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Foreword

This report gives an overview of the
current status and potential future
of the principal ecosystems of the
Greater Mekong Subregion (GMS) and, by association,
the well-being of millions of people who are dependent
on the region’s ecosystem services.
It highlights forest and freshwater ecosystems, and some of the most endangered
species these ecosystems support. It explores some of the main drivers of ecosystem
change and how these have impacted and will likely continue to impact the region’s
valuable natural capital if current practices and policies prevail. To highlight some
of the options facing the region, an “Unsustainable Growth” scenario based on
some current trends is contrasted with an alternative future scenario based on a
“Green Economy”, based on systematic planning, strong conservation policies and
sustainable development. The scenarios and accompanying maps are based on best
available information at the present time. The scenarios will be refined as more
complete data becomes available and used as the basis for strategic planning.
Purpose of this report
The GMS is one of the most biologically diverse places on earth. About 70 million
people depend directly on its ecosystems for food, water, livelihoods and other
vital services. In addition, natural resources and ecosystems have been fuelling
the region’s rapid economic development. Despite the vital importance of natural
ecosystems in providing food, water and energy security, and the central role they
play in the region’s development, a comprehensive and up-to-date assessment of the
status of key ecosystems is lacking. Available evidence suggests that pressures from
development and other human activities are seriously degrading these ecosystems.
Climate change is exacerbating this situation.
This report is based on recognition of the strong interaction between ecosystem
integrity, sustainable economic development and human well being. These linkages
are articulated in a series of influential global studies (e.g., MEA, 2005; ten Brink,
2011) and are accepted intuitively by GMS countries (see GMS Strategic Framework),
but continued degradation of natural ecosystems and the services they provide
suggests that they are not well appreciated or appropriately valued. Thus, the first
aim of the report is to take stock of some key ecosystems of the GMS to highlight
what is at stake for the subregion’s economy and heritage. We hope it will inform
policy and decision-makers, as well as the private sector, donors, development and
conservation organizations, and the general public.
The need for a stock taking is especially important because of major changes
taking place in land use and investments in infrastructure. Most of these changes
are inconsistent with the stated goals of the GMS countries to green their
economies, strengthen resilience to climate change impacts and achieve sustainable
development. For example, the current 10-year GMS Strategic Framework (approved
in December 2011) stipulates as high-level outcomes reduced biodiversity loss,
reduced greenhouse-gas emissions and reduced poverty. Thus, another purpose
of the report is to show that these goals will be more feasible to achieve under an
economy that emphasizes investments in maintaining natural capital than one that
depletes natural capital. WWF hopes that the report will help to catalyse a high-level
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dialogue on how better to manage and conserve the region’s shared ecosystems. This
is facilitated by reference to two alternative scenarios, representing possible futures
along a spectrum between unsustainable and sustainable use.
The analyses in this report were completed using an ecosystems lens. This approach
has limitations (see Chapter 2 for details) because, for example, data on forest
or freshwater ecosystem conditions is not readily available at the scale of the
entire GMS. Much of the data available for forests, for example, does not allow
for discerning differences between relatively intact and degraded forests or even
distinguishing natural forests from plantations, most of which are single-species.
These distinctions, however, are crucial because biologically diverse natural
forests, which are well connected at landscape scales, are the main storehouses of
the region’s globally important biodiversity and provide many ecosystem services
beyond those provided by single-species plantations. WWF has drawn on multiple
data sources to provide the best available information but we recognize that serious
gaps in our knowledge still remain.

Forests supply ecosystem services, including:
carbon sequestration; protection against
floods, landslides, avalanches, ocean surges
and desertification; provision of clean
water, medicines, timber, non-timber forest
products, crops and fish; pollination services;
soil stabilization; sources of clean water;
space for recreation; and places sacred to
the world’s various faiths
(MEA, 2005; ten Brink, 2011).
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Executive summary

The Greater Mekong Subregion
(GMS: Myanmar, Thailand,
Cambodia, Laos, Vietnam,
and Yunnan and Guangxi in China) is undergoing
unprecedented changes.

The Greater
Mekong
subregion
risks losing
more than a
third of its
remaining
forest cover
within the
next two
decades.
(WWF, 2013)

Many of these are positive, reflecting political stabilization and economic growth
following decades of poverty and conflict. But the rate and type of development is
also threatening critical natural resources, particularly native forests, the Mekong
River and its tributaries, and many wild plant and animal species. The GMS faces
a critical choice: it can either continue with unsustainable development and see
many of its unique natural resources disappear forever or switch policies and
choose a more sustainable path into the future. This report gives an overview of
what is happening, and provides key recommendations for how natural resource
management can be made more sustainable.
The core of the report is a series of maps, developed by WWF, describing the
historical trends, current status and future projections of forests in the GMS
excluding China. Future projections for the period 2009 to 2030 contrast two
scenarios; an unsustainable growth scenario, which assumes deforestation rates
between 2002 and 2009 continue, and a green economy scenario, which assumes a
50 per cent reduction in the annual deforestation rate relative to the unsustainable
growth scenario, and no further losses in key biodiversity areas.
Forests
Recent changes: between 1973 and 2009, the GMS (excluding China) lost just
under a third of its forest cover (22 per cent in Cambodia, 24 per cent in Laos and
Myanmar, and 43 per cent in Thailand and Vietnam) according to WWF’s analysis.
In official statistics for tree cover across the whole of the GMS, these losses are
partially masked by large-scale plantation establishment in Vietnam and China,
where there has been a gradual replacement of natural forests by monoculture
plantations. Myanmar accounted for over 30 per cent of total forest loss in the GMS
over this period. At the same time, forests became far more fragmented: large areas
of intact forest (core areas) declined from over 70 per cent of the total in 1973 to only
about 20 per cent in 2009.
Projections: by 2030, under the unsustainable growth scenario, another 34 per
cent of GMS forests outside China would be lost and increasingly fragmented, with
only 14 per cent of remaining forest consisting of core areas capable of sustaining
viable populations of wildlife requiring contiguous forest habitat. Conversely, under
the green economy scenario, core forest patches extant in 2009 would remain
intact, although 17 per cent of GMS forests would still be converted to other uses.
Regardless of scenario, deforestation “hotspots” include the margins of large
forest blocks remaining in Cambodia, Laos and Myanmar. The model suggests that
deforestation in Vietnam will be distributed in small pockets across the country,
although the greatest losses are anticipated in parts of the Central Highlands and
northern provinces. This report also contains a map, constructed from historical
patterns, of likelihood of conversion of any particular forest block, based on the
distances from roads, non-forest areas, water, cities, and new and planned mines,
along with elevation and slope.
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The Mekong
River supports
the world’s
largest
and most
productive
inland fishery,
at least 35
per cent of
which depends
on migratory
species

Freshwater
The Mekong river basin contains one of the most productive and diverse river
systems on Earth. Its connectivity and natural variability of flows support
exceptional productivity, while sediments and nutrients sustain the landforms,
agriculture, and marine fisheries of the Mekong Delta. The Mekong river system
supports the world’s largest and most productive inland fishery at least 35 per cent
of which depends on migratory species. Thirteen unique, yet connected, ecosystems
exist. Despite long-term intensive human use, the freshwater system has maintained
connectivity between 11 of the 13 ecosystems in about 60 per cent of the system by
area. The growing need for energy in the GMS has led to an unprecedented rate of
dam building, impacting on freshwater ecosystems, the river’s connectivity and flow,
and the people that rely on these. Eleven dams are planned on the Mekong main
stem. Main stem dams:
•
•
•
•
•

Cause ecosystem collapse and biodiversity loss;
Hinder movements of fish up and down the river system to grow or spawn;
Harm wild fisheries in Laos, Thailand and Cambodia;
Reduce sediments and nutrients that build and feed the delta’s productivity;
Degrade the functionality of the whole interconnected ecosystem.

Other major river systems in the region face similar challenges, but there are
opportunities to benefit from lessons learned from experience in the Mekong basin.
Wild species
The report maps the enormous decline in range of several important and iconic
species of the region: the tiger, elephant, Irrawaddy dolphin and endemic saola,
along with the historical range of the Javan rhino, now extinct in mainland SE Asia
since April 2010. All the species described face the same fate as the rhino unless
conservation becomes more effective.

© Elizabeth Kemf / WWF-Canon

The Mekong Delta is one of the most fertile and productive deltas in the world.
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Drivers of change
WWF identifies four key drivers of change of the region’s ecosystems:
1. Human population growth and increasing population density, along with
worsening income inequality;
2. Unsustainable levels of resource use throughout the region, increasingly driven
Fish supply
by the demands of export-led growth rather than subsistence use;
from the
3. Unplanned and frequently unsustainable forms of infrastructure development
(dams, roads and others);
Mekong
River could be
4. Government policies, along with lack of integrated planning, poor governance,
corruption and wildlife crime on a massive scale.
cut by close to
40% if all
planned
Recommendations
The report outlines ten recommendations, which WWF believes will enable GMS
hydropower
countries to achieve their aspirations of building greener economies:
projects are
1. Halt impacts to ecological patterns and processes that are at their breaking point.
Key actions in this regard include:
built
(Orr et al. 2012)

• Preventing further conversion of primary forest in the GMS;
• Preventing the construction of dams on the main stems of major rivers, and
supporting only sustainable hydropower projects on select tributaries;
• Implementing species-specific conservation and recovery actions for endemic
species; and
• Ceasing the illegal wildlife trade.

2. Significantly increase the level of integration, the spatial scale, and the timeframe
of planning.
3. Commit sufficient and sustainable financing for conservation.
4. Incorporate the values of ecosystems and the services they provide into decisionmaking.
5. Insist on greater responsibility of companies operating in or purchasing from
the GMS.
6. Improve regional and international consultation and cooperation.
7. Empower communities and civil society to more significantly and effectively
participate in decision-making.
8. Enforce existing laws, policies, and regulations.
9. Ensure effective and representative protection of the region’s natural heritage.
10. Restore natural capital in strategic areas.
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1. Introduction

The Greater Mekong Subregion is
one of the most biologically and
culturally diverse places on the
planet, yet one facing tremendous pressures to utilize
its vast natural resources quickly and sometimes
without adequate planning or safeguards.

The Greater Mekong Subregion (GMS) (Figure 1.1) consists of Myanmar, Thailand,
Cambodia, Laos, Vietnam, and Yunnan and Guangxi in China. It is one of the most
biologically and culturally diverse places on the planet, yet one facing tremendous
pressures to utilize its vast natural resources quickly and sometimes without
adequate planning or safeguards. Most ecosystems have already been greatly
reduced in extent and their condition severely degraded by centuries of human
exploitation – exploitation that has increased rapidly in the past two decades and
shows little sign of slowing (Asia Pacific Forestry Commission, 2011). Diverse forest
and freshwater systems provide food, livelihoods and other ecosystem services
to tens of millions of people1 (Figure 1.2), yet they have become precariously
fragmented and are further threatened by plans for massive infrastructure
development. Iconic species, including tiger and elephant, and species unique to
the region, such as the saola (Pseudoryx nghetinhensis), a forest-dwelling bovine,
occur in only a small portion of their former ranges. Many challenges including the
legacy of recent wars (Loucks et al, 2009) and ongoing conflicts, poor governance
(PROFOR, 2011) and high incidence of wildlife crime and timber poaching (Lawson
and MacFaul, 2010) all increase the pressures on natural systems. Recently problems
of protected area downgrading, downsizing, and degazettement (PADDD; Mascia
and Pailler, 2011) and land-grabbing (Human Rights Watch, 2011; Vrieze and Naren,
2012) of various sorts have become more significant.
The region’s dependence on its natural ecosystems means that governments,
communities, development banks and the private sector are increasingly recognizing
the importance of collaborating to maintain the functions these ecosystems provide.
This is already happening, in the form of the Mekong River Commission (MRC),
albeit still imperfectly (Ratner, 2003). Other critical cooperative initiatives include
official joint agreements by environment ministers from the six GMS countries
to develop a “green, inclusive, and balanced economy” that values and conserves
the productivity of natural systems and incorporates environmental aspects into
national development planning (Greater Mekong Subregion Economic Cooperation
Program, 2011). Awareness of the importance of natural resource management
is increasing across the region. At the same time, standards of living are rising,
freeing more people from the poverty trap and allowing them space to think about
sustainability and natural resource management. A new air of optimism is growing
in the region after decades in which many countries have suffered serious political
conflicts and human rights abuses.
However, the current rapid rate of damage requires equally fast reaction if
permanent environmental degradation is to be avoided. Cooperative action needs
to increase fast enough to halt and reverse the current levels of conversion and
degradation. The majority of the region’s globally important biological heritage
and supporting ecosystems occur in landscapes that cross political boundaries,
1

wwf.panda.org/what_we_do/where_we_work/greatermekong/discovering_the_greater_mekong/people_
of_the_greater_mekong
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© Zeb Hogan / WWF-Canon

Few places on Earth demonstrate so dramatically the fundamental link between people and nature.

