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Executive summary

Executive summary

The Lancang-Mekong Basin (LMB) is endowed
with incomparable richness, ranging from
uncommon fauna amid breathtaking natural
vistas to communities with distinct cultural
history. It supports more than 60 million people
and has some of the most naturally varied
environments in the world. However, the LMB is
also among the regions of the world that are
most susceptible to the effects of deforestation
and forest degradation. These processes impact
local people, biodiversity and natural resources,
and have cascading effects. The LMB is
currently confronted with several interventions
impacting the environment, with specific
consequences for the population and its well-
being.

This report sets out to assess changes to
ecosystems and to livelihoods dependent on
ecosystem services, using case studies
demonstrated through pilot activities at selected
areas in Cambodia and China. It also provides
recommendations from the perspectives of both
the case-study level and LMB regional level to
comprehensively promote improvements to
ecosystem health, natural resources manage-
ment and sustainable livelihoods. This report
consists of a detailed introduction followed by
three thematic chapters on land cover changes,
water resource changes and analysis of
ecosystem services in case studies in the upper
and lower LMB, completed by a brief synthesis
and recommendation.

Chapter 1 provides basic information on current
socio-ecological conditions in the LMB, as well
as the analytical design of this report. Chapter 2
(Land cover changes in the Lancang-Mekong
Basin) assesses land cover changes in the LMB
from 1992 to 2020. Chapter 3 (Water resource
changes in the Lancang-Mekong River Basin)
assesses surface and groundwater changes due
to climate change and human activities.
Chapter 4 (Ecosystem services and livelihoods
in the Lancang-Mekong Basin) assesses vital
ecosystem services and livelihoods in the upper
and lower LMB and anthropogenic impacts on
local livelihoods in the Tonle Sap Lake region.
Chapter 5 (Conclusions and recommendations)
summarizes the main results of the whole report
and proposes recommendations for integrated
ecosystem management for sustainable
livelihoods in the Lancang-Mekong region,
based on analysis of changes to natural
resources and case studies demonstrated
through pilot activities at selected areas in
Cambodia and China.
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Main Finding 1: Land cover.

Cropland area increased from 261,390 km? to
279,860 km? during the study period. Tree cover
and shrubland areas decreased, especially in
Thailand and Cambodia. Cropland expansion is
a major reason for the forest loss. Land cover in
the upstream Lancang-Mekong River Basin has
changed little as there has been less human
influence. There has been a drastic increase in
urban areas in the 21t century. Land cover in
Mengla County changed dramatically between
1992 and 2000, while changes in the 21¢t century
were relatively small. There was an increasing
trend in cropland and tree cover, while shrubland
showed a decreasing trend in Mengla County.
There was a decreasing trend in tree cover area
in Phnom Kulen National Park, while cropland
and shrubland showed an increasing trend.
Cropland expansion was a main driver for forest
loss in Phnom Kulen National Park.

Main Finding 2: Water resources.

According to the existing literature, (a) stream-
flow increased in the upper basin while slightly
decreased in the lower basin, and the stream-
flow of the whole basin is projected to increase
in the future; and (b) from 1960 to 2010,
streamflow increased during the dry season but
declined in the wet season with a minor rise
predicted in the future. Groundwater extraction
is increasing as industrial and agricultural appli-
cations expand. However, groundwater resource
studies have less studied than surface water
system studies. There is little information avail-
able on the breadth and magnitude of the aquifer
systems surrounding the Mekong Delta.

Executive summary

Main Finding 3: Ecosystem
services and livelihoods.

Due to the increase in cash crops (rubber in the
upper LMB and cashew nuts in the lower LMB),
the natural ecosystems and biodiversity of both
regions are threatened. The traditional practice
of shifting cultivation for growing rain-fed upland
rice and other crops is being rapidly replaced by
permanent plantations of cashew trees,
converting additional forested areas to agri-
cultural areas in Phnom Kulen National Park
(PKNP). The decreased natural resources in
PKNP may severely affect ecosystem services,
cultural heritage in and near PKNP, and most
importantly quality of life for local communities.
Rubber demand is causing a loss of biodiversity
in the rainforests in south-west China and the
industry has replaced traditional swidden-fallow
agroecosystems. Given the challenge of meet-
ing the demands of human while maintaining
long-term functional capacity of the ecosystem
in the Tonle Sap Lake Area (TSLA), this study
provides scientific information to comprehend
human intervention in forests, which may be
important for future sustainable forest manage-
ment in order to establish a healthy ecosystem
in this area.

Ecosystem Assessment for Sustainable Livelihoods in the Lancang-Mekong Basin Xi



Executive summary

Recommendation 1:
Involve multilevel stakeholders.

Ecosystem protection cannot be addressed
without participation by surrounding commu-
nities. In addition to community-level stake-
holders, special attention should be paid to other
stakeholder groups (such as women and ethnic
minorities) who are at risk of being margi-
nalized. The involvement of multilevel stake-
holders has great potential to foster sustainable
livelihoods with local equality and public en-
gagement, and to address the complex pro-
blems at the intersection of society and the
environment.

Recommendation 2:

Coordinate the relationship between cultural
customs, local awareness and

ecological protection.

The national economic development plan could
be used to coordinate the relationship between
culture and customs in environmental pro-
tection, advocating new culture-benefited ways
of life and living and contributing to sustainable
livelihoods. To fully involve companies, local
communities, and the general public in local and
regional ecological protection, awareness of the
importance of ecosystem management must be
developed among enterprises, local
communities, and the general public. Corporate
social responsibility is a critical component of
ecosystem management. Communities'
capacity to participate in ecosystem manage-
ment should be strengthened, especially
through public and school education.

Recommendation 3:
Explore limited land for more
agroforestry production.

In both the upper and lower LMB, ecosystem
health and the capacity to provide ecosystem
services have been negatively affected by the
expansion of single-crop farming.

Alternatives with complex ecosystems produce
a broader range of crops, are more adaptable,
and are better equipped to respond to market
changes.

Tra Su Cajuput Forest in An Giang, Viet Nam. Photo credit @diGital Sennin
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Recommendation 4:

Incorporate stepwise ecological restoration to
reverse the trend towards degradation of
natural ecosystems.

New ecological restoration modes and pro-
grammes should be planned at international
level and implemented in different regions of the
LMB. Stepwise ecological restorations (STERE)
are suggested to improve the ecological con-
ditions of natural ecosystems according to
different levels of degradation, and in different
social and economic contexts.

Selecting appropriate restorative modes and
paths can help to progressively recover eco-
logical processes, functions and services as well
as biodiversity.

Recommendation 5:
Increase eco-compensation and
financial support.

Enhancing ecosystem health and sustainable
livelihoods along the entire LMB requires
significant investment, and this is dependent on
sustained and stable policies, financial support
and public participation. Multilevel, multichannel
and diversified financing methods should be
explored, whilst ensuring that both women and
men from vulnerable populations and local
communities are benefiting from these initi-
atives. In addition, eco-compensation regu-
lations and experimental initiatives should be
developed to enhance the ecosystem services
supported by their beneficiaries. Through
cooperation among countries, departments and
industries in the Lancang-Mekong region,
resources should be invested in ecological
improvement to jointly promote sustainable
development of the ecosystem.

Mekong Delta. Photo credit @Jack Young
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1. Introduction

Overview of the region

The Lancang-Mekong River, which has a length
of 4,880 km and a total area of 795,000 km?, is
one of the most significant transboundary rivers
in the world (Liu et al. 2022). With a 446 km?3
annual mean discharge, it ranks as the eighth-
largest flow in the world (Mekong River
Commission 2019). The Lancang-Mekong River
originates in the Qinghai-Tibet Plateau, passing
through three provinces in China then through
Myanmar, the Lao People’s Democratic Republic
(Lao PDR), Thailand, Cambodia and Viet Nam.
Within China, it flows from north to south
through the Tibet Autonomous Region and
Yunnan Province, as the Lancang River. The
Lancang-Mekong Basin (LMB) has complex
geographic and climatic conditions. From May
to November, the region has a wet season
dominated by the south-west monsoon, which is
responsible for over 70 per cent of the region's
annual precipitation (Chen, Chen and Azorin-
Molina 2018). The wet season precipitation
represents a significant source of the Mekong
River discharge and is crucial for regional
agriculture (Hoang et al. 2016). In addition, the
downstream discharge may be impacted by the
snowmelt from Qinghai-Tibet Plateau, especially
in the dry season (Johnston and Kummu 2012).
There is an elevation difference in this basin of
more than 5,060 m from Tibetan Plateau to the
estuary reaches, with an average slope of 1.04
per cent.

1. Introduction — Overview of the region

The LMB is the livelihood region of around 72
million inhabitants (Campbell 2009). It is
renowned for its wide cultural diversity, hosting
more than 70 different ethnic groups living in
small settlements with different languages and
customs (Mekong River Commission 2018b). To
support their everyday lives, many ethnic groups
rely on knowledge, practices, and land-use
systems that are inextricably linked to the
surrounding environment and resources (United
Nations Environment Programme 2006). The
natural resources support the normal lives of
more than 60 million people (Bui et al. 2016).
The LMB is particularly productive, with many
aquatic economic activities, since it benefits
from the natural hydrological cycle, with a vital
flood pulse occurring during the monsoon
season (Meur, Phu and Gratiot 2021). The big
fishing industry in the lower LMB produces 2.6
metric tons per year and receives a total income
of around $7 billion per year (Mekong River
Commission 2018b). A significant section of the
population depends on agricultural practices for
a living, and the agricultural industry is likewise
prominently represented (Smajgl et al. 2015).
Large portions of the lower basin naturally flood
during the wet season, and this flooding is
controlled for agricultural optimization (Aires et
al. 2020).

Ecosystem Assessment for Sustainable Livelihoods in the Lancang-Mekong Basin 2



1. Introduction — Overview of the region

Over the past several decades, the region's
economy and population have increased, in part
due to peace and China's recent and rapid
expansion (Meur, Phu and Gratiot 2021).
Meanwhile, the high demand for electricity and
the mountainous landscape resulted in 176
dams being built or planned throughout the
whole basin. This produced a total hydropower
capacity of 60 GW and indirectly increased the
use of the lower part of the Mekong River for
irrigation (Grumbine, Dore and Xu 20123;
Mekong River Commission 2016; Nhan and Cao
2019). The economic development in urban
areas attracts rural people through better
payment and services and is a major cause of
migration and urbanization (Water Environment
Partnership in Asia 2010). Migration and urban-
ization also have gendered implications that
require attention. For example, seasonal mi-
gration occasioned by weather disasters may
also mean that many men leave their homes in
search of jobs and this shift further impacts
local communities as traditional gender roles
are reversed. Women then take on the roles that
men previously undertook, including the head of
the household, resulting in additional respon-
sibilities that can be overburdening in some
cases whilst providing opportunities in others.
Understanding such dynamics is crucial and
ensures that local women and men can get the
right kind of assistance, and this will then lead to
more effective policies and practices and
improved outcomes which are crucial towards
sustainability. Although urbanization occurs in
all countries in the LMB, over 85 per cent of the
population lives in rural regions (Food and
Agriculture Organization 2011; Li et al. 2017).

The upper Lancang River Basin comprises for 21
per cent of the total basin area, and the water
supply here mainly comes from precipitation
and snowmelt. After entering the lower part, the
river is known as the Mekong River and finally
flows to the South China Sea. The lower Mekong
River Basin (MRB) is shared by Lao PDR
(accounting for 25 per cent of the total basin
area), Thailand (23 per cent), Cambodia (20 per
cent), Viet Nam (8 per cent), and Myanmar (3 per
cent). The upper LMB makes up 24 per cent and
the lower LMB 76 per cent of the basin's total
area (Mekong River Commission 2010) (Table
1.1). In the upper LMB, the northern part is a
typical alpine valley with an average altitude of
3,500-5,000 m, and the southern part is a wide
valley with altitude of 1,000-3,500 m. Yunnan
province in south China similarly has a monsoon
climate, albeit the local geography varies greatly.
The climate transitions from tropical and
subtropical monsoons in the south to temperate
monsoons in the north as elevation rises from
2,500 m to 4,000 m above sea level in the most
upstream area. Myanmar and the northern part
of Lao PDR have a large mountainous area, the
midstream terrain in Thailand and Lao PDR is a
transition region from mountain to plain, and the
downstream area in Cambodia and southern
Viet Nam is mostly plains.
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The lower LMB has a large area of floodplains,
including the central floodplain from the town of
Kratie to the border of Viet Nam, the Tonle Sap
floodplain with the Tonle Sap Lake and
surrounding tributaries, and the Viet Nam Delta
floodplain. The south-west monsoon, which
typically lasts from May until late September or
early October and coincides with the flood
season in the lower basin, dominates the
climate of the lower LMB (Food and Agriculture
Organization 2011).

1. Introduction — Overview of the region

The annual average rainfall throughout the
Cambodian floodplain and the Mekong Delta is
less than 1,500 mm, while it is more than double
that in the Central Highlands of Lao PDR and
inside the mainline valley at Pakse. Rainfall is
distributed seasonally similarly to the lower
basin. The main source of water for the upper
LMB's dry season and spring floods is snow,
which is scarce in the lowlands but important at
higher elevations (Figure 1.1).

Table 1.1 Overview of countries in the Lancang-Mekong River Basin (LMB)

As proportion of the

country's total area

As proportion of
LMB's total area

Area of the
Country' country in LMB
(km?)
Cambodia 155000
China 165000
Lao PDR 202 000
Myanmar 24000
Thailand 184 000
Viet Nam 65 000
Total Area of LMB

" Countries are listed in alphabetical order.

(per cent) (per cent)
86 20
2 21
85 25
4 3
36 23
20 8

795 000 km? / 3.8 per cent of South-East Asia
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1. Introduction — Overview of the region
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Figure 1.1 The Lancang-Mekong River Basin (LMB) and pilot sites in Cambodia and China
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Ecosystems and livelihoods

1.1.1. Rivers and wetlands

The LMB's connectivity and natural fluctuation
of flows enable outstanding production, while
sediments and nutrients support the landforms,
agriculture, and marine fisheries of the Mekong
Delta.

The river system supports the world's largest
known fish migration.

1.1. Introduction — Ecosystems and livelihoods

In addition to the great potential for hydropower
and water resources, the lower reaches of the
Mekong River system also contribute to the
regional economy and livelihoods by providing
waterways to support shipping, which is the
primary mode of transportation in most parts of
the LMB. Additionally, shipping is crucial for both
international trade and tourism (Mekong River
Commission 2018b).

Mekong River at the Lao-Thai border. Photo credit @Tatirose Vijitpan
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1.1. Introduction — Ecosystems and livelihoods

Millions of people who live in rural regions rely
on the unique and irreplaceable ecosystems that
the wetlands of the Lower Mekong Basin offer
for a variety of fish, plant, and animal species.
They also provide an essential supply of food
and water. For example, during the dry season
the Tram Chim National Park in Viet Nam hosts
almost the entire global population of the
threatened Eastern sarus crane (the tallest flying
bird on earth and one of the world’s 15 species
of crane). The region’s freshwater wetlands are
also crucial for many species such as migratory
egrets and shorebirds, and the coastal intertidal
areas for shorebirds from North-East Asia
(Friederich 2004).

