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Abstract

:

Balancing biodiversity conservation with land use for agricultural production is a major societal challenge. Conservation activities must be prioritized since funds and resources for conservation are insufficient in the context of current threats, and conservation competes with other societal priorities. In order to contribute to conservation priority-setting literature, we applied an environmental model, Pressure–State–Response (PSR), to develop a set of criteria for identifying priority areas for biodiversity conservation in Vietnam. Our empirical data have been compiled from 185 respondents and categorized into three groups: Governmental Administration and Organizations, Universities and Research Institutions, and Protected Areas. The Analytic Hierarchy Process (AHP) theory was used to identify the weight of all criteria. Our results show that the priority levels for biodiversity conservation identified by these three factors are 41% for “Pressure”, 26% for “State”, and 33% for “Response”. Based on these three factors, seven criteria and seventeen indicators were developed to determine priority areas for biodiversity conservation. Besides, our study also reveals that the groups of Governmental Administration and organizations and Protected Areas put a focus on the “Pressure” factor, while the group of Universities and Research Institutions emphasized the importance of the “Response” factor in the evaluation process. We suggest that these criteria and indicators be used to identify priority areas for biodiversity conservation in Vietnam.
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1. Introduction


Humans and their wellbeing, health, and livelihood have benefitted significantly from biodiversity [1,2,3,4]. However, biodiversity conservation remains one of the greatest challenges facing the modern world. It is estimated that humans have caused the extinction of between 5 and 20% of all species around the world [5], and recent extinction rates are between 100 to 1000 times their pre-human levels [5,6]. Coping with land cover conflicts caused by different stakeholder interests, biodiversity conservation often has to take a step back in relation to other interests [7]. Increasing demands on land are offset by increasingly scarce land resources. Thus, it is of crucial importance for the conservation of biodiversity to have an objective framework for the selection of areas at hand that allows high-priority areas to be identified. Priority areas should cover the most critical areas needed for biodiversity [8,9]. Identifying priority areas is one of the crucial tasks in the process of establishing protected areas since humans are not able to protect all places on Earth that contribute to biodiversity conservation [10]. However, the identification of priority areas for conservation requires the integration of biodiversity data together with socio-economic data on human pressures and responses.



There has been an increasing need for methods that define biodiversity conservation priorities to demarcate where the need for conservation action is most urgent and where the benefits of conservation strategies might be maximized [11]. Previous reviews on the criteria to identify priority areas for biodiversity conservation have mainly focused on an extensive list of relevant ecological and biological criteria [12,13,14]. From a perspective of a geographic scale for investigation, the establishment of biodiversity conservation priorities can be classified into three categories [11]. At the local scale, researchers and conservationists use criteria relating to genetic diversity and indicator species to provide a focus for establishing conservation priorities [11]. At the regional scale, the Habitat Conservation Planning (HCP) practice is applied to make use of information on the home range and state of organisms to designate habitat reserves. At the regional to a global scale, priority areas for biodiversity conservation are identified by using criteria such as species richness, rarity, endemism, representativeness, and complementarity to drive the conservation effort [15,16,17]. Nevertheless, there remains a surprising lack of empirically substantiated research that attempts to integrate both biological and socio-economic aspects into the criteria for identifying priority areas for biodiversity conservation.



Vietnam is one of the most important hotspots for biodiversity in the world [18,19]. Previous studies indicated substantial values of biodiversity in Vietnam such as climate change mitigation and adaptation, poverty reduction, education and cultural values [20,21]. However, the rate of biodiversity loss in Vietnam is alarming [16,22]. Like many other countries, much of the conservation effort in Vietnam is put into the formulation of a protected area system as an essential strategy to protect the remaining biodiversity. Currently, establishing a protected area in Vietnam requires feasibility studies to be undertaken to provide information on location, demarcation, area, and biodiversity value. Although the number of protected areas is predicted to increase in the coming years [23], there are still inherent obstacles to identify priority areas for biodiversity conservation in this country, such as limited comprehensive data, lack of time and resources for surveys and assessments, and a deficit of reliable methods. This is the main motivation for our study aimed at developing criteria and indicators for prioritizing areas for biodiversity conservation in Vietnam.



The remaining part of the paper is structured as follows. Section 2 briefly describes the environmental model “Pressure-State-Response”. Section 3 provides background information on Vietnam and reviews the literature. Section 4 describes the data and methods. Section 5 presents, and Section 6 discusses, the results. Section 7 concludes.




2. Analytical Framework: “Pressure-State-Response” Model


The Pressure–State–Response (PSR) was first developed in 1993 by the Organization for Economic Co-operation and Development [24]. This framework includes three factors: Pressure (P), State (S), and Response (R), and is based on a concept of causality: human activities create pressure on the environment that changes the quality and quantity of resources (state), and then society responds to these changes with adaptive, preventive and mitigation actions [25].



The PSR (Figure 1) presents the linkages between the pressures exerted on biodiversity conservation caused by human activities (pressure box), the change in quality and quantity of biodiversity (state box), and the response to these changes as society tries to reduce the pressure and conserve the biodiversity resources (response box). The interchanges among these boxes form a continuous feedback mechanism that can be monitored and used for the assessment of biodiversity resources. Therefore, the factor “Pressure” describes developments in physical and biological agents, the use of resources, and the use of land. The pressures exerted by society are transported and transformed into a variety of natural processes to manifest themselves in changes in environmental conditions. The factor “State” describes the quantity and quality of physical, biological, and chemical phenomena in a particular area, while the factor “Response” refers to responses by groups and individuals in society and government attempts to prevent, compensate, ameliorate, or adapt to changes in the state of the environment [26].