necessitating regional collaboration that reaches all levels and is long term.
Cooperation, together with political will and financial investment, is needed both to
conserve the remaining ecological systems and to restore formerly diverse terrestrial
and freshwater ecosystems as a risk management strategy in the face of climate
change and other environmental pressures. The differing histories, economies,
political systems and regional tensions present challenges to such cooperation
(Ratner, 2003). At this crossroads moment, regional decision-makers must invest
in protecting remaining natural capital as a building block for a diverse, stable and
sustainable green economy that maintains the region’s productivity and diversity for
the long-term well-being of its citizens.
Fortunately, building greener economies in the GMS is well within reach because
the subregion is still rich in natural capital. In fact, the GMS boasts some of the
highest ecosystem services values in the world (Figure 1.2). These high values are
attributable to the many services provided by the region’s diverse natural ecosystems
and the fact that these services continue to benefit millions of people (Figure
1.2). The GMS’s relative wealth in terms of natural capital provides it with many
advantages compared especially with its mainland Asian neighbours (Figure 1.2
inset). For example, the GMS’s high forest carbon stocks (Figure 1.3) and high
biodiversity should help secure forest carbon financing through programmes to
reduce emissions from deforestation and degradation (REDD+). Commitment and
cooperation of many actors and institutions from local to subregional levels will be
required to realize such investments.
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Scenarios
The region is already undergoing severe losses of natural resources and ecosystem
function, and these losses are likely to continue unless significant threats from
planned infrastructure and demand for resources are addressed and decisions are
taken to invest in maintaining the region’s natural capital. As part of its analysis,
WWF developed two contrasting scenarios, one looking at what will likely happen
if things develop without due attention to managing natural resources responsibly
(unsustainable growth) and the other looking at options for a more sustainable
future (green economy). These scenarios represent examples of many possible
futures. They are used here to help policy-makers consider the implications of
decisions they make now on the subregion’s natural capital and in particular its
natural ecosystems. Such scenarios mirror the approach used in the WWF Living
Planet Report, published every two years as a major state-of-the-planet report
(WWF, 2012). In the current study, WWF modelled the forest change analysis. The
assumptions used in building the scenarios for this purpose are explained in Chapter
2 (see Box 5). Further descriptions of these scenarios are included in other sections
as a basis for discussion. Thus, the scenario descriptions below and in other chapters
should be read as contrasting storylines intended to catalyse dialogue about the
region’s future development. The green economy scenario constitutes an outline of
WWF’s vision for the region.
Unsustainable growth
This scenario assumes a sustained high demand for land and agricultural products,
coupled with weak institutions and governance, together leading to continued
region-wide forest loss and degradation, which is assumed to continue at a constant
rate. Forces of greater industrialization and urbanization, as well as agricultural
intensification and rural out-migration, which might be expected to slow the rate of
forest loss, are balanced by higher demand for forest products. Illegal logging and
forest clearing continues, particularly near existing agricultural areas, but also even
in protected areas.
For a region with its natural capital already under severe stress, an unsustainable
growth strategy is likely to effect a sharp deterioration of ecosystem viability and
ecosystem services. Accelerating subsistence and market demand from within
and outside the subregion for land, cash crops and wood products leads to further
loss and degradation of remaining forests in all countries (FAO, 2011b), including
increasing encroachment in protected areas. Conversion of forest to agriculture
remains high, particularly in lower-income Cambodia, Laos and Myanmar (FAO,
2011b). Poor governance and weak rule of law facilitates illegal timber harvesting on
a large scale. Other drivers, such as land grabbing by foreign governments and large
corporations, and badly managed and poorly planned economic land concessions,
hamper implementation of sustainable forest management.
Loss of forest cover from important montane and coastal areas puts resident
communities at increased risk from natural disasters. In middle- and upperincome GMS countries such as Thailand and Vietnam, greater industrialization,
urbanization and agricultural intensification slow or reverse the rate of forest loss in
some areas, though the demands of a large population for energy and fluctuations in
food prices continue to drive forest degradation and loss.
Forest loss increasingly degrades natural capital and associated environmental
services (FAO, 2011a; Achard et al., 2002), which, in turn, can promote further
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degradation. In the near future, government policies tend to prioritize rapid
economic growth at the expense of protecting environmental services or longer-term
returns. Implementation of green economy polices is hindered by a lack of enabling
conditions or other factors, and is too weak to offset the drivers of degradation.
Within government, there is poor understanding and/or implementation of forest
management, poor coordination among forestry and other sectors (e.g. energy,
agriculture, mining), and inadequate funding for and coordination of adaptation
activities. This continues to undermine the capacity of forests in the GMS to adapt
to climatic changes and provide ecosystem services to help human communities
adapt to expected climate change. Low wages, a system of patronage and
widespread corruption further weaken efforts at sustainable management. Focus on
technological fixes rather than maintenance and restoration of natural capital fails to
mitigate impacts of climate change or rehabilitate degraded ecosystem services.
Green economy
A green economy scenario incorporates systematic land-use planning, as well as
institutional and market mechanisms designed to reduce human impacts and allow
degraded ecosystems and their associated natural capital to recover while generating
sustainable financial flows. Consequently, this scenario assumes deforestation
throughout the subregion will be 50 per cent less than under the unsustainable
growth scenario, and virtually zero in protected areas and other key biodiversity
areas (see Box 5 for details).
Applying enhanced knowledge, revenue and political stability, countries across the
GMS adopt strategies to reduce human impacts and allow degraded ecosystems and
the natural capital and environmental services they provide to recover:
1. “Climate-smart” planning (Kareiva et al., 2008) is implemented for sustainable
low-carbon growth throughout the region.
2. Newly developed financing mechanisms are applied to support restoration of
diverse forest cover by replanting native species, alongside ongoing mono-specific
plantation establishment.
3. Institutional and formal market mechanisms, such as ecotourism and payments
for environmental services (PES), develop and advance to protect forests while
providing livelihoods (Chaudhury, 2009)
4. Illegal logging and forest clearance are addressed through processes such as the
European Union’s FLEGT Action Plan and Timber Regulation, the amended
Lacey Act in the United States and similar initiatives being developed in other
consumer countries
5. Ecologically representative protected area systems are completed throughout
the GMS, with regulations enforced, poaching controlled and the system
effectively managed.
6. Reducing emissions from deforestation and degradation (REDD+) projects
(Chenery et al., 2009) are employed to enhance forest carbon stocks, including
in protected areas, and to stabilize and reconnect remaining forest patches.
These efforts, in turn, help reduce regional impacts of climate change and generate
financing for sustainable rural development. With improved governance and
associated management of forests and protected areas, natural ecosystems and
their endangered species are expected to recover.
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Figure 1.1.
The Greater Mekong
Subregion (GMS)
with principal features
(topography, Mekong River
and delta, major cities).
Credit: WWF.
Data Source: elevation
data: NASA Shuttle Radar
Topography Mission (SRTM)
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Figure 1.2. (below)
Estimated values (US$/
ha/year) of ecosystem
services (including food,
water, fibre, climate
regulation, water
protection and erosion
control) realized by
individuals across the
planet, and the GMS
(inset).
Areas with brighter yellow
have higher ecosystem
service values because they
provide many services and
many people are benefiting
from them. The GMS stands
out in mainland Asia for
its high ecosystem service
values. These high values
are attributable to the fact
that the subregion’s natural
capital, although degraded
over the past several decades,
is still relatively intact.
(Source: Turner et al., 2012).
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Forests in the Greater
Mekong Subregion store
more than 320 million
tonnes of carbon
(Saatchi et al. 2011)
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Figure 1.3.
Forest carbon stored in
forests of the GMS.
Across the GMS, forests store
an estimated 320 million
tonnes of carbon. Source:
Saatchi et al., 2011.
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2. Forest ecosystems

Introduction and changes
over the past 50 years

Before the 1970s, the GMS was a highly forested region. Wet evergreen forests
covered the Cardamom and Elephant Mountains of Cambodia and the Annamites in
Vietnam, while evergreen, semi-evergreen and dry dipterocarp forests dominated
the landscapes of northern and central Thailand, Laos and Cambodia (MRC, 2003)
(Figure 2.1). In contrast to the Lower Mekong region, natural forests in Yunnan
and Guangxi were heavily exploited after the People’s Republic of China was founded
in 1949, and by the 1970s large areas of primary forest had been degraded to postextraction secondary forests (Zaizhi, 2001). These included a significant proportion
of China’s tropical rainforests and subtropical evergreen broadleaved forests,
originally distributed across Yunnan, Guangxi and other parts of the country’s
southern subtropical zone (Dai et al., 2011).

The Greater Mekong
has retained about
98 million hectares
of natural forest,
just over half
of the region’s
land area.
(WWF, 2013)

Most of the natural forest ecosystems of the GMS are now reduced, severely
fragmented or degraded (Chaudhury, 2009; Stibig et al., 2007). Large areas
of lowland forest have been cleared, primarily for rice and other agricultural
production, increasingly by industrial actors rather than individual farmers. State
restrictions on industrial logging and growing demand for timber in China, Thailand
and Vietnam have resulted in indirect land-use change in other countries of the GMS
and further afield through increased timber harvesting for export (Global Witness,
2009; Meyfroidt and Lambin, 2009; WWF, 2009). In addition to logging concessions
and illegal forest conversion, some forests are in effect bartered by being exchanged
as in-kind payment during infrastructure development projects; this system tends to
be particularly wasteful of forest resources.
Among the other drivers of forest conversion is the production of export
commodities such as rubber, sugar, rice (Baumüller, 2008) and, increasingly,
biofuels (Yang et al., 2009). Some natural forests are also being replaced by tree
plantations (Moeliono et al., 2010). Mangrove forests have been cleared for several
alternative land uses including rice production and shrimp farms throughout the
region. Large expanses of mangroves were destroyed with defoliants in the Mekong
Delta in the 1960s and 1970s during the war (Quy, 2005). Between 1980 and 2005,
Lower Mekong countries (Cambodia, Myanmar, Thailand and Vietnam) lost an
estimated 222,650ha of mangroves (see Table 2.1).
The clearing of forests along major rivers threatens hydrologic and ecological
processes (Chapter 3) and the well-being of human cultures that have adapted to the
high productivity of floodplain ecosystems. Forest clearing on steeper terrain has
been more recent, reflecting the increasing demand for wood products, agricultural
land and accompanying infrastructure. Natural forest habitats, along with their
resident wildlife (e.g., Baltzer et al, 2001; Tsechalicha and Gilmour, 2000 – see
Chapter 4), face virtual elimination outside of protected areas if current development
trends toward intensive agro-industry continue.

Ecosystems in the Greater Mekong: past trends, current status, possible futures

WWF Greater Mekong final print.indd 16

page 16

16/09/2013 11:43

Ecosystems in the Greater Mekong

Forest loss and degradation in the GMS is a major source of greenhouse gases (ADB,
2009). Individual country statistics give a picture of what is happening. FAO data
indicates that between 1990 and 2005 average annual emissions from deforestation
in Cambodia totalled 84 million tonnes and in Myanmar 158 million tonnes (Table
A2, World Bank, 2010). In 2010, emissions from deforestation and degradation were
estimated at 60 million tonnes in Laos (Climate Investment Funds)1. More recent
estimates of emissions based on remote sensing data and spatially explicit analyses
are more conservative. Based on a global, spatially explicit analysis of forest extent
and loss, between 2000 and 2005, median annual emissions from deforestation in
the GMS (except China) totalled 76 million metric tonnes (calculated from Table S2
in Harris et al., 2012).

Table 2.1
Mangrove loss (ha) in
Lower Mekong countries
between 1980 and 2005.
Source: The World’s
Mangroves 1980-2005
(FAO Forestry Paper 153,
Chapter 5)
Note: China is excluded
from this analysis because
of a lack of data. However,
recent assessments indicate
that mangrove forests in
Guangxi have been similarly
converted and degraded over
time. According to Chen et
al. (2009), in 2002 Guangxi’s
remaining mangroves
covered only 8,375ha.

1980

1990

2000

2005

Cambodia

91,200

82,400

73,600

69,200

Myanmar

555,500

536,100

516,700

507,000

Thailand

280,000

250,200

244,100

240,000

Vietnam

269,150

213,500

157,500

157,000

Natural forest loss needs to be distinguished from changes in overall land area
under tree cover. Concurrent with the loss of native forests in the GMS, the overall
area under trees in Yunnan and Guangxi in China, and in Vietnam, has increased
dramatically owing to large-scale reforestation and afforestation efforts. In Vietnam,
reforestation has been mainly with monoculture plantations of exotic species (MRC,
2003), particularly acacia and eucalyptus. Similarly, in China, most of the increase in
forest cover has come from plantations, including shelterbelts, economic tree crops
and orchards (Rozelle et al., 2003; Song and Zhang, 2010).
According to national reports, the establishment of new forest cover in China and
Vietnam has driven a regional forest “transition” in the GMS, with overall forest
cover increasing by about 8.1 million hectares between 1990 and 2010. WWF
welcomes the substantial efforts that the countries of the GMS have made to
provide a secure supply of timber and other products by establishing plantations,
particularly in China and Vietnam. Well-managed plantations (ideally certified to
Forest Stewardship Council standards or equivalent) can provide a range of goods
and services for industries and local communities. However, plantations cannot
be viewed as equivalent to natural forests in every respect. Most plantations, and
in particular fast-growing plantations, support only a small range of wild species,
and do not supply a full range of ecosystem services. For local communities, tree
plantations do not supply non-timber forest products such as fodder, medicines and
foods, although they can provide fuelwood and housing timber. Plantations can also
reduce erosion and protect against extreme weather, thus helping to stabilize local
farming systems. They therefore have an important role in the landscape, but only
as one part of a sustainable forest mosaic that combines natural forests, plantations,
agricultural land, infrastructure and settlements to meet the needs of multiple
stakeholders (Chenery et al., 2009; The Center for People and Forests, 2012).