The largest known wetland within the upper LMB
is the 250 km? Er Hai Lake in Yunnan province.
The LMB wetlands also have many essential
ecological functions with high economic value,
such as nutrient recycling and pollution removal,
sediment trapping, flood protection, carbon
capture and surface and groundwater storage.

In terms of the relationship between humans
and the ecosystem, rivers and wetlands of the
LMB have gender-differentiated impacts on
local communities. In addition to developments
within these areas sometimes having adverse
impacts on biodiversity, the reduced natural
resources often have adverse impacts on local
communities and these impacts are especially
burdened on women whose gender role
comprises a high reliance on natural resources,
for example, in collecting or utilizing water for
domestic consumption (cooking, cleaning,
drinking, washing, etc.).

The situation is further worsened during periods
of environmental stresses such as floods and
droughts and is exacerbated by social barriers,
which means they have reduced adaptive
capacities to these environmental stressors.
Therefore, initiatives that take into account the
differentiated needs of both women and men
from local communities and vulnerable
populations are the ones that are sustainable
and thus highly recommended.
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1.1. Introduction — Ecosystems and livelihoods

Wetlands in the lower LMB. Photo credit @Mekong River Commission
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1.1. Introduction — Ecosystems and livelihoods

1.1.2. Forests

The LMB comprises diverse forest types that
provide millions of people with food, livelihoods
and other ecosystem services (Brewer et al.
2020). Forests in this region perform essential
functions as carbon sinks, biodiversity hotspots
and sources of socioeconomic stability for local
populations (Sodhi et al. 2010). Located in the
Indo-Burma biodiversity hotspot, they also
sustain essential and charismatic wildlife
species, including the tiger, the Asian elephant
and the endemic saola (World Wide Fund for
Nature 2014). Many forest-dwelling and forest-
dependent animal species in the LMB are
threatened by forest loss, fragmentation, and
degradation, which also endanger the continuing
provision of forest ecosystem services. If
current trends continue, it is estimated that by
2030 just 14 per cent of forests will be large
enough to maintain thriving populations of large
animal species (such as the tiger and the Asian
elephant) in the Greater Mekong Subregion
(World Wide Fund for Nature 2013).

The increased cultivation of economic crops
such as cacao, cashew, coconut, coffee, rubber,
tea, and timber/pulp is a major driver of forest
conversion in the LMB. Economic growth is
heavily reliant on primary industries (particularly
agricultural plantations), and there is a sizable
international commercial market for wildlife
hunting.

Rapid infrastructural development, including as
transboundary economic corridors and massive
hydroelectric power plants, has also carved vast
swaths across the LMB's forests. Local ethnic
minorities and migrants with few economic
alternatives typically practice shifting farming.
Continued forest destruction will deprive them
of this source of income, presumably deepening
their poverty and widening the gender gap.
Current research indicates that women
comprise the majority of the poorest in society
and rely heavily on forest products for domestic
use. For example, a study in Lower Mekong
found that women value forests for food,
firewood, and fodder, whereas men value forests
for earning cash by selling wood to pulp or
furniture makers. Reduced forest cover means
that women increasingly invest more time in
daily chores, further impeding their involvement
in productive activities, including education or
capacity-building initiatives.

Thus, understanding how different population's
livelihoods are impacted by forest cover is
crucial.
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1.1.3. Wildlife

The LMB is home to a vast biodiversity of great
worldwide significance, containing a variety of
species that are threatened with extinction
internationally and have a high rate of
endemism. Recent estimates of the Greater
Mekong Subregion's biodata include approxi-
mately 20,000 plant species, 430 mammal
species, 1,200 bird species, 800 reptiles, 850 fish
species and various amphibian species, with
new species still being discovered (Asian
Development Bank 2015). Over 3,007 new
species have been described since 1997
(Whitney 2022), underlining the significance and
potential of the region in providing valuable
genetic and biochemical resources, as well as
sources of bio-inspiration for future generations.

1.1. Introduction — Ecosystems and livelihoods

However, many potential threats are making the
biodiversity of the Mekong River Basin vul-
nerable. These include land conversion, pes-
ticide application, intensive agricultural irri-
gation, main river constructions (such as
reservoirs and dams and use of hydropower),
overfishing and unpredictable climate change
(Valbo-Jgrgensen, Coates and Hortle 2009;
Dugan et al. 2010). For instance, many species
of large-bodied fish, including the critically
endangered gigantic catfish, considered to be
the biggest freshwater fish in the world, appear
to be on the decline. The population of amphi-
bians and reptiles has been decimated and
many important bird habitats degraded or lost.

Yin-yang frog (Leptobrachium leucops) southern Viet Nam. Photo credit ©Jodi J. L. Rowley/Australian Museum
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1.1. Introduction — Ecosystems and livelihoods

1.1.4. Fisheries

Fisheries are crucial for millions of people in the
LMB who depend on them for food security and
livelihoods. The LMB contains the third-most
diversified fish population in the world, after the
Amazon and Congo River basins, with 1,148
species (Mekong River Commission 2018a). The
lower LMB has the greatest inland capture
fisheries in the world, with an estimated annual
fish catch of 2.3 million tons, valued at $11
billion. The Mekong fisheries also help to drive
the basin's social and economic development.
Despite their importance, the Mekong fisheries
are under growing strain as a result of a variety
of consequences from basin development as
well as climate change. These negative conse-
quences are caused by the building of hydro-
electric dams, the growth of irrigated agriculture,
the development of flood protection infra-
structure, and other water resource develop-
ment projects. The net present value of the
fisheries industry in all lower LMB nations is
anticipated to fall by $22.6 million by 2040
(Cambodia, Lao PDR, Thailand and Viet Nam).

Given the increasing population in the region, it
is particularly important to ensure the sustain-
ability of fisheries (as both food source and
industry to provide employment).

Declining fish supplies due to developments
within the LMB often carries significant adverse
impacts on women who are often tasked with
food security and sustenance at the household
level. Women'’s gendered roles in terms of being
responsible for growing, collecting, and
preparing food, means that they face significant
challenges when fish stocks are low. This
reliance on declining natural resources means
that it takes more effort and longer time to fulfil
the need for sustenance; it impacts adversely on
women's time and energy, leaving little room for
other empowerment activities. The adoption of
gender-responsive strategies, plans, policies
and laws that take into account the needs of
women alongside those of men and vulnerable
populations is thus a highly recommended
approach.
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1.1. Introduction — Ecosystems and livelihoods

Traditional fish catching in LMB

Fisherman in LMB. Photo credit @Quang Nguyen Vinh
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1.1. Introduction — Ecosystems and livelihoods

1.1.5. Agriculture

Over 65 million people in the LMB depend on
agriculture for their livelihoods, making it the
foundation of the region's economic growth.
(Asian Development Bank 2015). Agriculture is
essential for improving livelihoods, living
conditions, and alleviating poverty in the basin
(Food and Agriculture Organization 2011).
Planted on over 10 million hectares, rice is the
main crop in the region, followed by cassava,
sugar cane, soybean, cashew nut and corn. The
area planted with rice is highly insufficient given
the output required and the contribution to
regional food security. In contrast to Cambodia
and Lao PDR, where agriculture is less es-
tablished, intense rice and other crop cultivation
is found in Thailand and Viet Nam. To fulfill
expanding regional and worldwide demand,
agriculture in the LMB is changing from
traditional subsistence to modern commercial
farming. For example, the net present value of
the agricultural sector in the Lower Mekong
Basin is expected to increase by $104 billion by
2040 (Mekong River Commission 2018a). With
the increasing demand for agricultural products,
agriculture - together with fishing and forestry —
employs 85 per cent of people in the Lower
Mekong Basin (Mekong River Commission
2018b). Women and men play different roles in
agriculture; for instance, in Mekong Delta,
women may be tasked with weeding, trans-
planting, and harvesting, while men may be
tasked with land preparation, plowing, trans-
portation, irrigation, and fertilizer and pesticide
applications.  However, even though both
women and men are involved in agriculture, not

everyone benefits from related development
initiatives. For example, despite the critical role
that women play in agriculture towards nutrition
and sustenance at the household and com-
munity levels, women'’s roles are often ignored
and considered not to be productive and thus
the roles remain unpaid and underrepresented in
literature and in assistance programmes.

Subsequently, women are then left out of ini-
tiatives that may have built their knowledge,
capacities or improved their economic situation;
and this inevitably results in higher levels of
poverty and reduced adaptive capacities
amongst women. With the understanding of
these linkages, it is recommended that specific
efforts are made to ensure the inclusion of
women and various vulnerable groups at all
levels of environmental initiatives.
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Background and context

The LMB is home to incomparable treasures,
including villages with unique cultural histories
and unique fauna in breathtaking natural
settings. The LMB has  experienced
unprecedented social and economic growth,
making conservation efforts particularly urgent
and important. The most significant risks are the
expansion of hydropower, climate change, the
illegal trafficking of wildlife, and habitat
degradation. The ecosystem dynamics and their
impacts on local livelihoods have gained
increasing attention in relation to its sustainable
development requirements.

The project entitled Improving Ecosystem
Management for Sustainable Livelihoods within
the Framework of Lancang-Mekong Cooperation
is funded by the UNEP-China Trust Fund.

Rice farming in the lower LMB.
Photo credit @Mekong River Commission

1.1. Introduction — Background and context

It aims to increase awareness and facilitate
cooperation among countries, and across
sectors, for the adoption of an integrated
ecosystem management approach in the
Lancang-Mekong region, with ecosystem
management for sustainable livelihoods demon-
strated through pilot activities at selected areas
in Cambodia and China. To achieve its objective,
the project has three components: (1)
Assessment and knowledge generation on
integrated ecosystem management in the
Lancang-Mekong region; (2) Capacity develop-
ment for integrated ecosystem management in
the Lancang-Mekong countries; and (3)
Integrated ecosystem management pilots.

This report is the output from the task of
ecosystem assessment for sustainable liveli-
hoods in the Lancang-Mekong Basin. Eco-
system changes in the LMB have been analysed
in terms of land cover changes, water resource
changes, and impacts - especially on
ecosystem-dependent livelihoods. This report
also presents an assessment of ecosystem
services and biodiversity in two case studies:
Phnom Kulen National Park in Cambodia and
Mengla County in Xishuangbanna Dai
Autonomous Prefecture in China. These are the
pilot sites for the overall project to demonstrate
integrated  ecosystem  management  for
ecosystem protection and restoration and
improvement of livelihoods. Case studies from
the upper and lower parts of the Lancang-
Mekong Basin are introduced below.
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1.1. Introduction — Background and context

1.1.6. Pilot site in the lower LMB: Phnom Kulen National Park (PKNP)

Phnom Kulen National Park (PKNP) is a 37,375-
hectare protected area in the districts of Banteay
Srey, Svay Leu, and Varin in Siem Reap province,
northern Cambodia. The most populated area is
the Knang Phnom Commune in Svay Leu
District, which consists of nine villages (Figure
1.2). There are almost 1,000 households (ap-
proximately 5,000 people) living across PKNP.

Among these, 427 households are within the five
Community Protected Areas (CPAs) located
inside the park, which have a total area of around
1,000 hectares. PKNP was designated a national
park by Royal Decree of King Norodom Sihanouk
in 1993 for its conservation, scientific, edu-
cational and recreational value.
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Figure 1.2 Phnom Kulen National Park, the pilot site in Cambodia
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1.1. Introduction — Background and context

1.1.7. Pilot site in the upper LMB: Mengla County

Mengla County, the subject of the upper LMB
case study, is a roughly 6,900 km? county in
China's Yunnan Province that is bordered to the
south by Lao PDR and to the southwest by
Myanmar (Figure 1.3). It's mostly rocky and
rough environment with heights that range from
480 meters in the south to 2,023 meters in the
north (Jin and Fan 2018).
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Numerous rare and endangered plant and ani-
mal species can be found in the study area. It
has grown to be an essential component of the
Indo-Burma biodiversity hotspot region (Myers
et al. 2000).
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Figure 1.3 Location of Mengla County, the pilot site in China
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1.1. Introduction — Methodological framework and data sources

Methodological framework and data sources

1.1.8. Ecosystem service analysis

Ecosystem services analysis entails reducing
knowledge of intricate ecological structures and
processes to a manageable set of ecosystem
functions and services. Despite the fact that
there are several methods for categorizing
ecosystem services, the research adheres to the
widely used framework suggested by the
Millennium Ecosystem Assessment in 2005.
Based on a review of the literature, the services
offered by each ecosystem were identified and
allocated.

In relation to local livelihoods, the ecosystem
services analysis was used to figure out the
ecosystem services of highest importance in the
case study area. Land cover data, field-collected
data and the Ecosystem Services Valuation
Database were used in this analysis. To prepare
for potential data limitation, the integrated
modelling tool Artificial Intelligence for Environ-
ment & Sustainability (ARIES) (https://aries.
integratedmodelling.org/) was used to simulate
ecosystem services in the two pilots.

ARIES is built on the ground-breaking k.LAB
technology, which allows independent resear-
chers to submit models and data, which are then
housed on a network and automatically com-
bined into model workflows.
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1.1. Introduction — Methodological framework and data sources

1.1.9. Land cover analysis

The products of the European Space Agency
Climate Change Initiative-Land Cover (CCI-LC)
project were used to analyse land-use changes
in the Lancang-Mekong River Basin (LMB) from
1992 to 2020 (the dataset can be downloaded
from www.esa-landcover-cci.org/?q=node/164).

The Advanced Very High-Resolution Radiometer
(AVHRR) data from 1992 to 1999, the SPOT-VGT
data from 1998 to 2012, the Project for On-Board
Autonomy - Vegetation (PROBA-V), and the
Sentinel-3 OLCI (S3 OLCI) time series from 2013
were the initial data sources utilized to construct
CCI-LC. CCI-LC has a resolution of 300 m* 300
m. It is based on the GlobCover unsupervised
classification chain, which employs a machine
learning method. CCI-LC employs the United
Nations Land Cover Categorization System
(LCCS) hierarchical classification system, which
was designed by the Food and Agriculture
Organization of the United Nations (FAO).

The land cover situation was analysed at least
every five years: in 1992, 1995, 2000, 2005, 2010,
2015 and 2020. The proportion of several main
land cover types was calculated for these years.
In addition, the changes in proportions of these
land cover types were analysed to demonstrate
land-use changes on a 19-year timescale.

Farmers working at Sa Dec Flower Village. Photo credit @Tran Le Tuan
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1.1. Introduction - Methodological framework and data sources

1.1.10. Water resources analysis

A comprehensive review was conducted to
investigate changes in water resources in the
Lancang-Mekong River Basin (LMB). The review
mainly focused on surface and groundwater
changes in both the upper Lancang River Basin
and the lower Mekong River Basin, over a
historical period from 1960 to 2014 and with a
future projection up to 2099. The surface water
reviews included absolute changes and change
ratios of streamflow, at both annual and
seasonal scales. Potential drivers of streamflow
changes include climate change, dam
construction and other human activities (e.g.
irrigation).