This framework has been used to develop criteria and indicators in many fields, for example, in sustainable development [25], which formulate environmental indicators and land quality indicators, and establish state-of-the environment reporting and national environmental performance reviews [27]. Indeed, the PSR model provides a useful tool to formalize environmental problems due to its intuitive structure–human pressure on environmental state and political responses to adopt solutions [28]. The model focused on where ecological system dynamics depend exclusively on human activities [28]. This framework has been adopted by many OECD countries and by the World Bank for environmental reporting [27].



In our study, the PRS model is used to serve as a conceptual framework for analyzing the links between socio-economic activities and biodiversity change. From a theoretical perspective, this study contributes to closing gaps in our understanding of the interrelations between these three factors, namely Pressure, State, and Response, for analyzing problems of biodiversity conservation and identifying criteria for defining priority areas.




3. Literature Review and Research Context


3.1. Literature Review: Determining Priority Areas for Biodiversity Conservation


Biodiversity conservation has been one of the critical environmental issues, which aims to preserve the varieties of species and communities as well as the genetic and functional diversity of species [22,29]. According to BirdLife International, the priority areas of biodiversity conservation are Endemic Bird Areas (EBAs) [30]. Although the critical areas for biodiversity conservation are either EBAs or the diversity of all species and communities, the functions of biodiversity conservation are entirely to preserve species diversity, ecosystem diversity, soil and water conservation functions, and prevent potential threats [31].



Due to a lack of available resources for biodiversity conservation, humans cannot preserve all places on the planet that contribute to biodiversity. Thus, selecting priority areas plays a crucial role in maximizing the effectiveness of conservation and saves resources for other goals. To systemize the setting of priority areas for biodiversity conservation, a combination of criteria and scoring and ranking procedures have developed over the last couple of decades [8,32]. In these processes, multiple criteria such as diversity, rarity, naturalness, and size, among others, have been determined and given scores based on literature reviews and participation techniques [31,33,34]. These ratings have been then combined for each selected area. The areas have been ranked, and the highest priority has been given to the areas with the highest top scores [8]. Although several conservation organizations have proposed criteria to define priority areas for biodiversity conservation, they only focused on those main criteria that they have a great interest in. While BirdLife International puts stress on the state of species and ecosystems, the Alliance for Zero Extinction emphasized the importance of endemic and threatened species to zone priority areas for biodiversity conservation [22]. However, there remains a surprising lack of studies related to the synthesis of a systematic set of criteria and indicators that support identifying priority areas for biodiversity conservation. To contribute to literature on methods of defining priority areas for biodiversity conservation, this study used the environmental PSR model as a conceptual framework to monitor biodiversity based on three key factors, including state, pressure, and response. One of the strengths of the PSR model is to show the relationships among human activities, biodiversity, and management solutions to assess the influence levels on biodiversity conservation [24,35,36,37]. Since the criteria were categorized into three factors of the PSR model, the number of pairs of criteria could be reduced to efficiently apply the method of pairwise comparison. Besides, the application of the PSR model also helps to have an insight into negative and positive aspects that influence biodiversity conservation.



The assessment of biodiversity conservation is an important task where conservationists and policymakers have to choose criteria to define potential areas for biodiversity conservation carefully. Previous studies have shown that the Analytic Hierarchy Process (AHP) is a helpful tool for handling complicated decision making and supporting the decision-maker in determining priorities and making the best decision in multiple-use planning of forest resources [38,39,40] as well as in environmental planning processes [39,41,42,43]. The pairwise comparison of the AHP method helps to reduce the difficulties of complex decisions and captures both subjective and objective aspects of a choice [44]. The AHP approach is the most suitable tool to determine the weights of assessment factors that significantly impact decision-making processes [42,45,46,47]. Although the AHP theory was first developed in the late 1970s and has been used as a decision support tool in various fields, few studies have applied it in the fields of forestry, agriculture, and natural resources [48]. Some examples of such applications include the decision making for forest planning [39,40,49,50]; selection of risk factors for forest protection [51,52,53,54]; forest management [55,56,57,58,59,60,61]; and suitability analysis of land use [45,62,63,64,65,66]. However, previous studies have not pointed and compared the influence levels of criteria on biodiversity conservation. From a technical perspective, our contribution is to calculate the weights of criteria that are used to show the influence levels of criteria on defining priority areas for biodiversity conservation.




3.2. Research Context: Vietnam


The S-shaped country of Vietnam ranges along the latitude from the 23° to 8°30′ N and includes much hilly and mountainous terrain [67]. The country occupies an area of around 329,500 km2 and is bordered by China, Laos, and Cambodia on the north, northwest, and southwest, respectively. The rest of the country borders the East Vietnam Sea and is 3260 km long (Figure 2). The country comprises eight different eco-regions, including Northwest, Northeast, Red River Delta, North Central Coast, South Central Coast, Central Highlands, Southeast, and Mekong River Delta. The estimated population was 95.5 million people in 2017, with 85.8% belonging to the majority Kinh group, and the rest belonging to many different ethnic minorities such as Hmong, Dao, Tay, Muong, Thai, and Nung.



