserves (over-
all 375) of 44 percent. 76 of the 166 biosphere reserves are also
designated as national parks. Regarding the regional (per conti -
nent) representativeness, only Asia/Australia (27 percent) are be -
low average.

A forest specificity index was calculated for each illegal activ-
ity to assess whether the respective activity mainly occurs in for-
est ecosystems. Therefore, the absolute frequency of stated ille-
gal activities at forest biosphere reserves (n = 166) was divided
by the absolute frequency of activities noted for all biosphere re-
serves (n=213). To identify “forest-specific” activities, the relative
frequency of their being stated (absolute frequency per number
of all interviewees and all forest biosphere reserve managers in-
terviewed) was compared. When the percentage for forest bio -
sphere reserves is higher, the activity is referred to as forest-spe -
cif ic (table 1). In our study we define those activities with an
index value higher than 0.80 as forest-specific.

The contingency coefficient (Pearson11) was computed to ana-
l yse the strength of dependency between occurring illegal activ-
ities and UN subregions, income status (high and non-high), and

number of residents. The coefficient depicts the occurrence and
the strength of the relation, but not the direction. For interpreta -
tion of the coefficient for example in terms of regional aspects, a
regional relation to South America for instance was interpreted
when most frequently answered in this region. Activities without
a contingency coefficient depict no relation to either specific or
multiple regions and are interpreted as regionally independent. 

Differentiation of Major Threats 

If, as argued by Jim Thorsell (IUCN 1999), “all protected areas
(are, M.M. and S.S.-K.) under threat in one form or another …”,
then the big challenge is to identify the type and especially the
cause of the threats so that effective mitigation strategies can be
developed. 

Our survey of biosphere reserve managers yielded remarkable
results in that significant relationships and patterns emerged,
in dicating that these issues are indeed systematic and reflect con-
sistent underlying causes, rather than the idiosyncratic results of
individual reserve managers. To ensure reliability the question-
naire was randomly cross-examined, revealing identical answers
for major threats and illegal activities from different interviewees
at the same biosphere reserve. Furthermore, this global survey
goes beyond existing comparable studies (e.g., WWF 2004, Geist
and Lambin 2001) because it contains the broadest sampling of
countries (166 forest biosphere reserves in 68 countries) yet un-
dertaken with consistent primary data collection in both high-
in come and non-high-income countries. This study reflects the
expert knowledge of managers, rather than on-ground biodiver-
sity conservation data. 

Overall, the most frequently mentioned threat at forest bio -
sphere reserves is illegal activities12 (27 percent, see table 2). In
addition, overexploitation (18 percent) and fire13 (17 percent) play
a major role. When distinguishing between the answers based
on country income, an interesting aspect becomes apparent:
There are non-high-income countries that account for ranking
illegal activities (44 percent) and overexploitation (21 percent) so
highly. In such countries, threats directly impacting natural re-
sources (see also land use: 17 percent) are relevant, whereas in
high-income countries global change aspects such as climate

q

a Although land use and thus overexploitation are prohibited in the core zone of a biosphere reserve, these activities may occur in the buffer zone from where they
can indirectly threaten the core zone.  | b We define land use as the human modification of natural environments or wilderness into developed environments such
as fields, pastures, and settlements. 

>

major
threats

1

2

3

Three most (relative) frequently mentioned answers to the question: “What are the two biggest threats to biodiversity within your biosphere reserve
(core zone)?” Shown is the percentage of answers by interviewees from biosphere reserves included in the survey.
TABLE 2:

all biosphere reserves
(n=213)

illegal activities: 29%

invasive (alien) species: 19%

overexploitationa: 18%

all forest biosphere reserves
(n=166)

illegal activities: 27%

overexploitationa: 18%

fire: 17%

forest biosphere reserves in
high-income countries (n=69)

climate change: 25%

invasive (alien) species: 23%

fire: 17%
tourism: 17%

forest biosphere reserves in 
non-high-income countries (n=97)

illegal activities: 44%

overexploitationa: 21%

land usea, b: 17%
fire: 17%

9 See www.unesco.org/mab. 
10 Forest in this context is considered to be “a plant association predominant-

ly of trees and other woody vegetation” (FAO 1995). 
11 The coefficient is a measure of the relation between two categorical variables

(proposed by Pearson, the originator of the Chi-square test). Prior to the
calculation of the coefficient, a Chi-square test was conducted to test the
variables’ dependency. 

12 The category “illegal activities” includes the answers “illegal activities” and
any activity with the prefix “illegal”.

13 Fire in this context is defined as everything concerning fire including fire, risk,
control, management, and man-made fires, as well as natural wildfire (lack of
or suppression of) and increased wildfires probably due to global warming. 
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change (25 percent), invasive (alien) species14 (23 percent), and
tourism (17 percent) are more relevant. However, fire is particular-
ly a threat (but not the most severe) to forest biosphere reserves15

regardless of the country’s income status (17 percent in non-high-
income and high-income countries). 

In the following discussion, an emphasis is placed on illegal
activities, as these are overall the most frequently mentioned
threat to forest biosphere reserves and by far the greatest threat
in non-high-income countries. 

Major Threat to Forest Biosphere Reserves in High-Income
Countries: Global Climate Change
In high-income countries the major threats according to bio sphere
reserve managers are indirect and originate from outside the bio-
sphere reserve. Climate change (25 percent) and invasive (alien)
species (23 percent) constitute such threats. As the reality of cli-
mate change becomes increasingly accepted, protected area man-
agers in high-income countries are recognising that they must
consider potential indirect impacts in the design and manage-
ment of protected areas (Worboys et al. 2006). For a detailed dis-
cussion of climate change and its perception by protected area
managers, see Schliep et al. (2008, in this issue). 

In contrast to the notion that invasive alien species may be
less a threat to forests than for example freshwater protected ar-
eas (WWF 2004), our results illustrate that invasive species are
indeed one of the major threats to forest biosphere reserves, par-
ticularly in high-income countries. We do not interpret the non-
response in non-high-income countries as an absence of this
threat, but rather as an overload of other immediate threats such
as illegal activities (cf. Schliep et al. 2008, in this issue). 

Major Threat to Forest Biosphere Reserves in Non-High-
Income Countries: Illegal Activities
In non-high-income countries the far greatest threat is direct
and stems from within the biosphere reserve, namely illegal ac-
tivities (44 percent). International surveys (e.g., WWF 2004) con-
firm the prevalence of different illegal activities as a threat in
many parts of the world. Our results show that this is a crucial
issue particularly at reserves in non-high-income countries. 

In view of this, all interviewees were asked to state the illegal
activities occurring at their biosphere reserve. For further analy-
sis the answers were coded and combined (table 3), and the rela -
tionship to regional (UN subregion), economic (country income),
and demographic (biosphere reserve residents) factors were ana -
lysed (table 4). In regard to forest specificity (table 4), only infra-
structure and settlement have a high forest specificity value (1.00,
0.93, respectively), whereas the other forest-specific illegal activ-
ities (wood forest product collection, land conversion, and drug
cultivation) have a relatively low index value (0.83, 0.83, 0.80, re-
spectively). For comparing the activities among each other, how-
ever, a differentiation can be made as displayed in table 1. 

Wood forest product collection specifically occurs at forest bio -
sphere reserves and is one of the most frequently mentioned il-
legal activities (table 4). It is also the only activity mentioned as
having a significantly strong relation to all factors region, (non-
high) country income, and biosphere reserve residents. Togeth-
er with settlement, inadequate agricultural practice, wildfire, and
infrastructure, it significantly relates to the region (strong to very
strong). Except for wildfire and inadequate agricultural practice,
all these illegal activities occur specifically in forest ecosystems
(table 4). Land conversion and drug cultivation also take place in
forest ecosystems, but have no significant relation to any of the
three factors, possibly due to the low frequency of answers. As
drug cultivation can be one form of illegal land conversion, it will
be discussed in the following as one illegal activity: land conver-
sion. Drug cultivation, however, is listed separately in our sur-
vey, as it was the only activity exclusively mentioned in the Amer-
icas, thus indicating a high relevance in this region.

illegal activity

poaching
wood forest product collection
non-wood forest product collection
drug cultivation
infrastructure
settlement
disregard of biosphere reserve law
wildfire
land conversion
trash deposition 
inadequate agricultural practice
other

definition

hunting and fishing activities
logging, tree extraction, deforestation, fire wood collection
medicinal plants, berries, mushrooms, flowers, water, honey, stones, archaeological pieces, mining
cultivation of drugs and their traffic
road construction
house construction (public and private)

road passing, forbidden hunting or fishing techniques, camping, access to core zone, vandalism
uncontrolled fire due to human activities: setting bush fires, accidental fires, attempts to make fires (camping)

change of land use systems for e. g. plantation establishmenta

garbage dumping, contamination, pollution
illegal grazing, stock-breeding, slash and burn practices
e.g., corruption, unsustainable tourism, technical sports, import of exotic species

Coding scheme for the open question on illegal activities asked in our survey.TABLE 3:

14 A species occurring in an area outside of its historically known natural range
as a result of intentional accidental dispersal by human activities and
whose establishment and spread modify ecosystems, habitats, or species
(MA Glossary 2005). 

15 Fire as a threat at all biosphere reserves interviewed was mention ed less (fifth
rank: 14 percent) compared to all forest biosphere reserves interviewed.

a Regarding plantation establishment, it is remarkable that the subject of renewable energy, such as sugar cane cultivation, was not mentioned by any interviewee
although it is generally known to be a topic in Latin America. 
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Additionally, disregard of biosphere reserve law and trash de -
position are not forest-specific, but are related to economic fac-
tors expressed as having a significant medium or weak relation
to a (high) country income status. 

Poaching and non-wood forest product collection are also not
forest-specific, but are two of the most frequently mentioned il-
legal activities. They have a significant very strong relation to UN
subregions, whereas the significant relation to the country income
is expressed less. 

Forest-Specific Illegal Activities
Fire is one of the oldest methods used by humans to manage the
natural environment due to its effectiveness in clearing forests
for agricultural purposes and nourishing poor soils. On the oth-
er hand, fire can wreak havoc on forest ecosystems (IUCN 2007).
As fire can be a natural phenomenon (some habitats are strictly
adapted to fire, while others suffer from it), managers must have
a clear understanding of the ecological conditions of their specif -
ic biosphere reserve and natural potential resilience or sensitivi -
ty to fires (Worboys et al. 2006). The WWF (2004) report on threats
to forest protected areas noted fire was featured relatively seldom.
Our analysis, however, revealed that fires at forest biosphere re-
serves were one of the three most profound threats. On the oth-
er hand, they do not seem to be extensively caused by illegal fire
activities as shown by the rare answers to the question on illegal
activities (see table 4). Yet according to Nepstad et al. (2001), all
of the forest-specific illegal activities described such as wood for-
est product collection, infrastructure, land conversion, and settle -
ment, act as precursors and contribute to the increase of forest
flammability (figure 1, p.130). With the exception of infrastruc-
ture, all these illegal activities (including inadequate agricultural
practice) are linked in our study to the threat fire in such that it
is the most or second most frequently mentioned answer given
by the interviewees (inadequate agricultural practice: 50 percent,
drug cultivation: 38 percent, settlement: 23 percent, land conver -

sion: 20 percent, and wood forest product collection: 17 percent
were common answers given on illegal activities). 

Wood Forest Product Collection
Our analysis demonstrates that according to biosphere reserve
managers, wood forest product collection (deforestation as well
as, for example, fuel wood collection) is significantly related to
non-high-income countries and to the number of biosphere re-
serve residents (the more people, the greater the collection). One
possible reason for this might be that poverty and unemploy-
ment are known to be critical factors to environmental degrada-
tion (Carey et al. 2000). Extraction of timber for local needs (IUCN
1999) and fuel wood collection for subsistence purposes (Abbot
and Mace 1999) lead to increased pressure on forest biosphere
reserves, as also shown in our survey by the high forest specifi-
ty index for wood forest product collection. People have tradition -
ally focussed on income-generating activities through non-sus-
tainable behaviour such as illegal hunting and logging (IUCN
2007), and debt servicing is often achieved by cashing in natural
resources like timber (Carey et al. 2000). Although the occurrence
of illegal wood forest product collection is concentrated in low-
income countries (in South-East Asia, South America, and Mid -
dle Af rica) where defor estation is known to be a severe problem,
for example, Indonesia, Amazon, and the Congo, the underlying
cause for this is also closely associated with the timber demand
of high-income countries. The WWF (2005) report on Europe’s
illegal timber trade, for example, concluded that trade between
EU countries and the Amazon Basin, the Congo Basin, East Af -
rica, Indonesia, the Baltic States, and Russia was responsible for
the loss of 600 000 hectares of forest each year, which is more
than twice the size of Luxembourg. Hence, in our study, econom-
ic (commercial and subsistence purposes) and demographic fac -
tors (population density), as well as cultural aspects (high con-
sumption level in high-income countries) were identified as
un derlying causes. >

q
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illegal activity

poaching
wood forest product collection
non-wood forest product collection
disregard of biosphere reserve law
settlement
inadequate agricultural practice
trash deposition
wildfire
drug cultivation
land conversion
infrastructure
other

Contingency coefficient (Pearson), relative frequency of answers and forest specificity index of illegal activities occurring in forest biosphere reserves.
Printed in bold are the indices equivalent to “forest-specific”.
TABLE 4:

country income

0.194 d

0.344 e

0.237 e

0.240 e

–
~ c

0.170 d

–
~
~
~
–

contingency coefficient forest specificity
index

0.77
0.83
0.78
0.75
0.93
0.72
0.75
0.74
0.80
0.83
1.00

–

UN subregion

0.406 a, d

0.466 e

0.428 e

–
0.392 d

0.457 e

–
0.379 d

–
–

0.400 d

–

relative frequency
of answers (%)

25
15
12
9
7
5
5
4
2
1
1
6

biosphere reserve residents

– b

0.335 e

–
–
–
–
–

0.317 e

–
–
–
–

a relation: < 0.200: weak; < 0.300: medium; > 0.300 strong; > 0.400 very strong  | b – : no relation  | c ~ : no coefficient computable, insufficient data  |
d significance level alpha: 0.05  | e significance level alpha: 0.01.
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One major consequence of logging activities, regardless of
which type (clearing, slash and burn, or selective extraction), is
the increased forest flammability due to the forest interior be-
ing opened up to sunlight (Holdsworth and Uhl 1997). In such,
wood forest product collection, mentioned as an illegal activity
by biosphere reserve managers, contributes to the increased for-
est flammability of biosphere reserves. 

Infrastructure, Settlement
Our analysis identified illegal infrastructure establishment as a
sole occurrence in forest ecosystems, with a significantly strong
regional focus in Latin America (Central and South America).
Mo reover, illegal settlement is related to forest ecosystems with
a significantly strong regional relation (focus in Central Amer-
ica and Southern Europe). Schwartzman et al. (2000) identified
in frastructure such as illegal road construction to be more sig-
nificantly related with the issue of deforestation than with that
of population settlement. The Amazon’s deforestation, to name
one example, can be explained as a direct consequence of the
construc tion of paved roads (Nepstad et al. 2001). In contrast, in
temperate zones, illegal deforestation for settlements has a long
history and has often resulted in dramatic impacts on biological
diversity (Norton 1996). For example, in Western Europe the ex-
tent of remaining old growth forests is less than one percent
(WWF 1992). Our results demonstrate that illegal settlement ac-
tivity and infrastructure establishment mainly occur in forest
ecosystems and can be seen as a direct driver of deforestation
in the tropics as well as in Southern Europe. 

Land Conversion, Inadequate Agricultural Practice
Land conversion (mainly occurring in Latin America) contrib -
utes to forest flammability in such that cleared forests appear to

be less well adapted to large fluctuations in moisture (Jipp et al.
1998). Furthermore, it leads to lower precipitation through a re-
duction in water evaporation from the land (Nobre et al.1991).In
view of underlying causes, a differentiation in commercial and
subsistence purposes can be made, as discussed above for wood
forest product collection.

Although inadequate agricultural practices such as intensive
production systems (e.g., stock-breeding, grazing) and slash and
burn activities are not related to forest ecosystems, there is a sta-
tistically significant medium relationship to non-high-income
countries (see table 4), especially in North and West Africa, and
Central America. Besides land conversion, inadequate agricultur-
al practice contributes to the flammability of forest ecosystems.
Accidental fires caused by slash and burn activities, for example,
damage perennial crops and agro-forestry systems (Nepstad et
al. 2001).