Basin and sub-basin levels were investigated for
surface water reviews. However, the regional
level was the main spatial scale for groundwater
reviews, due to data and model availability.
Changes in groundwater extraction and ground-
water levels were reviewed, with potential
drivers including land-use changes, dam con-
struction, flood pulse and groundwater recharge.
Assessing how these changes impact the
livelihoods of local women and men is also
crucial information for formulating gender-
responsive policies and strategies.
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1.1. Introduction — Methodological framework and data sources

1.1.11. Analysis of hydroclimate and human-derived impacts in Tonle Sap Lake

Large-scale atmospheric circulation index data
were also employed, notably in connection to the
El Nio Southern Oscillation (ENSO), Pacific
Decadal Oscillation (PDO), and Indian Ocean
Dipole (I0OD), since climate affects the hydrology
of the MRB and the flood regime of Tonle Sap
Lake. These have strong ties to the MRB's
hydroclimate. The data for these three indices
are accessible at the NOAA Earth System
Research Laboratories (www.esrl.noaa.gov/
psd/gcos wgsp/Timeseries). The ENSO data
used (Nio 3.4) are accessible from 1870 to the
present, the PDO data from 1900 to the present,
and the |0D data (Dipole Mode Index) from 1870
to the present. The annual ENSO index was
computed as the average monthly Nio 3.4 from
December to the following February; the annual
PDO index as the average monthly PDO from
November to the following March; and the
annual 10D index as the average monthly 10D
from June to November.

Given the complexity of the Tonle Sap Lake
system and the paucity of observations, it is
challenging to estimate how human activity's
effects on the flood pulse have changed based
on the data now available. Seasonal changes in
discharge at the upstream Stung Treng station, a
station near the lake with a long observation
time series, could reflect potential impacts on
flood pulse from the hydropower development
given the rapid increase in dams in the upper
stream of the lake, which primarily shifts the
seasonal flow regime. The following discharge
data were used to measure trends in high flow
and low flow:

o observed discharge at the Stung Treng
station for 1960—2019, including both
climatic and anthropogenic impacts;

o simulated discharge from Global Flood
Awareness System (GloFAS) global
streamflow reanalysis products from 1979,
without information on subsequent
hydropower construction and therefore
representing mainly climatic influences on
discharge.
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2. Land cover changes in the Lancang-Mekong Basin — Introduction

2. Land cover changes in the Lancang-Mekong Basin

Introduction

One of the world's biggest river systems, the
Lancang-Mekong River (LMR) drains an area of
795,000 km?over a distance of around 4,880 km
(www.Imcchina.org/eng). The Tibetan Plateau is
located in the upstream part of the Lancang-
Mekong Basin (LMB), which has an average
height of more than 4,000 meters (Yao et al.
2019). It is in a near-natural state due to the little
effect of human activity. The LMB provides
assistance to over 230 million people and
significantly contributes to the socioeconomic
development of the nations through which it
flows (www.Imcchina.org/eng).

With the rapid economic development in the
LMB, there have been significant changes to
land cover, especially in the lower LMB (Spruce
et al. 2020). Cropland has been observed to have
expanded fast in the 21 century (Zeng et al.
2018). Rapid urbanization in this area is leading
to urban expansion, especially in populous areas
(Yao et al. 2019). These changes are resulting in
many ecological problems, such as forest loss,
forest patching and changes to the water cycle.
Analysis of land cover changes in the LMB over
the past few decades can clarify the current land
cover situation and demonstrate the influence of
human activities, such as the rapid economic
development of South-East Asian countries and
the expansion of urban areas and cropland.
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2.1. Land cover changes in the Lancang-Mekong Basin — Data processing

2.1. Data processing

In this study, the data produced by the European
Space Agency Climate Change Initiative — Land
Cover (CCI-LC) project were used to analyse land
cover changes in the Lancang-Mekong Basin.
CCI-LC was developed using three satellite data
types: AVHRR data from 1992 to 1999, Systéme
Probatoire d'Observation de la Terre - Vegetation
(SPOT-VGT) data from 1999 to 2012, and Project
for On-Board Autonomy - Vegetation (PROBA-V)
data from 2013 to present.

The LCCS, which is entirely compatible with the
Plant Functional Types used in many models,
includes 36 land cover types. In this
assessment, the land cover types were
reclassified into cropland, tree cover, shrubland,
grassland, sparse vegetation, bare, urban, water
and snow/ice to describe the land cover
changes more clearly (Table 2.1).
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2.1. Land cover changes in the Lancang-Mekong Basin — Data processing

Table 2.1 Reclassification scheme for CCI-LC data

10
11
12
20

30

40

50
60
61
62
70
71
72
80
81
82
90

No Data
Cropland, rainfed
Herbaceous cover
Tree or shrub cover
Cropland, irrigated or post-flooding

Mosaic cropland (>50 per cent) / natural vegetation (tree, shrub,
herbaceous cover) (<50 per cent)

Mosaic natural vegetation (tree, shrub, herbaceous cover) (>50 per
cent) / cropland (<50 per cent)

Tree cover, broadleaved, evergreen, closed to open (>15 per cent)
Tree cover, broadleaved, deciduous, closed to open (>15 per cent)
Tree cover, broadleaved, deciduous, closed (>40 per cent)
Tree cover, broadleaved, deciduous, open (15-40 per cent)
Tree cover, needle-leaved, evergreen, closed to open (>15 per cent)
Tree cover, needle-leaved, evergreen, closed (>40 per cent)
Tree cover, needle-leaved, evergreen, open (15-40 per cent)
Tree cover, needle-leaved, deciduous, closed to open (>15 per cent)
Tree cover, needle-leaved, deciduous, closed (>40 per cent)
Tree cover, needle-leaved, deciduous, open (15-40 per cent)

Tree cover, mixed leaf type (broadleaved and needle-leaved)

(Table continues on the next page)

Reclassified

land cover type

No Data
Cropland
Cropland
Cropland
Cropland

Cropland

Tree cover

Tree cover
Tree cover
Tree cover
Tree cover
Tree cover
Tree cover
Tree cover
Tree cover
Tree cover
Tree cover

Tree cover
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2.1. Land cover changes in the Lancang-Mekong Basin — Data processing

(Continuation of table from previous page)

Reclassified

Label
land cover type

Mosaic tree and shrub (>50 per cent) /

100 Tree cover
herbaceous cover (<50 per cent)
Mosaic herb 50 t
110 osaic herbaceous cover (>50 per cent) / Shrubland
tree and shrub (<50 per cent)
120 Shrubland Shrubland
121 Evergreen shrubland Shrubland
122 Deciduous shrubland Shrubland
130 Grassland Grassland
Lichens and
140 Lichens and mosses
mosses
. Sparse
150 Sparse vegetation (tree, shrub, herbaceous cover) (<15 per cent) _
vegetation
Sparse
152 Sparse shrub (<15 per cent) P _
vegetation
Sparse
153 Sparse herbaceous cover (<15 per cent) P _
vegetation
160 Tree cover, flooded, fresh, or brackish water Tree cover
170 Tree cover, flooded, saline water Tree cover
180 Shrub or herbaceous cover, flooded, fresh/saline/brackish water Shrubland
190 Urban areas Urban
200 Bare areas Bare
201 Consolidated bare areas Bare
202 Unconsolidated bare areas Bare
210 Water bodies Water
220 Permanent snow and ice Snow/Ice
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2.2. Land cover changes in the Lancang-Mekong Basin — Land cover changes in the Lancang-Mekong Basin

2.2. Land cover change in the Lancang-Mekong Basin

There were significant changes to land cover in
the LMB from 1992 to 2020. Tree cover area
indicated an increasing trend before 2000 and a
decreasing trend in the 21 century. Tree cover
area has decreased by 2,668.32 km?in the past
20 years (Figure 2.1). Cropland area showed an
overall increasing trend over the study period but
decreased slightly after 2013; overall, cropland
area increased by 18,478.53 km? between 1992
and 2020.

South-East Asia, including the LMB, is a hotspot
for tropical tree cover loss due to agricultural
expansion. Zeng et al. (2018) estimated that
82,000 km? of forest or other land covers had
been developed into cropland in the South-East
Asian highlands. From 1992 to 2020, shrubland
areas decreased by 17,036.19 km?, while urban
areas increased by a factor of 4.54, from 498.96
km? to 2,262.87 km?
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Figure 2.1 Changes in area of key land cover types identified in LMB, 1992 to 2020
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2.2. Land cover changes in the Lancang-Mekong Basin — Land cover changes in the Lancang-Mekong Basin

Cropland expansion mainly occurred in the
middle and downstream portions of the LMB.
Thailand and Cambodia experienced significant
cropland expansion, resulting in loss of tree
cover or shrubland in both countries. Around
Tonle Sap Lake, there is noticeable cropland
expansion at the expense of tree cover and
shrubland. Grassland is the dominant land cover
type in the upstream portion of the LMB, while
tree cover and shrubland account for small
areas.
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Due to the high elevation and complex terrain,
there is little direct impact from human activities
in this region. There have been few changes to
grassland and other land cover types over the
past 20 years (Figure 2.2). There was significant
increase and expansion in urban areas in
Thailand, Cambodia and the Lancang-Mekong
Delta.

29°N

22°N

15°N

Bop 4 A goy P S
93°E 98°E 103°E 108°E 98°E 103°E 108°E

29°N

22°N

15°N

8N 2 8°N +
93°E 103°E 108°E 93°E 103°E 108°E

Figure 2.2 Land cover changes in the LMB in different years
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2.3. Land cover changes in the Lancang-Mekong Basin — Land cover change in Mengla county

2.3. Land cover change in Mengla County

Mengla County (area 7,056 km?) is in the east of
the Xishuangbanna Dai Autonomous Prefecture,
located in the south of Yunnan Province. It
borders Lao PDR to the east and south and
Myanmar to the west. Due to the small area of
Mengla County, not all land cover types in the
revised CCI-LC land cover classification were
included. Therefore, this assessment only
analysed changes to areas of cropland, tree
cover and shrubland, which account for more
than 90 per cent of the total area.

Cropland and tree cover area indicated a rapidly
increasing trend in 1992-2000, and tree cover
area has still displayed an increasing trend in the
21t century (Figure 2.3). Cropland area
continued to show an increasing trend from
2000 to 2009 but decreased from 2010 to 2020.
This may be a result of China's policy of
returning farmland to forest. The area of
shrubland indicated a decreasing trend over the
study period.
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Figure 2.3 Changes in area of key land cover types identified in Mengla County, 1992 to 2020
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2.3. Land cover changes in the Lancang-Mekong Basin - Land cover change in Mengla county
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Figure 2.4 Land cover changes in Mengla County in different years
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2.4. Land cover changes in the Lancang-Mekong Basin — Land cover change in Phnom Kulen National Park

2.4. Land cover change in Phnom Kulen National Park

Phnom Kulen National Park was established in
1993 and covers an area of 373.76 km?. The area
of tree cover — the primary land cover type -
decreased from 318.06 km? to 214.2 km?
between 1992 and 2020 (Figure 2.5). Tree cover
area experienced a rapid decrease from 1992 to
2004, then remained stable from 2005 to 2017.

60

Cropland area showed an increasing trend from
1992 to 2004 and a steady state from 2005 to
2015. The area of shrubland displayed a similar
trend to cropland, but it showed an increasing
trend from 2015 to 2020 while cropland showed
a decreasing trend.
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Figure 2.5 Changes in area of key land cover types identified in PKNP, 1992 to 2020
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2.4. Land cover changes in the Lancang-Mekong Basin - Land cover change in Phnom Kulen National Park

In Phnom Kulen National Park, cropland expan- As a result, forest fragmentation was increasing.
sion was apparent in the middle and eastern There was also an expansion in shrubland in the
parts (Figure 2.6). Cropland expansion mainly western part of Phnom Kulen National Park.

occurred at the expense of tree cover, partly at
the expense of shrubland.
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Figure 2.6 Land cover changes in PKNP in different years
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3. Water resources changes in the Lancang-Mekong River Basin — Introduction

3. Water resource changes in the

Lancang-Mekong Basin

Introduction

The area of the Lancang-Mekong Basin (LMB) is
shared between China (21 per cent), Myanmar (3
per cent), Lao PDR (25 per cent), Thailand (23
per cent), Cambodia (20 per cent) and Viet Nam
(8 per cent). The river originates in the Tibetan
Plateau, flows through China's Qinghai Province,
Tibet Autonomous Region, and Yunnan Province
(known as the Lancang River Basin (LRB)), and
then continues into the lower section of the
basin, also known as the Mekong River Basin
(MRB), at the boundary between Myanmar and
Lao PDR. Theriver flows through Lao PDR before
establishing the border between Lao PDR and
Thailand in the MRB and then reentering Lao
PDR. The river travels through Cambodia and
Viet Nam as a complicated delta system before
emptying into the South China Sea (Mekong
River Commission 2005).

Large-scale  agricultural  expansion and
hydropower development across the LMB are
primarily to blame for the dramatic land cover
changes and changes to hydrological and
ecological systems that have resulted from the
rapid economic development and rising demand
for food and energy in riparian countries
(Johnston and Kummu 2012). Many studies
have found that climate change and human
activities have significantly affected streamflow
in the Lancang-Mekong River's main stem and
tributaries, resulting in more frequent severe
events and longer dry seasons (Thilakarathne
and Sridhar 2017). Changes in the LMB's
hydrologic regime, for example, have resulted in
the degradation of natural resources in the
region, such as fish, water, and land, on which
millions of people in MRB nations rely (Chea,
Grenouillet and Lek 2016).
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3.1. Water resources changes in the Lancang-Mekong River Basin — Surface water changes in the LMB

3.1. Surface water changes in the LMB

The literature identifies changes to surface
water in the LMB; the key studies are listed in
Table 3.1. A general downward trend in annual
streamflow was observed in the LMB from 1960
to 2010. However, no clear trend was detected
after 2010 (Ruiz-Barradas and Nigam 2018). Due
to the different data and methodologies used in
each study, most studies indicated a declining
trend in historical streamflow in the LMB,
whereas a few studies found the contrary - a
rising trend in streamflow.

The combined effects of climate change and
human activity are to blame for the variations in
streamflow. Over various areas and eras,
different relevant elements contribute dif-
ferently. Before 2010, streamflow changes in the
LMB were mostly caused by climate change
(relatively low precipitation and high evapo-
ration), but human actions, particularly dam
construction, were primarily responsible for the
downward trend that followed. This finding has
been confirmed by observational (Li et al. 2017)
and modelling studies (Shin et al. 2020).