A long coastline and a wide-ranging latitude and altitude with a variety of hydrological conditions, climatic, soil, and terrain are the main characteristics that have created a high diversity of genes, species, and ecosystems in Vietnam [68,69]. Vietnam is one of the 16 countries with the highest biodiversity in the world and is one of the priority countries for global conservation, with about 10% of species worldwide in only 1% of the world’s land area [70]. Vietnam is home to 59 Important Bird Areas [71], and 110 Key Biodiversity Areas [19]. The natural protected areas system comprises 167 protected areas with 34 national parks, 56 nature reserves, 14 species and habitat conservation areas, 54 landscape protection areas, and nine areas of empirical scientific research [72,73]. It is estimated that there are more than 20,000 plant species, 5500 insects, 3000 fishes, more than 1000 birds, and more than 300 mammals found throughout Vietnam [74]. Thus, PAs protection and management are of vital significance for biodiversity conservation in Vietnam [75]. The increase of forest cover has been seen from 28% in 1990 to about 41% in 2015. However, new plantations were established (account for 2.1 million hectares), covering most of the increase, while more than 60% of natural forests are assessed as poor or regenerating [76]. Forest degradation and deforestation in Vietnam continues in the top countries of tree cover loss [76,77]. This led to 13 million ha or 40% of the country’s land area being classified as unproductive or barren land. The loss of biodiversity in Vietnam has been very critical, with many species on the brink of extinction because the natural resources have been exploited by humans [69,78]. This alarming degradation of biodiversity has occurred throughout the country [16,22] in all three types of biodiversity: species, ecosystems, and genetic [74]. About 10% of plant species are listed as endemic; separately, orchid endemism is 19.2% [74].



According to Global Biodiversity, the direct key causes of biodiversity loss in Vietnam include land conversion, infrastructure development, invasive species, overexploitation, pollution, climate change, natural disaster, extreme weather, population growth, forest fire, deterioration of natural ecosystem, replacement of exotic crop plants and domestic animals [69,74]. These direct causes are fueled by socio-economic factors at various scales, such as population growth and poverty [67,74,79]. Human activities are considered the main cause of deforestation and biodiversity loss [22,67,74,80,81,82,83,84]. Previous studies have shown that drivers of deforestation and degradation in Vietnam are highly complex and can form the networks of economic and political interests [85]. There are four main direct causes of deforestation in Vietnam including conversion to agriculture; infrastructure development; unsustainable logging (notably illegal logging); and forest fires [86,87]. The studies have indicated that biodiversity conservation in a protected area is influenced by various factors related to the establishment and management of the protected areas, local communities living next to the protected areas, and policy on protected areas’ national management and financial facilities. These factors are socioeconomic and cultural factors, and are related to the management of local communities that neighbor protected areas, which are as important as resources within the protected areas [88]. This means that any conservation efforts need to be combined with economic development plans to provide livelihood opportunities for local communities to reduce the pressure on biodiversity. Many efforts have been made to protect the remaining biodiversity and halt the loss of species in Vietnam [23]. Current conservation legislation in Vietnam is focused on biodiversity, with limited consideration of socio-economic issues [89].



Vietnam is located in the Indo-Burma region, ranked as one of the top 10 biodiversity hotspots and as the top five for being threatened in the world [90]. The protected areas have played an essential role in remaining, preserving flora and fauna diversity [91,92,93,94,95]. Recognizing the value and significance of protected areas for biodiversity, Vietnam is on the way to achieving the National Biodiversity Strategy to 2020 and the vision for 2030 to cover 9% of the country’s territory as protected areas [96]. This shows a need to define the priority areas for conservation (Nhan et al., 2015) and the establishment of new protected areas [95].



Boundary marking has been shown as one of the most substantial factors relating to the establishment and administrative effectiveness of protected areas [93]. Most protected areas in Vietnam were formulated with restricted borders that often stay inside the administrative boundaries of provinces [97]. While many specific landscapes, habitats, and ecosystems are the targets of conservation [92], they have existed outside the protected areas [98]. It is necessary to re-assess the value of biodiversity within the protected areas of Vietnam to identify the functional zones for the efficiency of governance, propose the establishment of new protected areas or dissolve the low-value ones [97].





4. Data and Methods


4.1. Data Collection


This study is based on a national survey and expert interviews. We conducted a national survey in Vietnam from March to July 2017 using a questionnaire for both direct (face to face) and indirect (via emails and phone calls) interviews (Appendix S1). We used the stratified sampling method to select the respondents. First, we collected the list of employees who worked in the fields of forest protection and biodiversity conservation. The employees were classified into the following three groups: Governmental Administration and Organizations, Universities and Research Institutions, and Protected Areas. We then collected a random sample of respondents from each group. The stratified sampling reduces errors relative to simple random sampling and ensures that observations and interviews from all relevant groups are included in the sample [99]. We had intended to conduct face-to-face interviews with all. However, some respondents were not available for face-to-face interviews, and thus the questionnaire was sent to them via email. In total, we interviewed 185 respondents from all groups (Appendix S2), including 128 face-to-face interviews and 57 email interviews. The survey questions focused on the criteria, indicators, and their importance levels that belong to the three factors of the PSR model: Pressure, State, and Response. The face-to-face interviews lasted between 1 and 2 h and were conducted in Vietnamese. The research results were based on the first author’s PhD dissertation, which was accepted by an ethnic committee from the Technical University Dresden, Germany.




