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Summary 

 

The establishment and management of protected areas has become a universally accepted 

way to conserve biodiversity and the wide range of goods and services they offer. 

Sustainable management of forest resources requires good decision-making from a range of 

different stakeholders. This dissertation develops a model based on spatial data and expert 

judgments to assess the vulnerability of the most threatened species of fauna and flora in a 

selected protected area. Based on the study objectives, the availability of data and 

technology, the study concludes vulnerability as composed of multidimensional losses, 

which can be measured as a function of the three components: exposure, sensitivity and 

adaptive capacity. In order to measure vulnerability, the research applies the Analytic 

Hierarchy Process (AHP), a well-known multi-criteria decision making approach, using the 

open access Super Decisions software in a spatial database context with the help of 

Geographic Information Systems (GIS). In environmental assessment, multiple criteria 

decision analysis (MCDA) provides strong techniques for defining and structuring 

problems, and evaluating and prioritizing alternatives. The Analytic Hierarchy Process 

(AHP), developed by Saaty (1980), has been widely applied to various disciplines such as 

economy, human resource management, land-use planning, risk assessment and 

environmental management. Furthermore, Geographic Information Systems (GIS) are well 

known as spatial decision support systems which allow analysis, management and 

presentation of spatial data. As such, GIS-MCDA is a strong technique, which can integrate 

spatial data and value judgments to gain useful prior information for making decisions.  

The research examined Bach Ma National Park (BMNP) located in Central Vietnam as a 

case study. As a country in transition, Vietnam still needs to place a special emphasis on 

reducing forest degradation. The park is threatened by a high loss of biodiversity, 

particularly through the hunting of wildlife for local consumption and trade, the illegal 

extraction of timber and the collection of non-timber forest products. This study describes a 

forward-looking approach that aims to strengthen the resilience of protected areas rather 

than restore forests at risk to their original state. Based on previous research, available data, 
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and expert interviews, criteria for each component were selected, normalized and weighted 

in a process of quantitative and qualitative analysis. Three main components of 

vulnerability function – exposure, sensitivity and adaptive capacity,were weighted based on 

expert judgments, in order to understand which component has the most impact to the 

overall vulnerability of the BMNP. Criteria for each component were selected. Erosion, 

hydrology, tourism activities, illegal logging and illegal hunting were selected as the five 

main driving forces for the exposure component of vulnerability. Whereas, in order to 

understand what species need priority protection and the location of sensitivity areas e, the 

five most endangered species of fauna, including: Lophura edwardsi, Rheinardia ocellata, 

Capricornis sumatraensis, Macaca leonina, Ursus thibetanus and the five most endangered 

species of flora, including Hopea pierrie, Erythrophleum fordii, Scaphium macropodum, 

Podocarpus annamiensis, Nageia fleuryi were analysed. 

The six main criteria that were chosen to represent the adaptive capacity of BMNP were 

hydrology, residential areas, and the level of education, poverty, management effects and 

infrastructure development. These in turn, were evaluated to provide spatial information on 

which areas have the highest adaptive capacity and which areas have the low adaptive 

capacity to hazards. The three component maps of vulnerability were then created. The 

final aggregation of all weighted results from expert interviews was used for generating a 

map of the overall vulnerability for the BMNP with help of ArcGIS.  

This research provides guidance on what forest managers should consider when assessing 

vulnerability, risk, mitigation options, and actions for adaptation and monitoring in 

response to hazards. Recommended actions were given for prioritising support to BMNP in 

particular and protected areas in Vietnam in general. 
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Zusammenfassung 

 

Einrichtung, Etablierung und Management von geschützten Gebieten sind allgemein aner-

kannte Instrumente, um Biodiversität und deren breite Palette an Werten und 

Ökosystemdienstleistungen zu bewahren. Ein nachhaltiges Management der Ressource 

Wald erfordert entsprechende Entscheidungsgrundlagen für die Abstimmungsprozesse 

unter dem großen Kreis der verschiedenen Entscheidungsträger. Diese Dissertation 

entwickelt dazu ein entsprechendes Modell. Es basiert auf Raumdaten und Experten-

Stellungnahmen und erfasst dabei in einem speziellen geschützten Areal die Gefährdung 

der dort am stärksten betroffenen Arten aus Fauna und Flora. 

Unter Berücksichtigung der Zielstellungen sowie der Verfügbarkeit von Daten und Technik 

betrachtet die Untersuchung das Gefährdungspotential als mehrdimensionales Problem. 

Dieses Gefährdungspotential ist so durch drei Komponenten erfassbar: Exposition, 

Sensibilität und Anpassungsfähigkeit. Um das Gefährdungspotential zu messen, kommen 

Analytische Hierarchieprozesse (AHP) zur Anwendung. Diesen Hierarchieprozessen liegt 

eine bekannte multikriterielle Entscheidungsanalyse zugrunde. Die Arbeit nutzt dazu die 

Open-Access Software „Super Decisions“ und verwendet dabei auch raumbezogene 

Datenbanken mittels einem Geographischen Informationssystems (GIS).  

Zur Erfassung der Umweltbedingungen bietet die multikriterielle Entscheidungsanalyse 

(MCDA) bewährte Techniken, um sowohl die Probleme zu definieren und zu strukturieren, 

als auch Alternativen zu bewerten und zu priorisieren. Analytische Hierarchieprozesse 

(AHP) in Anlehnung an Saaty (1980) finden eine breite Anwendung in zahlreichen 

Disziplinen wie Ökonomie, Personalmanagement, Landnutzungsplanungen, 

Risikoerfassung und Umweltmanagement. Darüber hinaus haben sich Geographischen 

Informationssysteme (GIS) als raum-basierte Entscheidungsgrundlagen bewährt, da sie 

Analyse, Management und Darstellung räumlicher Daten zugleich ermöglichen. Somit 

erweist sich auch der GIS-MCDA-Ansatz als ein überaus hilfreiches Verfahren. Dieser 

Ansatz verbindet räumliche Daten und Wertungen aus Stellungnahmen und verbessert 
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damit die Verwertbarkeit der Einstiegsinformationen für die Entschei-

dungsfindungsprozesse. 

Für die Untersuchungen wurde der Bach Ma Nationalpark (BMNP) in Zentralvietnam als 

Fallstudie ausgesucht. Als Schwellenland braucht Vietnam noch weitere Anstrengungen 

um den aktuellen Entwaldungsprozessen im Lande begegnen zu können. Der ausgewählte 

Nationalpark ist durch einen hohen Verlust an Biodiversität bedroht. Besonders Wilderei 

zur regionalen Selbstversorgung aber auch zu Handelszwecken, illegale Abholzung und 

illegaler Nutzholzhandel sind hier ausgeprägt.  

Diese Studie ist als prognostische Anwendung konzipiert, um Resilienz des geschützten 

Gebietes als auch eine Wiederaufforstung zum ursprünglichen Zustand zu unterstützen. 

Frühere Forschungen, die verfügbaren Daten sowie die Experten-Interviews wurden 

herangezogen, um die Kriterien für jede Komponente mittels qualitativer und quantitativer 

Verfahren auszuwählen, zu normalisieren und zu wichten. Besonders wurden dabei die 

Experten-Stellungnahmen zu den drei Hauptkomponenten Exposition, Sensitivität und 

Anpassungsfähigkeit abgewogen. Ziel war dabei das Herausarbeiten, welche der drei 

Komponenten jeweils den größten Einfluss auf das Gesamtgefährdungspotential für den 

Bach Ma Nationalpark darstellt. Es wurden für jede Komponente entsprechende Kriterien 

ausgewählt. Für die Komponente „Exposition“ wurden Erosion, Hydrologie, touristische 

Aktivitäten, illegaler Holzeinschlag und Wilderei als die fünf wesentlichen Aktivitäten und 

Prozesse erkannt. Darüber hinaus wurden fünf der gefährdetsten Arten jeweils aus Fauna 

(Lophura edwardsi, Rheinardia ocellata, Capricornis sumatraensis, Macaca leonina, 

Ursus thibetanus) und Flora (Hopea pierrie, Erythrophleum fordii, Scaphium macropodum, 

Podocarpus annamiensis, Nageia fleuryi) analysiert. Aus dieser gesonderten Betrachtung 

sollte abgeleitet werden, welche Arten einen priorisierten Schutz erfordern und wo sich die 

Gebiete mit der höchsten Sensitivität befinden. 

Hydrologie, Wohngebiete, Bildungsstand, Armutsrate, Management-Maßnahmen und 

Infrastrukturentwicklung wurden als sechs Hauptkriterien für die Komponente 

„Anpassungsfähigkeit“ identifiziert. Diese Parameter wurden in Karten räumlich 

dargestellt, um im Bach Ma Nationalpark die Gebiete mit der höchsten 
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Anpassungsfähigkeit als auch die Gebiete mit niedriger Anpassungsfähigkeit gegenüber 

Unwetterbilden auszuweisen und zu visualisieren. 

Es wurden Karten zu den drei Komponenten des Gefährdungspotentials erarbeitet. Die 

übergreifende Zusammenfassung aller gewichteter Ergebnisse aus den Experten-Interviews 

führt mittels ArcGIS dann zu einer Karte des Gesamtgefährdungspotentials für den Bach 

Ma Nationalpark. 

Diese Forschung bietet nun einen Leitfaden, was die Verantwortlichen berücksichtigen 

sollten bei der Erfassung der Gefährdung, der Risiken und Handlungsoptionen sowie für 

Anpassungsmaßnahmen als auch Monitoring bezüglich Unwetterbilden. Außerdem werden 

zu priorisierende Maßnahmen abgeleitet, sowohl für den Bach Ma Nationalpark aber auch 

ganz generell für geschützte Areale in Vietnam.   

 





CHAPTER 1 INTRODUCTION 

1 

Chapter 1 Introduction 

1.1 Motivation 

Protected areas (PAs) play an important role in biology and socio-economy. They contain a 

wide variety of plant and animal diversity, including a relatively high number of endemic 

species (Leverington et al. 2008). Many species are protected because they are rare, 

threatened, or even endangered as a result of natural and/or human actions. Furthermore, 

PAs contribute significant ecosystem services and benefits to communities (Janishevski et 

al. 2014). Many PAs contain protected species that are high value assets and there is a 

strong demand for PAs resources. Illegal activities within PAs occur frequently and yet are 

difficult to monitor. In addition, other activities such as collection of non-timber forest 

products, conversion of land-use, grazing, mining, tourism, invasive alien species, etc. 

exhibit pressures and threats to PAs. Moreover, often cultural practices and traditional uses 

also conflict with the protected area objectives (Ervin 2003).  

 

Figure 1.1 Pressures to forest managers (FAO 2014) 
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Managers of PAs are under increasing pressure to unduly exploit protected area resources. 

Special interests, political pressures and economic necessity may pressure a protected area 

manager to over exploit resources beyond that which the protected area can sustain (Ervin 

2003). Figure 1.1 shows the main factors that forest managers must deal with.  

Myers et al. (2000) demonstrated that large-scale deforestation is occurring in many 

tropical forests, which contain most of the species in the world. Despite their ecological, 

social and economic importance, Le (2004) affirmed that tropical forests are being 

destroyed at an alarming rate. 

In the past decades the risks and vulnerabilities to PAs have tended to rise, hindering the 

sustainable use of protected area resources. Forest management decisions made now will 

affect forests for many decades into the future (FAO 2013). From a protected area 

management perspective, it is important for forest decision-makers to plan for a sustainable 

future by identifying which areas are most vulnerable to forest conversion in order to 

prioritise conservation efforts (Khoi, Murayama 2010). Managers must understand 

vulnerability and deliberate about protecting those most vulnerable. 

A detailed vulnerability assessment is therefore an important task in order to suggest 

appropriate solutions for the rational use of natural resources, protect forest environments 

and maintain biodiversity level appropriate for the sustainable use of PAs. Vulnerability 

assessment can also form a basis for disaster risk reduction and mitigation measures in PAs. 

Building a vulnerability assessment model is one of the most important parameters in the 

framework of risk reduction and so supports disaster management (Sumaryono 2010).  

The fact is that vulnerability is not static, it may change gradually from time to time. 

Therefore, up-to-date information is always important. However, it often requires resources 

beyond acceptable time and cost. Vulnerability assessment of protected area involve a 

range approaches and sources of information, including local knowledge, expert opinion 

and detailed data collection and technical analyses (FAO 2014). In the book “The Practice 

of Management”, Drucker (1954) emphasised that “What gets measure gets managed”. 

This proverb simply means that producing measurements can help achieve optimal 

solutions. Indeed, without calibrated measures of vulnerability, vulnerability itself cannot 
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be managed. To achieve sustainable forest management, a more thorough study on decision 

process and information sharing mechanism is strongly recommended. The combination of 

spatial multi-criteria decision analysis and GIS techonologies offers opportunities to 

overcome this problem. The research attempts to elaborate on the capability of integrating 

spatial multi-criteria decision analysis and GIS into building a model of vulnerability 

assessment for PAs. This would be very benecifial in bringing more scientific information 

integrated from many different sources to first-hand users. 

1.2 Research questions 

The broad research question given here is “How can vulnerability assessment be applied to 

a protected area and visualised at the regional scale?” To answer this question, the research 

uses a typical case study to assess the vulnerability of Bach Ma National Park (BMNP) in 

Central Vietnam, using GIS techniques and the AHP method.  

Consistent with the aim, the following research questions are addressed: 

1. How to develop a vulnerability assessment model for a protected area?  

Which parameters are important to use?  

How can they be identified? 

2. Which criteria are essential in order to undertake the vulnerability assessment? 

Which criterion can be applied for each parameter of vulnerability? 

3. How can forest experts aid and be involved in the process of developing criteria for 

vulnerability assessments? How to achieve the same measurements for different 

spatial criteria? 

4. How to produce an integrated result, which could satisfy all expert opinions?  

5. Can the developed vulnerability model be applied to other areas? 

1.3 Research objectives 

The research encompasses main tasks:  

+ The development of a framework for the assessment of vulnerability and its dynamics 

including the establishment of a Geo-data Infrastructure; 
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+ Provision of a platform for the synthesis of the results and for the coordination of the 

cooperation among the regional projects: 

+ Development of a framework interaction between the scientists within the project and 

stakeholders, as well as, users of the research results of the project. 

The product and long-term achievements of the research will be:  

1. Identify methods and tools for vulnerability assessment of sustainable forest use 

management with respect to demographics patterns and socioeconomics drivers.  

2. Develop a Geo-data infrastructure providing access to the data and modelling results for 

further analysis of land-use patterns in the protected area. It will thus support regional land 

management strategies.  

3. Identify a synthesis on scientific actors, stakeholders and interest groups active in land-

use and land management on regional to global levels for the use of future research. 

4. Strongly improve the visibility of vulnerability assessment for PAs in the international 

community.  

The detailed tasks for vulnerability assessment in this research will be: 

+ To determine the total exposure from natural hazards and human activities.  

+ To classify the sensitivity of BMNP. In BMNP, these sensitive objects are focused on 

ecosystems, which contain critically threatened species, endemic species and species facing 

extinction. 

+ To identify the adaptive capacity of BMNP, including both the natural coping capacity 

and the social coping capacity.  

1.4 Challenges and benefits 

Assessing vulnerability of protected areas is a challenge because of their inherent 

complexity. There is a variety of vulnerability concepts that already exist. However, the 

more complex the concept, the more difficult to implement the task. Solely, PAs with their 

own species assemblages are already complicated to analyse. A framework therefore needs 
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to be clarified and developed to combine complex concepts with reality in order to link all 

necessary components and criteria together.  

A regional scale analysis was conducted in this research. The regional scale allows for the 

detection of not only site-specific scales but also larger scale patterns to capture the 

vulnerability. However, assessing vulnerability at the regional scale faces many restrictions. 

In Vietnam, the quality and quantity of data and information are often limited. A large 

quantity of data exists but the quality is either low or the data is inconsistent. In order to 

compile a map of vulnerability assessment, spatial data is required. However, not all data 

contain spatial attributes to aid spatial analysis. Therefore, identifying indicators and 

criteria, which could fulfil spatial attributes, accuracy, and most importantly, be relevant is 

a major research challenge.  

Indicators and criteria used as components of vulnerability should be evaluated. However, 

since vulnerability cannot be measured in a traditional sense, it is essential to find a suitable 

method in order to evaluate indicators and criteria for the whole process. Thus, a further 

challenge is to develop a method to handle the evaluation of the results based on the 

personal judgments of experts. 

The results of this research will be essential to forecast and prevent vulnerability, and to 

contribute to sustainable forest management. They can be of benefit to the government and 

researchers, as well as international organisations in the following ways: 

+ as a contribution to manage vulnerability and reduce risk; 

+ as an input for spatial planning of forest management; 

+ as spatial information used to develop better awareness among communities. 

1.5 Structure of dissertation 

The dissertation is divided into seven chapters as follows:  

Chapter 1 “Introduction” provides an overview of research motivation and outlines the 

key research questions, research objectives, as well as challenges and benefits from 

implementation of research. 
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Chapter 2 “Protected areas” provides an overview of the goals of PAs, and then generally 

describes the state of Vietnamese PAs. At the regional scale, the case study BMNP is 

introduced, including its geography, history, socioeconomic conditions and status. 

Chapter 3 “Theoretical background” reviews current literature on vulnerability and its 

concepts. This chapter also describes in detail the approach of multi-criteria decision-

making and the analytic hierarchy process (AHP) method. Finally, the chapter shortly 

discusses about the approach of GIS- based spatial multi-criteria decision analysis. 

Chapter 4 “Methods and processing” discusses in detail the research methodology and 

outlines the steps of data collection, including map collection, household interviews and 

expert interviews. The chapter also explains the utilised vulnerability assessment model, 

which is applied to BMNP.  

Chapter 5 “Results” presents the obtained results of the research. 

Chapter 6 “Discussion” provides answers to five research questions and addresses the 

limitation of the research. 

Chapter 7 “Conclusions and recommendations” presents the conclusions of the research 

and recommends necessary steps for future actions and research. 
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Chapter 2 Protected areas  

2.1 Worldwide protected areas  

The World’s forest resources decreased from 4128 million ha (31.6% of global land 

area) in 1990 to 3999 million ha (30.6%) by 2015 (FAO 2015). Globally, deforestation 

has continued to increase. At the local level, to respond, reliable and up-to-date 

information on the state of forest resources is essential to support decision-making for 

investment and policymaking in both forestry and sustainable development (FAO 

2015).  

Many countries have developed PAs systems as a core strategy to protect national 

biodiversity and environment. Dudley (2008) defines a PAs as “A clearly defined 

geographical space, recognised, dedicated and managed, through legal or other effective 

means, to achieve the long-term conservation of nature with associated ecosystem 

services and cultural values”. PAs have developed to become the most important part of 

biodiversity conservation and livelihoods. They help reduce deforestation, habitat and 

species loss and support the livelihoods of over one billion people (Juffe-Bignoli et al. 

2014b). PAs additionally store 15% of the global terrestrial carbon stock, and 

sequestrate carbon in forests and grasslands, soils and marine areas to help mitigate 

climate change (Leverington et al. 2010b). PAs also help protecting cultural heritage, 

maintain vital ‘ecosystem services’ and provide a range of socio-economic benefits that 

have been well recognised (Dudley et al. 2010).  

In regards to disaster risk, the impact of disasters to a community is determined by how 

a society manages its environment, how well prepared it is to face adversity and what 

resources are available for recovery. Using PAs to mitigate disasters can be a low cost 

option using resources that are already receiving government funds (Dudley et al. 2015).  

Generally, PAs are managed according to different strategies. These range from strictly 

PAs where people cannot enter, to protected landscapes where conservation takes place 

alongside many other activities including human communities. The International Union 

for Conservation of Nature (IUCN) classify PAs based on their management objectives. 

However in 2014, no IUCN management category had been assigned to 36% of the area 

covered by PAs (Juffe-Bignoli et al. 2014b). For those PAs for which a category has 

been assigned, 50% fell within categories I-IV, with 26.6% in National Parks (II) and 

13.4% in Habitat/Species Management areas (IV). Category VI has been increasing 
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over the past 14 years and it is the largest in terms of area. Almost 40% of the land mass 

of PAs is being managed for the sustainable use of resources (see Figure 2.1).  

 

Figure 2.1 Extenstion of marine and terrestrial protected areas in the WDPA in each of 

six IUCN Management Categories between 1950-2014 (UNEP-WCMC 2014) 

In 2010, the Convention on Biological Diversity adopted the 20 Aichi Biodiversity 

Targets with the aim to stop biodiversity loss and ensure the sustainable and equitable 

use of natural resources. According to the Aichi Target 11, by 2020, at least 17% of 

terrestrial and inland water areas and 10% of coastal and marine areas should be 

globally protected. Moreover, by analysing PAs stored in the August 2014 version of 

the World Database on PAs, the status shows that global PAs occupy approximately 

15.4% of the world’s land area and 3.4% of the global ocean area (Juffe-Bignoli et al. 

2014b). Figure 2.2 presents the spatial distribution of the global designated terrestrial 

and marine PAs. 
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Figure 2.2 Spatial distribution of the world’s PAs (UNEP-WCMC 2014) 

It should be noted however, that the important roles of PAs could be compromised by 

incompetent management. Despite increasing PAs, biodiversity continues to decline 

globally, including within some PAs (Krug et al. 2014; Tittensor et al. 2014). 

Many PAs, especially in the developing countries of Africa and Asia, still lack the basic 

requirements to operate effectively. Previous research has studied the effectiveness of 

PAs management. Assessed at global level, only 24% of sites were deemed to be 

soundly managed, 36% had basic management in place, 27% had major deficiencies and 

13% were deficient in terms of management (Juffe-Bignoli et al. 2014b). The high 

market value of the PAs resources (e.g. quality marketable timber, rich mineral 

resources, high potential for hydropower development, high grazing capacity…) places 

PAs managers under pressure to unduly exploit the protected area resources. PAs are 

easily accessible for illegal activities and it is difficult to monitor, especially in 

mountainous regions. Hence, indicators for establishing PAs such as design, boundary 

marking, tenure resolution and adequacy of legislation need to be improved to deliver 

good and consistent management on the ground. Therefore, managing PAs effectively is 

essential in tackling current and future threats to biodiversity and as an ecosystem-based 

disaster risk reduction approach (Leverington et al. 2010a; Juffe-Bignoli et al. 2014a). 



CHAPTER 2 PROTECTED AREAS 

10 

2.2 State of protected areas in Vietnam 

Located on the Eastern margin of the Indochinese peninsula, Vietnam has a shape of an 

elongated S, and covers an area of about 332,000 km2, stretching from latitudes 8º02' to 

23º23' N and longitudes from 102º08’ to 109º28' E. Three quarters of the country is 

composed of hills and mountains with the highest peaks reaching over 3000 m above 

sea level (Bui 2009). The climate differs greatly from North to South. Vietnam 

experiences high rainfall with an average annual rainfall ranging from 1,500 – 2,000 

mm/year focused on the 4-5 month rainy season. During this period, up to 80% of the 

total rainfall occurs (Figure 2.3). Mean annual temperature change from 27°C in the 

south to 21°C in the North (Norwine 2014, p. 275).  

 

Figure 2.3 Average annual rainfall in Vietnam (NXB Giao Duc 2010) 
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The World Conservation Monitoring Centre rated Vietnam as the 16th most biologically 

diverse country in the world. Vietnam is a culturally and biologically diverse country, 

with large differences between small but very productive areas, for example the 

Mekong and Red River deltas, and mountainous areas (Meyfroidt, Lambin 2008). 

Vietnam’s forest ecosystems are the most diversified systems in terms of species 

composition and genetic resources, both in flora and fauna.  

After the Doi Moi policy reform, Vietnam changed its forest management practices 

from centrally state managed to privately managed forests. Many policies and 

programmes were created to make significant gains in protection of forest resources 

such as moving from timber production to conservation approaches, developing large-

scale reforestation programmes and supporting local participation (Barney 2005; 

Zingerli 2005; Muller 2003; ICEM 2003a). Forestry development has made significant 

contributions to economic growth, poverty reduction, conserving biodiversity and 

stabilising national defence. After signing the Convention on Biological Diversity 

(CBD) in 1993, the Vietnamese Government developed a number of plans to strengthen 

and extend PAs (Government of Vietnam 1994; World Conservation Monitoring Center 

1994). Increased forest management and protection has created additional jobs, 

improved incomes and livelihoods, especially among ethnic minority groups in the 

mountainous, remote and isolated areas (Vietnam Prime Minister 2007).  

The Vietnamese Law on Forest Protection and development classified forests into 3 

different types based on their major use purpose (The Socialist Republic of Vietnam 

2004):  

a. Protection forests, which are used mainly to protect water sources and land, 

prevent erosion and desertification, restrict natural calamities and regulate 

climate, thus contributing to environmental protection;  

b. Special-use forests (PAs), which are used mainly for conservation of nature, 

specimens of the national forest ecosystems and forest biological gene sources; 

for scientific research; protection of historical and cultural relics, as well as, 

landscapes; in service of recreation and tourism in combination with protection, 

contributing to environmental protection; and; 
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c. Production forests, which are used mainly for production and trading of timber 

and non-timber forest products in combination with protection, contributing to 

environmental protection. 

Based on the report of the Vietnamese Ministry of Agriculture and Rural Development 

(MARD) in 2013, the Vietnam’s forest area covers 13,862,043 ha, including 10,423,844 

ha of natural forest and 3,438,200 ha of planted forest (MARD 2013). The MARD’s 

statistics show that, Vietnam has established 2,021,995 ha of Special-use forests 

(SUFs), 4,675,404 ha of Protection forests and 6,964,415 ha of Production forests 

(MARD 2013). Vietnam has planned that by 2020, the forestry sector should meet the 

needs for environmental services and improve the income from environmental value 

through Clean Development Mechanisms, eco-tourism and protection of water 

resources to a total of US$2 billion (FSIV 2009). 

In Vietnam, SUFs are considered as ‘the backbone of the national PAs system’ (PARC 

2006). Table 2.1 shows the system of SUFs in Vietnam. 

Table 2.1 Special-use forest categories in Vietnam (IUCN 1994; The Socialist Republic 

of Vietnam 2004; MARD 2013; VNFOREST 2014) 

Special-use Forest 

categories 

Sub-categories Equivalent IUCN 

categories 

Number 

National park (NP)  Central NP II 24 

Provincial NP 06 

Nature conservation 

area (CA) 

Nature Reserve IB 58 

Species/Habitat CA IV 11 

Landscape protection 

area 

 III 45 

Scientific practice 

and research forest 

 IA 20 

Total   164 

In Vietnam, the MARD and its provincial departments are responsible for all types of 

special-use forests (The Prime Minister 2006; The Vietnam Government 2010). For 

PAs policies and management, the key government agencies are the Ministry of 

Planning and Investment, the MARD, the Ministry of Fisheries, the Ministry of Natural 

Resources and the Environment (MONRE), the Ministry of Culture, Sport and Tourism, 
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and the Provincial People’s Committees (Nguyen 2016). While the government has 

managed to increase the size and number of SUFs, biodiversity within these areas 

continues to decline. One of the reasons are that forest policies are often complex, partly 

overlap or even conflict among regulations and mandates of different Ministries (Bjoern 

Wode, Bao Huy 2009; Nguyen 2016). This has caused confusion, uncertainty and 

frustration among stakeholders. The Vietnamese government has attempted to 

institutionalise the co-management of SUFs to both engage local stakeholders in 

protected area management and enhance the protection of biodiversity (Boissiere et al. 

2009). However, the government, especially the provincial People’s Committees, still 

remains in the dominant position and holds most powers of decision-making relating to 

SUF management (Nguyen et al. 2013).  

In the 1990s, Vietnam had one of the highest rates of development in the developing 

world. The country has made remarkable progress in economic growth. However, like 

other countries in transition, Vietnam has faced the challenge of promoting 

development while preserving national resources. The government promoted 

colonisation and large scale development of perennial crops, which are mainly coffee 

and rubber, in the Central Highlands (Hardy 2000; D’haeze et al. 2005). This has caused 

reduction of a massive amount of forest cover.  

