TRADE-OFF ANALYSIS BETWEEN ECOSYSTEM SERVICES,
HABITAT QUALITY, AND DEVELOPMENT PLANS:
THE CASE OF PU MAT NATIONAL PARK IN VIETNAM
Nguyen The Chinh, Lai Van Manh, Ngo Dang Tri, Nguyen Thi Thu Ha,
Phan Thi Truong Giang, Nguyen Thi Yen

EXECUTIVE SUMMARY
One of the key questions that environmental managers, policy makers, and scientists
continue to ask is how to analyze the trade-offs between socioeconomic development and
environmental protection. Accordingly, the Natural Capital Project developed the Integrated
Valuation of Ecosystem Services and Trade-Offs (InVEST) tool to address this pressing issue.
Pù Mát National Park is located in the central biosphere of Western Nghệ An in Vietnam, which
is an area with high biodiversity. Pù Mát National Park provides many valuable ecosystem services,
such as provisioning services, supporting services, regulatory services, and cultural services. However,
Pù Mát National Park is facing the challenges of reductions in biodiversity and damage to the
landscape from socioeconomic development such as new infrastructure, hydropower plants, illegal
mining, illegal logging, illegal fishing, and illegal hunting. In particular, in order to meet increasing
socioeconomic demands of the local population, new development planning is putting pressure on
the existing landscape, biodiversity, and ecosystem functions of Pu Mat National Park.
By applying the InVEST tool to analyze the importance of ecosystem services and habitat
quality in the park, this study demonstrates the importance of the economic value of Pù Mát National
Park and the risks and trade-offs that may occur due to current and future development planning.
Based on the results, some solutions are proposed for the central government, local authorities, Pù Mát
National Park’s Management Board, and international organizations to balance the value of ecosystem
services, conservation biodiversity, and socioeconomic development.

1.0 INTRODUCTION
1.1

Research Problems

Natural capital includes all of nature’s assets that provide ecosystem services for human
well-being. In the context of increasing environmental pressures and the negative impacts of
climate change, increasing investments in natural capital is an essential part of any proactive
response. In recent years, many countries have been investing more in natural capital as a part of
related policies, such as green growth and environmental protection. In particular, promoting the
role of natural capital is seen as an important measure to achieve the objectives of a green growth
strategy, as well as those of national and global Millennium Development Goals. In Vietnam,
increasing investment in natural capital has been mentioned in many policy orientations
regarding natural resources, environment protection, and climate change. Moreover, natural
capital has featured prominently in the country’s National Strategy on Green Growth, issued by the
Prime Minister of Vietnam, which indicates the need for further study in order to provide suitable
solutions that would promote the contributions to natural capital in delivering ecosystem services.
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Ecosystem services are defined as the benefits that people receive from nature.
These include provisioning services (e.g., food and water); regulating services (e.g., flood and
disaster control); cultural services (e.g., spiritual services, landscape, and cultural benefits); and
supporting services (e.g., nutrient cycling). Underpinning these vital-to-human-well-being services,
are well-functioning ecosystems that maintain the conditions for life on Earth.
This study aims to offer solutions that would improve the ecosystem services from natural
capital that are essential to climate change adaptation and mitigation, and would increase the
contribution to people’s livelihoods in order to eradicate hunger, reduce poverty, and enhance
social welfare. Ecosystem services are diverse; they depend on the characteristics of each
ecosystem (including human ecology and natural ecology). Thus, understanding the economic
value of ecosystem services is significant for proper management. The outcomes of this study
would help managers and policy makers to understand the contributions and the potential of
ecosystems to enhance climate change responses, and help them to appreciate the pressures that
ecosystems are facing due to economic activities. In particular, analyzing the trade-offs between
the value of each ecosystem service and the different scenarios of socioeconomic development in
each region and locality may help managers to choose the development script that best fits the
characteristics of each region, while contributing to preserving and promoting the value of
ecosystem services.
Pù Mát National Park is located in the middle of the Annamite Range in three districts
belonging to Nghệ An province, namely, Anh Son, Con Cuong, and Tuong Duong. The altitude
ranges from 100 m to 1,841 m. It is formerly known as Pù Mát National Reserve and is located in
the central part of the Western Nghệ An Biosphere Reserve. The park covers an area of over
94,000 ha, and has 896 flora species, 241 mammal species, 137 bird species, 25 reptile species, and
15 amphibian species (Figures 1 and 2).
Many scientists regard Pù Mát as Vietnam’s great animal gene pool repository. Pù Mát is one of
Vietnam’s handful of forest areas (others are in Quang Nam, Da Nang, Ha Tinh, and Thua Thien-Hue),
where the rare Saola (long-horned bovid, Pseudoryx nghetinhensis) can be found. The saola is an
endangered species, according to the World Conservation Union’s Red List of Endangered Species.
Together with many unique animals, the primeval forest has many beautiful scenic landscapes
attractive to visitors. Among the favorite visitor destinations in the forest are the 150-meter
Kem Waterfall; the Giang River; and the Thai, Tho, Dan Lai, and H’Mong ethnic minority villages. Pù Mát
National Park offers many valuable ecosystem services for local residents who are mostly ethnic
minorities. The important ecosystem services provided by this region include provisioning services
(e.g., food, water, medicines); regulating services (e.g., flood protection and climate regulation); and
cultural services (e.g., tourism, spiritual enrichment, and education).

Figure 1. Distribution map of animal species
in Pù Mát National Park
Source: Pù Mát National Park (2016)

Figure 2. Current distribution
of vegetation in Pù Mát National Park
Source: Pù Mát National Park (2016)
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Pù Mát is richly endowed with natural capital that delivers healthy ecosystem services;
thus, it is well-placed to make a significant contribution to climate change adaptation and
mitigation responses. However, studies appraising the value of ecosystem services in Pù Mát
National Park are yet to be undertaken. Current research studies have mainly focused on the
aspects of biodiversity and the livelihoods of the ethnic minorities in the area. Therefore, it is
difficult for managers to assess development options with regard to the value of ecosystem
services in the park.
As a national park with high biological diversity and conservation value, not only at a
national level but also for the whole Southeast Asian region and globally, Pù Mát National Park’s
biodiversity conservation is increasingly facing many challenges, difficulties, and obstacles:
1. Most of the 88,000 or more people living in the 111 villages in the core area and buffer
zone are forest-dwelling ethnic minorities whose livelihoods mainly depend on forest
products. This dependency on forests tends to intensify when economic conditions are
difficult and cannot be reduced without threatening the community’s well-being, given
that the State’s investment in development and social livelihoods is low and sometimes
insufficient.
2. The overall demand for forest products in the locality continues to rise, as people living in
areas adjacent to the park are experiencing more hardship and are becoming increasingly
dependent on the park’s forest resources. To gain better access to the forest, they are
moving into existing residential areas of the park in violation of the law.
3. In line with state policy on border patrol paths, a new border road is to be built in the area.
If this project is implemented, then this road will extend through the core area of Pù Mát
National Park.
4. To achieve the goals of the socioeconomic development plan of Nghệ An province, many
important infrastructure projects (e.g., new roads, urbanization, tourism, hydropower
plants, industrial processing projects, etc.) in the core area and buffer zones of Pù Mát
National Park have been approved by the Nghệ An’s People Committee. Consequently,
part of the core zone will be converted to other uses. The area of Pù Mát National Park will
be split into several parts, which will significantly affect the area’s biodiversity and their
corresponding ecosystem functions. The quality of habitat is threatened due to this
project. Accordingly, habitat quality should be valued as part of any trade-off assessment
when planning on the location of infrastructure projects.
Using the InVEST (Integrated Valuation of Ecosystem Services and Trade-offs) tool can
assist in this task. The InVEST software suite can provide governments, corporations, development
banks, conservation organizations, and individuals with a framework to evaluate the impacts of
their planning and development decisions on the environment and on human well-being.
InVEST provides information on ecosystem services that are relevant to planning processes;
for example, when making a decision on whether to permit a certain activity (e.g., building a road),
and in conducting environmental impact assessments, climate adaptation planning, coastal
hazard mitigation, corporate risk management, payment for ecosystem services, and restoration
planning.
Ecosystem services are essential for enhancing natural capital, and accounting for their
economic value is important for policy orientation in Vietnam. Given the pressures faced by
environmental resource managers in conserving and promoting the value of ecosystem services in
Pù Mát National Park, this study analyzes the benefits of potential scenarios that would develop
the optimal trade-offs between conservation and development of Pù Mát National Park. It is hoped
that the study will help environmental resource and economic managers see the challenges facing
the park’s ecology and biodiversity.
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1.2