4.2. Data Analysis


All data from the survey were cross-checked following the triangulation method [100] to identify reliable information. Three processes were performed to identify the final criteria system, including: (1) synthesizing from the relating studies, (2) interviewing and consulting experts of conservation and biodiversity, and (3) organizing an academic seminar to identify a final criteria system. Then, we analyzed the collected data to identify and categorize the criteria and sub-criteria according to the environmental PSR model. In addition, the statistics of pairwise comparison and Analytic Hierarchy Process (AHP) were used to measure and compare the influence levels of criteria and sub-criteria in defining priority areas for biodiversity conservation.



4.2.1. Statistics of Pairwise Comparison


Since the 1950s, numerous methodologies of psychology called multidimensional scaling (MDS) have been studied and applied in analyzing the similarity and preferential choice data. Nevertheless, the solution has not yet been found to deal with the problem of gaining the perfect voting in multidimensionality [101]. The majority rule, called the Condorcet Winner, chooses the winner, which is preferred in every one-to-one comparison with the other choices [102].



As shown in the heading of the questionnaire, the data of the pairwise comparison was not gathered directly. The pairwise value was calculated by comparing two criteria in one pairwise of each respondent and synthesizing as in Appendix S3. To examine their importance, the scale of integers ranging from 1 to 9 was applied [44,103]. For example, A and B are two criteria in one pairwise comparison. These are three possible situations: A greater than B (A > B), A equal to B (A = B), and A less than B (A < B). The intensity of importance is 1 represented for the second case (A = B). Consequently, each pairwise can be presented by 8 cases of A > B, one case of A = B, and 8 cases of A < B.



The total of assessments was synthesized for each pairwise from all the respondents (183 people after removing 2 cases of outliers). Twenty-eight pairwise comparisons and 17 instances of them are described entirely in Appendix S3. According to the majority rule (Condorcet Winner), the total of respondents selecting the same situation of A > B, A = B, and A < B for each pairwise comparison was calculated for comparison.



The acceptable risk was demonstrated in the formula of error estimation from Cochran [104]. The chance is commonly called the margin of error, which has been used by researchers as the limit for the willingness to accept [104]. The acceptable margin of error is 5% and 3% for categorical data and continuous data, respectively [105]. The appropriate precision for prevalence is 5% by experience [106,107,108]. Therefore, in this study, a percentage of difference was used to show the reliability of comparison among the number of respondents who chose A > B, A = B, or A < B. The rule was used to identify the appropriate level of one pairwise comparison as follows:




	-

	
Five percent of the difference was used to select the majority to belong to A > B, A = B, or A < B.




	-

	
If the number of A > B and A < B is similar or higher than under 5% out of total respondents, the situation of A = B is the priority option.




	-

	
If the highest number of three situations (A > B, A = B, and A < B) are higher than others above 5% out of total respondents, this situation is the opinion of the majority.




	-

	
If A > B or A < B accounts for the majority, the case of the statistical model is used in this situation.




	-

	
If the number of A > B is similar to the number of A < B, and they are more significant than the A = B, the situation of A = B is the collective opinion of all respondents. As such, A and B have equal importance.




	-

	
If once the number of either A > B or A < B is less than the number of A = B, and the other is similar to the number of A = B, the trend of majority opinions inclines to the number identical to the A = B.









There are 27 pairwise comparisons for 3 factors, 7 criteria and 17 sub-criteria (Appendix S3) that were used to identify the level of importance of each criterion in the pairwise comparisons. A and B refers to two criteria in each pairwise comparison. Three situations of A > B, A = B, and A < B were calculated regarding the total number of respondents. Various pairwise comparisons were significantly different among of three situations such as Nature–Human, Location–Hydrology, Location–Forest Type, Topography–Forest Type, Hydrology–Forest Type, Climate Change–Nature Disaster, Distribution–Livelihood, Density–Population, Density–Livelihood, and Forest Management Types–Size of Forest Area. The rest of the gained quantities are similar in three situations, hence the percentage of difference value was used to judge which one is greater or whether they are equal together.



The critical levels of two criteria are alike for seven pairwise comparisons, and they are; State–Response, Species–Ecosystem, Conservation–Law, Education–Law, Hydrology–Climate, Distribution–Density, and Density–Population. Most respondents chose the case of A = B in comparison to A > B or A < B. It also points out a unique case of pairwise comparisons that obtained a similar number of respondents that chose the situations of A = B and A < B. It is the pairwise comparison of distribution and quantity with the same amount of responses accounting for 37% of the situations and 26% of the rest (A > B). It can be seen that the trend of the majority is tilted towards the status of A < B.




4.2.2. Analytic Hierarchy Process (AHP)


The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making approach firstly developed by Saaty [46]. The AHP is attractive to many researchers due to the effective mathematical properties of the method [109]. Another advantage of the AHP method is that it enables users to determine the weights of the parameters in the solution of a multi-criteria problem [62]. Solving a problem using AHP is conducted using the weights or priorities of the criteria subjected to pairwise comparison. Weights or priorities are determined by normalizing the pairwise comparison matrix [62].



While performing pairwise comparisons of criteria in the AHP method, a certain level of inconsistency can occur [62]. Thus, the logical consistency of pairwise comparisons must be checked [110]. To measure the consistency of pairwise comparison judgments, the consistency ratio proposed by Saaty [44] is used. A consistency ratio is calculated for the pairwise comparison matrix. In our study, the AHP-based weights of criteria are used to synthesize the mapping data of the criteria to identify and to consider when making a spatial decision, which will be calculated through the overlay equation integrated into MCDA and GIS [31,47,62]. Equation (1) (below) was used to synthesize biodiversity conservation value for study areas.