In addition, many other problems such as wars, population growth, spontaneous 

migration, encroachment and unsustainable use of forest resources, stealing of forest 

resources, hunting, unawareness, and unsystematic management have made forests of 

Vietnam reduce in both quantity and quality (Hoang Cam 2007; Clarke 1999; ICEM 

2003b). All of these factors have already caused massive damage and deforestation in 

the past (Koninck 1999; Muller 2003). In Vietnam, many PAs are small, isolated, and 

so they face challenges to support species that require a much larger spatial area for 

survival (ICEM 2003a). Understanding this problem, some PAs have enlarged their 

size. However, it is complicated for protecting those areas because of disincentives 

within the centralised planning and budgetary systems discouraging local government 

collaboration (Gilmour, Nguyen 1999). It is even more complicated in managing 

administrative boundaries between provinces, districts and communes. A big challenge 

to biodiversity conservation in Vietnam is human disturbances by local communities 

living in PAs and their buffer zones. Establishing PAs has led to the reality that local 
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communities lose their subsistence and they are often resettled outside of the areas and 

away from the land, which has traditionally been their home. Many decision-makers are 

familiar with the running costs of PAs, such as staff, operation and maintenance 

expenses, but nearby communities frequently pay the indirect costs (ICEM 2003b). 

Therefore, it is necessary to have special policies that attract the participation of local 

communities surrounding the PAs to ensure the balance between biodiversity 

conservation, ecotourism, economic development and life stability of local people 

(García-Herrera 2009).  

2.3 Case study - Bach Ma National Park 

2.3.1 Geographical and historical position  

The Bach Ma National Park (BMNP) is a protected area legally classed as a special-use 

forest (SUF) located in the territory of Thua Thien-Hue province in Central Vietnam 

along the Hai Van Mountain Range (see Figure 2.4). The old BMNP boundary (before 

2008) marked in tourmaline green is shown in the right side of the map. The new 

extending area in dark green covers small parts in the North and enlarges more parts in 

the South, which located in also in Quang Nam province. BMNP contains tropical and 

subtropical monsoon rain evergreen forests that are representative for the forest 

ecological system of central Vietnam.  

 

Figure 2.4 Case study area – Bach Ma National Park (background: shaded relief map) 
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The park was established in 1991 in order to conserve the remaining forest resources in 

this region from exploitation. The idea to develop Bach Ma into the NP had a long and 

rich history. Old Bach Ma, which is nowadays located to the North of BMNP, was one 

of seven hill stations, which were developed by the French throughout colonial 

Indochina in the 19th and early 20th Century. They originally supported military posts. 

Because of the cool climate, they were later developed into holiday and health resorts 

(Fife 2009). In 1925, under French colonial rule, a project in the NP was submitted to 

the French colony to protect species of Edwards’s Pheasant (Lophura edwardsi) in the 

Bach Ma-Hai Van region. The founding of the Resort Bach Ma in 1932 made the region 

become more popular with tourists (Figure 2.5). Old Bach Ma reached its zenith during 

World War II, under the pro-Vichy, French colonial administration of Governor-

General Admiral Jean Decoux and during the Japanese occupation of Indochina (Fife 

2009). At this time, one hundred and thirty-nine old French villas, a connecting road 

from 1A Highway to the top of the mountain range and a temple on the top of Bach Ma 

were built. Most of the visitors were high-ranking French guests.  

 

Figure 2.5 A French restored villa in Bach Ma (Source: BMNP) 

In 1945, the French abandoned Old Bach Ma. Unfortunately, subsequent occupations 

combined with the tropical montane environment have resulted in the decay of most of 

the French villas (Fife 2009; Matusch 2015). Later, during the Vietnam-American War, 
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in an effort to disrupt opposition forces and supply routes, the U.S. military initiated a 

campaign that involved intensive aerial bombing, tactical spraying, and the mechanised 

removal of trees and undergrowth (Wikle, Le 2013). Consequently, the forests of the 

park suffered from the use of defoliant sprays such as Agent Orange, and bomb craters 

(Koy et al. 2011; Wikle, Le 2013; Robert-Charmeteau 2015).  

Recently the administration of BMNP has decided to reconstruct several old French 

villas as modern tourist accommodation. However, most of the French villas still 

continue to lie and fall into decay in the forest as ‘enchanted reflections’ of the past 

(Stoler 2008).  

Since the establishment of the park, many researchers have discovered new species and 

added them to the list of biodiversity within BMNP. The NP has become an important 

biodiversity centre of Indochina in preservation of the rainforests diverse ecosystem 

with more than 2373 species of fungi and flora, 2151 species of fauna (BMNP 2015). 

As a result, the conservation value of BMNP is very significant. It conserves forest 

ecosystems under the climate transition zone between the North and the South of 

Vietnam. The forest also conserves typical species in the region, protecting the natural 

landscape and restoring natural ecosystems that were destroyed. BMNP also is a very 

famous location for tourists and researchers because of the beauty of its landscape, the 

diverse and varied nature of its tropical forest, as well as, the value of cultural history. 

The Park is located in the watershed of Ta Trach, Truoi, and Song Bac rivers, which 

supply water for local people, as well as, the city of Hue. Truoi Lake was constructed 

within the boundary of the park. It also provides irrigation for the agricultural land of 

Phu Loc district. 

The average annual temperature of the BMNP is 25ºC. In low altitude in Nam Dong, the 

temperature is 24ºC and in the centre of Bach Ma, where elevation is above 1200 m, the 

average temperature is 19ºC (BMNP 2012). Temperature varies according to year, 

month, altitude and by region. It reduces gradually with higher elevation. The changing 

temperature throughout the year is described in Figure 2.6. The months with the highest 

temperatures are May, June, July, and August. 
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Figure 2.6 The 37 year monthly average temperature at Nam Dong station 

 (Source: Thue Thien Hue hydro-meteorological office) 

The centre of the BMNP experiences quite high humidity (90%) due to high rainfall and 

dense forest cover. Average humidity in all area is 85% (BMNP 2012). Humidity differs 

over elevation. From a height of above 900 m, fog coverage occurs thought-out the year 

and creates a cool temperate climate (BMNP 2012). The average humidity by month 

over 37 years is shown in Figure 2.7. The highest humidity is seen in the months of 

October, November and December. 

 

Figure 2.7 Average humidity by month from 1973 to 2010 in Nam Dong station 

 (Source: Thue Thien Hue hydro-meteorological office) 

Bach Ma is a region with the highest rainfall totals in Vietnam. The research result from 

the hydro-meteorology center shows that rainfall on the summit of the Bach Ma 

mountain in BMNP from 1998 to 2000 was up to 10,758 mm/year (BMNP 2012). In 



CHAPTER 2 PROTECTED AREAS 

18 

local regions, rainfall varies dependent upon the terrain, altitude and season. Rainfall in 

Nam Dong area is 3490 mm/year, which shows the significant difference between the 

two localities. This is also the reason the humidity of the BMNP is high and accounts 

for the richness and diversity of fauna and flora species in the area. Overall, the highest 

average rainfall is recorded at the peak of Bach Ma mountain in BMNP with 

8000 mm/year, while the average annual rainfall in the whole region is 3440 mm/year. 

Figure 2.8 shows the average rainfall by month during 37 years from 1973 to 2010. The 

highest average rainfall is seen in the month of October with an average of over 

1032.2 mm. 

 

Figure 2.8 Average rainfall by month from 1973 to 2010 in Nam Dong station 

 (Source: Thue Thien Hue hydro-meteorological office) 

In 2008, the Prime Minister of Vietnam signed the Decision 01/QD-TTg to enlarge 

BMNP from the original 22,031 ha to 37,487 ha (see Figure 2.4 & Figure 2.9). 

Simultaneously, the buffer zone was also expanded to a size of 58676 ha. The current 

park stretches from latitudes 15º59' to 16º16' N and longitudes from 107º37’ to 107º54' 

E (BMNP 2012). BMNP is also regarded important for the conservation of a green 

corridor that stretches from the Vietnam-Lao border to the East Sea. Additionally 

BMNP is one of only two unique new reference sites in Vietnam that are a “pilot model 

about the sharing benefit in management, protection and sustainable development of 

special-use forest” (The Prime Minister 2012). The NP now consists of 42 sub-forest 
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sectors in 15 communes located in Thua Thien Hue and Quang Nam provinces (BMNP 

2012).  

 

Figure 2.9 Bach Ma National Park entrance 

 (Source: authors own, 2012) 

2.3.2 Social-economic condition of Bach Ma buffer zone 

After expansion in 2008, the BMNP now includes areas under the administrative 

boundaries of the two provinces of Thua Thien Hue and Quang Nam. The buffer zone 

contains 62,974 inhabitants distributed over a total of 12,960 households (BMNP 2011). 

The buffer zone includes the fifteen villages and towns: Loc Dien, Loc Tri, Loc Hoa, 

Xuan Loc and Phu Loc town (Phu Loc district - Thua Thien Hue province); Khe Tre 

town, Huong Phu, Huong Loc, Thuong Lo, Thuong Long, Thuong Nhat (Nam Dong 

district - Thua Thien Hue province); A Tinh, Ta Lu, Song Kon, Tu (Dong Giang district 

- Quang Nam province) (see Figure 2.10).  

There are no residents living in the core zone of BMNP, except a few monks belonging 

to the temples, located in Bach Van Tu and Thien Vien Truc Lam. The ethnic 

composition of the buffer zone in BMNP is Kinh (81%), Katu (18%), Van Kieu and 

Muong (1%) (BMNP 2013). The Kinh people live mostly in Phu Loc district (80%), 

while Katu ethnic group distributes mostly in Dong Giang (53%) and Nam Dong 

districts (46%) and just a small amount of Van Kieu and Muong ethnic minority groups 
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live in Phu Loc district (Table 2.2). Kinh community live mainly in the centres of 

districts, where they have many favourable natural and social factors, and along the 

main access roads such as Highway 1A, Highway 14B, and also near to markets 

(BMNP 2013). Their economic activities are very diverse and they are active in all 

sectors such as agriculture, industrial production, commerce and services. Katu are the 

main ethnic minority group in the buffer zone. They live mostly in the mountainous 

communes of Dong Giang district and also in the communes of Nam Dong district 

(except Huong Loc commune). Currently, due to many years access to Kinh majority 

community (largest ethnic group in Vietnam), they left outmoded traditions of ethnic 

people and have enjoyed improved living standards (BMNP 2015). Besides using their 

own language in the family, most of them know how to speak the language of the Kinh 

people (Vietnamese) in social communication. However, their level of awareness is still 

limited in many aspects. They have a low level of education (mostly only primary 

school) and work mainly in farming combined with livestock. They have low quality of 

life and live highly dependently on forest resources (BMNP 2013). 

Table 2.2 Ethnic compositions and population densities in districts belonging to the 

buffer zone of BMNP (BMNP 2013) 

District Kinh (%) Katu (%) Van Kieu 

(%) 

Muong (%) Population 

density 

(people/km2) 

Phu Loc  80.41 0 100 100 135 

Nam Dong  17.80 46.94 0 0 34 

Dong Giang  1.79 53.06 0 0 21 
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Figure 2.10 BMNP and its communes boundary (Source: BMNP) 

In districts belonging to the buffer zone, the highest population density is seen in Phu 

Loc district with 135 people/km2 and the lowest density – 21 people/km2 is seen in 

Dong Giang district (Table 2.2). Population growth rate is highest in mountainous 

communes of Dong Giang district (1.9%) and lowest in Phu Loc district (0.8%) (Table 

2.3). Phu Loc contains 44.8 % of the schools of in the total buffer zone and Dong Giang 

only contains 17.2% of the total schools of buffer zone (Table 2.3). The buffer zone was 

identified as an area with a high labour force, with more than 50% of total population in 

fulltime employment.  
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Table 2.3 Education, health services and population growth rate in buffer zone of 

BMNP 

District 

No. of 

schools 

No. of 

hospitals 

No. of 

clinics 

No. of 

medical 

staff 

Population 

growth rate 

(%) 

Phu Loc  13 1 5 66 0.8 

Nam Dong  11 1 40 32 1.4 

Dong Giang  5 0 4 17 1.9 

According to Vietnamese poverty standards for the period from 2011 to 2015 in rural 

areas (Vietnam Prime Minister 2011), households (HHs) living in rural areas in 

Vietnam are divided into 3 groups:  

+ Poor household: income ≤ 400 thousands VND/person/month (~19.2 USD); 

+ Near poor household: income is from 401 - 520 VND/person/month  

(~19.25 – 25 USD); 

+ Non-poor household: income is > 520 VND/person/month (> 25 USD). 

A high proportion of poor HHs are concentrated in the mountainous communes. The 

data collection of 207 HHs was carried out in two typical communes of the buffer zone, 

Thuong Nhat commune which is located in mountainous area of Nam Dong district, and 

Loc Hoa commune, which is located in Phu Loc district (Nghiem, Matusch 2012). Just 

over 92% of the inhabitants of Thuong Nhat are Katu ethnic minority, while, 8% stem 

from a group of the Kinh people who immigrated in the commune recently. The Kinh 

people mostly work in jobs related to business or are government employees. This 

commune was chosen as a pilot area in the buffer zone of the BMNP for the new 

decision No. 126 in 2012 about benefit-sharing mechanism in SUFs (The Prime 

Minister 2012). In addition, this new commune lies in the buffer zone after the decision 

of extending the BMNP in 2008. The Loc Hoa commune has a population of 100% 

Kinh people. Statistical analyses of interview data showed that, Thuong Nhat has 51.4% 

poor HHs and 33.3% non-poor HHs in comparison with 31.4% poor HHs and 53.9% 

non-poor HHs in Loc Hoa (Nghiem, Matusch 2012). The reason for this difference is 

that Thuong Nhat is located in a mountainous area where most of the people living there 

belong to the Katu ethnic minority group. They have a low level of education and so 

their livelihood is mainly dependent upon unstable forest resources. In contrast, the 
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main residential group in Loc Hoa commune are Kinh people, who live in areas that are 

more accessible and have more possibilities to reach a higher level of education. 

Therefore, their life does not depend to such a degree on the forest.  

The life of ethnic minority groups in the buffer zone is difficult with their economy 

depending highly on forest resources, and a low level of education with an average level 

of just primary school. The poor households also lack productive land. They live mostly 

depending on the forest through traditional activities in the mountainous ethnic 

settlements of the Truong Son mountain chain. High demand of timber wood is mainly 

used for housing construction and repairs. Because other energy sources such as 

electricity, gas, charcoal simply cost more, firewood is used mostly for daily life, 

especially in poor household. Local people collect firewood in the forest or the home 

garden around the house for daily use and sell collected wood at the local markets 

(Figure 2.11). 

  

Figure 2.11 Collecting firewood (left) & firewood as household energy for cooking 

(right)  

(Source: authors’ own) 

Due to their economic value, good accessibility and high availability, rattan and several 

products deriving from palm trees are the most commonly exploited non-wood forest 

products in the NP (Le et al. 2002). Local people harvest rattan mainly in the dry season 

from June to August, when activities in the agricultural sector are reduced (Figure 2.12). 

Rattan stems are widely used for binding, basketry, furniture, food and subsistence uses. 

Rattan leaves are also used extensively for self-consumption such as thatching material, 

or can be weaved and intertwined to create beautiful furniture. Research studies in Bach 

Ma natural forest have shown that if rattan can be harvested in a careful and responsible 
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way by local populations, rattan harvesting may be certified as sustainable forest 

management (Bui 2009; Ninh et al. 2005). 

 

Figure 2.12 Harvested rattan stems 

 (Source: authors’ own) 

Furthermore, the BMNP is endowed with a vast resource of medicinal plants. Medicinal 

plants play an important role in the local population’s health care, especially for the 

poorer communities, which live in the most remote areas. The utilisation of medicinal 

plants also reflects the cultural diversity of ethnic minority groups (Figure 2.13). With 

most of medicinal plants grown in the highland areas of BMNP, above 900 m in 

altitude, local people collect medicinal plants within the NP and only a small part is 

obtained from home gardens and managed areas (Tran, Ziegler 2001).  
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Figure 2.13 Katu ethnic miniroty woman collecting medicinal plants in the BMNP 

 (Source: Huynh Van Keo) 

Based on the results of the household survey, the poverty situation in the buffer zone 

communes of the BMNP is shown in Table 2.4. Poor HHs in the whole area occupy 

9.6%, with highest poverty rate concentrated in HHs of the mountainous communes of 

Dong Giang district (22.4%). Those areas belong mostly to the Katu ethnic minority 

group. 

Table 2.4 Poverty status in buffer zone of the BMNP (BMNP 2013) 

District No. of households 
No. of poor 

households 

Percentage of poor 

households (%) 

Phu Loc  8326 772 9.3 

Nam Dong  3118 131 4.2 

Dong Giang  1516 339 22.4 

Besides forestry production, the traditional jobs of local people are mainly cultivation of 

rice, maize, cassava root, buffalo and cattle husbandry, and the breeding pigs and 

poultry (Figure 2.14). Some residential areas such as Phu Loc town, Loc Dien, Loc Tri 

(Phu Loc district) and Khe Tre town (Nam Dong district) have advantages for economic 

development. Besides agricultural and forestry production, other sectors such as 

industry and commerce have developed quite strongly and people's quality life in these 

areas has increased profoundly over the last 20 years. 
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Figure 2.14 Harvesting Cassava roots - left & pigs breeding - right 

 (Source: authors’ own) 

2.3.3 The current status of BMNP 

When the NP was established, the local people within buffer zone and the surrounding 

area had no land for grazing cattle and undertaking agriculture. They saw no direct or 

indirect benefit in establishing the BMNP. As a result, they have never supported the 

conservation efforts and continue to use the forest illegally in order to meet their daily 

requirements (Vu 2004). Until recently, there were many programmes, which supported 

the local communities in order to reduce pressure on the Bach Ma forest resources. 

However, population growth and increased demands for agricultural land have posed 

additional threats to the park. Moreover, because of the complex terrain, the population 

density is distributed unevenly, leading to difficulties in planning fixed cultivation and 

permanent settlement patterns (BMNP 2012).  

The Bach Ma area stretches out from the high mountains to the low hill lands in the 

middle of Vietnam. The area has a complex topography. In addition, most of the Bach 

Ma area is covered by ferralitic soils (BMNP 2011). A characteristic of ferralitic soils is 

that they are generally very desaturated, acidic, deficient in P and N and poor in bases 

(Roose 1996, p. 299). They are highly weathered and leached soils of the humid tropics 

enriched in iron and aluminium relative to silica and all major cations (Chesworth 2008, 

p. 237). Most of the ferralitic land is distributed in high terrain that is easily eroded, 

especially on the slopes. Hence, it is necessary to have appropriate methods to protect 

the land by using suitable plants for each type of soil. This soil type is not suitable for 

developing crops, but better to develop industrial plants, especially perennial plants and 

some kinds of fruit trees. Furthermore, pasture for animal husbandry and forestry can be 
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grown. However, currently beside the cultivated terraced fields, the ethnic minority 

people in many places are still undertaking inappropriate cultivation methods and crops. 

Additionally, illegal logging, overgrazing, shifting cultivation of wandering hill-tribes 

and burn off to clear are harmful factors which increase erosion and land degradation. 

The loss of forest has created square-shaped cut blocks and has left a high amount of 

bare soil exposed. Consequently, soil erosion occurs with a high sediment load 

discharged into adjacent rivers (Yen et al. 2005). 

Recently, in his PhD thesis Mr. Nguyen Vu Linh – (Vice Director of the BMNP), 

investigated the Benefit Sharing Mechanism pilot policy of Decision No. 126 from 2012 

to 2015 for BMNP. He found that forests are also the dominant source of household 

income in the region and although the local awareness for and compliance with the 

sustainable-harvest regulation increased annually, the level of local self-management 

and compliance is still quite low (Nguyen 2016). Resultantly the local communities who 

are still relatively poor and forest dependant, still having to rely heavily on forest 

resources as a supplementary source to their incomes. This is especially true during 

times of crop failure or in the transitional time between two harvests (Le 2004).  

Illegal land invasion has been seen in the buffer zone and boundaries of BMNP. The 

total land invasion area is not much, but is still considered a serious impact at a large 

scale with many different participators (BMNP 2015). The main reason is, there is no 

clear boundary and boundary control points remain sparse. This leads to accidental or 

deliberate invasion, causing negative effect to the management and conservation of the 

BMNP. In addition, the system of digital maps and hardcopy maps are failing to meet 

the specific requirements in the field for the tasks of the ranger station staff. Reports 

from field staff that a segment boundary is not clear and technical limitation when 

determining boundaries on maps and in the field have been reported. Often boundaries 

have errors of about 200 m caused by unnecessary disputes, which are difficult to 

handle for staff. People not only use illegal land to grow farm-produced crops such as 

rice, cassava, potatoes, tobacco, etc., but also illegally occupy land for afforestation 

(BMNP 2015). The main tree, which is grown, is Acacia due to its high market demand 

(Figure 2.15). Most villages of the two communes of Phu Loc and Nam Dong districts 

exhibit this problem.  
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Figure 2.15 Harvesting Acacia 

 (Source: authors’ own) 

Local people in the buffer zone live mainly from agriculture, with an economic structure 

of over 78% agriculture (BMNP 2013). However, agricultural areas are not large, and 

the local people typically do not have enough productive land. Additionally, in the 

process of land allocation, forest area is limited in comparison to the high demands of 

households needs. Whereby, not all forest recipients are allowed to receive forest 

benefits. Therefore, to ensure a household’s economy, local people exploit forest 

resources to provide additional food sources, as well as, regular income to cover daily 

life needs. They go to the forest to hunt or cut timber and non-timber forest products 

(NTFPs) for use or sale. Exploiting NTFPs is suitable in sharing benefits, but in the 

process of exploiting forest products, many people also combine it with illegal activities 

such as animal trapping, hunting with dogs. Ethnic minority groups previously have 

always depended on the forest resources. As such, they still have the habit of reliance 

and dependence on nature. Hunting and gathering forest resources is culturally relevant. 

Activities such as collecting honey, bamboo shoots, medicinal plants such as Ươi seeds 

(Scaphium macropodum), and Lingzhi mushrooms are based on seasons (Nguyen 

2016).  

The local medicinal plant resources have traditionally been sustainably harvested, yet 

since the development of the market economy and with a growing population, this 

system is now threatened by commercial exploitation. It is not possible to assess the 

quantity of medicinal material extracted from the BMNP. However, traditional 
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pharmacists from the adjacent areas in Thue Thien Hue and Da Nang provinces often 

visit the villages regularly to purchase dried and cut plant material and the herbalists are 

aware of the market prices. Tran and Ziegler (2001) concluded that certain species of 

medicinal plants are already commercialised at a large scale and several species had 

become rare and listed in the red data book of Vietnam. 

Market demands and high profits from wildlife products make hunting also a sufficient 

threat to forest resources. Many kinds of wildlife species face extinction due to 

increased and more sophisticated hunting activities (BMNP 2015).  

Although BMNP is considered as a success in wildlife conservation and natural 

resource management terms, illegal hunting is still a relatively common practice within 

the buffer zone area, which is adjacent to the NP. This is especially true in the 

communes, which since 2008 find themselves located in the new expansion area of the 

BMNP. (Figure 2.16 and Figure 2.17). 

   

Figure 2.16 Traps seen to catch animals 

 (Source: BMNP) 

   

Figure 2.17 Trapped animals (left) & a makeshift home/tent found within BMNP (right) 

 (Source: BMNP) 
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Reports by local forest rangers have indicated that the number of illegal hunting 

activities is reducing. Although illegal hunting is not caught largely by BMNP’s forest 

rangers, in the local market, wild animals and products from them are seen for sale. 

According to the rangers, the real number of illegal activities is much higher than the 

numbers recorded. Local people use thick wire to make animal foot snare traps. There 

are also many other types of trap such as bird/bat nest, snares with and-/without fences, 

hunting by dogs, and even guns (Figure 2.18 and Figure 2.19). Through the survey time 

in the field, BMNP rangers found a large number of traps, wires mainly from local 

people used to trap animals. In particular, there were many traps in areas close to the 

BMNP boundary, along the mountain area, hills, and feeding areas of animals.  

 

Figure 2.18 Some types of traps commonly seen in BMNP (Source: BMNP) 

 

Figure 2.19 BMNP staff handing over illegal hunting shotguns to local police 

 (Source: BMNP) 
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Camping in the forest is also a direct threat to the rapid decline of species in BMNP. 

According to the survey results, illegal activities recorded randomly by forest rangers 

based on the traces of people inside BMNP. People were encountered on the tracks in 

the forest while they were collecting firewood, bamboo shoots, honey, fishing, catching 

frogs, snails, wild boars, etc. (Figure 2.20, Figure 2.21, Figure 2.22 & Figure 2.23). 

However, that is just the recorded number of people who were captured inside the 

BMNP; the people who were caught outside of the Park are much larger than rangers 

are able to record.  

    

Figure 2.20 Collected snails by a household in the buffer zone (Source: authors own) 

 

Figure 2.21 Making snails ready for cooking  

(Source: authors own) 
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Figure 2.22 A captured bird caged  

(Source: authors own) 

 

Figure 2.23 Honey was processed after collecting in the forest 

(Source: authors own) 

The fact is that, if local people do not have the right to enjoy the forest benefits, they 

will not be motivated to protect the forests themselves. This has led to severe 

degradation of the forests in both BMNP and its buffer zone. Although protection and 
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management activities have been widely undertaken, the prevention of illegal logging is 

still not effective. Timber for the construction sector is in huge demand. The price of 

wood varies highly between mountainous regions and the flat plains. Large numbers of 

forest products without a license are shipped “legally”. Excessive exploitation of the 

forest products, especially illegal logging has been reported from the ranger stations of 

the BMNP (Figure 2.24, Figure 2.25, Figure 2.26 & Figure 2.27). The NP has many 

remarkable activities for the protection and management but the prevention of illegal 

activities is still limited and not effective. 

 

Figure 2.24 The remnants of forest thieves cutting timbers illegally inside the BMNP 

 (Source: BMNP) 

 

Figure 2.25 Carrying timbers out after cutting 

 (Source: BMNP) 
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Figure 2.26 Transporting timber illegally by floating downstream 

 (Source: BMNP) 

 

Figure 2.27 A forest thief was captured on the way to transport Hopea pierrie timber 

illegally at night (Source: BMNP) 

Most district and commune officials’ recognise the importance of buffer zone 

management to reduce the pressure on the resources inside the NP. However, the ranger 

force is still limited and there is a lack of equipment to prevent, detect and control 

illegal loggers. Bach Ma forest rangers and their families are often threatened and it is 

not uncommon for rangers to be attacked. Sometimes, forest thieves even surround the 

area, making rangers unable to communicate with the outside force. Consequently, they 

have to attempt for several days to find a way return to their unit. Not only that, forest 

thieves often use sophisticated traps to harm rangers such as setting sharp objects and 

spike-boards under the streams and rivers where rangers usually cross by during treks in 
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order to injury rangers. Recently, forest thieves have carried out planned attacks on 

rangers. Figure 2.28 shows one ranger who was wounded seriously inside the BMNP in 

March 2016.  

 

Figure 2.28 Ranger Le Anh Tuan being treated in hospital 

(BMNP 2016) 

Traps and timber cutting locations within the forest are factors that cause habitat 

fragmentation. The fragmented habitats make animals more susceptible to hunting and 

reduce population numbers. This is a main cause for the reduction in species far away 

from settlement areas. This is also the biggest human influence that causes the most 

problems and threats to forest resources. Fishing activities and other aquatic resource 

use of products from the rivers, and other waterbodies also occurs. Fishing with 

explosives or electricity still occurs in many parts of the buffer zone.  