1

See https://www.climateinvestmentfunds.org/cifnet/?q=country/lao-peoples-democratic-republic
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Forest change analysis: methods, assumptions and limitations
The forest change analysis presented in the next sections of this chapter was
motivated by the need to understand where the change in forest cover is happening,
not just what form it takes. Conservation planners use the kind of spatially explicit
analysis presented below to plan and prioritize conservation actions. Likewise, to
allocate land uses effectively and efficiently, and achieve as many of the benefits
from land and especially forests as possible, decision-makers need to understand
forest trends across the landscape. Without such information, it is difficult to direct
resources and actions appropriately toward hotspots of deforestation or degradation,
or to develop and implement policies that enable actions to reduce deforestation and
enhance the supply of forest goods and services.

In 2000, land-use
change and the
forestry sector
contributed 75 per
cent of Southeast
Asia’s emissions.

Assessing forest change in a spatially explicit way is increasingly possible due
to the greater availability of remote sensing imagery, tools and approaches for
interpreting this imagery in robust ways. The maps presented below are based on the
best available interpreted data. As such, they represent a state-of-the-art, spatially
explicit assessment of forest change over the period 1973-2009.
The WWF analysis marks a step forward in our understanding of the dynamics of
forest cover in the GMS. However, it remains approximate. Box 1 explains some of
the constraints faced by the WWF analysts, how these were addressed, and what
limitations remain. The WWF analysis also differs in methodological approach
from the FAO Global Forest Resource Assessments, which we also draw on in this
report. Box 2 explains how and why the FAO data are different and thus why WWF
undertook a separate, spatially explicit analysis of forest cover.

(ADB, 2009)

Mitigation actions should put priority on efforts
to avoid deforestation, encourage reforestation
and afforestation, and promote sustainable
forest management in the forestry sector
(ADB, 2009)
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Box 1. Limitations of the forest change analysis
WWF had to confront various challenges to produce
the maps shown in Figures 2.1, 2.3, 2.4, 2.5 and the
corresponding maps in Appendix I. Major challenges
and our solutions are described below.
Challenge: Processing and interpreting primary
remote sensing data is very time consuming and cost
prohibitive.
Solution: WWF used secondary (i.e., processed)
datasets (see Online Methodology and Appendix II
for source information).
Challenge: Remote sensing data at appropriate and
similar resolution was not necessarily available for
all countries for the same time periods of the change
analysis.
Solution: WWF compiled comparable data for the
GMS countries for five years over the past 50 years
– 1973, 1985, 1992, 2002 and 2009 – from different
datasets (see Online Methodology and Appendix
X.X for source information). Unfortunately, data
for Yunnan and Guangxi was not available for these
years, so we excluded China from the analysis. Data
for Vietnam was also unavailable for 1992, but was
available for all other time steps so we were able to
include Vietnam in the analysis.
Challenge: The lack of data for Vietnam in 1992 and
also cloud cover obscuring some land areas in all the
countries posed a substantial problem.
Solution: We assumed that any area (pixel)
classified as forest in the most recent point in time
should be classified as forest in previous time steps.

For Vietnam, this assumption meant that any area
classified as forest in 2002 would also be classified
as forest in 1992. For areas obscured by clouds
(anywhere in the region) in 1973, 1985 and 1992, but
classified as forest in 2002, we also classified them as
forest for the previous years. We recognize that this
approach may, in some cases, misclassify non-forest
areas that were afforested or reforested between
earlier years and 2002, particularly in Vietnam.
Challenge: Due to seasonal flooding especially in
coastal areas, but also in some low-lying areas, as
well as wetland drainage and dam construction,
we found that areas classified as forest in one year
became water in a subsequent year or vice versa.
Solution: WWF did not attempt to modify the
results because we did not have the resources to
ground-truth the imagery and because the proportion
of areas where we encountered this challenge was
relatively small and mostly near the coasts. We
point out this challenge here because there are slight
inaccuracies in the change statistics (among the three
classes: water, non-forest and forest).
Challenge: Available remote sensing datasets do not
distinguish between plantations and natural forest,
or relatively undisturbed and degraded forests.
Solution: WWF could not overcome this challenge;
thus, all maps and statistics reported from the
analysis include plantations and natural forests. One
of the key messages of this report is that investments
in monitoring must be made to overcome this
challenge in the near future.
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Box 2. The FAO Forest Resource Assessment
All six countries in the GMS provide periodic forest inventory data to the FAO,
which is aggregated in FAO’s Global Forest Resource Assessments; this data is
useful primarily for assessing overall trends at the national level. The data is
used by most organizations and in public documents because it constitutes the
official statistics of each country. However, the countries reporting to FAO do
not necessarily use the same definition of forest. Plantations (including oil palm,
rubber, and other single-species tree crops) are often considered to be forests.
Other challenges include a lack of completeness and comparability in national
data, stemming from wide variations in measurement and estimation techniques
(Grainger, 2008). Most importantly for the purposes of this report, the FAO data
is in many cases not based on spatially explicit trend analyses, making it difficult
for decision-makers to take action in specific locations where changes in forest
cover or condition are most worrisome. By using spatially explicit data WWF
has been able to track where forests still exist, where they have only recently
disappeared and, through a trends analysis, where they are most highly at risk.

Current status and trends
WWF’s forest cover change analysis indicates that the GMS, minus Yunnan and
Guangxi, still retains about 98 million hectares of forest (Figure 2.1), just over half
of its land area. By contrast, the most recent Global Forest Resources Assessment
(FAO, 2010) provides an equivalent figure of about 90 million hectares, of which
only 13 per cent is primary forest, about 10 per cent is in tree plantations, and
the remainder (about 75 per cent) is mostly degraded natural forest that, where
permitted, is naturally regenerating (Figure 2.2b, Corlett, 1994; FAO, 2010; FAO,
2011c) (see Box 3 for definitions of these categories). According to FAO (2010),
primary forest has virtually disappeared in Vietnam, is extremely low in Cambodia,
and is scarce in Laos, Myanmar and Thailand (Figure 2.2b).
The WWF analysis allows us to draw a detailed picture of changing forest resources
in the region. Between 1973 and 2009, natural forest cover fell dramatically. The
GMS outside China lost just under a third of its forest cover. During this period, the
proportion of forests lost in each country was 22 per cent for Cambodia, 24 per cent
for Laos and Myanmar, and 43 per cent for Thailand and Vietnam (Figure 2.2a).
However, the different sizes of the various countries mean that their proportional
contributions to total forest loss vary. Forest loss in Myanmar accounted for about
31 per cent of total forest loss for the GMS, followed by Thailand (27 per cent),
Vietnam (24 per cent), Laos (12 per cent) and Cambodia (7 per cent, all figures
rounded). At the same time, forests became far more fragmented: intact core forest
areas declined from over 70 per cent of the total in 1973 to only about 20 per cent
in 2009. (see Figures 2.3a to 2.3d and Box 4 for an explanation)
WWF’s spatial analysis detected some forest gain during this period, mostly in
Vietnam as a result of national afforestation and reforestation programmes. This
forest increase occurred in the most fragmented areas – small patches, transition
forests and forest edges – and appears to have taken place in close proximity to areas
of forest loss. Not all of the gains in forest cover have been captured for Vietnam,
because of the missing data for 1992 and the potential misclassification of non-forest
areas as forest areas (see Box 1 above). These constraints may have led to an underestimation of the increase in forest cover in Vietnam and other countries.
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© Gerald S. Cubitt / WWF-Canon

Mixed deciduous forest in Huai Kha Khaeng Sanctuary, a UNESCO World Heritage Site in West Thailand.
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WWF’s analysis draws entirely on satellite imagery, whereas the data used by FAO
in its periodic Global Forest Resource Assessments is drawn primarily from country
reporting, some but not all of which uses remote sensing methods. Comparison of the
two datasets highlights some key differences:

Losses of natural
forest are likely
to remain highest in
Cambodia, Laos and
Myanmar, where
deforestation
from 2010 to 2020 is
projected at
4.8 million hectares
(FAO, 2009).

• WWF data describes a faster rate of annual decline for each country in terms of
percentage lost per year.
• The trends in WWF and FAO estimates were similar for Cambodia, Laos, and
Myanmar but differed for Thailand and Vietnam. The FAO estimates show very
little forest cover loss since 1990 for Thailand and a gain in forest cover for
Vietnam in contrast to WWF’s estimates of steady forest loss in both countries.
• In 2010, FAO reported an overall reduction in forest loss during the past decade,
whereas WWF has found a continuing increase (Figure 2.2a), with the greatest
rate of loss between 2002 and 2009. WWF attributes this difference to the
significant increase in forest cover in China (and in Vietnam according to FRA,
2010), which masked ongoing loss of forests in Laos, Cambodia and Myanmar.

Future projections
WWF’s Living Forests Report (Chapter 5, publication pending) identifies part of the
GMS as one of 10 “deforestation fronts”, where natural forest loss of several million
hectares is projected over the next 20 years. Projections for the future suggest that
the region will continue to suffer from elevated rates of natural forest loss over the
coming few decades, particularly in Cambodia, Myanmar and Laos, unless major
shifts of policy occur and are implemented on the ground, including application of
REDD+ and consumer-driven attempts to reduce the illegal timber trade, such as
FLEGT.
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Forest cover and naturalness

200km

Kunming

Nanning

Types of change

Mandalay

Fangcheng Gang
Hanoi

Forest to non-forest
No change in forest
Non-forest
Vientiane
Yangon

Bangkok

Figure 2.1.
Forest cover change in
the GMS 1973-2009.
Forest area has been reduced
from approximately 140
million hectares (73% of land
area) in 1973 to under 100
million hectares (51%) in
2009 (green colour), a 31%
decrease (in red).
Source: WWF-Greater
Mekong Programme based
on multiple datasets, see
appendix.
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Figure 2.2a.
Forest cover by area
and naturalness in the
countries of the GMS
(except China) for 2010.
Source: FAO, 2010.
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Figure 2.2b.
Change in forest area in GMS countries 1973-2009.
(Includes natural and planted forests).
Vietnam data unavailable for 1992. Yunnan and Guangxi data unavailable.
Source: WWF-Greater Mekong Programme based on multiple datasets, see Appendix).
The data shows an increased loss of forest in Myanmar during the period analysed, with a
major loss during the time step 2002-2009 (about 15% of loss, from 49 million hectares to
around 42 million hectares). Thailand and Vietnam both show a high rate of deforestation
during the whole analysis period, with a decrease in the latest one (2002-2009).
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Box 3. Levels of forest naturalness
Primary forest: largely undisturbed (directly) by humans and composed of
native plant species that have regenerated naturally. Primary forest over rich soils
in the GMS is complex in terms of structure (e.g. often having a tall, multi-layered
tree canopy with natural breaks caused by tree falls) and species composition,
with original suites of native plants, animals and fungi intact. In areas where soils
are shallower and more poorly developed, the primary dry forest is simpler in
terms of structure and composition but with a very productive understory, usually
supporting a diverse faunal assemblage.
Modified, disturbed (or degraded) forest: forest that has been substantially
logged, cleared or otherwise damaged but is still composed of native species and
will regenerate naturally.
Secondary forest: forest that has regenerated, usually naturally, on land
previously cleared or seriously disturbed by humans or by some extreme natural
causes, such as fire. Initially dominated by fast-growing trees, vines and shrubs
that form a short, single-layer canopy and provide shade needed for the climax
canopy to regrow.
Planted forests: composed of trees established through planting or seeding by
human intervention. Plantation forests are planted forests that comprise primarily
non-native tree species and are managed to produce commercial forest products or
provide an environmental service. In the GMS plantation forests primarily consist
of eucalyptus and acacia species.
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Forest fragmentation
In parallel to forest loss, once-intact blocks of natural forest are gradually being
fragmented. Fragmented forest comprises patches of natural habitat separated by
roads or other land uses. Fragmentation not only decreases total forest area: it also
isolates remaining patches and their resident species; increases the proportion of
edge habitat; dries soil; increases risks of fire; obstructs movements of wide-ranging
and migratory species; and facilitates entry of invasive species. Fragmentation also
often facilitates access by humans, including illegal access for bushmeat hunting and
poaching, leading to the “empty forests” syndrome. Increased fragmentation reflects
both loss of habitat and alteration of remaining habitat (Laurance, 1991; Corlett,
1994; Laurance et al., 2009).