All together, these illegal activities end up increasing the sus-
ceptibility of forest biosphere reserves to the threat of fire. Our
results show that this is not only the case in the Amazonians (as
concluded by Nepstad et al. 2001), but that the risk also exists in
all forest biosphere reserves, mainly in non-high-income coun-
tries (Latin America, South-East Asia, and North,West and Mid-
dle Africa) where such illegal activities appear to be most severe
and forest-specific. Although fire was not mentioned most fre-
quently as a threat, we do interpret it as major threat to forest bio-
sphere reserves in non-high-income countries because all the il -
legal activities mentioned can act as precursors and were referred
to as being relevant (with the exception of infrastructure) when
fire was also stated as a major threat. Every single illegal activity
per se, however, can also wreak havoc within biosphere reserves.
Underlying causes can be identified on the one hand as demo-
graphic factors (population pressure) because wildfire and wood
forest product collection appeared to have a significant relation
to population density, and on the other hand as economic factors
(e. g., poverty) since the occurrence of illegal activities is more
predominant in non-high-income countries. A third underlying
cause can be attributed to cultural factors such as high consump-
tion levels in high-income countries. For this reason, manage-
ment responses have to take these findings into account if they
are to successfully address the causes and consequences of ille-
gal activities. 

Further studies on the topic of fire as a threat in high-income
countries are still needed, as was highly evident by last year’s
(2007) destructive wildfires in several European countries (Spain/
Canary Islands, Italy, and Greece, see figure 2). Because fire was
also considered a severe threat in these countries (see table 2),
but illegal activities were not, other underlying causes and rela-
tions must be responsible for this indication – perhaps a lack of
effort in extinguishing fires (especially in Mediterranean coun-
tries), in addition to global warming. The latter is at least sup-
ported by the fact that climate change is already recognised by
biosphere reserve managers in high-income countries as a po-
tential external threat. Deeper investigation, however, is required
to gain more insight into this topic.

Interpretation scheme of interaction between illegal activities partic-
ularly occurring in non-high-income countries: forest-specific illegal activities such
as wood forest product collection, infrastructure, land con version, and settlement
act as precursors and contribute to the increase of forest flammability.

FIGURE 1:
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Non-Forest-Specific Illegal Activities 

Poaching, Non-Wood Forest Product Collection 
In contrast to the so-called forest-specific, direct threat of fire
and its precursors, mainly a problem in non-high-income coun-
tries, we identified a group of non-forest-specific illegal activities
such as poaching and non-wood forest product collection (see ta-
ble 4). These two illegal activities are often mentioned together.
Both have a significant, very strong relation to different UN sub-
regions in the world such as Eastern and Southern Europe, North
and Central America, and the entire African continent. The oc-
currence of these illegal activities is not globally distributed, but
is predominant in non-high-income countries, expressed as weak
relation to country income (table 4). 

In the literature, poaching has been identified as a major is-
sue particularly in the tropics (e.g., van Schaik et al. 1997), where -
as our study demonstrates that it is also a crucial issue in other
regions of the world. Studies from Africa show that the demand
of a growing middle class and intense poverty create a strong in-
centive for continued hunting. At the same time, a lack of bio -
sphere reserve staff, invading infrastructure, and weak law en -
force ment patrols makes it virtually impossible to police poaching

activity (Carey et al. 2000, Abbot and Mace 1999). Furthermore,
underlying causes such as cultural factors can also be identified
in high-income countries. High-value trophy hunting as a long-
standing hunting tradition amongst wealthy people in some
parts of Africa (e.g., elephant ivory) and Asia (e.g., tiger, rhinoc-
eros) is an organised criminal activity (Worboys et al. 2006).16

In Europe, a variety of causes are responsible for the wide-
spread occurrence of poaching at biosphere reserves, as pover-
ty in Southern Europe does not play the same driving role as in
some parts of Eastern Europe. Structural changes in Eastern Eu-
rope related to the collapse of the USSR and vast political, eco -
nom ic, and legal changes have led to increased poverty. In the
1990s a dramatic decrease in the population dynamics for exam -
ple of Saiga Antelope was observed in Kazakhstan and directly
attributed to the poor socio-economic situation there (Fremuth
2003). In the rest of Europe, however, hunting has a longstand-
ing social tradition and has already led to a dramatic decrease in
various animal populations in the past (see e.g., WWF 2007, Je-

Smoke from wildfires across the Balkans in late July 2007, seen from space.FIGURE 2:
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16 For a detailed discussion on this problem which addresses a form of
stricter law enforcement, see Fischer (2008, in this issue). 

>
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drzejewski et al. 1996). Carey et al. (2000) explored the relation-
ship between the establishment of a protected area and local
people’s loss of traditional rights, such as hunting, which might
make them feel alienated. This in turn could spur on a resis tance
to protection laws and regulations, ultimately resulting in in-
creased poaching and a decline in biodiversity.  

As mentioned above, non-wood forest product collection, the
illegal extraction of locally or commercially valuable deposits of
minerals, stone, soil, plants, salt, and fossils (Worboys et al. 2006),
is also a widespread phenomenon in protected areas. Although
positive developments in the prosecution of illegal natural re-
source collection have been made, overexploitation is still a cru-
cial issue (in non-high-income countries), as demonstrated by our
findings concerning threats (see table 2).Overexploitation not on-
ly threatens high-demand species, but also alters forest structure
and composition. Potential drivers could be, on the one hand,
subsistence purposes such as wild plant collection in protected
areas, with subsequent trade putting internationally threatened
species at risk (Carey et al. 2000), and on the other hand, the ille -
gal extraction of souvenirs like travertine by tourists visiting pro-
tected areas (Taseli 2007). As tourism in high-income countries
and overexploitation in non-high-income countries are ranked
as relevant threats, this could be an indicator that these threats
are connected to illegal non-wood forest production. 

Disregard of Biosphere Reserve Law, Trash Deposition
Not all illegal activities are equally predominant throughout the
world. Our analysis indicates that disregard of biosphere reserve
law and trash deposition solely significantly relate to economic
factors such as a high country income (table 4). However, it also
might be that these two illegal activities are relevant at other bio -
sphere reserves, while other illegal activities (wood forest prod-
uct collection, etc.) are more relevant in non-high-income coun-
tries, causing managers to leave them unmentioned. Compared
to the other illegal activities, these two are independent of ecosys-
tem-type forest (table 4). A literature review by the IUCN – The
World Conservation Union (1999) describes tourism to be an
important source of damage to many protected areas in Europe
and North America, particularly in terms of the disturbance of
breeding birds. This correlation also seems to hold in our study
because in high-income countries, disregard of biosphere reserve
law (up to 100 percent) and trash deposition (up to 50 percent)
were particularly mentioned in cases where tourism held a sig-
nificant relevance as one of the major threats. As an increase in
growth in the tourism sector is expected (Ervin 2003), prevention
or mitigation activities (through e.g., environmental education
activities) are needed to tackle the problems of illegal trespass-
ing, camping, access to core zones, vandalism, and illegal dump-
ing by tourists. The results of our study show that most of the
bio sphere reserve managers in high-income countries are aware
of the threats coming from tourism sector (17 percent of all an-
swers on threats, see table 2), and the impacts in terms of the il-
legal activities mentioned above are already noticeable and have
to be taken seriously. 

Conclusions

The aim of this work was to evaluate the major threats within
for est biosphere reserves by means of a global survey of experts
from the field of biosphere reserve management. Our findings
provide evidence that a clear differentiation can be observed de-
pending on country income. In high-income countries, the ma-
jor threat according to the experts is global climate change (25
per cent), whereas in non-high-income countries, illegal activities
(44 percent) are most frequently mentioned. Given that illegal
ac tivities are a major threat, especially in non-high-income coun-
tries, a further differentiation can be made concerning the type
of illegal activities. We identified one group of forest-specific ille -
gal activities (precursors of wildfire) and two groups of forest-
independent illegal activities: 

Consumptive resource use in form of poaching and non-
wood forest product collection. These activities can be
found in several regions throughout the world, mostly in
non-high-income countries. 
Disregard of biosphere reserve law and trash deposition
relat ed to tourism activities mainly occurring in high-
income count ries. 

We interpret wildfire as a major threat to forest biosphere reserves,
as most of the illegal activities mentioned (wood forest product
collection, infrastructure, settlement, land conversion, and inad -
equate agricultural practices) act as wildfire precursors and are
identified as being relevant where the threat of fire is also signif -
icant. This is especially true for non-high-income countries, where
these illegal activities appear to be the most severe. 

Because forests provide many ecosystem services (carbon
sink, watershed regulation), immediate action is needed at two
different levels: on a global scale, the issue of worldwide (climat-
ic) changes should be addressed and on a regional/local scale,
the plight of il legal activities in non-high-income countries has
to be dealt with. Apart from financial support from high-income
countries (as con cluded in the climate conference on Bali from
December 3 to 14, 2007), vital data information and knowledge
sharing (as proclaimed by the CBDWorkProgramme onForestBio  -
diversity) would be essential.Our results show that according to
biosphere reserve managers, forest biosphere reserves – especial-
ly those in non-high-income countries – challenge the tar get of
biodiversity conservation (in the core zone of biosphere reserves)
because the occurrence of illegal activities such as wood forest
product collection, land conversion, and settlement directly threat-
en the ecosystem’s integrity. From these findings, the question
arises as to why the buffer zone surrounding the core zone is not
able to protect the latter from such immediate threats. And what
exactly are the factors hindering management from adequately
addressing these problems? In particular, forest biosphere reserves
in non-high-income countries are extreme ly threatened since
they have to address both climate change and illegal activities.
Further studies (satellite images, in-depth inter views with local
communities or politicians) at different levels (national, region-
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al, and local) are needed in order to fully under stand this issue
and find solutions not only at the local level, but also on a polit-
ical and international scale.

This study was conducted by the GoBi (Governance of Biodiversity) research
group, which is financed by the Robert Bosch Stiftung. We would like to 
extend our gratitude to the GoBi team and survey assistants, Laura Avila,
Monika Bertzky, Cristina de la Vega, Nadine Fritz-Vietta, Sascha Maier, and 
Rainer Schliep, for conducting the global telephone survey. 
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Summary

The establishment of buffer zones as part of protected areas – within biosphere
reserves but also national parks – is central to conservation strategies designed
to safeguard remaining biodiversity, mainly left in tropical forests. However,
the real-world situation of protected areas reveals a range of problems. This
study seeks to identify the diverse ways of thinking among relevant actors in
order to address these issues.

In the present work, characteristics of the global perspective of managers
are contrasted with findings from a field study in the forest biosphere reserve
Lore Lindu, Central Sulawesi, Indonesia. In this context, the differences be-
tween the villagers’ point of view regarding the implementation of sustainable-
development activities in the buffer zones and the managers’ perspective on
the sustainability of human uses in the same areas are highlighted. This paper
follows two complementary approaches, combining quantitative and qualita-
tive research tools when examining the respective positions of both managers
and villagers.

Quantitative analysis of a global survey among biosphere reserve managers
revealed that human uses in the buffer zones are generally considered to be
sustainable (mean value for evaluation of 6.4 on a scale from 1 to 10). Besides
a significant negative correlation (-0.3) between number of residents in the
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buffer zone and accordance to sustainability of human uses, no meaningful
relation was computed either in respect to country income or tropical forest
regions.

Because of this lack of conclusive data, we zoomed in on the local level and
included the villagers’ perspective. Factors influencing the implementation of
sustainable-development activities in the buffer zone were the central issue of
the field study. A completely different perception was found in Lore Lindu.
The villagers expressed the opinion that basic management activities such as
nonexistence of boundary demarcation and lack of law enforcement are the
most crucial factors in regard to how sustainable-development activities are
implemented. Further barriers are insufficient awareness of forest conservation
needs among groups of villagers and the ever-increasing number of immigrants.
Furthermore, the results of this study point to the high relevance of a mediator
in the communication process between the management body and local people.
Clearly formulated rules and laws and abidance by enforcement of the law
seem to play a major role in buffer-zone management. Moreover, the different
ethnic groups have to be taken into account by the park management in
communication processes. Local people should be considered as partners (in
buffer-zone management) rather than as passive objects in this process.

Keywords: biosphere reserve, Seville Strategy, buffer zone, protected area
management, law enforcement, boundary demarcation, Central Sulawesi, In-
donesia

1 Introduction

Degradation, conversion, and fragmentation threaten the integrity of forested
ecosystems worldwide (Achard et al. 2002; Nepstad et al. 1999), with South-
East Asia showing the highest rates of deforestation of any major tropical
forest region (Sodhi et al. 2004). Developing regions and tropical countries are
especially threatened (FAO 2007). Hence in recent years, the establishment
of buffer zones as part of protected areas – within biosphere reserves but
also national parks – has emerged as a favored nature-conservation tool to
conserve the world’s remaining biodiversity in tropical forests. However, its
implementation is a challenging task that often raises complex challenges at
the local level such as rejection by local communities or even conflicts between
competing parties. A sound understanding of the diverse ways of thinking
among relevant actors is needed in order to address these issues and to better
understand current dynamics in land-use change.

The present paper contrasts Biosphere Reserve (BR) managers’ perspec-
tive on the buffer zone at the global level with villagers’ points of view on the
challenges raised by its local implementation and management in the context
of Lore Lindu BR in Central Sulawesi, Indonesia.
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Located on the island of Sulawesi, Lore Lindu BR covers a wide range of
vegetation types and is representative of the unique fauna of Sulawesi. Sulawesi
is well known as a biogeographical wonder due to its location to the east of
Wallace’s line and proximity to the Sunda plate (TNC 2002). Its formation
and isolation have resulted in a mix of Oriental and Australian fauna with
a higher rate of endemic taxa than any other Indonesian island. Most of
these endemics are dependent on forest (TNC 2002). Due to its uniqueness,
Lore Lindu was recognized as a UNESCO Biosphere Reserve in 1977 and has
been nominated as World Heritage Site for its astonishing cultural heritage
of ancient stone megaliths from 1300 AD. Since 1993, the core area of the
Lore Lindu BR - covering an area of some 200,000 hectares (Shohibuddin
2006) - has been designated a National Park under authority of Lore Lindu
National Park management. The buffer zone of the Lore Lindu BR consists of
140 villages of which 64 (with approximately 40,000 inhabitants) are located
next to the border of the core area. This buffer zone matches the National
Park buffer zone. The transition area has not yet been specified. (Widagdo
2008)

According to the Seville Strategy1 (UNESCO 1995), BRs should be utilized
as models of land management and approaches to sustainable development
(goal II) primarily to be implemented in the buffer zone. Hence, the focus of
the presented study is the buffer zone of BRs as well as its management and
implementation. In order to specify the research objective, two main research
questions are raised:

From the managers’ perspective: (1) To what extent are human uses in
the buffer zone sustainable in such a way that the buffer zone fulfills its target
as a protection zone against human influences for the core zone?

To implement goal II on the local BR level, various recommendations for
action at the individual reserve level are given in the Seville Strategy, such
as developing incentives for the conservation and sustainable use of natural
resources and providing alternative means of livelihood for local populations
when existing activities are limited or prohibited within the biosphere reserve
(UNESCO 1995). This recommended action on the way to implementing sus-
tainable development was investigated in a case study at the Lore Lindu BR,
Indonesia. In this context the second research question is raised:

From the villagers’ perspective: (2) In the case of the Lore Lindu BR,
what influences the implementation of activities for sustainable land use in
the buffer zone?

This study follows two complementary approaches. Applying quantitative
research tools, a global survey among BR managers was performed to evaluate
buffer zones. Adopting qualitative research tools, a case study in the Lore
Lindu forest BR was undertaken to investigate the villagers’ perspective on
implementing sustainable-development activities in the buffer zone.

1 For background information and detailed explanation, see next chapter Biosphere
Reserve Concept.
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2 Biosphere Reserve Concept

“Biosphere reserves are areas of terrestrial and coastal/marine ecosystems or
a combination thereof, which are internationally recognized within the frame-
work of UNESCO’s program on Man and the Biosphere (MaB)”. (UNESCO
1995:2)

The idea of setting up biosphere reserves resulted from the UNESCO
(United Nations Educational, Scientific and Cultural Organization) Confer-
ence on Rational Use and Conservation of the Resources of the Biosphere in
1968. The Man and the Biosphere (MaB) Program, which was a direct re-
sult of this conference, was the first deliberate international effort to identify
ways and means of achieving sustainable development of terrestrial ecosystems
(Batisse 1993). The BR concept itself was initiated in 1974 with the ambitious
idea of reconciling nature conservation with human needs. Worldwide 553 BRs
(as of May 2009) form the World Network of Biosphere Reserves (WNBR),
which seeks to promote exchange of information and experience. Basically,
BRs have three major functions: (1) conservation of biological and cultural
diversity, (2) logistic support through participation in (international) re-
search and monitoring, and (3) development in terms of cooperation with
local populations living in or around the biosphere reserves to promote sus-
tainable development compatible with conservation objectives.