Many ongoing activities within the region affect forest resources both negatively and 

positively. The lack of an ecotourism development plan is also threatening the 

sustainable development of the BMNP. Tourism development on the one hand, brings 

more income opportunities to the local people yet, but on the other hand poses potential 

risks to the BMNP, as large-scale infrastructure construction projects become 

implemented. With a large number of visitors, uncontrolled construction in the park 

without assessing the environmental impacts of development, have taken their toll on 

the park (Sunderland et al. 2013). The construction of the Truoi dam within the NP 

contributed to the reduction of forest cover. The Thien Vien Truc Lam Pagoda was built 

in 2006 in the centre of the Truoi Lake within the Loc Hoa commune (Phu Loc district). 
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This is a very attractive place for tourists because of its peacefulness, romantic views, 

and impressive construction. At the Truoi dam, to reach the pagoda, tourists have to 

take a boat across Truoi Lake (Figure 2.29). The existence of Truc Lam Pagoda has 

attracted many tourists. Results from interviewed HHs in the commune showed that 

many HHs in the area have improved their income from providing tourism services such 

as becoming ferryman or trading (Nghiem, Matusch 2012). However, as a religious 

belief, many people release aquatic species such as fish and red-eared sliders into the 

Truoi Lake. The distribution of alien species, especially a number of invasive red-eared 

sliders, has threatened the regional ecology. Despite the ongoing efforts to undertake 

research about BMNP, a solid and much needed information basis in the new extended 

BMNP is still lacking. The park has very limited capacity to monitor and manage the 

threats mentioned above. In addition, there is a lack of qualified staff, and a lack of 

budget dedicated to protective activities. 

  

Figure 2.29 Boat station on Truoi dam and Thien Vien Truc Lam Pagoda 

 (Source: authors own) 

Recently, construction of the Ho Chi Minh Road, from Cam Lo (Quanh Tri province) to 

Tuy Loan (Da Nang province) which has a total length of 186 km has begun, with the 

first segment from La Son (Phu Loc district) to Tuy Loan with the length of 83 km and 

width of 24 metres (Châu. N. Q. 2013; Ministry of transportation 2013). The opening of 

this road is considered a potential risk to the future of BMNP. Mr. Huynh Van Keo – 

the BMNP’s Director, confirmed that 9 km of the new road would pass through the 

BMNP occupying in total 49 ha of Bach Ma forest. According to the environmental 

impact assessment (EIA) report, the taken area has more than 90 species of birds, 18 

species of mammals, 12 species of frogs and 16 species of reptiles (Dang K. 2016). 

Much of the land is adjacent to the Ta Trach River, an important area for feeding and 
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for the movement for many animals. Besides, this area is covered by about 100 species 

of medicinal plants and 50 timber trees with a diameter of 20 cm and above (Dang K. 

2016). As this is a very sensitive area of the Park, experts have been vocal to warn that 

the building of the road may have serious consequences to the Bach Ma ecosystem.  

The construction location of the new highway is based on the exisiting old 14B road, 

which passes through the BMNP. However, the old 14B road is quite narrow and 

relatively little traffic passes along the road, only for a few local villagers and park 

rangers making patrols. Nevertheless, the construction and operation of the new 

highway will affect and disturb the ecosystem of the Park. In Huong Loc commune 

(Nam Dong district), the construction company is in the process of building the roadbed 

(Figure 2.30). According to the EIA study, during the process of construction, the 

activities have caused widespread noise pollution. This is likely to lead to changes in 

habitats and cause a decline of fauna. Moreover, the land take for temporary housing for 

workers, vehicles, and the cutting of trees have also caused the loss of some rare 

species.  

 

Figure 2.30 Highway construction of the segment La Son – Tuy Loan through the 

BMNP 

(Dang K. 2016) 
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Figure 2.31 Ho Chi Minh road open over the old 14B road 

 (Source: BMNP) 

The opening of the road would clearly lead to habitat fragmentation between the 

Southern and Northern zones of the BMNP (see Figure 2.31). EIA experts have also 

warned that opening the road will cause loss of feeding grounds for herbivorous 

mammals such as deer, wild boar, squirrels, the loss of habitat of many species of 
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pheasants from the forest adjacent to the road, and especially species of the chicken, 

which cannot fly very far, ungulates and primates.  

Moreover, the felling of 25 ha of forest with more than 550 m3 of wood will affect the 

primary forest and threaten the ecosystems of the Park (Dang K. 2016). The Park 

requests the authorities and investors strictly implement the work and build systems of 

suitable bridges so that animals can cross, minimise drilling and blasting through the 

rock, reduce explosive doses, reduce noise, etc., to minimise the adverse impacts to the 

ecosystems of the NP. At the start and end of the route where the road enters and exits 

the BMNP, two ranger stations have been placed. These stations will conduct the impact 

study of the project, and observe biodiversity to assess the impact of the construction to 

the NP. The MoNRE has explained that there is no other suitable location for the road. 

If the road were to be relocated towards the east, it would meet low terrain, My Chanh 

River Valley and would be too close to the Highway No.1. Meanwhile, if it were 

relocated westwards, it would meet the high mountainous terrain and still go through 

the NP. 

With many of the above mentioned problems exiting in BMNP, it is important to know 

which areas of the forest are particularly vulnerable and why. The issue that needs to be 

discussed is how to link all of the available data that exists for BMNP and its buffer 

zone to help answer the questions of what, why, where and when events happen within 

the NP. An improved understanding of the state of BMNP could help to predict risk and 

investigate the best management solutions to minimise forest degradation, as well as, 

reduce the pressure on forest resources in order to achieve a more sustainable future for 

the NP. This will support both better and more efficient decision-making processes for 

the future of BMNP.  
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Chapter 3 Theoretical background  

3.1 Vulnerability  

Vulnerability as a complex, scale dependent, differential and dynamic concept that has 

been surrounded by debate in recent decades (Anderson 1995; Vogel, O’Brien 2004; 

Barsley et al. 2013). Vulnerability has its roots in the study of natural hazards (Janssen 

et al. 2006). In the book “Natural hazards”, White (1974) defined that “vulnerability is 

the degree to which a system, sub-system, or component is likely to experience harm 

due to exposure to a hazard, either a perturbation or a stress”. Cutter (1996) identified 

vulnerability by three distinct clusters of definitions: as risk of exposure to hazards, as a 

capability for social response, and as an attribute of places. Based on the South Pacific 

Applied Geoscience Commission (SOPAC), vulnerability can basically be considered 

as the tendency for an entity to be damaged (Pratt et al. 2004).  

As such vulnerability is a multidimensional concept frequently used in the risk, hazards 

and disasters literature, but it has also become more prominent in the areas of general 

environmental research, global change, and development studies (Cutter 1996). 

Vulnerability has been researched since 1990s for several different fields such as socio-

economic and environmental vulnerabilities (Adger 1998, 1999; Kaly et al. 2004; Pratt 

et al. 2004; Adger 2004, 2006; Brooks et al. 2005), human and community vulnerability 

(NOAA 1999; UNEP 2002; Brenkert, Malone 2005), vulnerabilities to natural hazards 

(Cutter 1996; Cutter et al. 2000; Lavern 2009), coastal vulnerability (Pendleton et al. 

2005; Szlafsztein, Sterr 2007; SudhaRani et al. 2015; Nguyen et al. 2016), or human 

security (Nef 1999; O’Brien, Leichenko 2007; Cutter, Finch 2008). In recent years, due 

to increased hazard exposure as consequence of climate change, the concept of 

environmental vulnerability has been especially studied. The term Vulnerability has 

then become a basis for assessment methods in many different contexts, referring to the 

different systems exposed to different impacts. Although vulnerability is a concept that 

has been used in many studies, it is apparent that there is no single optimal definition 

that would fit all assessment contexts (Gallopín 2006; Birkmann 2006; Nguyen et al. 

2016).  

Human systems and the environment are dependent on each other. On one hand, risks to 

the environment will eventually transform into risks to humans, because of their 

dependence on natural resources. On the other hand, the environment is susceptible to 
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both natural events and its miss-management by humans. Hence, analysing the 

composition of vulnerability should include both aspects of human and natural systems 

and the risks which affect them (UNEP 2002). Poor people in developing countries are 

more vulnerable because of increasing exposure and their limited adaptive capacities. 

People having more capability to cope with extreme events are naturally also less 

vulnerable to risk.  

According to the “Our Common Future” report from the World Commission on 

Environment and Development, sustainable development is defined as development that 

meets the needs of the present without compromising the ability of future generations to 

meet their own needs (Brundtland 1987). It would be impossible to work towards a 

good or high quality of life and growth for countries under a sustainable development 

model, if no account were made of the damage that can occur from endogenous and 

exogenous influences (Pratt et al. 2004). Based on sustainable development, managing 

vulnerability is the basis for applying precautionary principles, disaster prevention, 

logical protection and use of natural resources, building a social-economic development 

strategy based on the solid “prediction and prevention” of risks, instead of the 

traditional approach “reaction and treatment”. Therefore, not only focusing on present 

conditions, vulnerability management should be “future focused” and go hand in hand 

with an opportunity for sustainable development. Such assessment can help to provide 

answers to important questions such as vulnerability of what, vulnerability to what, 

where and why events happen. Focusing on vulnerability therefore provides an 

important guide to the sustainable management and so it helps build awareness and 

prevents risk. 

3.2 Vulnerability assessment 

Vulnerability assessment is necessary for practical decision-making processes, such as 

to provide disaster managers with appropriate information about where the most 

vulnerable infrastructures are located (Queste, Lauwe 2006). Developing an indicator 

system for vulnerability measurement is one of the key activities enabling decision-

makers to assess the possible impacts of disasters (Bogardi 2006). Because vulnerability 

is ill‐defined, it is difficult to have a universal measurement methodology or to reduce 

the concept to a single equation (Downing 2004; Birkmann 2006). Vulnerability is 

characterised by many intangible factors and aspects, which are difficult to quantify or 
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which can be measured only indirectly, such as social networks, confidence, trust and 

apathy, and institutional aspects such as good governance, appropriate early warning, 

appropriate legislation (Cutter et al. 2003; Bogardi, Birkmann 2004). Specific 

approaches might have to define their own priorities and weigh different criteria, based 

on their specific needs and functions (Birkmann 2006). In general, both qualitative and 

quantitative approaches contribute to analyse vulnerability (Brenkert, Malone 2005; 

Manangan et al. 2014). Quantitative approaches focus on analysing exited data such as 

reports, statistic data, and spatial datasets. Developing a survey with a special 

questionnaire focused on experts and decision-makers (e.g. stakeholders, managers and 

researcher) to get the best professional judgment is an essential step of qualitative 

approaches for analysing vulnerability. Gathering such kind of data and information has 

to serve the aggregation of knowledge, which in turn is crucial for being able to make 

the right choices (Wisner, Walter 2005). Wisner (2005) indicated that the entire process 

always has to aim at the final level of what he calls “wisdom”, which means making 

value judgements based on experience, understanding and principle. Birkmann (2006) 

underlined in his book “Measuring Vulnerability to Natural Hazards: Towards Disaster 

Resilient Societies” that bridging the gaps between the theoretical concepts of 

vulnerability and day-to-day decision-making is one of the most important goals in 

developing tools for measuring vulnerability.  

According to Bohle (2001), vulnerability has a double structure with an external and an 

internal side (Figure 3.1). The internal side so called coping, which relates to the 

capacity to cope with, resist and recover from the impact. The external side involves 

exposure to risks and shocks (Bohle 2001). 
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Figure 3.1 Bohle’s conceptual framework for vulnerability analysis (Bohle 2001) 

In his research about “A framework for vulnerability in sustainability science”, Turner 

et al. (2003) demonstrated that vulnerability is registered not by exposure to hazards 

(perturbations and stresses) alone, but also resides in the sensitivity and resilience of the 

system experiencing such hazards. Birkmann (2005) summarised the vulnerability 

concept into a widening sphere (Figure 3.2). 
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Figure 3.2 Key sphere of the concept vulnerability 

(Birkmann 2005) 

After examining the evolution of approaches to vulnerability originated in social and 

natural sciences, Adger (2006) concluded that vulnerability is most often conceptualised 

as being constituted by components that include exposure to perturbation or external 

stresses, sensitivity to perturbation, and the capacity to adapt. Adaptive capacity is a 

reflection of two connected, but distinct, questions about an asset’s vulnerability: a) 

“how susceptible is the asset, currently, to an impact?” and b) “what is the ability of the 

community, asset manager, or asset system to alter the asset in a way that reduces its 

vulnerability?” The first question has been distinguished in the literature as coping 

capacity or coping ability, while the second one more specifically captures an asset’s 

adaptive capacity, or capacity to adjust or be adjusted over time in order to minimise 

vulnerability (Smith et al. 2000; Peltonen 2005; NOAA CSC 2010). Adaptation 

therefore denotes a longer-term and constantly unfolding process of learning, 

experimentation and change that feeds into vulnerability (Birkmann et al. 2013). 
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Building the adaptive capacity of a system is important because of its similar goals to 

sustainable development which will help increase the ability to adjust to potential 

damages and effectively cope with the consequences to maintain its primary function 

(Kovatz et al. 2003; Kienberger et al. 2009). This adaptive capacity approach has 

enlarged the basic design of vulnerability assessments. The three components in 

vulnerability function are frequently interdependent (Smit, Pilifosova 2003; Smit, 

Wandel 2006). Smit and Wandel (2006) described these basic vulnerability 

relationships in Figure 3.3. 

 

Figure 3.3 Nested hierarchy model of vulnerability 

(Smit, Wandel 2006) 

Generally, a system with high sensitivity and low adaptive capacity is more vulnerable. 

Alternatively, a system with low sensitivity and high adaptive capacity will tend to be 

less vulnerable. The more adaptation that occurs will result in a higher adaptive capacity 

and so it will helps to reduce the system’s exposure and/or sensitivity. Adaptive 

capacity can vary over time and is affected by multiple processes of environmental and 

societal change as societies adjust from event (drought, flood, abrupt changes etc.) to 

event (Pulwarty, Hutchinson 2008). In research “Methods and tools for assessing the 

vulnerability of forests and people to climate change”, Locatelli et al. (2008) indicated 

that adaptation is necessary for reducing the impacts of climate change on forests and 

societies. The exposure, sensitivity and adaptive capacity functions of vulnerability 

supports planners and decision makers in developing appropriate adaptation response 
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strategies for the system most in need and so aids optimises the utilisation of limited 

resources.  

As a vehicle for recording the concerns of many experts and decision-makers, 

vulnerability assessments must answer to the main question: What/Who have the most 

vulnerability? – Who is exposed to a hazard?; Who does not have the ability to cope 

with the risk?; or a combination of both? Many traditional researches have attempted to 

develop suitable metrics for vulnerability assessments. The major challenge in 

measuring vulnerability is the gathering of accurate, reliable and accessible data, 

selecting suitable parameters and choosing appropriate methods for prioritising the 

components of vulnerability, in order to identify the most vulnerable people and their 

geographic distribution.  

3.3 Multi-criteria decision-making and AHP-based group decision-making 

3.3.1 Multi-criteria decision-making  

In this dynamic and rapidly evolving world, making decisions, which already involve 

many intangibles, is a big challenge. To do that, they have to be measured alongside 

tangibles whose measurements must also be evaluated as to, know how well they serve 

the objectives of the decision-maker (Saaty 2008). Normally, there does not exist a 

unique optimal solution for problems. Most of decision problems have multiple 

objectives that have to be dealt with simultaneously. Hence, it is necessary to use a 

decision-maker’s preferences to distinguish between solutions. Multi-criteria decision 

analysis (MCDA), or multi-criteria decision-making (MCDM), is a discipline aimed at 

supporting decision-makers who are faced with many and often conflicting problems 

(Lootsma 1999; Montibeller, Franco 2010). Because people, natural resources, 

facilities, time, and space are limited, most MCDA cannot fulfil satisfactory all 

objectives. It is essential to decide what structure will rule through the process. The 

structure of the problem can be as complex as one desires, to include the relevant actors, 

objectives, criteria and alternatives, but the analysis must be simple and uniform, while 

related issues should be considered simultaneously rather than sequentially (Saaty, 

Kearns 1985). It should be approached as a whole and include relevant information, 

including both “hard” data, such as quantifiable information, and “soft” data, derived 

from intuition, experience, values, and judgments (Saaty, Kearns 1985). The basic 

strategy is to divide the decision problem into small and understandable parts in order to 
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analyse in detail and then integrate all parts into a logical approach to create the best 

solution. Many of researches in developing MCDA have been in the area of operations 

research and management science, in which decision-making processes are essential 

(Triantaphyllou et al. 1998; Malczewski, Rinner 2015). Recently, structured methods 

utilising the theoretical and practical advances have become an important aid to 

decision-making in all sectors (Bhushan, Ria 2004).  

A utility model is a mathematical tool that describes problem features, such as goals, 

objectives, opinions, etc. decision-makers then evaluate alternatives with respect to 

those problem features (Schmoldt et al. 2001). Using a MCDM method, the objectives 

are combined based on the decision-maker’s preferences which are based on the 

evaluation of criteria (Almeida et al. 2015). The main phases in the MCDA methods are 

identifying the objectives and attributes, assessing the performance of alternatives for 

them, and determining their relative importance in the decision situation (Figure 3.4). 

 

Figure 3.4 The main phases of the interactive MCDA process used in the projects  

(Marttunen 2011) 

There are a large number of methods that all fall under the umbrella of MCDM analysis, 

each involving different protocols for eliciting inputs, structures to represent them, 

algorithms to combine them, and processes to interpret and use formal results in actual 

advising or decision-making contexts (Zopounidis, Pardalos 2010; Huang et al. 2011; 

San-Cristóbal-Mateo 2012; Almeida et al. 2015). For example: MAUT (Multi-attribute 
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Utility Theory) (Keeney, Raiffa 1976), AHP (Analytic Hierarchy Process) and its 

extension the ANP (Analytic Network Process) (Saaty 1980, 2009; Saaty, Vargas 

2013), outranking methods PROMETHEE (Preference Ranking Organization Method 

for Enrichment Evaluation) and ELECTRE family methods (Elimination and Choice 

Expressing Reality), TOPSIS (Technique for Order Preference by Similarity) (Hwang, 

Yoon 1981). The potential benefits of using MCDA in planning projects are 

summarised in Figure 3.5. 

 

Figure 3.5 The potential benefits of MCDA in multi-stakeholder planning processes 

(Marttunen 2011) 

To make a decision we need two things: 

1. Create a structure to relate all the factors that influence the outcome of that 

decision; 

2. Provide judgments to determine the importance (priority) of these influences and 

then synthesise those priorities to determine the best or the most likely outcome. 
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Technically, we need to measure all the tangible and intangible factors in a 

decision and combine them into a single outcome.  

According to Saaty (2006), MCDM is a process that requires us to: 

 Understand and define the problem as completely as possible; 

 Structure a problem as a hierarchy or as a system with; 

 Dependence loops; 

 Elicit judgments that reflect ideas, feelings and emotions; 

 Represent those judgments with meaningful numbers; 

 Synthesise results; 

 Analyse sensitivity to changes in judgments. 

 

Figure 3.6 Facilitated decision modelling (Zopounidis, Pardalos 2010) 

Figure 3.6 shows that MCDA interacts simultaneously in two spaces: as an analyst in 

decision modelling space including model outcomes such as performances of options, 

sensitivity analyses; and as a facilitator in the group process space, with group outcomes 

such as commitment to the way forward and learning. The two spaces will be cross-

impacts and cannot be separated from each other.  
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Recently, MCDA has received continuously more popularity both in research and 

practice (Kangas et al. 2015). In forestry, there is over 200 publication which have 

applied MCDA to questions such as harvest scheduling, biodiversity, sustainability and 

forest industry (Diaz-Balteiro, Romero 2008). Sustainability studies have also used 

principles of the MCDA to measure sustainability of forestry in different areas 

(Mendoza et al. 1999). The MCDA has been a popular means to enhance sustainability 

through criteria and indicator approaches (Myllyviita et al. 2013). 

3.3.2 Analytic Hierarchy Process 

Decisions that need support methods are difficult by definition and therefore complex to 

model (Ishizaka, Labib 2009). It is necessary to find out a trade-off between perfect 

modelling and usability of the model. Among various MCDM techniques, the 

Analytical Hierarchy Process (AHP) has reached this compromise (Bhushan, Ria 2004; 

Ishizaka, Labib 2011). The AHP is a decision-making procedure that was originally 

developed by Saaty in the 1970s. Since then, the potential of the AHP has led to its 

widespread use across multiple domains (Bhushan, Ria 2004; Vaidya, Kumar 2006; Ho 

2008; Ishizaka, Labib 2011; Subramanian, Ramanathan 2012). The AHP helps structure 

the decision-maker’s thoughts and can support in organising the problem in a manner 

that is simple to follow and analyse. Basically, the AHP helps in structuring the 

complexity, measurement and syntheses (Bhushan, Ria 2004). The AHP is a popular 

and powerful tool used by decision-makers to evaluate alternatives in problems that 

contain not only tangible and quantitative factors, but also intangible and qualitative 

factors as well (Christopher, John 2014). 

A numerous number of applications of the AHP have been published in the literature 

such as marketing (Wind, Saaty 1980; Wind 1987; Weber 1998; Davies 2001), banking 

(Haghighi et al. 2010; Ishizaka, Nguyen 2013; Mandic et al. 2014), site selection (Uyan 

2013; Gdoura et al. 2015; Chaudhary et al. 2016), energy (Lee et al. 2013; Jovanović et 

al. 2015; Ishizaka et al. 2016), project selection (Amiri 2010; Aragonés-Beltrán et al. 

2014), healthcare (Liberatore et al. 2003; Sloane et al. 2003; Büyüközkan et al. 2011), 

industry (Gupta et al. 2015; Lee, Lee 2015; Galankashi et al. 2016), natural hazard 

(Erden, Karaman 2012; Stefanidis, Stathis 2013; Boroumandi et al. 2015), vulnerability 

research (Thirumalaivasan et al. 2003; Wu, Blackhurst 2009; Le Cozannet et al. 2013), 

land-use (Akıncı et al. 2013; Terra et al. 2014; Mosadeghi et al. 2015), and many others. 
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The advantages of AHP over other multi-criteria methods, as often cited by its 

proponents, are its flexibility, intuitive appeal to the decision-makers, and its ability to 

check the inconsistencies in judgements (Neste, Karjalainen 2013). These can be 

numerical, verbal or graphical. AHP provides a formalised approach for creating the 

better quality solutions to decision-making problems. AHP uses hierarchical structures 

through pair-wise comparisons to present a problem and then develop priority scales 

based on the judgements of experts (Saaty 1980). Basically, we can understand this for 

example, when we want to break down a problem into its smaller and smaller 

constituent parts and then guide decision-makers through a series of pair-wise 

comparison judgments to express the relative intensity of impact of elements in the 

hierarchy (Saaty 1990). These judgments, represented by assigning numerical values, 

are then synthesised in the use of eigen vectors to determine which variables have the 

highest priority. A judgement or comparison is the numerical representation of a 

relationship between two elements that share a common parent (Saaty 1994). The 

numbers that obtained are ratio scale estimates and correspond to so-called hard 

numbers. 

At the beginning of the decision-making process, the facilitator works together with 

decision-maker(s) to discuss and structure the problem. This step plays an important 

role in the whole process because different structures may create different final rankings 

(Ishizaka, Labib 2011). 

Using AHP we need a hierarchical structure to represent problem and pairwise 

comparisons to establish relations within the structure (Saaty 1987). The criteria are 

often measured on different scales, such as weight and length, or are even intangible for 

which no scales yet exist. The process of prioritisation solves this problem by 

interpreting their significance to the values of the user or users. The weights are 

determined by normalising the eigenvector associated with the maximum eigenvalue of 

the reciprocal ratio matrix. 

Steps following: 

1. Problem modelling, define the problem;  

2. Structuring criteria and sub-criteria; 
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3. Develop the AHP hierarchy: constructing pair-wise comparison matrices, 

calculating eigenvalue λmax, eigenvector ω, consistency index (CI), and 

consistency ratio (CR); 

4. Weighting all elements: estimate the relative weights, check the consistency, and 

obtain the final overall rating. 

If we assume that we have a set of n different and independent criteria (A1, A2,… An), 

and that they have the current weights (w1, w2,…, wn), respectively. The comparison of 

weights could be illustrated as follows: 

 (1a) 

Another way, the expert makes pair-wise comparison between the different criteria to 

produce these values of weights. When he/she compares a set of criteria with each other, 

a square matrix is produced as follows:  

 (1b) 

This matrix has reciprocal properties, that is:  
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 (1c) 

where the subscripts i and j refer to the corresponding row and column. 

Based on (1a), (1b) and (1c), we could simplify the judgement pair-wise comparison 

matrix following: 

 

Where: A is square pair-wise comparison matrix, aij is relative importance of the 

elements i and j, a12
 is weight of element 1, a1n is weight of element n. Each entry in the 

matrix A is positive (aij > 0) and reciprocal (aij = 1/aji for i, j=1, 2,.., n). 

Theoretically, a principal eigenvector is a vector that when a matrix A is multiplied by 

that vector, the operation results in the same vector to within a constant multiple, and 

that constant is the principal eigenvalue λmax : 

Aw = λmax w, where λmax is a constant. 

The aij elements estimate the ratios wi/wj where w is the vector of current weights of the 

criteria. If a matrix A is absolutely consistent, so that A=W and in the ideal case of total 

consistency, the principal eigenvalue (λmax) is equal to n, i.e. “λmax = n”, the relations 

between the weights and the judgements will be given by wi/wj = aij for i, j = 1, 2… n. 

The weights wi, i=1, 2... n, are obtained using the eigenvector method, they must be 

positive and normalised, and satisfy the reciprocity property (Saaty, Vargas 1984a, 

1984b). A normalisation procedure consists of carrying out a scale transformation to 

change all criteria to the same scale, in order to work out the aggregation process.  
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In practice, a perfect consistency in measurement is difficult to attain. The AHP allows 

for inconsistency, because in making judgments, people are more likely to be cardinally 

inconsistent than cardinally consistent, because they cannot estimate precisely 

measurement values even from a known scale, and even worse when they deal with 

intangibles (a is preferred to b twice and b to c three times, but a is preferred to c only 

five times), and ordinally intransitive (a is preferred to b and b to c but c is preferred to 

a) (Saaty 2003). When we deal with tangibles, a pair-wise comparison judgment matrix 

may be perfectly consistent but not connected with or far from the real situation. 

The matrix is generally inconsistent. However, we have measures to assess the extent of 

deviation from consistency. If the deviations exceed the specified limits then it is 

necessary to ask the expert to re-check the inputs on the comparison matrix. 

After generating the set of pair-wise comparison matrices, we calculate a set of 

eigenvectors for each matrix and then normalise to unity the result and obtain the 

vectors of priorities. Algebraically, the consistent problem involves solving:  

Aw = nw, A = (wi/wj) 

where A is multiplied on the right by the vector of weights w: 

 

The result of this multiplication is nw. Thus, to recover the scale from the matrix of 

ratios, we must solve the problem Aw = nw or (A-nI)w = 0. This is a system of 

homogeneous linear equations. It has a nontrivial solution if and only if the determinant 

of A-nI vanishes, that is, n is an eigenvalue of A. The solution consists of positive 

entries and is unique to within a multiplicative constant (Saaty, Vargas 2012).  
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To make w unique, we can normalise its entries by diving by their sum. Thus given the 

comparison matrix, we can recover the scale. The solution here is any column of A 

normalised.  

In general cases, the precise value of wi/wj cannot be given, only an estimate of it as a 

judgment. We consider an estimate of these values by an expert who is assumed to 

make small perturbations of the coefficients. This implies small perturbations of the 

eigenvalues. Because A holds reciprocal property, the problem now becomes:  

A´w´ = λmaxw´, A´ = aij 

where λmax is the largest eigenvalue of the judgement matrix A. 