Policy Context

Increasing natural capital investment is an important element in the policy direction of the
Government of Vietnam. This is evidenced through policies such as the National Strategy for Green
Growth, the Environmental Protection Strategy, and the National Strategy for Biodiversity
Conservation. In particular, the Government of Vietnam has issued an action plan for the
implementation of a policy that would proactively respond to climate change while enhancing
resource management and environmental protection. The Vietnamese government has confirmed
the importance of “promoting investigations, assess potential reserves, economic value, actual
developments and trends of national resources; evaluate and promote the value of ecosystem
services and landscape; planning, management and exploitation, using rational, efficient and
sustainable national resources.” Thus, this study is consistent with the current policy orientation of
Vietnam to balance economic development and maintain natural ecosystems.

1.3

Research Objectives

This study generally aims to conduct a trade-off analysis between socioeconomic
development proposals (2016–2020) and ecosystem services and biodiversity conservation in
Pù Mát National Park. It also aims to suggest appropriate policies for economic and environmental
resource managers in Vietnam that would secure better habitat protection outcomes and better
delivery of ecosystem services. Specifically, the research aims to meet the following objectives:
1. To achieve a thorough understanding of the current situation regarding the impacts of
socio-development on ecosystem services and habitat quality in Pù Mát National Park.
We intend to identify spatially the areas in Pù Mát National Park where ecosystem services
and habitat quality will be highly impacted, moderately impacted, and least impacted by
the proposed development projects.
2. To conduct a trade-off analysis and assess the impacts of the socio-development proposals,
sector plans, and the Five-Year District Development Plans of Anh Son, Con Cuong, and Tuong
Duong for the period 2016–2020 on forest ecosystem services and biodiversity in Pù Mát
National Park. The major socioeconomic development scenarios chosen to analyze the
trade-offs were drawn from the 2016–2020 Nghệ An Provincial land-use planning
proposals. These proposals focus on land-use planning in Anh Son, Con Cuong, and Tuong
Duong, and will impact the forest ecosystem services in Pù Mát National Park. In addition,
we aim to assess the impacts of the proposed road on habitat quality. This road is will
traverse Pù Mát National Park along the border between Vietnam and Laos.
With the requisite information obtained from the provincial authorities, we used the
InVEST habitat risk assessment model to calculate (a) the risk level posed by the proposed
border road through Pù Mát National Park to habitat quality, and (b) the resulting
reduction in risk if the road is to be constructed with biodiversity corridors. Specifically, we
examined those areas of the park with the highest level of threat to habitat quality, and
analyzed how this risk can be reduced by including biodiversity corridors during the road’s
construction. Depending on the information received from border road planning, three
scenarios relating to location, type, and number of sufficient biodiversity corridors are
envisaged to ensure habitat quality for known flagship species.
3. To propose suitable solutions based on the study results, such that park managers can make
sound decisions on conserving the values of Pù Mát National Park. Such solutions would
ensure a balance between biodiversity conservation and the development orientations of
local authorities.
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2.0 METHODOLOGY
2.1

Research Questions
There are three major research questions in this study as follows:
Research question 1: To what degree will ecosystem services in Pù Mát National Park be
affected by the socioeconomic development plans being proposed for the next five-year
planning period (2016–2020)?
Research question 2: To what degree will biodiversity in Pù Mát National Park be affected by
the socioeconomic development plans being proposed for the next five-year planning
period (2016–2020)?
Research question 3: What are the best options for Pù Mát National Park in order to ensure
optimal conservation and socioeconomic development? How can it be possible to
conserve and promote the value of ecosystem services while guaranteeing suitable
socioeconomic development outcomes for local residents?

2.2

Methodologies

In order to analyze the trade-offs between the development scenarios and the ecosystem
services and biodiversity conservation in Pù Mát National Park and to suggest appropriate policies
for managers in Vietnam, this study valued three ecosystem services relating to carbon storage,
water provision, and habitat. The InVEST model software was applied to three models:
(1) the carbon storage and sequestration model, (2) the hydropower production (water yield)
model, and (3) the habitat quality model.
2.2.1

Carbon storage and sequestration model

Pù Mát National Park possesses large areas of natural forest that have abundant and
diverse vegetation, which is important to climate change mitigation via carbon storage and
sequestration. Therefore, it is necessary for policy makers and planners to understand its economic
value and the corresponding value of the loss if the natural forest and vegetation change.
The InVEST model uses maps of land use and land cover types and data on wood harvest
rates, harvested product degradation rates, and stocks in four carbon pools (above ground
biomass, below ground biomass, soil, dead organic matter) to estimate the amount of carbon
currently stored in a landscape or the amount of carbon sequestered over time. Additional data on
the market or social value of sequestered carbon and its annual rate of change, and a discount rate
can be used in an optional model that estimates the value of this ecosystem service to society.
Limitations of the model include an oversimplified carbon cycle, an assumed linear change in
carbon sequestration over time, and potentially inaccurate discounting rates.
2.2.2

Hydropower production (water yield) model

Pù Mát National Park is located in the upstream of the Ca River basin, which provides water
resources for socioeconomic activities, especially for reservoirs and hydroelectric power plants.
With its natural forest and vegetation characteristics, the Pù Mát National Park region plays an
important role in regulating and storing water resources for socioeconomic activities (in general)
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and hydropower plants and reservoirs (in particular). Therefore, applying the hydropower
production model in this region is significant to support the policy implementation of the
payment for forest environmental services.
The InVEST reservoir hydropower model estimates the relative contributions of the water
coming from different parts of a landscape, and offers insight into how changes in land-use
patterns affect annual surface water yield and hydropower production. The water yield model is
based on the Budyko curve and on the annual average precipitation. Modeling the connections
between landscape changes and hydrologic processes is not simple. Sophisticated models of
these connections and associated processes (such as the Water Evaluation and Planning model)
are resource and data intensive and require substantial expertise. To accommodate more contexts
(for which data are readily available), the InVEST tool maps and models the annual average water
yield from a landscape used for hydropower production, rather than directly address the effect of
land use/land cover (LULC) changes on hydropower failure since this process is closely linked to
variation in water inflow on a daily to monthly timescale. InVEST then calculates the relative
contribution of each land parcel to the annual average hydropower production and the value of
this contribution in terms of energy production. The net present value of hydropower production
over the life of the reservoir can also be calculated by summing discounted annual revenues.
2.2.3

Habitat quality model

Biodiversity underpins many of the important ecosystem services in Pù Mát National Park.
However, due to the development of systemic infrastructure, economic activities have made it
more difficult to conserve the biodiversity in the region. These challenges will affect all of the
ecosystem services in Pù Mát National Park. Therefore, the impacts of the development plans on
habitat quality in Pù Mát National Park should be analyzed.
Accordingly, the InVEST habitat quality model combines information on LULC and threats
to biodiversity in order to produce habitat quality maps. This approach generates two key sets of
information that are useful in making an initial assessment of conservation needs: (1) the relative
extent and degradation of different types of habitat types in a region, and (2) changes across time.
This approach further allows rapid assessment of the status of and change in a proxy of more
detailed measures of biodiversity status. If habitat changes are taken as representative of genetic,
species, or ecosystem changes, then the user is assuming that areas with high-quality habitat will
better support all levels of biodiversity, and that decreases in habitat extent and quality over time
mean a decline in biodiversity persistence, resilience, breadth, and depth in the area of decline.
The habitat rarity model indicates the extent and pattern of natural land cover types on the
current or a potential future landscape and the extent of the same natural land cover types in
some baseline period.