Box 4: Fragmentation analysis
Forests were categorized into five levels of historical fragmentation for the years
1973, 1985, 2002 and 2009 (Figures 2.3a - 2.3d) and potential fragmentation,
under two future scenarios, for 2030 (Figures 2.6a - 2.6b). The levels, based on
a neighbourhood analysis of each pixel in the map surface (see Ritters et al., 2000),
can be described as follows:
Core: Interior zones within a continuous forest. The neighbourhood (a 7-pixel x
7-pixel window) is 100 per cent “forest”, and so are all neighbours of a pixel.
Patch: The neighbourhood is 40 per cent or less forest. Represents primarily
small patches of less connected forest dispersed from a core area.
Transition: Between core and patch typology, these represent areas with
approximately 40-60 per cent forest that are at the limits of connectivity. Lower
ends of the range (lower percentage of forest cover) will be more fragmented, while
higher ends (higher percentage forest) are more connected to core areas.
Edge: Represents forested pixels bordering “non-forest”.
Perforation: Represents an area of non-forest inside forest (like a
doughnut hole).
Forest in five levels of predicted fragmentation are presented for the year 2030,
under an unsustainable growth scenario (2.6a) and a green economy scenario
(2.6b), using the same levels of fragmentation (core, patch, transition, edge,
perforation) and methods of fragmentation analysis as above. For both scenarios,
the value of each pixel was generated using a combination of values for the
following parameters: distance to roads, distance to non-forest, distance to water
(coasts and rivers), elevation, distance to cities. The green economy scenario differs
by assuming a 50 per cent reduced deforestation rate (overall); no deforestation
inside protected areas, key biodiversity areas or “core areas”; and a 1km “no
deforestation” buffer on either side of rivers.
Source: WWF-Germany using the software created by DLR-Deutsches Zentrum
für Luft und Raumfahrt, and methodology from Riitters et al., 2000.
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Figure 2.3a.
Fragmentation index for
forests in the GMS, 1973
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Figure 2.3b.
Fragmentation index for
forests in the GMS, 1985.
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Figure 2.3c.
Fragmentation index for
forests in the GMS, 2002.
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Figure 2.3d.
Fragmentation index for
forests in the GMS, 2009.
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Forest futures
Many development pressures and trends indicate that natural forests will continue
to be converted in the GMS. WWF used a computer model to predict the likelihood
of any particular forest block being cleared based on its distance from roads, nonforest areas, water, cities and mines (new and planned), along with its elevation and
slope (see Box 5). This was combined with information on the location of historical
deforestation in relation to each variable, giving a rank of areas by likelihood of
conversion. The resulting map shows major areas of threat in Cambodia, western
Myanmar and southeast Thailand (Figure 2.4).

200km

Kunming

Nanning
Mandalay

Fangcheng Gang
Hanoi

Likelihood of deforestation
High

Low

Figure 2.4.
Risk map of likelihood of
conversion from forest to
no forest in the GMS
based on changes from 2002
to 2009 and on statistical
correlation with driver
variables (distance to roads,
rivers, cleared areas, and
mines, as well as elevation
and slope). Source: WWFGermany using Idrisi Taiga
Land Change Modeller
(Clark University, 2009).
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Future scenarios
The future scenarios summarized in the introduction were applied
to forests of the GMS excluding China (due to data limitations). It is
important to emphasize that we did not model climate change or otherwise
explicitly include climate change impacts in the land-use change model we used to
compare the scenarios. Nor did we include other potential drivers of change. The
key technical assumptions relating to the scenarios are described below in Box 5.
Modelling these scenarios indicates that by 2030, under the unsustainable growth
scenario, 34 per cent of GMS forests would be cleared (Figure 2.5) and become
increasingly fragmented (Figure 2.6a), with only 14 per cent of remaining forest
consisting of core areas capable of sustaining viable populations of wildlife requiring
contiguous forest habitat. Conversely, under the green economy scenario, core forest
patches extant in 2009 would remain intact (Figure 2.6b), although 17 per cent
of GMS forests would still be converted to other uses (Figure 2.5). Deforestation
“hotspots” regardless of scenario include the margins of large forest blocks
remaining in Cambodia, Laos and Myanmar (Figure 2.5). The model suggests that
deforestation in Vietnam will be distributed in small pockets across the country,
although parts of the Central Highlands and Northern provinces appear to suffer the
greatest losses (Figure 2.5).

Box 5: Assumptions about the scenarios
The unsustainable growth model assumes a constant rate of deforestation, which
is based on the observed 2002-2009 change from forest to agriculture. The
green economy scenario includes a 50 per cent overall reduction in deforestation
rate. Both models use “distance to agriculture” as a dynamic variable, which is
recalculated at yearly intervals. For every time step a new distance to agriculture
area is determined and used for the next time step.
The modelling of the variables related to past change (2002-2009) is done by
machine learning neural networks using Idrisi Land Change Modeller (Eastman,
2009). It takes samples of points that have changed, and samples of points that
have not changed, and adjusts a multivariate function in a series of iterations
(n=10,000) until criteria of accuracy are met, using a separate sample of random
points as validation. In each case, the models achieved an accuracy of 70-75
per cent.
Once these multivariate models have been created, the prediction is then
completed with transition probabilities from the known data sets, and uses Markov
chains to determine exactly how much land is expected to change and predict these
changes into the future.
Software: Eastman, J.R., 2009. IDRISI Taiga (Worcester, MA: Clark University).
Scenario 1: unsustainable growth Figure 2.5
The unsustainable growth scenario was produced using material from scenarios
developed according to different levels of willingness and ability to protect
forest services by 2020 based on the socioeconomic condition of the country
(Chaudhury, 2009).
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Nanning
Scenario 2: green economy: systematic planning and sustainable
development Figure 2.5

Fangcheng Gang

The green economy scenario is generated using the same variables as the
unsustainable growth scenario but assumes a 50 per cent reduction in
deforestation rate, and zero deforestation in important conservation areas (key
biodiversity areas, protected areas and riparian buffers).

Hanoi

For four alternative scenarios that consider macroeconomic trends and levels
of aggregate demand and institutional effectiveness, please consult FAO, 2011.
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Figure 2.5.
Projected forest cover in
the GMS in 2030 under
an unsustainable growth
scenario and green
economy scenario.
Inset shows details for
eastern Cambodia, which
our analysis shows is a
deforestation front.
Source: WWF-Germany,
based on multiple datasets,
see Appendix.
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Figure 2.6a.
Potential fragmentation
index for forests in the
GMS in an unsustainable
growth scenario, 2030.
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Figure 2.6b.
Potential fragmentation
index for forests in the
GMS in a green economy
scenario, 2030.
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3. Freshwater systems

Introduction and changes
over the past 50 years

The Mekong river basin is one of the most productive and diverse river systems on
Earth and is particularly rich in migratory fish species. Its connectivity and natural
variability of flows drive both its exceptional productivity and basin-wide fish
migrations (Coates et al., 2003). Sediments and nutrients from upriver sustain the
productive Mekong Delta which in turn supports more than 50 per cent of Vietnam’s
staple food crop production and marine fisheries and aquaculture, worth up to
US$2.7 billion annually 1 (ICEM, 2010; WWF, 2011).

The Mekong
river system
supports
around 850
freshwater
fish Species
including the
Mekong giant
catfish, one of
the world’s
largest
freshwater
fish.

While not at quite the same scale, much of the Mekong’s uniqueness and significance
to livelihoods, agriculture and industry is also reflected in other major river systems
in the region. Indeed, for several large rivers, including the Salween and Irrawaddy,
there is still an opportunity to retain ecological connectivity that has already been
lost on the upper Mekong. In this chapter we focus on the situation of the Mekong
basin in hope that patterns and lessons learned can positively inform decisions that
relate to all complex river basins in the region.
Thirteen unique, yet connected, ecosystems have been identified in the basin
(Sindorf and Wickel, 2011; Sverdrup-Jensen, 2002) (Figure 3.1). Each of these
ecosystems represents a unique combination of hydrologic conditions, nutrient
profiles and temperature regimes, producing unique environmental conditions and
associated natural communities. The strong connection among these ecosystems
and the linkages between riparian and forest systems (Sheil and Murdiyarso, 2009)
(e.g., through microclimates and regulation of the flow of water and sediment) both
contribute to the system’s high biological diversity.
The linked character of a river system presents its own responses to and challenges
for human management activity: the system depends on unimpeded flow and on
the maintenance of and connectivity among a variety of ecosystems – from cold
highland streams to brackish channels of the delta. Power sector projections of
increasing electricity demand in the GMS (ICEM, 2010) have led to an unprecedented
rate of dam building, in which many projects are poorly planned from a social and
environmental perspective and implemented with little consideration of the impacts
on the freshwater ecosystems, the river’s connectivity and flow, and the people
that rely on these (Amornsakchai et al., 2000; MRC, 2009; Dugan et al., 2010;
ICEM, 2010; MRC, 2010). Such disturbances affect sections both far upstream and
downstream, yet environmental impact assessments, when they are performed, have
focused on discrete project sites without considering the cumulative impacts on
connectivity at the sub-basin to basin levels (Dugan et al., 2010; ICEM, 2010; Sindorf
and Wickel, 2011).

1

wwf.panda.org/what_we_do/footprint/water/dams_initiative/examples/mekong

Ecosystems in the Greater Mekong: past trends, current status, possible futures

WWF Greater Mekong final print.indd 36

page 36

16/09/2013 11:44

Ecosystems in the Greater Mekong

Freshwater Ecosystems
Highlands with snow
influence
Tributary on
highlands
Upland slopes
Tributary on upland
slopes
Tributary on upland
slopes
Upper plateau
Tributary on upper
plateau
Lower plateau
Tributary on lower
plateau
Main stem plateau
to delta
Karstic formations
Tributary through
karstic formations
Main stem along
karstic formations

Figure 3.1.
Freshwater ecosystems
of the Mekong river
system in a connectivity
tree with the ecosystem
characteristics of the
main stem and main
tributaries.
Source: Sindorf and Wickel,
2011.

Current status and pressures
Despite long-term intensive human use of freshwater resources in the Mekong basin,
the system has maintained connectivity between 11 of the 13 ecosystems in ~60
per cent of the system by area, as well as much of its original ecological patterns
and processes (Sindorf and Wickel, 2011; WWF-Germany, 2011) (Figure 3.2a).
Nevertheless, the main threat to the persistence of the Mekong river system is the
construction of dams, particularly on the main stem, such as the disputed Xayaburi
dam in Laos, which will disrupt linkages among sub-basins. Of key concern is the
lack of appropriately coordinated planning among decision-makers for the different
portions of the basin (ICEM, 2010). Xayaburi is not the largest dam planned on the
main stem, but its go-ahead would set a precedent for countries and marginalize
the Mekong River Commission’s Procedures for Notification, Prior Consultation and
Agreement (PNPCA) and could herald even more disruptive developments, with up
to 10 additional dams planned (Grumbine et al, 2012) (One non-dam hydropower
project, Thako, is also planned; WWF supports this). Models indicate that although
the loss of connectivity from existing dams has already negatively affected fisheries
production in various Mekong sub-basins, declines in productivity to date have not
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substantially affected overall fisheries output (Amornsakchai et al., 2000; Coates
et al., 2003). This is likely to change if planned developments go ahead (Friend et
al., 2009, Cochrane et al., 2010), with major impacts downstream and on major
freshwater resources such as Tonle Sap (Arias et al., 2012). Additional models also
indicate that some 60 per cent of the basin is no longer free-flowing: many smaller
systems are effectively “locked” behind dams (Sindorf and Wickel, 2011; WWFGermany, 2011) (Figure 3.3).
Decision-makers in the Mekong river basin face a difficult dilemma: how can
countries that share the freshwater resources of the Mekong River profit from a
renewable energy source such as hydroelectric power without at the same time
degrading the fisheries and ecological services that support at least 60 million
people? To produce energy through hydropower, up to 11 new dams are planned for
the main stem of the Lower Mekong River alone. Their construction will negatively
impact both wild fish populations (Amornsakchai et al., 2000; ICEM, 2010) and the
many people who rely on wild fish as their major source of protein. For example, once
built, a main stem dam would:

Number of ecosystems
1
2
3
4

• Hinder movements of eggs and young fish downstream to the Lower Mekong
floodplains to grow and those of adult fish upstream to spawn;
• Harm wild fisheries in Laos, Thailand and Cambodia by flooding upstream
spawning grounds and altering nutrient input and replenishment of downstream
habitats (Dugan et al., 2010; ICEM, 2010; Sindorf and Wickel, 2011);
• Reduce sediments and nutrients that build and feed the Mekong Delta’s
productivity;
• Degrade the functionality of the whole, interconnected ecosystem and risk
exceeding thresholds that could lead to very large and rapid negative impacts
(WWF, 2011).