While human activities contributed 61.9 per cent
of the changes to streamflow in the post-impact
era of 2010-2014, climate change controlled the
changes to annual streamflow during the
transition period of 1992-2009, accounting for
82.3 per cent of the changes (Li et al. 2017).
Regarding annual streamflow and water-level
variations, the LRB's hydrological response is
regarded to be more responsive to climatic
factors than to human activities when compared
to the MRB (Li and He 2008). This discrepancy
also reveals the growing effects of heavy human
activity on local hydrological systems, par-
ticularly in the MRB in recent years (Shin et al.
2020).
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3.1. Water resources changes in the Lancang-Mekong River Basin — Surface water changes in the LMB

Table 3.1 Overview of literature on changes to streamflow over the LMB and its upper (LRB) and
lower (MRB) parts (adapted from Liu et al. 2022)

Reference

Region

Variable/
Model
(Source)

Observation

Period

Annual Streamflow

Seasonal Streamflow

Dry Season

Wet Season

He and LRB Discharge Yes 1962- Base flow is increased Substantial Discharges
Chen 2002 (MRC) 2000 increase in are reduced
flow by 25 per
cent
Kummu LRB Water level & | Yes 1962- Mean flow is increased | N/A N/A
and Varis discharge 2000 in the post-dam period
2007 (MRC) (1993-2000) compared
to pre-dam period
(1962-1992).
Luetal. MRB Water level & | Yes 1962- Both water level and Minima flow | N/A
2008 discharge 2003 baseflow are increased
(MRC) decreased
Kummu MRB Water level & | Yes 1923- Water level is Water level Flood peaks
and discharge 1965 decreased is increased are reduced
Sarkkula (MRC)
2008 1997-
2006
Delgadoet | LMB Discharge Yes 1913- Flood magnitude is N/A Flood
al. 2010 (Southern 2007 decreasing but magnitude is
Institute of variability is increasing decreasing
Water but variability
Resources is increasing
Piman et LMB SWAT No 1987- N/A 63 per cent 20-22 per
al. 2012 simulation 2006 increase in cent
dry season decrease in
flows June-
November
flow
Résdnen LMB VMod No 1990- Not clearly determined | 90 per cent 20-22 per
etal 2012 simulation 2008 increase in cent
December— decrease in
May flows June—
November
flow

(Table continues on the next page)
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3.1. Water resources changes in the Lancang-Mekong River Basin — Surface water changes in the LMB

(Continuation of table from previous page)

Seasonal Streamflow

Reference Period Annual Streamflow

Region

Variable/
Model
(Source)

Observation

Dry Season

Wet Season

Cochrane LMB Discharge Yes 1960- Water levels are Mean water Mean water
etal 2014 (MRC) 2010 slowly decreasing in | levels are levels are
downstream MRB increased by increased by
30 per cent less than 5 per
cent
Rasanen LMB Discharge Yes 1960- N/A Increased by Increased by
etal 2017 (MRC) and 2014 121-187 per 32-46 per cent
VMo centin LRB in LMR and
simulation and increased increased by
by 4174 per 06 per cent in
centin MRB MRB
Lietal LMB Discharge Yes 1960- Streamflow is Increased by Decreased by
2017 (MRC) 2014 increased in the 23-55 percent | 10-32 per cent
LRB, but no clear in LRB and by in LMR and
trend is found inthe = 9-69 per cent decreased by
MRB, resultingano | in MRB 0-13 per cent
significant change in MRB
in the LMB (less
than 3 per cent)
Hoang et LMB VMod No 2036- No clear trend is Sharply Decreased by
al. 2018 ?Ci)rrr(llélgtti)?/n 2065 determined increased by 0-25 per cent
E:MIPS 45-150 per
RCP4.5 &
RCP8.5) cent
Kingston LMB SLURP No 2°C Mean monthly river | Greatest Greatest
etal 2011 model war- discharge changes increases in decreases are
simulation ming from-16 percentto | May and June | found in July
across +55 per cent and August
seven
GCMs
Eastham LMB Hydrological No 19571- Increased by 21 per | N/A N/A
etal. 2008 simulation 2030 cent with a range
based on 11 from -8 per cent to
GCMS 90 per cent
Vastila et LMB VIC No 1995- Only a 4 per cent Decreased Increased by 5
al. 2010 simulation 2004 increase in annual per cent
streamflow
2010-
2049
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3.1. Water resources changes in the Lancang-Mekong River Basin — Surface water changes in the LMB

The LRB and MRB differ in the change ratio of
streamflow given the natural controls on these
two areas' hydrological systems by various
climate factors (Pokhrel et al. 2018a). Snowmelt
and precipitation have a greater impact on the
flow regime in the LRB than they do in the MRB,
which is dominated by heavy monsoon season
rainfall (Delgado, Apel and Merz 2010). Climate
change, mainly in the form of precipitation, has
increased streamflow in the LRB. In addition, the
majority of the MRB showed a somewhat
declining trend between 1960 and 2014 as a
result of the combined effects of climate change
and human activity (Li et al. 2017). Between
1961 and 2001, the magnitude and frequency of
flood occurrences were found to have grown in
the LRB, and this trend is anticipated to continue
from 2011 through 2095 (Tang et al. 2015).
However, dams in the LRB might potentially
minimize this tendency in climate-change-
induced flood events (Wang et al. 2020).

The main stream of the Lancang-Mekong River
has an intrinsically seasonal cycle due to clear
and regular dry-to-wet transitions. As a result,
streamflow seasonality diminished with the
installation of dams in the main stem of the river
(Pokhrel et al. 2018b). Reservoirs alter flow
regimes by water storage during wet seasons
and releasing it during dry seasons. (Pokhrel et
al. 2012). Prior to the construction of dams,
streamflow amplitude has often increased, but
maximum flows have generally trended
downward after dam construction (Li et al. 2017;
Hoang et al. 2019). Dam operation in the
watershed attenuates flow seasonality by
increasing flow during dry seasons while
decreasing it during rainy seasons (Hoang et al.
2019; Shin et al. 2020). According to a research

based on discharge measurements made at the
Chiang Saen station between 1985 and 2010,
the Lancang River's cascade of dams boosted
discharge in the dry season by an average of
34.155 per cent and decreased discharge in the
wet season by 29-36 per cent (Rasénen et al.
2012). Between 1986 and 2005, flow in one of
the LMB's major tributaries, the Srepok, Sesan,
and Sekong ("3S") basin, which contributes the
most to the Mekong River's discharge, grew by
63-88 per cent in the dry season and fell by 22-
24.7 per cent in the rainy season as a result of
dam building (Piman, Cochrane and Arias 2016;
Trang et al. 2017). In comparison to the baseline
period of 2000-2005, the annual flow from the
3S basin is predicted to rise by 10.7 per cent by
the 2030s, 14.8 per cent by the 2060s, and 13.9
per cent by the 2090s under Representative
Concentration Pathway 4.5 (RCP4.5) (Trang et
al. 2017).

Despite the fact that streamflow seasonality has
decreased, it has been discovered that
streamflow variability has increased in the dry
season along the river due to the combined
impacts of various reservoir operating plans and
changes in land cover in the LMB (Mohammed
et al. 2018; Hecht et al. 2019). As a result, the
basin's flood amplitude, duration, and maximum
water level have all decreased (Delgado, Apel
and Merz 2010; Li et al. 2017; Pokhrel et al.
2018b). This has caused a significant delay to
the start, peak and end of the seasonal flood
pulse (Rasénen et al. 2012; Pokhrel et al. 2018b).
These modifications to flood dynamics are
anticipated to be accentuated if several of the
big dams proposed are built in the main stem of
the Mekong River.
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3.1. Water resources changes in the Lancang-Mekong River Basin — Surface water changes in the LMB

Specifically, the Tonlé Sap Lake and Mekong
Delta systems' flood dynamics will be impacted
by this (Pokhrel et al. 2018b). Such changes in
flood pulse can help to prevent flood disasters,
but also impact aquatic biodiversity as well as
flood-based agriculture (Campbell 2012). For
instance, the river's hydrological shift may
obstruct fish migratory routes, and the sediment
load moving downstream may cause erosion at
the delta's seaward border, reducing the amount
of arable land (Campbell 2012). Alongside
changes to the flow regime caused by dam
construction, extreme floods and low flows were
more likely between 1924 and 2000 due to large-
scale atmospheric processes such as radiation,
convection, and aerosol movement (Pokhrel et
al. 2018a).

Aside from climate change and dam con-
struction, other human endeavors like farmland
expansion and irrigation have changed the
LMB's water resources. Studies have shown
that, although these activities have caused only
small average changes to streamflow at basin
scale, they have caused significant changes over
highly irrigated areas — mainly in the down-
stream region of the MRB (Pokhrel et al. 2012).
About 62 km?® of water, or 13 per cent of the
normal annual discharge, was reported as the
total water withdrawn from the whole LMB. Viet
Nam makes up over 52 per cent of this
withdrawal, followed by Thailand at 29 per cent,
China at 9 per cent, Lao PDR at 5 per cent,
Cambodia at 3 per cent, and Myanmar at 2 per
cent (Frenken 2012). Surface water withdrawal
typically makes up 97 per cent of the total
amount of water withdrawn from the basin,
while groundwater extraction makes up 3 per
cent (Freniken 2012). Agriculture uses 80-90

per cent of the water withdrawn in the MRB,
however this sector's yearly water demand for
agriculture is still less than 4 per cent of the
region's total annual streamflow (Nesbitt,
Johnston and Solieng 2004).

Studies predict an increasing tendency for
streamflow in the LMB despite diversity in
climatic factors and models. However, the flow
regime is extremely vulnerable to a number of
causes, including the building of dams, the
growth of irrigation, changes in land use, and
climate change. Significant adjustments to the
yearly and seasonal flow are anticipated,
coupled with an overall upward tendency (Hecht
et al. 2019; Hoang et al. 2019). Even though it
has a negligible impact on overall yearly flows,
the growth of hydropower has the largest
seasonal impact on streamflow, outweighing the
other factors with a rise in the dry season and a
decrease in the rainy season (Hoang et al. 2019).
Irrigation development would result in a
marginal 3 per cent reduction in annual
streamflow for the whole period of 2036-2065
compared to the period of 1971-2000, whereas
climate change may result in a 15 per cent
increase. The World Climate Research
Programme Coupled Model Intercomparison
Project, Phase 5 data that were statistically
downscaled for this research (CMIP5). VMod, a
distributed hydrological model with a spatial
resolution of 0.5 degrees (about 50 km at the
equator), was employed (Hoang et al. 2019).
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3.1. Water resources changes in the Lancang-Mekong River Basin — Surface water changes in the LMB

The dry season's change ratio (+70 per cent) is
greater than the rainy season's (=15 per cent).
According to projections, streamflow in the 3S
tributary will rise by 96 per cent in the dry season
and fall by 25 per cent in the wet, indicating that
the 3S system is more sensitive to climate
change and human activity than the whole LMB
(Shrestha et al. 2016).

The streamflow change situations differ regio-
nally, particularly in the MRB (Dang, Cochrane
and Arias 2018). Although streamflow is
anticipated to increase in the LMB in the future,
there are still significant uncertainties in these
predictions. Studies based on 11 general
circulation models (GCMs) predict that by the
2030s, yearly runoff would rise by 21 per cent
(range from -8 per cent to 90 per cent) compared
to the previous period (1951-2000) (Eastham et
al. 2008). By the 2040s, Vastila et al. (2010) only
anticipated a 4 per cent rise in yearly flow in the
LMB. With a geographical resolution of 25 km,
these scientists drove a distributed hydrological
model called Variable Infiltration Capacity (VIC)
using dynamically downscaled data from the
ECHAM4 climate model. Other studies have
shown very minor increases in mean annual flow
in the LMB, ranging from 3 per cent to 10 per
cent, based on CMIP5 datasets for the near
future (2036-2065) (Vastila et al. 2010; Hoang et
al. 2019).

Extremely high flow occurrences are expected to
grow in size and frequency. In contrast, studies
that just consider the effects of climate change
predict that low flow occurrences will happen
less frequently (Hoang et al. 2019). Flood
dangers in the LMB might increase when severe
high flow occurrences occur more frequently.
Over the next 20 to 30 years, it is anticipated that
the vast hydropower development (both current
and prospective) that is causing discharge
variations would have a greater impact on
hydrography than climate change (Lauri et al.
2012). Furthermore, there may be different
patterns of water changes in different sub-
basins of the LMB. By the end of the 215t century
(2080-2099), it is also anticipated that there will
be more rainy days, which might raise the danger
of flooding but decrease the chance of droughts
and low flow times (Kiem et al. 2008). The
expected change ratio is location dependent.
For instance, Hoang et al. (2019) demonstrated
that the annual streamflow change in sub-basins
between 2036 and 2065 varied from +5 per cent
to +16 per cent (depending on location), relative
to the baseline of 1971-2000. Figure 3.1 depicts
a thorough assessment of current and up-
coming streamflow changes.
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3.1. Water resources changes in the Lancang-Mekong River Basin — Surface water changes in the LMB
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Figure 3.1 Changes in streamflow over (a) the LMB, (b) the LRB, and (c) the MRB, based on
publications in Table 3.1 (Liu et al. 2022)
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3.2. Water resources changes in the Lancang-Mekong River Basin = Groundwater changes in the LMB

3.2. Groundwater changes in the LMB

In the LMB, groundwater is a vital source of
water (Pokhrel et al. 2018b). More than 4.5
million people who depend on groundwater for
their residential and agricultural activities in the
Mekong Delta are connected to the farming
system, wetland ecology, and their livelihoods
(Pokhrel et al. 2016). Additionally, it is essential
for avoiding saltwater intrusion (International
Union for Conservation of Nature 2011). There
has not previously been sufficient investigation
into groundwater in the LMB. References in the
literature related to volume, use and quality of
groundwater resources are restricted because
little information is available on several local
areas of the MRB (Eastham et al. 2008).

The Mekong Delta stretches from central
Cambodia to Viet Nam's East Sea, covering
50,000 km? of fertile alluvial plain (International
Union for Conservation of Nature 2011). In the
delta region, over a million wells have been
constructed to draw groundwater for agri-
cultural, household, and industrial purposes. The
number of wells in the delta area has expanded
considerably from a small number prior to the
1960s (Erban et al. 2013). According to the
International Groundwater Resources Assess-
ment Center's (IGRAC) inventory, roughly 0.55
km?® of groundwater was drawn from the LMB
(mostly from the MRB) in 2000 (Wada et al.
2010). This figure, however, has been proven to
be much lower than that stated in country-
specific statistics (Ha et al. 2015). This dis-
crepancy may be caused by the fact that the
IGRAC's global database does not account for

the groundwater consumed by specific houses
within the basin (Pokhrel et al. 2018b).

The LMB's groundwater system is largely
influenced by changing hydrological systems
and intensive human activities that alter
groundwater balance in terms of recharge and
withdrawal (White 2002). According to
monitoring data collected over 30 years in the
Mekong Delta, the area's groundwater level has
significantly decreased (International Union for
Conservation of Nature 2011). Particularly, since
1995, the groundwater level in Ca Mau Province,
Viet Nam, has decreased by as much as 10 m
(International Union for Conservation of Nature
2011). In Viet Nam, groundwater levels have
likewise been steadily dropping at a pace of
around 0.3 m per year (based on data from
nested monitoring wells), which results in an
average annual rate of land subsidence of about
1.6 cm (Erban et al. 2013).