    C   k   =   ∑    i  = 1   I     W   i     X   i   k    



(1)




where Ck is the biodiversity conservation value at the kth intersection region;     X   i   k     is the score contained within GIS layer of ith at the kth intersection region; Wi is the weight of ith indicator, which can be changed based on the critical level of each indicator.



The steps of estimating a biodiversity conservation index was implemented as follows:




	(a)

	
Criteria and their factors of biodiversity conservation were chosen from the literature review and the interviews.




	(b)

	
The grade of each factor was transformed from the measured data through the fuzzy set.




	(c)

	
The weights of each factor were assigned by the AHP method based on Saaty’s scale and the pair-wise comparison matrix (Table 1).




	(d)

	
Biodiversity conservation index was then calculated by a simple linear priority function as in Equation (1).









In order to use the results calculated by the AHP method, a critical aspect of the AHP is to check the consistency [44,111,112]. Saaty [44] proposed the consistency ratio (CR) to identify the consistencies of the pairwise comparison matrices. The test of consistency must be done when the number of criteria used in a pairwise comparison matrix is higher than 2. When the number increases, the pairwise comparisons climb significantly. This makes inconsistencies arise, and it becomes complicated to check the consistencies.



A pairwise comparison matrix considered as consistent or inconsistent depends on the test of the Consistency Ratio (3). The test can pass when the Consistency Ratio is less than 0.1.


   C I  =   λ −  n     n  − 1    



(2)






   C R  =    C I     R I     



(3)




where CR is the Consistency Ratio as in Equation (3); CI is the Consistency Index as in Equation (2); RI is the average Random Index based on the Matrix Size (Table 2), n is the number of criteria used in a pairwise comparison matrix (n ≤ 10), and   λ   is the average of the elements of consistency vector.



The procedure for checking the consistency includes the four following steps:




	-

	
Step 1: Identify the  λ  of the pairwise comparison matrix.




	-

	
Step 2: Apply Equation (2) to calculate the Consistency Index (CI)




	-

	
Step 3: Apply Equation (3) to estimate the Consistency Ratio (CR).




	-

	
Step 4: The judgment of the consistency of the pairwise comparison matrix is performed through the comparison between the CR value and the consistency threshold (0.1). The pairwise comparison matrix is identified to be acceptable when CR < 0.1.












5. Results


5.1. Criteria and Indicators for Defining Priority Areas


In many previous studies, the indicators for setting priorities for conservation focus on plant and animal species such as species richness, rarity, endemism, representativeness, and complementarity to drive the conservation effort [15,16,17]. Some studies emphasize the importance of human population pressure [113,114,115] or human efforts to protect habitat [115,116], where deforestation and forest degradation have happened [117]. In our study, we integrate conservation and social aspects in the criteria for setting priorities for biodiversity conservation.



Table 3 presents the criteria set to define priority areas for biodiversity conservation in Vietnam. Based on three factors of the PSR model, seven criteria and 17 indicators were identified to support prioritizing areas for conservation in the context of Vietnam.



a. Pressure



The current literature has demonstrated that analyzing the pressure on biodiversity, its trends, and origins have become even more urgent since the loss of biodiversity is at such an alarming rate in many countries [118]. In the study, pressures include natural and human-induced factors that cause environmental change. Natural pressures are derived from unexpected natural changes such as climate change and natural disasters. Usually, these changes are unwanted and seen as negative (damage, degradation). Therefore, two main indicators of natural pressure were used, including climate change and natural disasters (flooding, drought, or earthquake). Natural pressures are unpredictable, and so human society is struggling to find solutions to minimize the impact of natural pressures. Human-induced pressures are consequences of human activities (land-use change, logging, hunting, extraction, and use of resources) that have the potential to cause or contribute to adverse effects [74,119,120]. Previous studies have indicated that 6 million square kilometers (32.8%) of protected land in the world is under intense human pressure.



Our study suggests four indicators of human-induced pressure, namely population numbers, distribution of population, the density of population, and the livelihood of locals. Each of these pressures can have different effects, some of which emerge in the short-term (e.g., land use, deforestation), while others are long-term (e.g., climate change) [74,119].



b. State



The State of biodiversity is represented by the number of biological features (measured within species, between species and ecosystems), of physical and chemical features of ecosystems, and/or of environmental functions, vulnerable to pressures in a certain area [119]. Many studies have shown that habitats or environmental conditions are considered as indicators of the existence of species [121,122,123]. Prediction of species distribution based on the existence of their habitat is used to identify the priority areas for conservation as well as for field surveys [122]. Therefore, one of the most important methods to conserve species is the protection of their habitats [22]. It has shown that the occurrence of rare and sensitive species is determined within their range of appropriate habitats [30].



In our study, the State refers to the number of species, the status of the forest ecosystem and wildlife resources. Due to the pressure on the environment, the State of the environment changes. These changes then have impacts on the functions of the environment, such as human and ecosystem health, resource availability, losses of manufactured capital, and biodiversity [26]. Previous studies have shown that the State may refer either to natural systems alone [124,125] or to both natural and socio-economic systems [126]. Depending on the systems chosen for description, indicators of State can be very different from one study to another [119]. For species, we focused on two main indicators: richness and rarity. The state of the ecosystem consists of five indicators: location, topography, hydrology, climate, and forest type.