To simplify the notation, we could write: 

Aw = λmaxw 

A reciprocal pair-wise comparisons reciprocal matrix A = (aij), satisfies the system of 

homogeneous equation:  

w  = w a ijij

n

1 =j 

max
 

where aji = 1/aij (the reciprocal property), aij > 0 (thus A is known as a positive matrix), 

λmax is the principal eigenvalue of the matrix A and w is its corresponding principal right 

eigenvector, 

and the normalisation condition: 

1  =  wi

n

1=i


 

The consistency index (CI) for each matrix and for the entire hierarchy can be 

approximated by hand calculations. First add each column of the judgment matrix and 

then multiply the sum of the first column by the value of the first component of the 

normalszed priority vector, the sum of the second column by that of the second 

component and so on. Then add the resulting numbers. The formula for calculating CI 

for each matrix is following: 
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where n is number of criteria being compared. As mentioned above, for a reciprocal 

matrix, λmax ≥ n. 

If we divide CI by random consistency number for the same size matrix then we obtain 

consistency ratio (CR). Therefore, we have: 

 

where RI is the average value of CI value for random matrices using the Saaty scale. 

If numerical judgments were taken at random from the seventeen values {1/9, 1/8,.., 

1/2, ..., 1, 2, ..., 8, 9}, then using a reciprocal matrix we would have the following 

average consistencies for different-order random matrices (see Table 3.1 and Figure 

3.7). This random index (RI) was calculated by put 1’s down the main diagonal and 

compute the CI, with doing this 50000 times and take the average to get RI (Saaty, 

Peniwati 2008, p. 157). 

Table 3.1 The average consistencies for different order random matrices with first-order 

differences  

Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 1.52 1.54 1.56 1.58 1.59 

First-order 

differences 

 0 0.52 0.37 0.22 0.14 0.10 0.05 0.05 0.04 0.03 0.02 0.02 0.02 0.01 



CHAPTER 3 THEORETICAL BACKGROUND 

57 

 

Figure 3.7 Plot of random inconsistency (RI) 

CR indicates the amount of allowed inconsistency. Higher CR means the comparisons 

are less consistent. Smaller CR means comparisons are more consistent. CR = 0 means 

the result is perfect consist. The priority of consistency to obtain a coherent explanation 

of a set of facts must differ by an order of magnitude from the priority of inconsistency, 

which is an error in the measurement of consistency. Thus, on a scale from 0-1, 

inconsistency should not exceed 0.10 by a large extent (Saaty 1987). The requirement of 

10% should not be made much smaller such as 1% or 0.1%. The reason is that 

inconsistency itself is important, for without it new knowledge which changes 

preference order cannot be admitted (Saaty 1987). Assuming all knowledge to be 

consistent contradicts experience, which requires continued adjustment in 

understanding. Thus the objective of developing a wide-ranging consistent framework 

depends on admitting some inconsistency (Mumpower et al. 1987). If CR ≤ 0.1 (10%) 

then the results are consistent and we can obtain the final overall rating (Saaty 1980; 

Saaty, Vargas 1984b; Saaty 1987).  
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Figure 3.8 Plot of first differences in random inconsistency 

Figure 3.8 plots the differences between successive numbers in first-order differences. It 

shows the importance of the number seven as a cutoff point beyond which the 

differences are less than 0.10, which are not sufficiently sensitive enough to make 

accurate changes in judgement on several elements simultaneously. That means 

comparing too many elements reduces the sensitivity to an inconsistent judgment. 

Resultantly to be safe in deriving reliable priorities from comparisons, we should avoid 

comparing more than about seven elements (Saaty, Peniwati 2008, p. 159).  

A scale of measurement is needed to determine the relative preferences between two 

elements in the hierarchy of matrix A. Because most of the criteria are intangible, we 

cannot use numbers derived on a measurement scale. Mathematically, a scale is three 

things, a set of numbers, a set of objects, and a mapping of the objects to the numbers. 

When using judgments one can either assign numbers to the objects by guessing their 

value on some scale of measurement when there is one, or derive a scale by considering 

a subset of objects in some fashion such as comparing them in pairs, thus making the 

correlation indirect (Saaty 2009). There are some kinds of general scales such as 

nominal scale, ordinal scale, interval scale, ratio scale, and absolute scale. A 

fundamental scale from 1 (for the low pair) and up to 9 (for the high pair) is used to 

express pair-wise comparison judgments (Saaty 2006) (see Table 3.2). This is a scale of 

absolute numbers used to answer the basic question in all pair-wise comparisons: how 

many times more dominant is one element than the other, with respect to a certain 

criterion/attribute?  
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Table 3.2 Fundamental scale of absolute numbers 

Intensity of importance Definition Explanation  

1 Equal importance Two activities contribute equally to the 

objective  

2 Weak   

3 Moderate 

importance 

Experience and judgment slightly favor 

one activity over another 

4 Moderate plus  

5 Strong importance Experience and judgment strongly favor 

one activity over another 

6 Strong plus  

7 Very strong 

demonstrated 

importance 

An activity is favored very strongly over 

another; its dominance demonstrated in 

practice 

8 Very, very strong  

9 Extreme importance The evidence favoring one activity over 

another is of the highest possible order 

of affirmation  

Reciprocals If activity i has one 

of the above nonzero 

numbers assigned to 

it when compared 

with activity j, then j 

has the reciprocal 

value when 

compared with i  

A comparison mandated by choosing the 

smaller elements as the unit in order to 

estimate the larger one as a multiple of 

that unit 

Rationals Ratio arising from 

the scale 

If consistency is to be forced by 

obtaining n numerical values to span the 

matrix 

1.1-1.9 For tied activities When elements are nearly 

indistinguishable, moderate is 1.3 and 

extreme is 1.9 

The derived scale, obtained by solving a system of homogeneous linear equations 

whose coefficients are absolute numbers, is also an absolute scale of relative numbers 

(Saaty 2009, p. 10). A judgment is made on a pair of elements with respect to a property 

they have in common. The smaller element is considered to be the unit, and we estimate 
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how many times more important, preferable, or likely - more generally “dominant” – 

the larger is using a number from the fundamental scale.  

One of the most prominent features of the AHP methodology is to evaluate quantitative, 

as well as, qualitative criteria and alternatives on the same preference scale (Franek, 

Kresta 2014). Small changes in the numbers can lead mathematically to small changes 

in the final priorities. Because the numbers 1-9 are not crisp in the first place, they do 

not need to be made fuzzy. Therefore, it is concluded that we should never use fuzzy 

sets in decision-making with the AHP (Saaty, Peniwati 2008, p. 155). There are also 

several other numerical scales that have been proposed (Table 3.3).  

Table 3.3 Judgement scales used in AHP (Ishizaka, Labib 2011; Franek, Kresta 2014) 

Scale type Mathematical 

description 

Parameters  Approx. scale values 

Linear (Saaty 

1977) 

 s = x x = {1, 2, …, 9} 1; 2; 3; 4; 5; 6; 7; 8; 9 

Power (Harker, 

Vargas 1987) 

 s = x2 x = {1, 2, …, 9} 1; 4; 9; 16; 25; 36; 49; 64; 81 

Root square 

(Harker, Vargas 

1987) 

 s = √x x = {1, 2, …, 9} 1; √2; √3; 2; √5; √6; √7; √8; 

3 

Geometric 

(Lootsma 1989) 

 s = 2x-1 x = {1, 2, …, 9} 1; 2; 4; 8; 16; 32; 64; 128; 

256 

Inverse linear 

(Ma, Zheng 

1991) 
 

x = {1, 2, …, 9} 1; 1.13; 1.29; 1.5; 1.8; 2.25; 

3; 4.5; 9 

Asymptotical 

(Dodd, 

Donegan 1995)  

x = {1, 2, …, 9} 0; 0.12; 0.24; 0.36; 0.46; 

0.55; 0.63; 0.7; 0.76 

Balanced (Salo, 

Hämäläinen 

1997) 
  

w ={0.5, 0.55, 

0.6,…,9} 

1; 1.22; 1.5; 1.86; 2.33; 4; 

5.67; 9 

Logarithmic 

(Ishizaka et al. 

2010) 

 x = {1, 2, …, 9} 1; 1.58; 2; 2.32; 2.58; 2.81; 3; 

3.17; 3.32 

Among all the proposed scales, the original linear scale of Saaty has been the most 

widely used (Franek, Kresta 2014). This scale has been derived through stimulus 
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response theory and validated for effectiveness. It was used not only in many 

applications, but also through theoretical justification of what scale must be utilised for 

the comparison of homogeneous elements. Saaty showed that this scale and its small 

perturbations are better than practically all other scales. He advocated it as the best scale 

to represent weighted ratios (Saaty, Peniwati 2008).  

In summary, AHP is powerful and useful in decision making because of main reasons: 

1. Breaks down criteria into manageable sub-criteria; 

2. Leads a group into making a specific decision for consensus or trade-off; 

3. Provides possibility to check disagreements and stimulate discussion and 

opinion; 

4. Offers opportunity to change criteria, modify judgements; 

5. Compels one to face the entire problem at once; 

6. Allows one to judge relative magnitudes and derive ratio scale priorities 

accurately; 

7. It structures, prioritizes and synthesizes complexity within a rational 

framework; 

8. Performs experience in an applicable way without reliance on a black box 

technique like a utility function; 

9. Makes it possible to deal with conflicts in perception and in judgement. 

3.3.3 AHP-based group decision-making 

In the situation of an individual decision-maker, the starting point is that a rational 

decision-maker aims to choose the alternative which most probably maximises the 

decision-maker’s utility (or value system), based on information available to him/her on 

the decision alternatives (Schmoldt et al. 2001). In group decision-making multiple 

individual’s analyse problems or situations, consider and evaluate alternatives, and 

select from among the alternatives a solution or a range of solutions. The individual’s 

involved in-group decision-making maybe demographically similar or quite diverse. 

Advantages of group decision-making are their diversity of ideas and experiences, 

perspectives are higher, providing more complete information, generating more 

alternatives, greater commitment to ideas and increasing the acceptance to a solution. 



CHAPTER 3 THEORETICAL BACKGROUND 

62 

Sharing ideas and insights often leads to a better understanding of the issues at hand. 

Moreover, brainstorming to generate new ideas works better with a group than a single 

decision-maker could hope to achieve. Combining individual judgments into a 

representative group judgment also creates opportunities for dealing with conflict in a 

more logical way. However, group decision-making normally costs much more money 

and requires more time with different stakeholders (Power 2002, p. 47). Decision-

making is not like measuring something on a scale because it involves human values 

that are intangible (Saaty 2011). Human wisdom is worthy of aggregation in making a 

decision (Saaty 2006). We cannot make a decision without knowing how important 

each person’s value is in each particular decision and how to combine them all in the 

most appropriate way to get the best decision (Saaty 2011). In group decision-making, 

aggregation of the preference rankings of individuals into a consensus ranking is the 

most important problem (Basak, Saaty 1993). The question is how many experts should 

there be in order to make up the group. Decision for a group can be dictated by one or 

several people from within or outside the group, or by partial or total participation by 

the group (Saaty 2006).  

AHP group or AHP in-group decision-making is a step further from the individual 

AHP. The Saaty model has been presented and applied successful to many real life 

problems. Individuals, because of their different perceptions of the attributes, may arrive 

at quite different weightings to the choices when considered with the attributes. The two 

important steps in AHP group are:  

 How to combine individual judgements in a group into a single representative 

judgement for the entire group; and, 

 How to construct a group choice from individual choices. 

When a small group of individuals work closely together, interacting and influencing 

each other, the deterministic approach would be appropriate (Basak, Saaty 1993). We 

synthesise their judgments mathematically by the eigenvalue method. When a large 

number of geographically scattered individuals provide the judgments, inconsistency 

between individuals is much more important than the inconsistency of a single one of 

them (Basak, Saaty 1993). Hence we need a statistical procedure to deal with variation 

among several people to surface a single value for the weights of the alternatives 

(Basak, Saaty 1993). Group judgments must be integrated one at a time to carefully and 
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mathematically, take into consideration when the desired the experience, knowledge, 

and power of each person involved in the decision is needed. The theorem regarding the 

impossibility of constructing a social utility function from individual utilities that 

satisfies four reasonable conditions which found their validity with ordinal preferences 

is no longer true when cardinal ratio scale preferences are used as in the AHP (Saaty, 

Vargas 2012).  

Judgements should be combined so that the reciprocal of the synthesised judgements 

will be equal to the syntheses of the reciprocals of these judgements. There are four 

ways to combine preferences (Ishizaka, Labib 2011). 

 Mathematical aggregation 

Yes No 

Aggregation on: Judgements Geometric mean on 

judgements 

Consensus vote on 

judgements 

Priorities Weighted arithmetic mean 

on priorities  

Consensus vote on priorities 

However, it has been proved that the geometric mean, not the frequently used arithmetic 

mean, is the unique way to combine individual judgments into group judgment (Saaty, 

Peniwati 2008; Ishizaka, Labib 2011). An easy example to explain about this is: if 

person A enters a comparison 9 and person B enters 1/9, then by intuition the 

mathematical consensus should be √9*1/9 = 1, which is a geometric mean, not (9 + 1/9) 

/2 = 4.56, which is an arithmetic mean (Ishizaka, Labib 2011). If the individuals are 

experts, they may not wish to combine their judgements, but only their final outcomes 

obtained by each from their own hierarchy. In that case, each takes the geometric mean 

of the outcomes. If the individuals have different priorities of importance, their 

judgements (final outcomes) are raised to the power of their priorities and then the 

geometric mean is formed (Saaty 2008).  

Aggregation judgment matrices of the group experts are calculated by: 

 

There are many other methods or procedures that also can be used for in group decision-

making (Table 3.4). Each is designed to improve the group decision-making process in 
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some way. For example, in leadership effectiveness, analogy/association, brainstorming, 

morphological connection, voting, goal programming, and conjoint analysis are rated 

low; boundary examination, why–what’s stopping, NGT, Delphi, disjointed 

incrementalism, matrix evaluation, outranking, Bayesian analysis, and MAUT/MAVT 

are rated medium; and AHP is rated high. Scientific and mathematical generality are not 

applied to analogy/association, boundary examination, brainstorming/brainwriting, 

morphological connection, why–what’s stopping, NGT, and Delphi methods; disjointed 

incrementalism and matrix evaluation methods are rated low; voting method is rated 

medium; goal programming and conjoint analysis methods are rated medium; Bayesian 

Analysis and MAUT/MAVT methods are rated high; and AHP method is rated very 

high because its mathematical foundation is generalizable without additional 

assumptions. Indicator validity of the outcome is not applied to analogy/association, 

boundary examination, brainstorming/brainwriting, morphological connection, why–

what’s stopping, NGT, and Delphi methods; Voting method is rated low; Disjointed 

incrementalism and matrix evaluation methods are rated medium; Goal programming, 

conjoint analysis, Bayesian analysis, outranking and MAUT/MAVT methods are rated 

medium; and AHP method is rated high. 

Table 3.4 Comparison of Group Decision Making Methods (Peniwati 2007) 

Method Group maintenance Problem abstraction Structure Analysis 

 Leadership 

effectiveness 

Learning Scope Development 

of alternatives 

Breadth Depth Faithfuln-

ess of 

judgment

s 

Breadth 

and depth 

of 

analysis 

(What if) 

Structure         

Analogy, 

association 

Low Medium Medium Low NA NA NA NA 

Boundary 

examination 

Medium Medium High Low NA NA  NA NA 

Brainstorming/bra

inwriting 

Low Low Low Medium Na NA NA NA 

Morphological 

connection 

Low Medium High  Very high NA NA NA NA 

Why-what’s 

stopping 

Medium  Medium  High Very high High High NA NA 

Ordering and ranking 

Voting Low Low NA NA Low Low Low Low 

Nominal group 

technique 

Medium Medium Medium High Low Low Low Low 

Delphi Medium Medium Medium High Low Low Low Low 

Disjointed 

incrementalism 

Medium High Medium Medium High Low Medium Medium 

Matrix evaluation Medium Medium Medium Low High Low Medium Medium 

Goal 

programming 

Low Low Medium Low High Low Very high Medium 

Conjoint analysis Low Low Medium Low Low Low Very high Medium 
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Outranking Medium High Medium High High Low Medium High 

Structuring and measuring 

Bayesian analysis Medium High Medium Low Low Low Very high  Medium 

MAUT/MAVT Medium High Medium High High Low High High 

AHP High Very 

high 

Medium Very high High High Very high Very high 

Method Fairness Applicability, validity, and truthfulness 

 Cardinal 

separation of 

alternatives 

Prioritizi-

ng group 

members 

Consider-

ation of 

other 

actors & 

stakehold

-ers 

Scientific and 

mathematical 

generality 

Applicabi

-lity to 

intangibl

es 

Psychoph

-ysical 

applicabil

ity 

Applicabi

-lity to 

conflict 

resolution 

Validity 

of the 

outcome 

(predictio

-n) 

Structuring         

Analogy, 

association 

NA NA NA NA NA NA NA NA 

Boundary 

examination 

NA NA NA NA NA NA NA NA 

Brainstorming/bra

inwriting 

NA NA NA NA NA NA NA NA 

Morphological 

connection 

NA NA NA NA NA NA NA NA 

Why-what’s 

stopping 

NA NA NA NA NA NA NA NA 

Ordering and ranking 

Voting Low Low NA Medium NA NA NA Low 

Nominal group 

technique 

NA NA NA Medium NA NA NA Low 

Delphi NA NA NA Medium NA NA NA Low 

Disjointed 

incrementalism 

NA NA Medium Low Low Low NA Medium 

Matrix evaluation NA NA Medium Low Low Low NA Medium 

Goal 

programming 

High NA Low Medium Medium NA NA Low 

Conjoint analysis High NA NA Medium Medium NA NA Low 

Outranking High  High Low Medium Medium Medium NA Medium 

Structuring and measuring 

Bayesian analysis High NA Low High Medium Low NA Medium 

MAUT/MAVT High High Medium High Medium Medium Medium Medium 

AHP High Very 

high 

High High Very 

high 

Very 

high 

High High 

NA = Not applicable 

3.4 GIS-based spatial multi-criteria decision analysis  

Many decision situations require data on both attributes and spatial relationships. It is 

estimated that 80% of data used by managers and decision makers is related 

geographically (Worrall 1991). Linking location to information is a process that applies 

to many aspects of decision-making (ESRI 2012b). Decision problems that involve 

geographical data are referred to as geographical or spatial decision problems. Spatial 

decision-making is often complex and requires information produced from many 

sources and interpreted by variety of decision-makers in relation to different goals and 

objectives (Sugumaran, Degroote 2011).  



CHAPTER 3 THEORETICAL BACKGROUND 

66 

The term "geographic information system" (GIS) was first coined by Tomlinson (1968), 

who is also acknowledged as the “father of GIS”, in his paper "A Geographic 

Information System for Regional Planning". Until now GIS have been under continuous 

development and has become well known as a spatial decision support system. When a 

decision needs to be made, GIS can help gather spatial information and organise it on 

digital maps in order to support people evaluate the decision. Presenting data into maps 

has become an easily accessible and eye-catching manner. The maps can combine 

information from different sectors to provide an immediate comprehensive picture of 

the geographical distribution and so highlight gaps in information to show areas needing 

attention. Once decision-makers fully understand the geographic consequences of the 

decision, they can act in an informed, responsible manner (ESRI 2012a). GIS-based 

maps are a type of language that improves communication between different teams, 

departments, disciplines, professional fields, organisations, and the public (ESRI 

2012b). The world of GIS includes such terms as spatial data manipulation, spatial data 

analysis, spatial statistical analysis, and spatial modelling (Murayama, Thapa 2011; Bill 

2016, p. 79).  

GIS has capabilities to address both growth and sustainability management in terms of 

database management, analysis, and mapping (Nyerges, Jankowski 2010). There is no 

doubt on the amazing development of GIS capability over the last few decades. GIS has 

become the go-to technology for making better decisions about location (ESRI 2012b). 

GIS can synthesise large amounts of different data, combining different layers of 

information to manage, store and retrieve the data in a more useful manner. GIS benefits 

organisations of all sizes and support decision-making in almost every discipline such 

as business (Longley, Clarke 1995; Pick 2008; Turk et al. 2014), site selection (Abudeif 

et al. 2015; Atici et al. 2015; Kumar, Bansal 2016), healthcare and public health (Joyce 

2009; Cromley, McLafferty 2011; Doi et al. 2013; Broekhuizen et al. 2015), 

transportation (Kim et al. 2014; Kim, Lee 2014; Inanloo et al. 2016), risk management 

(Zölitz-Möller, Röber 2007; Fernández, Lutz 2010; Al-Hogaraty et al. 2013; Dragićević 

et al. 2015), forestry (Phua, Minowa 2005; Tasoulas et al. 2013; Vopěnka et al. 2015), 

biodiversity (Bottero et al. 2013; Reza et al. 2013; Dong et al. 2013), vulnerability 

assessment (Song et al. 2010; Karimzadeh et al. 2014; Ouma, Tateishi 2014) as well as 

many others.  
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GIS technology has seen a growth with the development of many GIS software such as 

ArcGIS (ESRI), MapInfo (Pitney Bowes), Idrisi, Global Mapper (Blue Marble), 

GeoMedia (Intergraph/Hexagon Geospatial), Manifold System (Manifold), QGIS 

(Quantum GIS), GRASS GIS, SAGA GIS, etc.  

Integrating GIS and MCDA is a powerful tool that can compliment each other. It assists 

analysts and decision-makers to deal with the complexity of the decision-making 

process (Murayama, Thapa 2011; Ferretti 2011). On the one hand, GIS has great 

functionality to store, visualise, analyse, and interpret geospatial data, and associated 

attributes, which are spatially referenced. It has the ability to perform numerous tasks 

utilising both the spatial and attribute data stored within them. In addition, GIS is an 

integrated technology, which can integrate many different kinds of geographical 

technologies such as remote sensing, global positioning system (GPS), computer-aided 

design (CAD), etc. These geographical technologies can in turn be integrated with 

analytical and decision-making techniques (Malczewski 1999). The analytic power of 

GIS can reveal relationships, patterns, and trends (ESRI 2012a). On the other hand, 

MCDA offers a rich collection of procedures, techniques and algorithms for structuring 

decision problems, and designing, evaluating and prioritising decision alternatives by 

combining physical information with values and judgements (Malczewski, Rinner 2015; 

Ferretti 2011). The main advantage of incorporating MCDA techniques into GIS is that 

the decision-makers can insert value judgements into GIS-based decision-making 

procedures, and receive feedback on their implications for policy evaluation 

(Malczewski 2006). The visualisation of available alternatives on a map, assists the user 

to locate the spatial elements in their actual environment, and represent criterion maps 

and geographic localisation of the alternatives, in order to support processes in 

territorial transformation problems where usually several options must be compared 

(Coutinho-Rodrigues et al. 2011; Ferretti 2011). Based on the AHP method, a spatial 

multi-criteria evaluation problem can be visualised as an evaluation of pair-wise 

comparison criterion layers as shown in Figure 3.9.  
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Figure 3.9 Pair-wise comparison of criterion layers 

 (Source: authors own)  

Figure 3.10 simplifies GIS – based MCDA model. After each criterion layer is 

weighted, they will be integrated together with related weights to get the final result 

 

Figure 3.10 Simplification of GIS-based MCDA model 

 (Source: authors own) 

According to Keeney (1992), there are two major approaches in MCDM: alternative 

focused thinking and value-focused thinking. Alternative-focused thinking is starting 

with what is readily available and taking the best of the lot. It develops alternative 

options, proceeds with the specification of values and criteria and then ends with the 

evaluation and recommendation of an option. Alternatively, value-focused approach 
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first focuses on the specification of values (value structure), then develops feasible 

options to be evaluated according to the predefined value and criteria structure (Ferretti 

2011). That means that the value-focused approach considers the values as the 

fundamental element in the decision analysis. Differently from alternative-focused 

approach, the value-focused method in decision-making involves starting at the best and 

working to make it a reality (Keeney 1992). In the value-focused approach, we should 

spend more time concentrating on understanding all values and using them to select 

meaningful decisions to consider building better alternatives than those already 

identified, and to evaluate more carefully the desirability of the alternatives. Therefore, 

with value-focused approach, we end up much closer to getting all of what you want 

(Keeney 1992). In an updated survey of the literatures about GIS-based MCDA, Ferretti 

(2011) highlighted that 76.59% of all applications are based on a value-focused 

approach. 

GIS can be considered as a special-purpose digital database in which a common spatial 

coordinate system is the primary means of storing and accessing data and information 

(Malczewski, Rinner 2015). A datum is regarded as geographical if it can be associated 

or referenced with a location. Spatial data referred to locations on the Earth’s surface 

are termed georeferenced data. Figure 3.11 is an example for GIS-based MCDA with 

different data layers from physical and socio-economic attributes (Bunruamkaew, 

Murayam 2011). In this example, each criterion layer map is classified, standardised, 

weighted and then overlaid to obtain the final suitability map for ecotourism. 
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Figure 3.11 GIS-based model for multi-criteria land suitability evaluation for 

ecotourism 

(Bunruamkaew, Murayam 2011)
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Chapter 4 Methods and processing 

4.1 Data collection  

4.1.1 Map collection  

Spatial information was collected during the research stay in BMNP. Available spatial data 

including reports, maps and datasheets were collected, as outlined in Table 4.1. 

Table 4.1 Collection of spatial data 

No. Name Format Scale Source 

1 Spatial planning for 

conservation and development 

of BMNP from 2010 to 2020 

Mapinfo  1:25.000 BMNP 

2 State and potential 

development of ecotourism in 

BMNP from 2010 to 2020 

Mapinfo  1:25.000 BMNP 

3 Forest vegetation and land-use 

map of BMNP 

Mapinfo  1:25.000 BMNP 

4 Forest resources state of 

BMNP 

Mapinfo  1:25.000 BMNP 

5 Distribution of rare and 

endangered species of BMNP 

Mapinfo  1:25.000 BMNP 

6 Planning of BMNP offices Mapinfo 1:3.000 BMNP 

7 State of BMNP offices Mapinfo 1:3.000 BMNP 

8 Landscape architecture 

planning of ecotourism point - 

Da Dung falls  

Mapinfo 1:5.000 BMNP 

9 Regional planning of Truoi 

lake 

Mapinfo 1:10.000 BMNP 

10 Current state of Bach Ma area Mapinfo 1:10.000 BMNP 

11 Landscape architecture 

planning of Bach Ma peak 

ecotourism 

Mapinfo 1:10.000 BMNP 
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12 GPS tracking point illegal 

activities 

Mapinfo, excel 

and word 

- BMNP 

13 Landsat 8 GeoTIFF 

(16bit) 

- http://earthexplo

rer.usgs.gov/ 

14 ASTER GDEM GeoTIFF 

(16bit) 

- http://reverb.ech

o.nasa.gov/rever

b/ 

4.1.2 Structured household interviews 

Face-to-face interviews using pre-established questions in order to collect household survey 

data were undertaken. Here quantitative data was collected based on pre-coded 

questionnaires. Full-scale data gathering on all aspects of household structure and 

composition would be a time consuming and costly operation. Therefore, the main targets 

for this campaign were too broadly learn the validity of such kind of data and to recognise 

different socio-geographic structures between mountainous and agricultural areas. It was 

seen that a key prerequisite when undertaking interviews with households was to have an 

open and friendly disposition with residents, in order to create an open attitude and 

facilitate the exchange any necessary information. 

The data collection of 207 households (HHs) was carried out in two typical communes 

located in the buffer zone in the year 2012 (Figure 4.1). The survey instruments involved in 

this study were a set of questionnaire forms. Before making the interviews, a pre-test was 

carried out to check the suitability of questions for the area. For each interviewed 

household, the content of each questionnaire focused on the current social-economic 

condition, and forest related activities such as illegal logging and hunting. Additionally, 

photographs and locational information were recorded. All of the interviews were 

undertaken in Vietnamese. A translation of the interview questions is provided in 

Appendix 1. 

All data from interviewed HHs was unified, verified and processed by statistical methods 

using SPSS software. The spatial data from HH-interviews consisted of digital maps from 

different sources with various formats. These data were compiled and analysed by GIS-

http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://reverb.echo.nasa.gov/reverb/
http://reverb.echo.nasa.gov/reverb/
http://reverb.echo.nasa.gov/reverb/
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software tools, including MapSource, Feature Manipulation Engine (FME); an integrated 

collection of tools for spatial data transformation and translation, and finally analysed in 

ArcGIS software. These data were referenced in different coordinate systems, mainly the 

VN2000 and UTM (WGS84) formats, which are both commonly used in Vietnam. 