One way of realizing these basic functions is through zoning BRs in core
areas (strictly protected areas), buffer zones (delimited for management
purposes on sustainable land use), and transition areas (focus of cooperation
with local stakeholders) (Figure 1).

In practice, however, many of the BRs designated in the first decade (be-
fore 1995) of the MaB Program (pre-Seville BRs) were selected according to
their relevance in regard to biological conservation and potential research in-
terests. Thus, most of these sites had already been declared national parks or
equivalent areas where research activities and management facilities could be
used or enhanced.

Bearing this in mind, two further milestones in refining and promoting
the concept have been accomplished through the International Conferences
on Biosphere Reserves in Seville (1995) and Madrid (2008). The conferences
drew up the Seville Strategy and the Madrid Action Plan (MAP), respectively.
The conference in Seville was organized to enable an evaluation and reflection
on the role of BRs in the 21st century (UNESCO 1995) and started a new era
for the WNBR. In this context, four goals of major priority are distinguished:
(1) to conserve natural and cultural diversity, (2) to utilize BRs as models
of land management and as approach for sustainable development, (3) to
use BRs for research, monitoring, and education, and (4) to implement
the BR concept (UNESCO 1995).

The MAP builds on the Seville Strategy and aims to capitalize on its
instruments (UNESCO 2008). In attempting to re-orient the MaB and the
WNBR towards the challenges of an ongoing global change, the MAP de-
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Fig. 1. Biosphere reserve zonation in core area, buffer zone, and transition area
(Lange 2005, modified).

fines four main actions: (1) cooperation, management, and communication,
(2) zonation – linking functions to space, (3) science and capacity enhance-
ment, and (4) partnership. Actions are to be taken at the local, national,
and international level. These documents emphasize participatory manage-
ment approaches as essential efforts to achieve the above-mentioned targets.
Generally, BRs can be seen as forums to integrate people into decision making
and generate new ideas for implementing sustainable development. Currently,
Indonesia has six BRs that represent various biomes2 (Figure 2).

3 Research Methods

The study employed a triangulated approach combining quantitative and qual-
itative research tools to assure validity. Goal II of the Seville Strategy (utilize
BRs as models of land management and as approaches for sustainable devel-
opment), particularly as they are implemented in buffer zones, is the focus of
this study. We began the research with a Global Survey on Biosphere Reserve
Management. This survey was performed by the Governance of Biodiversity

2 As of February 2009. On 26 May 2009 the MaB decided to add new sites to the
WNBR. One of the new sites includes Giam Siak Kecil – Bukit Batu on the island
of Sumatra, Indonesia.



418 M. Mehring and S. Stoll-Kleemann

Fig. 2. Location of biosphere reserves in Indonesia (Source: National MAB com-
mittee Indonesia, 2008).

(GoBi) Research Project. Among other things, managers were asked to eval-
uate the buffer zone vis à vis goal II, i.e. to function as protector of the core
zone, as related to, e.g., extensive land uses by humans.

To implement goal II at the individual reserve level, specific objectives
are recommended. In this context, one tool to ensure sustainable land use is
“(sic.) developing incentives for the conservation and sustainable use of nat-
ural resources, and (..) alternative means of livelihood for local populations,
when existing activities are limited or prohibited within the biosphere reserve”
(UNESCO 1995: 6). To assess this type of activity at the local reserve level,
a case study was undertaken in the Lore Lindu forest BR. In group discus-
sions, the attitudes of local farmers living in the buffer zone toward factors
influencing the implementation of such activities were examined.

3.1 Global Survey

A global telephone survey of BR managers was done from July to December
2006. All elements of the professional population were included, and in total,
225 individuals from 79 countries were interviewed, resulting in an overall
response rate of 42% (as of February 2009). The interviews were compiled in
a database.

Following a standardized questionnaire, BR managers were asked to ex-
press their opinion on the statement “Human uses inside the buffer zone are
sustainable from the point of view of conservation” as a number. This state-
ment is themed on UNESCO’s first definition of the buffer zone (UNESCO
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1984) which stipulated that this area of a biosphere reserve may include a
larger area where cooperative efforts are emphasized to ensure that its uses
are managed in a manner compatible with the conservation and research func-
tions of the biosphere reserve. A metric scale from one to ten was used where
“1” denoted total disagreement and “10” absolute agreement. Furthermore,
each interviewee was asked about the number of people living inside the BR,
as there is a lack of reliable data on BRs in general and in developing countries
in particular (cf. Bertzky and Stoll-Kleemann 2009). Due to this prevailing
scarcity of data on the BR level, it was not possible to use indicators such as
population density or carrying capacity of the buffer zone.

The data used for analysis (number of residents living inside the BR) has
to be interpreted as the best available on the level of individual BRs. Re-
garding the acquisition of additional information concerning ecosystem type,
see Mehring and Stoll-Kleemann (2008). A classification into high income and
non-high income countries was defined in accordance with the World Bank’s
gross-national-income-per-capita indicator (World Bank 2007). For specifica-
tion of climate zones, the classification scheme from UNESCO’s MaB Program
for individual BRs (see: www.unesco.org/mab) was adopted.

Statistical analysis of the data obtained was performed using SPSS 17.0.
A two-tailed t-test was carried out to analyze differences in the mean values of
answers on sustainable land use in the buffer zone. Discriminators employed
were ecosystem type (forest/non-forest BRs), climate zone (tropical/non-
tropical forest BRs), and income status (BRs in high/non-high income coun-
tries). As the data was not normally distributed, the Spearman correlation
coefficient was computed to analyze the direction and strength of relation be-
tween the number of residents and given answers concerning sustainability of
human uses inside the buffer zone.

3.2 Field Study

To analyse how sustainable-development activities are perceived by local farm-
ers, a case study was conducted in Lore Lindu applying a qualitative social
research approach. The overall objective of this exploratory study was to
gain deeper insight into processes and influences of the implementation of
sustainable-development activities in buffer zones from the villagers’ perspec-
tive.

Seven group discussions were conducted with a total of 31 individuals
between March and May 2008. A purposive sampling design was applied.
The target population of the groups was 1) farmers living in the buffer zone,
2) mixed gender and age composite, and 3) different education levels. Two
groups were interviewed per village. Individuals in the villages were chosen by
the mayor according to the criteria mentioned. Group size varied from three
to eight people. The discussions were conducted with 4 women and 27 men,
ranging in age from 20 to 80 years.
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Four contrasting villages were chosen with regard to sustainable-develop-
ment activities undertaken by non-governmental organizations (NGO3)4 and
the location of the villages within the buffer zone.

Group discussions were based on a semi-structured interview guideline
that covered the four goals of the Seville Strategy. This paper discusses only
the replies related to goal II of implementing sustainable-development ac-
tivities. The enquiry included the question of whether the respondents had
personally taken part in any of the relevant activities in the village. There
was also a discussion of the focus of the activities, the implementing organi-
zation (BR management, NGO, government), and the farmers’ attitude to-
ward what had been done. The discussions were conducted in the national
language (Bahasa Indonesian), with local assistants providing simultaneous
translation. Subsequently, the interviews were transcribed by native speakers
and translated into English. Applying the content-analysis approach (Punch
2005), computer-based analysis with ATLAS.ti 5.0 and coding of interviews
led to the relevant factors.

4 Results

Statistical results of the telephone interviews with BR managers concerning
evaluation of the buffer zone are presented below. Next, the villagers’ perspec-
tive on the implementation of sustainable-development activities in the buffer
zone of the Lore Lindu forest BR is described. Furthermore, brief references to
particular group discussions are offered where they help explain the findings.

4.1 Global Survey: Management Perspective

Overall, BR managers are in accordance with the statement “Human uses
inside the buffer zone are sustainable from the point of view of conservation”,
as expressed by the mean value of 6.4 (see Table 1). No statistically significant
difference for given answers was observed with regard to country income,
ecosystem type forest, or in combination with tropical climate zone. However,
replies on human uses in the buffer zone manifested an inverse correlation to
the number of residents of particular BRs: the higher the number of residents
in the buffer zone, the lower the value for sustainability of human uses. A
significant negative correlation (-0.3) between the two variables emerged.

3 TNC: The Nature Conservancy (international NGO); YTM: Yayasan Tanah
Merdeka (the “Independent Earth Foundation” - a national NGO); KARSA (“Ini-
tiate” - another national NGO)

4 NGOs were the first actors to start activities toward sustainable development.
Unfortunately, it was not possible to get detailed information about the other
two actors (regional government and park management).
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Table 1. Valuation of the statement Human uses inside the buffer zone are sustain-
able from the point of view of conservation (1: I don’t agree, 10: I fully agree). Mean
values and correlation coefficient between given answers and number of residents are
indicated.

country ecosystem climate
income type zone

All high non- forest non- tropical non- number
BRs income high forest forest tropical of

(n=180) (n=63) income (n=143) (n=37) (n=54) forest resi-
(n=117) (n=89) dents

Arithmetic
mean value 6.4 6.5 6.4 6.3 6.9 6.2 6.4 –
with stan- ± 0.2 ± 0.3 ± 0.2 ± 0.2 ± 0.4 ± 0.4 ± 0.3
dard error

Spearman
correlation – – – – -0.3*
coefficient

* significance level alpha: 0.01

4.2 Field Study: Villagers’ Perspective

As a result of the group discussions with farmers residing in the buffer zone
of the Lore Lindu forest BR, the local perspective in Central Sulawesi, In-
donesia can be presented (see Table 2 and Table 3). We distinguish between
positive and negative influences on implementing activities related to sustain-
able development in the buffer zone in the context of the point of view of the
village, internal (villagers), and external actors (NGO, government, and BR
management).

It is noteworthy that none of the villagers interviewed associated any posi-
tive influence whatsoever with the external actors (NGOs, government, or BR
management) who undertook activities toward sustainable development in the
villages (see Table 2). However, positive values were attributed to activities
of the BR management when they had been implemented in cooperation with
the village conservation council (LKD: Lembaga Konservasi Desa; see Table
3).

The high relevance of cooperation with this actor becomes clear in this
excerpt from a group discussion: “The one who takes a role here is LKD and
the (national park) office.” (quotation 1:15)5

Also, in terms of regulations, the village conservation council has strong
influence on the success of its implementation: “So, the public around here is

5 Quotations have been retrieved from the hermeneutic unit of ATLAS.ti and are
available upon request.

'
'
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Table 2. Factors and actors influencing the implementation of sustainable develop-
ment activities in the buffer zone of the Lore Lindu Biosphere Reserve.

Influence on Internal actor External actor
implementa- villagers NGO
tion of Government
activities BR management

Positive Improved economic situa-
tion for people (since culti-
vation of new land)
Enforcement of law and tra-
ditional land-use regulations
(rotation system) by them-
selves
Environmental education
program at school by
themselves
Awareness of forest conser-
vation (through experience
related to flood protection)

Negative Not enough awareness of
forest conservation among
groups of villagers
Number of immigrants still
increasing
Little financial capital
Bad marketing situation
(standard price wanted)

Unclear/lack of boundary
demarcation and policy
Lack of law enforcement and
compliance with the law
Lack of participation and
consideration of traditional
knowledge during establish-
ment of National Park
Lack of explanation to the
people about National Park
(program, purpose) and
buffer zone

absolutely not coming to the (core) area because LKD controls it every day.”
(quotation 1:20)

Furthermore, negative attributes mentioned by the interviewees in regard
to external actors are related to basic management activities. One of the most
prevalent issues mentioned in all group discussions was the unclear/lack of
boundary demarcation, as exemplified in a farmer’s statement: “The whole
area has no demarcation, so the people come and go there as they want. So
there’s no agreement between the office and the people about the border of the
National Park.” (quotation 6:5)

•
•

•

•

•

•

•

•

•

•

•

•
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Table 3. Positive influences on implementation of sustainable-development activi-
ties of BR management in cooperation with LKD (local organization), NGOs, and
government.

Agro-forestry activity by National Park, NGO, government, and LKD
Living boundary activity by National Park, NGO, and LKD for border de-
marcation
Law enforcement and controlling by LKD related to border crossing
Explanation to the people about National Park (program, purpose) together
with NGO and LKD

The second crucial factor is the lack of law enforcement and the failure of
the BR staff to abide by the law. As another local farmer from a different village
stated: “There must be a law, it must be followed and it must be implemented
(...). There are documents, but who is going to implement them? Nobody.”
(quotation 7:19)

The positive influences mentioned include the improved economic situation
in the region (e.g. since cultivation of new land) and factors of the villagers’
own initiative such as environmental education programs at school and en-
forcement of the traditional rotation system applied by villagers.

However, two alarming barriers to implementing activities toward the goal
of sustainable development are the ever -increasing number of immigrants and
the loss of forest conservation awareness among this group (quotation 2:4).
Another farmer from a different village also mentioned the increasing number
of inhabitants as a major problem: “The destruction of the National Park is
caused by the amount of the inhabitants, and it causes the forest destruction
like now. Our parents before never destroyed the forest. The impact of the
forest destruction could be felt now, silting up of the lake happens. The lake
will flatten out four meter if the forest destruction continues.” (quotation 7:12)

5 Discussion

In recent years, the establishment of buffer zones has been used as a part
of larger integrated conservation development programs to provide the bene-
fits of ecological buffering of protected areas and socio-economic buffering of
neighboring communities.

Our global analysis of buffer zones of biosphere reserves illustrates that
according to the managers’ answers, human uses inside the buffer zone are
sustainable from the point of view of conservation. In their experience, buffer
zones achieve their target in buffering the protected core zone. Assuming that
national income is related to the income of the farmers living in the vicin-
ity of the BR, we take national income as a proxy for the influence of the

•
•

•
•
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farmers’ income on sustainable uses in the buffer zone. In our study no such
influence can be observed, as no difference was calculated between high in-
come and non-high income countries. Furthermore, differences could neither
be detected between different ecosystem types (forest/non-forest) nor climate
zones (tropical forests/non-tropical forests). Hence, in our investigation, the
success of sustainability of human uses in buffer zones of BRs is not related
to the natural resources the villagers depend on, such as forest, or to forests
in different climate zones, such as tropical forests that are known to be most
threatened (FAO 2007). This finding indicates that BRs with the typical zona-
tion of core, buffer, and transition zone generally seem to be an appropriate
instrument in terms of natural (forest) resource conservation.

Stoll-Kleemann (2005) also showed that this model of zonation concerning
resource use is the way to go because of its psychological advantage of in-
cluding instead of excluding local people. The relation concerning number of
residents and buffer zone underline the findings from Wittemyer et al. (2008),
who highlight a looming threat to protected area effectiveness and biodiversity
conservation due to observed higher population growth rates on the borders
of protected areas compared to average rural growth. In our study this phe-
nomenon does not seem to be a particular problem in developing countries,
as no correlation with income per capita was discovered. However, overall no
meaningful differences have been detected among the managers’ answers on
human uses in the buffer zone. We believe this is due to a combination of two
different reasons. On the one hand, the method of using statements rather
than asking open questions might simplify issues by restricting answers, and
it may also prevent encompassing the complexity of the specific situation.
On the other hand, the managers’ perception might be different compared
to other perspectives from outside the management, such that of as people
living in the BR. To complement the managers’ perspective, we furthermore
discuss the villagers’ point of view on factors influencing the implementation
of activities devoted to sustainable development in the buffer zone of the Lore
Lindu BR.

From the field study in Lore Lindu, good experience was gained through
engaging local people to express their opinion. In terms of methodology, group
discussions are a beneficial tool to involve local communities and to discover
their perspective (Kumar 2006). However, all of the different (e.g. ethnic)
groups within a village must be taken into consideration to reflect the true
diversity of the villagers and their opinions. Beneficial to the investigation in
Lore Lindu was the researcher’s independent position vis à vis the biosphere
reserve management.

Group discussions with the farmers highlight another perspective. None of
the villagers associated any positive influence with sustainable-development
activities undertaken by external actors such as NGOs, government, or BR
management. Moreover, the most severe problems from the villagers’ perspec-
tive are fundamental ones such as lack of boundary demarcation and lack of
law enforcement. This result corresponds to Bruner et al. (2001) who identified



Principle and practice of the buffer zone in biosphere reserves 425

enforcement and boundary demarcation to be important basic management
activities correlating with park effectiveness. Overall, our analysis points out
a gap between managers and villagers in the perception of buffer-zone func-
tioning. Mangers hold that human uses are sustainable, while the farmers in
Lore Lindu criticize basic management activities on the way to implementing
sustainable development activities. We interpret this finding as being due to
constrained communication and cooperation between the two parties, as the
farmers criticize the lack of explanation to the people about the purpose and
programs of the park and buffer zone. Furthermore, the management body
(head and staff) are regularly (about every other year) moved from one park
to another by decisions of the Indonesian Ministry of Forestry to counteract
corruption6. This also complicates the communication process between man-
agement and the local people as it takes a long time for the newly assigned
officials to become familiar with the local conditions. In the case of Lore Lindu,
most of the villages are remote and only accessible with difficulty.