Increased water demand and decreased water
availability are the main causes of these
declining trends in groundwater levels
(International Union for Conservation of Nature
2011). The region's availability of clean water
has decreased as a result of rising population
levels and increasing agricultural, which has led
to increased groundwater extraction (Inter-
national Union for Conservation of Nature 2011).
Reduced groundwater recharge is mostly the
result of changes in land use, such as the
clearing of forests and the expansion of farming
(White 2002). Due to the artificially managed,
relatively high water level that dams maintain
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throughout the dry season, several studies have
shown that dams may have a favorable
influence on the groundwater system (Pokhrel et
al. 2018b). The dynamics of terrestrial water
storage, as a result of water impoundment
behind dams, can generally have an influence on
groundwater systems. They can reduce saline
intrusion (Pokhrel et al. 2012) by further off-
setting sea-level rise (Felfelani et al. 2017).

Furthermore, comparatively high groundwater
levels as a result of greater dry season water
levels caused by dams may assist irrigation
systems by lowering energy costs (Pokhrel et al.
2018b). In addition to multiple factors impacting
quantity, the quality of groundwater in the region
is being affected by sea-level-rise induced
saltwater intrusion, agrochemical use and
inherent arsenic pollution (Erban et al. 2013;
Erban, Gorelick and Zebner 2014; Minderhoud et
al. 2017). Groundwater overuse has also been
observed to worsen the effects of arsenic
pollution in the Mekong Delta (Fendorf, Michael
and van Geen 2010). Climate change may
exacerbate this by increasing water demand,
particularly during the dry seasons (Eastham et
al. 2008; Podgorski and Berg 2020; Zheng 2020).

Changes in downstream flood pulses and
groundwater recharge patterns caused by
climate change are also likely to have an
influence on the LMB groundwater system in the
future (Smajgl et al. 2015). However, as with
observed alterations to groundwater, infor-
mation is limited on projected groundwater in
the LMB. Shrestha, Bach and Pandey (2016)
investigated the Mekong Delta and investigated
groundwater change under several RCP
scenarios. Their findings indicate that ground-
water recharge would decline by 3 mm per year
under RCP8.5 and 1.5 mm per year under
RCP4.5 from 2010 until the end of the 21¢
century. The entire fall in groundwater level is
expected to be 1.5 m to 41 m by the end of the
21st century (depending on location). This
reduction may have an impact on groundwater
storage in this region (Shrestha, Bach and
Pandey 2016). However, a recent worldwide
modeling research found that groundwater
recharge will rise under various future warming
scenarios, particularly in sections of the MRB
(Reinecke et al. 2021).
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Due to the fast socioeconomic growth and the
decline of surface water supplies brought on by
anthropogenic activities and climate change, the
demand for groundwater has significantly grown
in the LMB (International Union for Conservation
of Nature 2011). In some regions, groundwater
overexploitation and climate change have
already caused widespread environmental
problems, such as deterioration in water quality,
saltwater intrusion and depletion of aquifer
storage (Erban, Gorelick and Zebker 2014;
Merola et al. 2015, Smajgl et al. 2015;
Minderhoud et al. 2017). The compound effects
on the groundwater system may be far more
complex. Therefore, it is both required and
urgent to carry out a comprehensive review of
water resources that considers groundwater and
human health. This is required to provide a
comprehensive picture of the wide range of
hydrological, ecological, health, and
socioeconomic repercussions that may be
impending due to climatic change, socio-
economic expansion, and changes in water
management.
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3.3. Potential impacts of water resource changes

Significant adjustments to the LMB's water
resources will probably have a significantimpact
on the long-term sustainability of water manage-
ment. The projected modifications to the basin's
flow regime are anticipated to have a variety of
detrimental effects. Large changes to flow
regimes would disrupt aquatic ecosystems by
altering fish migration patterns, native species'
natural habitats, and plant distribution (Arias et
al. 2012; Schmitt et al. 2019; Whitehead et al,,
2019). Fish abundance and catch in the lower
regions of the basin are also anticipated to be
significantly altered by changes in flow regime
brought on by dams. Reduced river streamflow
during the rainy season might obstruct overland
water flows that trigger the natural sedi-
mentation process on floodplains, hurting
agriculture that depends on floods. Reduced
sedimentation will have an even greater impact
on agricultural yields since it will reduce the
nutrients delivered by the silt during flood events
(Hoang et al. 2019).

Water consumption is predicted to rise
dramatically in the LMB due to fast socio-
economic development and population ex-
pansion, which are outpacing the increase in
accessible water resources (Eastham et al.
2008). The number of individuals who are
subject to water stress might rise as a result,
creating further issues for water security in the
near future. The hotspot locations for water
shortage, according to research, also tend to be
located downstream in areas where dams
severely control flow (Veldkamp et al. 2017).
According to the predicted decrease in
accessibility of surface water due to climate
change, the LMB is likely to see a major increase
in groundwater demand (Eastham et al. 2008).
Deep groundwater arsenic might be released by
vertical movement as a result of extensive
groundwater extraction, which could potentially
cause widespread land subsidence (Wagner et
al. 2012). This will reduce agriculture output and
seriously jeopardize future human health
(Merola et al. 2015).
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CHAPTER 4

Ecosystem services and livelihoods
in the Lancang-Mekong Basin:
case studies in China and Cambodia
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4. Ecosystem services and livelihoods in the Lancang-
Mekong Basin: case studies in China and Cambodia

Lower Lancang-Mekong River Basin: case study in Phnom Kulen

National Park, Cambodia

4.1.1. Natural and cultural resources of Phnom Kulen National Park

Phnom Kulen National Park plays an essential
role in biodiversity maintenance, environmental
conservation and provision of resources for
local livelihoods. A diverse and complex mosaic
of habitats dominates the area. With an
elevation of up to 500 metres above sea level,
PKNP presents a distinctive sandstone
geographical feature in the essentially flat
lowland landscape. The Siem Reap River, along
with the other major rivers in the Angkor area,
originates in the same mountain range (Puok
and Roluos). It plays a significant part in
supplying the area's aquifer and surface water.
Before reaching Angkor, it drains the majority of
the plateau. Through a network of channels, it
nourishes the city's entire hydraulic system, the
main reservoir (baray), and the temples or city
moats. It then empties into the enormous Tonle
Sap Lake.

The majority of the forest cover consists of
evergreen and semi-evergreen forests, with tiny
pockets of deciduous dipterocarp forest. The
remaining forest patches, with agricultural land,
cover the plateau area. Mostly in the southern
section, it is made up of regenerating and
secondary forests, combined with highly
degraded woods, cassava plantations, and
cashew plantations (Singh et al. 2019). The total
botanical record for PKNP includes 775 wild

species (native, endemic and pioneer species).
Flagship threatened animal species include
pileated gibbon, Indochinese silvered langur,
Bengal slow loris and binturong. Additionally, it
is thought that this location has a different
medicinal value from other Cambodian regions
due to the presence of 389 different species of
medicinal plants (Sothearith et al. 2020).

In addition to its abundant natural riches, PKNP
is a well-known sacred tourism destination with
significant spiritual, cultural, and historical
significance (Davies 2013). It has been included
as a possible World Heritage cultural site on the
Government of Cambodia's tentative list since
1992. The peak is referred to as Mahendra-
parvata, or "the mountain of the Great Indra", in
ancient Khmer writings, notably the Sdok Kak
Thom inscription. Several temples may be seen
at this ancient city, which was the Khmer
Empire's former capital and was built between
the late eighth and early ninth centuries (United
Nations Educational, Scientific and Cultural
Organization 2020). As King Jayavarman I
declared independence from Java in 802 CE
from the city of Mahendraparvata, Phnom Kulen
had significant symbolic importance for the
ancient Khmer Empire (United Nations Edu-
cational, Scientific and Cultural Organization
2020).
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The ancient Mahendraparvata on Phnom Kulen
is now a largely wooded site with around 40
brick temples, including one pyramid mountain-
temple, historic reservoirs, dykes with spillways,
waterways, ponds, plots, platforms, and earthen
mounds, all part of an ancient urban system.

The cultural and natural resources (Figure 4.1) of
PKNP support various types of local livelihoods.
They provide multiple ecosystem services, such
as water and climate regulation, provision of
food, water and other raw materials, pollination,
habitats for many species, recreational and
spiritual services, opportunities for education
and sciences, carbon sequestration and soil
conservation, etc. The resources and ecosystem
services also support local life in many ways,
both directly and indirectly. Local livelihoods
range from farming of rice (and other crops),
cashew planting, subsistence hunting for food
and gathering of traditional medicine, to natural
or cultural tourism.
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(b) Remaining natural forests

(c) Selling honey of wild bee (d) Old Khmer-style house

K

(e) Black ginger (f) Mountain that connect the national park to local resident
7 i T i

Figure 4.1 Examples of the natural and cultural resources supporting local livelihoods in PKNP. Figures
4.1(a) to 4.1(f) show examples of natural resources used by local residents to support livelihoods;
Figures 4.1(g) and 4.1(h) show examples of cultural resources to support tourism.
(All photos © Chhin Sophea)
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4.1.2. Livelihoods in Phnom Kulen National Park

In interviews with local environmental experts The frequently mentioned words have been
and government officers (the list of interviewees shown in Figure 4.2. Not surprisingly, “forest”,
is attached as Appendix A and the interview “water” and “(cashew nut) planting/plantation”
scripts as Appendix B), they were asked to talk were the most mentioned frequently words.

about perceptions, observations or concerns in
PKNP from many perspectives (such as in
relation to livelihoods, natural resources and
local communities), as well as the issues they
believed to be important to PKNP and the local
community.
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Figure 4.2 Terms most frequently mentioned by local PKNP residents in the interviews. Photo credit
© Author team
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As stated by the interviewees, as well as being
reported in recent publications, more and more
natural forest has been converted into chamkar
(farm). The amount of non-timber forest
products (NTFPs) gathered has decreased over
time. Due to their minimal maintenance require-
ments and high market value, cashew nut
plantations have largely replaced the forest
during the last decade (Koerper 2019). Kulen
(lychee, which fruits only every two years), khun
mear (Ancistrocladus tectorius) and mushrooms
create additional income during the harvest
season. Growing cashew nuts now provides the
stable primary income for almost everyone living
on this mountain. Planting of cashew nuts has
therefore significantly influenced local income
and livelihoods over the past 10 years.

In the meanwhile, there have been large waves
of inbound and outbound migration in PKNP.
People were compelled to leave their villages
during the Khmer Rouge regime in the 1970s to
labour in the mountain's rice fields (Koerper
2019). People returned to their towns once the
regime fell and mainly stayed, despite greater
competition for fertile land (Koerper 2019).
Because of the mountain's reputation for having
a wealth of natural resources, a lot of people
have moved there during the previous 20 years.
During the interview, Mr. Ratt Reouy (head of
Phnom Kulen CPA network) referred to a time
approximately 10 years ago (when the cashew
nut became popular in the area) as the moment
of change.

There has been significant inward migration in
recent years, primarily due to development of
tourism and cashew plantations. The increase in
population and more frequently observed water
stress have changed people’s choice of
livelihoods. Local residents are growing less of
the plants that need more water (vegetables and
rice) and shifting to cashew farming because it
requires less water and effort.

The traditional practice of shifting cultivation for
growing rain-fed upland rice and other crops has
been quickly replaced by permanent plantations
of cashew trees. However, these changes have
uneven consequences. On the one hand, the
increase in cashew plantations has fragmented
and reduced natural forests. It has affected
families who depend on collection of natural
resources. “The people with larger size of their
farm earn more and more; however, the people
that depend on the natural product is worse and
worse.” (Quote from Mr. Ratt Reouy?) Meanwhile,
families that shifted to farming as a result of
economic stress earned noticeably more
income.

2 Head of Phnom Kulen CPA network, lives on this mountain and used to work with other CPAs as well as the Siem Reap Provincial Department of Environment and non-

governmental organizations to improve local livelihoods.
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In addition to the interview with experts, a face-
to-face community survey was also conducted
among the villages located in and near PKNP
(demographic information on respondents is
listed as Appendix C). The local residents were
asked to answer questions about their living
conditions (including affordability of housing
and electricity, etc.), PKNP, their income source
and their perception of other non-material
benefits (such as aesthetic and spiritual value),
generally over the past decade. The
questionnaire used in PKNP is attached as
Appendix D.

According to the responses from 100 local
residents from 11 villages in PKNP, 91 per cent
reported that their livelihood had been
influenced by the national park (other detailed
results are shown in Appendix E). They are
generally exposed to little stress in relation to
electricity, housing or wild animals. Although
PKNP is the source of the Siem Reap River, over
50 per cent of local respondents still
experienced water stress, and 5 per cent of
respondents had experienced stress collecting
enough water for irrigation several times. As one
of the most influential demographic characteris-
tics, gender also presents differences in the
local survey results.

Among all randomly selected respondents from
11 villages in PKNP, women were less educated
than men. Around 33 per cent of female
respondents have no educational background,
while this number is only 15 per cent for males.
In addition, women are less represented (35 per
cent) in higher income livelihoods, such as
cashew farming and tourism. Meanwhile, in the
“squeezed” relatively low-income livelihoods
such as traditional medicine collection and
crops (other than rice and cashew), the
proportion of women is over half at around 55
per cent.
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The reported influences of PKNP on local lives
are mainly reflected in the role it plays in their
livelihoods. Local livelihoods are highly
dependent on the Phnom Kulen National Park
itself. They can generally be categorized into two
types: material resource-dependent livelihoods
such as farming (rice, crops, etc.), cashew
plantation and traditional medicine collecting;
and non-material resource-dependent liveli-
hoods such as tourism attracted by the natural
scenery (and cultural heritage sites) of PKNP.
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Synthesizing the information from both local
residents and other stakeholders such as local
experts and government officers, the changes in
livelihoods are summarized in Figure 4.3.
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Figure 4.3 Changes to ecosystems and livelihoods in PKNP, the pilot site in Cambodia.

Photo credit © Author team
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A vicious circle was started by introducing
cashew plantations to the local communities
without proper intervention (planning and
management). Originally, local people lived on
the natural resources of PKNP (traditional
farming and NTFPs) and cultural heritage.
Cashew nut was brought in as a cash crop to
improve local incomes. Growing cashew nuts
was profitable in a purely economic context;
however, it led to fragmentation of natural
forests. This exacerbated pressure on the liveli-
hoods of those relying on traditional farming or
natural forests. More and more local families
shifted their livelihoods to cashew plantations to
secure a better income. It is expected to raise
issues about food security and nutrition
because many households no longer cultivate
their own food, instead opting to spend their
cashew nut earnings on food.

In addition, more people came to PKNP to sell
their labour to buy land for cashew cultivation or
tourism. The higher population increased
competition for local natural resources, with
consequences such as water stress. Families
then had to change their crops from rice and
vegetables to cashews because they need less
water and care. The increased cashew
cultivation  will  further  disturb  natural
ecosystems and aggravate fragmentation of
natural forests. The degraded natural ecosystem
may provide fewer materials and support less
biodiversity and scenery.
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4.1.3. Ecosystem services in Phnom Kulen National Park

Overuse of rich resources has also led to
negative environmental consequences such as
deforestation, forest fragmentation and even
forest decimation. The natural habitats of PKNP
are facing significant challenges, due to illegal
logging and hunting, inadequate knowledge
about forest conservation, population growth
(legal and illegal immigrants), increased cashew
cultivation and rice fields, and increased
development of infrastructure. Overlapping
management powers and lack of planning of
new settlements by immigrant families are also
believed to be issues in PKNP. The decrease in
natural resources in PKNP may severely affect
the provision of ecosystem services, the cultural
heritage in and near PKNP, and most importantly
the quality of local lives. Based on previous
findings (Chapters 2 and 3) and the local focus
of attention (Figure 4.3), this section will assess
critical ecosystem services closely related to or
supporting local livelihoods but less studied,
such as carbon sequestration, soil conservation,
pollination and cultural services.