Therefore, all data was transferred into UTM Zone 48 North using the WGS-84 Datum.  

    

Figure 4.1 Household interviews undertaken in April 2012 (Source: authors own) 

4.1.3 Expert interview 

Decision-making in environmental projects requires consideration of trade-offs between 

socio-political, environmental, and economic impacts and is often complicated by various 

stakeholder views (Huang et al. 2011). An expert interview-based vulnerability 

methodology is a very strong tool for collecting and analysing vulnerability to produce an 

effective and context-specific vulnerability assessment. Experts such as stakeholders and 

researchers are people who are often very closely connected with the community and have 

an in-depth knowledge about the research area. They are usually identified on the basis of 

their qualifications, training, experience, professional memberships, and peer recognition 

(Ayyub 2001; Booker, McNamara 2004), although broader definitions of expertise may 

include untrained people who possess direct, practical experience (Burgman et al. 2011). 

The expert interview approach is closely linked with community-based vulnerability 

methodologies. It focuses upon the affected individual, community or group, and utilises a 

wide range of tools for the collection and analysis of vulnerability, such as cognitive 

mapping, interviews, surveys, participatory processes and experts to achieve effective and 



CHAPTER 4 METHODS AND PROCESSING 

74 

context-specific vulnerability assessments that often feed directly into adaptation planning 

(Barsley et al. 2013). Expert knowledge can supply both qualitative and quantitative 

information (see Table 4.2).  

Table 4.2 Types of expert knowledge contributions with common reasons for their use and 

general examples (Drescher et al. 2013) 

Expert knowledge 

contribution 

Reason for use Example uses 

Qualitative information - Formal knowledge absent 

- Demand for rapid 

solutions 

- Exploring knowledge status 

- Scoping research questions 

- Initiating studies within 

adaptive framework 

Quantitative information   

- Surrogate - Empirical data absent, 

rare, infeasible to collect 

- Short time frame 

- Rare species research 

- Inaccessible study objects 

- Rapid conservation decision 

making in absence of 

empirical data 

- Complement - Gaps in empirical data 

- Absence of data at finer 

scales 

- Cross-scale research 

- Data imputation and 

interpolation 

- Supplement - Uncertainty in empirical 

data 

- Evaluating and assessing 

empirical databases 

- Strengthening knowledge 

space 

- Insights and 

decisions 

- Topics too complex 

- Disagreements in formal 

knowledge  

- New systems 

- No locally relevant 

knowledge available 

- Scenario simulations 

- Model and other hypotheses 

development 

- Data extrapolation and 

classification 

An expert judgment study includes five main phases; determination of appropriateness to 

the problem domain; expert selection; subjective probability elicitation; combination of 

expert subjective probabilities; analysis and subsequent decision-making (Gehris 2008, 

p. 6).  

Applying expert knowledge in numerical decision support systems involves a high degree 

of uncertainty, because their knowledge incorporates uncertainty derived from multiple 

sources. Expert judgment is susceptible to a range of cognitive and motivational biases, to 

an expert’s particular context, and to their personal beliefs and experiences (McBride, 
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Burgman 2012, p. 12). Expert skill is limited as such, so only when experts deal with a 

known situation, can they give more accurate information. To buffer against individual 

mistakes and reduce biases, the use of several independent experts (multiple experts) is 

strongly recommended (Hokstada et al. 1998; Kangas et al. 1998; Clemen, Winkler 1999; 

Armstrong 2006; Perera et al. 2012). Even in cases where one expert is considered 

substantially more knowledgeable than the others, no one individual will be an expert for 

all aspects of the problem (McBride, Burgman 2012, p. 19). The combined judgments tends 

to be more reliable because a diversity of opinions from a group of “lesser” experts may 

outperform the opinion of a single “best” expert (Clemen, Winkler 1999; Armstrong 2001; 

Fisher 2009; Perera et al. 2012).  

Because the likelihood of sampling bias increases with decreasing sample size, the number 

of experts that constitutes an appropriate sample size is also an important consideration 

(Drescher et al. 2013). The expert selection process involves identification of the expertise 

and the selection of the subset of experts who best fulfil the requirements for expertise 

within the existing time frame and resource constraints to ensure transparency, and to 

ensure that the results represent the full range of views in the expert community (McBride, 

Burgman 2012). Normally the expert selection process is based on qualifications, 

employment, memberships in professional bodies, publication records, years of experience, 

peer nomination, and perceived standing in the expert community (Drescher et al. 2008; 

Whitfield et al. 2008; Czembor, Vesk 2009; Drescher et al. 2013). The appropriate number 

of experts depends on the scope of the problem, the available time and other resources, and 

the level of independence between experts. It is common to use less than ten experts, 

especially in cases when exceptionally local knowledge is required, only very few 

individuals may possess this knowledge and sample size may be irrelevant as long as one 

knowledgeable expert is involved (Bart 2010; Drescher et al. 2013). According to 

theoretical analysis of linear opinion pooling from Gehris’s research (2008), adding more 

experts only produces improved calibration up to ten experts and the calibration then 

stabilises with increasing number of experts (Gehris 2008, p. 92). McBride and Burgman 

(2012) mentioned that experts often share beliefs because of shared information sources 
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and training. In such cases, they state the marginal benefits of including more than about 

five to eight experts decrease quickly (McBride, Burgman 2012, p. 19). 

There are two types of interviews: unstructured and structured interviews. Unstructured 

interviews are informal and usually followed by a more structured approach for 

understanding the attributes of the problem. It is a fast method but has the limitation of 

being too vague (Wright, Ayton 1987). Structured interviews are more meaningful and a 

more specific method of knowledge acquisition. They are known as a “systematic goal-

oriented process” as they use a systematic approach and therefore are typically a well-

organised approach (Wright, Ayton 1987). This reduces the typical problems found with 

unstructured interviews such as vagueness and incorrect assumptions. It also enables more 

information to be obtained and has a planned answer to it (Bontempi 2003).  

One of the most important aspects of developing an AHP-based group decision-making 

model is given by the collection of expert opinions to assess the criteria importance, as well 

as, rating the alternatives (Saaty, Peniwati 2008). Forest decision-making often includes 

decision-makers or other stakeholders who have different objectives concerning the use of 

forests and other natural resources, such as the owners of the forest, local inhabitants, 

people connected with tourism and recreation services, private individuals or officials 

concerned with nature conservation or personal or forestry enterprises (Kangas et al. 2015). 

When implementing biodiversity for planning calculations, the components of biodiversity 

should be chosen, the weights of the components should be assessed, and the sub-priority 

functions should be derived on the basis of expert knowledge, and thus utilising experts on 

conservation and forest biology is necessary (Schmoldt et al. 2001). For this reason, it was 

important to identify the correct BMNP experts whose opinions would be consulted for this 

research. In total 25 managers and 105 supporting staff work in BMNP. The BMNP has 

one Director, two Vice-Directors and the forest protection section including all rangers who 

work to protect the park. Every week they visit each ranger station to talk, mobilise and 

motivate the forest rangers, and to check and to collect up-date reports for each ranger 

station of the Park. Furthermore, each month the BMNP management organises monthly 

meetings with all officials to receive updated reports for each section of the NP. In total, the 

NP has eight ranger stations, yet suffers from an understaffing problem. Currently there are 
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not enough rangers to undertake the day-to-day working tasks to protect the NP. The main 

reasons for this are that the job is unattractive. The salary of rangers is still relatively low 

with long and hard working conditions, while overnight stays in the Park mean a long time 

area from family and friends. Hence, many of forest rangers just work for the park for a 

short duration until they find a job with improved working conditions. This is also the 

reason, why even senior park officials such as the Director of the BMNP, has the shared 

role as leader of the Forest Protection Section. Furthermore, the two Vice-directors of 

BMNP and the Deputy Chief of the forest protection section also takes part in protection 

activities directly together with forest rangers to protect the NP. The BMNP managers 

participate frequently with forest rangers to go into the NP to carry out surveys. The BMNP 

managers participate in surveys approximately 10 times per year, with each survey lasting 

at least one week. This results in even the higher-level staff in management positions, 

having a very good understanding of the current problems affecting BMNP. On the other 

hand, senior officials also have a bigger picture of the BMNP. They receive and review 

monthly reports and research, and hence they have a very good comprehensive knowledge 

about the BMNP. Based on consideration of the above, and in consultation with the project 

team members, a set of BMNP experts was selected as shown in Table 4.3.  

The selected experts comprised of staff from the BMNP and researchers from Hue 

University of Agriculture and Forestry. Structured interviews with nine experts were 

carefully chosen so that they could provide the researcher with the required knowledge and 

cooperation. The selected experts must fulfil several criteria such as have more than 10 

years’ experience in the research field and play a role as a decision- maker in the BMNP. 

The rationale for their selection is also included in this Table 4.3. 

Table 4.3 Expert interviewed for this study 

Expert Job Position Rationale for the selection 

1 Director of the BMNP and leader of BM Forest 

Protection Section 

Manages all activities of the BMNP, receiving 

reports each month about the BMNP actual state 

and suggest better management strategies. 

2, 3 Vice-Directors of the BMNP Checks every week in hotspot ranger stations, 

meeting every month with Director and other staff 

to update the state of the BMNP and discuss about 

solutions. 
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4 Deputy Chief of BM Forest Protection Section Accompanies forest rangers to field surveys at 

BMNP. 

5, 6, 7 Three official scientific experts in BMNP Collects and compiles all information about the 

BMNP activities for writing reports.  

8, 9  Dean and Faculty Member of Land Resources 

and Agriculture Environmental Faculty in Hue 

University of Agriculture and Forestry 

Due to their consulting and research work at 

BMNP.  

Best practices from qualitative research as suggested by Corbin and Strauss (2008) were 

followed during the process of interviewing and gaining opinions from the identified 

experts. First, an interview protocol was developed and the proper authorisations to fulfil 

administrative and ethical requirements were requested from the involved educational 

institutions and BMNP itself (see Appendix 2 for the interview protocol). Second, with 

respect to sample size, the number of experts was kept within the qualitative research 

considerations for sampling saturation (Corbin, Strauss 2008). In the study, these concepts 

correspond to AHP criteria validation and judgments provided by the interviewed experts. 

Drafts of questionnaire were pre-tested with experts from the University of Greifswald and 

staff of BMNP who worked and have experience at the NP. The identified criteria from the 

questionnaire survey were reassessed through the interview and protocol analysis approach. 

This ensured the relevance of the identified criteria. The interview duration was around two 

hours, allowing for time for each expert to talk and explain the method to him, as well as, 

asking related questions (see Appendix 3 for the expert interview).  

In this study, an AHP approach is presented for analysing the uncertainties in expert 

judgments elicited by pair-wise comparisons, and for improving the consistency of 

judgments. Based on AHP principles, a hierarchic structure was developed as a knowledge 

representation of the selected model. Each separate expert interview dataset was analysed 

in detail by Excel with pair-wise comparison matrix to calculate eigenvalue λmax, 

eigenvector w, and the consistency ratio (CR). Finally, aggregation of all nine judgments 

was accomplished based on geometric mean method. 

4.2 Vulnerability assessment model for BMNP 

Vulnerability assessment of a protected area is a complex undertaking due to its wide 

scope, not only in terms of spatial scales, but also in terms of the different physical and 
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biological factors it encompasses, including human-induced effects. Because of its holistic 

nature and the broad attributes, it embraces, measuring vulnerability of PAs need to based 

on suitable criteria. In the process for building a model, the focus is on simplicity with a 

view to finding a degree of approximation that is good enough to make the model useful. 

Figure 4.2 demonstrates that to truly understand the environmental vulnerability of BMNP, 

the economic goods and the services to society and culture, as well as, the pressures exert 

upon the park all need to be assessed. 

 

Figure 4.2 Understanding the environmental vulnerability of BMNP: Fundamental to 

sustainable development (Source: authors own) 

Vulnerability in protected area is different from vulnerability of anthropogenic systems 

because the environment is complex, with different levels of organisation, from species to 

interdependent ecosystems, with complex linkages between them (UNEP 2002; Rannow et 

al. 2014). Therefore, it is necessary to build up a model of environmental vulnerability with 

identification of its components and their mutual (inter-)dependencies in term of properties 

that can be associated to indicators (VILLA, McLEOD 2002). To apply vulnerability 

assessment for each case study, it is important to make clear the specific focus for the 

assessment. As mentioned in the previous Chapter (Chapter 3), assessing vulnerability of 

any system (environment, social and/or economic) should not to only focus on purely risk, 

but also importantly understand how adaptive the system is to any stressors or hazards. The 

inherent resistance to damage is described as the system’s adaptive capacity to damage and 

as a result identifies the minimum likelihood of vulnerability. Adaptation can significantly 
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reduce many potentially dangerous impacts from risk in many of the main vulnerabilities. 

Therefore, to assess the potential risk, the ability of individuals, groups, societies and nature 

to adapt, the impacts must be considered (Schneider et al. 2007). The potential adaptation is 

different between and within regions and sectors. As PAs naturally contain a variety of 

species important for biodiversity, the vulnerability assessment in this study especially 

focuses on the species which are either threatened and, or regarded as vulnerable in the 

BMNP. Building upon on the environmental vulnerability index (EVI) of South Pacific 

Applied Geoscience Commission (SOPAC) (Pratt et al. 2004), the assessment protocol of 

Adger (2006), Locatelli et al. (2008), Nguyen et al. (2016) and experience in environmental 

vulnerability research in Vietnam (Mai et al. 2009), the method for vulnerability assessment 

of BMNP was developed.  

Following that, vulnerability assessment of BMNP is defined mathematically as a function 

of three components: 

Viijj = f (aExiyj, bSxiyj, cAxiyj) 

In which, 

1) Exiyj: Exposure - the main hazard that affects directly to BMNP. 

2) Sxiyj: Sensitivity – in the BMNP case study area, density and distribution of vulnerable 

objects (population, properties, resources, ecosystems...) were focused to analyse. 

3) Axiyj: adaptive capacity including objects with natural adaptive capability and social 

adaptive capacity such as distance from roads, settlements, poverty, management effect. 

Therefore, areas that have more capacity to cope with extreme hazards are naturally also 

less vulnerable to risk. 

xiyj represents the coordinate system and a, b, c are weightings of these three components. 

After determining and selecting parameters that reflect vulnerability assessment, they are 

aggregated according to an appropriate set of weights. Such combinations of all the 

information and classification have been greatly aided by the capabilities of GIS, as well as, 

integrated remote sensing applications. With these techniques, storing of multidisciplinary 

data and analysis examining the relationships between them could be undertaken at various 
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scales and in a digital format (Burrough 1990). In this study, ArcGIS (ESRI), FME (The 

Feature Manipulation Engine) and Mapinfo were used. 

4.3 AHP-based group decision-making process 

Decision-making in environmental projects can be complex and seemingly intractable, 

principally because of the inherent trade-offs between socio-political, environmental, 

ecological, and economic factors (Kiker et al. 2005). Following previous GIS integration 

uses, the AHP was chosen to prioritise the GIS information (Bottero et al. 2013).  

Table 4.4 shows the hierarchy structure of vulnerability assessment for BMNP. All criteria 

and sub-criteria were chosen based on the advice from BMNP experts. Because fauna and 

flora play an important role in the BMNP, five different kinds of fauna and five different 

kinds of flora were selected as sub-criteria for analyses of the sensitivity of the BMNP to 

exposure from natural and human activities.  

Table 4.4 Hierarchy structure of BMNP vulnerability assessment 

Group criteria 

(Level 1) 

Criteria  

(Level 2) 

Sub-criteria 

(Level 3) 

Exposure 

 

 

Erosion   

Hydrology  

Tourism activities  

Illegal logging  

Illegal hunting  

Sensitivity 

 

 

 

Fauna  

Lophura edwardsi  

Rheinardia ocellata 

Capricornis sumatraensis 

Macaca leonina 

Ursus thibetanus 

Flora  

Hopea pierrie 

Erythrophleum fordii 

Scaphium macropodum 
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Podocarpus annamiensis 

Nageia fleuryi 

Adaptive 

capacity 

 

 

Hydrology  

Residential area 

Education  

Poverty  

Management effect  

Infrastructure development  

4.4 GIS-based multi-criteria decision-making approach for vulnerability assessment of 

protected areas in Vietnam 

Decision-making establishes direction for action (Jankowski 2001). All of the selected 

information will be analysed and then stored in the GIS database to use in the development 

of integrated vulnerability indicators. The indicators will lead to the development of risk 

profiles, vulnerability checklists and sensitivity matrices. The latter are to be used by the 

advisory council to determine priority areas and communities for adaptation measures. The 

chosen measures aim to reduce the risks in both the short- and long-term, as well as, offer 

immediate development benefits for the NP. 

Three methodological aspects were considered in this study: First, how to measure 

environmental vulnerability; second, how to prioritise it and finally, the development of an 

integrated GIS-AHP vulnerability assessment decision-model.  

Figure 4.3 shows the overall approach used in this study. For handling geographic 

information, all of the necessary spatial databases were selected, for example the spatial 

datasets on threatened species distribution within BMNP. Next, expert interviews were 

carried out in order to weight criteria for the AHP process. A map layer was created to 

represent each criterion, and all of the criteria layers were then weighted based on the 

results of the AHP process and using the weighted map algebra tool in GIS. All of the 

criteria layers were then aggregated and overlain to produce the final spatial explicit 

mapped results. 
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Figure 4.3 GIS based MCDA Approach (Source: authors own) 

4.4.1 Process of raw maps transformation and correction 

The spatial data were originally in MapInfo format. A large share of the information was 

located falsely. The reason for is that, in Vietnam the use of the coordinate system VN2000 

for national mapping and planning purpose is widespread.  

FME software was used to convert raw maps from MapInfo TAB format to shapefile layers 

in order to analyse them better in ArcGIS. However, there was still a loss of information 

and/or unnecessary information inside the converted data. One big reason for this is that, 

the authors who created the BMNP spatial data in Mapinfo were not professional. As such, 

many of the Mapinfo data in each layer contained additional information from other layers. 

Therefore, one layer has crossover information of another layer, which typically results in 

information loss. The process of conversion was implemented very carefully to ensure all 

information in each necessary layer was not lost or mixed with wrongful information from 

other layers. For example, the two red and blue flags were located in “ranger stations” layer 

with the name of “vt_vuon” in original Mapinfo (shown in Figure 4.4). However, after 

checking all layers, they were corrected (Figure 4.5). This example is just a small segment 

of spatial information from the whole BMNP spatial data. Therefore, it was extremely time 

consuming to check in detail, convert all the relevant data, and correct them again and 

assign them to the right layer to which they belonged.  
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Figure 4.4 Two wrong flag positions in the “vt_vuon” layer 

 

Figure 4.5 The two flag positions belonging to a legend layer 

In addition, there were several different legend layers, so that it was necessary to 

understand which legend each set of information belonged to (Figure 4.6 and Figure 4.7). 
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Figure 4.6 Two different legend layers 

 

Figure 4.7 Five different legend layers displayed 

Some layers contained duplicate information, the same information twice, but in different 

spatial positions. The spatial mismatch was typically about 200 metres. Figure 4.8 shows an 

example of this problem. The Figure shows two river layers, which are of the same river 

but represented in different positions. The reason is that they were created in two different 

coordinate systems. 
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Figure 4.8 Two river layers named “thuyhe_ngoai” and “thuyvan_dung_” 

Resultantly, when converting each layer into shapefile format, rechecking was carried out 

very carefully. Figure 4.9 shows a residential layer, which contained spatial information of 

all households within the buffer zone of the BMNP. However, inside this layer, we can see 

also the position of a water station and the village temple. Therefore, the wrong information 

in this layer was removed from the residential layer, as not to distort the data. 

 

Figure 4.9 Residential layer in the buffer zone of the BMNP represented in ArcGIS 10.2 
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 Spatial data were edited in ArcGIS to ensure each spatial element inside each layer was 

located exactly to the correct layer. Figure 4.10 shows the editing step to correct 

information in the road layer of BMNP. 

 

Figure 4.10 Editing step of the road layer named “SUA_GT_TAN1_polyline” 

One of the most important things when dealing with spatial data is the coordinate system. 

Every dataset has a coordinate system, which is used to integrate it with other geographic 

datasets within a common coordinate framework. A coordinate system is a reference 

system used to represent the locations of geographic features, imagery, and observations, 

such as Global Positioning System (GPS) locations, within a common geographic 

framework (ESRI 2004). There are two common types of coordinate systems used in GIS:  

+ A global or spherical coordinate system - so called geographic coordinate systems. This 

coordinate system uses a three-dimensional spherical surface to define locations on the 

Earth. It includes an angular unit of measure, a prime meridian, and a datum (based on a 

spheroid). In the geographic coordinate system, a point is referenced by its longitude and 

latitude values. 

+ A projected coordinate system based on a map projection (e.g. transverse Mercator, 

Albers equal area, Robinson, etc.), all of which uses various mechanisms to project maps of 

the Earth's spherical surface onto a two dimensional Cartesian coordinate plane (ESRI 
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2004). Projected coordinate systems are sometimes referred to as map projections. A 

projected coordinate system is defined on a flat, two-dimensional surface. Unlike a 

geographic coordinate system, the projected coordinate system has constant lengths, angles, 

and areas across the two dimensions (ESRI 2004). 

In Vietnam, before 2000, the national coordinate system was HN-72 (see Figure 4.11). It 

was established based on the Ellipsoid Krasovski 1940 and Gauss-Kruger projection (Scale 

factor k = 1) with elevation level (0 metre) placed in Hon Dau – Hai Phong. The spheroid 

parameters are as follows:  

+ Semimajor Axis a = 6378245,00 metres;  

+ Semiminor Axis b = 6356863,0188 metres;  

+ Flattening f = 1/298,300. 

 

Figure 4.11 The HN-72 coordinate system 

Since 2000, the VN-2000 coordinate system has been used. According to Circular 

No. 973/ 2001/TT-TCĐC (MoNRE 6/20/2001), it was established based on the Ellipsoid 

WGS-84 and the UTM (Universal Transverse Mercator) projection with the elevation level 

in Hon Dau – Hai Phong. Some important information that needs to be remembered when 

working with the VN-2000 coordinate system is: 

+ in case projection zones of 6° width (map scale ≤ 1/25000): scale factor k = 0,9996;  

+ and in case of spanning 3° of longitude (map scale ≥ 1/10000): scale factor k = 0,9999. 

The spheroid parameters are following: 

+ the semi-major axis a= 6378137,00 metres;  
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+ the semi-minor axis b = 6356752,00 metres;  

+ the flattening f = 1/ 298,257223563. 

Another coordinate system that should be mentioned is WGS 84. WGS 84 is the standard 

US Department of Defence definition of a global reference system for geospatial 

information and is the reference coordinate system used by the GPS. It is compatible with 

the International Terrestrial Reference System (ITRS). WGS-84 uses UTM projection with 

projection zones of 6° width, scale factor k = 0,9996, with spheroid parameters as follows: 

major (equatorial) radius a = 6378137,00 at the equator; the polar semi-minor axis b = 

6356.752,00; and flattening f = 1/ 298,257223563. 

In Vietnam, data is often managed at the local level with various formats used with the 

appropriate software such as CAD, Microstation, MapInfo, etc. Therefore, it was necessary 

to determine the correct coordinate system used. Normally, it falls into one of three cases: 

+ There is no coordinate system (not design any coordinate on the map): usually used in 

CAD; 

+ Wrong coordinate system: originally, data can be in the right coordinate system but 

during the process of using and/or sharing, data manipulation causes a false coordinate 

system that users themselves do not notice; 

+ In case of correct coordinate system being present: the data can be located in three 

different coordinate systems: VN-2000, WGS84, or HN72. 

When dealing with spatial data of the BMNP, some maps were established in simulated 

coordinate systems. This inconsistency in coordinate systems led to difficulties in analysing 

the data. A typical example is shown in Figure 4.12. Here, the layer was converted to 

shapefile format yet ArcGIS cannot recognise what the coordinate system is, so the 

software named it automatically “_MI_0”.  
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Figure 4.12 Information of coordinate system in layer information of the BMNP 

In fact, it was possible to check which coordinate system the data actually had. If the data is 

connected to Google Earth, and data matched, it means data exhibits the WGS84 system; if 

it is different by about 200 metres, it means VN-2000 was used; and if the data mismatch is 

further and the parameter scale factor k = 1, it is likely HN72 was used. If it does not fall 

into one of these three cases, then it would be in case of a false coordinate system or data 

without a coordinate system. 

Figure 4.13 shows a layer of the BMNP map, which used the Pulkovo 1942 coordinate 

system. Yet here the original author informed the wrong Datum – Pulkovo 1942, which 

should be Krasovski. After checking, the real coordinate system was HN-72. 
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Figure 4.13 The Pulkovo 1942 coordinate system in a layer information of the BMNP 

The parameters of transformation from HN-72 to VN-2000 are defined by: dx = -17,51 

metres, dy = -108,32 metres, dz = -62,39 metres. 

To further complicate matters, in Vietnam, there are two different types of VN-2000. The 

first one is so called internal VN-2000 (in Vietnamese: VN-2000 nội bộ), which is based on 

the Datum: WGS84. The second one is so called integrated VN-2000 (in Vietnamese: VN-

2000 hội nhập), which based on the Datum: VN-2000 (with parameters: 192, 39, 111). 

Because of these two different datum, the two types of VN-2000 also do not match each 

other. The difference is about 200 metres. However, the integrated VN-2000 closely 

matches with Google Earth. Normally, internal VN-2000 is used in MapInfo software and 

integrated VN-2000 is used in Microstation and/or ArcGIS software.  

Based on MoNRE (2007), there are seven parameters which are used to transform from 

VN-2000 to WGS84 Datum, as following: 

X Axis translation: dX = -191.90441429 (m); 

Y Axis translation: dY = -39.30318279 (m); 

Z Axis translation: dZ = -111.45032835 (m); 

X Axis rotation: Ox = -0.00928836 (s); 
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Y Axis rotation: Oy = 0.01975479 (s); 

Z Axis rotation: Oz = -0.00427372 (s); 

Scale difference: K = (k – 1)*106 = (1,000000252906278 -1)*106 = 0.252906278 (ppm). 

All the different coordinate systems in the BMNP spatial data were converted to the same 

coordinate system of WGS 84 / UTM zone 48N – applied for the BMNP area, in order to 

analyse data within the same framework (Figure 4.14). UTM is a specialised application of 

the transverse Mercator projection. To eliminate negative coordinates, the coordinate 

system alters the coordinate values at the origin. The value given to the central meridian is 

the false easting, and the value assigned to the equator is the false northing (ESRI 2004). A 

false easting of 500,000 metres is applied. A north zone has a false northing of zero, while 

a south zone has a false northing of 10,000,000 metres. Scale is constant along the central 

meridian but at a scale factor of 0.9996 to reduce lateral distortion within each zone. With 

this scale factor, lines lying 180 km east and west of and parallel to the central meridian 

have a scale factor of 1 (ESRI 2004). 

 
Figure 4.14 The WGS 1984 UTM zone 48N and its parameters 

4.4.2 Combining group AHP and GIS  

Integrating group AHP and GIS can be seen as a process that transforms and combines 

geospatial data and value judgments to obtain information. Model Builder was applied for 

building and running the workflows. It contains a sequence of tools such as conditional, 

extraction, distance, density, interpolation, hydrology, map algebra, reclass, overlay, and 

zonal toolsets. Here, Map Algebra was used in the study as a powerful algebra, which 
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supported the execution of all spatial analyst tools, operators, and functions in an algebraic 

language in order to run group AHP in GIS.  

Figure 4.15 describes the exposure model, which was built by Model Builder in ArcGIS. 

Based on the sequence of toolsets, each criterion was analysed to create its own criterion 

layer and then overlaid with their own weight respectively. 