Many studies have shown that the increase of species richness in one region depends on the stability level of the forest area at that time [67,127,128,129,130,131,132,133,134,135,136,137,138,139]. Forest is considered a significant factor in biodiversity conservation since it provides appropriate habits for many species. It means that the level of species richness is higher in the area covered by forest for a longer period. The diversity of the plant life significantly depends on the disturbance in the past [123]. Therefore, the priority levels of richness for biodiversity conservation are determined by monitoring the forest cover.



c. Responses



Responses may seek to control Pressures (prevention, mitigation), to maintain or restore the State of the environment, to help to accommodate impacts (adaptation) or even deliberate “do nothing” strategies [26,119,140]. For applications regarding biodiversity, Responses are the measures taken to address drivers, pressures, state, or impacts. They include measures to protect and conserve biodiversity (in situ and ex situ), and include, for example, measures to promote the equitable sharing of the monetary or non-monetary gains arising from the utilization of genetic resources.



Most of the indicators developed for Responses concern political actions of protection, mitigation, conservation, or promotion [26,37]. Other indicators refer to Responses as being a mixed result of both effective top-down political action and bottom-up social awareness [119]. Some societal responses may be considered as negative driving forces because they aim at redirecting prevailing trends in consumption and production patterns. Other responses aim at raising the efficiency of products and processes [26].



In this study, we focused on responses related to conservation efforts, education, and law. Conservation efforts are measured by forest management types and the size of forest areas. In addition, conservation activities delivered through strengthening education and enforcing the law are also evaluated as responses to reduce the pressure on biodiversity.




5.2. Weights of Criteria Based on All Respondents


The weights of the factors, criteria and indicators for identifying the priority areas of biodiversity conservation in Vietnam were calculated using the data from all respondents. The values of the Consistency Ratio (CR) in Table 4 of the pairwise comparison matrices were lower than the Consistency Ranking (10%). Thus, the matrices were consistent, and the calculated weights were appropriate to use. The assignment of percentage values of factors, criteria, and indicators are computed and are shown in Table 4.



The first level is the ultimate purpose (100%) of assessing the influences of the criteria on biodiversity conservation in Vietnam. The second level comprises the three factors used in the environmental model to measure biodiversity conservation. The factors account for 26%, 41%, and 33% of “Condition”, “Pressure”, and “Response”, respectively. The third level witnesses a huge difference among seven criteria, with 31% of “Human”, then it is 17% of “Ecosystem”, the rest is distributed evenly. With the exception of 24% for “Education” and “Law”, the fourth level illustrates 17 indicators of five criteria. The “Livelihood” factor is highest with 13.12%. The mediate group consists of “Types of forest management”, “Rarity”, “Forest type”, “Climate change”, “Density”, and “Quantity”, fluctuating from 5.8% to 7. 71%. Finally, the remaining eight of the seventeen indicators account for just 23.84%.




5.3. Weights of Criteria Based on the Groups


5.3.1. The Protected Areas Group


The respondents working at Protected Areas (PAs) are the key participants of the survey. Their attitudes and experiences help to assess precisely the role of the criteria in biodiversity conservation. The respondents of PAs, located mostly in the North of Vietnam, account for 34.59% of all respondents, of which 51 people (26.27%) were interviewed in person.



The data of the respondents at PAs are filtered separately to calculate the weights of the entire presented criteria in the questionnaire. The consistent tests were applied to all pairwise comparison matrices. Their consistency ratio was all within the consistency threshold (Table 4). The weights were synthesized and described in detail in Table 4. It can be seen that the distribution of weights in PAs is relatively similar to the distribution calculated by total respondents. Exceptionally, the “Richness” and “Rarity” indicators obtained the same percentage (50%) for each instead of 33% and 67% in synthesizing all respondents, respectively. It expresses the required functions and characteristics in establishing protected areas in Vietnam that they are places not only to preserve rare species, but also to remain and enhance the diversity of species.




5.3.2. The Government Administration and Organizations Group


Government administration and organizations represent the communities and the state to implement the law and the policy of the country. Although the group only accounts for 10.26% of all respondents, they are as a group representing the opinion of the Vietnamese government. The data of responses of the organizations were synthesized and calculated separately to gain the weights of all criteria (Table 4).



The pairwise comparison matrices are considered consistent as they passed the consistency test with the Consistency Ratio (CR) lower than 10% (Table 4). The results of the group are pretty similar to the group of Protected Areas and all respondents within the second level. The criteria in the third level assessed are reasonably different. The distribution of weight among “Education”, “Law”, and “Conservation” changed. The biodiversity conservation by “Law” is the most crucial, accounting for nearly 50% of weight, while the results of other groups, as well as all respondents, show that almost all of their consideration focused on “Education” criterion. It shows that “Law” has been the most interested of the Government Organizations in responding to reduce the loss of biodiversity, which is to be expected when considering the functions and characteristics of Government Organizations.




5.3.3. Universities and Research Institutes Group


The group with the highest number of respondents is the Universities and Research Institutes group with 50.41%. It includes six universities and nine research institutes.



The pairwise comparison matrices were established using the data of 92 respondents (49.86%) from the Universities and Research Institutes group. The weight set calculated by the respondents of universities and research institutes is presented in Table 4.