6
9
11

Figure 3.2.
Impact of existing
dams and the planned
Xayaburi dam on
ecosystem connectivity,
expressed as number of
connected ecosystems:
(a) in 2011 and (b) if the
Xayaburi dam is built.
If the dam is built, the
number of connected
ecosystems will decrease
from 11 to 9 (see legend) and
the proportion of the basin’s
total system length that is
still connected will decrease
from 60% to 40%. Note
that connectivity as of 2011
was already reduced due to
historic dam development.
Source: Sindorf and
Wickel, 2011.
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Free flowing
FF Type 1
FF Type 2
Compromised
C Type 1
C Type 1b
C Type 2
C Type 2b

Figure 3.3.
Classification of the freeflowing systems of the
Mekong River with 50
large existing dams.
While 60% of the basin
retains the functionality of
free-flowing rivers, the flow
in the main stem and some
sub-basins, particularly
in Thailand, China and
Vietnam, has been impeded
by dams. The flows of types
1b and 2 rivers with both
upstream and downstream
dams are most compromised.
Source: Sindorf and Wickel,
2011, more details in
reference section.
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The hydropower potential in the basin has been subject to a series of evaluations
(King, Bird and Haas, 2007; MRC, 2009; ICEM, 2010). Results suggest that although
dams would bring substantial additional income to the region, they would negatively
impact fisheries, increase inequality and net poverty, and have long-term and
detrimental environmental impacts. Some key aspects of river ecosystems and their
functions – such as flow dynamics and the capacity of rivers to reshape ecosystem
features (Coates et al., 2003) – are difficult to identify and measure and thus have
been excluded from main stem hydropower cost-benefit analyses.

© Elizabeth Kemf / WWF-Canon

Fishing and aquaculture in the Mekong Delta employ over 2.8 million apeople
– 10 per cent of Vietnam’s labour force.

Over 75 per cent of rural households in the
Lower Mekong basin are involved in fisheries,
both for their own consumption and for sale
(MRC, 2003).
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Future scenarios

35-40 per cent of
fish catch in the
Mekong depends
on species that
migrate long
distances along
the Mekong main
stem and into its
tributaries
(Baran et al., 2013);

Unsustainable growth
Demand for electricity in the GMS grows 6-7 per cent per year (cf. Rowcroft,
2005), and planned dams are built on the main stem (Figure 3.3) and numerous
tributaries of the Mekong River. Connectivity among ecosystems declines markedly
(Figure 3.2). Economic valuation of dams, especially on the main stem, continues
to exclude their substantial costs to human and wildlife communities and, in the
face of potential climatic effects, to the system as a whole. Multiple main stem and
major tributary dams trap the sediment that rebuilds the Mekong Delta, identified as
one of the three most vulnerable deltas to climate change by the Intergovernmental
Panel for Climate Change (IPCC) (IPCC, 2007; WWF, 2009a), and carries
nutrients that feed the delta’s outstanding productivity. Reduction in sediment flow
decreases the capacity of the delta to replenish itself, making it more vulnerable to
threats of climate change, including sea level rise, saline intrusion into fresh and
brackish water, and severe storms and subsequent coastal erosion. Serious social
and economic challenges arise from the subsequent deterioration of the delta’s
productivity and continued decline of migratory fish populations and associated
fisheries (ICEM, 2010).
Green economy
Consistent with the results of the MRC-commissioned strategic environmental
assessment (ICEM, 2010), GMS countries agree to a 10-year delay in the approval
of the main stem dams to fully consider the costs and benefits of their construction
and operation (ICEM, 2010). Conservation and development plans incorporate the
maintenance of the natural processes related to connectivity along rivers, across
rivers and through the water column required to ensure persistence of freshwater
systems and their biodiversity. Natural connectivity, together with better fishing
practices – including improved processing, reducing waste and curtailment of illegal
fishing – enable wild fish populations, including those of migratory species and top
predators, to remain sufficiently intact to both fulfil their biological roles and sustain
the region’s immense fishery. GMS countries develop a comprehensive energy vision
for the region, which considers the need for additional power generation capacity to
meet projected increases in electricity demand. In addition to energy conservation
through policy, individual behaviour change and technology, this vision includes a
hydropower generation plan, which:
• Emphasizes only sustainable hydropower on tributaries, and avoids main
stem dams;
• Employs rapid basin-wide hydropower sustainability assessment tool (RSAT)
methodology to determine the most sustainable hydropower options in key river
sub-basins;
• Includes provisions to maintain ecosystem connectivity and to mitigate any loss
of flow; and
• Protects watersheds by avoiding deforestation of steep slopes.
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© Gerald S. Cubitt / WWF-Canon

Deciduous mixed species forest at the Thi Lo Su waterfall in Umphang Wildlife Sanctuary, West Thailand.
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Ecosystem services in the GMS
Natural habitats provide distinct services to society.
The Millennium Ecosystem Assessment (MEA, 2003)
divides these into four main categories:
• Supporting services: soil formation, nutrient
cycling, primary production
• Provisioning services: food security, water,
fuelwood, fibre, genetic resources
• Regulating services: climate, water flow
and quality, control of disease vectors, disaster
mitigation, pollination
• Cultural services: spiritual, recreational and
tourism, aesthetic, cultural heritage, sense of place.
Ecosystem services play a huge and frequently underreported role in the GMS, and their significance
could be further capitalized on by better natural
resource management and, where necessary, targeted
restoration. Critical services include protein from
inland fisheries, coastal protection from natural
vegetation, soil stabilization and a host of freely
available natural resources, many now at risk.
Inland fisheries in the Mekong watershed yield an
estimated 2 million tonnes of fish per year (Wellcome
et al., 2010). Freshwater fish contributes almost 80
per cent of animal protein for people in Cambodia
(Hortle, 2007). Protected areas have helped regulate
off-take: 60 per cent of fish come from Tonle Sap
Lake, a UNESCO Man and Biosphere reserve (ICEM,
2003) and the Ream National Park in Cambodia
generates an estimated US$1.2 million a year for local
residents, particularly from fishing (Emerton, 2005).
In Laos, fish conservation zones are co-managed as a
conservation tool for fisheries, in areas selected using
indigenous knowledge. Since their establishment,
villagers have reported significant increases in stocks
of over 50 fish species (Baird, 2000). Marine fisheries
are also important: the gross value of fisheries supplied
by the Hon Mun Marine Protected Area in Vietnam is
estimated at US$15,538 per km2 per year through reefrelated aquaculture and near-shore fishing, supporting
over 5,000 people (Dudley et al., 2008).

Low-lying land and frequent storms open the
Mekong Delta to serious coastal damage and natural
barriers, particularly mangroves and corals, are
increasingly valued. In Thailand, mangrove species
such as Rhizophora apiculata and R. mucronata
and Pandanus odoratissimus, a tree that grows in
beach sand, were found to be effective barriers in
part because of their complex aerial root structure
(Tanaka et al., 2007). The coastal storm protection
value of mangroves in Thailand has been estimated
at between US$27,264 and US$35,921 per hectare
(Sathirathai and Barbier, 2001). Restoring mangroves
can be a cost-effective option for improving coastal
protection. For example, a US$1.1 million mangrove
restoration scheme in northern Vietnam saved
an estimated US$7.3 million a year in sea dyke
maintenance, and provided effective protection
during typhoons (Brown et al., 2006).
Other natural resources remain highly important. In
Nam Et National Biodiversity Conservation Area in
Laos, 81 village communities depend on the area for
non-timber forest products with a value estimated at
US$1.88 million/year (30 per cent cash income and
the rest subsistence), providing villagers in the region
with a higher than average per capita income (ICEM,
2003a).
Natural ecosystems also provide an increasingly
important facet of tourism, ranging from coral reef
diving through to forest and mountain trekking,
nature viewing, and homestays with local and
indigenous people. Vietnam, Thailand and Cambodia
in particular have experienced rapid growth of
tourism, in part connected with nature-based
tourism (Mastny, 2001).
To date there has been no comprehensive overview
of the value of ecosystem benefits in the region,
leading to a serious undervaluing by both politicians
and even many local communities. A full review of
Mekong ecosystem services is urgently overdue.
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4. Flagship species
With the
recent
extinction of
a unique
sub-species
of Javan rhino,
the GMS has
experienced
one of the most
spectacular
wildlife losses
of the past
half-century
(Brook et al., 2011).

The GMS is home to approximately
5 per cent of globally threatened
wildlife species (UNEP, 2006).

Changes over the last 100 years
The GMS has exceptionally rich wildlife, including many species endemic to the
region. But the expanding human footprint has increasingly threatened the region’s
globally important biodiversity, to the point of pushing many species to the verge of
extinction, including some of the largest and most iconic. The dry forest savannahs
of the GMS were once called the Serengeti of Southeast Asia: 100 years ago,
elephants, wild cattle and other large mammals were plentiful (Bennett et al., 2002;
Corlett et al., 2007; FAO, 2011b). Their movements and foraging helped to shape the
ecosystems we still see today and created unique ecological features (such as isolated
ephemeral ponds).
Intensive hunting and extensive deforestation together have caused virtually all
larger species – including Asian elephants (Elephas maximus), tigers (Panthera
tigris), banteng (Bos javanicus) and gaur (Bos gaurus) – to suffer serious declines
in number and range (Figures 4.1 - 4.4); endemic species such as the saola
(Pseudoryx nghetinhensis) (Figure 4.5), kouprey (Bos sauveli), and giant
(Thaumatibis gigantea) and white-shouldered (Pseudibis davisoni) ibises are among
the most endangered species in the world; the kouprey has not been seen for many
years and is likely to be extinct. The region lost its last Javan rhinoceros (Rhinoceros
sondaicus) to poaching in 2010 (Brook et al., 2011). Populations of primates,
elephants and other dispersers of large seeds now depend almost exclusively on
protected areas (Corlett, 1998), and even there they continue to be hunted and face
possible extirpation. Vast areas of forest across the Lower Mekong are empty of
megafauna. Loss of these large animals has altered disturbance and regeneration
regimes, which have, in turn, degraded the structure and function of the ecosystems
and, hence, the services they provide. Among aquatic species, the migratory Mekong
giant catfish (Pangasianodon gigas) has declined more than 80 per cent over the last
21 years (since 1990), due primarily to overfishing (Hogan, 2011; MRC, 2009a).

© WWF Greater Mekong

In 2010, poachers killed the last rhino in mainland SE Asia, in Cat Tien National Park, Vietnam
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95 per cent of the world’s tigers have
disappeared in the last century, due
to decimation of their habitats and
prey, and deliberate hunting to
meet demand for skins and
in traditional medicines
(Thompson, 2010).

Tigers
200km

Kunming

Nanning
Mandalay

Fangcheng Gang
Hanoi

Vientiane

Species presence

Yangon

Confirmed during
2011-2012
Confirmed or
compelling reports
between 2002-2010

Bangkok

Tiger historical
distribution

Phnom Penh
Ho Chi Minh City

Figure 4.1.
Historical, confirmed
or compelling reports
between 2002-2010 and
confirmed in 2011 and/or
2012 distribution of tiger
in and around the GMS.
Source: WWF-Greater
Mekong Programme based
on multiple datasets, see
Appendix.
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Elephant
Species presence
Historical
distribution
Current
distribution
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Figure 4.2.
Historical and confirmed
current distribution of
elephant in and around
the GMS.
Source: WWF-Greater
Mekong Programme based
on multiple datasets, see
Appendix.
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200km

Irrawaddy Dolphins
Kunming
Species presence
Historical
distribution
Current
distribution

200km

Nanning
Kunming

Fangcheng Gang

Figure 4.3.
Historical and current
(red circle and inset)
distribution of the
Irrawaddy dolphin,
Mekong River
subpopulation.
Habitat degradation, gillnet
entanglement, killing for
oil and destructive fishing
practices have driven
populations near extinction.
Source: WWF-Greater
Mekong Programme based
on multiple datasets, see
Appendix.
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Javan Rhino
Species presence
Historical
distribution

200km

Last known
location
Kunming

Nanning
Mandalay

Fangcheng Gang
Hanoi

Figure 4.4.
Approximate historical
distribution of Javan
rhino.
In 2010, poachers killed the
last rhino in mainland SE
Asia, in Cat Tien National
Park, Vietnam (red circle).
Source: WWF-Greater
Mekong Programme based
on multiple datasets, see
Appendix.
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Saolas
Species presence
Historical
distribution
Current
distribution

200km

Kunming

Nanning
Mandalay
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Figure 4.5
Potential current
distribution of saola,
which is endemic to wet
evergreen forest in the
northern and central
Annamites on the LaosVietnam border.
The saola was discovered by
a joint government-WWF
survey in 1992. There are
few records of the critically
endangered species, which
is threatened with extinction
from hunting (snares) and
habitat loss throughout its
narrow range.
Source: WWF-Greater
Mekong Programme based
on multiple datasets, see
Appendix
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The recent
large-scale
deforestation in
the GMS means
that many native
species, such as
rare long-lived
trees, while not
extinct, might
persist as “living
dead” – unable
to reproduce
due to isolation
caused by habitat
fragmentation
(Sodhi et al., 2004).