2.3

Data Requirement and Collection
2.3.1

Necessary information

The database and information necessary to achieve the above objectives and tasks were
compiled from a secondary database and a primary database on Pù Mát National Park. The major
data utilized in this study are the database that support the analysis of trade-offs between
development scenarios and ecosystem services and biodiversity conservation in Pù Mát National
Park. Based on the three above models, Table 1 summarizes the system of data required and data
sources.
Trade-Off Analysis between Ecosystem Services, Habitat Quality, and Development Plans:
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Table 1. Types of data and methods used to collect data for InVEST models in Pù Mát National Park
Data Required
Data Sources
Common data
Current LULC map (required)
Extracted from the 2010–2020 land-use planning of Nghệ An
(MONRE Vietnam 2013)
Future scenarios
Carbon storage and sequestration model
Carbon pools
Sourced from the IPCC guidelines for good practices
Extracted from the environmental impact assessment of
Bản Vẽ hydropower plant
Extracted from relevant publications by local experts,
institutes, and agencies
Current harvest rates map
No information (this data is implemented by the Vietnam
General Department of Forestry of MARD)
Economic data
Market price
(optional – required for valuation) Extracted from GSO Vietnam
Water yield model
Soil depth – root restricting layer
Soil and Fertilizers Research Institute
depth (required)
Institute of Geography of Vietnam
Forest Inventory and Planning Institute
Individual InVEST sample datasets
InVEST user guide by Natural Capital Project
Precipitation (required)
Hydro-meteorological Data Center
GIS analyst processing
Plant available water content
Soil and Fertilizers Research Institute
(required)
Field trip
InVEST user guide by Natural Capital Project
Average annual potential
Hydro-meteorological Data Center and processing by GIS
evapo-transpiration (required)
Watersheds (required)
GIS experts built from digital elevation model
Sub-watersheds (required)
GIS experts built from digital elevation model
Bio-physical table (required)
Collected and processed by guideline of InVEST model
InVEST user guide by Natural Capital Project
Seasonality factor (Z) (required)
Ministry of Natural Resources and Environment
InVEST user guide by Natural Capital Project
Demand table (required)
Department of Trade and Industrial in Nghệ An province
Hydropower companies
Report of Winrock International in 2014 about water
accounting plus in Ca River basin
InVEST user guide by Natural Capital Project
Hydropower valuation table
Relevant reports of hydropower construction companies in
Pù Mát National Park
Environmental impact assessment of hydropower plants in
Pù Mát National Park
Strategic environmental assessment of land-use planning
and socioeconomic development planning in Nghệ An
province
Documents published by experts in Vietnam
InVEST user guide by Natural Capital Project
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Table 1 continued
Data Required
Habitat quality model
Threat data (required)
Sources of threats(s) (required)

Accessibility to sources of
degradation (optional)
Habitat types and sensitivity of
habitat types to each threat
(required)

Half-saturation constant (required)

Data Sources
Environmental impact assessment of relevant projects in
Nghệ An province
Strategic environmental assessment of land-use planning
and socioeconomic development planning in Nghệ An
Surveyed and consulted with experts (WWF in Vietnam,
ISPONRE, IEBR, Hanoi National University)
InVEST user guide by Natural Capital Project
Socioeconomic development planning and land-use
planning in Nghệ An
Strategy development forest
InVEST user guide by Natural Capital Project
Socioeconomic development planning and land-use
planning in Nghệ An
Strategic environmental assessment of socioeconomic
development plan in Nghệ An
Environmental impact assessment of hydropower plants in
Pù Mát National Park (for instance: Bản Vẽ and Chi Khê
hydropower plants)
InVEST user guide by the Natural Capital Project
InVEST user guide by the Natural Capital Project

Note: GIS = geographic information system, GSO = General Statistics Office, LULC = land use/land cover,
IEBR = Institute of Ecology and Biological Resources, InVEST = Integrated Valuation of Ecosystem Services and Trade-Offs,
IPCC = Intergovernmental Panel for Climate Change, ISPONRE = Institute of Strategy and Policy on Natural Resources
and Environment, MARD = Ministry of Agricultural and Rural Development, WWF = World Wildlife Fund

2.3.2

Methods to survey and collect data

Primary data were collected through detailed interviews with the relevant stakeholders in
Pù Mát National Park. These include the local communities who benefit from the ecosystem
services in Pù Mát National Park, companies earn profits from the ecosystem services in Pù Mát
National Park, and local officials in the three districts of Nghệ An province.
Secondary data were collected from published data of relevant agencies, such as statistical
year books, reports published by government agencies and international organizations, and
research studies relating to the Pù Mát National Park. The main purpose of the stakeholder
consultation is to identify the ecosystem functions in Pù Mát National Park, sources of threats, the
weight of each source of threat to the biodiversity in Pù Mát National Park, and the characteristics
of vegetation in Pù Mát National Park (e.g., root depth, soil type, and water consumption).
2.3.3

Methods to analyze and process data

This study used the InVEST models to analyze and evaluate the impacts of the proposed
socioeconomic development infrastructure projects (i.e., to reduce the forest area and to construct
a border road) on the forest ecosystem services and habitat quality of Pù Mát National Park.
In particular, the study focused on three models: (1) the carbon storage and sequestration model,
(2) the hydropower production model (water yield), and (3) the habitat risk assessment model.
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3.0 RESULTS AND DISCUSSION
3.1

Overview of Ecosystem Services in Pù Mát National Park

The definition and classification of ecosystem services show that Pù Mát National Park
contains the full services of a native ecosystem on land, including provisioning services,
supporting services, regulatory services, and cultural services.
Provisioning services. Pù Mát National Park plays a key role in providing forest products
used in the livelihoods of indigenous people. Figure 3 shows the importance of the park’s
ecosystems in supplying forest products to the local people, who rely on the exploitation of forest
products for 50% of their income. In addition, because Pù Mát National Park is located upstream in
the Ca River basin, hundred-year-old vegetation supplies and regulates water for hydroelectric
plants and downstream.
Supporting services. Pù Mát National Park also offers many supporting functions such as
pollination and breeding grounds.
Regulatory services. One of the most important functions of Pù Mát National Park is water
control, flood protection, and disaster prevention for the downstream areas.
Cultural services. The park is an attractive ecotourism site, with Kem waterfalls, Pha Lai dam,
and the Giang river.

Figure 3. Sources of income for people living in Pù Mát National Park
Source: Management Board of Pù Mát National Park (2016)
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3.2

Pressures on Ecosystem Services and Habitat Quality in Pù Mát National Park
3.2.1

Socioeconomic development plans for Pù Mát National Park

Pù Mát National Park is located in the territory of three districts (i. e, Con Cuong, Tuong
Duong, and Anh Son) in Nghệ An province. Most of the core and the buffer zones belong to two
districts, namely, Con Cuong and Tuong Duong. Therefore, this study concentrates on analyzing
the planning and economic development in the province of Nghệ An and these districts for the
period 2016–2020.
The overall objective of the socioeconomic development planning up to 2020 is “By 2020,
comprehensively develop Con Cuong district with all aspects of the people’s living standards
improved.” The specific objectives have also been identified as to achieve “per capita income
reaches the province’s average level, social security and environmental protection are increasingly
focused, social stability and national defense are strengthened. Urban and transport infrastructure,
economic and cultural infrastructure are basically improved. Establish a solid foundation to
become an eco-urban and an economic-cultural centre of the southwestern region of Nghệ An.”
In order to achieve these objectives, many projects have been planned. However, it is predicted
that some projects would have obvious effects on the ecosystem services and biodiversity in
Pù Mát National Park, for example urbanization, the expansion of tourism, new roads, hydropower
plants, industrial processing plants, etc.
Tương Dương district has a similar context to Con Cuong district with regard to
socioeconomic development planning. It is predicted that projects outlined in Decision No.
2113/2015/QD-UBND of Nghệ An Provincial People’s Committee will affect land use and
biodiversity in Pù Mát National Park, with projects such as new roads, hydropower, and urban
projects in the pipeline.
3.2.2