The assessment of ecosystem services con-
ducted through the Artificial Intelligence for
Environment & Sustainability (ARIES) platform
uses logical statements and data, as well as
models when insufficient information is
available, to build more detailed dynamic flow
models. The models use publicly available
global- and continental-scale data as defaults.
Four specific ecosystem services (carbon
sequestration, pollination, soil conservation and
outdoor recreation) are assessed according to
the concrete local conditions in the lower LMB
case study (Figure 4.4). In addition to outdoor
recreation, other cultural ecosystem services
were also assessed by perception analysis,
including cultural heritage, social relations,
natural identification, aesthetic services, sense
of place, spiritual and religious services, physical
and mental health, inspiration, environmental
education and nature connectedness. More
detailed methods are shown in Appendix F.

2 The PKNP is technically under the authority of the Ministry of Environment (MOE), but it is also co-managed and administered by a number of major agencies. APSARA

(Authority for the Protection and Management of Angkor and the Region of Siem Reap) is in charge of some archaeologically significant places. The rest is within the MOE's

jurisdiction. The MOE's mandate includes five Community Protected Areas (CPAs) that have been developed and administered by local villages with oversight and help from

the MOE. The park's villages are administered by the Commune Council, which is part of the Ministry of Interior's administration system.
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Figure 4.4 Maps of the values of (a) carbon sequestration (corganic mass: the carbon stored in
vegetation and soil), (b) pollination services (net value of pollination: the surplus or deficit of
pollination services), (c) soil conservation (retained soil mass: avoided soil erosion attributable to
vegetation) and (d) outdoor recreation (the normalized use-value) in PKNP, Cambodia
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Figure 4.4a shows the amount of carbon stored
in the soil and vegetation (in both above-ground
and below-ground biomass). As one of the
climate regulation services, carbon
sequestration significantly supports the local
ecosystem by maintaining natural resources,
while also contributing to climate change
mitigation at larger spatial scales. The value of
carbon sequestration is quantified as the sum of
above-ground and below-ground biomass
carbon storage (Gibbs and Ruesch 2008) plus
the amount of carbon stored in the first 200 cm
of soil — see spatially explicit global soil carbon
storage data by ISRIC World Soil Information
(www.isric.org/explore/soilgrids). The main
natural resources, natural forests and crops that
provide carbon sequestration are in decline (as
stated in Chapter 2) and are being replaced by
cashew plantations. The highest value of carbon
sequestration (960 tons of carbon per hectare
stored in soil and vegetation) was likely to be
provided by the natural forests in the upper
central area of PKNP, followed by mixed forest/
cropland areas. Shrubland is likely to provide
least carbon sequestration, with an estimated
lowest value of 118 tons per hectare. The value
of carbon sequestration provided by forests is
also influenced by the frontier forests (a proxy
for the degree of forest degradation). Therefore,
not only will livelihood-derived conversion from
natural forests to cashew crops (shrubland)
result in reduced total carbon biomass, the
degradation of natural forests will also decrease
capacity to provide carbon sequestration.

Figure 4.4b represents the normalized surplus or
deficit of pollination in each landscape parcel.
Animal pollination is a crucial ecosystem
function that connects agricultural landscapes
to natural environments since 70 per cent of the
world's most important crop species rely to
some extent on pollinators. Based on land use,
cropland, and weather patterns, this model of
pollination generates spatially explicit ranking
estimates of supply and demand for insect
pollination services. The net value of pollination
indicates the balance of supply and demand in
PKNP. Only a small area of the whole national
park has a balance between demand and
provision of pollination. The yellow (mostly the
shrublands in the lower right PKNP and the
croplands that have increased over the past 20
years) indicate areas where pollination services
are required but there are inadequate resources
to meet demand. Navy areas (forests and large
patches of shrubland/cashew trees) can provide
pollinators, but no pollinator-dependent crops
are cultivated to benefit from the diversity of
pollinators. Areas in green or close to green are
where a balance exists between provision and
use of pollination services. Figure 4.4b indicates
that the existing trend of converting croplands to
cashew plantations may further negatively
influence pollination services provided by the
local ecosystem. Together with the trend for
crop simplification, provision of pollination is
likely to decrease and further affect agriculture-
dependent local livelihoods.
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Figure 4.4c depicts biophysical estimates for
soil loss if all land cover was removed and
separates the findings to estimate averted soil
erosion due to vegetation. Soil conservation is
calculated using the sediment regulation model
of the Revised Universal Soil Loss Equation
(RUSLE). The assumption is that the soil erosion
avoided can be used to represent the value of
soil conservation. The results showed the
highest value of soil conservation in the outer
ring of forests and in mixed forest/cropland
areas. Although soil
influenced by slopes and landscape com-
position, natural forests tend to provide more
soil conservation than shrubland, which means
that the conversion of natural forest may also
lead to higher risks of soil erosion.

conservation was

Figure 4.4d shows the net normalized use value
of outdoor recreation in PKNP. The value of
outdoor recreation, a representative cultural
ecosystem service that influences local
livelihoods through tourism, is calculated by
using the travel efficiency function (demand for
outdoor recreation) and Euclidean distance
(theoretical supply) to protected areas, water
bodies and sites of touristic relevance, etc.
(Paracchini et al 2014). In general, the net value
of outdoor recreation represented the balance of
demand (from people using natural and cultural
resources for outdoor recreation) and supply
(capacity of cultural and natural resources that
can be used, reflecting distance, distribution,
etc.). According to the results, the core natural
forests have the highest potential to provide
outdoor recreational opportunities. Local
respondents were also asked to assess the
cultural significance of PKNP by ranking it on a
5-point Likert scale (Dou et al. 2021a). The
indicator questions used in the survey are
provided in Appendix D. The perceived values of
local perceptions were calculated; the
calculation rules are shown in Table 4.1.
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Table 4.1 Assignment rules for the perceived values of each cultural ecosystem service (adapted
from Dou et al. 2021a).

Degree of agreement with
each statement related to Assigned Mean perceived

Description
. the proposed cultural perceived value value (0 to 3)

ecosystem service

(Strongly) Disagree with/
have no idea about the 1 (0-1)
statement/have never 0
- . 2 Low value
participated in related
activities.
Not sure about the
statement/May have 3 1 (1-2)
participated in related Medium value
activities.
Agree with the statement/
have occasionally 4 ) (2-3)
participated in related High value
activities.
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In addition to recreational services, PKNP is also
perceived to provide cultural services (such as
cultural heritage, social relations and natural
identification), which support local livelihoods
as cultural resources (Table 4.2). Due to the rich
cultural sites in and around PKNP cultural
heritage has the highest perceived value.

The perceived cultural ecosystem services offer
enormous potential for supporting sustainable
environmental management through local
participation and tackling complicated issues at
the nexus of society and nature (Liu, Bawa and
Seager 2019; Dou, Yu and Liu 2021).

Table 4.2 Non-material ecosystem services provided by PKNP and their perceived values

Non-material ecosystem service Perceived values

Cultural heritages

Social relations

Natural identification
Aesthetic services

Sense of place

Spiritual and religious services
Physical and mental health
Inspiration

Environmental education

Nature connectedness

1.92
1.80
1.78
1.74
1.70
1.72
1.51
1.62
1.57
1.54
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Upper Lancang-Mekong River Basin, the case study of Mengla County,
Xishuangbanna, Yunnan Province, China

4.1.4. Natural and cultural resources: Mengla County, Xishuangbanna

Mengla is a transliteration of a term in the Dai
language that means “the place of teeming tea”.
As highlighted by its name, it is the origin of the
famous pu’er tea. More than 4,000 species of
plants have been identified in the county,
representing about 12 per cent of the total plants
in China. There are more than 6,000 species of
known fauna, which include 16 per cent of the
total number of bird species, and 25 per cent of
the total terrestrial vertebrate species in China. It
is known as the “kingdom of animals and plants”
and the “gene pool of species”. There are around
0.3 million hectares of well-preserved original
forest in the territory, with a forest coverage rate
of 88 per cent. It is a national key ecological
function area® and a national eco-model area“.

In addition to its natural resources, Mengla also
has a long history and splendid culture. It is one
of the most ethnically mixed regions in China,
with 26 ethnic minorities — including Dai, Hani,
Yi, Yao, Miao, Zhuang and Lahu - together
making up 76.8 per cent of the registered
population. It is also believed to be the
hometown of the “peacock Princess” in Dai folk
tales.

3 China’s national key ecological function areas refer to important ecological functions such as water conservation, soil and water conservation, windbreak and sand fixation,

and biodiversity maintenance, which are related to the ecological security of the whole country or a larger area, and need to limit large-scale and high-intensity

industrialization in the development of national land and space. Areas developed for urbanization to maintain and improve the supply capacity of ecological products.

Currently, there are 676 National key ecological function areas, around 53 per cent of the country’s land area.

4 China’s national eco-model areas was established on March 6, 2000 by Ministry of Environmental Protection of the People's Republic of China and the State Environmental

Protection Administration. The title of commendation is given to the units with outstanding performance in the construction of the ecological demonstration zone.
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Rubber is called one of the “four strategic
resources” in China (alongside steel, oil and
coal). It plays an extremely important role in
national economic construction, modern
industry and defence. Because of its appropriate
climate, Mengla County is one of the most
suitable areas to plant rubber. It has also been
the key area for development of the rubber
industry in China. The natural rubber industry is
the industry with the largest planted area and the
largest number of employees in Mengla County,
and it is also the pillar industry. However, in the
early 21t century, driven by the economic
benefits, large areas were planted with rubber
against natural laws, such as beyond the upper
altitude limit or in areas with a comparatively
steep slope for rubber plantation, which also
occurred in Yunnan.

These unsustainable cultivation methods
contributed to regional water shortages and soil
erosion, aggravated pests and diseases, and
exacerbated biodiversity loss in the region
(Ziegler, Fox and Xu 2009). In addition, large-
scale rubber plantations have reduced forest
area, leading to forest degradation and affecting
wildlife habitats and a major food source for
local people (i.e. forest foods). Given the moves
to optimize and upgrade industrial structure and
to promote industrial development to improve
quality and efficiency, there are still many
challenges.
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Rubber plantations in Xishuangbanna. Photo credit ©Dietrich Schmidt-Vogt/ICRAF
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4.1.5. Livelihoods of Mengla County, Xishuangbanna

Natural forests in this region are being changed
to other land-use/land-cover types at a phe-
nomenal rate due to growing demand for natural
rubber brought on by China's fast economic
expansion in recent decades (Chen et al. 2016).
Currently, the region's primary land uses/land
covers are natural forest, which makes up more
than half of the area, followed by rubber
plantations (42 per cent), tea plantations (2 per
cent), arable land (3 per cent), and built-up land
(1 per cent) (Jin and Fan 2018). Due to the
transformation of forests into artificial plan-
tations and agricultural land during the past 20
years, Mengla County has seen a sharp decline
in its forest cover. Despite the implementation of
various forest protection measures, rather rapid
deforestation (a loss rate of around 58.76 km?
per year) of natural forests, along with de-
celerating spread of artificial plantations, has
persisted.

Tropical seasonal rainforest was the area's
natural vegetation, although it is currently
covered with community woods, rubber
plantations, and swidden fallow (Fu et al. 2009).
Since the 1940s, rubber has been farmed in
southern Yunnan, and in the 1950s, state farms
set up under the post-liberation administration
saw an upsurge in output. Since 1980, the brisk
growth of rural rubber plantations has given rural
people a more consistent source of income. The
most significant sector in the Xishuangbanna
Province's economy, of which Mengla is a part, is
now rubber plantation.
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Rubber plantation size has come to be seen as a
key indicator of household wealth in recent
years. In Xishuangbanna, cash crops are now
deeply ingrained. The previous 30 years of
history, however, show that the farming
community lacks confidence in the sustain-
ability of its means of subsistence. Price
changes have prompted quick changes in crop
selection and the renunciation of a variety of
outdated cultivars and methods.

ORGINAL

INFLUENCED BY

Rubber demand has resulted in the conversion
of land to plantations and the loss of high
biodiversity rainforests in south-west China
(Yongneng et al. 2006), replacing traditional
swidden-fallow agroecosystems and under-
mining their critical role in conserving traditional
agroecosystems and crop variety diversity (Zhai
and Xu 2022). The changes in livelihoods in
Mengla County have been summarized in Figure
4.5,
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Figure 4.5. Changes in livelihoods in Mengla County, the pilot site in China.
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4.1.6. Ecosystem services and biodiversity in Mengla County, Xishuangbanna

The assessment of ecosystem services con- Four specific ecosystem services are assessed
ducted in ARIES uses logical statements and according to the concrete local conditions in the
data, as well as models with publicly available upper LMB (Figure 4.6).

global- and continental-scale data as defaults
when insufficient information is available, to
build more detailed dynamic flow models.
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Figure 4.6. Maps of the values of (a) carbon sequestration (corganic mass: the carbon stored in
vegetation and soil), (b) pollination services (net value of pollination: the surplus or deficit of
pollination service), (c) soil conservation (retained soil mass: avoided soil erosion attributable to
vegetation) and (d) outdoor recreation (the normalized use value) in Mengla County, China.
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Figure 4.6a shows the amount of carbon stored
in the soil and vegetation (above-ground and
below-ground biomass). The highest value of
carbon sequestration was likely to be provided
by a complex ecosystem including cropland,
forest and shrubland in the middle-left area of
Mengla County, with 1,070 tons per hectare of
carbon stored in soil and vegetation. The
normalized surplus or deficiency of pollination in
each landscape parcel is shown in Figure 4.6b.
The net value of pollination indicates the
balance of supply and demand in the studied
Mengla County. The areas with balanced
pollination services showed scatter distribution
in croplands. Yellow areas (mainly shrublands)
are those where pollination services are required
but there is inadequate supply to meet the need.
Navy areas (forests) can provide pollinators, but
no pollinator-dependent crops are grown to
benefit from the diversity of pollinators. Green or
near-green regions indicate a balance between
the provision of pollination services and their
utilization (in the case of Mengla, these areas
are mainly croplands).

Figure 4.6c depicts the biophysical estimates of
soil loss if all land cover were replaced to bare
soil, with the findings differentiated to estimate
the averted soil erosion attributable to
vegetation. Similar to the provision of carbon
sequestration, the results showed that the
highest value of soil conservation appeared in
diversified agroforestry systems, which were
distributed sporadically. Compared with the
case study of PKNP in the lower LMB, Mengla
has relatively higher capacity to provide carbon
sequestration and soil conservation, mainly due
to the large scale of forests (both natural
tropical forests and rubber forests). Meanwhile,
challenges also exist. For example, most of the
forest zones were not able to benefit from the
range of pollinators. The complex ecosystem
including cropland, forest and shrubland in the
middle-left area is a good example of the
provision of all identified key ecosystem
services.