New species
are still being
discovered in the
GMS! Between 1997
and 2011, scientists
discovered 1,710
new species. In 2011
alone, another
82 plants, 21
reptiles, 13 fish,
5 amphibians and
5 mammals – all
new to science –
were added to the
region’s incredible
biodiversity. That’s
over 2 species
per week

Current status
The GMS still supports extraordinary numbers of species: over 430 mammal species,
over 800 reptile and amphibian species, some 1,200 bird species and at least 20,000
species of plants. However, the subregion’s unsustainably high rates of hunting,
exploitation of other natural resources and habitat loss have left only about 5 per cent
of its natural habitats in relatively pristine condition (Conservation International,
2007), rendering the region among the world’s most threatened biodiversity
hotspots. Given the high endemism and rapid rate of new species discoveries in the
GMS over recent decades, the drastic loss of habitat suggests that many additional
species may disappear before scientists can find and identify them.
Protected areas
The survival of many species in the GMS depends on the existence of effectively
managed protected area systems. Protected area systems have expanded
dramatically in the GMS since 1970, to levels close to 20 per cent of total area in
Cambodia, Laos and Thailand, though still less than 10 per cent in Myanmar and
Vietnam (Figure 4.6). Countries in the region have agreed protected area systems,
and agencies and staff to carry out management. Ecotourism, while still small scale
when compared with the most popular tourist destinations for wildlife holidays, is
increasing fast.
However, the system remains fragile. Even today 11 per cent of the land area and only
19 per cent of remaining forest is under protection, and encroachment into protected
areas seriously threatens the stability of many species (Conservation International,
2007; Stibig et al,. 2007; MRC, 2010; FAO, 2011a). Many species and critically
threatened habitat types largely occur outside the protected area network (e.g.
Wright et al., 2012; Packman et al., 2013). Governments have also frequently reduced
the size of protected areas throughout the region, for example in Thailand (Dearden
et al., 1998) and Vietnam, while Cambodia has made major degazettements,
converting large parts of protected areas to economic land concessions (ELCs)1
(Vrieze and Naren, 2012); the network is still far from secure. Many protected areas
exist in name only; even those that have secure boundaries often face continual
degradation through poaching and timber theft. Despite long-term capacity-building
exercises in the region, including by WWF, many protected area managers and
rangers feel faced with an impossible task and morale in many protected areas
remains low.
Nonetheless, protected areas now conserve much of the remaining primary forest
and some important secondary forests. Importantly, they have been the site for
restoration programmes, particularly in mangrove forests (Hong, 2004; Nguyen
et al., 2008), and for some threatened species such as sarus crane (Grus antigone
sharpii) (Buckton and Safford, 2004). The Cambodian government is committed to
restoring tigers within the protected area complex of the Eastern Plains Landscape.
Consolidating and building capacity within the protected area system is one of the
key priorities for the GMS. Countries like Thailand, where the protected area system
is now well established, can help in this process.

(Thompson, 2012).
1

See Open Development Cambodia for details of granted ELCs at www.opendevelopmentcambodia.net
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Believed capable of reaching an almost mythical three metres in length and 350kg, the Giant Mekong catfish
is one of the fastest growing in the world; newly hatched fry measure half a centimetre, by day 11 they
measure 2.5cm, and at only six years of age they can weigh nearly 200kg.
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Figure 4.6.
System of protected
areas across the GMS.
Source: WWF-Greater
Mekong Programme
based on multiple
datasets
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Future scenarios
Unsustainable growth:
Trends of forest degradation and loss continue, while poaching for local consumption
and global trafficking continues to lower the densities of iconic, endangered species
and their prey to near or complete regional extinction. The prognosis for much of the
biodiversity of the GMS, and particularly that of focal species, is poor. Of the 13–42
per cent of species expected to be lost in Southeast Asia by 2100, at least half could
represent global extinctions (Sodhi et al., 2004). Continued forest fragmentation
devastates populations of larger animals, particularly tigers, which require large,
intact landscapes (Wikramanayake et al., 2001; Thompson, 2010); forest interior
specialist species, such as the saola; and those requiring large hunting areas, such
as dhole (Cuon alpinus). Protected areas are largely “empty forests” devoid of
charismatic and endemic megafauna.

The GMS contains
the largest
combined area
of tiger habitat
in the world, as
well as 5 of the 11
countries where
tigers still exist,
so preservation
of intact tiger
habitat and
populations here
is both essential
and possible
(Thompson, 2010).

As the impacts of climate change become more pronounced, animals are less able
to move across habitat gradients which have become discontinuous due to forest
fragmentation (Campbell et al., 2009; Millien et al., 2006). The ensuing increase
in hotter, drier edge habitat relative to forest interior, combined with the general
warming due to global climate change, facilitates the spread of pests, pathogens
and invasive species, thereby directly and indirectly affecting native biodiversity. The
warming and drying of certain habitats, particularly highland forests and streams
and seasonal ponds, limits the survival and dispersal capacity of species limited
to those areas and may hasten their regional, and perhaps global, extinction. Lack
of climate change resilience within the protected area network prevents species
movements and colonization in response to climate change.
Green economy:
With efforts made to improve governance and to make planning and development
more sustainable, natural capital is protected and enhanced. The implementation
of REDD+ and payments for ecosystem services projects improve community
livelihoods and reduce unsustainable use of the forests, particularly in areas
surrounding protected areas. Local land-lease property rights have helped
to stabilize communities. Improved conservation awareness reduces demand
for wildlife products along with strategic engagement to reduce opportunistic
or poverty-based hunting, and more effective enforcement has also reduced
level of trade. Through these mechanisms, forest regenerates and connectivity
across ecosystems is enhanced, allowing species threatened by habitat loss and
fragmentation to recover (Thompson et al., 2009). With better governance, forestassociated stakeholders are engaged and become defenders of forests and their
biodiversity. Protected areas are valued for both ecosystem services and potential
for poverty alleviation and are therefore effectively managed. Wildlife premium
mechanisms help provide special incentives to governments and external funders to
support conservation in areas that allow tigers and other large mammals to recover
(Dinerstein et al., 2013). Adaptation for climate change becomes part of regional
planning processes, encouraging forest restoration to reduce threats from fire and
to give species more opportunity to adjust to conditions caused by climate change.
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5. Drivers of
ecosystem change

Human population density,
poverty and increased wealth

The high and ever-increasing human population
density in Southeast Asia underpins the expansion
of the major environmentally destructive
human activities in the GMS, including deforestation, dam construction and
overexploitation of natural resources (Rowcroft, 2005). Forest cover tends to be
lower in countries with dense human populations (Laurance, 2007). High population
levels are also associated with increased demand for fish protein, agricultural land,
timber and other forest products. The GMS is also experiencing increases in both
poverty, which exacerbates forest loss for slash-and-burn cultivation and fuelwood
collection, and wealth, which improves off-farm opportunities but boosts demand
for electricity, as well as timber and other cash crops and wildlife products. Direct
foreign investment is helping a proportion of people in the region to build their
wealth but does not always take account of the impacts of development on natural
resources. All these additional pressures further intensify pressure on all natural
resources (Rowcroft, 2005; Laurance, 2007).
Unsustainable resource use and increasing resource demands
The GMS now includes and is surrounded by the fastest-growing economies
on Earth (United Nations, 2010). Agriculture is expanding not only to feed the
burgeoning regional population but also to meet demands from wealthier portions
of the population and a global market. Across the GMS, croplands, pastures and
plantations are expected to expand for the next 30–50 years, replacing natural forest
(Chaudhury, 2009). China, a major trading partner with other GMS countries, is
sourcing timber, palm oil, rubber, wood pulp, minerals and other natural resources
from the region (Rowcroft, 2005; Laurance, 2007; ADB, 2007) as well as heavily
investing financially in other GMS countries. Demand by other countries in Asia
and beyond for sugar, rice, coffee, rubber, cassava and tropical fruits from the Lower
Mekong region are transforming the GMS from subsistence to a commercial, exportorientated agriculture. In today’s globalized world, even sparsely populated countries
can be intensively exploited: heavy demands by Chinese and other markets over the
past 15 years for forest and plantation products have had a major impact on many
tropical Asian forests (Katsigris et al., 2004; Rowcroft, 2005). Thailand and Vietnam
have also become major importers of timber, which they obtain from Myanmar, Laos
and Cambodia, exacerbating large-scale illegal logging activities in these forested
countries (Chaudhury, 2009). The dominance of dipterocarp trees, which produce a
large volume of marketable timber, has encouraged high-intensity industrial logging
and thus exacerbated the severity of resulting ecological impacts. The explosion
in industrial logging, oil-palm and rubber plantations, and mineral exploitation
(Figure 5.1) in recent decades (Stibig et al., 2007; Lazarus, 2009) has built financial
wealth for a minority of individuals while destroying or degrading forests both
directly and by building new roads into forested areas.
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Population density is strongly correlated
with net forest loss, and Asian tropical
nations have population densities that are
3–5 times higher than those in equatorial
Africa and the tropical Americas
(Laurance, 2007)
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Mineral and coal mines
Existing mines

Ho Chi Minh City

Planned mines

Figure 5.1.
Current and planned
mineral and coal mines
in the GMS
Source: WWF-Germany
based on multiple datasets,
see Appendix.

Hatyai

page 55

WWF Greater Mekong final print.indd 55

16/09/2013 11:45

Ecosystems in the Greater Mekong

Infrastructure
The expansion of roads and urban areas results in the conversion of forest to other
land uses to meet the needs of the subregion’s growing and rapidly urbanizing
population. Access roads also facilitate further immigration to, and thus degradation
and conversion of, formerly intact forest areas (Laurance et al., 2009. Stibig et
al., 2007) (Figure 5.2). Deforestation occurs in hotspots near cities and roads
and international borders where illegal timber trade flourishes (Rowcroft, 2005;
FAO, 2011b). The demand for electric power is expected to continue to grow at
approximately 7 per cent per year. In addition to providing power to towns and cities,
growth is in part to support expansion of mining and industrial sectors (Rowcroft,
2005; ADB, 2011) (Figure 5.1). For example, Cambodian, Lao and Vietnamese
governments are promoting bauxite mining to produce aluminium. Exploitation –
delayed by conflict, low investment and bureaucratic inefficiency – is now supported
both in-country and by foreign investment in mines and infrastructure. Aluminium
smelting requires immense amounts of cheap energy, encouraging more hydropower
development (Figure 5.3). However, to be cost effective, Laos must sell electricity
at half its current selling price, and the lack of regulatory compliance or public
disclosure of information masks potential costs to fisheries and water quality from
contamination by toxic bauxite mining discharge (Lazarus, 2009).

New roads facilitate access, help develop
markets and make life easier for local
communities. But badly designed roads in
tropical forests also help to fragment forest,
block water flow and animal movements,
pollute soil and waterways, and facilitate
entry by poachers, invasive species and fire
(Laurance et al., 2009).
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Figure 5.2.
Locations of principal
national roads, planned
major roads (red) and
major cities in the GMS.
Source: WWF-Germany
based on multiple datasets,
see Appendix.
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Figure 5.3.
Map of current (brown)
and planned (red) dams
in the GMS.
Eleven of the planned
dams are located on the
main stem of the Mekong
River.
WWF-Germany based
on multiple datasets, see
Appendix.
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Government policy and lack of integrated planning
The recent concurrent economic trends in the GMS of: (1) conversion from
subsistence to export-orientated commercial agriculture; and (2) transfer from
command-driven to market-driven economies, have been made possible by greater
political stability in the subregion (Rowcroft, 2005). This has caused some of the
rapid changes described and mapped earlier, but at the same time there has been a
welcome increase in recognition of environmental values and, for instance, a rapid
growth in protected area coverage. Government policies have nonetheless generally
undervalued forest and water services, for example favouring conversion of native
forests to other land uses, and they have not encouraged maintenance of forest health
through sustainable forest management (The Center for People and Forests, 2012).
Poor understanding and/or implementation of sustainable forest management, poor
coordination among forestry and other sectors (e.g., energy, agriculture, mining,
tourism), and inadequate funding for adaptation activities continue to undermine
the capacity of forests in the region to adapt to climatic changes and, in turn, provide
adaptation services to humans. Continuing disagreements among governments have
similarly hampered efforts to develop integrated plans for freshwater management.
These problems of understanding are heightened by serious shortfalls in quality of
governance in some of the countries of the GMS, resulting in lack of transparency,
high levels of corruption, absence of local-level tenure and failure to implement
existing laws for ecosystem management or species protection, seen most visibly
in the booming illegal wildlife trade (e.g., Duckworth et al., 2012). Ministries
responsible for forests are unable to halt deforestation, particularly when it
originates in other sectors such as mining or agriculture (PROFOR, 2011). The high
level of timber (e.g., EIA, 2008) and wildlife smuggling (e.g., Nguyen, 2008) is
well known.