 

Figure 4.15 Exposure model built by Model Builder in Arcgis with weightings calculated 

based on AHP
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Chapter 5 Results  

As outlined previously, vulnerability assessment of the BMNP was analysed based on the 

three main components of exposure, sensitivity and adaptive capacity. Based on the nine 

expert interviews, the first level of vulnerability assessment was analysed and calculated.  

Table 5.1 summarises one analysis of pair-wise comparison level 1 of expert No. 1.  

Table 5.1 Pair-wise comparison matrix of expert No.1 

Level 1 

Indicators Exposure Sensitivity Adaptive capacity  

Exposure 1 3 5 

Sensitivity 1/3 1 3 

Adaptive capacity  1/5 1/3 1 

Consistency Test 

(CR <= 10%) 

Eigenvalue = 3.039 → CI = 0.019;  

RI = 0.52 → CR = CI/RI = 0.037 

After calculating weights for all criteria in each expert interview, the judgment results of all 

nine experts are presented in the Table 5.2. 

Table 5.2 Aggregation of pair-wise comparisons matrix for indicators of level 1 

Level 1 

Indicators Judgment of expert No. k  

i j 1 2 3 4 5 6 7 8 9 Aij 

E 
S 3 4 3 3 0.333 0.333 4 7 3 2.156 

AC 5 0.5 5 5 3 3 3 2 5 2.949 

S AC 3 0.2 1 1 5 5 2 0.166 3 1.351 

CR (%) 0.037 0.024 0.028 0.028 0.037 0.037 0.10 0.03 0.037 0.036 

In which: E: Exposure; S: Sensitivity; AC: Adaptive Capacity; CR: Consistency Ratio. 

From this result, the aggregation of nine judgments was calculated again to give the results 

of weighting calculation. Table 5.3 shows the result for AHP-group decision making level 

1. 
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Table 5.3 Pair-wise comparison matrix of nine experts 

Level 1 

Indicators Exposure Sensitivity Adaptive capacity  

Exposure 1 2.156 2.949 

Sensitivity 0.464 1 1.351 

Adaptive capacity  0.339 0.740 1 

Consistency Test 

(CR<=10%) 

Eigenvalue = 3.000 → CI = 8.27114E-06;  

RI = 0.52 → CR = CI/RI = 1.5906E-05 

The vector of relative weights was calculated with the result following: 

(Exposure, Sensitivity, Adaptive capacity) = (0.555, 0.256, 0.189). 

Going into further detail of each component in the BMNP vulnerability assessment 

function, the sub-criteria in each component, additionally needed to be weighted (so-called 

level 2 and 3).  

5.1 Exposure  

Results of the survey and expert interviews show that illegal hunting is still a relatively 

common problem within the BMNP. Excessive exploitation of forest products, especially 

illegal logging has been reported from the ranger stations of the BMNP. Local people from 

the buffer zone and other surrounding areas come to the NP because of the high market 

demand for forest products. Forest thieves use streams, and rivers as a method to transport 

timber outside of the NP (see section 2.3.3 in detail).  

Data from the undertaken 207 surveyed households from the two communes representing 

different socioeconomic status in the buffer zone shows, that the Thuong Nhat – 

mountainous commune, contains 51.4% poor HHs. In total 64.8% of the surveyed HHs in 

this commune answered that they know of the occurrence of illegal activities.  

The Loc Hoa commune contains less poor HHs, only 31.4%. Interestingly, 82.4% of HHs 

in this commune answered that they are not aware of any illegal activities occurring in 

BMNP. Only 17.6% of HHs answered that they are aware of illegal activities. 
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Further to illegal activities, other risks such as erosion and tourism activities were also 

counted as the negative impacts to the sensitive ecosystems of the NP. Each indicator is 

represented by different units.  

Based on the AHP technique, five different criteria were selected and measured following 

the expert interviews. In each expert interview, each criterion was compared to each other 

in order to create the pair-wise comparison matrix. The consistency ratio (CR) was also 

calculated to ensure all CR in each interview would be less than or equal to 10% to obtain 

the most reliable results. Table 5.4Table 5.4 summarises the aggregation calculation of the 

nine expert interviews based on geometric mean method. 

Table 5.4 Aggregation of pair-wise comparison matrix for indicators of level 2 

Level 2 Exposure 

Indicators Judgment of expert No. k  

i j 1 2 3 4 5 6 7 8 9 Aij 

E 

H 0.333 1 4 1 3 0.333 3 3 1 1.318 

TA 0.2 0.5 2 1 3 3 0.333 0.125 0.2 0.627 

IL 0.111 0.2 0.167 0.111 0.142 0.2 0.2 0.2 0.142 0.160 

IH 0.333 0.25 0.2 0.142 0.2 0.2 0.333 0.142 0.142 0.205 

H 

TA 0.333 0.5 0.2 1 1 3 0.5 0.2 0.2 0.501 

IL 0.111 0.2 0.167 0.111 0.142 0.142 0.2 0.142 0.142 0.148 

IH 0.333 0.25 0.2 0.142 0.2 0.2 0.333 0.111 0.111 0.194 

TA 
IL 0.111 0.333 0.2 0.111 0.2 0.2 0.2 3 2 0.324 

IH 1 0.333 0.333 0.142 0.25 0.2 0.333 3 3 0.511 

IL IH 7 0.2 3 2 3 1 3 1 2 1.747 

CR (%) 0.078 0.096 0.088 0.005 0.077 0.096 0.085 0.098 0.08 0.063 

In which: E: Erosion; H: Hydrology; TA: Tourism Activities; IL: Illegal Logging;  

                IH: Illegal Hunting; CR: Consistency Ratio. 
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After calculating the aggregation of pair-wise comparisons matrix for indicators of level 2, 

again, the result of pair-wise comparison matrix were analysed (see Table 5.5).  

Table 5.5 Pair-wise comparison matrix of nine experts 

Level 2 Exposure 

Indicators Erosion Hydrology Tourism 

activities 

Illegal 

logging 

Illegal 

hunting 

Erosion 1 1.318 0.627 0.159 0.205 

Hydrology 0.759 1 0.501 0.148 0.194 

Tourism 

activities 

1.594 1.994 1 0.324 0.511 

Illegal logging 6.265 6.752 3.085 1 0.746 

Illegal hunting 4.871 5.150 1.956 0.572 1 

Consistency 

Test 

(CR<=10%) 

Eigenvalue = 5.025 → CI = 0.006;  

RI = 1.11 → CR = CI/RI = 0.006 

The vector of relative weights were calculated and showed the following result: 

(Erosion, Hydrology, Tourism activities, Illegal logging, Illegal hunting) = (0.073, 0.061, 

0.131, 0.443, 0.292). 

The AHP calculation shows that the main risks to the BMNP are caused by illegal activities 

from logging and hunting, which occupies 73.5% of total risks; tourism activities and their 

impact to the NP is calculated to be just 13.1% and erosion causes problems to the NP with 

an impact of only 7.3%. Moreover, hydrology which includes streams and rivers that 

supports the transportation of illegal logging occupies 6.1%. 

After assigning weights for each criterion, criteria maps were compiled based on the spatial 

data from BMNP. Figure 5.1 describes the erosion risk in BMNP and its buffer zone. Soil 

erosion was predicted based on 4 main factors: rainfall run-off erosivity (R factor) with 

monthly rainfall statistical data covering 37 years and 21 years from 2 weather stations 

located within the Bach Ma mountain area; soil erodibility (K factor), slope length and 

steepness (LS factor), which are based on a DEM model; land cover management (C 
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factor,) which calculated based on analysing the Normalized Difference Vegetation Index 

(NDVI) from Landsat 8; and the last component - conservation practice (P factor), which in 

this case was considered equal to 1 (supposedly not affected). A map of erosion risk was 

generated by developing a model of RUSLE in ArcGIS Model Builder. The result shows 

erosion risk in the area has a strong relationship to degree of slope.  

Figure 5.2 shows the map of possible routes of streams and rivers, which could be used to 

support illegal logging activities and the map of tourism impact to BMNP. Streams are 

often used by forest thieves to transport the timber downstream and out of the NP. The 

more streams appear the better condition for illegal timber transportation. The impact of 

tourism was also calculated as the factor disturbing the natural environment and the 

biodiversity of the NP. This is especially true, when the construction of the 14B road will 

be completed. Figure 5.3 shows the illegal activities in the study area mapped. Illegal 

logging and hunting have been reported from BMNP forest rangers and mapped based on 

GPS data from the NP. Colour maps gradually change from green to orange to red, as the 

presentation of each criterion ranges from low to high values.  
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Figure 5.1 Erosion risk in BMNP 
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Figure 5.2 Mapped possible routes for illegal transportation of timber by streams (left) and the tourism impacts (right) to BMNP 
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Figure 5.3 Mapped illegal logging activities (left) and illegal hunting activities (right) in BMNP
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Figure 5.4 Graph showing the relationship between elevation and illegal hunting 

Figure 5.4 illustrates the histograms of elevation cell values for different levels of illegal 

hunting activities. The graphs show that, at elevations above 700 mean sea-level, illegal 

hunting were reported to occur much less. In addition, a very high density of illegal hunting 

activities is not reported at high elevation of above 1000 metres. 

 

Figure 5.5 Graph showing the relationship between elevation and illegal logging 

Figure 5.5 demonstrates the histograms of elevation cell values for different levels of illegal 

logging activities. The graph shows the same pattern as with illegal hunting activities, 

where illegal logging is seen to be considerably reduced at elevation above 1000 m.  

Both Figure 5.4 and Figure 5.5 show that no illegal activities or low levels of illegal 

activities were reported at low elevations, less than 300 metres and between 300 to 500 m 

above mean sea level.  
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Figure 5.6 Weighted overlay maps of the exposure analysis 

Figure 5.6 illustrates overlaying of the five criteria components with the respective 

calculated weightings. All of these steps were undertaken using Model Builder in ArcGIS, 

and choosing the most suitable tools such as interpolation, density, distance, overlay, 

reclass for each step within the entire process. The exposure map displaying hotspot areas 

of exposure was created based on the five criteria component maps. 
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Figure 5.7 Hotspot areas of exposure in BMNP and its buffer zone 
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The colour in the Figure 5.7 changes from green – which represents the areas of lowest 

exposure, gradually to light green – which represents low exposure areas, to yellow – 

which represents medium exposure areas, turn to orange – which presents the areas of high 

exposure, and finally turn to red – which presents the areas of highest exposure.  

The highest exposure is seen predominantly in the southwest of BMNP, which belongs to 

the forest restorative section of the NP. The hotspot areas of exposure are located in the 

three communes of Nam Dong district; Thuong Long, Thuong Nhat and Thuong Lo. The 

reason for this is that these regions have the highest reported illegal logging and hunting 

activities. This is also the location of a dense stream network, which support the 

transportation of illegally logged timber. 

Figure 5.8 shows the frequency distribution of cell values on the exposure for the three 

sections of BMNP (see in detail three sections in Figure 2.31). The colours change 

gradually from green – which represents the low exposure to yellow – which represents the 

medium exposure, and increase to red – which represents the high exposure. From Figure 

5.8, it can be seen that the forest restorative section appears as an area that shows the 

highest exposure in the NP. The tourism service and administrative section was calculated 

to have very low levels of exposure. Furthermore, the strict protected section appeared 

mostly to have low to medium levels of exposure. However, it is worth noting, that there 

was still a small part of this section, which displayed high levels of exposure. 

 

Figure 5.8 Frequency distribution of calculated cell values for the exposure of each section 

in BMNP 
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5.2 Sensitivity 

To assess the sensitivity of the BMNP to natural disasters and human activities, it is 

necessary to select suitable indicators. Flora and fauna play a significant role in PAs. 

Impacts differ from species to species, and from location to location. Therefore, an 

understanding of the relative and spatial sensitivity of species in PAs is essential. Sensitive 

species of the BMNP were selected based on the endangered states of fauna and flora in the 

Vietnam Red List threatened species report of precious species in BMNP and subsequently 

ranked based on the nine interviewed BMNP experts.  

5.2.1 Sensitive fauna 

Based on expert interviews, five vulnerable species of fauna were selected. They were 

Lophura edwardsi (in Vietnamese: Gà lôi lam mào trắng), Rheinardia ocellata (in 

Vietnamese: Trĩ sao), Capricornis sumatraensis (in Vietnamese: Sơn dương), Macaca 

leonina (in Vietnamese: Khỉ đuôi lợn), and Ursus thibetanus (in Vietnamese: Gấu ngựa). 

Lophura edwardsi or Edwards’s Pheasant is a bird of the pheasant family Phasianidae and 

is endemic to the rainforests of Vietnam generally and BMNP in particular (Figure 5.9). 

The species have been uplisted to Critically Endangered by Birdlife International, and 

classified as endangered in the Red Data Book of Vietnam. It has suffered from 

deforestation, hunting and the use of defoliants during the Vietnam War. The Edward’s 

Pheasant was believed to be extinct for more than 50 years but was rediscovered in 1996, 

and has become the symbol of the BMNP (Fuller, Garson 2000; BMNP 2011). 
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Figure 5.9 Lophura edwardsi (Source: BMNP) 

Rheinardia ocellata or the Crested Argus is a large and spectacular pheasant variety (Figure 

5.10). There is only partial recorded information concerning this species because of its shy 

and elusive character. Due to local hunting pressure, disturbance from commercial logging, 

illegal timber extraction, clearance for agricultural plantations, encroachment by shifting 

cultivators and road building, the species is decreasing in number and is evaluated as near 

threatened on the IUCN Red List and as vulnerable in the Red Data Book of Vietnam. 
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Figure 5.10 Rheinardia ocellata (Source: BMNP) 

Capricornis sumatraensis or the Sumatran serow is a species of goat antelope native to 

mountain forests (Figure 5.11). This species is threatened due to habitat loss and hunting, 

leading it to be evaluated as vulnerable by the IUCN and the Red Data Book of Vietnam.  

 

Figure 5.11 Capricornis sumatraensis (Source: BMNP) 
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Macaca leonina or the Pig-tailed macaque is a species of primate in the family 

Cercopithecidae (Figure 5.12). Due to disturbance from logging and illegal hunting, it is 

listed as vulnerable in the Red Data Book of Vietnam. 

 

Figure 5.12 Macaca leonina (Source: BMNP) 

Ursus thibetanus or the Asian Black Bear is a medium-sized bear species and largely 

adapted to arboreal life (Figure 5.13). It is classified as vulnerable by the IUCN and 

endangered in the Red Data Book of Vietnam due to deforestation pressure and the hunting 

for its body parts.  
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Figure 5.13 Ursus thibetanus (Source: BMNP) 

Table 5.6 shows the results of aggregation of pair-wise comparisons matrix in level 3 from 

nine expert interviews. 

Table 5.6 Aggregation of pair-wise comparisons matrix for indicators of level 3 

Level 3 Sensitivity of fauna 

Indicators Judgment of expert No. k 

i j 1 2 3 4 5 6 7 8 9 Aij 

LE 

RO 0.333 0.25 0.333 0.333 0.333 0.333 0.333 1 1 0.412 

CS 0.333 1 0.2 0.333 0.2 0.2 0.2 0.2 3 0.361 

ML 0.333 3 0.142 0.333 0.2 0.2 0.2 0.2 5 0.417 

UT 1 3 0.2 0.2 0.333 0.333 0.333 0.5 5 0.607 

RO CS 0.333 1 0.2 0.333 0.142 0.2 0.2 0.2 3 0.349 

ML 1 2 0.2 0.333 0.333 0.333 0.333 0.2 5 0.554 

UT 3 3 0.333 0.2 0.333 0.333 0.333 0.5 5 0.725 

CS 
ML 3 3 0.333 3 3 3 3 1 1 1.841 

UT 5 3 0.333 0.333 3 3 3 2 2 1.781 

ML UT 3 3 1 0.333 0.333 0.333 0.333 3 3 1 

Consistency Test 

(CR<=10%) 

0.031 0.096 0.076 0.080 0.096 0.093 0.093 0.003 0.029 0.048 
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In which: LE: Lophura edwardsi; RO: Rheinardia ocellata; CS: Capricornis sumatraensis; 

ML: Macaca leonina; UT: Ursus thibetanus. 

After calculating the aggregation of pair-wise comparisons matrix for indicators of level 3, 

the results of pair-wise comparison matrix was analysed (see Table 5.7).  

Table 5.7 Pair-wise comparison matrix of nine experts 

Level 3 Sensitivity of fauna 

Species LE RO CS ML UT 

LE 1 0.412 0.361 0.417 0.607 

RO 2.426 1 0.349 0.554 0.725 

CS 2.762 2.868 1 1.841 1.781 

ML 2.398 1.804 0.543 1 1 

UT 1.648 1.379 0.561  1 

Consistency 

Test 

(CR<=10%) 

Eigenvalue = 5.089 → CI = 0.022;  

RI = 1.11 → CR = CI/RI = 0.02 

In which: LE: Lophura edwardsi; RO: Rheinardia ocellata; CS: Capricornis sumatraensis; 

ML: Macaca leonina; UT: Ursus thibetanus. 

The vector of relative weights was: 

(Lophura edwardsi, Rheinardia ocellata, Capricornis sumatraensis, Macaca leonina, 

Ursus thibetanus) = (0.096, 0.150, 0.349, 0.215, 0.190). 

The result for the analysis of the sensitive fauna showed that the Capricornis sumatraensis 

and Macaca leonina were the two species, which were considered the most sensitive fauna 

(occupying 56.4% of total sensitivity) in BMNP. Ursus thibetanus and Rheinardia ocellata 

occupied 34% of the total five sensitive fauna. The fauna that was calculated to have the 

lowest sensitivity was Lophura edwardsi, which occupied just 9.6% of overall analysed 

sensitivity. 

Based on original maps of the distribution of the five selected species within BMNP, the 

sensitivity analysis of the five species was undertaken in ArcGIS to create five different 
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maps. Subsequently, the five criteria maps were overlain with assigned weights that were 

calculated based on the AHP method. Figure 5.14 represents the overlay step of the five 

component maps together with the respective weightings.  

 

Figure 5.14 Overlay map of five different vulnerable fauna 

The sensitivity map of five vulnerable species was compiled as seen in Figure 5.15. The 

colours in the Figure change from light green – which represents areas of very low 

sensitivity, to yellow – which represents areas of medium sensitivity, and to red – which 

represents areas of high sensitivity. 

In Figure 5.15 the highest levels of sensitivity of fauna are seen mostly in the old historical 

part of BMNP which is located partly in Phu Loc district and in the northern part of Nam 

Dong district, which belong to Huong Loc commune. This area is also the most suitable 

habitat area for Capricornis sumatraensis, Macaca leonina, Ursus thibetanus to live and 

breed.  
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Figure 5.15 Sensitivity of five different species of fauna in BMNP 
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Figure 5.16 Graph showing relationship between sensitivity of fauna and elevation 

Figure 5.16 shows the frequency distribution of elevation (DEM) cell values on the for each 

fauna sensitivity level. The colour changes from blue – representing the low elevations 

(minimum = 1 m) to yellow and to red which represent high elevations (maximum = 

1681 m). From the Figure, the lowest to low sensitivity levels were seen mostly at low 

elevation (less than 500 m). Areas with the high to highest sensitivity occur more often at 

elevations of less than 700 m. There was no area with elevations of more than 1000 m, 

which displayed the highest levels of fauna sensitivity.  

 

Figure 5.17 Graph showing relationship between sensitivity of fauna and illegal hunting 

Figure 5.17 shows the frequency distribution of cell values of illegal hunting activities for 

each fauna sensitivity level. The Figure shows that in the areas of fauna highest sensitivity 

areas, no high levels of illegal hunting were seen. To explain for this, its probably because 
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lack of data, reporting illegal hunting actvitiies, as forest rangers cannot access all areas of 

the NP to check and report problems.  

5.2.2 Sensitive flora 

Five sensitive flora species in BMNP were selected and analysed based on the judgments of 

the nine BMNP experts. The selected species were Hopea pierrie (in Vietnamese: Kiền 

kiền), Erythrophleum fordii (in Vietnamese: Lim xanh), Scaphium macropodum (in 

Vietnamese: Ươi), Podocarpus annamiensis (in Vietnamese: Thông tre), and Nageia fleuryi 

(in Vietnamese: Kim giao). 

Hopea pierrie is a species of plant of the Dipterocarpacee family (Figure 5.18). Hopea 

pierrie timber is very good, hard, fine textured wood, which is not easily eaten by insects or 

worms. Because of these properties, it is a main material used in the region for construction 

of house pillars, house frames, house floor, and shipbuilding. Due to the high monetary 

value of Hopea pierrie, it has been over-exploited and became an endangered tree listed in 

the Red Data Book of Vietnam. 

 

Figure 5.18 Hopea pierrie (Source: BMNP) 
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Erythrophleum fordii is a species of legume of the Fabaceae family (Figure 5.19). It is a 

valuable timber tree used in architecture, construction of irrigation works, bridges, 

household decorations and shipbuilding. Because of its high value, it has become 

threatened by overexploitation and classified as endangered in the IUCN Red List.  

 

Figure 5.19 Erythrophleum fordii (Source: BMNP) 

Scaphium macropodum is a valuable multipurpose tree species of the genus Sterculia. It 

produces fruits used for tonic and medicinal beverages, as well as, being a major NTFP. 

The dried seeds have the size of an adult's fingertip; they are brown and have coarse skin 

(Figure 5.20). Its seeds are commonly used in traditional medicine as a coolant, for 

gastrointestinal disorders, and for soothing the throat. Recently, improper management 

practices and overharvesting have led to a decrease in the species population. Scaphium 

macropodum numbers have degraded quickly and it is now listed as endangered. The 

species urgently needs a sustainable solution to find a balance between its conservation and 

its sustainable use. 
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Figure 5.20 Scaphium macropodum tree and their seeds 

 (Source: BMNP) 

Podocarpus annamiensis (Podocarpus neriifolius) is a species of conifer in the 

Podocarpaceae family (Figure 5.21). It is used not only as valued timber in construction 

and shipbuilding, but also as a medical treatment in the health service. Its leaves and 

branches are used to treat many diseases such as rheumatism, bone fractures, coughs, 

haemoptysis, and bronchitis. It is currently threatened by habitat loss and in the list of 

timbers, which are prohibited from exploiting in Vietnam. 
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Figure 5.21 Podocarpus annamiensis (Source: BMNP) 

Nageia fleuryi is a species of conifer in the Podocarparceae family (Figure 5.22). Its wood 

has fine texture, is not worm-eaten, hence, it is highly valued and used for musical 

instruments, handicrafts, statues, and household tools. Asian people have the traditional 

experience of using Nageia fleuryi to create chopsticks for testing the toxicity of food. Its 

leaves are also used as a remedy for coughs and flue. This species is now strictly protected 

in Vietnamese forests.  



CHAPTER 5 RESULTS 

119 

 

Figure 5.22 Nageia fleuryi (Source: BMNP) 

Table 5.8Table 5.8 shows in detail the process of the judgments of the nine experts. 

Table 5.8 Aggregation of pair-wise comparisons matrix for indicators of level 3 

Level 3 Sensitivity of flora 

Indicators Judgment of expert No. k 

i J 1 2 3 4 5 6 7 8 9 Aij 

HP 

EF 1 2 7 1 5 3 5 1 1 2.166 

SM 9 5 5 5 7 3 6 5 3 5.047 

PA 9 5 9 5 9 3 7 7 5 6.192 

NF 7 5 5 7 5 5 7 7 7 6.028 

EF 

SM 9 3 3 3 5 3 5 5 3 4.018 

PA 9 3 7 3 7 3 6 7 5 5.139 

NF 7 5 3 5 5 3 5 7 6 4.908 

SM 
PA 5 3 5 3 3 3 3 5 5 3.764 

NF 1 3 1 3 1 3 3 5 5 2.330 
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PA NF 0.2  3 0.2  3 1 3 1 2 2 1.177 

Consistency Test 

(CR<=10%) 

0.084 0.068 0.098 0.057 0.086 0.088 0.09 0.073 0.043 0.074 

In which: HP: Hopea pierrie; EF: Erythrophleum fordii;  

                SM: Scaphium macropodum; PA: Podocarpus annamiensis; NF: Nageia fleuryi. 

The geometric mean method was applied to the aggregate measurements of nine expert 

interviews. The pair-wise comparison matrix was created in order to calculate the final 

weightings of the aggregative nine expert measurements and the test consistency ratio 

calculated (see Table 5.9). 

Table 5.9 Pair-wise comparison matrix of nine experts 

Level 3 Sensitivity of flora 

Species HP EF SM PA NF 

HP 1 2.166 5.047 6.192 6.028 

EF 0.461 1 4.018 5.139 4.908 

SM 0.198 0.249 1 3.764 2.33 

PA 0.161 0.194 0.266 1 1.176 

NF 0.166 0.203 0.429 0.849 1 

Consistenc

y Test 

(CR<=10%

) 

Eigenvalue = 5.193 → CI = 0.048;  

RI = 1.11 → CR = CI/RI = 0.043 

In which: HP: Hopea pierrie; EF: Erythrophleum fordii;  

                SM: Scaphium macropodum; PA: Podocarpus annamiensis; NF: Nageia fleuryi. 

The vector of relative weights was: 

(Hopea pierrie, Erythrophleum fordii, Scaphium macropodum, Podocarpus annamiensis, 

Nageia fleuryi) = (0.465, 0.302, 0.121, 0.055, 0.057). 

From Table 5.9, the results show that Hopea pierrie and Erythrophleum fordii were the two 

most sensitivities species of flora in BMNP. These two species account for 76.7% of the 
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overall flora sensitivity. Furthermore, Scaphium macropodum occupies 12.1% of the 

overall flora sensitivity while Podocarpus annamiensis exhibited 5.5% and Nageia fleuryi 

5.7% of overall flora sensitivity of the five investigated species. 

After building five different sensitivity maps for each of the individual investigated species 

of flora in BMNP, an overlay was created with weightings for each of criteria. Figure 5.23 

represents the overlay step of the five maps and their respective weightings.  

 

Figure 5.23 Overlain maps of the five investigated flora species 

The final compiled sensitivity map of the five vulnerable flora is seen in Figure 5.24. The 

colour in the Figure changes from light green – which represents areas of very low 

sensitivity, to yellow – which represents areas of medium sensitivity, to red – which 

represents areas of high sensitivity. 

The Figure 5.24 shows that the highest level of sensitivity of flora is seen mostly in Huong 

Phu, Huong Loc, Thuong Long, Thuong Nhat and Thuong Lo communes of Nam Dong 

district. Those regions are also the most suitable regions to grow and develop Hopea 

pierrie, Erythrophleum fordii and Scaphium macropodum species.  
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Figure 5.24 Overall sensitivity of five different species of flora in BMNP 



CHAPTER 5 RESULTS 

123 

 

Figure 5.25 Graph showing relationship between flora sensitivity and elevation 

Figure 5.25 shows the elevation (DEM) frequency distribution of cell values for each flora 

sensitivity level. The colour changes from blue – representing the low elevation (minimum 

=1 m) and gradually changes through yellow and orange to red colour which represents 

high elevation (maximum = 1681 m). From the Figure, the lowest flora sensitivity was seen 

focused mostly at elevations of less than 500 m. Moreover, low to medium flora sensitivity 

levels were seen located mostly at elevations of more than 700 m. The high to highest flora 

sensitivity levels occurred mostly at elevations of less than 700 m, and just partially in 

areas at an elevation of more than 1000 m. 

 

Figure 5.26 Graph showing relationship between flora sensitivity and illegal logging 

Figure 5.26 shows frequency distribution of cell values on the illegal logging activities for 

each flora sensitivity level. At the lowest flora sensitivity level, a very low state of illegal 
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logging is seen. At low and medium flora sensitivity levels, illegal logging activities are 

seen in at a state of lowest to low and medium levels. The areas of high to highest flora 

sensitivity appeared to correspond to areas where more illegal logging was recorded at the 

high to highest levels. 

5.2.3 Sensitivity map 

The ten species after weighting were analysed together in ArcGIS software to provide the 

weighted spatial distribution of vulnerable objects. Here the spatial analysis tools such as 

density, distance, classification, map algebra were used for analysing the spatial multi-

criteria. 