However, in the same way, our results from Lore Lindu show the high
relevance of a mediator. During the interviews, activities from BR manage-
ment were only positively valued when implemented in cooperation with third
parties such as the village conservation council (LKD: Lembaga Konservasi
Desa). This local council is authorized and accepted by both local farmers
and BR management. This mediator can help in situations where coopera-
tion and communication between two parties such as management and local
people are hindered. The high conservation potential of regulations monitored
by the village conservation council (LKD) is also highlighted in Schwarze et
al. (2007), who investigated the link between poverty and collection of for-
est products in Lore Lindu. The high demand among farmers for regulations
and their enforcement become evident from the above quotation (7:19). Ex-
amples of facilitating high-quality community participation, where different
skills and methods are required, are listed in the study by Stoll-Kleemann
and Welp (2008) illustrating various methods of participatory management.

Good communication is particularly important for Lore Lindu as in-
migration still plays a major role in this region. The ever -increasing number
of immigrants and the loss of forest conservation awareness among this group
have to be taken into consideration to stop forest encroachment and further
ensure the integrity of the park. From the local farmers’ perspective in Lore
Lindu, ongoing in-migration has the most severe impact. This is in line with
Faust et al. (2003) who pointed out that spontaneous migration in the Lore
Lindu area, which is driven by economic push and pull factors and modified
by socio-economic, political, and institutional factors, can have problematic
effects with regard to the environment. Furthermore, there is evidence from
a meta-analysis on acceptance of protected areas in South East Asia that the
most significant factor ascertained is the traditional tie to the ecological en-
vironment and identification with it (Richter 2008). Migrants in Lore Lindu

6 Personal comment from interview with head of management.
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are known to be economically strong because they introduce technologies and
innovations to the area (Faust et al. 2003). In parallel, though, they appear to
lose the relation to the forest and awareness of its conservation needs. This is
an important factor for Lore Lindu and has to be considered within the man-
agement of the park through e.g. different participation strategies for singular
ethnic groups.

Although findings from the case study in Lore Lindu cannot be generalized
for other regions, it has become apparent that involvement at the local com-
munity level is indispensable for successful buffer zone management, just as
Stoll-Kleemann and Welp (2008) showed that participation leads to increased
social acceptance of biosphere reserves, and in addition to increased conserva-
tion success. Furthermore, Fritz-Vietta and Stoll-Kleemann (2008) conclude
from a case study in Madagascar that community participation and incorpo-
ration of external actors (in the form of consultants) are the most important
success factors for BR management. This has to be considered when manag-
ing biosphere reserves in particular, but also protected areas in general. The
involvement of local people is an important issue, and they can no longer be
considered passive objects in the process.

6 Conclusion

The second goal of the Seville Strategy identifies BRs in the function of models
in the realm of land management and approaches to sustainable development
(UNESCO 1995). This goal should primarily be realized in the buffer zone.

In the results of the study described in the present work, contrasting the
perspective of the managers queried with that of the local villagers in Lore
Lindu revealed a clear disparity between the respective points of view on
sustainable development in the buffer zone. Our analysis indicates that in the
managers’ opinions, there is no difference between high-income and non-high-
income countries in regard to sustainability of human uses in buffer zones; in
both categories, sustainability is ranked as moderate.

From the perspective of the Lore Lindu villagers, as an example of a pre-
Seville biosphere reserve, basic management activities like zonation, law en-
forcement, but also cooperation (lack of participation) and communication
are the most important constraints blocking the way to successful implemen-
tation of activities for sustainable development. These are also factors the
MAP explicitly refers to. Characteristic for pre-Seville BRs (Batisse 1993),
Lore Lindu was established without involvement of local people, resulting in
conflicts between management and them.

The results of this study also point to the great relevance of involving a
mediator such as the village conservation council (LKD) in the communication
process. And given the strong influence of migrants, the clear formulation and
enforcement of rules and laws by organizations (e.g. LKD) play a major role
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and are of high value, the exact nature of which needs to be investigated in
more detail.

Finally, referring to the Seville Strategy and Madrid Action Plan, our re-
sults suggest that biosphere reserves are built upon a concept that offers rea-
sonable solution to addressing difficulties arising in the face of global change.
However, success depends on implementation of the Seville Strategy and its
acceptance at the local level. Furthermore, detailed studies are essential to ex-
plore how the other three goals of the Seville Strategy have been implemented,
such as the realization of the BR concept on the national level, to find level-
specific recommendations in order to achieve successful BR management.
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a b s t r a c t

Forest management poses particular challenges as the pressure on forests is huge due to deforestation. In
this context, the establishment of protected areas is a common conservation measure where institutions
are put in place and sanctions regarding forest use are enforced. This paper focuses on the practice of
sustainable forest management and the associated perspectives of local institutions at the rainforest
margins of Lore Lindu National Park (LLNP) in Central Sulawesi, Indonesia.

Our case study applies a qualitative social science research approach. Interviews and group dis-
cussions with relevant actors such as farmers, village authorities, the National Park authority, and
non-governmental organization members were conducted. The Institutional Analysis and Development
(IAD) framework served to structure the study and to provide a set of questions to be considered
concerning rules, participants, and conservation outcomes. State-induced formal rules are compared
with traditional informal rules regarding natural resource use. Our results suggest that the current
state-imposed formal rules have not been successfully implemented in the past. Insufficient boundary
demarcation, and a lack of congruence between rules and local conditions have been identified as main
reasons. Traditional informal rules are rather more respected by local people since they are adapted to
traditional use rights and sanctions at the village level. Community conservation agreements (CCAs) are

considered a promising tool to mediate between National Park conservation interests and local people’s
needs integrating traditional informal rules. However, the CCAs implemented in the LLNP area do not
address existing differences in perception and behavior of indigenous people and migrants in the area.
We argue that this is a central aspect in terms of successful CCA implementation and forest management.
Thus, we recommend that the National Park authority should take the cultural diversity of the area seri-
ously into consideration and integrate flexible and distinct socio-cultural strategies into its management
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Among the major tropical forest regions, South-East Asia
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xhibits the second-highest rate of deforestation (FAO, 2006). In
articular, Indonesia has a history of high forest loss in excess of
million hectares per year (Holmes, 2002). Forest management is

aced with substantial challenges in this densely populated coun-
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ry where rural settlements with a high degree of dependence
n agricultural land and/or forest products dominate. To tackle
hese problems and in keeping with worldwide practice, several
rotected areas (PAs) – for example national parks – have been
stablished in the tropical forest areas of Indonesia.

Usually, institutions are required to safeguard the long-term
ulation and valuation of forest use—Evidence from Central Sulawesi,

cological integrity of the PAs. Ostrom (1990) defines institutions
s sets of working rules that are used to determine who is eligi-
le to make decisions in some arena, what actions are allowed or
onstrained. In South-East Asia, complex traditional, religious and
thnicity-specific forest institutions often overlap with top-down
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tate regulations that may or may not involve the local commu-
ities (Sundar et al., 2001). The extent to which such top-down
ules are respected varies. Thus, having established a PA in legal
erms does not automatically result in real protection (Ghimire and
imbert, 1997).

Lore Lindu National Park (LLNP) in Central Sulawesi is an
mportant core habitat for the forest biota of the global Wallacea
iodiversity hotspot (Myers et al., 2000). LLNP forest ecosystems
re mainly threatened by the illegal expansion of cacao agroforestry
ystems (Maertens et al., 2006; Erasmi and Priess, 2007). Although
he area is also an UNESCO Biosphere Reserve, the implementa-
ion of this PA has not followed participatory principles, as e.g.
equired by the Seville Declaration on the establishment of Bio-
phere Reserves (UNESCO, 1996). In contrast, LLNP was externally
mposed by the national Indonesian Suharto government. If, how-
ver, relevant stakeholders and the local people cannot get their
oices heard and their legitimate interests respected in PA plan-
ing and implementation, the local acceptance of the PA is likely
o be and remain low (cf. Stoll-Kleemann and Welp, 2008). In con-
rast, international experiences suggest that local institutions hold
ut more promise. This is particularly the case when institutions
ith goals differing from community interests have been externally

mposed by government (such as national parks) (Kumar, 2002;
underlin, 2006).

Using the case study of Central Sulawesi’s LLNP, this paper
eeks to explore which policies foster sustainable resource use
nd facilitate PA conservation success. To do so, we first investi-
ate which village institutions govern natural-forest-resource use,
nd secondly, we analyze the prevailing patterns of human forest
tilization.

heoretical background

nstitutions

In times of rapid destruction of natural ecosystems – such as
he conversion of tropical rainforests into farmland – the search
or appropriate natural resource management institutions is one
f the greatest challenges in the realm of environmental protec-
ion (McCay and Acheson, 1987; Berkes, 1989; Ostrom et al., 1999).
nstitutions are likely to be a mix of complementary and compet-
ng arrangements tailored to specific historical, economic, social,
nd environmental features (Ostrom et al., 1999). While organiza-
ions are material entities and include political, economic, social
nd educational bodies such as political parties, firms, churches,
nd PA administrations, institutions are the rules of the game. They
onsist of both formal legal rules and the informal social norms that
overn individual behavior and give structure to social interactions,
hereby providing an institutional framework (North, 1990). In the
efinition used in the present work, institutions include any form
f constraint that human beings devise to shape human interaction.
ometimes institutional rules are violated, resulting in punishment
sanctions). Clearly defined boundaries of management units, well-
tting rules, and appropriate participation in collective choice have

ong been recognized as important institutional design principles
or sustainable collective resource use (Ostrom, 1994a). Further-

ore, local monitoring and sanctioning are critical components of
ffective forest institutions.
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

ramework for analysis

In the 1980s, Kiser and Ostrom (1982) devised an interdisci-
linary conceptual tool to explain how institutions affect individual

ncentives for action and resultant behavior, the Institutional
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nalysis and Development (IAD) framework. The framework was
urther developed into a theory of common pool resource man-
gement that offers a robust analytical paradigm for comparative
tudies (Clement, 2009). Typical common pool resources include
orest land or forest products in sparsely populated areas where
t can be both difficult and very costly to prevent potential users
rom consuming the resource (McKean, 2000). According to Ostrom
1994b), the term common pool resource refers to resource sys-
ems regardless of the property rights involved. When resource
sers interact without the benefit of effective rules that limit access
nd define rights, fundamental free-riding in two forms is likely:
veruse without concern for the negative effects on others and a
ack of investment in maintaining and improving the common pool
esource itself (Ostrom et al., 1999).

A range of common pool resources settings can appear. One
ossibility is a quasi open-access situation without governing insti-
utions, which is likely to result in over-exploitation. Another
cenario is the existence of joint management institutions with
learly defined rules regarding access and use in a common prop-
rty situation (e.g. community forests, community-based irrigation
chemes). In this context, institutions – formal or informal – are an
mportant mediator between the interaction of humans and their
nvironment (Aggarwal, 2006).

The IAD framework helps to identify key variables that structure
he situations that individuals face and how rules and communities
ffect these situations over time. The focal level of this framework
s known as the action arena. In the action arena, two entities –
articipants and an action situation – interact while being affected
y exogenous variables at the time of analysis (interaction). Out-
omes of this interaction evolve that in turn affect the participants,
he action situation, and at times even the exogenous variables
Ostrom, 1994b). Evaluative criteria are used to assess the inter-
ction as well as the outcomes with respect to applicability to
ustainable resource use.

ethods

esearch design

A qualitative research methodology was chosen to provide
etailed insights into processes, influences, and the background
f resource management as required by the IAD framework (Miles
nd Huberman, 1994; Berg, 2007). The attitudes of different local
ctors involved in forest management and shaping management
nstitutions were examined. Different types of triangulation were
pplied such as data source and technique triangulation (cf. Theis
nd Grady, 1991). In our study, data source triangulation implies
he usage of different sources of data such as personal interviews
n addition to literature-based research. In terms of technique
riangulation, an intensive literature review was followed by
emi-structured in-depth interviews with key actors. Furthermore,
ethods also used in participatory rural appraisals (PRA) (Standa-
unda et al., 2003) such as focus group discussions and participant
bservation were applied.

AD framework application

From an IAD perspective, the administrative bodies of PA as well
s all other involved stakeholders are seen as participants within an
ulation and valuation of forest use—Evidence from Central Sulawesi,

ction arena. In this arena, each participant interacts with the nat-
ral resource forest in a different way. For example, the forest use
f local people differs from the forest conservation activities con-
ucted by National Park officers. In the context of the establishment
f national parks in general and particularly with regard to LLNP,
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egulations on forest use are implemented often by the govern-
ent without the involvement of the local people. This can lead to

ocal difficulties such as illegal extraction of natural resources or the
ejection of PAs (Ostrom et al., 1999). Experience suggests that in
rder to ensure sustainability of natural resource management, all
takeholders must be involved transparently, and their customary
ights need to be recognized (Ostrom, 1990). In addition, the par-
icipation of local communities can support the compliance with
egulations and lead to a reduction in management costs (Hanna,
995).

In the case of LLNP, negotiations for community conser-
ation agreements (CCAs; Indonesian: Kesepakatan Konservasi
asyarakat) were promoted by international and national non-

overnmental organizations (NGOs) and the Central Sulawesi
ntegrated Area Development and Conservation Project (CSIADCP)
n the late 1990s. The negotiations were usually conducted by
he village elders and the traditional customary organization
Indonesian: Lembaga Adat), who both signed the agreement. The
greements aim at reconciling the discrepancies between the liveli-
ood requirements articulated by local people and conservation
eeds perceived by the National Park administration. The CCA with
he village of Toro, for example, defines itself as a “[. . .] negotiated
greement between community representatives and the National Park
anagement that constitute part of a co-management strategy. Their

bjective is to find a balance between the goals of nature conservation
nd the objectives of the local communities to secure self-determined,
ustainable livelihoods” (Toro CCA, 2003; cited in Mappatoba, 2004).

According to Palmer (2007) 49 villages around LLNP had nego-
iated or were in the process of negotiation for a CCA in 2006.
he LLNP authority had acknowledged and recognised more than
hree quarters of the agreements by 2006. Nearly half of the CCAs
ere initiated by the village or village leader (49 percent). To a

esser extent, NGOs (22 percent), CSIADCP (19 percent) and the
LNP director (1 percent) were the initiator. The negotiation pro-
ess for all agreements were supported and handled by one or more
GOs. In fact, it has been documented, that the contents of the
CAs reflect the motivations and philosophies of the NGOs involved
Mappatoba and Birner, 2004). Of the three most active NGOs, one
ocused on nature conservation (The Nature Conservancy, TNC),
ne on sustainable development (CARE), and one on the empower-
ent of indigenous groups’ rights (Yayasan Tanah Merdeka, YTM;

nglish: Independent Earth Foundation).
While Mappatoba and Birner (2002) investigated the poten-

ial of CCAs in the LLNP area from an environmental economics
nd policy analysis perspective, we seek to explain the under-
ying patterns of human behavior with reference to the IAD. In
oing so, we invoke social–psychological observations in addition
o purely economic arguments. In our study, these agreements are
nterpreted to be the outcome of the interaction among the par-
icipants (LLNP authority, villagers, NGOs) and the action situation
forest use/conservation). Furthermore, in contrast to Mappatoba
nd Birner (2002), we assess the CCA impacts on the action situ-
tion and on the exogenous variables such as the environmental
tatus of the forest.

ase study area

The study area (722,000 ha) is located on the island of Sulawesi,
ndonesia in the province of Central Sulawesi. The study area con-
ists of LLNP and the five administrative sub-districts to which
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

LNP belongs (Fig. 1): Sigi Biromaru, Kulawi, Lore Selatan, Lore
tara, and Palolo. The sub-districts belong either to the Donggala or
oso regencies. In the year 2000, the region comprised 119 villages.
he LLNP region is topographically very diverse and characterized
y rift valleys with rainfall variations from 500 to 2500 mm per
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ear. LLNP encompasses 229,000 ha of montane cloud and mon-
oon forests ranging from about 200 to 2610 m above seal level
outh of the provincial capital Palu (Erasmi et al., 2004).