Figure 4.6d shows the net normalized use value
of outdoor recreation in Mengla County.
According to the results, the upper forests have
the highest potential to provide outdoor
recreation opportunities. Unlike PKNP, which is
located on a plateau, Mengla County is closely
connected to adjoining counties. The
convenience of travel has highly influenced the
balance of supply and demand, resulting in the
large green region in the lower left. In addition to
the provision of outdoor recreation oppor-
tunities, the rich ethnic and cultural resources
have also supported local livelihoods for a very
long time in many ways, such as by attracting
tourists and enabling the sale of special local
products (Yang and Wall 2008).
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Anthropogenic impacts on local livelihoods of the

Tonle Sap Lake Area (TSLA)®

4.1.7. Tonle Sap Lake

Tonle Sap Lake in Cambodia is part of the
Mekong River and an exceptional lake-floodplain
system (Figure 4.7). The lake’'s water surface
has a seasonal cycle. It increases from May to
September, reaching the maximum in the wet
season, and decreases from October to April,
hitting the minimum in the dry season, the so-
called flood pulse (Junk, Bayley and Sparks
1989; Kummu and Sarkkula 2008). This flood
pulse propels the seasonally inundated
floodplains, cultivating particularly fertile inland
wetlands in South-East Asia and serving as a
haven for several threatened and endangered
species (Campbell et al. 2006; Lamberts 2006;
Ziv et al. 2012). The lake provides various
ecosystem services and economic values for
Cambodia (Keskinen 2003; Kummu et al. 2006;
Chadwick, Juntopas and Sithirith 2008), involves
supplying water supplies for home use,
agriculture, aquaculture, transportation, and
adjusting or controlling the climate locally
(Chadwick, Juntopas and Sithirith 2008;
Johnstone et al. 2013).

About 1.7 million people rely on the lake for their
livelihoods, in areas such as fishing, rice
cultivation and the collection of medicinal herbs
(Salmivaara et al. 2016). It is essential for the
local ecology, economy, and society in
Cambodia (Bonheur and Lane 2002; Uk et al.
2018).

° This section is mainly based on a paper by Chen et al. (2022), the contents of which are reused under the Creative Commons Attribution 4.0 International licence.

69 Ecosystem Assessment for Sustainable Livelihoods in the Lancang-Mekong Basin



4.1. Ecosystem services and livelihoods in the Lancang-Mekong Basin: case studies of China and Cambodia -
Anthropogenic impacts on local livelihoods of the Tonle Sap Lake Area

102° E I03|° E 104°E l(|5|° E 106°E lﬂ'?;" E 108°E lﬂ9l° E
| 3T S (e i a1 1 U Y O Tl S L i [ A T P R

(a) 1 ﬁ L
7 L
%] r
- [
> ] [
&l r
Z A L
=1 — — s |

] @ 0 50 100 200 L
o/: Lege]]d N w ic land :
=4[ Tonle Sap Lake Area [ Downsized r

| _ 1 Lower floodplain boundary | Downsized after revocation |
f.: [0 National protected areas [ No evidence of adjustment |
ally Water bodies in Tonle Sap I Revoked [
L B T B LS,
(b)
z ¥
o - -
4]
Legend .
[ 1 Tonle Sap Lake Area ™
1 U1 L.ower floodplain boundary
[ Water bodies in Tonle Sap
| Elevation (m)
[ 1-14-0
M o-10
[ 10-20
7 |[J20-40 I
= | [ 40 - 433 25
T T T 1 T
103° E 104° E

Figure 4.7. Cambodia and the Tonle Sap Lake Area (TSLA) (a) Natural protected areas and economic
land concessions in Cambodia; (b) The TSLA, comprising the lake-floodplain area between National
Roads 5 and 6 and an additional 3 km farther from the National Roads. The solid black line is the
boundary of the TSLA, and the boundary of the lower floodplains is shown by the dashed black line.
Natural protected areas and economic land concessions in Cambodia have been obtained from Open
Development Cambodia. (This figure has been adapted from Chen et al. (2022) under the Creative
Commons Attribution licence).
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Over the past decades, land-cover practices
have led to forest loss and altered the
ecosystem and environment in the TSLA. To
address forest management issues, the
Cambodian Government launched reforms such
as implementing the Forest Sector Policy
Statement and enacting the Forestry Law (in
2002) and the Protected Area Law (in 2008)
(McKenney and Tola 2002; Forest Trends 2015).
The impacts of the reforms on the forest cover
in the TSLA are, however, unclear.

The new Google Earth Engine was used to
analyze land use and cover change (LUCC), with
a specific focus on forest cover change, in the
TSLA between 2001 and 2017. It has been
applied to various high-impact societal issues,
for instance generating global forest cover
change products (Hansen et al. 2013) and water
surface change (Pekel et al. 2016). By
investigating LUCC and forest cover change in
the TSLA, this study will provide insights to
inform future forest policies and their
implementation in South-East Asia and in other
tropical areas facing similar challenges.

Cambodia. Photo credit @saltonnz
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4.1.8. Forest fragmentation in the TSLA

On average, forests, shrubs and croplands
occupied 78.6 per cent of the TSLA from 2001 to
2017, with other types of cover (water bodies,
wetlands, urban and barren) accounting for the
remaining 21.4 per cent. Typically, shrubs and
forests were more prevalent in the upper
floodplain than croplands and shrubs were in the
lower floodplain.
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Across the whole TSLA, there has been
substantial forest loss since 2001 (2,833.8 km?,
see Figure 4.8). Meanwhile, an area of about
91.3 km? area has been converted to forests.
The net forest loss was about 2,742.5 km? from
2001 to 2017, and both shrubs (2,550 km?) and
croplands (286.5 km?) have considerably ex-
panded.

Figure 4.8. Status of land cover in the TSLA in (a) 2001 and (b) 2017. Forests, shrubs and croplands
occupied 78.6 per cent of the TSLA from 2001 to 2017, with other types of cover (water bodies,
wetlands, urban and barren) accounting for the remaining 21.4 per cent. (This figure has been adapted
from Chen et al. (2022) under the Creative Commons Attribution licence).
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LUCC in the two subzones, however, varied
during the research period. A tendency of forest
loss expanding towards the lake is suggested by
Figure 4.9a, which indicates that the region of
loss encroached towards the
floodplain year after year. Areas converted to
forests, primarily from shrubland, were mainly
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scattered around the lower floodplain. At the
same time, farmland conversion was con-
centrated mostly at the junction of the lower and
higher floodplains (Figure 4.9b). The majority of
these new croplands were converted from
shrubs.
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Figure 4.9. Spatial patterns of annual LUCC in the TSLA from 2001 to 2017. (a) Net forest loss, (b)
cropland expansion. The year in which the changes occurred is indicated by the colour bar. Forest loss
area encroached into the lower floodplain year after year, and areas that converted to croplands were
primarily located at the intersection area of the lower and upper floodplains. (This figure has been
adapted from Chen et al. (2022) under the Creative Commons Attribution licence).
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Further investigation demonstrated the occur-
rence of rapid forest fragmentation between
2001 and 2017 in the TSLA (Figure 4.10). The
results show that the “interior” forest area,
representing the lowest levels of fragmentation
or intact forest, declined from 4.5 per cent of the
TSLA in 2001 to 0.0 per cent in 2017, meaning

that hardly any forest blocks greater than
3.5x3.5 km? remained by 2017. At the same
time, the “patch” forest area, representing the
highest levels of fragmentation, increased from
80.8 per cent in 2001 to 99.3 per cent in 2017.
This forest fragmentation chiefly took place in
the lower floodplain.
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Figure 4.10. Spatial patterns of forest fragmentation in the TSLA in (a) 2001 and (b) 2017 with 7x7
pixels window. The “patch” areas represent the highest levels of forest fragmentation, while the
“interior” areas represent the lowest levels of fragmentation. (This figure has been adapted from Chen
et al. (2022) under the Creative Commons Attribution licence).
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Despite forest reforms that have been in place
since the early 2000s, a significant decrease of
forest cover in the TSLA can be observed. The
woods were found to be fragmented, with
scarcely any intact forest remaining; major
forest loss hotspots were identified in the lower
floodplain, and forests were degraded to shrubs,
resulting in a large rise in shrub coverage.
Significant farmland extension occurred mostly
at the junction of the lower and higher
floodplains, where shrubs were converted to
croplands.

This evidence shows that the forest reforms
have not halted the deforestation trend in the
TSLA. This study provides scientific evidence to
help understand human interference in forests
and may be helpful for future sustainable forest
management aimed at achieving a healthy
ecosystem in the TSLA. The challenge is to meet
people's expectations in terms of livelihoods and
living standards while maintaining the functional
capacity of the ecosystem in the TSLA over time.
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Family living along the river. Photo credit @Moni Rathnak
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5. Conclusions and recommendations

The LMB is home to incomparable treasures,
including villages with unique cultural histories
and uncommon fauna in breathtaking natural
settings. It contains some of the most
biologically diverse habitats in the world. More
than 60 million people depend on natural and
cultural resources in the LMB. Yet the LMB is
also one of the most vulnerable places on the
planet to the impacts of deforestation and forest
degradation. These issues affect local people,
biodiversity and natural resources, and have
cascading effects. The study of the TSLA has
suggested that to achieve land-system
sustainability, much work remains to be done on
how best to approach the complex food,
biodiversity and land cover nexus.

Population increase, inappropriate land-use
planning, and economic policies have all
contributed to deforestation and biodiversity
loss throughout the Greater Mekong area. These
factors have a significant negative impact on the
poorest and most vulnerable members of
society, the majority of whom are women. The
land-cover change analysis (Chapter 2)
indicated that cropland expansion is also a key
reason for forest loss (across the whole region
and in the case study area, PKNP). The cropland
area increased from 261.39x103 km? to
279.86x103 km? in the LMB. Tree cover and
shrubland areas decreased, especially in
Thailand and Cambodia. Due to the expansion of
cash crops (such as rubber in the upper basin

case study and cashew nut in the lower basin
case study), the natural ecosystems and
biodiversity of both case study areas are
threatened. The high biodiversity of the
rainforests in south-western China is being lost
due to the need for rubber, and plantations have
taken the place of traditional swidden-fallow
agroecosystems.

The traditional practice of shifting cultivation for
growing rain-fed upland rice and other crops is
quickly being replaced by permanent cashew
plantations, with additional forested areas being
converted to agricultural use in PKNP.
Furthermore, according to the PKNP case study,
agriculture typically leads to the construction of
infrastructure projects like roads, bridges, and
dams, which has a detrimental impact on the
environment through forest degradation, habitat
fragmentation, and increased poaching. The
construction of dams has altered the natural
flow regime of the mainstream Mekong River in
the upper Mekong River basin and on tributaries
in the lower LMB. The decreased natural
resources in PKNP may have a severe impact on
the provision of ecosystem services, the cultural
heritage in and near the PKNP and, most
importantly, the human right to a clean, healthy
and sustainable environment. These adverse
environmental impacts also have gender-
differentiated outcomes.
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Significant adverse effects are experienced by
women who have lesser access to credit and
whose gender roles are heavily linked to natural
resource use at the domestic and community
level. These women are thus left to engage with
diminished resources and thus use more effort
and time in undertaking their roles to the
detriment of pursuing more productive activities
including capacity building or education, further
widening the gender gap. The situation be-
comes further amplified due to seasonal migra-
tion where men may leave the community to find
jobs and this means that these women then take
on the extra roles previously undertaken by men.

The LMB is currently facing several interventions
impacting the environment, with specific feed-
back on the population and its well-being.
Regarding sustainable development require-
ments, there are also recommendations from
the perspectives of both the case study level and
the LMB regional level to comprehensively pro-
mote the improvement of ecosystem health,
natural resource management and sustainable
livelihoods.

Involving multilevel stakeholders

Communities and ecosystems are closely
related. Communities are often distributed in
complex ecosystems. Ecosystems provide
communities with resources for survival.
Ecosystem protection cannot therefore be
separated from the participation of surrounding
communities. In addition, the effectiveness of
public participation in conserving natural
resources has been proven. For example,
community-based natural resource manage-
ment has succeeded in planning and protecting

small-scale natural areas, promoting good
decisions taking local opinions into account and
providing extra employment to local com-
munities. The local communities are the sources
of both voices that should be listened to in the
decision-making process and participants who
have great potential to contribute to ecosystem
protection and natural resource management. In
addition to community-level stakeholders,
special attention should be paid to other
stakeholder groups (such as women and ethnic
minorities) who are at risk of being margin-
alized. The involvement of multilevel stake-
holders has great potential to foster sustainable
local livelihoods with local equality and public
engagement, and to address the complex
problems at the intersection of society and the
environment.

Coordinating the relationship between cultural
customs, local awareness and ecological
protection

Most countries along the LMB have solid
religious backgrounds and complex ethnic
compositions. Religion may attach importance
to spiritual cultivation and respect for all living
things, and this objectively plays a vital role in
the protection of forest resources. However, with
changes in modern lifestyles and values, the
influence of religion and culture is gradually
becoming weaker. National economic develop-
ment plans could consider coordinating the
relationship between culture and customs on
environmental protection, advocating new
culture-benefited ways of life and living and
contributing to sustainable livelihoods.
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The importance of ecosystem management
should be communicated to enterprises, local
communities and the general public to help fully
engage them in local and regional ecological
protection. To fully involve companies, local
communities, and the general public in local and
regional ecological protection, awareness of the
importance of ecosystem management must be
developed among enterprises, local com-
munities, and the general public. Corporate
social responsibility is a critical component of
ecosystem management. Communities' cap-
acity to participate in ecosystem management
should be strengthened, especially through
public and school education.

Exploring limited land for more
agroforestry production

One of the most serious threats to biodiversity
comes from the LMB's shift from subsistence
farming to commercial agriculture. In the case of
both the upper and lower LMB, the health of the
ecosystem and its capacity to provide
ecosystem services have been negatively
influenced by the expansion of single economy
agricultural products. Forest habitats are
converted by agricultural enterprises into
farmland for crops like cashew in the lower LMB
and rubber in the upper LMB. Fortunately, both
areas have tried exploring more complex
ecosystem alternatives. Recognizing that men
and women have different roles to play in society
and that women are significantly impacted by
environmental stressors helps in finding more
effective and sustainable solutions that benefit
everyone in society, including the most
vulnerable populations. In Mengla County,
planting shrubs and herbal cash crops or raising

5. Conclusions and recommendations

poultry in the rubber forest are methods used to
improve the approach of planting a single rubber
forest and promote sustainable development of
the rubber industry. This leads to a larger range
of crops being grown, provides more flexibility,
and improves the region's ability to adapt to
market changes.