After analysing the five sensitive species of fauna: Lophura edwardsi, Rheinardia ocellata, 

Capricornis sumatraensis, Macaca leonina and Ursus thibetanus and the five sensitive 

species of flora: Hopea pierrie, Erythrophleum fordii, Scaphium macropodum, Podocarpus 

annamiensis, Nageia fleuryi, the integrated sensitivity map of those species was compiled.  

Figure 5.27 shows the sensitivity areas of fauna and flora overlaid to create the sensitivity 

map of endangered and precious species in BMNP. The colour in the Figure changes from 

green – which represents the lowest sensitivity areas, to light green – which represents low 

sensitivity areas, to yellow – which represents medium sensitivity areas, and gradually 

changes to orange – which presents high sensitivity areas, and to red – which presents the 

highest sensitivity areas. The high to highest sensitivity is seen concentrated mostly in the 

north of BMNP. 
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Figure 5.27 Sensitivity of the ten selected species of fauna and flora in BMNP 
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Figure 5.28 Frequency distribution of cell values on the BMNP sensitivity for each section 

in BMNP 

Figure 5.28 demonstrates the frequency distribution of cell values of overall sensitivity for 

each of three sections in BMNP. The forest restorative section is revealed as the area, 

which displayed the highest sensitivity. The strict protected section of BMNP also 

displayed high sensitivity, while the tourism service and administrative section showed 

overall comparatively less sensitivity.  

5.3 Adaptive capacity 

Generally, the people living within the buffer zone of BMNP appear to be positively 

orientated towards conservation. Hydrology is considered here as a factor that leads forest 

rangers to identify and catch illegal timber transportation more effortless. Therefore, it 

supports positively rangers to prevent timber transportation out of the NP. Local 

communities have proven a very effective protection force with active patrolling inside the 

forest to prevent illegal activities. In areas far from settlements, it is harder for local 

communities to support the job of the forest rangers. Education of the local people also has 

a role to play. If local people are well educated then they are more likely to recognise the 

important role the NP plays, and are more aware of how the benefit sharing strategy inside 

BMNP can be applied sustainably. Preventing illegal logging and hunting is not an easy 

task, if the local people in buffer zone have a low understanding about the environment and 

conservation. Hence, good education contributes to a positive feedback to the NP success. 

The profits from wildlife products provide quick and high incomes for local residents. 
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Low-income levels in poor households force local people to enter the NP in order to carry 

out illegal activities. Poverty, therefore, is considered as another important aspect, which 

threatens the forest’s resources and decreases the adaptive capacity to risk within the NP. 

The park’s rangers have managed quite well to protect the forest by setting up eight ranger 

stations surrounding the NP. This management effect has increased the adaptive capacity to 

risk for the BMNP. Infrastructure development is represented with road systems in BMNP 

and its buffer zone. The closer the road is the better condition for the forest rangers and 

local people to gain access to the park quickly to prevent risk. 

To evaluate the capacity of BMNP to respond to the driving forces, six indicators were 

created and analysed based on the help and advice of the nine expert interviews.  

Table 5.10 shows the results of aggregation of pair-wise comparison matrix for indicators 

of adaptive capacity from the nine expert interviews. 

Table 5.10 Aggregation of pair-wise comparison matrix for indicators 

Indicators Judgment of expert No. k 

i j 1 2 3 4 5 6 7 8 9 Aij 

H 

RA 5 0.2 0.2 0.2 1 1 0.2 0.333 0.2 0.432 

E 1 0.2 0.2 0.142 0.2 0.2 0.142 0.2 0.2 0.221 

P 5 0.142 0.142 0.111 0.2 0.333 0.142 0.25 0.2 0.259 

ME 1 0.2 0.2 0.2 0.142 0.333 0.2 0.2 0.2 0.243 

ID 5 0.2 0.2 0.2 0.142 1 0.333 0.25 0.333 0.378 

RA 

E 0.333 1 1 1 0.2 0.333 0.2 0.333 0.2 0.405 

P 3 0.2 0.333 0.2 0.2 0.333 0.142 0.167 1 0.341 

ME 0.333 1 0.142 1 0.2 0.333 0.2 0.333 0.333 0.345 

ID 3 1 1 1 0.2 1 0.333 0.5 0.5 0.716 

E 

P 5 0.333 1 0.2 1 1 1 0.333 1 0.693 

ME 1 0.5 0.2 1 1 1 1 0.5 0.5 0.663 

ID 3 2 3 1 3 3 3 4 3 2.62 

P ME 0.333 1 1 7 1  3 3 1 1.402 
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ID 5 2 3 9 3 3 5 2 2 3.317 

ME ID 3 2 7 3 3 3 5 1 3 2.951 

Consistency Test 

(CR<=10%) 

0.099 0.05 0.093 0.06 0.043 0.005 0.087 0.091 0.071 0.053 

In which: H: Hydrology; RA: Residential area; E: Education;  

                P: Poverty; ME: Management effect; ID: Infrastructure development. 

After aggregating nine expert measurements together with the geometric mean method, the 

result of pair-wise comparison matrix was calculated and is shown in Table 5.11. 

Table 5.11 Pair-wise comparison matrix of nine experts 

Level 2 Adaptive capacity 

Indicators Hydrology Residential 

area 

Education Poverty Management 

effect 

Infrastructure 

development 

Hydrology 1 0.432 0.221 0.259 0.243 0.378 

Residential 

area 

2.31 1 0.405 0.341 0.345 0.716 

Education 4.505 2.466 1 0.693 0.663 2.62 

Poverty 3.848 2.926 1.442 1 1.402 3.317 

Management 

effect 

4.101 2.892 1.506 0.712 1 2.951 

Infrastructure 

development 

2.643 1.394 0.381 0.301 0.339 1 

Consistency 

Test 

(CR<=10%) 

Eigenvalue = 6.101 → CI = 0.02;  

RI = 1.25 → CR = CI/RI = 0.016 

The vector of relative weights is: 

(Hydrology, Residential area, Education, Poverty, Management effect, Infrastructure 

development) = (0.051, 0.091, 0.214, 0.288, 0.255, 0.101). 

In regards to the adaptive capacity of the BMNP, the results showed that the poverty state 

of people in the buffer zone and the management capacity of stakeholders in BMNP, both 
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play an important role. The analysis showed that the poverty state influences the adaptive 

capacity the most, Results suggest 29% of the overall adaptive capacity is affected by 

poverty. The management capacity is responsible for about 26% of total impact to the 

adaptive capacity of the BMNP. Education is also seen to be an important aspect, with an 

influence of 21.4%. Infrastructure development was calculated to contribute 10.1% to 

overall adaptive capacity. Other factors including streams and local residents account for a 

14.2% impact to adaptive capacity. 

 

Figure 5.29 Graph showing relationship between poverty and elevation 

Figure 5.29 shows the frequency distribution of elevation (DEM) cell values for each 

poverty level. It is apparent from Figure 5.29 that the areas with the lowest to low and 

medium levels of poverty occurred mostly at low elevation of less than 300 m. The region 

with a greater number of poor households (high poverty levels) occurred often at elevations 

ranging from 300 m – 500 m and from 500 m – 1000 m. The local people who live in the 

high mountainous areas have very little land for cultivating. They also exhibit low levels of 

education and few have a long-term stable job. Many of them live depending heavily on the 

forest for daily life.  

Figure 5.30 describes the potential of the local people to protect the BMNP. The Figure is 

compiled on the assumption that the closer the local population reside to risk areas within 

the NP, the higher the level of protection. Figure 5.31 demonstrates the education level of 

local people that could positively affect adaptive capacity. Both maps show that adaptive 
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capacity is high in Phu Loc town and Loc Dien commune, which are located in Phu Loc 

district and Khe Tre town, which is located in Nam Dong district. Figure 5.32 shows the 

overall poverty state. Here poverty is seen as the reverse of adaptive capacity, the higher 

the poverty rate of an area, the lower its adaptive capacity. High poverty is seen mostly in 

Thuong Long, Thuong Nhat communes that belong to Nam Dong district and Ta Lu, Song 

Con, A Ting, Tu communes that belong to Quang Nam district. Conversely to poverty, the 

better the management is, the higher adaptive capacity is. Figure 5.33 demonstrates the 

management effect. The management effect was analysed based on distance to ranger 

stations. The assumption is taken, that the further the distance to a ranger station, the lower 

adaptive capacity. Figure 5.34 illustrates infrastructure development affects to adaptive 

capacity. Here, adaptive capacity is seen to be high in Phu Loc town, Loc Dien and Loc Tri 

communes in Phu Loc district and Khe Tre town in Nam Dong district. 

The colour in the Figures changes from green – which represents the lowest adaptive 

capacity, to light green – which represents low adaptive capacity, to yellow – which 

represents medium adaptive capacity, and gradually changes to orange – which presents 

high adaptive capacity, and to red – which presents the highest adaptive capacity. 
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Figure 5.30 Adaptive capacity based on the support of local people 
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Figure 5.31 Adaptive capacity based on education level at commune level 
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Figure 5.32 Poverty map at commune level 
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Figure 5.33 Management effect to adaptive capacity
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Figure 5.34 Infrastructure development in BMNP 
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Figure 5.35 Overlaying components maps to calculate overall adaptive capacity 

After building the five different component maps, the overlay of all six criteria maps was 

undertaken. Figure 5.35 represents the overlay step of the six maps together with their 

respective weightings. Using Map Algebra expression in ArcGIS, each weight was 

analysed with its own criterion map respectively. 

Figure 5.36 shows the adaptive capacity to risks in BMNP and its buffer zone. The colour 

in the Figure changes from green – which represents the lowest adaptive capacity, to light 

green – which represents for low adaptive capacity, to yellow – which represents medium 
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adaptive capacity, and gradually changes to orange – which represents high adaptive 

capacity, and finally to red – which represents the highest adaptive capacity. The high to 

highest adaptive capacity is seen to be concentrated mostly in Loc Dien commune, Phu Loc 

town which is located in Phu Loc district and Khe Tre town which is located in Nam Dong 

district. 
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Figure 5.36 Adaptive capacity of BMNP and its buffer zone 
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Figure 5.37 illustrates the frequency distribution of cell values for the adaptive capacity of 

each of the three sections of BMNP. Naturally as expected, the tourism service and 

administrative section was calculated to have a high adaptive capacity. The second highest 

level of adaptive capacity was seen in the strict protected section. These regions are located 

close to ranger stations, and contain very few poor households. The areas also have very 

good level of infrastructure, consisting of roads, which increases the accessibility for local 

people to protect the forest in case of emergency. The forest restorative section was 

calculated to be of very low-to-low and medium adaptive capacities. Most of those areas 

are located far from ranger stations and close to poor residential areas.  

 

Figure 5.37 Frequency distribution of adaptive capacity cell values for each section in 

BMNP 

 

Figure 5.38 Frequency distribution of elevation (DEM) cell values for each adaptive 

capacity level. 
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Figure 5.38 shows the link between elevation and adaptive capacity. It is obvious that at 

very high elevation and rough terrain, from 700 m to more than 1000 m, it is difficult for 

BMNP rangers and local people to access and to protect the forest. The adaptive capacity of 

these areas was calculated at lowest to low levels. As elevation decreases, adaptive capacity 

is seen to tend to increase. 

5.4 Vulnerability assessment  

A vulnerability assessment model for BMNP and its buffer zone was built to create the 

final vulnerability map for the case study area. Table 5.12 shows the summarisation of 

hierarchical structure and weights respectively for each aspect of group criteria, criteria and 

sub-criteria. 

Table 5.12 Hierarchical structure and weight results of pair-wise comparison sessions 

Group criteria 

(Level 1) 

Criteria  

(Level 2) 

Sub-criteria 

(Level 3) 

Exposure 

(0.555) 

 

Erosion (0.073)  

Hydrology (0.061) 

Tourism activities (0.131) 

Illegal logging (0.443) 

Illegal hunting (0.292) 

Sensitivity 

(0.256) 

 

 

 

Fauna (0.50) 

Lophura edwardsi (0.096) 

Rheinardia ocellata (0.150) 

Capricornis sumatraensis (0.349) 

Macaca leonina (0.215) 

Ursus thibetanus (0.190) 

Flora (0.50) 

Hopea pierrie (0.465) 

Erythrophleum fordii (0.302) 

Scaphium macropodum (0.121)  

Podocarpus annamiensis (0.055) 

Nageia fleuryi (0.057) 

Adaptive capacity Hydrology (0.051)  
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(0.189) 

 

 

Residential area (0.091) 

Education (0.214) 

Poverty (0.288) 

Management effect (0.255) 

Infrastructure development 

(0.101) 

 

Figure 5.39 Weighted overlay of the three group criteria maps 

Figure 5.39 illustrates the overlaid three component maps of vulnerability, comprising the 

exposure, sensitivity and adaptive capacity. Each group criteria map was overlaid with the 

respective weightings that were based on the multi-criteria group AHP method.  

Figure 5.40 visualises the final vulnerability map of BMNP and its buffer zone. The colours 

in the Figure change from green – which represents the lowest vulnerability, to light green 

– which represents low vulnerability, to yellow – which represents medium vulnerability, to 

orange – which represents high vulnerability, and to red – which represents the highest 

vulnerability. The high to highest vulnerability was seen concentrated mostly in the west of 

BMNP. This area is located in Nam Dong district and belongs to the forest restorative area 

of the core zone. 
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Figure 5.40 Vulnerability map of BMNP and its buffer zone 
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Figure 5.41 shows the frequency distribution of cell values for the vulnerability for the 

three sections of the BMNP. The colours change gradually from green – which represents 

low vulnerability to yellow – which represents medium vulnerability and turn to red – 

which represents high vulnerability. The forest restorative section was analysed as the 

section with the most cell values of medium to high vulnerability. The tourism service and 

administrative section appeared as less vulnerable. However, medium to high vulnerability 

levels were seen in the strict protected section. This section is designated mostly for the 

protection from human activities, here especially logging and hunting are strictly forbidden. 

 

Figure 5.41 Frequency distribution of cell values on the vulnerability for each section in 

BMNP 

Table 5.13 describes in detail the distribution areas of five vulnerability levels in the three 

sections of BMNP and its buffer zone. Following the Table, the forest restorative section of 

BMNP is recognised as the area with the highest vulnerability (level 5), accounting for 

1.32% of the total study area. In the strict-protected section, the highest vulnerability was 

seen to account for 0.44% of the total area of BMNP. The tourism service and 

administrative section also displayed cells with the highest vulnerability. The total amount 

however was lower than seen in the two other sections and only occupied 0.02% of the total 

study area.  

Cells with high vulnerability level (level 4), were mainly seen distributed within the forest 

restorative section. This section with this vulnerability level occupied 6.06% of the total 

study area. The strict protected section also contained areas with high vulnerability, 
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accounting for 2.80% of the total study area. Finally, within the tourism service and 

administrative section, relatively low vulnerability was seen. Within this section, only 

0.28% of the total study area was seen to be of high vulnerability. Phu Loc and Quang Nam 

districts, which both belong to the buffer zone of BMNP, were the zones which showed 

very low-to-low vulnerability (level 1 and 2). Phu Loc buffer zone accounted for 15.31% of 

the total study area and buffer zone in Quang Nam had 23.69% of the total study area, 

which had lowest to low vulnerability. No high levels of vulnerability were seen in these 

two zones at all. The buffer zone located in Nam Dong district contained areas classified at 

both the high and highest vulnerability levels. The high vulnerability account for 1.47% of 

the total study area, while the value at the highest vulnerability levels account for 0.02% of 

the total study area. 

Table 5.13 Statistic data on distribution of five vulnerability levels in BMNP and its buffer 

zone 

Unit: % 

     Vulnerability level 

Zone 1 2 3 4 5 Total  

Strict protected section 1.44 7.35 1.30 2.80 0.44 13.33 

Forest restorative section 3.38 7.46 4.45 6.06 1.32 22.68 

Tourism service and 

administrative section 1.81 3.37 0.46 0.28 0.02 5.93 

Phu Loc district bufferzone 13.69 1.62 0.00 0.00 0.00 15.32 

Nam Dong district buffer 

zone 5.14 7.69 4.74 1.47 0.02 19.05 

Quang Nam district buffer 

zone 22.83 0.86 0.00 0.00 0.00 23.70 

Total BMNP and buffer zone 48.30 28.36 10.95 10.61 1.79 100 

Figure 5.42 shows the elevation (DEM) frequency distribution of cell values for each 

vulnerability level. The colour changes from blue – representing low elevation (minimum 

=1 m) and gradually changes to yellow and red which represents the high elevation values 

(maximum = 1681 m). From the Figure, it can be seen that there are only a few instances of 
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the high and highest vulnerability at high elevation. Moreover, the high and highest levels 

of vulnerability are seen to occur predominantly at lower elevations. High to highest 

elevation values were seen to correspond to the low or lowest levels of vulnerability. 

 

Figure 5.42 Graph showing relationship between elevation and vulnerability 

This can be explained, because at high elevation, its more difficult for local people to 

access areas and to undertake illegal activities. It should be also mentioned that it is 

additionaly difficult even for forest rangers to access these high mountainous areas to 

undertake monitoring activites.  

 

Figure 5.43 Graph showing relationship between slope and vulnerability 

Figure 5.43 demonstrates in detail the relationship between slope and vulnerability. No 

vulnerability or the lowest levels of vulnerability appeared mostly in areas with quite low 

slopes of less than 22°. Low vulnerability levels were seen mostly at slope degrees ranging 



CHAPTER 5 RESULTS 

146 

from 22° to 27°. Medium and high vulnerability levels appeared more often at slope 

degrees ranging from 17° to 27°. Whereas, the areas of steep slopes, with slopes of more 

than 44° correspond with low to medium vulnerability levels. 
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Chapter 6 Discussion 

6.1 Answer to research questions  

Research question #1 

How to develop a vulnerability assessment model for a protected area? Which parameters 

are important to use? How can they be identified? 

One of the major steps of assessing spatial vulnerability is to understand the complex 

interaction of vulnerability in order to identify exactly what makes areas vulnerable. This 

dissertation tried to develop and couple the main parameters of vulnerability functions. In 

accordance with literature and research, exposure to hazards, the sensitivity and the 

adaptive capacity of the system were the chosen three parameters applied in the developed 

vulnerability assessment model for the protected area (see in detailed descriptions in 

sections 3.2 & 4.2).  

Figure 6.1 demonstrates how to interpret the different levels in the developed vulnerability 

assessment model, which combined GIS and AHP. BMNP was analysed as a typical 

example to create the weighted map of all the assessed components, in order to build a final 

spatial vulnerability map. Firstly, spatial data were selected, including available digital 

maps, satellite imagery such as ASTER GDEM image (Advanced Spaceborne Thermal 

Emission and Reflection Radiometer Global Digital Elevation Model). All data were 

compiled and analysed by GIS-software tools, including MapSource, FME (Feature 

Manipulation Engine, an integrated collection of tools for spatial data transformation and 

translation), and finally analysed in ArcGIS. Together with acquisition of the spatial data, 

expert interviews were also undertaken. In total, the vulnerability assessment of BMNP was 

structured into three hierarchical levels. The first level consisted of the three components: 

exposure, sensitivity and adaptive capability. Level 2 was subdivided into different subjects 

based on the three related components in level 1. Exposure was divided into main elements 

affecting the park such as illegal activities (logging, hunting) and tourism activities. To 

assess the BMNP vulnerability, the endangered fauna and flora species within the NP were 

the focus of this research and are located in level 2 of the model. Adaptive capability of 

BMNP was also divided into sub-levels of level 2. This contained spatial explicit elements 
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such as education and poverty. The third level of the model contained five endangered 

species of fauna and five endangered species of flora as vulnerable objects. All of those 

three levels with appropriate spatial data were classified, analysed, and overlaid with 

related weighted maps. 

 

Figure 6.1 The developed conceptual framework of vulnerability assessment with 

exemplary indicators for BMNP 

 (Source: authors own) 

The vulnerability assessment model was built with help of Model Builder in ArcGIS. 

Therefore, this allows any new information or spatial data to be easily added or updated to 

the model, as and when, datasets become available. The whole process could be repeated in 

order to get up-to-date vulnerability results and to monitor temporal and spatial changes in 

vulnerability related indicators. 
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Research question #2 

Which criteria are essential in order to undertake the vulnerability assessment? Which 

criterion can be applied for each parameter of vulnerability? 

In light of the current situation within BMNP, five suitable spatial criteria were chosen for 

assessing exposure. These were erosion, hydrology, tourism activities, illegal logging and 

illegal hunting. Sensitivity was divided into two types: sensitive fauna and sensitive flora. 

Five sensitive endangered species of fauna and five sensitive endangered species of flora 

were analysed in order to compile the sensitivity map of BMNP. Furthermore, finally to 

analyse adaptive capacity, six criteria were chosen. (see in detail section 4.3).  

All appropriate criteria in each parameter were chosen with the help of expert knowledge. 

This step also was dependent upon the available spatial data for the protected area. Group 

AHP and GIS were integrated to model the spatial distribution of vulnerabilities in the 

complex NP system. 

Data on exposure, such as hydrology, which supports the transportation of illegally logged 

timber, under the assumption that if area has a high density of streams then it also increases 

the ability to transport timber. In addition, forest thieves would rather choose an area, 

which is very close to a stream in order to make it easier and faster to transport timbers. 

Concerning illegal activities, GPS points of traces of illegal hunting and logging were 

captured by rangers and then mapped within this study. The higher the density of mapped 

illegal activities, the higher the exposure. Furthermore, it was understood that areas in close 

proximity to a high density of illegal activities have a higher exposure risk.  

Although the weights of the different parameters play a critical role, the various criteria and 

sub-criteria of exposure, sensitivity and adaptive capacity have been combined to calculate 

the overall vulnerability. The calculation of the exposure, adaptive capacity and sensitivity 

has been performed separately from the overall vulnerability considering the respective 

criteria. 

 

 



CHAPTER 6 DISCUSSION 

150 

Research question #3 

How can forest experts aid and be involved in the process of developing criteria for 

vulnerability assessment? How to achieve the same measurements for different spatial 

criteria? 

Spatial vulnerability cannot be measured directly due to its complex dimensions. Therefore, 

it is essential to have support from local experts who have deep a knowledge and 

experience with the research region. Decision-makers’ point of view plays an important 

role in assessing vulnerability, especially for a complex objective such as a protected area. 

Section 4.1.3 described in detail how the experts were selected for the study area.  

Two different fields of research dealing with (i) vulnerability and (ii) protected area 

systems have been to be linked in this study in order to meet the overall aim of assessing 

the spatial vulnerability of BMNP.  

In this dissertation, a methodology to model the complex vulnerability was presented 

through the identification of vulnerability units. A scale from 1 to 9 was chosen based on 

the AHP method of Saaty (1980), in order to make it easier for experts to compare pair-

wise criteria and to produce the same measurement at the end (section 3.3.2).  

Research question #4 

How to produce an integrated result, which could satisfy all expert opinions? 

Multicriteria decision analysis with AHP methodology and GIS were integrated. This 

supported the local decision-makers to reflect and understand complex issues such as 

vulnerability. The method not only enables the assessment of vulnerability independent 

from administrative boundaries, but also applied an aggregation model, which reflects 

homogenous vulnerability units. Geometric means was applied in order to aggregate all 

nine expert judgments together (see method description in detail section 3.3.3). Figure 6.2 

describes the main steps of AHP group decision-making.  
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Figure 6.2 Aggregation of AHP group decision to determine weights of indicators 

(Source: authors own) 

Research question #5 

Can the developed vulnerability model be applied to other areas? 

In general, an AHP based GIS approach for vulnerability assessment can be transferred and 

applied to other areas. However, the methodology for the development and identification of 

vulnerability categories and indicators has to be adapted to the circumstances in each new 

locality. The availability and accessibility of data, socioeconomic and environmental 

conditions, political situation, as well as, the administrative structures make it nearly 

impossible to transfer completely all criteria from one location to another location. The 

approach in this research is of regional character and has transpired to find experts referring 

to PAs in Vietnam. It is important to learn more about the processes and dynamics in the 

study area. From this point, a set of criteria can be identified which also depend on the 

availability of data in the respective region/country. The methods applied to build a 
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composite vulnerability model were implemented in different works and can easily be 

transferred.  

6.2 Limitations and consequences 

Not all of the collected data could be represented spatially in GIS. Resultantly not all of 

data on the fauna and flora in the NP were included in the overall vulnerability calculation. 

Some datasets lacked the required statistic information and spatial distribution information. 

As such, the vulnerable objects, which were selected in this research, were a selection of 

the most endangered vulnerable fauna and flora to be found within the BMNP. Therefore, 

the vulnerability map is limited in that it does not show the entire spatial distribution of all 

vulnerable objects within the BMNP, but solely focus on the five most vulnerable species 

of flora and the five most vulnerable fauna species.  

Normally, forest rangers undertake surveys in the NP. Nevertheless, these surveys often 

lack equipment such as GPS, cameras and as such, they can only record seen illegal 

activities, which are apparent from pre-defined monitoring routes. The analysed spatial data 

from illegal activities were collected over a short time period of one year by the project 

“Monitoring biodiversity in BMNP” from April 2011 to April 2012 funded by the Vietnam 

Conservation Fund (VCF). The survey was intended to cover the whole BMNP and buffer 

zone and to be carried out regularly every month. However, data is absent for the months of 

February and March 2012, most likely because this is the Lunar New Year holiday period 

in Vietnam. Furthermore, rangers who carried out the survey tended not to divert too far 

from the beaten track as the most mountainous areas have limited accessibility. The 

outcome is a lack of information from the survey for the old part of BMNP, as the survey 

focused heavily on the new areas included in the extension of the NP. As such, the listed 

illegal activities are mostly focusing within the extension area of the NP. The survey was 

also only funded for a one-year period and there was no subsequent funding for a longer 

survey period. Moreover, illegal activities are carried out with more and more sophisticated 

methods, making the crimes harder to detect and the responsible parties harder to catch. 

Furthermore, as the hotspots of illegal logging remain some distance from the locations of 

the ranger stations, the number of identified hotspots in this study is limited. 
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The consequence of these limitations is to assume an underestimation of overall 

vulnerability. A general lack of detailed and long-term monitoring in the whole BMNP 

hinders a more in-depth vulnerability assessment.  

Some distance and density analysis were classified manually based on BMNP expert’s 

experiences (manual interval method). This can therefore also produce small inaccuracies 

in analysis because experts are also human and they cannot calculate exact numbers but 

only relatively for a distance class or density class. For example in adaptive capacity, the 

two criteria, management effect and hydrology were classified as seen in Table 6.1. The 

adaptive capacity was rated from 1 which represents very low adaptive capacity and 

gradually increases to 5 which represents very high adaptive capacity. Table 6.1 shows that 

the closer an area is to a ranger stations are, the higher the adaptive capacity of that area. 

Distance from ranger stations were classified relatively based on expert opinions into five 

classes: less than 1500 m, from 1500 m to 3500 m, from 3500 m to 5500 m, from 5500 m 

to 7500 m and more than 7500 m. The same distance scaling was used for the criteria 

hydrology. Here the closer the hydrology is, the better possibility of the rangers can find 

traces of, and hinder illegal activities. Besides, the higher densities of hydrology, the higher 

the possibility for illegal logging to occur and yet also hydrology provides better traces for 

rangers to follow and prevent illegal logging.   

Table 6.1 Rate for adaptive capacity from management effect and hydrology criteria 

Criteria Weighting Unit Level of adaptive capacity 

1 2 3 4 5 

Management 

effect (Ranger 

stations) 

0.255  Distance 

(m) 

>7500 5500-7500 3500-5500 1500-

3500 

<150

0 

Hydrology  0.051 Distance 

(m) 

>5000 3000-5000 1000-3000 500-

1000 

<500 

Density 

(line/km2) 

0-0.2 0.2-0.7 0.7-1.5 1.5-4.5 4.5 
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Chapter 7 Conclusions and Recommendations 

7.1 Conclusions 

Analyses of the exposure, sensitivity and adaptive capacity are very important in the 

process of vulnerability assessment. These three criteria were analysed in detail in order to 

create the overall weightings for the assessment. Weighting all components in vulnerability 

assessment is helpful for the managers and staff of the BMNP to support decision-making 

systems and plan scenarios for the future of the NP. The research helps stakeholders 

identify suitable actions to focus on the most important species and ecosystems, which are 

most vulnerable, and identify the most important hotspot locations for intervention.  