Land-use planning in Pù Mát National Park

The important principles for the establishment of land-use planning in Vietnam are
1. to be in accordance with strategies and master plans with regard to socioeconomic
development, national defense, and security; and
2. to be established from a master level to a detailed level.
Land-use planning at a subordinate level must be in line with that of the direct superior
level; the land-use plan must be in line with the land-use planning approved by competent state
agencies. Therefore, based on the orientation of the socioeconomic development of Nghệ An
province and the relevant districts of Con Cuong, Tuong Duong, and Anh Son, land-use plans in
these areas are adjusted to suit the above criteria.
The land-use plan and the socioeconomic development plan of Nghệ An province show
that the structure of land use in the core zone of Pù Mát National Park will not change much, but
the structure of the buffer zone will change considerably from 2010 to 2020. During this period,
productive forestland would decrease from 35.574% in 2010 to a projected 25.354% in 2020, and
cultivated land would increase from 6.156% in 2010 to a projected 18.709% in 2020. The change in
the structure of land use types in the core zone and buffer zone of Pù Mát National Park are
detailed in Figure 4.
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Figure 4. Change in land use types in the core and buffer zones of Pù Mát National Park
Source: Extracted from current land-use planning map in Pù Mát (2013)

3.2.3

Challenges faced by Pù Mát National Park

Based on the socio-development plan of Con Cuong and Tuong Duong districts, the
assessment of environmental and strategic planning for the socioeconomic development of Nghệ
An province, the report of the manager of Pù Mát National Park, and other relevant materials, a
number of main threats to biodiversity and to the functions of Pù Mát National Park have been
identified. These include the development of roads, hydropower, and residential areas; tourism;
illegal hunting; agricultural activities; and the migration of ethnic minorities.
Development of roads. In order to facilitate socioeconomic development plan of Nghe An
province and to aid border police patrols, several roads are being built in Con Cuong and
Tuong Duong districts, running from villages on the outskirts of the park and bisecting the park to
the international border between Vietnam and Laos. Once completed, these roads will cut through
locations that have been identified as key areas for gibbons and other wildlife in the park. This
would be a serious problem for wildlife conservation in the area because the roads fragment the
forest and isolate habitats. Lijkewise, although the roads will help local authorities in their patrol
work, they will simultaneously provide people with access to the forest for logging, hunting, and
collecting non-timber forest products. These roads would likely exacerbate the difficulties of
Pù Mát National Park management and other relevant local authorities in controlling illegal
activities within the park and would likely lead to further decline in the gibbon population. Table 2
shows some road projects that have been implemented and the impacts of these projects on
forest areas in Pù Mát National Park.
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Table 2. Infrastructure development in Pù Mát National Park
Road
Cò phạt–bản Búng road
Khe Choăng defense road
Total

Forest Area that will be Transferred
by Design (ha)
16.1
72.9
89.0

Forest Area that will be
Transferred in Reality (ha)
32.2
218.7
250.9

Source: Pù Mát National Park Management Board (2016)

Development of hydropower. Nghệ An is one of the provinces in Vietnam that has many
hydropower projects. The 2013 plan of Nghệ An details the construction of 72 hydropower
projects with a total capacity of over 1,000 megawatts (MW). Five major projects (682 MW) were
built from 2006 to 2015. By 2020, Nghệ An province will have 30 large hydropower projects under
the Ministry of Industry and Trade. In addition, the provincial committee approved the plan to
build numerous small- and medium-sized hydropower plants.
The Ca River basin has many hydropower plants, including the Bản Vẽ hydropower plant
(320 MW) and the Khe Bố hydropower plant (100 MW). In addition, it also has Nhan Hac
hydropower (45 MW), Hua Na hydropower (180 MW), Sao Va hydropower (3 MW), Ban Coc
hydropower (20 MW), Ban Mong hydropower (42 MW), and others. The socioeconomic
development plan of Nghệ An province, Con Cuong, Tuong Duong, and Anh Son districts to 2020
and a survey of Pù Mát National Park showed that around 10 hydropower plants in the Ca River
basin within Pù Mát National Park are either planned, have been built, or are being built (Table 3).
Three large hydropower plants are currently operating, including the Bản vẽ, Khe Bố, and Nâm
Nơn power plants. Seven small and medium hydropower plants are being built: Bản Áng, Xoong
Con, Suối Choang, Chi Khê, Khe Thơi, Yên Thắng, and Môn Sơn. However, the construction of Yên
Thắng and Môn Sơn hydropower plants has been halted and is up for review by the Nghệ An
provincial government. The development of hydropower projects not only affects the watershed
forest area, but also poses huge risks to biodiversity and habitat quality.
Table 3. List of hydropower plants around Pù Mát National Park

1

Project’s
Name
Bản Vẽ

2

Bản Áng

3

Xoong Con

4

Khe Bố

5

Nâm Nơn

6
7

Suối
Choang
Chi Khê

8

Khe Thơi

9

Yên Thắng

10

Môn Sơn

No.

Address

Status

Vẽ village, Yên Na commune, Tuong Duong district,
Operating
Nghệ An province
Diềm village, Châu Khê commune, Con Cuong district,
Building
Nghệ An province
Tam Thái commune, Tuong Duong district, Nghệ An
Building
province
Ðình Thắng village, Tam Ðình commune, Tuong
Operating
Duong district, Nghệ An province
Lả village, Lương Minh commune, Tuong Duong
Operating
district, Nghệ An province
Diem village, Châu Khê commune, Con Cuong district,
Building
Nghệ An province
Chằn Lằn village, Chi Khê commune, Con Cuong
Building
district, Nghệ An province
Lạng Khê commune, Con Cuong district, Nghệ An
Building
province
Huổi Nguyên village, Yên Thắng commune, Tuong
Stopped
Duong district, Nghệ An province
Môn Sơn village, Con Cuong district, Nghệ An province Stopped

Capacity
(MW)
320.0
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17.0
15.0
100.0
20.0
4.0
41.0
4.0
11.0
1.8
12

Development of residential areas. Residential areas (both urban and rural) directly affect
habitat quality in Pù Mát National Park. For some time now, the development of urban and rural
infrastructure has had negative impacts on air, water, and soil quality, and on biodiversity.
Tourism development. The socioeconomic development plan of Nghệ An province and
Con Cuong district supports enhancing the Kem waterfall area and its surrounding infrastructure
as tourist destinations. Tourism development will have a significant impact on the natural
environment.
Illegal hunting. The report of the management board of Pù Mát National Park showed that
illegal hunting and forest exploitation still continue (Tables 4, 5, and 6). These activities have a
huge impact on the quality of habitat and biodiversity of the park. Illegal hunting is one of the
greatest challenges of the management board of the park given that their access to financial
resources and support facilities are rudimentary and limited.
Table 4. Wild animal hunting in Pù Mát National Park

2009

No.
of Cases
3

2010
2011
2012
2013
2014
Total

6
4
3
1
2
16

Year

Wild Animals

No. of Wild Animals

Large animal: Wild boar, monkey
Other species: Iguana, box turtle
Spotted civet, turtle, python
Porcupine, monkey, wild boar
Monkey, bear, wild boar, turtle
Wild boar
Monkey, turtle

2
2
40
5
4
1
3
62

Weight
(kg)
33.0
30.7
51.0
52.0
23.0
2.4
205.1

Source: Pù Mát National Park Management Board (2016)

Table 5. Number of animals seized in Nghệ An province
Years
2009

No. of Animals
Released Back
Hand Over
to Forest
5
1

2010

54

49

2011

9

6

2012

61

55

2013
2014
Total

5
13
147

4
13
128

Source: Pù Mát National Park Management Board (2016)
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Species
Wild boar, pig-tailed macaques, bears,
horses, doves, monkey
Civet, porcupine, striping pangolin, flower
python, parrot beak turtles, mountain
turtle, yellow-headed box turtle, snake
Yellow monkey, wild boar, red-faced
monkey, small loris
Bobcat , red-faced monkey, wild boar, turtle,
snake, pig-tailed monkey, tortoise
Tiger, red-faced monkey, pig-tailed monkey
Red-faced monkey, tiger, box turtle