There is a significant change in the assignment of the weights when it is compared with the case of all respondents. In the second level, the “Response” factor with 41% of weight replaced the top position of “Pressure” and pushed it to bottom with 26% of the weight. The third level witnesses the adjustment of the ratio between “Species” and “Ecosystem” when they are equal in terms of their importance. Instead, the “Ecosystem” criterion is assessed as more important than “Species” by all respondents. The ratio of the indicators in the fourth level is more or less unchanged. Remarkably, the “Climate” indicator climbed to the peak, accounting for 28% impact on the “Ecosystem” criterion, while the “Forest type” indicator fell from 34% to 22% in the importance scale in the assessment of the Universities and Research Institutes group.



The Universities and Research Institutes group represents the people who are working on the training and research field of forestry, biodiversity, and conservation in Vietnam. The assessment results in defining priority areas for biodiversity conservation reveal that the highest interest focuses on disseminating information and education to prevent and reduce the pressure on biodiversity.




5.3.4. Comparison between Weights of the Groups


The survey received the opinions of respondents regarding the importance levels of the established criteria. To use the AHP theory for identifying the weights, the value of each pairwise comparison was the difference in importance level calculated between two criteria in one pairwise. The relationships among the criteria formulated twenty-seven pairwise comparisons.



They were grouped into three different levels, including the factors of the second level, the criteria of the third, and the indicators of the fourth. These were nine pairwise comparison matrixes with one matrix for the second level, three matrices for the third, and five matrices for the fourth. The Consistency Ratio (CR) was used to identify the consistencies of the pairwise comparison matrices (Table 4).



The statistics of weight set in the groups of respondents helped in the analysis and assessment of each factor, criterion, and indicator. Although the different values of weight appeared in a few sectors of each group, those values were not the opinion of the majority. The synthesis of the weights for each group in Table 4 illustrates a part of the common trend of the different fields, such as research, training, planning, policy, decision-making, and implementation. The Protected Areas group assessed the importance level of the factors in the environmental model in a similar way to that of the result based on the assessment of all respondents. The results from the Universities and Research Institutes group showed the most important factor, which was the “Response” factor with 41%. In contrast, the weight of the “Pressure” factor accounted for the most significant percentage at 41% and was calculated based on the data selected from the Protected Areas group, Government Organizations group, and all respondents.






6. Discussion


Prioritization exercises are valuable tools to structure a balance between conservation measures and sustainable land use management. In the last decades, many efforts have been made to develop science-based methodologies to select priority areas for biodiversity conservation [141,142,143]. Previous studies have documented a range of priority-setting approaches covering a broad spectrum from mathematical to intuitive [142,144,145]. Much of the conservation priority-setting literature concerns the establishment of criteria to identify priority areas for biodiversity conservation [7,13,14,146]. Some studies to formalize the process of setting conservation priorities have focused on ecological and biological criteria to aid systematic selection of areas for biodiversity conservation [7,12,13,14,146]. According to Asaad, Lundquist, Erdmann and Costello [146], eight ecological and biological criteria were developed to identify suitable locations for biodiversity conservation. Among these, four habitat-based criteria are captured, including uniqueness and rarity of habitats, fragility and susceptibility of habitats, importance for ecological integrity, and representativeness of all habitats [146].



Previous studies have shown that the selection of most priority area networks focuses primarily on species richness, especially that of rare or endangered species [16] and occurrence locations [147,148]. Studies have used either species or ecosystems as biodiversity surrogates to identify priority areas for biodiversity conservation that ensure both species and ecosystems conservation [141,149,150]. Asaad et al. [151] have developed an alternative approach to delineate areas of importance for biodiversity conservation that uses a range of ecological criteria, multiple sources of data, and wide-ranging species taxonomic groups. The study suggested five different criteria to assess the value of critical habitat, species diversity, and charismatic threatened and endemic species.



Despite the range of conservation priority-setting studies investigated, there remain significant challenges in implementing biodiversity conservation that reconcile criteria for identifying priority areas and representative networks for biodiversity protection [146]. The identification of priority areas demands the integration of biophysical data on ecosystems together with social data on human pressures and planning opportunities [11]. However, previous studies have tended to focus on ecological and biological criteria, with little effort to understand the social, economic, and political dimensions within which the protected areas are placed [11]. Our contribution to the conservation priority-setting literature is to apply a multiple criteria analysis based on the PSR model for the establishment of seven criteria and 17 indicators that integrates both biological and socio-economic aspects to set priorities for biodiversity conservation in Vietnam.



One value addition of the research includes the application of the analytical hierarchy process (AHP) to determine the weight of each criterion from a multi-stakeholder perspective that helps to measure its importance level in defining priority areas for biodiversity conservation. In addition, a comprehensive assessment of respondents’ opinions provides an insight into different preferences within three main groups including governmental, conservational, research-specific, with regard to weighting the influence of factors and criteria for defining high-priority areas for biodiversity conservation. Our study also reveals that the groups of Governmental Administration and Protected Areas put a focus on the “Pressure” factor while the group of Research Institutions emphasized the importance of “Response” factor in the evaluation process. These findings allow for a better understanding of different approaches to managing and developing protected areas and designate new priority areas based on respective multi-criteria decision-making (prioritization) in Vietnam.




7. Conclusions


Identification of priority areas is an important step in conservation planning to maximize the benefits of conservation strategies. However, the formulation of a criteria system that integrates both biological and socio-economic aspects is still a challenging task for conservationists and practitioners. In this study, we used the Pressure–State–Response model to develop criteria and indicators for defining priority areas for biodiversity conservation. We use empirical data from 185 respondents categorized into three groups: Governmental Administration and Organizations, Universities and Research Institutions, and Protected Areas, collected in a 2017 survey in Vietnam. We apply Analytic Hierarchy Process (AHP) theory to calculate the weight of the criteria and indicators based on information from all respondents and the groups of respondents.