© WWF-Canon / James Morgan

Customs officials in Suvarnabhumi airport, Bangkok, discover an illegal shipment of African elephant tusks
from Mozambique. Thailand is the world’s largest unregulated ivory market.
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6. Conclusions:
choosing a future

The opportunity: the Greater Mekong Subregion is
at a crossroads. Despite thousands of years of human
habitation and accompanying environmental change,
it still contains globally important natural ecosystems,
unique species and valuable ecosystem services, set
amongst some of the most spectacular scenery on the
planet. Many things are getting better: after decades
of conflict and poverty, countries generally have greater political stability and a
rising standard of living and the region as a whole has a new air of optimism. After
decades when many countries were virtually isolated from most of the world, contact
is increasing and tourism is becoming an important part of the economy. WWF’s
research shows that there are still serious problems to be faced in terms of natural
resources, but the GMS is probably for the first time in many decades in a position
to address these within a sustainable development strategy. In fact, GMS countries
have agreed to a 10-year strategic framework for economic development in which the
top-level outcomes are reductions in poverty, biodiversity losses and greenhouse-gas
emissions. Achieving these outcomes would put the GMS squarely on a path toward
greener economies.
The challenge: unfortunately, one side-effect of rapid growth is that future
projections for the region’s natural ecosystems are potentially catastrophic. WWF’s
research shows that, unless things change radically, the region could lose more than
one-third of its remaining natural forests and associated species and ecosystem
services within the next two decades. Coastal developments alone, with consequent
destruction of protective mangrove forests, are exposing people to dramatically
increased risks from typhoons and ocean surge. The Mekong river complex is one
of the most significant freshwater systems in the world in terms of what it provides
to local and downstream communities; yet huge dam-building programmes
(Hirsch, 2010), promoted without sufficient environmental and social assessment or
discussion of trade-offs, could radically alter water flow, freshwater and agricultural
productivity, and human livelihoods. These issues are already causing tension
between countries. A rapid escalation of poaching is stripping even protected areas
of any species that can be sold; the extinction of the Javan rhino on mainland Asia
(Brook et al., 2012) is one of the most serious wildlife losses of the last hundred
years, yet has received little attention within the region or beyond. Further losses
of unique and irreplaceable species endemic to the GMP, including saola, are likely.
Climate change, recognized but not yet effectively integrated into development
planning, is likely to exacerbate all these problems (see e.g., Pilgrim, 2007; Eastham
et al., 2008), further upsetting water flows and stressing agriculture.
Meanwhile, pressures continue to increase and projections suggest that the region
will experience further rapid development. Population is growing, with Vietnam,
Laos and Cambodia all expected to experience net increase well beyond 2050 (Pech
and Sunanda, 2008). The massive markets in China are among those fuelling a rapid
increase in resource exploitation to meet export demands as well as rising domestic
needs (Rowcroft, 2008). Coal and other mineral mining, expansion of agriculture
(Mainuddin and Kirby, 2009) and widespread legal and illegal forest clearance
continue to eat away at natural ecosystems.
Although there is widespread official recognition of the importance of natural
ecosystems and ecosystem services and, at least in theory, a commitment to
substantial protected area systems and sustainable management, these paper
declarations are frequently not implemented effectively, leading to a veneer of
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conservation without corresponding results on the ground. So while cooperative
efforts such as the Mekong River Commission are extremely welcome, and
critically important, they have to date not always prevented national interests from
overshadowing regional needs. Intra-regional discord is mirrored on a broader scale,
where international bodies such as donor organizations simultaneously call for better
environmental protection while other arms of their institutions fund unsustainable
developments.
At the heart of many of the problems is a mismatch between what is written in
laws and policies and what happens in reality. Weakness in governance, in-fighting
between government departments, and a reluctance or lack of capacity at local level
to enforce natural resource protection laws mean that illegal resource use has gone
unchecked, sometimes at a grand scale and on occasion involving people at the heart
of government or the military. Timber and wildlife products have been stripped
from natural ecosystems while their traditional owners or protected area managers
look on, unable to stop the depredation. Restaurants offer poached animals on their
menus and medicines based on endangered species are sold openly in many cities
of the region. Widespread poverty, coupled by the opportunity to boost economic
production, has led to rapid conversion of natural ecosystems for economic gain.
It is difficult to criticize people for wanting to emerge from a period of conflict and
desperate levels of poverty, but the uncontrolled nature of many developments means
that long-term costs to the region are likely to be severe. The people who benefit most
from unsustainable development are usually not those in the greatest need, nor are
they most directly reliant on healthy natural ecosystems.
The crossroads: in the report, we outline two scenarios; one pessimistic and
one optimistic. Under the unsustainable growth scenario, current trends continue,
resulting in massive losses to forest cover and freshwater connectivity; and in a large
decline in sediment flow to the delta, reducing productivity and thus increasing the
need for polluting artificial fertilizers. Delta areas will be left vulnerable to sea level
rise, salinization and coastal erosion. Many wildlife species will have been hunted to
extinction or exterminated along with their habitat. Freshwater and marine fisheries
will begin to collapse, impacting on food security that is already compromised
by climate changes. Emphasis on hard infrastructure to adapt to climate change
impacts may provide temporary relief from hazards (e.g., floods, droughts and
storm surge) associated with more frequent and severe extreme events, but will do
little to alleviate cumulative impacts (e.g., altered flows and lowered resistance to
invasive species, pests and disease leading to reduced agricultural productivity).
Uncoordinated responses to climate change will also lead to conflict due to
unintended negative consequences of implemented adaptation measures.
The green economy scenario assumes that the countries of the GMS are successful
in meeting the challenge of sustainable natural resource management: slowing
and where necessary reversing loss of natural ecosystems; maintaining a
healthy hydrological system; managing mining; and curbing illegal resource use.
Government decisions are transparent and increasingly participatory, and follow the
rule of law. Communities understand the link between environmental protection,
ecosystem services and human well-being, and work in partnership with government
to balance production with conservation, proud to coexist with unique wildlife
species. Native forest loss is halted and restoration programmes rebuild some of
what has been lost. Healthy mangroves fringe coastal areas, holding back ocean
storms. Fishing communities thrive on the banks of rivers and coastlines, with
fish spawning areas preserved and negotiated set-asides used to rebuild fish stocks
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whenever they decline. Responses to climate change emphasize or at a minimum
include an ecosystem-based approach, taking advantage of the resilience intact,
connected and biologically diverse ecosystems provide at a landscape scale. Regional
collaboration and coordination (across sectors, agencies and jurisdictions) generates
and implements integrated adaptation strategies that are flexible and least likely to
fail, harm neighbours or cause other unintended negative consequences.
WWF therefore believes that the green economy approach is the choice for a viable
future in the Mekong and, recognising the anticipated changes in the region, is both
realistic and feasible. Conservation responses need to be both strategic, addressing
the need for long-term development, and where necessary tactical, using temporary
measures to secure species and ecosystems under imminent threat. Multiple actions
will be needed, ranging from initiatives at international, regional and national policy
level to many thousands of projects, negotiations and decisions at the level of sites
and landscapes.
WWF believes that the green economy scenario is fully realizable in the current
political and economic context of the countries of the GMS. Some important steps
towards realizing this vision are already being taken. We look forward to working
with governments, corporations and communities in the GMS to make sustainable
natural resource management a reality.

Recommendations
Below we provide ten key recommendations that, if applied with care and
commitment, will represent a major step in the direction of a sustainable future for
the region.
1. Immediately halt impacts to, and where possible, restore patterns
and processes that are at their breaking point. While it is clear that a
sustainable future for the region depends in part on developing infrastructure
and the production landscape, society must acknowledge that some valued
patterns and processes (such as endemic species and the delivery of clean water
to households) will simply disappear if direct threats to their integrity are not
curtailed. With this in mind, WWF recommends immediate action to:
• Prevent further conversion of any additional primary forest in the GMS;
• Prevent the construction of dams on the main stem of major rivers, and
tributaries that contribute substantial flows to these systems;
• Implement species-specific conservation and recovery actions for endemic
species like the saola; and
• Cease the illegal wildlife trade.
2. Significantly increase the level of integration, the spatial scale, and
the timeframe of planning. A common pattern in development all over the
world is that the aggregate effects of local impacts such as land conversion or
a new infrastructure installation are rarely appreciated until after it is too late
to optimize the amount, intensity, and configuration of such impacts. Some
progress is already being made to better coordinate water management, forest
management, protected area design, and measures to control wildlife trade.
However, this coordination must be enhanced and greatly expanded to ensure
that planning and development in energy, transportation, agriculture, industrial,
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and other sectors are brought into the same framework so that the complex
interactions and feedback loops that exist between them can be better anticipated
and managed. Progress toward this level of integration and coordination is
already taking place in the region. For example, the GMS economic cooperation
program serves as a platform to achieve the necessary integration across sectors
and jurisdictions for the entire region. At the national level, the government of
Myanmar has recently convened a multi-sector land use planning committee
to confront and manage an accelerated rate of land use change in the face of
renewed international investment. The 2014 World Parks Congress would be an
ideal venue to launch a regional protected area plan, while the CBD Conference
of Parties (COP) and the CITES COP both provide opportunities to address issues
related to curbing illegal wildlife trade.
3. Commit sufficient and sustainable financing for conservation. Securing
sustained financing for conservation, at a level commensurate with the challenges
at hand, remains a major challenge in the region. As the recent “year of the tiger”
activities have highlighted, even funding for one of the world’s most beloved and
iconic wildlife species is far too low to ensure the basic protections needed for
protecting the last of the world’s tiger populations.
Financing must also come from sustainable sources. The sources of funding that
currently support everything from species conservation to ecosystem management
are rarely linked to the users of the resource being conserved. There are now
many signs that this unsustainable pattern is being addressed in the region. For
example, Vietnam recently passed laws requiring that, in certain cases, require
users to pay communities for their role in maintaining the natural capital that
underpins the services provided.
4. Incorporate the values of ecosystems and the services they provide
into decision-making. Knowing and appreciating the value of what might be
lost or saved will not only lead to more informed decisions but also potentially
different decisions that yield outcomes with the fewest tradeoffs. Mapping,
quantifying, and assessing the economic value of the region’s natural capital are
crucial steps in this regard. These assessments can also make a strong case at
local level as well, and limited experience with Payment for Ecosystem Service
(PES) schemes in the Mekong region suggests that communities can radically
reduce forest loss if someone is paying them to do so. REDD+ initiatives also offer
important opportunities for helping pay for good natural resource management.
Processes like TEEB, The Economics of Ecosystems and Biodiversity (ten Brink,
2011), and a growing number of tools for assessing ecosystem services, can help
to build a better understanding of economic values of ecosystem services that
still remain largely theoretical in the minds of many policy makers today. Laos
and Vietnam are beginning to pilot national accounting structures that explicitly
account for the values of ecosystem services so that the financial association
between these services and the activities that either enhance or degrade them can
be better understood and managed.
5. Insist on greater responsibility of companies operating in or
purchasing from the GMS so that the private sector uses and manages natural
resources more efficiently and sustainably. Private sector actors must play a
critical role in promoting greener economies. Opportunities include developing
business models that emphasize legality and transparency (for example,
subscribing to FLEGT or similar initiatives); adhering to best management
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practices including those formalized through certification schemes such Forest
Stewardship Council. Interest in concepts of corporate responsibility, while still
relatively undeveloped in the GMS, is increasing; consumers from outside the
region can assist by demanding assurances of best practice.
6. Improve regional and international consultation and cooperation. The
interconnectedness of forests, mountains, coastlines, and river systems means
that cooperation between governments is particularly important. The Mekong
River Commission, while far from perfect, is a welcome indication that such
cooperation is possible. The presence of transboundary protected areas between
virtually all GMS countries is another sign that governments are looking beyond
their borders. Such cooperative efforts need to be redoubled.
Governments, international actors both inside and outside of the region, and
local institutions as well as civil society also need to consult each other more
carefully and work together more effectively than has sometimes been the case
to ensure that projects supported through grants and loans fit into a framework
of sustainable development. Ideally, such coordination should encompass the
most senior national authorities to the largest donor organisations to the smallest
NGOs. Large, transboundary infrastructure projects warrant special emphasis
with regard to appropriate levels of consultation and cooperation.
7. Empower communities and civil society to more significantly and
effectively participate in decision-making. There are not always clear
opportunities for communities to take part in decisions that relate directly to their
lives, creating instead a culture that has tended to ignore rules and regulations.
Experience shows that although participatory approaches to natural resource
management are often more difficult, and more time consuming, if done correctly
the decisions reached are more likely to persist over the long term. Empowerment
of communities, in terms of voice, rights and tenure, helps build long-term
interest in sustainable management. There are signs of communities working
together in natural resource use, but the lessons learned from these experiences
need to be more widely disseminated.
8. Enforce existing laws, policies, and regulations. There is a global trend
towards larger, more ruthless, and better organised wildlife crime, relating to
both illegal logging and wildlife poaching. In these cases local communities
may themselves feel threatened by poaching gangs or be losing natural
resources to outsiders. Here the need is less for new legal structures than for
the implementation of existing laws, both in terms of catching criminals and,
crucially, following through with stipulated penalties through the judicial process.
However, there is also the need to strengthen available penalties to ensure that
the law does offer a significant deterrent. The current disheartening situation,
where many wildlife criminals have cases dismissed even if they are captured,
needs to be radically overhauled. Such a change requires both capacity building
and training – of community and protected area guards, of policy makers and
of lawyers, but even more importantly the building of pride and commitment to
conservation within these institutions. In some countries it also means addressing
long-standing enmity between particular ministries, government departments and
civil service groups to unblock obstacles to putting necessary laws into practice.
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9. Ensure effective and representative protection of the region’s natural
heritage. Effective management of an ecologically representative protected
area network is emphasized in the Convention on Biological Diversity, to which
all GMS countries have committed. Nevertheless, several countries in the region
have undergone a process of PADDD, Protected Area Downgrading, Downsizing,
and Degazettement (Mascia and Pailler, 2011). While some rationalisation
of protection may be needed in line with systematic conservation planning,
the unplanned and frequently illegal destruction of protected areas and their
resources is causing enormous damage to biodiversity. Many protected areas are
ineffective at protecting wildlife even in conditions where they maintain native
vegetation, creating so-called “cemetery forests” with few if any of the species
they were set aside to protect. Building an effective, representative, and climate
smart protected area system should continue to be a cornerstone of biodiversity
conservation in the region.
10. Restore natural capital in strategic areas. Restoration is always more
difficult and costly than protecting original habitat and key ecological processes,
and most restoration efforts do not bring back the full diversity of original
ecosystems. Nonetheless, restoration is possible and in some cases already
implemented (e.g., Hong, 1996; Lamb, 2011). Rebuilding the value of secondary
and degraded natural forests is an important and achievable priority for restoring
ecosystem services. Techniques and knowledge are improving but most attempts
are still tentative and small scale in approach, in contrast with the massive scale of
establishment of exotic plantations.