Table 6. Illegal logging in Pù Mát National Park
Year
2009
2010
2011
2012
2013
2014
Total

No.
of Cases
33
12
17
35
26
20
143

Weight
50.776
32.120
33.131
52.446
56.986
38.180
263.639

Fine/Penalties
(million VND)
19.44
21.15
23.50
70.25
84.00
33.00
251.34

Forest Product Revenue
(million VND)
99.080
29.290
114.630
336.900
305.510
209.800
1,095.204

Payment to Budget
(million VND)
118.520
50.440
138.130
407.150
389.510
242.800
1,346.544

Source: Pù Mát National Park Management Board (2016)

Agricultural activities. Agricultural activities have a negative impact on some aspects of
the natural environment, which result in excessive surface water, poor soil quality, and soil erosion.
There may be public health risks due to the use of chemicals that protect plants and chemical
fertilizers in agriculture during land-use transition.
Illegal mining and migration of ethnic minorities. Other threat sources include illegal
mining and the migration of ethnic minorities.

3.3

Carbon Stored and Sequestration in Pù Mát National Park
The carbon model requires some specific data sources (see Appendix):
1. information about the carbon pools and
2. economic information on the price of carbon, discount rate, and the average rate of annual
price increases.

The main final results of the carbon storage and sequestration model in Pù Mát National
Parks include
1. the amount of carbon currently stored (in Mg) in each grid (Figures 5 and 6);
2. the amount of carbon stored in each grid cell by 2020 (Figure 7);
3. the difference in carbon stored between future land-use planning and current land-use
planning (in Mg carbon) (Figure 8); and
4. the amount and value of carbon storage sequestration in Pù Mát National Park from 2010
to 2020 (Figures 9 and 10).
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Figure 5. Total current carbon storage,
Pù Mát National Park

Figure 6. Descriptive statistics of carbon stored,
Pù Mát National Park, 2010

Figure 7. Total carbon storage in 2020,
Pù Mát National Park

Figure 8. Change in structural carbon stored,
Pù Mát National Park, 2010–2020

Figure 9. Total amount of carbon
sequestration, 2010–2020

Figure 10. Monetary value of carbon
sequestration, 2010–2020, Pù Mát National Park

The results of the carbon storage and sequestration model in Pù Mát National Park show
that the total amount of carbon in the entire region would be 92,771,014.59 t/ha in 2010
(estimated) and 190.234 t/ha in 2020 and would reach a peak of 720 t/ha. The model also shows
that the core zone of Pù Mát National Park would have large carbon storage, whereas the buffer
and outside zones would have much lower carbon storage. A comparison of the area’s structure
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over time (Figure 5) shows that areas with carbon 500–720 t/ha, and 100–250 t/ha would be stable.
The areas where the carbon storage levels are 50–100 t/ha and 250–500 t/ha are predicted to
increase up to 2020, whereas areas with carbon storage 50–100 t/ha would have a downward
trend until 2020.
The results of the model also show that the amount and value of carbon sequestration
values from 2010 to 2020 would remain unchanged in the core area of the park, but would
fluctuate sharply in the buffer zone and outside zone (Figures 9 and 10). The total amount of
carbon sequestration from 2010 to 2020 would reach 156,858.3529 t/ha; storage would reach
0.321 tons. The total value of the carbon absorbed during the period from 2010 to 2020 would
reach USD 507,150.981.

3.4

Water Productivity Model

We used the water productivity model to value Pù Mát National Park’s water-provisioning
function for the hydropower plants in the area and to analyze the trade-off between the current
and future scenarios, given changes in land-use planning. Based on the input requirements of the
InVEST reservoir hydropower production model, we ran two models: (1) the first model was
applied to the land-use map of 2010, and (2) the second model was applied to the land-use map
projected for 2020.
Pù Mát National Park is upstream of the Ca River basin, and its vegetation plays a vital role
in downstream water supply, including supplying water to hydropower plants in the region.
Figures 11 and 12 illustrate the results of the estimated water yield per pixel in 2010 and 2020,
respectively. Additionally, Table 7 shows the change in the water-provisioning function of Pù Mát
National Park for hydropower plants in 2010 and 2020. In particular, the results show that
1. the total volume of water yield in the watershed increased slightly from 3.352 billion m3 in
2010 to 3.357 billion m3;
2. the amount of this ecosystem service (in energy production terms) increased from
63,658.98 MW per year to 63,732.75 MW per year; and
3. the economic value of the water-provisioning function that the Pù Mát National Park
provides to hydropower plants rose from VND 753.090 billion per year to VND 753.962
billion per year.

Figure 11. Estimated water yield per pixel, 2010

Figure 12. Estimated water yield per pixel, 2020
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Table 7. Summary of major output indicators per watershed
Indicators

Unit

Volume of water yield
in the watershed
Amount of this ecosystem
service in energy
production terms
Value of ecosystem service
in economic terms

Billion m3

3.5

Watershed Results
within Land-Use
Map, 2010

MW
per year
Billion VND
per year

Watershed Results
within Land-Use
Map, 2020

Change

3.352

3.357

+ 0.005

63,658.980

63,732.750

+73.770

753.090

753.962

+ 0.872

Habitat Quality Model
3.5.1

Threat factors

To analyze the trade-off between habitat quality in Pù Mát National Park and
socioeconomic development planning, we identified two main group factors which can effect
habitat quality in the area:
1. economic factors –main threats such as roads, hydropower plants, urbanization, rural
areas, agricultural activities, and tourism
2. management factors – management of Pù Mát National Park
Appendix 2 shows the interaction between these two main factors. Based on the
information we have on the status of threats to habitat quality in Pù Mát National Park at present
and in the future (increase, remain the same, or decrease), the assumptions we made rgarding
threats to biodiversity and landscape quality are discussed below.
Hydropower plants. The first assumption in this threat source is that the number of
hydropower plants in the future would increase from 8 to 10 to meet the energy demands of the
local population. This means that the two hydropower plants that have been temporarily
suspended (i.e., Yên Thắng and Môn Sơn) would be deployed. The second assumption is that the
government would implement the regulation “operation process reservoir on the Ca River basin.”
Under this procedure, the reservoir in the Ca Rriver basin would operate according to seasonal
priority. In particular, during the flood season, the reservoir would ensure safe working conditions,
contribute to flood relief downstream, and safeguard minimum flow into the river. On the other
hand, during the dry season, the reservoir would ensure a minimum flow into the river and
facilitate local water use. Thus, owing to this regulation, water supply would be coordinated to
meet both the requirements of economic activity and ecosystems. This will contribute to reducing
the negative impacts of hydropower plants on the ecosystem in Pù Mát National Park, particularly
the downstream of Nghệ An province.
New roads. New traffic routes through Pù Mát National Park are planned as part of
socioeconomic development planning. We made the following assumptions: (1) the new roads will
not be built; (2) the new roads will be built according to the approved design; and (3) the new
roads will be built although the design will be adjusted and management will improve during the
construction and operation to minimize the impact of the structure on biodiversity and habitat
quality of the park.
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The proposed solutions to reduce the impacts of these threat sources are (1) design
bridges going over through the high biodiversity areas (similar to the bridge across the Ho Chi
Minh route through Cuc Phuong National Park) in order to reduce the fragmentation of
ecosystems and reduce the risk of traffic accidents due to wild animals crossing the roads,
(2) increase patrols, (3) monitor construction activities to reduce impacts on the habitats of wild
animals, and (4) reduce illegal hunting and illegal logging.
Residential areas (urban and rural). The expansion and development of residential areas
is essential to the development of the province. However, some solutions could be applied to
minimize the impact of building residential areas on the biodiversity and habitat quality in Pù Mát
National Park. Possible solutions are as follows: (1) providing different employment opportunities
to the local people in order to reduce their dependence on forest products, especially the Thai,
Dan Lai ethnic group, who live in the core zone and the buffer zone of Pù Mát National Park; and
(2) developing an environment-friendly urban area.
Agricultural activities. Agricultural activities can negatively affect the environment due to
farmers’ excessive use of chemicals in agricultural production. To minimize this impact, local authorities
should direct farmers in the province to apply organic farming that uses less and fewer harmful
chemicals. This approach is consistent with the current orientation of the agriculture sector in Vietnam.
Tourism sites. At the time of the survey, tourist activities in Kem waterfall and Pha Lai dam
are not adequately managed, posing risks to biodiversity and habitat quality in the park due to
improper waste management. To minimize this threat to biodiversity and habitat quality, park
managers need to develop an ecotourism zone. Likewise, they need to set up a management
board who will monitor and control the tourism activities, thereby minimizing any negative
impacts on the environment.
3.5.2