In addition to the high biological diversity within LLNP, there is
lso high socio-cultural diversity around LLNP (Waltert et al., 2004)
ith several distinct ethnic groups living in the area. The indige-
ous ethnics (the Kaili, the Kulawi, and the Lore) are descendents
f ancient kingdoms situated primarily in the Kulawi, Lore Utara,
nd Lore Selatan districts. Spontaneous migrants from Kulawi did
ot inhabit Palalo until the 1950s (Faust et al., 2003). Between the

ate 1960s and the 1990s, the central government’s transmigration
rograms led to the establishment of four villages, mainly in Palolo
nd Lore Utara, for Javanese, Sundanese, and Balinese settlers. Most
ransmigrants, however, have left the research region in the mean-
ime. Since the early 1980s, the immigration of Bugis from South
ulawesi has been the main source of immigrant socio-ethnic influ-
nce. The Bugis settled mainly in Palolo and Lore Utara due to the
vailability of land. Bugis migrants introduced cacao (Theobroma
acao) cropping to the Lore Lindu area. The influx of migrants was
ncouraged through road construction between Palu, Palolo, and
ore Utara in 1982 (Weber, 2006).

The Lore Lindu area was declared a UNESCO Biosphere Reserve
n 1977 and has been nominated as a World Heritage site for its
ultural legacy of ancient stone megaliths. The core area of the
iosphere reserve was designated as a national park in 1993 by
he Indonesian Ministry of Forestry (Shohibuddin, 2008). However,
he permanent borders of LLNP were not fixed until the end of the
990s (Weber, 2006). The national park was established by merg-

ng three nature reserves: (i) Lore Kalamanta Wildlife Sanctuary
ounded in 1973; (ii) Danau Lindu Recreational and Protection For-
st established in 1978; and (iii) Sungai Sopu and Gumbasa Wildlife
anctuary declared in 1981 (Mappatoba, 2004). The LLNP author-
ty manages the national park from its administrative office in Palu
nd directly reports to the Ministry of Forestry in Jakarta.

Approximately 136,000 citizens, mainly agricultural smallhold-
rs, live in the villages around LLNP (Maertens, 2003; Erasmi et al.,
004). About 87 percent of the households undertake farming as
heir primary source of income. Paddy rice is the most important
taple food, whereas cacao and coffee are the predominant cash
rops (Maertens et al., 2006). To a small extent, other crops such as
oconut, vanilla, pepper, clove, corn, upland-rice, peanuts, cassava,
egetables, and soybeans are cultivated. From 1980 to 2001 the area
as undergone an agricultural expansion of cacao and coffee associ-
ted with population growth – partially caused by migration – and
mproved market conditions first for coffee and later for cacao. The
xpansion mainly took place in the uplands, and to a considerable
xtent at the margins of the LLNP forest. Today the most important
hreat to the forests of LLNP is the ongoing agricultural expansion
f cacao including associated deforestation and forest degradation.
o a lesser extent, some poorer local households illegally collect
orest products, such as rattan (Maertens et al., 2006).

ata collection and analysis

All interviews were conducted with the aid of an Indonesian
ssistant in the local language between 2006 and 2008 and were
ecorded. In a second step, the material was transcribed and finally
ranslated into English. Computer-based text analysis was carried
ut with Atlas.ti and MaxQData. Altogether, 49 interviews were
ncluded in the analysis. One set of interviews or focus group
ulation and valuation of forest use—Evidence from Central Sulawesi,

iscussions targeted the role of village institutions in forest and
atural resource access, and a second set addressed the efficacy of
ommunity conservation agreements.

To investigate the role of village-level institutions such as the
raditional customary organization; the village representative body

dx.doi.org/10.1016/j.landusepol.2011.01.001
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Fig. 1. Project area, including Lore Lindu

Indonesian: Badan Perwakilan Desa); and the mayor (Indonesian:
epala Desa), three villages (Toro, Bulili and Lempelero) were pur-
osively selected. These villages differ significantly in regard to

and-use, demographic development, emphases on traditions, and
ocal impact of NGOs (Weber and Faust, 2006). Toro represents a
elatively static village with low immigration and a high propor-
ion of indigenous people. In 2001, Toro was granted a far-ranging
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

ight to regulate and monitor the utilization of about 2300 ha of
ommunity forest land. Access to forest resources in the area had
fficially been suspended in 1982 (Burkard, 2002; Fremerey, 2002).
ulili is located in the dynamic region of Palolo on the northern
dge of the LLNP. In the past the village has experienced a high
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nal Park, in Central Sulawesi, Indonesia.

nflux of migrants, mostly Bugis from South Sulawesi. This influx
as perturbed the former socio-economic stratification of the vil-

age (Barkmann et al., 2010). Lempelero represents an intermediate
ype. Its population has doubled within the last ten years caused
y recent immigration. Like in Bulili, Bugis migrants are mostly
ttracted by the abundance of easily accessible forest and agricul-
ural land (Weber and Faust, 2006). In each of these three villages,
ulation and valuation of forest use—Evidence from Central Sulawesi,

roblem-centered interviews (Witzel and Reiter, 2010) on insti-
utions regulating resource access were conducted with ten key
nformants.

Based on information from local NGOs and experts and comple-
ented by a literature review on CCAs (community conservation

dx.doi.org/10.1016/j.landusepol.2011.01.001
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Table 1
Selection criteria for CCA villages (status as in 2006).

Wuasa Salua Kapiroe Langko

State of CCA negotiation August 2002 signed Not signed Not signed March 2005 signed
Ethnic composition Majority indigenous Mixed Mixed Majority indigenous
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Location (with respect to LLNP) East

ource: village survey 2007 by Reetz (2008) and Seeberg-Elverfeldt (2009).

greements), three main selection criteria were used to select vil-
ages: the state of CCA negotiations, the ethnic composition of
he village, and village location (see Table 1). To assess the CCAs,
e carried out focus-group discussions in four villages (Wuasa,

alua, Kapiroe, Langko). Farmers were randomly selected for par-
icipation, while decision makers were purposively chosen. We
onducted separate focus groups for farmers and decision mak-
rs in order to avoid the domination of discussion by members of
he local elites. We also wanted to make sure that the farmers felt
ree to speak out without being inhibited by the presence of their
eaders.

The discussions focused on the institutional setting of the CCA
nd on the impact the CCAs have on natural resource management.
he data on the CCAs were analyzed with respect to whether the
greement

can provide the institutional structure for a natural resource man-
agement process,
allows for the active involvement of local stakeholders,
fosters monitoring and enforcement of sanctions and rules, and
has an impact on the environment.

To assess the impact of CCAs from NGO and National Park
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

uthority perspectives, semi-structured interviews and group dis-
ussions were conducted. Individual interview partners were
dentified by snowball sampling. Respondents representing dif-
erent institutional levels vis-à-vis CCAs were interviewed (LLNP
uthority staff, forest police staff members, various NGOs). In order

w
m
q
a
(

Fig. 2. Institutional Analysis and Develop
West Northeast Centre

o cover the variety of NGOs that facilitated CCAs, a mixture of
ational and international NGOs was chosen:

TNC (The Nature Conservancy; international, focus on nature con-
servation)
YTM (Yayasan Tanah Merdeka [“Independent Earth Foundation”];
national, focus on human rights),
KARSA (“initiate”; national, focus on nature conservation), and
Jambata (“bridge”; national, focus on nature conservation).

esults

The analysis of the interviews allowed for a detailed repre-
entation of various issues and patterns in relation to natural
esource management in the area of LLNP. Applying the IAD frame-
ork to our study (Fig. 2), the issues are collated under two main

hemes:

Interaction of forest and its users with respect to natural resource
management (local institutions) and its valuation.
Outcome: Community conservation agreements as an instrument
for natural-resource management and its valuation.

When considered appropriate, major findings are underpinned
ulation and valuation of forest use—Evidence from Central Sulawesi,

ith direct quotes from the interviews. The origin and/or employ-
ent status of the interview partner are indicated. To track the

uotes from the interviews, the quotation numbers automatically
ssigned by the computer program Atlas.ti (e.g. 2:41) or MaxQData
e.g. 263) is depicted.

ment framework applied to study.

dx.doi.org/10.1016/j.landusepol.2011.01.001
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Table 2
Community attributes and evaluation from the point of view of NGOs and LLNP authority.

Attributes Values of behavior Ethnic composition

Positive Protection value: traditional ties to forest Indigenous people: maintenance of traditional values/ties to the
forest

Functional value of the forest Indigenous people and government: recognition of functional value
of the forest

Negative Lack of protection value: loss of traditional ties to forest Migrants and groups of indigenous people: lack of traditional
values/ties to the forest

Economic value of the forest: cacao plantations
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Personal autonomy: after political change around 2000, sign
forest exploitation

ource: own data.

xogenous variables

ttributes of community
Two different community attributes, values of behavior and eth-

ic composition, as well as their positive and negative evaluation
an be distinguished regarding forest use in the LLNP area from
he point of view of NGOs and LLNP authority (Table 2). One NGO

ember said that the indigenous people are well aware of the value
f protecting the forest. Traditionally, the indigenous see the for-
st as “a part of their social life” (NGO, 5:18). In contrast, a LLNP
fficer remarked that many locals even claim to identify culturally
nd spiritually with the National Park (LLNP, 1:2). Furthermore,
he indigenous people value the protective function of the for-
st against flood and erosion (LLNP, 1:28). “Most of [the people]
hink that it is very important for them to protect the national
ark because it provides many environmental services for them”
NGO, 2:41). On the other side, immigrants lack traditional ties to
he forest. There are “different perspectives about the forest. The
ndigenous people [. . .] see that the forest is a part of their social
ystem. [. . .] The immigrants usually don’t have the basic culture
ike that” (NGO, 5:14). The immigrants mostly see the economic
alue of the forest land in terms of cacao plantations.

However, this point of view articulated by NGOs and LLNP
uthority cannot be generalized. The interviews with farmers
eveal a more complex perspective. Most of the indigenous peo-
le in the traditional village Toro have a strong traditional tie to the
orest as described above. Many indigenous people in Bulili are also
ware of the protective value of the forest against landslides and
oods. However, the people in Bulili are still converting forest into
rable land within LLNP. The immigrants, mostly Bugis, dissociate
hemselves from being the group responsible for forest conversion
nd the resulting environmental problems because they are rarely
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

nvolved directly in forest conversion.
Furthermore, pro-environmental attitudes in the indigenous

opulation did not prevent the widespread appropriation of LLNP
esources after the end of the Suharto era in 1998. “The whole area
ot the trouble, wood taking and damaging the forest happened at
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able 3
erception and evaluation of local institutions of the natural resource management proce

Village-level institutions State-induced formal rules
Village representative body

Positive (should) consist of representatives of all groups of th
society

Negative Rules, regulations and sanctions are rarely adopted b
villagers

ource: own data.
t

hat time. Before the reformation time, nobody dared to take rattan
. . .]. But after the reformation time, the people took rattan in front
f our face, and we couldn’t do anything because there were many
eople there” (LLNP, 11:5). “At the time, the people became more
owerful and stronger compared to before”. NGOs were forced to
tand by and to try to initiate dialogue with the people (NGO, 2:28).

ules in use: village institutions
In regard to access to forest resources, we found strong differ-

nces among village institutions (Table 3). In the traditional village
oro, all individuals interviewed highlighted the strong influence
f local institutions, mainly exerted by the traditional custom-
ry organization (Lembaga Adat). A clan of families belonging to
he first settlers dominates almost all positions in the formal vil-
age leadership. Besides the traditional customary organization,
ts members also occupy the positions of the mayor and dom-
nate the village representative body. To become a member of
he village government (traditional customary organization, vil-
age representative body, mayor) candidates must be indigenous.
[. . .] the members of village government should be the indige-
ous people of Kulawi” (Teacher; indigenous, Toro; 263). Although
he members are elected, positions are often passed on from one
amily member to another, especially, positions in the traditional
ustomary organization. Furthermore, only indigenous people are
llowed to participate in the elections. Generally, non-indigenous
nhabitants are merely informed about the results. Migrants who

ant to settle in Toro and practice agriculture will appear at a tradi-
ional customary organization meeting, present their request, and
ope for the assignment of a forest plot. However, immigration by
embers of non-local ethnic groups is strictly discouraged, e.g. by

estricting land purchases and land assignments. The land poten-
ially assigned to an applicant stems from the community forest
ulation and valuation of forest use—Evidence from Central Sulawesi,

ocated inside LLNP. The traditional customary organization also
rants permission for the extraction of timber and non-timber for-
st products such as rattan or dammar. Since the fall of Suharto
nd the decentralization efforts of the government, the traditional
nformal institutions, in particular rules and sanctions imposed by

ss from the point of view of the village.

Traditional informal rules
Traditional customary organization

e village Strictly enforce rules, regulations, and sanctions concerning
sustainable utilization of forest resources

y the Mainly works in traditional communities

Fosters discrimination against migrants

Stronger risk of local nepotism

dx.doi.org/10.1016/j.landusepol.2011.01.001
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Table 4
Evaluation of interaction between rules in use (state induced and traditional) and participants concerning forest use regulations.

Criteria State-induced formal rules Traditional informal rules

Positive Negative Positive Negative

Boundary Zoning Opposing opinion concerning
boundary between
government and locals

Sanctions Positive experience of law
enforcement of national
law from government

Contradicting rules between
LLNP and local institutions

Sanctions for residents and
non-residents of a village

ional
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and local conditions

Unsuitable nat

ource: own data.

he traditional customary organization, have gained more impor-
ance in Toro. These informal institutions, however, are undergoing

process of formalization, including the formulation of written
ules and regulations, encouraged by certain NGOs.

In Lempelero, a village regulation concerning natural resource
se was drawn up by the mayor and the traditional customary
rganization. However, it has neither been committed to writ-
ng nor completely implemented yet. This regulation deals with
ssues concerning the appropriation of forest products as well as
egulations about converting forest into agricultural land. Since
imber trade is officially prohibited, forest products can only be
aken as fuel wood or construction timber for auto-consumption.
hey are not allowed to be offered for sale. Furthermore, it is
rohibited to cultivate steep slopes (>45◦) because of the risk of

andslides, and in order to preserve the headwaters to secure vil-
age water supply. However, population pressure prompts some
oorer local households to commercially collect rattan, which
orms their major source of income. Rules and regulations are inad-
quately monitored, and sanctions – if they exist at all – are rarely
nforced.

In Bulili, the ethnically most diverse village, the traditional
ower relationships are replaced by economic power structures.
his is mainly due to Bugis migrants, who are substantially more
rosperous than indigenous households as they usually grow and
arket cacao more successfully. The mayor and the village repre-

entative body can be seen as the leading formal organizations; the
raditional customary organization is not very powerful. Although
t is possible for migrants to hold a position in the village govern-

ent, its legal representatives are not known by many villagers be
t migrants or indigenous people. Indigenous as well as Bugis inter-
iewees agree that a widespread laissez-faire attitude on natural
esource use prevails. Every household is regarded as responsible
or itself: no specific written and implemented village regulations
xist. “The problem in this village is that even if we already have
egulations, they have not yet been implemented” (Mayor, Bulili;
48). Official rules and regulations set by LLNP authorities stem
rom the sub-national or even national level. For these regulations,
oo, neither monitoring nor sanctions have been implemented.
It is common here that everybody goes to the forest without
ermission” (Local, Bulili; 219). Because of the absence of for-
st resources and available agricultural land outside LLNP, Bulili’s
ommunity has no alternative to using LLNP to extend their agri-
ultural land holdings. Virtually without institutional restrictions,
ugis migrants, as well as some better-off indigenous households,
ave acquired land via purchase from poorer, local households
utside LLNP. This aggravates pressures on LLNP, as the land-
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

tripped indigenous households, in turn, acquire new land by
llegally clearing primary forest inside LLNP. These new plots are
f inferior land-use quality and of a highly precarious tenure sta-
us. In contrast to Toro and Lempelero, newly converted plots are
eported to the mayor only after deforestation. Even this report-

O

N
o

regulations Positive impact of traditional
customary organization

Difficulty with migrants
in the implementation of
local rules

ng is not done to acquire an ex-post permission, but in order to
uard against competing claims to the same land by other vil-
agers.

valuation of interaction

Analysis of the interviews with the National Park and NGOs
evealed various relevant factors – such as boundary, sanctions, and
ongruence between rules and local conditions – that can be exam-
ned to help evaluate the situation of forest use in LLNP (Table 4).
n appropriate zoning of LLNP is seen as important to guarantee

raditional access to the forest for local people. “There are areas
nside the National Park that already became hunting areas, coffee
arming areas, and rattan-taking areas a long time ago. So, when
t’s accepted by the National Park, [.] they [the local people] have to
espect the National Park” (NGO, 5:32). In this context, the estab-
ishment of a living boundary (trees as border demarcations instead
f poles and fences) around the National Park is discussed to fulfill
oth targets, such as clear boundary demarcations and to benefit

ocal people in regard to their use of the products (NGO, 9:14). How-
ver, even where such trees were planted, the LLNP authority and
ocal people still hold opposing opinions about the National Park
oundary due to traditional use rights before LLNP establishment
LLNP, 6:10, NGO 7:5).