© Adam Oswell / WWF-Greater Mekong

Mekong river, a vital lifeline for 60 million people living in the Greater Mekong.
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Appendix I
The following series of maps presents the spatial distribution of forest cover change
during four successive time periods: 1973-1985, 1985-1992, 1992-2002 and 20022009. (Source: WWF-Greater Mekong Programme based on multiple datasets).
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Figure A.1.
Forest cover change from
1973 to 1985
Between 1973 and 1985, the
GMS overall lost about 6% of
its forest cover. The greatest
national decreases occurred
in Thailand (13% lost) and
Vietnam (9.9% lost). Data
for Yunnan and Guangxi in
China and parts of northern
Vietnam were unavailable.
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Figure A.2.
Forest cover change from
1985 to 1992
Forest cover loss between
1985 and 1992 was greatest
in Laos and Myanmar,
though still significant
for Thailand (7%). Forest
cover in Cambodia declined
by just 1%. Data for 1992
for Vietnam, Yunnan and
Guangxi were unavailable.
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Figure A.3.
Forest cover change
from 1985 to 2002
for Vietnam.
This longer time step is
shown here because 1992
data were missing for
Vietnam.
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Forest cover change
from 2002 to 2009.
During this period,
Myanmar continued to
experience heavy forest loss
(about 15% of forest loss at
an annual rate of about 2%),
while implementation of
logging bans in Thailand and
Vietnam may have shifted
some deforestation to Laos
(about 13% of forest loss) and
Myanmar.
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Appendix II SOURCES FOR Figures
1. INTRODUCTION
Figure 1.2. Global ecosystem services values
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Mittermeier, R.A. and E.R. Selig. 2012. Global Biodiversity Conservation
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Figure 1.3. Spatial distribution of estimated
carbon (tonnes per hectare) stored in GMS
forests.

The map is derived from: Saatchi et al. 2011. Benchmark map of forest
carbon stocks in tropical regions across three continents. PNAS June
3, 2011. This paper provides a reference map of biomass carbon stocks
on three continents. The total carbon stock in live biomass (above- and
below-ground) was mapped using a combination of data from in situ
inventory plots and satellite light detection and ranging (Lidar) samples of
forest structure, plus optical and microwave imagery (1km resolution).

2. FORESTS
Figures 2.1: A.1-A.4. Forest cover change maps
Assumptions

The forest cover change maps were created by overlaying forest cover data
for each of four years and calculating the loss of forest in each time period
using arcGIS v. 10 (Earth Systems Research Institute - ESRI). The main
assumption used to produce the forest cover maps for each point in time
has been to consider as forest everything that was classified as forest in
the most recent point in time. This conservative approach was followed
because the data available had already been processed, was derived from
different sources, with different resolutions, and often without a clear
description of the season during which satellite images were obtained
from the forest cover maps. Spatial errors due to image co-registration
may remain, particularly in older datasets. The dataset from 1992 was
incomplete (missing Vietnam) and had spatial errors; hence forest cover
change from 1992 to 2002 is not shown here.

Data sources
Forest cover of the GMS for 2009

The map was derived from a modified GlobCov2009 map (© ESA 2010
and UCLouvain). Modifications were made to correct for deciduous
forests based on local experts. Land cover is derived by an automatic and
regionally tuned classification of a time series of global MERIS FR mosaics for the year 2009, the spatial resolution is 300m. The global land cover
map counts 22 land cover classes defined with the United Nations (UN)
Land Cover Classification System (LCCS).
GlobCov 2009 free download at http://ionia1.esrin.esa.int

Forest cover of the Greater Mekong Subregion
(GMS), 1973-1992

Satellite data for 1973 and 1985 (b) was generated by Landsat Multi Spectral Scanner (MSS), with a spatial accuracy of 1000m; satellite data for

1992 was sourced from the Landsat Thematic Mapper (TM) with a spatial
accuracy of 500m, 1992 forest cover data was generated by the Tropical
Rain Forest Information Center (TRFIC) at Michigan State University. An
overestimation of forests in Thailand in 1992 led to a calculation of 17%
forest loss between 1992 and 2002, which contradicts FAO data for the
same period. Data for China’s Guangxi Zhuang Autonomous Region and
Yunnan Province was not available prior to 2009.

Forest cover of the GMS for 2002

The 2002 map was generated using the “Tiger Land Cover” dataset
(Sanderson et al., 2006), which is derived from the combination of two
types of data: Landsat satellite imagery (e.g., Leimgruber et al. 2003,
2004), and coarse-resolution regional land cover data sets based on 1km
AVHRR or MODIS satellite data (e.g., Loveland et al., 2000; Friedl et al.
2002). The purpose of this aggregate map was to show the entire tiger
range and the decision to use this data for this publication has been driven
by the experts-based evidence that this data was more reliable to show the
distribution of dry-deciduous forests in the GMS: a particularly difficult
class to detect from satellite images. The source data years go from 1992
to 2004 in the different areas. Some other modifications have been made
in order to correct the distribution of scrub, which was overestimated. For
additional details, please see Online Methodology)

Figures 2.3a - 2.3d; 2.6a - 2.6b.
Forest fragmentation index maps

These four maps were developed using a moving window, or neighbourhood analysis, approach to determine the position of a central forest
pixel, relative to its neighbours (here a neighbourhood of 7x7 pixels) on a
raster image surface. As an example, a pixel that is completely surrounded
by forest is classified as “core.” The other classes are variations of the
quantify of forested or non-forested neighbours (presented in figure 3
of Riitters, K., Wickham, J., O’Neill, R., Jones, B. and E. Smith. 2000.
Global-scale patterns of forest fragmentation. Conservation Ecology 4(2):
3. Available at: www.consecol.org/vol4/iss2/art3

Forest fragmentation index maps for 2030

Forests in five levels of predicted fragmentation are presented for the
year 2030, under (2.3e) an unsustainable growth scenario and (2.3f) a
green economy scenario, using the levels of fragmentation and methods
for generating the fragmentation index as in Figures 2.3a - 2.3d, above.
Both 2030 scenarios were generated using the following values for each
individual pixel: distance to roads, distance to non-forest, distance to
water (coasts and rivers), elevation, distance to cities. See boxes 4 and 5
for assumptions of these 2 scenarios.

Figure 2.4. Likelihood of conversion from
forest to no forest in the GMS

Data: The likelihood of conversion of a given pixel between a forest and a
non-forest land use is based on the distances of each pixel to roads, nonforest areas, water, cities, as well as its elevation and slope. The neural
network process evaluates the likelihood of forest loss based on historical
trends relative to the spatial variables.
Software credit: Eastman, J.R., 2009. IDRISI Taiga (Worcester, MA:
Clark University).
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3. FRESHWATER
Figure 3.1. The freshwater ecosystems of the
Mekong river system

Sindorf, N. and Wickel, A.J. 2011. Connectivity and fragmentation: Hydrospatial analysis of dam development in the Mekong river basin. Technical report CSPFW2011.1, August 2011. WWF, Washington DC, USA.

Figure 3.2. Impact of existing dams and the
planned main stem Xayaburi dam on interecosystem connectivity

Sindorf, N. and Wickel, A.J. 2011. Connectivity and fragmentation: Hydrospatial analysis of dam development in the Mekong river basin. Technical report CSPFW2011.1, August 2011. WWF, Washington DC, USA.

Figure 3.3. Classification of the free-flowing
systems of the Mekong River with 50 large
existing dams

Each reach of river was designated as one of the following types: FreeFlowing 1 (FF Type 1): no significant dams upstream and open connectivity to delta/sea; Free Flowing 2 (FF Type 2): river system upstream of dam
that supports river of 100km length without significant dams upstream
AND remains connected to main stem; Compromised 1 (C Type 1): river
system with significant dam upstream; Compromised 1b (C Type 1b): river
system with significant dam upstream AND upstream of a dam; Compromised 2 (C Type 2): river system upstream of dam NOT supporting river
of 100km length without significant dams upstream; or Compromised 2b
(C Type 2b): river system upstream of dam that supports river of 100km
length without significant dams upstream.
Sindorf, N. and Wickel, A.J. 2011. Connectivity and fragmentation: Hydrospatial analysis of dam development in the Mekong river basin. Technical report CSPFW2011.1, August 2011. WWF, Washington DC, USA.

4. SPECIES
Figure 4.1. Historical and current distribution
of tiger (Panthera tigris)

Historical distribution map adapted from Luo, Shu-Jin, Jae-Heup, K.,
Johnson, W.E., van der Walt, J.; Martenson et al. 2004. Phylogeography
and genetic ancestry of tigers (Panthera tigris). PLoS Biology 2 (12): e442.
Available at PLoS Biology.

Figure 4.5. Potential distribution of saola
(Pseudoryx nghetinhensis)

IUCN. 2009. IUCN Red List of Threatened Species. Version 2009.1. Available at: www.iucnredlist.org

Figure 4.6. System of protected areas across the
GMS.
The data is based on government data collected by WWF country offices
in the GMS.

5.Drivers of ecosystem change

Most of the data for this chapter is from the GMS Infrastructure Mapping
project, which was implemented by WWF’s Macroeconomic Programme
Office in 2007. This project mapped existing and planned infrastructure
within the GMS to provide a GIS database to facilitate and prioritize
conservation activities in this area. This data was the best available at the
time this report was developed.

Figure 5.1. Current and planned mineral and
coalmines in the GMS

Mine sites layer contains 1448 data points and its main sources include
Mineral Resource Data System (MRDS), Raw Material Database, USGS
report, World Bank report and other web resources.

Figure 5.2. Locations of principal national
roads planned, major roads and important
cities (red dots) in the GMS

Existing national roads and ADB planned regional roads are based on
ADB report (www.adb.org/GMS/gms_corridors02.jpg). Using Georeference function in ArcMap, the ADB map (JPEG format) was firstly
overplayed with other layers and then screen digitalized.

Figure 5.3. Map of current and planned dams
in the GMS

The dam layer contains 392 data points and its main sources include
personal contact with Dr Darrin Magee and the hydropower database
composed by WWF-Great Mekong. The database is based on EVN 2004,
ADB 2005, WWF 2006. To ensure accuracy, we reviewed the literature
(International Journal of Hydropower and Dams) and web resources. The
data is updated until 2007; thus, not all the dams currently present are
shown on the map.

Figure 4.2. Historical and current distribution
of elephant (Elephas maximus)

Historical distribution map adapted from Shoshani, J. and Eisenberg, J.F.
1982. Elephas maximus. Mammalian Species 182: 1–8.

Figure 4.3 Historical and current distribution
of Irrawaddy dolphin, Mekong River
subpopulation (Orcaella brevirostris)

Historical distribution map adapted from IUCN. 2009. IUCN Red List of
Threatened Species. Version 2009.1 Available at: www.iucnredlist.org.
Current distribution map based on WWF-Cambodia surveys.

Figure 4.4. Historical distribution of Javan
rhino (Rhinoceros sondaicus)

Historical distribution map derived from range map in Foose, T.J. and
van Strien, N. 1997. Asian Rhinos – Status Survey and Conservation Action Plan. IUCN, Gland, Switzerland, and Cambridge, UK.
The latest distribution from IUCN. 2009. IUCN Red List of Threatened
Species. Version 2009.1. Available at: www.iucnredlist.org
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Abbreviations
ADB
EIA
ELC
ESRI
FAO
FLEGT
GMS
ICEM
IPCC
MEA
MRC
PADDD
PES
PROFOR
REDD+
TEEB
UNEP
WWF

Asian Development Bank
Environmental Investigation Agency
Economic Land Concession
Earth Systems Research Institute
Food and Agriculture Organization of the United Nations
Forest Law Enforcement, Governance and Trade Action Plan of the
European Union
Greater Mekong Subregion
International Centre for Environmental Management
Intergovernmental Panel on Climate Change
Millennium Ecosystem Assessment
Mekong River Commission
Protected area downgrading, downsizing and degazettement
Payment for Ecosystem Services
Program on Forests, multi-donor initiative
Reducing Emissions from Deforestation and Forest Degradation “plus”
conservation
The Economics of Ecosystems and Biodiversity
United Nations Environment Programme
World Wide Fund for Nature (known as World Wildlife Fund in North
America)
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