Maximum impact distance over which each threat affects habitat quality, and
weight of impact relative to other threats

Figure 13 shows the five impact levels of the planned socioeconomic development plans
on Pù Mát National Park. These impact levels were developed based on the following sources:
(1) SEA (strategic environmental assessment) of socioeconomic development planning in Nghệ An
province (2016–2020) (ISPONRE 2015); (2) SEA of national land-use planning to 2020; and
(3) discussion with experts on biodiversity and ecosystems. The weights of the five impact levels
are 0 = no impact; 0.25 = weak impact; 0.5 = moderate impact; 0.75 = high impact; and 1 = full
impact. The maximum distance impact of each threat has been ascertained based on our
consultation with local experts and from the publications of international organizations such as
the WWF, IUCN, the InVEST guide of the Natural Capital Project.

Figure 13. Impact levels on biodiversity and habitat quality, Pù Mát National Park
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Table 8 illustrates the maximum original impact distance of each threat on biodiversity and
habitat quality in Pù Mát National Park. Appendix 3 shows the relative sensitivity of each habitat
type to each threat.
Table 8. Maximum original impact distance of each threat to biodiversity and habitat quality
Threats
Hồ Chí Minh road
Border road
Local road
Large hydropower
Small and medium hydropower
Rural
Urban
Agriculture
Tourism

Weight
0.75
0.75
0.50
1.00
1.00
0.75
0.50
0.75
0.75

Maximum Distance (km)
5
5
3
15
10
4
7
4
10

Sources: Nguyen Trung Thang (2015), and InVEST guide

We assumed that the degree of impact and the reach of each impact could be reduced by
management factors. 1 Therefore, we proposed some solutions to reduce the impact levels and the
reach of the threats to the park’s biodiversity and habitat quality:
1. New road projects. Strategies include building bridges over important areas where the wild
animals live in or migrate to (e.g., the border road between Vietnam and Laos); applying
stringent management measures during road construction to prevent illegal hunting and
illegal logging.
2. Tourism projects. Activities include tourism development in accordance with standards of
ecotourism; extensive communication with travelers to enable them to understand how to
limit their environmental impact on the park habitats.
3. Urban areas. Urban areas in Con Cuong, Tuong Duong, and Anh Sonn districts in should be
developed accordance with urban ecology criteria.
The expected results after applying these management measures are shown in Table 9 and
Appendix 4.
Table 9. Expected results after applying management solutions, Pù Mát National Park
Threats
Ho Chi Minh road
Border road
Local road
Large hydropower plant
Small- and medium-sized hydropower plants
Rural
Urban
Agriculture
Tourism

1

As defined in Section 3.5.1.

19

Economy and Environment Program for Southeast Asia

Weight Impact
0.75
0.25
0.50
0.50
0.50
0.25
0.25
0.25
0.25

Max Distance
5
2
3
10
8
4
7
3
10

3.5.3

The habitat quality model and the trade-off analysis

After conducting the survey, field consultation with park management staff, consultation
with experts in the field of ecology, and referencing research documents related to biodiversity
and habitat quality, the state of habitat quality in the park and threat sources were determined
(Appendix 5).
Four future scenarios have been established to analyze the trade-off between habitat
quality and development scenarios. These scenarios were also developed to help select the most
suitable scenario that balances development and conservation in the Park (Table 10).
The scenarios are based on the current situation and future possibilities given the threat sources
outlined in Sections 3.5.1 and 3.5.2. The results of the habitat quality models are shown in two
types of maps: (1) maps that reflect habitat quality (current map and future map) and (2) maps that
reflect relative levels of habitat quality (current map and future map). The map of the relative level
of habitat quality shows scores that reflect the aggregate impact scores from threat sources on the
habitat quality in Pù Mát National Park. Based on typical statistical distribution of scores in the
result maps and in order to analyze the trade-off between habitat quality and development
scenarios, these maps have been translated into five basic levels:
1. Level 1 (dark green areas on output maps) reflects the areas that have the lowest aggregated
impact score of threat sources on the landscape or the lowest habitat degradation areas
2. Level 2 (light green areas on output maps) reflects weak aggregate impact level of threat
sources on habitat quality or low habitat degradation areas
3. Level 3 (yellow areas on output maps) reflects a medium aggregate impact score on habitat
quality or areas of moderate habitat degradation
4. Level 4 (orange areas) shows a high aggregate impact level of threat sources on habitat
quality or areas of high habitat degradation
5. Level 5 (red areas) shows very high aggregate impact level of threat sources on habitat
quality or areas of very high habitat degradation
Figures 14 and 15 show the current status of habitat degradation in Pù Mát National Park.
A total of 470,548 ha—comprising the core zone, buffer zone, and outside zone—were used in this
model. The area with the lowest habitat degradation level accounts for 282,128 ha (equivalent to
59.96% of the total area). The area with low habitat degradation level accounts for 114,739 ha
(equivalent to 24.38% of the total area); followed by the moderate, high, and very high habitat
degradation areas at 24.38%, 11.33%, 4.02%, and 0.30% of the area, respectively. Meanwhile,
Figure 18 shows that most of the best habitat quality areas are in the core zone of the park, and
the low habitat quality areas are located in the populated areas of the park along the Ca River
basin.
Table 10. Habitat degradation in Pù Mát National Park
Description

Currently

Level 1
Level 2
Level 3
Level 4
Level 5
Total

282,182
114,739
53,336
18,893
1,398
470,548

First
236,307
104,909
71,161
55,962
2,209
470,548

Future Scenarios (ha)
Second
Third
254,001
237,178
109,719
104,194
83,612
71,101
23,202
55,866
14
2,209
470,548
470,548

Fourth
254,219
109,563
83,550
23,202
14
470,548
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Figure 14. Relative level of habitat
degradation, current landscape

Figure 15. Current habitat
degradation levels

Figure 16. Relative level of habitat
degradation, future landscape, first scenario

Figure 17. Habitat degradation,
first scenario

Figure 18. Relative level of habitat
degradation, future landscape, second scenario

Figure 19. Habitat degradation,
second scenario
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Figure 20. Relative level of habitat
degradation, future landscape, third scenario

Figure 21. Habitat degradation, third
scenario

Figure 22. Relative level of habitat
degradation, future landscape, fourth scenario