Our results have suggested seven criteria and 17 indicators that integrate biological and socio-economic factors to set priorities for biodiversity conservation in Vietnam. The results have slao shown that the priority levels for biodiversity conservation could be identified by three main factors: Pressure, State, and Response, with the value of the weight of 41%, 26%, and 33%, respectively. In addition, our study revealed that the groups of Governmental Administration and Protected Areas put a focus on the “Pressure” factor while the group of Research Institutions emphasized the importance of the “Response” factor in the evaluation process.



Based on these findings, we emphasize the importance of setting priorities for biodiversity conservation through criteria and indicators. A criteria system integrating biological and social aspects could provide a useful tool to define priority areas for biodiversity conservation. However, further research is needed to apply these suggested criteria and indicators to identify priority areas for biodiversity conservation in practice and to examine the reliability of these criteria and indicators.
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Figure 1. Adapted PSR model for evaluating biodiversity conservation. 
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Figure 2. Map of Vietnam and the distribution of special-use forests for biodiversity conservation (Source: Modified from MARS and ESRI). 
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Table 1. Scale for pair-wise AHP comparisons.
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Intensity of Importance

	
Description






	
1

	
Equal importance




	
2




	
3

	
Moderate importance




	
4




	
5

	
Strong or essential importance




	
6




	
7

	
Very strong or demonstrated importance




	
8




	
9

	
Extreme importance








Source: [103,111].
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Table 2. The average values of the Random Index.
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	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10





	RI
	0
	0
	0.52
	0.89
	1.11
	1.25
	1.35
	1.4
	1.45
	1.49







Source: [111].
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Table 3. Criteria and indicators for defining priority area for biodiversity conservation.
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Factors of PSR Model

	
Criteria

	
Indicator






	
Pressure

	
Human-induced Pressure

	
Distribution of population




	
Density of population




	
Population




	
Livelihood of locals




	
Natural Pressure

	
Climate change




	
Natural disaster




	
State

	
State of Species

	
Richness




	
Rarity




	
State of Ecosystem

	
Location




	
Topography




	
Hydrology




	
Climate




	
Forest type




	
Response

	
Conservation efforts

	
Forest management types




	
Size of forest area




	
Education

	
Conservation through strengthening education




	
Law

	
Conservation through exerting law
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Table 4. Weights of criteria based on all respondents and groups for identifying the priority areas of biodiversity conservation in Vietnam.
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Factors

	
Criteria

	
Sub-Criteria

	
All (%)

	
PAs (%)

	
URIs (%)

	
GOs (%)






	
Pressure

	
Nature

	
Climate change

	
7.7

	
6.2

	
5.8

	
7.7




	
Natural disaster

	
2.6

	
2.1

	
2.9

	
2.6




	
Sum

	
10.3

	
8.2

	
8.7

	
10.3




	
Human

	
Distribution

	
4.6

	
7.1

	
2.9

	
4.3




	
Density

	
6.0

	
5.5

	
3.4

	
7.2




	
Population

	
7.1

	
6.2

	
4.1

	
7.2




	
Livelihood

	
13.1

	
14.0

	
6.9

	
12.1




	
Sum

	
CR = 1.7%

	
30.8

	
CR = 4.5%

	
32.8

	
CR = 2.3%

	
17.3

	
CR = 2.3%

	
30.8




	
Total

	

	
41.0

	
41.0

	
26.0

	
41.1




	
State

	
Species

	
Richness

	
2.9

	
4.4

	
5.5

	
4.3




	
Rarity

	
5.8

	
4.4

	
10.9

	
4.3




	
Sum

	
8.7

	
8.8

	
16.4

	
8.6




	
Ecosystem

	
Location

	
2.5

	
2.7

	
2.4

	
2.6




	
Topography

	
3.6

	
4.3

	
4.0

	
2.6




	
Hydrology

	
1.7

	
1.6

	
1.8

	
1.4




	
Climate

	
3.6

	
2.6

	
4.7

	
5.7




	
Forest type

	
6.1

	
6.2

	
3.5

	
5.1




	
Sum

	
CR = 2.0%

	
17.5

	
CR = 6.7%

	
17.4

	
CR = 2.6%

	
16.4

	
CR = 5.8%

	
17.4




	
Total

	

	
26.2

	
26.2

	
32.8

	
26.0




	
Response

	
Conservation

	
Forest management types

	
6.4

	
6.4

	
7.2

	
7.7




	
Size of forest area

	
2.1

	
2.1

	
3.6

	
2.6




	
Sum

	
8.6

	
8.6

	
10.8

	
10.2




	
Education

	

	
13.5

	
13.5

	
16.9

	
6.5




	
Law

	

	
10.6

	
10.7

	
13.5

	
16.2




	
Total

	

	
CR = 5.2%

	
32.7

	
CR = 5.2%

	
32.8

	
CR = 5.2%

	
41.2

	
CR = 5.2%

	
32.9




	
Total

	

	

	
CR = 5.2%

	
100.0

	
CR = 5.2%

	
100.0

	
CR = 5.2%

	
100.0

	
CR = 5.2%

	
100.0








All—All respondents; PAs—Protected Areas group; URIs—Universities and Research Institutes Group; GOs—Government Organizations Group.
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