In order to gain an understanding of the exposure of both natural and human activities and 

importantly how they influence BMNP, nine selected expert interviews were analysed 

using the AHP approach. The result showed that illegal activities in the BMNP are the main 

risk – totalling 73% of all overall risks. The majority of the risk is made up of illegal 

logging, which is responsible for 44% of the total and illegal hunting activities made up 

around 29%. Interestingly, no illegal activities or very low levels of illegal activities were 

reported at low elevations of less than 300 m and from 300 m to 500 m above mean sea 

level. Result also found that illegal hunting and logging were seen to be reduced at 

elevation from 700 m to 1000 m and above 1000 m. One of the main reasons for this is that 

at elevations of less than 700 m, most vulnerable species of fauna and flora in BMNP are 

located (see sections 5.2.1 and 5.2.2). Additionally, it is important to note that, not all of 

illegal activities within the NP are ultimately seen and reported by the forest rangers. This 

lack of spatial information of unseen and under reported illegal activities may ultimately 

affect the end results of the assessment. For the analysis, BMNP was divided into three 

sections; the strict protected section, the forest restorative section, and the tourism service 

and administrative section. The results showed a hotspot area of exposure in the forest 

restorative section. A small area of strict protected section also suffered from high 

exposure, while the tourism service and administrative section was seen to exhibit only 

very low levels of exposure. These results can be explained, as it was assumed that illegal 

activities were the main driving forces of exposure in BMNP. Moreover, the illegal 
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activities were reported mostly in the forest restorative section where most vulnerable 

species of fauna and flora are also located (see section 5.2.3).  

In the sensitivity analysis of the BMNP, five vulnerable fauna, including: Lophura 

edwardsi, Rheinardia ocellata, Capricornis sumatraensis, Macaca leonina, Ursus 

thibetanus and five vulnerable flora, including Hopea pierrie, Erythrophleum fordii, 

Scaphium macropodum, Podocarpus annamiensis, Nageia fleuryi were analysed in detail. 

The results showed that overall the most vulnerable fauna was Capricornis sumatraensis, 

while Hopea pierrie was the most vulnerable flora. Interestingly no area at elevations 

above 1000 m showed the highest fauna sensitivity. High to highest sensitivity levels for 

flora were however seen at elevations below 1000 m. According to the IUCN Red List, 

Hopea pierrie and Erythrophleum fordii live mostly in elevations of up to 700 m – 800 m, 

Scaphium macropodum up to 1200 m, while Podocarpus annamiensis has an upper 

elevation limit of 2300 m, and Nageia fleuryi lives in areas of up to 1000 m. Vulnerable 

species of fauna such as Lophura edwardsi live in elevations of up to 300 m, Rheinardia 

ocellata lives in elevations of up to 1900 m, Capricornis sumatraensis lives in elevations of 

up to 3000 m, Macaca leonine lives below 500 m, and Ursus thibetanus lives in in 

elevations of up to 4300 m. Therefore, there is no relation from the living conditions of 

species of fauna to explain to absence of those vulnerable fauna at elevation above 1000 m. 

The main reason for their underestimation is probably the lack of spatial information of 

fauna species in BMNP. In addition, the locations exhibiting high to highest sensitivity of 

fauna, failed to correspond to the areas with the high to highest levels of illegal hunting. 

The reason for that is difficultly access the areas where those species live and the difficulty 

in spotting them maybe due to their shyness, well camouflage and nocturnal behaviour. 

However, the areas of high to highest flora sensitivity appeared to correspond with the 

areas of high to the highest levels of illegal logging.  

The fauna and flora sensitivity map showed the distribution of weighted flora and fauna. 

The results indicate that the forest restorative section contained quite high sensitivity. 

Furthermore, the strict protected section contained some areas with very high fauna and 

flora sensitivity. This would suggest that these areas need increased protection then is 
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currently given. The tourism service and administrative section was seen to be the section 

with the least amount of endangered flora and fauna in BMNP.  

Adaptive capacity was analysed based on six criteria. The criteria were hydrology, 

residential areas, level of education, poverty, management effects and infrastructure 

development. The result showed that the tourism service and administrative section and the 

strict protected section exhibited high adaptive capacity. However, the forest restorative 

section revealed very low-to-low and medium adaptive capacities. Furthermore, at high 

elevations of above 700 m, the adaptive capacity was seen to be overall very low.  

After combining the three components: exposure, sensitivity and adaptive capacity, the 

overall vulnerability of BMNP was calculated and mapped. The result showed that the 

forest restorative section suffered predominately from high vulnerability. The strict 

protected section was seen to show the second highest level of vulnerability overall, while 

the tourism service and administrative section generally was seen to suffer from less 

vulnerability. High and very high vulnerability was generally not detected in the high 

mountainous areas, but was calculated largely in the lower elevations of less than 700 m.  

The BMNP rangers and staff undertake many remarkable activities for the protection and 

management of the NP. Yet the prevention of illegal logging activities is still ineffective. 

One of the reasons is that the determination of the boundary is not clear and boundary 

pillars are thin. Furthermore, low numbers of workers staff the BMNP. The limited 

numbers of workers are responsible for protecting and managing a very large forest area 

with complex conditions and complex terrain. Moreover, the system of digital maps and 

paper maps still do not meet the requirements necessary for use in the field for the day-to-

day tasks of the rangers and field staff.  

The aim of this thesis was to investigate the use of the AHP approach for the improvement 

of decision-making processes in the BMNP and in the forestry sector of Vietnam. The main 

contribution of this study is the development of a vulnerability assessment model using a 

spatial multi-criteria approach integrating both GIS and AHP on hand expert interviews. 

This is very important, given the heightened role of environmental protection in combating 

patterns of non-sustainable development and biodiversity loss, preserving natural resources, 
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mitigating and adapting to climate change and responding to other global utilisation, 

development and sink syndromes and phenomena.  

The challenges the BMNP is still facing include: 

+ Objective factors:  

 The NP is large and complex with rugged terrain. Rangers who stay in remote 

stations face many problems. The income they receive is still low, equipment for 

protecting the forest and even protecting themselves is outdated and not sufficient. 

However, they are required to manage a vast area of natural resource, which entails 

that they work the week away from their families. The life of a forest ranger is 

difficult and they face many dangers. Most the staff work the job only for a short-

term in the hope of finding a better paying job with improved working conditions. 

 The socio-economic situation of the local people living around the buffer zone has 

caused many difficulties and pressures for the NP. The population growth rate is 

quite high, while poverty is widespread in remote rural areas. 

 The demand and price of natural forest timber has increased over the years, which 

has resulted in the illegal timber trade producing huge profits and has stimulated 

more people to participate in illegal logging to substitute low-income levels. 

 There is an absence of guard stations, and convenient transportation to and from the 

NP, while illegal loggers often use more modern equipment to support timber 

transportation. It is not unusual for the rangers to suffer verbal abuse, threats and 

violence.  

+ Subjective factors: 

 After NP expansion in 2008, there was still a limited number of forest rangers, 

forest law is still limited, and equipment and vehicles are insufficient and not 

commensurate with the assigned tasks.   

 Local authorities, especially at the commune level in some hotspot areas of 

deforestation, have not fully implemented and taken their responsibility for the 

management on forest protection activities. The local community management 
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actually under manages the natural forest in these areas. Many areas simply transfer 

all tasks to the understaffed forest protection force.  

 The number of policies and regulations on forest land-use management and forests 

generally, is still insufficient. Some punitive sanctions are light and do not radically 

bring effective results for education and admonishment.  

BMNP rangers carry out patrols regularly. Each patrol takes at least 4-5 days and covers 

long distances over complex terrain of mountain and streams. Furthermore, the patrols 

carry heavy equipment on their shoulders. They have faced danger not only from the threat 

of forest thieves (described in Chapter 2 in more detail), but also from the forest itself such 

as poisonous snakes, mosquitoes, and leeches. In the stories of forest rangers, they often 

talk about the night hiding in the bush or the edge of the stream, under the cold dew, with 

rain soak clothing and the pain caused by insect bites (Figure 7.1, Figure 7.2 and Figure 

7.3).  

 

Figure 7.1 A simple and quick lunch during a patrol of BMNP rangers (Source: BMNP) 
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Figure 7.2 A poisonous snake discovered by BMNP rangers on patrol 

 (Source: BMNP) 

 

Figure 7.3 Leech bite to a park rangers foot (Source: BMNP) 
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7.2 Recommendations 

PAs bring a multitude of benefits, but sustainable development and management are often 

overlooked in Vietnam. BMNP is a typical case, where the vulnerability of its fauna and 

flora to natural and human activities needs to be more greatly understood. 

In recent years, the demand for precious and rare forest products has risen, provoking often-

fierce confrontation and opposition to forest rangers. Both deforestation and illegal logging 

is still occurring with increasing sophistication. However, the quantity of forest rangers is 

still low, and they need to manage large areas. Geographical conditions at some places are 

often remote, with steep terrain, leading to difficulties reaching them on foot. Some 

monitoring routes are too long. Therefore, it is recommened that rangers stationed at the 

most remote locations are routinely posted to less remote locations following monitoring 

tours to better improve health, family and working conditions and morale.  

Monitoring areas were affected by people going to BMNP to collect honey, and obtain 

rattan, etc. It is suggested that the ranger stations should set-up more monitoring 

programmes focusing to control hotspots of illegal activities. In addition, it is also 

necessary to recruit more forest rangers, as well as, of procurement of equipment and 

vehicles, carry out more patrols in the forest to dismantle animal traps, seek and prevent 

illegal logging, as well as, set up commanding positions at the routes at the park gates and 

access routes. Furthermore, it is also necessary to develop and implement a training 

strategy and improve the capacity of forestry staff at all levels. Strengthening the capacities 

of staff in BMNP, such as providing training and basic equipment, would bring more cost-

effective benefits to balance between development and conservation than simply building 

new infrastructure. 

BMNP, as well as almost PAs in Vietnam in general, require their boundaries demarcated 

clearly. The process of demarcating boundaries should be unified in consultation with local 

communities. If boundaries of PAs were well marked, land invasion of local people to the 

PAs would be reduced significantly. 

Establishing PAs also, means surrounding local people are limited in using or even 

prohibited use natural resources inside the NP. Therefore, unless the communities see 
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benefits of PAs for their own lives, they do not feel encouraged in ensuring the survival of 

these areas. Moreover, local people have no official voice in the management of PAs, yet 

the management decisions of PAs affect their lives to a great extent. The international 

experience shows that for sustainable development of PAs, local communities should see 

that their interest in the conservation of the area is heard and have a voice in deciding 

which areas will be managed and importantly how they will be managed. 

Conservation often means that benefits for communities living surrounding and adjacent to 

the PAs are restricted. There were many funded projects for building infrastructure of the 

community from the World Bank such as roads, bridges, clinics, school, etc. for the poorest 

communes in Vietnam. However, due to residing inside or very close to the PAs, some 

communes have been excluded selectively from funding programmes in order to avoid 

development and the adverse impacts on the conservation. Furthermore, many communities 

that live in the highlands belong to minority groups and are the poorest of poor 

communities. Therefore, it is essential to develop priority policies for poverty alleviation 

for poor households and ethnic minority groups living around the BMNP. They should be 

encouraged to participate in industrial plantations, small-scale enterprises processing forest 

products, and forest farms, so that they are able to generate stable incomes. This would also 

contribute positively to the reduced pressure of people in buffer zone and on BMNP. 

Furthermore, mountainous households and ethnic minority groups in remote and isolated 

areas should be provided with financial support to change crop structure to agroforestry 

systems, with the aim to minimise shifting cultivation. More cooperation with local 

government should be developed for livelihood development programmes aimed at creating 

more jobs, building, improving and developing the economy within the buffer zone.  

Moreover, it is also necessary to strengthen education, raise awareness and responsibilities 

at different levels and sectors, of each forest stakeholder, individual and the whole society 

in forest protection and sustainable development to increase general understanding over the 

importance of PAs. It is also good to develop eco-tourism with the participation of the local 

community and associated with conservation to ensure direct tourism benefits for the local 

community.  



CHAPTER 7 CONCLUSIONS AND RECOMMENDATIONS 

162 

Normally, the major income and profits, earned from tourism are often "lost" from the 

locality. Typically, the tourist activities often recruit experienced staff from outside instead 

of training local staff. The transportation of tourists is also often done by people from 

further afield, instead of employing local people close to the area. Keeping the revenue 

local is very important to help the local community obtain direct benefits. The major 

visitors to PAs are students, pupils and young people during their holidays, so there is great 

potential for the expansion of environmental education activities for this visitor group. 

However, there is the need to balance the costs and potential benefits of increased tourism 

to the protected area in BMNP in particular and all other PAs in Vietnam in general, with 

the protection of particular values of PAs. 

Only a few PAs, which are centrally managed directly by the national government, have 

enough funds to cover the costs of managing and maintaining conservation activities. The 

rest suffer from an extreme lack of funding. Existing funds in PAs have tended to 

(re)invested in infrastructure development rather than for operating and maintaining 

conservation. Therefore, strengthening the international economic integration of the 

forestry sector is quite important. Vietnam is a WTO member, so it is ideal to attract funds 

through active participation and close regional and bilateral cooperation with international 

forestry organisations. In the future, along with capacity building to consolidate awareness 

of the local people about the prohibition of illegal logging, the raising of awareness and 

management skills of forest rangers, should be integrated into strategies and implemented 

in training plans. 

In the framework of the Vietnam Conservation Fund (VCF), the testing of community-

based nurseries to grow and promote more native tree species for forest protection should 

be studied further. Simultaneously with the development of other forest resources based on 

the shared benefit principle from natural resources should be studied and ideally 

implemented to curb illegal logging and create more sustainable livelihoods for the local 

residents. Here enhancing capacity building and law enforcement is a useful approach to 

ensure sustainability.  

It is recommended to establish a rescue centre for conservation of wildlife species in 

BMNP and other PAs to save the vulnerable species before releasing them back into the 
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NP. In addition, collaborating with local government to inspect restaurants suspected of 

selling wild animals and mobilising people to refrain from wild animals products in order 

to minimise demand would limit the consumption and so reduce illegal hunting.  

Furthermore, more surveys and assessments should be undertaken to update data on the 

natural resources and obtain more data on the threatened species. From this data, it is 

important to prevent threats by developing appropriate programmes and targeting risks 

directly. 

The PAs are parts of the wider ecosystem. However, with the growth in population and 

demand for natural resources, biodiversity in Vietnam is becoming cornered into smaller 

and narrower areas. It increases the separation of biological processes. Habitats of large 

mammals are being lost and the remaining species are sometimes isolated. Here, many 

more biological corridors and forest strips linking PAs together to offset the increasing 

fragmentation of habitats should be planned at the regional and national levels.  

Identifying the degree of vulnerability helps forest managers to have an improved 

understanding and better focus on the most vulnerable areas and develop action plans in 

response. Response activities can include prioritising recommendations, identifying 

agencies, or departments who will be responsible for implementing change and ensuring 

that financial, technical, administrative and political support are sufficient to make change. 

The Vietnamese government, as well as forest managers should develop a schedule for 

prioritising support to PAs, dependent upon vulnerability, conservation priorities, and 

management capacity. 
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Appendix  

APPENDIX 1 

 

Household interview in Bach Ma National Park buffer zone 

 

Interview date: ___________________       Village/commune name: _________________________ 

GPS information (X,Y): ______________________________________________________________        

Picture No. (of whole house):__________ Questionnaire No. : ______________________________ 

 

GENERAL INFORMATION 

Name’s householder:  ______________________________________________________________ 

Address (Street, house number):______________________________________________________ 

House size (living Area, Unit: ha or m2):________________________________________________ 

Number of people in the household:___________________________________________________ 

Name 
Relationship to the 

householder 
Age Sex Education level Job 

      

      

      

      

      

      

      

      

      

Main income source: 

Other income source: 

Total of income (for whole of the family - estimate): 
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LAND USE 

 

What kind of land-use in the household: 

 

Agriculture land:                               how many areas (ha): ______________   

Income______________ 

 

Rice                                                      how many areas (ha): ______________ 

 

Cassave                                               how many areas (ha): ______________ 

 

Other: 

_____________________________________________________________________________ 

 

Garden:                                               how many areas (ha): ______________   

Income______________ 

 

 

Fruit tree                                             how many areas (ha): ______________ 

 

Vegetable                                            how many areas (ha): ______________ 

 

Other: 

_____________________________________________________________________________ 

 

Forest land                                         how many areas (ha): ______________ 

Income_______________ 

 

And for what purpose:  

 

Acacia                                                   how many areas (ha): ______________ 

 

Rubber                                                 how many areas (ha): ______________ 

 

Rattan                                                   how many areas (ha): ______________ 

 

Medicinal plaints                                how many areas (ha): ______________ 

 

Other: 

_____________________________________________________________________________ 
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Other land use activities                  how many areas (ha): ______________ 

Income_______________           

 

________________________________________________________________________________ 

 

________________________________________________________________________________ 

 

________________________________________________________________________________ 

 

________________________________________________________________________________ 

 

________________________________________________________________________________ 

 

________________________________________________________________________________ 

 

ILLEGAL ACTIVITIES 

 

Do you know about any illegal activities in the area? 

 

If yes, what kind of illegal things often happen: 

 

+ Illegal hunting                  what kind of animals often is hunted? 

______________________________ 

 

 

Purpose of hunting:   for eating                              selling to get money  

 

Where do they sell them? (in the market nearby or far away?)______________________________ 

 

if so, how much does it cost?_________________________________________________________ 

 

+ Illegal logging                 what kind of trees/woods often is cut? ____________________________ 

 

Where do they sell them? (in the market nearby or far away?)______________________________ 

 

Purpose of logging: for using                                 selling to get money  

 

if so, how much does it cost?________________________________________________________ 

 

How do they transfer wood outside protected area? _____________________________________       
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TRAINING COURSES FOR PROTECTING BMNP 

 

Knowledge about protect forest     

 

Have you joined any courses?                              How offen?    _______________________________        

 

Training courses from:   

 

National Park                     University                   Other community (village/commune unit) 

 

Quality of training courses: good                          normal                        not good  

 

 

Income from forest protection or forest plantation:  no                          yes             

 

If yes, how much: ________________VND/months or years 

 

RISK FROM NATURAL HAZARD   no                    yes    if yes, what kind of 

hazard:                                         How often 

_______________________________________________________ 

Size_________________________________  

Damage______________________________________ 

________________________________________________________________________________ 

Other risks: ______________________________________________________________________ 

________________________________________________________________________________ 

 

NOTICES 

_________________________________________________________________________ 

 

_________________________________________________________________________ 
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APPENDIX 2 

BMNP Vulnerability Research: Interview Protocol 

Step 1: Introduction and Explanation  

Purpose and Format for the Interview (Interviewer):  

 “As you know from the introduction letter and e-mail I sent you recently, I am doing 

research which focus on vulnerability of the BMNP. I know that you have very good 

and deep knowledge about the Park. Therefore I get very interested in your daily 

work at the BMNP. It’s really nice that I have a chance to meet you today to get more 

information about the park” 

Confidentiality (Interviewer): “Everything you share in this interview will be kept 

in strictest confidence, and your comments will be transcribed anonymously – 

omitting your name, anyone else you refer to in this interview, as well as the name of 

your institution. Your interview responses will be aggregated with all the other expert 

interviews I conduct.” 

Step 2: Opening Icebreaker Question  

Interviewer: “(Name) tell me about yourself. 

Probing questions to ask only if respondent does not provide responses to:  

- “How long have you been working at BMNP?”  

-“What is your educational background?” 

Step 3: Specific Questions  

Introduction: “I am going to ask you a few questions regarding the development 

of a vulnerability assessment model for the park. Please be as specific as you can 

and feel comfortable to provide me with as much detail as you can remember. If I 

need a clarifying question, I will ask you.”  

Interviewer (1): “First, let us focus on your activities at the park” What is your 

role and daily activities in this position?  

Interviewer (2): “What are the aspects that you enjoy the most about your 

position?” 

Interviewer (3): “Tell me of any challenges you face in your daily” 

[Additional Questions here related to the research] 

Interviewer (Final Question): “Is there anything else you would like to share with me 

about the topic we have discussed? What do you think about all questionnaire I asked 

today, do you think it’s all clear or should I improve &/ add some necessary questions? 
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APPENDIX 3 

Expert interview 

Vulnerability criteria assessment to Bach Ma National Park 

Office: 

Working field: 

Date of interview: 

Interview Time (how long): 

 

Scales for pair-wise comparison were developed by Saaty (1980) with 

values from 1 to 9 to rate: 

Intensity of 

importance 
Definition Explanation  

1 Equal importance Two activities contribute equally to the objective  

2 Weak   

3 Moderate importance Experience and judgment slightly favor one 

activity over another 

4 Moderate plus  

5 Strong importance Experience and judgment strongly favor one 

activity over another 

6 Strong plus  

7 Very strong demonstrated 

importance 

An activity is favored very strongly over another; 

its dominance demonstrated in practice 

8 Very, very strong  

9 Extreme importance The evidence favoring one activity over another 

is of the highest possible order of affirmation  
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Indicators of vulnerability assessment of Bach Ma National Park 

(BMNP): 

 

Vulnerability assessment of the BMNP is based on three main components: 

1. Exposure 

2. Sensitivity  

3. Adaptive capacity 

 

I. Criteria of vulnerability assessment of BMNP 

 

Criteria Exposure Sensitivity Adaptive 

capacity 

Exposure 1   

Sensitivity  1  

Adaptive capacity   1 

 

 

 

II. BMNP exposure 

     

Indicators Erosion Hydrology 

Tourism 

activities 

Illegal 

logging Illegal hunting 

Erosion 1     

Hydrology  1    

Tourism activities   1   

Illegal logging    1 

 Illegal hunting     1 

 

 

Besides these criteria, in your opinion which criteria should also be 

mentioned additionally here? 

 

Other criteria: 

1/……………………………………………………………………………… 

2/……………………………………………………………………………… 

3/……………………………………………………………………………… 

4/……………………………………………………………………………… 
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III. Sensitivity 

     III.1. Sensitive fauna species 

 

Species 

Lophura 

edwardsi 

Rheinardia 

ocellata 

Capricornis 

sumatraensis 

Macaca 

leonina 

Ursus 

thibetanus 

Lophura 

edwardsi 1     

Rheinardia 

ocellata  1    

Capricornis 

sumatraensis  

 

1   

Macaca 

leonina    1 

 Ursus 

thibetanus     1 

 

Besides these criteria, in your opinion which criteria should also be 

mentioned additionally here? 

 

Other criteria: 

1/……………………………………………………………………………… 

2/……………………………………………………………………………… 

3/……………………………………………………………………………… 

4/……………………………………………………………………………… 
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     III.2. Sensitive flora species 

 

Species 

Hopea 

pierrie 

Erythrophleum 

fordii 

Scaphium 

macropodum 

Podocarpus 

annamiensis 

Nageia 

fleuryi 

Hopea pierrie 1     

Erythrophleum 

fordii  1    

Scaphium 

macropodum   1   

Podocarpus 

annamiensis   

 

1 

 

Nageia fleuryi     1 

 

Besides these criteria, in your opinion which criteria should also be 

mentioned additionally here? 

 

Other criteria: 

1/……………………………………………………………………………… 

2/……………………………………………………………………………… 

3/……………………………………………………………………………… 

4/……………………………………………………………………………… 
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IV. Adaptive capacity  

 

Indicators Hydrology 

Residential 

area Education  Poverty 

Management 

effect 

Infrastructure 

development  

Hydrology 1      

Residential 

area  1     

Education    1    

Poverty    1   

Management 

effect     1 

 Infrastructure 

development      

 

1 

 

 

Besides these criteria, in your opinion which criteria should also be 

mentioned additionally here? 

 

Other criteria: 

1/……………………………………………………………………………… 

2/……………………………………………………………………………… 

3/……………………………………………………………………………… 



 

197 

Eigenständigkeitserklärung 

 

Hiermit erkläre ich, dass diese Arbeit bisher von mir weder an der Mathematisch-

Naturwissenschaftlichen Fakultät der Ernst-Moritz-Arndt-Universität Greifswald noch 

einer anderen wissenschaftlichen Einrichtung zum Zwecke der Promotion eingereicht 

wurde.  

Ferner erkläre ich, dass ich diese Arbeit selbstständig verfasst und keine anderen als die 

darin angegebenen Hilfsmittel und Hilfen benutzt und keine Textabschnitte eines Dritten 

ohne Kennzeichnung übernommen habe.  

Unterschrift des Promovenden 

 

 

 

 

Nghiem Quynh Huong 



 

198 

Acknowledgements 

This dissertation could not have been completed without the great support and the 

encouragement of a number of people. My foremost gratitude is expressed to my 

supervisor, Professor Dr. rer. nat. Reinhard Zölitz, the person who gave me the opportunity 

to complete this research. He encouraged me to keep my confidence and spirit high 

throughout the work and gave me complete freedom, but ensured that the research moved 

forward and not in circles. I must have seriously tried his patience over long periods of the 

entire tenure of my research. I thank him personally for his constant help and invaluable 

suggestions during my PhD study. I would also like to give special thanks to my dear 

colleagues, Jörg Hartleib and Dr. Tobias Matusch for their kind support and assistance. 

Further thanks to PD Dr. habil. Jörn Kasbohm for his encouragement and translations. 

Special thanks to Nigel Downes for always listening to my problems and for his kind help 

during my PhD. 

I sincerely express my gratitude to Prof. Dr. Thomas Saaty – Distinguished University 

Professor, University of Pittsburg, USA and his wife, Mrs. Rozann W. Saaty, who both 

offered me the opportunity to take part in the interesting AHP & ANP training course. They 

both very much inspired me in expressing my ideas and showed me different paths to 

approach research problems and to accomplish final goals. I thank them both for sharing 

their deep knowledge, experience, and their time during the time I stayed in Pittsburgh.  

The research was carried out in cooperation with the project “Establishment of two 

Regional Learning Centers for Protected Area Management” in Vietnam led by the Institute 

for Geography and Geology, University of Greifswald, Germany. This project was funded 

by German Academic Exchange Service (DAAD) together with the Vietnamese Ministry of 

Agriculture and Rural Development, Vietnam National Forestry University (VNFU), Hue 

University of Agriculture and Forestry (HUAF) and Bach Ma National Park.  

My sincerest thanks go to the people of BMNP and HUAF who cannot be named here 

individually, but all were welcoming and shared their time and expertise to support my 

research. I thank the BMNP staff for their assistence and for their kind support during the 

survey. Special thanks to Dr. Huỳnh Vǎn Kéo (Director), and Dr. Nguyen Vu Linh (Vice 



 

199 

Director) for their support and help. I extend my sincere thanks to the authorities of the 

communes of BMNP bufferzone and all other governmental institutes who provided me 

with the helpful information and support. I also express my thanks and regards to all 

residents of the surveyed areas for being cooperative with me during the household surveys 

and expert interview in the area.  

This study was financed by the ESF programme (Landesgraduiertenstipendium aus Mitteln 

des Europäischen Sozialfonds). I would like to thank the PhD scholarship from the 

European Social Fund for their financial support during the years of 2013 and 2016. 

Back home, I would like to express my sincere thanks to my parents in Hanoi for their 

inspiration, moral support and love which enabled me to complete this work. A special 

thanks to my dear brother for his advice and consoling talks.  

The following work could not have been completed without the help and support of those 

mentioned. I also wish to acknowledge and thank so many other Vietnamese people in 

particular, who must remain nameless, but who contributed in many ways. I would like 

thank all my friends and colleagues who made me feel Germany is my second home.  

 

 

 