The importance of effective sanctions at the village level for
esidents and non-residents is emphasized (NGO, 9:15). But contra-
ictions between rules of LLNP and local institutions have caused
onfusion because people were caught by the forest police in an
rea where – in their opinion – forest product harvesting was
llowed (NGO, 3:20, 5:22). By LLNP personnel, the national law and
ts enforcement are valued positively. Good results are reported in
erms of less illegal wood extraction (LLNP, 8:8), and a learning
ffect has been observed among the people caught by the forest
olice (LLNP, 8:9).

Concerning traditional informal rules, a positive impact of the
raditional customary organization can be observed in several
laces (LLNP, 4:10). However, migrants still manifest difficulties

n implementing traditional informal rules, and even indigenous
eople continue to demonstrate deficiencies in obeying the state-

nduced laws. Illegal land cultivation inside the National Park
emains problematic (NGO, 5:20), and resistance to LLNP man-
gement is observable that can be attributed to the government’s
ndifference to cultural and social diversities in the Park’s imple-

entation (NGO, 10:15). One interview partner even stated that
[. . .] the National Park itself is the main problem” (NGO, 5:13).
ulation and valuation of forest use—Evidence from Central Sulawesi,

utcome: CCAs as an instrument to support sustainable forest use

The negotiations for the CCAs between the LLNP authority,
GOs, and village representatives started in the late 1990s. TNC and
ther NGOs have established dedicated village conservation coun-

dx.doi.org/10.1016/j.landusepol.2011.01.001
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Table 5
Perception and valuation of CCA by villagers, LLNP, and NGOs.

CCA Formal CCA rules Impact of CCA

Positive Participation: traditional rules included Participation: minimizing gap between LLNP and local people
considering traditional rules

Monitoring: application of different techniques (transects, photographs,
GIS)

Capacity building

Income generating activities Rule adherence: better adherence to CCA rules than to LLNP rules
imposed by government

Sanctions for residents and non-residents of a village

Negative Participation: not all villagers involved in CCA design

Monitoring: weak realization (no financial support, little formal training)

S

c
a
o
o
t
2
i

-

-
-

-
-
-

i
s
h
m
a
i
t
c
w

r
m
m
a
u
v
p
o
f
t
a
f
a

E

V

r

e
w
l
o
i
g
t
t
c
t
M
v
e
c
o

i
a
T
m
n
a
b
7
n
l
b
(
i
t
a
t
n

I

e
s
r
t
h
e

Conflict between LLNP and villagers over usage of resources

ource: own data.

ils (Indonesian: Lembaga Konservasi Desa: LKD) for the supervision
nd co-ordination of the CCAs. The village conservation council can
nly become active in the designated CCA zone within LLNP as the
ther areas of the national park are under the sole jurisdiction of
he LLNP administration (Village Secretary of Wuasa, pers. Comm.,
006). The functions of the village conservation council typically

nclude (Desa Wuasa, 2002):

to provide an umbrella for communication between the commu-
nity and the National Park authority,
to socialize the CCA to the local community,
to carry out participatory planning with villagers and the National
Park authority,
to supervise the implementation of the CCA,
to evaluate the CCA,
to report the evaluation results of the CCA to the mayor.

The village conservation council organizes the monitoring activ-
ties. Council members meet between twice per month to every
ix months. Usually, there is no established schedule. Meetings are
eld in accordance with the personal time schedules of the council
embers or if there is a specific reason to convene one. Members

re often also members of other village organizations, especially
n the traditional villages. In some villages, the LLNP authority has
rained the monitoring team, some of which have received finan-
ial support from NGOs. However, the members are not paid and
ork on honorary basis in most cases.

The villages have all agreed to specific CCA commitments. The
ules and sanctions of the agreements are listed in a forest manage-
ent plan and address various issues: the amount of timber that
ay be harvested; the use and sale of timber; forest conversion for

griculture and plantation development; the collection, sale, and
se of rattan and other non-timber forest products; hunting. The
illage conservation council has the capacity to punish or sanction
erpetrations of the CCA. The execution of such measures relies
n the official village organizations, however. The sanctions differ
rom village to village but are usually based on the traditional cus-
omary rules. In some village regulations, precise monetary fines
re defined. In other villages, fines are stipulated in kind. The money
rom the fines is received by the traditional customary organization
nd is meant to be used for village development.
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
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valuation of CCA

aluation of CCA
The knowledge and understanding of CCAs by the villager

espondents varied among and within villages. The village lead-

o
fl
d
W
s

rship was the primary participant in the CCA negotiations and
as informed about its purpose and structure. Many ordinary vil-

agers have never heard of the agreements, stating to know nothing
f their details or purpose. Communication between LLNP admin-
stration and community members was reported to be not very
ood, neither during the negotiation of the CCAs nor with respect
o other conservation activities: “So you have no suggestion for
he [government] apparatus that creates better approaches to the
ommunity and not only threatens the villagers; because it only
riggers conflict amongst villagers and forest guards” (Decision

aker, Wuasa, 391–392). Some NGOs worked alongside in the same
illages, but the coordination among the NGOs was not very strong,
ach often promoting only its own particular CCA. This caused
onfusion among the villagers, and many were not certain which
rganization initiated and carried out which activity.

During the interviews with LLNP and NGO personnel concern-
ng CCAs (Table 5), the importance of the integration of local people
nd local rules at different steps in the process was highlighted.
he CCAs are made “[. . .] in the context of collaboration manage-
ent. That basic concept [. . .] is to minimize the gap between the

ational park management and the people” (NGO, 7:11). “There are
lready rules in the society, and they write the rules down and that
ecomes the agreement between the people and the office” (NGO,
:29). These rules are seen to be “[. . .] more powerful than the
ational rules” (NGO, 2:29). It can be said that the people respect the

ocal rules better than the national ones imposed by government
ecause the CCA rules are “more practical” when locally adapted
NGO, 2:29). The incorporation of income-generating possibilities
n the CCA document is also positively valued, especially for “[. . .]
he places that have no resources outside” LLNP where “nothing is
llowed to be taken out” (NGO, 2:32). Sanctions adapted locally at
he village level (NGO, 9:15), as well as various monitoring tech-
iques (NGO, 2:18) are also part of CCA.

mpact on natural resource management
All villager respondents agreed that extensive illegal resource

xtraction inside LLNP, such as rattan collection, or forest conver-
ion to agricultural land took particularly place after the end of the
epressive Suharto government. Farmer respondents said that in
he past, the increasing illegal human use of natural resources has
ad an impact on the environment. Nowadays, less illegal resource
xtraction occurs or it is more controlled, but the consequences
ulation and valuation of forest use—Evidence from Central Sulawesi,

f previous human activities are felt with a higher intensity of
oods, erosion, and other environmental disasters. NGO respon-
ents attribute this at least in part to the success of the CCAs.
here there are no CCAs, the ecological situation is perceived as

till worsening by them (Fig. 3).
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Fig. 3. Evaluation of the topic resource extraction before and after the CC

iscussion

Managing natural resources in the form of state-induced PAs
s a common tool to counteract global deforestation and forest
egradation. Analysis of formal and informal institutions from our
ase study in Lore Lindu National Park documents different factors
hat restrict or facilitate access to forest resources for local users.
verall, our results show that the implementation of state-induced

ormal rules executed by village representative bodies and the LLNP
uthority were not effective in the past. However, traditional infor-
al rules on resource use were at least partly incorporated into

everal community conservation agreements. These CCAs reflect
revious implementation problems at least partly, and demon-
trate substantial potential to mitigate the conflict of interests
etween conservation objectives and local livelihood needs.

Rules and regulations from the national or sub-national level
ithout effective monitoring are regarded as inadequate for nature

onservation by NGOs and villagers. The governance situation has
enerally improved in comparison to the Suharto era with the
ntroduction of the new village representative body in Central
ulawesi, a local system implemented by the national government
Weber, 2006). However, our results illustrate that the introduc-
ion of the village representative body does not necessarily result
n more legalistic, participatory, or democratic resource manage-

ent procedures. In fact, the village representative body system is
oo weak to prevent deforestation, undemocratic social exclusion,
nd discrimination. This overall situation in the LLNP area is in line
ith Clement and Amezaga (2009) who found great discrepancies

etween policy intentions and outcomes in national afforestation
rograms in northern Vietnam. They relate this gap to the lack of
larity and poor adequacy of the policies designed at the national
evel. In our study of LLNP management, discrepancies in boundary
emarcation and contradictory rules regulating the relationship
etween LLNP and local institutions play a major role. Such a lack
f congruence hampers successful natural resource management.
ational regulations adopted by village representative bodies and

he LLNP authority are perceived as being unsuitable ignoring tra-
itional local rules. Consequently, we found resistance to LLNP
nd its regulatory system as imposed by the central government.
rom studies in Indonesian Borneo, we know that massive envi-
onmental degradation and impoverishment of local people can
e observed when central governments have exerted sole author-

ty over resources (Curran et al., 2004). Based on such examples
ietz et al. (2003) claim that too many strategies for governance of
atural resources are designed at national levels ignoring local con-
itions. Our findings are further in line with Ostrom et al. (1999),
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

ho point out that if rules are imposed by outsiders without con-
ulting local actors, these local actors may exhibit severe resistance
o externally imposed institutions. From this perspective, the LLNP
uthority can be described as an external entity that constrains the
ehavior of the locals concerning forest use. The fact that individu-

b
p
i
t
a

lementation (participants used scores −3 (very bad) to +3 (very good)).

ls react with resistance when their freedom to behave as they feel
ntitled to is being abolished or is threatened is in detail described
y “psychological reactance theory” (Brehm, 1966).

Several design principles for cooperative natural resource man-
gement have been suggested (Ostrom, 1994a). Such principles are
egarded as critical components of effective institutions dealing
ith forests as a common pool resource. In our study, deficiencies
ith reference to relevant principles include insufficient bound-

ry demarcation, and a lack of congruence between rules and local
onditions. By means of these principles we found that implemen-
ation of state-induced formal rules was not effective in the past.
oupled with a much lower population pressure and much lower
arket incentives for cacao cropping, the LLNP authority exerted

ubstantial repressive power during the Suharto era even without
ocal participation in resource management. Thus, positive effects
f LLNP establishment can be observed with respect, e.g., to reduced
eforestation (Schwarze et al., 2009). Later on, the state-induced
ormal rules on LLNP conservation proved largely ineffective as
entral government power largely dissolved. Consequently, the vil-
agers rejected rules, regulations, and sanctions perceived as unfair
imitations as soon as they physically could.

Our results further demonstrate that the long-term failure in
he implementation of state-induced institutions has already been
ecognized by the LLNP authority, as it has been actively engaged
n implementing CCAs for the past decade. CCAs can be inter-
reted as part of a co-management strategy between the LLNP
uthority, NGOs, and the local people. Thus, resource management
n the research area has followed the worldwide trend towards
ecentralizing responsibility among the stakeholders within PAs
Borrini-Feyerabend, 2003). Given the management complexity
nd impending global changes that PAs are facing, it is increasingly
ecognized that the governance arrangements that were consid-
red appropriate in the last century may no longer be appropriate in
he future (Borrini-Feyerabend, 2003). Thus, cooperation not only
rovides a more democratic approach, but could also lead to more
ffective and economically efficient conservation by avoiding costs
ssociated with conflicts (Vermeulen and Sheil, 2007).

In the case of LLNP, the major pillars of CCAs are the participa-
ion of local inhabitants, and integration of local rules. According
o reactance theory (Brehm, 1966), the most effective measure
o reduce reactance is the re-introduction of freedom of behavior
hrough, e.g., incorporation of traditional local rules in PA manage-

ent. Thus, the implementation of CCAs can be seen as a necessary
nd potentially useful step for improved management of LLNP (cf.
strom, 1990; Mappatoba and Birner, 2002; Stoll-Kleemann and
elp, 2008). Overall, monitoring and enforcement structures have
ulation and valuation of forest use—Evidence from Central Sulawesi,

enefited from the implementation of the CCAs. In most cases, they
rovide a good framework for rules and regulations. This finding

s backed by the villager perceptions of reduced resource extrac-
ion of LLNP after implementation of CCAs. Chun and Tak (2009)
lso conclude that traditional institutions used for forest man-

dx.doi.org/10.1016/j.landusepol.2011.01.001
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gement in ancient Korea were effective and forests under this
anagement system were better protected than those designated

s ‘forbidden forests’ where utilization was forbidden by the gov-
rnment.

However, in those villages around LLNP that have a rather weak
raditional customary organization – usually in the more ethni-
ally mixed villages – the acceptance of traditional rules is weak.
onsequently, the successful incorporation at least of traditional

ocal rules is more difficult. In more static villages with low immi-
ration in recent decades, the traditional customary organization
njoys unchallenged supremacy, whereas the traditional custom-
ry organization does not play this type of role in more dynamic
illages dominated by migrant households. Ostrom et al. (1999) tie
he development of norms that shape natural resource use to group
dentity: a set of people identifying as one group is more likely than
set of strangers to develop effective resource management insti-

utions. The clear differentiation of migrant and indigenous people
n our study deviates from findings by Sah and Heinen (2001)

ho identified conservation attitudes in Nepal to be influenced
y education and resource-use patterns rather than by ethnic-

ty. However, Burkard (2002) observed – similarly to our study
that in ethnically mixed villages next to LLNP, the traditional

ustomary organization does not play a significant role in the man-
gement and utilization of natural resources. In the past, much
llegal forest resource extraction took place in these villages, and
either official nor informal institutions have appeared to reduce
hem.

Overall, CCAs show great promise for success in terms of min-
mizing the gap between the LLNP and the local people through
ntegration of traditional, informal rules (cf. Mappatoba and Birner,
002). However, this aspect in particular might produce a problem

n the future as those traditional, informal rules are still difficult to
mplement for migrants. Migrants usually do not share the same
raditional value-belief system and ties to the forest as the indige-
ous people. Thus, migrants’ rejection of CCAs can be expected,
nalogous to what has been observed in regard to their lack of
dherence to the traditional customary organization rules. On the
ther hand, it might also be possible that migrants manifest better
espect for the formal CCA rules than the traditional, informal ones
ue to their lower social capital (less contact to traditional village
lites). Thus, migrants often conform more readily to formal laws
nd regulations potentially including the CCAs (cf. Barkmann et al.,
010).

The fact that various NGOs with different backgrounds nego-
iated CCAs in the area was identified by Mappatoba and Birner
2002) as an advantage, provided they coordinate and combine
heir activities, especially if working in the same village. Our
nalysis revealed that this did not happen. The NGOs worked
ndependently, did not coordinate, and even promoted their own
ndividual CCAs with differing goals, resulting in confusion among
illagers.

The lack of opportunity for all village groupings to participate
n CCA negotiations – rather than only the village elite – clearly
onstitutes a problem that has yet to be solved. Mappatoba and
irner (2002) pointed out the potentially problematic nature of
his issue, and our study confirms their findings. Still considerable
rogress has to be achieved here in order to actualize the poten-
ials of the introduction of CCAs. So far, the problem of migrants’
ack of adherence to rules has been primarily tackled by the tradi-
ional customary organization through strict rule enforcement of
Please cite this article in press as: Mehring, M., et al., Local institutions: Reg
Indonesia. Land Use Policy (2011), doi:10.1016/j.landusepol.2011.01.001

raditional informal rules in the traditional villages. This results
n a stronger risk of local nepotism and discrimination against
he newcomers. Excluding certain groups of the population from

anaging natural resources is also known from other studies in
outh Asia, for example, where women were discriminated against
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Agarwal, 2001). Concerning sustainable resource-use patterns in
he LLNP area, the ethnically homogenous village Toro, for example,
reserves its natural resources effectively through the establish-
ent of powerful local institutions. However, with regard to land

istribution and equal access to natural resources, strong power
nequalities indeed exist. Recent poor migrants are discriminated
gainst, most obviously in cases of smaller land appropriations and
ack of access to village leadership positions.

Discrimination against migrants cannot be the way to go
or CCAs. Such a policy would violate basic human rights and
hwart potential societal benefits from migration, such as eco-
omic advancement and technological innovation. In the LLNP area,
hese benefits include the introduction of economically success-
ul cropping technologies for cacao (Faust et al., 2003). With more
nd more migrants living in close proximity to the world’s PAs
Sanderson et al., 2002), efforts must be undertaken to understand
ow demographic shifts such as migration may affect economic
evelopment as well as conservation success. As the migrants do
ot share the traditional value-belief system of the indigenous
opulation, a different strategy must be applied alongside local
articipation in CCA design that relies on traditional rules alone.
sound information policy and education regarding sustainable

evelopment in terms of the functional and protective values of
he forest might be a useful tool in this respect. This recommenda-
ion is supported by findings from Nyhus et al. (2003) who related
etter wildlife and conservation knowledge among migrants in
outhern Sumatra to higher educational attainment and past
xperience.

onclusions

From the discussion presented above, it can be concluded that
tate-induced institutions implemented by the village represen-
ative body and National Park authority as well as traditional
nstitutions mediated through the traditional customary organi-
ations are of major relevance in regard to forest use at the village
evel in the LLNP area.