Figure 23. Habitat degradation levels,
fourth scenario

First scenario. The first scenario is based on the following assumptions: (1) the future
Pù Mát National Park will host 10 hydroelectric plants, including two small- and medium-sized
hydropower plants that are currently on hold by Nghệ An people Committee (Yên Thắng [11 MW]
and Môn Sơn [1.8 MW]); (2) new proposed roads will be implemented; (3) tourism sites will be
expanded; and (4) management solutions to reduce the severity of these threat sources and their
reach have not been applied.
If the government applies the above scenario, then the amount of electricity generated
will increase, bringing in an additional 12.8 MW per year. Economic activity and national security
are also expected to improve due to the expansion of border patrol roads and other roads.
In this scenario, however, habitat quality and biodiversity in Pù Mát National Park would be
greatly affected. The lowest habitat degradation area (Level 1) in the current scenario would
reduce significantly to nearly 50% of total area, and the area of low habitat degradation (Level 2)
would reduce slightly to 22%. In contrast, the areas with moderate, high, and very high habitat
degradation would increase to 15%, 12%, and 1%, respectively (Figures 16 and 17 and Table 10).
Second scenario. The second scenario is based on the following assumptions:
(1) in the future, the park will host 10 hydropower plants (similar to the first scenario), (2) no new
transport routes through the Park will be established, and (3) no solutions to threat sources will be
implemented.
Trade-Off Analysis between Ecosystem Services, Habitat Quality, and Development Plans:
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If this scenario happens, then power could increase to 12.8 MW per year, and traffic
operations will be limited, thereby affecting economic objectives. In this scenario, the area with
lowest level of landscape degradation (Level 1) would account for 53.98% of the area. This is
followed by the area with low habitat degradation (Level 2), which would account 23.32%.
The area with moderate degradation (Level 3) would account for 17.77%, while the area with high
habitat degradation (Level 4) would account for 4.93%. There would be no area with Level 5.
(Figures 18 and 19 and Table 10).
Third scenario.The third scenario assumes that (1) there will be eight hydropower plants in
in the future (including power plants that are currently active and under construction, and that
two small hydropower plants—Yên Thắng and Môn Sơn—will be closed); (2) new roads through
the park will be established as part of the national government plans; and (3) tourism at
Kem waterfall will expand. The management measures to reduce the level and distance impact on
biodiversity and habitat quality in Pù Mát National Park will remain unchanged.
The results show that if this scenario happens in the future, then the total amount of
power generated would decrease to just 12.8 MW. Commercial and transport activities would be
developed and would create socioeconomic opportunities locally, thereby improving the
livelihoods of the local people. However, habitat quality in the park area would still sharply
change. The area with the lowest habitat degradation would reduce from 59.96% to 50.4%, and
the Level 2 area would decrease from 24.38% to 22.14%. The areas with medium, high, and very
high levels of habitat degradation (Level 3, 4, and 5) would be 15.11%, 11.87%, and 0.47%,
respectively (Figures 20 and 21 and Table 10).
Fourth scenario. The fourth scenario assumes that in the future, the number of threat
sources (.e.g., hydropower plants, new roads, and tourism sites) would be the same as those in the
the third scenario. However, the government and local authorities will strengthen the application
of all possible solutions (described in Section 3.5.1) to minimize the significance and reach of the
threat sources (Table 9 and Appendix 4). If all possible solutions are to be accepted and applied
strictly in the future, then the results of the quality and relative levels of habitat degradation maps
would show the following:
1. In terms of economic benefits, the total amount of power in the region would fall to 12.8 MW;
2. In terms of economic activities, trade and transport facilitation and development would
create opportunities for economic development;
3. Tourism could be developed in a sustainable way; and
4. Residential areas, both urban and rural, would develop along environment-friendly lines,
in accordance with the policy direction of Vietnam as a whole.
In this scenario, however, some costs would be incurred—bridges would be built over
areas with high biodiversity density, and human resources would have to increase in order to
patrol and supervise the construction and operation of infrastructure systems. In terms of the
relative level of habitat degradation or the aggregate impact level of these threat sources to
habitat quality in Pù Mát National Park, Figure 22 and 23 and Table 10 show that the area with the
lowest habitat degradation level (Level 1) would be 54.03% of the total 470,548 ha; the area with
low habitat degradation level (Level 2) would be 223.28%; and the areas with moderate, high, and
very high impact levels would account for 17.76%, 4.93% and 0% of the area, respectively.
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Trade-off analysis. Comparing the different results in terms of habitat quality and relative
levels of habitat degradation, the different development scenarios show that the fourth scenario
would be the most optimal scenario for Pù Mát National Park. The fourth scenario would be able to
strike a balance between development and conservation. Therefore, to ensure a balance between
economic development and biodiversity conservation in the park, the government should not
develop additional hydropower plants in the area. In addition, it is necessary to strictly apply all the
management solutions in order to reduce the negative impacts of the threat sources on habitat
quality and biodiversity.

3.6

Current Management Issues and Recommendations
3.6.1

Current management issues

Below are some of the main issues in the management and conservation of biodiversity in
Pù Mát National Park (Pù Mát Management Board 2016):
1. Local populations living in the core and buffer zones use the forest to hunt wildlife, collect
wood, and exploit forest products.
2. The area managed by the management board is very large and has a mountainous
topography, making the land difficult to patrol and control.
3. Demands for wood, non-wood products, and wildlife are increasing.
4. Vehicles, equipment, and budget to facilitate the patrolling and control of illegal activities
in the park are insufficient.
5. The budget to facilitate conservation activities, scientific research, and environmental
education for local people is still limited.
3.6.2

Recommendations

Government agencies. A payment for ecosystem services mechanism should be
implemented in the park such that the park management board can mobilize financial resources
for research and acquisition of equipment for the park. Likewise, this scheme will help to control
human activities in the area. Initiatives that would reduce the impact of national projects such as
large hydropower plants and national roads on biodiversity and habitat should also be
implemented.
The Nghệ An’s Peoples Committee has to apply the mechanism of payment for ecosystem
services to Pù Mát National Park. In particular, this should be used to reduce the impacts of threat
sources on biodiversity and habitat quality. Some solutions that should be considered include the
following:
1. Remove some small hydropower plants from Pù Mát National Park.
2. Design bridges across important areas that have high biodiversity or where the movement
of wildlife needs to be protected.
3. Increase patrols and control of the construction processes to prevent illegal access, illegal
logging, and illegal hunting of wildlife.
4. Enforce regulations to manage tourism activities, especially at some points
(e.g., Kem waterfall and Pha Lai dam) and develop an ecotourism model.
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5. Develop urban areas in Con Cuong, Tuong Duong, and Anh Son districts in accordance
with the criteria of urban ecology.
6. Sustainable livelihoods must be established for local communities in the rural areas,
especially for ethnic minorities living in the core zone of the park.
7. Improve the awareness of indigenous people about the functions and values of
biodiversity in Pù Mát National Park.
8. Eliminate illegal mining in the park.
Pù Mát National Park’s Management Board. Pù Mát National Park’s Management Board
should implement the following:
1. Strengthen patrolling and monitoring of economic activities in the core zone and buffer
zone of the park.
2. Compile statistics about the wildlife in the park and reassess their current status.
International organizations. International organizations working in biodiversity
conservation should consider implementing the following initiatives:
1. Mobilize financial resources for biodiversity conservation in Pù Mát National Park.
2. Award more research grants for work into ecosystems and biodiversity conservation and
the sustainable development of the livelihoods of ethnic minority communities in Pù Mát
National Park.