Overall, our results show that the local human forest interaction
s characterized by ineffective state-induced official conservation
ules. Flaws in major design principles known from previous insti-
utional analyses have been identified such as insufficient boundary
emarcation, and a lack of congruence between rules and local con-
itions. Thus, we recommend that the LLNP management should
articularly focus on these aspects in the future.

To overcome these deficits, community conservation agree-
ents between the National Park and the villagers were

mplemented as a co-management strategy to foster sustainable
esource use. Generally, our institutional analysis assessed these
greements to be a promising strategy to promote adequate, locally
pecific management of forest resources. These existing agree-
ents, however, still lack appropriate options to tackle disparities

n the participation of certain groups of villagers, e.g. migrants.
Compared to the indigenous people, the migrants do not have

he same traditional ties with the forest and the same value-
elief system resulting in a negligence attitude towards the
ocial and spiritual importance of LLNP forests. This finding is of
igh relevance for conservation activities in the tropics as many
onservation activities rely on traditional local knowledge and par-
icipation of local people. As more and more migrants settle next to
ulation and valuation of forest use—Evidence from Central Sulawesi,

As, a sound understanding of their values of behavior is essential
o ensure sustainable resource management. If the more legalistic
ehavior of migrants lacking strong ties with the police and indige-
ous village leaders leads to a long-term acceptance also of CCA
egulations remains to be seen.

dx.doi.org/10.1016/j.landusepol.2011.01.001
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We further conclude that NGOs have not yet taken advantage
f their opportunity to acquire more influence by combining their
trengths through coordination of their activities, especially when
orking in the same village. Rather, they continue to work inde-
endently, causing confusion and skepticism among the villagers.
his is the case for not only national but also international NGOs
nanced by developed country donors. Better coordination among
GOs can thus not only result in achieving conservation goals but
lso result in financial effectiveness.

Finally, we can conclude that cultural diversity, one of the rea-
ons for the Lore Lindu region to be nominated as conservation
rea (national park as well as biosphere reserve), still constitutes
challenge for the park management. At present resistance at the

ocal level is obvious, even almost ten years after the introduction
f community conservation agreements.
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ABSTRACT

    2.   Biosphere reserves seek to reconcile nature conservation with local development
    3.   goals e.g. by delineating buffer zones of sustainable resource use around core
    4.   areas with primary conservation objectives. One aim of these buffer zones is to
    5.   prevent land cover clearing in the strictly protected core area. In the
    6.   presented paper we evaluate buffer zone effectiveness to reduce deforestation
    7.   within the Biosphere Reserve Lore Lindu in Sulawesi, Indonesia. Information on
    8.   processes associated with buffer zone management was collected in order to
    9.   better understand their dynamics. Socio-economic and remote-sensing data were
   10.   combined in an integrated approach. We applied a systematic qualitative social
   11.   research design and performed in-depth interviews with local, sub-national, and
   12.   national authorities. Data collected through the interviews were used to
   13.   interpret satellite images: 1) spatially (i.e. forest cover change in buffer
   14.   zone versus core area) and, 2) over time (i.e. forest cover change as a response
   15.   to changing management regimes and socio-economic processes in the region). For
   16.   this purpose a time series of LANDSAT scenes from 1972 to 2007 was used to
   17.   classify homogeneous areas of forest cover to ultimately detect forest cover
   18.   change. According to the satellite image analysis, the buffer zone in Lore Lindu
   19.   was ineffective at reducing forest cover clearing in the core area between 1972
   20.   and 2007. Since management establishment in 1998, the deforestation rate within
   21.   the core area even quadruplicated. The gathered data suggests that there are
   22.   three main drivers for the ineffectiveness: 1) This can partly be related to low
   23.   awareness of boundary demarcation among the villagers due to the lack of
   24.   participation during management and boundary establishment. 2) The fall of the
   25.   national president Suharto in 1998 subsequently caused deforestation activities
   26.   in the core area as the park was perceived to be the local branch of the
   27.   national, suppressive regime. 3) The lack of implementation of the biosphere
   28.   reserve concept at the national level leads to unclear responsibilities in the
   29.   buffer zone as the legal backing for any buffer zone activity is lacking. This
   30.   causes confusion among the villagers regarding the criteria used to define the
   31.   buffer zone. Although it appears that the forest status in Lore Lindu is still
   32.   good compared to other regions in Indonesia, attention must be given to the
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   33.   protection of the core area. We conclude that the biosphere reserve concept
   34.   needs to be strengthened in Indonesia. Its implementation at national level
   35.   including adoption of clearly defined regulations would substantially contribute
   36.   to reducing such negative impacts on buffer zone management through, for
   37.   example, carefully designed awareness raising programmes.

   38.   Key words: buffer zone; protected area; remote sensing; management
   39.   effectiveness; Indonesia; biosphere reserve

INTRODUCTION

   41.   Although the rate of deforestation, at global scale, has started to decrease
   42.   slightly, several regions remain where it is still alarmingly high (FAO 2010).
   43.   Tropical forests are under serious threat from logging and clearing for
   44.   agriculture (FAO 2010). Global biodiversity scenarios identified land use change
   45.   as the most important driver of change in forests in the future (Sala et al.
   46.   2000). Thus, in situ conservation strategies, such as protected area (PA)
   47.   establishment, are required to sustain ecological integrity of forest ecosystems
   48.   in the future. PAs are perhaps the most important of all conservation tools to
   49.   reduce deforestation (WWF 2004). There are now more than 130,000 PAs worldwide,
   50.   covering more than 12% of the Earth’s land surface (WDPA 2010). But
   51.   designation of PAs is only a first step. If PAs are to be effective in
   52.   fulfilling their role in biodiversity conservation, they must be well managed
   53.   (WWF 2004). A survey of ten key forest countries exhibited that many forest PAs
   54.   were already suffering from forest degradation and forest loss identifying
   55.   impoverished PA management to be a key reason (Dudley and Stolton 1999).
   56.   Biosphere reserves (BR) evolved as a separate category of protected areas,
   57.   internationally designated by UNESCO, but are now considered more separate from
   58.   other protected areas due to the equal emphasis given to development objectives
   59.   (Ishwaran et al. 2008). The BR concept was therefore the first deliberate
   60.   international effort to identify ways and means of achieving sustainable
   61.   development of terrestrial ecosystems (Batisse 1993). The idea of setting up BRs
   62.   resulted from the UNESCO Conference on Rational Use and Conservation of the
   63.   Resources of the Biosphere in 1968 (Batisse 1993). The Man and the Biosphere
   64.   (MaB) program, which directly derived from this conference aimed at reconciling
   65.   utilization with long-term protection (Batisse 1993). The implementation of this
   66.   vision at the local level is realized through e.g. zonation of the designated
   67.   area into core area (strictly protected area), buffer zone (focus on sustainable
   68.   land use), and transition area (focus on cooperation with local stakeholders).

   69.   Many methodologies have been developed to assess management effectiveness of PAs
   70.   (Hockings 2003). They range from expert interviews ignoring ecological integrity
   71.   (Bruner et al. 2001, WWF 2004) to pure satellite image analyses focusing solely
   72.   on ecological integrity (Curran et al. 2004, Joppa et al. 2008, Nagendra 2008).
   73.   Until now, there are only few studies combining both, remote sensing to analyze
   74.   ecological integrity and intensive field surveys to consider institutional
   75.   factors (e.g. Nagendra et al. 2005, Ostrom and Nagendra 2006). Conclusions of
   76.   these studies range from ‘PAs are ineffective’ (Curran et al. 2004),
   77.   to ‘PAs are effective’ (Joppa et al. 2008), and ’PAs are
   78.   effective, but not in general” (Nagendra 2008). The variety of answers
   79.   indicates that PA effectiveness is complex and depends on a combination of
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   80.   drivers from different, political levels underlining the need for integrated
   81.   research approaches to understand socio-ecological systems in its local,
   82.   sub-national, and national context (Folke et al. 2007, Joppa et al. 2008). In
   83.   the case of forest PAs, measuring the impact of PAs on forest cover clearing can
   84.   help assess the effectiveness of their management. Remote sensing provides a
   85.   particularly effective tool and satellite image analysis is the most frequently
   86.   used technique for mapping land cover change (Nagendra 2008). In order to assess
   87.   the impact of a given PA on forest cover, changes within its area need to be
   88.   compared to a standard area without legal protection (Nagendra 2008). Measuring
   89.   the effectiveness of these areas is difficult because the amount of
   90.   deforestation that would have occurred in the absence of legal protection cannot
   91.   be directly observed (Andam et al. 2008). Two kinds of comparison can provide
   92.   useful indicators in this regard. First, one can compare deforestation rates of
   93.   areas inside and outside PAs using satellite data (e.g.Curran et al. 2004).
   94.   However, these analyses can be biased because areas inside and outside the PA
   95.   can differ in many characteristics which in turn influence deforestation (Joppa
   96.   et al. 2008). This is the case in situations where the PA is located in remote
   97.   areas that are less accessible than the surroundings. These areas may show low
   98.   rates of deforestation due to remote location rather than PA existence. Second,
   99.   rates of deforestation before and after management establishment can be compared
  100.   to see if creation of the PA has slowed down deforestation. This approach
  101.   provides a different perspective but is limited by the general trend that
  102.   deforestation is increasing over time in some areas. Thus, a combination of both
  103.   approaches (i.e. deforestation rates inside and outside boundary as well as
  104.   before and after management establishment) supports triangulation of the
  105.   findings. Furthermore, to adequately address the multi-faceted issue of PA
  106.   effectiveness, satellite image analysis should be complemented by detailed field
  107.   research to provide insights into social and institutional processes that impact
  108.   PA management (Southworth et al. 2006, Elmqvist et al. 2007).

  109.   Until now, studies focusing on South-East Asia (DeFries et al. 2005, Nagendra
  110.   2008) or Indonesia conclude that conservation endeavors, including PAs, have
  111.   been unsuccessful (Curran et al. 2004, Linkie et al. 2008). In this study we
  112.   focus on the Biosphere Reserve Lore Lindu (BRLL) on Sulawesi, Indonesia, to
  113.   evaluate the effectiveness of the buffer zone in reducing deforestation in the
  114.   core area. Including both ecological integrity and management effectiveness we
  115.   seek to answer two questions: i) Has the management in Lore Lindu been able to
  116.   counteract the country-wide trend of increasing deforestation? and ii) which
  117.   factors at local, sub-national, and national level influence buffer zone
  118.   effectiveness in Lore Lindu?

METHODS

  120.   Study site 

  121.   The study site is located in the province of Central Sulawesi, Indonesia, south
  122.   of its capital Palu (Figure 1). As one of seven BRs in Indonesia, BRLL was
  123.   officially declared as UNESCO Biosphere Reserve in 1977 comprising the five
  124.   sub-districts Sigi Biromaru, Kulawi, Lore Selatan, Lore Utara, and Palolo
  125.   (Widagdo 2008). In 1993 the core area of the Lore Lindu BR was designated as
  126.   Lore Lindu National Park (LLNP) (Shohibuddin 2008). The core area resulted from
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  127.   fusion of three nature reserves and was further declared as World Heritage Site
  128.   by UNESCO (Shohibuddin 2008). However, the official boundary of the core area
  129.   was not fixed until 1998, when the management body was implemented by the
  130.   Ministry of Forestry (Widagdo 2008). Until now the management is carried out by
  131.   the Balai Taman Nasional Lore Lindu (authority of Lore Lindu National Park), an
  132.   administrative office under the Ministry of Forestry at the national level
  133.   (Shohibuddin 2008). In the following study LLNP authority corresponds to BRLL
  134.   authority as the head of the Indonesian MaB program in Jakarta passed the BR
  135.   responsibility on the LLNP. Depending on interview partner the respective term
  136.   is used. The LLNP authority defined the area around the LLNP as the buffer zone
  137.   aiming to protect the core area (Widagdo 2008). However, the border to the
  138.   transition area is not yet defined (Widagdo 2008). About 64 villages are located
  139.   in direct proximity to the core area (Widagdo 2008). The boundary of the
  140.   transition area has not yet been specified (Widagdo 2008).

  141.   Figure 1 

  142.   The Lore Lindu region is extremely important from an environmental conservation
  143.   point of view because of its unique biodiversity. Located to the east of
  144.   Wallace’s line it is internationally recognized as Global 200 Ecoregion
  145.   (Widagdo 2008). The area is considered an outstanding representative of the
  146.   world’s terrestrial ecosystems due to its species richness, endemism,
  147.   higher taxonomic uniqueness, and keystone habitats (Widagdo 2008). Besides this
  148.   ecological uniqueness there is also an astonishing cultural heritage of ancient
  149.   stone megaliths from 1300 AD. Several distinct ethnic groups are living in the
  150.   villages adopting traditional custom laws (Widagdo 2008). The region is
  151.   predominantly a rural area and the majority of the households depend on
  152.   agriculture as the primary source of income (Maertens et al. 2006). The
  153.   principal food crop is paddy rice, while cacao and coffee are important cash
  154.   crops (Maertens et al. 2006). Agricultural expansion, particularly of cacao,
  155.   threatens the integrity of the core area as the land needed for farming is
  156.   increasing (Faust et al. 2003).

  157.   Satellite image analysis 

  158.   A time series of LANDSAT scenes from 1972, 1983, 1999, 2002, and 2007 was used
  159.   to classify homogeneous areas of forest cover to ultimately detect
  160.   deforestation. The data set used for change analysis was provided by our
  161.   cooperation partner STORMA (Stability of Rainforest Margins in Indonesia),
  162.   University of Göttingen, Germany. For data preparation and land use
  163.   classification see Erasmi et al. (2004). These classified data were matched in a
  164.   GIS and aggregated in a 30 x 30 meter grid. Subsequently change analysis was
  165.   carried out. Areas of forest and non-forest were calculated for each point in
  166.   time. Furthermore, deforestation rate was computed for the periods before and
  167.   after management establishment in 1998. Thus, the difference of forest cover
  168.   between the images from 1972 and 1983 (before management establishment) as well
  169.   as the difference between 1999 and 2007 (after management establishment) were
  170.   calculated.
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  171.   Calculation of forest cover and deforestation rate was performed for the total
  172.   area, core area and buffer zone. As the definite borders of the Biosphere
  173.   Reserve (buffer zone, transition area) are not yet fixed, the total area is
  174.   defined as the STORMA research area matching the five sub-districts Sigi
  175.   Biromaru, Kulawi, Lore Selatan, Lore Utara, and Palolo. The core area
  176.   corresponds to the area of LLNP. The total area covers approximately 7,500 sq.
  177.   kilometers where 2,200 sq. kilometers constitute the core area (Erasmi et al.
  178.   2004). After consultation with BRLL authority, we defined the buffer zone as
  179.   three kilometer buffer around the core area including two enclaves located
  180.   inside LLNP. This buffer zone covers an area of some 1,100 sq. kilometers.

  181.   Interview accomplishment and analysis 

  182.   A systematic qualitative social research approach was applied performing
  183.   in-depth interviews (Punch 2005). These interviews provided us with important
  184.   insights into the local institutional dimensions and their interaction within
  185.   the context of BR management including e.g. legal backing and responsibilities
  186.   for the buffer zone or collaboration with the local people.

  187.   Interviews were conducted between March and May 2008. Selection of interview
  188.   partners was done by snowball sampling (Punch 2005). Respondents representing
  189.   the local, sub-national, and national level associated with the BRLL management
  190.   were interviewed. At national level the head of the MaB program in Jakarta as
  191.   well as the MaB Committee members were interviewed. At sub-national level
  192.   interviews were accomplished with the current and former head and staff members
  193.   of BRLL. Furthermore, district government authorities such as the nature
  194.   conservation agency (BKSDA: Balai Konservasi Sumber Daya Alam), the agency for
  195.   planning and development (BAPPEDA: Badan Perencana Pembangunan Daerah), the
  196.   water catchment agency (BPDAS: Badan Pengelolaan Daerah Aliran Sungai), and the
  197.   forest observation agency (BPKH: Balai Pemantapan Kawasan Hutan) were
  198.   interviewed. At the local level interviews were performed with international
  199.   (TNC: The Nature Conservancy) and national non-governmental organization (NGO)
  200.   members (YTM: Yayasan Tanah Merdeka, “independent earth foundation”;
  201.   KARSA, “initiate”; Jambata, “bridge”). Furthermore,
  202.   local authorities such as mayor and district administrator as well as
  203.   inhabitants in four different villages located in the buffer zone were
  204.   interviewed. For a detailed explanation of the village selection criteria see
  205.   Mehring and Stoll-Kleemann (2010). Overall, findings from 25 interviews were
  206.   integrated. The interviews focused on implementation, zonation, and perception
  207.   of the BRLL and its management. They were conducted with the help of local
  208.   assistants in the national language Bahasa Indonesia and fully recorded.
  209.   Subsequently, interviews were transcribed and translated into English by local
  210.   assistants. According to the content-analysis approach (Punch 2005),
  211.   computer-based analysis with Atlas.ti was carried out.

RESULTS

  213.   Satellite image 
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  214.   Time-series analyses of remotely sensed images enabled us to identify
  215.   trajectories of forest cover change. In Figures 2 and 3 we present results of
  216.   forest cover as well as deforestation rates before and after management
  217.   establishment, respectively. Our results show that forest cover in the Lore
  218.   Lindu area is decreasing over time. The core area exhibits the highest forest
  219.   cover, with over 95% perennially but still experiences deforestation. In
  220.   contrast, the buffer zone was already sparsely forested in 1972 with 74% and
  221.   further experienced the highest loss of forest.

  222.   Figure 2 

  223.   The calculation of deforestation rates before and after the establishment of the
  224.   management reveals no differences for the total area (0.23% per year). However,
  225.   there are clear differences between core area and buffer zone. In the latter the
  226.   deforestation rate decreased from 0.79 to 0.68% per year after management
  227.   establishment, although overall it still remained high. However, in the core
  228.   area the deforestation rate increased from 0.06 to 0.27% per year after 1998,
  229.   thereby even exceeding the value for the total area (0.23% per year). Overall,
  230.   this corresponds to a forest loss of 520 sq. kilometers for the total area, 74
  231.   sq. kilometers for the core area, and 220 sq. kilometers for the buffer zone
  232.   between 1972 and 2007.

  233.   Figure 3 

  234.   Interview 

  235.   Our findings from the in-depth interviews conducted at local, sub-national, and
  236.   national level can help to understand major factors associated with BR
  237.   management in Lore Lindu. When considered appropriate, direct quotations are
  238.   given. The quotation number assigned by Atlas.ti is indicated. Figure 4 shows
  239.   the main drivers and their positive and negative interaction impacting buffer
  240.   zone management in Lore Lindu.

  241.   Figure 4 

  242.   A differentiation between forest awareness and management awareness was observed
  243.   among the residents. Due to personal experience of e.g. recent flood disasters,
  244.   the residents had learned to appreciate the protection value of and the
  245.   importance to save the forest (20:6).

  246.   However, the LLNP and its management are valued negatively, as one interview
  247.   partner stated: “Almost all people [inhabitants] say that there is no need
  248.   for LLNP” (11:10). As a main reason of this negative perception the way
  249.   the park is implemented was highlighted. In the establishment of the management
  250.   and its boundaries local people were not consulted or engaged. At that time the
  251.   government considered participation to be adopted when the district head
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  252.   participated. Since the fall of Suharto as president in 1998, local people have
  253.   become more powerful and now complain about the lack of participation in this
  254.   process (5:21). The inhabitants feel excluded and don’t understand the
  255.   zonation promoted by LLNP authority (24:2) as it contradicts to the local
  256.   traditional system for the use and management of the forest (11:3). One
  257.   interview partner even claimed that “without LLNP the forest could be
  258.   saved” (24:2). Another interviewee explained “that the concept of
  259.   the biosphere reserve with its zonation is a concept of Jakarta. [...] The
  260.   inhabitants have developed their own definition [...] and the word
  261.   ‘biosphere reserve’ doesn’t exist in their mind” (14:9).

  262.   UNESCO set up the idea to join the World Network of Biosphere Reserves (WNBR)
  263.   (8:4). In the early 1970s UNESCO together with the Indonesian Forestry
  264.   Department decided to establish 6 BRs representing different types of ecosystems
  265.   in Indonesia (3:6). Subsequently the Ministry of Forestry handed over the
  266.   responsibility to the Indonesian Institute of Sciences (Lembaga Ilmu Pengetahuan
  267.   Indonesia: LIPI) (1:9). Until now the BR concept including adoption of clearly
  268.   defined regulations is not implemented at the national level (1:8). Besides
  269.   ignorance of the BR concept at the sub-national level this lack of
  270.   implementation leads to unclear responsibilities among government agencies. The
  271.   LLNP authority says that the buffer zone is not their job, it is rather the
  272.   responsibility of the local government (10:12). In contrast, employees of the
  273.   local government criticize that until now there is no rule regulating buffer
  274.   zone responsibility (7:12). However, both local government and BRLL authority
  275.   are aware of forest encroachment associated with the lack of consideration of
  276.   local people’s needs. Thus, they both separately started income generating
  277.   activities in the buffer zone such as e.g. honey production, handicraft, and
  278.   cattle breeding. These well-intentioned but sometimes competing activities are
  279.   not successful and not accepted by the local people, especially when carried out
  280.   alongside each other in the same village (16:5).

  281.   Besides income generating activities, the BRLL authority started to integrate
  282.   local traditional rules in their management. During the last decade, community
  283.   conservation agreements (CCAs) between BRLL, NGOs and inhabitants were
  284.   negotiated. The CCA rules are seen to be more powerful and the people better
  285.   respect those than the national rules enforced by the BRLL (5:29).

DISCUSSION

  287.   Satellite image analysis shows that forest cover in the core area is decreasing
  288.   since 1972 indicating the park’s ineffectiveness to reduce deforestation.
  289.   This result deviates from findings by Bruner et al. (2001). Based on expert
  290.   interviews in 93 PAs in 22 tropical countries, they calculated that only a
  291.   minority of the parks included in the study (17%) experienced forest loss within
  292.   the boundary since establishment. However, our results are more consistent with
  293.   other studies based on satellite images drawing from standardized evaluation
  294.   methods of PA impact (e.g. Curran et al. 2004, DeFries et al. 2005,
  295.   Naughton-Treves et al. 2005, Nagendra 2008). In these studies the investigators
  296.   still found deforestation within the park boundary. In our study deforestation
  297.   rate in the core area increased from 0.06 to 0.27% per year after management
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  298.   establishment. This is in line with Nagendra (2008) and DeFries et al. (2005)
  299.   who both highlight the special position of PAs in Asia. Both conclude that
  300.   protection is generally effective in PAs. However, this applies not to PAs in
  301.   Asia where deforestation was found to be higher after PA establishment (Nagendra
  302.   2008) and PAs are most severely affected because of relatively low surrounding
  303.   forest habitat in former times (DeFries et al. 2005). Both findings also apply
  304.   to BRLL. A shift of deforestation from the buffer zone towards the core area can
  305.   be observed after management establishment. The deforestation rate in the buffer
  306.   zone was decreasing, while simultaneously an increase was observed in the core
  307.   area, whereas the deforestation rate for the total area remained the same. So
  308.   far satellite image analysis indicates that the buffer zone was not effective in
  309.   protecting the core area against encroachment.

  310.   Worldwide, forest cover is decreasing in several countries with a still
  311.   alarmingly high rate (FAO 2010). Thus, the question arises whether BRLL
  312.   counteracted this country-wide trend anyway, even though we detected
  313.   deforestation within the core area. Interview analyses allowed us to interpret
  314.   the satellite information on forest cover change. The residents perceive the
  315.   forest positively and acknowledge the importance to keep it. According to our
  316.   interview partners this is ascribed to personal learning processes rather than
  317.   to management outreach. Instead, LLNP and its management are valued negatively
  318.   and the need for its existence is questioned. This is in line with Sodhi et al.
  319.   (2010) who conclude from studies in four developing Southeast Asian countries
  320.   that local people accredit the importance of environmental services, including
  321.   cultural, provisioning, and regulating services, provided by forested parks,
  322.   although conflicts between park management and inhabitants exist. The study from
  323.   Berghoefer et al. (2010) has illustrated how different “natures” are
  324.   created in the relationship among individuals, society, and the physical world.
  325.   They conclude that the typical dichotomy between use and protection in terms of
  326.   natural resource use has little explanatory relevance and they claim that a
  327.   differentiated view on local awareness concerning natural resources needs to be
  328.   applied. In case of Lore Lindu, local people clearly differentiate between the
  329.   resource and the institutional setting. Elmqvist et al. (2007) also highlight
  330.   that forest cover change cannot be understood as an ecological process alone; it
  331.   is rather embedded in an institutional context depending on local rules. On the
  332.   one hand villagers in Lore Lindu appreciate the protection value of the forest
  333.   and on the other hand they see no need for managing the forest by an external
  334.   authority, because they feel themselves responsible for the forest. The local
  335.   people rather feel ignored because local traditional forest use and management
  336.   systems were not taken into consideration during the establishment of the park.
  337.   These findings provide evidence that the management in Lore Lindu seems not
  338.   counteracting the deforestation trend.

  339.   Instead, there is strong evidence from satellite image and interview analyses
  340.   that the park establishment has further spurred deforestation. During
  341.   interviews, the way of establishing and implementing the park was highlighted as
  342.   a main reason for resistance to the park and its boundary. In 1998, the
  343.   permanent borders of the core area were fixed without participation of the local
  344.   people and the management body was established by the national Ministry of
  345.   Forestry. After management implementation and boundary demarcation the
  346.   deforestation rate in the core area quadruplicated. Several studies have already
  347.   proved that government-imposed PAs without participation of local people have
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  348.   generated substantial conflicts between local people and park authority
  349.   resulting in resistance to the park (Dudley and Stolton 1999, Agrawal and Ostrom
  350.   2001, Dietz et al. 2003, WWF 2004, Nagendra et al. 2005). However, considering
  351.   the national political context of Indonesia the point of view broadens. Boundary
  352.   demarcation and management implementation coincide with the fall of President
  353.   Suharto in 1998. From studies on Sumatra and Indonesian Borneo we know that
  354.   after the fall of the national president and subsequent decentralization efforts
  355.   deforestation within PAs increased dramatically (Curran et al. 2004, Gaveau et
  356.   al. 2009). Gaveau et al. (2009) conclude that with the introduction of regional
  357.   autonomy schemes, local governments on Sumatra have shown little interest in
  358.   conservation because national parks fall under the jurisdiction of the national
  359.   government and provide few economic returns. Results from BRLL do not support
  360.   this finding. The consequence of decentralization efforts is not only important
  361.   for PA effectiveness but also in terms of international approaches to mitigate
  362.   terrestrial emissions associated with climate change, Reducing Emissions from
  363.   Deforestation and Degradation (REDD). Phelps et al. (2010) fear to impair
  364.   decentralization in forest management in developing countries through
  365.   implementing REDD. In the case of Lore Lindu local government as well as BRLL
  366.   authority are aware of conservation needs to protect the core area against
  367.   encroachment. Both agencies attribute deforestation in the core area to a lack
  368.   of consideration of local people’s needs. But, as long as the BR concept
  369.   is not implemented at the national level, the legal backing is lacking and
  370.   responsibilities concerning buffer zones remain unclear. So far, nobody is
  371.   legally responsible for managing the buffer zone, but both agencies get money
  372.   from the Ministry of Forestry and thus carry out income generating activities.
  373.   Similar to the way of management establishment, these activities are not
  374.   developed in cooperation with the local people nor do they acknowledge
  375.   traditional use rights before management establishment. Moreover, sustainable
  376.   forest use is not yet addressed by any of the authorities. Thus, the local
  377.   people’s sense of responsibility for the forest is not restored, resulting
  378.   in denial of these income generating activities. Recent studies on sustainable
  379.   resource use suggest that integrating local people can be very effective, based
  380.   on the argument that resources are better conserved when the people can use and
  381.   therefore value them as part of their livelihood (Brandon et al. 1998, Ostrom et
  382.   al. 1999, Bates and Rudel 2000, Ostrom and Nagendra 2006).

  383.   Although we found accelerated deforestation after management establishment
  384.   within the core area, it has to be highlighted that forest cover in Lore Lindu
  385.   is still high compared to other islands in Indonesia. Large scale deforestation
  386.   as observed on Borneo (Curran et al. 2004) cannot be observed in Lore Lindu.
  387.   Curran et al. (2004) calculated recent deforestation rates of 9.5% per year
  388.   within a PA on Indonesian Borneo, whereas deforestation of 0.27 % per year
  389.   occurred in Lore Lindu. Deforestation rates of the total area and the core area
  390.   in Lore Lindu are in the same order of magnitude of worldwide deforestation with
  391.   some 0.2 % per year (FAO 2007) and are beneath average forest loss calculated
  392.   for Indonesia between 1990 and 2000 with 1.75 % per year (FAO 2010). The BRLL
  393.   authority is well aware of the conflict between people and park in recent years
  394.   and started to integrate local traditional rules. Since the late 1990s, CCAs
  395.   between local people and BRLL were negotiated on village level. National and
  396.   international NGOs mediated the negotiation process. These CCAs integrate local,
  397.   traditional rules concerning forest use and punishment in case of rule
  398.   violation. Long-term studies from Ostrom and Nagendra (2006) show that when
  399.   local people are genuinely engaged in decision regarding rules that affect their
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  400.   use of natural resources, the likelihood of users following the rules is much
  401.   greater than when an authority simply imposes such rules. Considering local
  402.   traditional rules on forest use and sanctioning in Lore Lindu, the
  403.   people’s responsibility for the forest is restored. Thus, CCAs show great
  404.   potential to positively impact on management effectiveness. However, whether the
  405.   CCAs are able to keep this promise remains to be seen. Critical concern on e.g.
  406.   discrimination against groups of villagers such as migrants already arose
  407.   (Mappatoba and Birner 2004, Mehring et al. 2010).

CONCLUSION

  409.   Overall, satellite image analysis shows that the buffer zone in Lore Lindu was
  410.   not effective at reducing forest cover change in the core area. From our
  411.   interview analysis we derive three main drivers hindering effective buffer zone
  412.   management in Lore Lindu: i) the management was implemented by the national
  413.   government during the era of president Suharto without participation of local
  414.   people and without integrating local, traditional rules of forest use. This
  415.   caused negative attitudes towards the park, including neglection of its
  416.   boundary; ii) the fall of the national president Suharto subsequently caused
  417.   deforestation activities in the core area as the park was perceived to be the
  418.   local branch of the national, suppressive regime of Suharto; iii) buffer zone
  419.   responsibility is not yet clarified among local government agencies due to the
  420.   lack of implementation of the biosphere reserve concept and its regulatory
  421.   system at the national level.

  422.   Our study underlines the need for satellite image analysis to be supplemented by
  423.   detailed field research to provide insights into institutional processes (e.g.
  424.   legal framework, collaboration) that impact PA effectiveness. Our investigation
  425.   in Lore Lindu is an illustrative example how different factors from different
  426.   levels (national, sub-national, local) influenced management on the ground and
  427.   negatively impacted buffer zone effectiveness. The combination of both methods
  428.   is needed because a) without remote sensing, no statement about the
  429.   effectiveness in maintaining forest cover can be made, but b) without social
  430.   field research, no conclusion can be drawn about the drivers of success/failure
  431.   and thus failure factors cannot be addressed.

  432.   Furthermore, efforts to counteract forest encroachment such as income generating
  433.   activities are not yet successful. They do not genuinely address the local
  434.   peoples’ need to use the forest instead of being excluded. In addition,
  435.   they should happen in a coordinated manner with both authorities working
  436.   together. In times of discussion about implementing REDD in Indonesia, this is a
  437.   very important aspect with respect to successful implementation and acceptance
  438.   of REDD at the local level.

  439.   Overall, we recommend that first of all the biosphere reserve concept needs to
  440.   be implemented at the national level. Without this implementation the legal
  441.   backing for any buffer zone activity is lacking and responsibilities are not
  442.   clear. Thus, personal and economic resources could be saved and more efficiently
  443.   used when combining activities from local government and BRLL rather than
  444.   working alongside. Secondly, our study highlights the importance and great
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  445.   potential of learning and understanding through personal experience. Local
  446.   people in Lore Lindu value the protection function of the forest due to personal
  447.   experiences. BRLL should take advantage of this relation in terms of focusing on
  448.   environmental education activities. The management could benefit from these
  449.   activities in terms of strengthening its role as BR constituting a
  450.   “learning laboratory” and could raise local peoples’ awareness
  451.   of the management.
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Fig. 2. Forest cover [%] in Biosphere Reserve Lore Lindu between 1972 and 2007.
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Fig. 3. Deforestation rate [%/year] in Biosphere Reserve Lore Lindu before and after implementing
management body.
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