4.0 CONCLUSION
Through the methodologies applied in this study to answer the research questions about
ecosystem services and habitat quality in Pù Mát National Park, the results of this study show the
following main findings:
1. Pù Mát National Park is located in the central biosphere of Western Nghệ An, which has
high biodiversity. In particular, Pù Mát National Park provides essential provisioning
services, supporting services, regulatory services, and cultural services. However, based on
the primary and secondary information collected that we collected, there are threats from
socioeconomic development planning and human activities in the area, e.g., construction
of new roads and hydropower plants, urbanization, tourism development, agriculture, and
illegal hunting. It is necessary to find suitable solutions to these threats.
2. Through applying three InVEST models (i.e., carbon storage and sequestration, water yield,
habitat quality), we were able to generate detailed values on the main ecosystem services
and on the trade-offs between ecosystem services and habitat quality, and socioeconomic
development plans.
Because land-use planning in the core and buffer zones does not change much up to 2020,
the economic value of these ecosystem services would remain stable. However, the
development of new infrastructure such as border road, local roads, hydropower plants,
and tourism sites would provide huge challenges for habitat quality in Pù Mát National
Park.
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3. After running four habitat quality model scenarios, our results show that the best solution
is to improve park management in order to reduce the impact of the threats on
biodiversity and habitats.
Based on our results, we propose some solutions for government and local authorities, Pù
Mát National Park’s management board, and international organizations to enhance the value of
ecosystem services and conservation biodiversity. The most important solution is to balance
socioeconomic development plans with ecosystem services and habitat quality. These solutions
include
1. removing a number of the small hydropower plants;
2. designing bridges over areas of high biodiversity density; and
3. improving management solutions to reduce the negative impacts of other threat sources
such as population areas, tourism sites, illegal hunting, and illegal logging.
Our general objectives and research questions were achieved using the InVEST tool.
However, this research is limited due to lack of data. Thus, additional data were collected from
international sources such as the IPCC, other research projects, and other publications.
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APPENDICES
Appendix 1. Special Data on Carbon Storage and Sequestration Model
in Pù Mát National Park
1.1

Estimated carbon pools in Pù Mát National Park

Table A1. Estimated carbon pools (in tons) in Pù Mát National Park
Lucode
5
12
15
22
23
41
42
91
99
101
102
103
104
105
106
111

Name
Paddy rice
Crop land
Perennial crop land
Rehabilitation plantation
Productive forest
Rural
Urban
Water body
Unused
Broadleaf rich
Broadleaf medium
Broadleaf poor
Broadleaf recover
Rocky mountain forest
Bamboo
Road

Carbon
Above
3.000
6.000
10.000
12.401
68.040
0.000
0.000
0.000
0.000
300.000
225.000
88.000
13.151
90.000
63.456
0.000

Carbon
Below
2.000
1.500
7.000
0.608
5.360
0.000
0.000
0.000
0.000
200.000
150.000
59.000
9.206
60.000
3.000
0.000

Carbon Soil

Carbon Dead

8.000
0.000
76.000
2.000
2.000
50.000
10.000
0.000
0.000
135.000
124.000
96.000
99.946
110.000
10.364
0.000

1.000
0.000
2.500
2.500
2.500
0.000
0.000
0.000
0.000
85.000
65.000
29.000
3.288
30.000
2.500
0.000

Source: Environmental impact assessment of Bản Vẽ hydropower plan (2006)

1.2

Economic information of carbon

Carbon price. Carbon price is determined using the market price method. According to
the General Statistics Office of Vietnam, the average carbon credit sale price in the voluntary
carbon market in the forestry sector (in USD per ton of CO2) was USD 5.6 per ton of carbon in 2010,
USD 6.4 per ton of carbon in 2011 and USD 6.7 per ton of carbon in 2012. Therefore, the carbon
price is determined by price of CO2 x 3.67.
1. Average price of carbon: 6.23 x 3.67 = USD 22.864 per ton of carbon
2. Average discount rate = 7%
3. Average rate of annual price increases = 2.654%.
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Appendix 2. Economic and Management Factors and Habitat Quality
in Pù Mát National Park

Figure A1. Interaction between economic factors and management factors with regard to
habitat quality in Pù Mát National Park
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NAME
Paddy rice
Crop land
Perennial crop land
Rehabilitation forestation
Productive forest
Rural
Urban
Water body
Unused
Broadleaf rich
Broadleaf medium
Broadleaf poor
Broadleaf recover
Rocky mountain forest
Bamboo
Road

HABITAT
1
1
1
1
1
0
0
1
0
1
1
1
1
1
1
0

L_R_HCM
0.25
0.25
0.25
0.50
0.50
0.25
0.25
0.00
0.00
0.50
0.50
0.50
0.50
0.25
0.50
0.00

L_R_Bor
0.25
0.25
0.25
0.50
0.50
0.25
0.25
0.00
0.00
0.50
0.50
0.50
0.50
0.25
0.50
0.00

L_R_Loc
0.25
0.25
0.25
0.25
0.25
0.40
0.00
0.00
0.00
0.25
0.25
0.25
0.50
0.25
0.50
0.00

L_Hyd_L
1.00
1.00
1.00
0.75
0.75
0.75
0.75
1.00
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.00

L_Hyd_S
0.75
0.75
0.75
0.75
0.75
0.50
0.50
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.50
0.00

L_Rural
0.75
0.75
0.75
0.50
0.50
0.00
0.50
0.75
0.25
0.50
0.50
0.50
0.50
0.50
0.50
0.50

L_Urb
0.75
0.75
0.75
0.25
0.25
0.50
0.00
0.75
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.75

L_Agr
0.25
0.25
0.25
0.25
0.25
0.25
0.00
0.75
0.00
0.25
0.25
0.25
0.25
0.25
0.25
0.00

Trade-Off Analysis between Ecosystem Services, Habitat Quality, and Development Plans:
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Note: L_R_HCM = Ho Chi Minh road, L_R_Bor = national border road, L_R_Loc = local road, L_Hyd_L = large hydropower plant, L_Hyd_S = medium, L_Urb = urban areas and small
hydropower plan t, L_Agr = agriculture location, L_Rural = rural areas, L_Tour = tourism location

LULC
5
12
15
22
23
41
42
91
99
101
102
103
104
105
106
111

Table A2. Relative sensitivity of each habitat type to each threat to landscape

Appendix 3. Sensitivity of Habitat Type and Threat to Landscape
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L_Tour
0.00
0.00
0.00
0.00
0.25
0.50
0.75
0.75
0.25
0.75
0.75
0.75
0.75
0.50
0.50
0.75

NAME
Paddy rice
Crop land
Perennial crop land
Rehabitation forestation
Productive forest
Rural
Urban
Water body
Unused
Broadleaf rich
Broadleaf medium
Broadleaf poor
Broadleaf recover
Rocky mountain forest
Bamboo
Road

HABITAT
1
1
1
1
1
0
0
1
0
1
1
1
1
1
1
0

L_R_HCM
0.25
0.25
0.25
0.50
0.50
0.25
0.25
0.00
0.00
0.50
0.50
0.50
0.50
0.25
0.50
0.00

L_R_Bor
0.00
0.00
0.00
0.25
0.25
0.00
0.00
0.00
0.00
0.25
0.25
0.25
0.25
0.00
0.25
0.00

L_R_Loc
0.25
0.25
0.25
0.25
0.25
0.40
0.00
0.00
0.00
0.25
0.25
0.25
0.50
0.25
0.50
0.00

L_Hyd_L
0.75
0.75
0.75
0.50
0.50
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.25
0.00

L_Hyd_S
0.50
0.50
0.50
0.50
0.50
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.25
0.00

L_Rural
0.25
0.25
0.25
0.50
0.50
0.00
0.25
0.50
0.30
0.25
0.25
0.25
0.25
0.25
0.50
0.25

L_Urb
0.25
0.25
0.25
0.25
0.25
0.25
0.00
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

L_Agr
0.25
0.25
0.25
0.25
0.25
0.25
0.00
0.50
0.00
0.25
0.25
0.25
0.25
0.25
0.25
0.00

L_Tour
0.00
0.00
0.00
0.00
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
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Note: L_R_HCM = Ho Chi Minh road, L_R_Bor = national border road, L_R_Loc = local road, L_Hyd_L = large hydropower plant, L_Hyd_S = medium, L_Urb = urban areas and small
hydropower plan t, L_Agr = agriculture location, L_Rural = rural areas, L_Tour = tourism location

LULC
5
12
15
22
23
41
42
91
99
101
102
103
104
105
106
111

Table A3. Expected relative sensitivity of each habitat type to each threat to the landscape after applying management solutions

Appendix 4. Relative Sensitivity of Habitat and Threat to Landscape

Appendix 5. Threat Sources and Status of Habitat Quality in Pù Mát National Park

a. Current large hydropower plans

b. Current border road

c. Current local road

d. Current HCM road filtered

e. Current rural area

f. Current tourism site

g. Current small and medium
hydropower plants

h. Current agriculture

Figure A1. Major sources of threat and status of habitat quality, Pù Mát National Park
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