Incorporating stepwise ecological restoration
to reverse the trend towards degradation of
natural ecosystems

Natural forest degradation is one of the critical
constraints holding back the sustainable
development of the pilot areas in both Cambodia
and China, as well as the entire LMB. New
ecological restoration initiatives and program-
mes should be planned at the international level
and implemented in different regions of the
LMB. The management of natural forest
ecosystems must be improved in order to
increase production without sacrificing other
functions including regulating, cultural, and
sustaining services. In order to do this,
management of the LMB's forest ecosystems
should focus on improving the quality of the
forest as well as increasing forest cover. It is
essential to combine environmental distribution
patterns, inter-species relationships, niche,
community succession and other principles to
construct a systematic ecological restoration
technology.
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5. Conclusions and recommendations

Stepwise ecological restorations (STERE) have
been suggested to improve the ecological
conditions of natural ecosystems according to
different degradation levels, and in different
social and economic contexts. STERE is a
comprehensive ecological restoration frame-
work that uses a cross-ecosystem theory to
enhance the application of the international
standards for promoting higher ecological
benefits. It aims to implement restorative
activities by considering the degree of
ecosystem degradation and financial, ecological
and institutional feasibility, and by selecting
appropriate restorative modes and paths to
progressively recover ecological processes,
functions, services and biodiversity. For
example, fragile regions of the LMB, where
natural forest has been severely degraded or
fragmented - but is essential for biodiversity
conservation, carbon sequestration and so on -
should be strictly protected from conversion into
other land-use types. In moderately degraded
natural forests, intensive management should
be implemented to restore the natural
ecosystems that provide regulating services,
such as soil erosion control and carbon
sequestration, while allowing reasonable
development of agroforestry. Slightly degraded
forests should be improved to near-natural
forest by natural regeneration, with more forest
products, if management for biodiversity and
ecosystem services allows.

Increasing eco-compensation and
financial support

Enhancing ecosystem health and sustainable
livelihoods along the entire LMB requires
significant investment, and this is dependent on
sustained and stable policies, financial support
and public participation. Multilevel, multi-
channel, gender-responsive and diversified
financing methods should be explored. When
the time is right, it will be vital to try to ensure the
smooth implementation of livelihood-based
ecological restoration by prioritizing the input of
farmers, society and enterprises, as well as
appropriate subsidies from the government.

To increase the ecosystem services financed by
their beneficiaries, eco-compensation policies
should be established and pilot activities should
be carried out. The idea that "whoever utilizes
the services should pay the expenses" should be
used wherever beneficiaries can be identified
explicitly (such as for provisioning and cultural
services) while also protecting the requirements
of the local people who depend on the
ecosystem services for their livelihoods. A non-
commercial compensation fund for the persons
responsible for preserving the relevant wetlands
and forests should be established when
beneficiaries cannot be readily identified (i.e., for
regulating and supporting services such as
pollination).
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In the process of executing programs to convert
farmland to forest (or grassland), as well as
water and soil conservation programs, a variety
of investment and funding models have arisen.
To increase the impact of money from the
private sector, pilot activities on investment and
finance methods as well as preferential policies
should be established.

Payments and compensation should be created
for the provision of services that are not
presently market-based, such as carbon storage,
water and climate regulation, pollination, and
cultural services, in order to promote better
fairness between impoverished rural regions
delivering services and metropolitan customers.
This would allow those who supply these
services to get some financial compensation as
an incentive to protect the source ecosystems
from those who benefit from these services, so
contributing to the "win-win" outcomes of
conservation, service provision, and poverty
alleviation. Gender-responsive financial
approaches should also be promoted. As many
women do not own property, they have restricted
access to credit and loans. Therefore, ensuring
that women are also considered in financing
mechanisms is a critical step toward eradicating
poverty. Through cooperation among countries,
departments and industries in the Lancang-
Mekong region, limited resources should be
invested in ecological improvement to jointly
promote the sustainable development of the
ecosystem.
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Appendix A Information about the interviewees for the
upper and lower LMB case studies

Interviewee

Mr. Ratt Reouy

Mr. Sakoern Sakada

Mr. Chou Radina

Mr. Sun Kong

Mr. Chheam Taing

Mr. Xiaodong Yang

Affiliation and brief description

Head of Phnom Kulen CPAs network, lives on this mountain, used to work
with other CPAs as well as the Siem Reap Provincial Department of
Environment and non-governmental organizations to improve local
livelihoods.

Director of Phnom Kulen National Park, used to work with the
Archaeology and Development Foundation and the Ministry of the
Environment to establish the CPA.

Has worked in Kulen for more than 10 years.

Deputy Director, Department of Water System and Heritage, Authority for
the Protection of the Site and the Management of the Region of Angkor
(APSARA National Authority), has worked in Siem Reap and Kulen for
more than 15 years.

Director of Siem Reap Provincial Department of Environment, moved to
this position about three years ago; used to work at Kulen Promtep
Wildlife Sanctuary (the protected area next to PKNP).

Khnorn Phnom Commune chief, born here and has been in this position
for about five years.

Professor at Xishuangbanna Tropical Botanical Garden (XTBG) of the
Chinese Academy of Sciences (CAS), expert in ecological management
and sustainable livelihoods in the upper LMB.
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Appendix B Summarized interview scripts for the pilot
study in the lower LMB, Phnom Kulen National Park®

Group one
1. What do you think are the essential local economic-related resources in the national park?

Answer: Cashew nut plantation is the main income for almost everyone living on this mountain; then
non-timber forest products such as Kulen (lychee) and Khunmear (Ancistrocladus tectorius)) but
those are seasonal only. In addition to non-timber forest products, there are lot of cultural sites
located inside the park, so these sites also contribute to local earnings.

A. Could you please help with the changes in local income from 2010 to 2021?

Answer: The income of the people living here depends on the price of cashew nuts. Over the last 10
years, a lot of new plantations have been developed. The people with larger farms earn more and
more; however, people who depend on natural products are faring worse and worse.

2. Could you please rank the mentioned resources according to their importance to local
livelihoods and explain why?

Answer: Kulen provides the main income for local people, followed by Khunmear, Kuy, mushroom.
Those products can create additional income during the harvest season; however, the Kulen bears
fruit every two years.

3. Could you please describe the changes in the resources mentioned above over recent decades?

Answer: The natural area is being disturbed. Most of the natural forest has been converted into
chamkar (farm), so people have been able to collect fewer non-timber forest products from year to
year.

Are there any milestones or highlighted moments related to these changes?

Answer: When the cashew nut become popular in the area (about 10 year ago)

4. How do you think those resources influence the income of residents?

Answer: They affected some families who depend on natural resources; however, the families who
shifted to farming earn a much higher income.

¢ All transcripts are anonymous and have been translated from local languages.
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5.

Do you think the changes are related to the increase in the local population? Why?

Answer: The increasing number of people in the park is also part of the reason, because now we see
there are lot of newcomers buying land and starting plantations.

How do the mentioned changes or resources influence the life of your own family and your own
work? Could you please give some examples?

Answer: My family cannot depend only on natural resources, so my son and daughter migrated to
Thailand and Siem Reap, but during COVID they lost their jobs and returned home.

Group two

1.

What is the share of threatened species (vulnerable, endangered and critically endangered)
among the total number of species within the national park? (e.g. what are the proportions?)

Answer: There is no up-to-date study on biodiversity here. A full biodiversity assessment was
conducted in Phnom Kulen in 2013. Recent information based on reports from rangers and the local
village shows that gibbon, banteng and gaur are still present here, but there is no population data
available.

To what level do you think biodiversity protection would be necessary for regional and local
governance? Could you please explain why with some examples?

Answer: As it is a national park and part of a protected area system, biodiversity protection would be

most important at the local level to connect with the regional level, because only proper protection
at the local level or in each protected area will make a good contribution to the regional level.

Are there any policy or management regulations already in place or in progress to protect or
enhance biodiversity in the PKNP?

A. If so, please explain.
Answer: Yes. Law enforcement in this park is now based on the Protected Area Law 2008.

B. If not, could you please comment on why?
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4. Are there any invasive species?
A. If so, could you explain which species and how serious the problem is?
Answer: We don’t know much about this.
B. Have any measures been taken to control their expansion?

Answer: The Ministry of Environment used to produce a strategy to control Mimosa pigra, but |
don’t know what the situation is in Phnom Kulen.

5. Is there any fragmentation in the PKNP? Could you please estimate the non-fragmented natural
areas based on your knowledge or expertise?

Answer: The natural forest here has been fragmented a lot, especially due to cashew nut plantations
and new road construction.

6. What do you think, in general, about biodiversity in relation to local livelihoods? Could you please
give some examples?

Answer: This is a national park and is soon to be the heritage park. Biodiversity plays a very
important role in this area, especially in relation to traditional medicine. There are a lot of traditional
healers here, who earn a lot of money from selling traditional medicine, especially plants. In addition,
the flowers, birds and gibbon here are the key to attracting the tourists.
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Group three

1.

To what extent does the national park lie in a water stress area? (e.g. 10—20 per cent of the
whole park)

Answer: PKNP is the source of water for the Stueng (river) in Siem Reap, which is the main river that
connects to Siem Reap and provides the groundwater to the temples in Siem Reap Province. Water
from Phnom Kulen is recognized as holy water (Khmer beliefs). Because some forest areas have
been converted into cashew nut plantations, most of the streams have experienced drought during
the dry season. | think around 15 per cent of the national park lies in a water stress area.

Are any measures under consideration to relieve the water stress?

Answer: Work is beginning on preparations for the PES [payment for ecosystems services] pilot in in
PKNP and a few studies have been undertaken; especially on water availability and sediment in
Phnom Kulen, as well as willingness to pay, but the policy document is still under consultation and
being reviewed by the relevant stakeholders.

How do you think water stress in the PKNP will influence local livelihoods?

Answer: There is very often drought during the dry season; more pipes have been installed to pump
the water from the stream. Local people are reducing cultivation of plants (vegetables) that need
more water. People in the city are digging or drilling wells much deeper from year to year. The people
are no longer planting rice but cashew nut instead because it needs less water and effort.

How do you think water stress in the PKNP will influence biodiversity and local livelihoods?

Answer: Some animals will move out to better places and some may disappear from this area;
people whose livelihoods depend on the natural resources will switch their occupations or migrate
somewhere too.
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Group four

Are there any infrastructure or large projects under construction or consideration? Could you
please describe in more detail?

Answer: Yes, a new concrete road is under construction from Svay Loue to Banteaysrey district and
this road will provide better transportation for local people and tourists.

How do you think these construction projects will influence the condition of the local
environment?

Answer: Save more time, improve the connection with others, improve livelihoods. However, this
construction has cleared a lot of natural forest, also there have been a lot of accidents.

How do you think these construction projects will influence current local livelihoods?

Answer: Yes, people are able to transport their products more easily and save more money.

Is there any forest governance policy or practice? Could you please describe in more detail?

Answer: Yes, we try to manage this area following the management that already prepared for this
park. Based on this, the community here is also encouraging others to zone their communities and
prepare management for these areas.

How do you think the forest governance policy will influence the condition of the local
environment?

Answer: Some people are not happy with the enforcement that we are doing; especially those who
want to expand their plantation and grab the new natural areas. Those who love nature, on the other
hand, understand the importance of happy nature and participate in our activities.

Are there any projects that reinforce forest governance and address illegal logging?

A. If so, could you please describe in a little more detail? e.g. the approximate level of
investment?

Answer: Law enforcement here were dependent on government funding. Sometimes we got
additional support for projects, but this was very limited.

Ecosystem Assessment for Sustainable Livelihoods in the Lancang-Mekong Basin 100



Appendices

7. How do you think the forest governance policy will influence current local livelihoods?

Answer: Yes, this policy will help to ensure the future natural resources of this area and will also
ensure their livelihoods too.

Group five

1. How many inhabitants live in the region of PKNP, approximately?

A. Could you please roughly describe the population changes in the past decade from your
perspective?

Answer: The population has almost doubled compared to 10 years ago; there are a lot of new
houses, new farms, new roads, and those new people also come from outside too, they are buying
the land here.

B. Could you please further comment on what you think led to the changes?

Answer: There will be more and more people in this area because the land here is good and also
here is a good place for tourists, so local people can earn money too.

2. What are the main occupations of the inhabitants infamong the national park?
A. How are they related to the resources mentioned above?

Answer: Selling their labour in the cashew nut plantation.

3. Is there any conservation culture or activities?
A. If so, how much is/will be the investment? When? By which stakeholder?
Answer: Yes, mostly traditional medicinal plants, but those are just for use at the local level. We've

now heard about the Strengthening Access and Benefit Sharing (ABS) project that wants to help
local people to have their own traditional home garden, but | am not sure what they will support.

4. Is there any human-wildlife conflict?

Answer: No.
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Is there any project that promotes crop diversification, intercropping or crop rotation practices?

Answer: No.

Is there any project that promotes a mixed farming system?

A. If so, could you please describe it in more detail? e.g. the number of investments
approximately?

Answer: Agrisud used to train and introduce local people to the new techniques for planting organic
vegetation, but we are not sure how much they invested. BBP trained us to plant and harvest the
black ginger.

Is there any project that promotes conservation agriculture?

A. If so, could you please describe it in more detail? e.g. the number of investments
approximately?

Answer: There is no project that is just working on this but we heard the government will establish
one in this area soon.
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Appendix C Basic demographic information about the
respondents in Phnom Kulen National Park

Demographic factor

Year of birth

Gender

Education

Village of residence

Classification

1950s
1960s
1970s
1980s
1990s
2000s

Male

Female

No education
Primary school
Middle school
High school

Phum Ta Han

Phum Po Pel

Phum Preah Anthum
Phum TA Penh
Phum Kia Khmums
Phum Tmei

Phum Aniong Thum
Phum Tima Chhouh
Chab Ta Sok

Prey Phnom Kduoch

Proportion ( per cent)

9.1
8.1
26.3
27.3
24.2
5.1

51.5
48.5

24.2
54.5
15.2
6.1

7.1
6.1
25.3
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Appendix D Survey questions used in Lower LMB,
Phnom Kulen National Park?

1. When were you born?
[11950s [11960s [11970s [11980s []1990s [ ]2000s

2. At which level did you finish your education?
(] Primary school []Middle school []High school [College and above

3. What do you think your gender is?
[IMale [JFemale [Not sure

4. What do you do for living?
[ILogging [IRice farming []Crops farming [I]Cashew nut farming
[]Orchard farming [Fish collecting [ Traditional medicine collecting
[ Tourism-related jobs
[[] Other, please indicate

5. Do you think gender has any influences on your choice of occupation?
[JYes [INo Ifyes, how

6. Have you changed your job in the last decade?
[JYes [INo Ifyes,from to

7. Which do you think is the most important resource in your surrounding area related to your
choice above?
[ Forest/ trees [ Other plants (except for forest) [ River/lakes/waterfall []Farmlands
[]Temples [JAnimals []Other, please indicate

8. s it easy for you to afford your house?
[JEasy [JNeutral [JHard

9. s it easy for you to afford your electricity?
[JEasy [JNeutral [JHard

7 The survey was translated into local languages for convenience.
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10. Do you know the “Phnom Kulen National Park"?
[I1Yes [INo

If yes, do you think the establishment of the “Phnom Kulen National Park” has influenced

your life?
[IYes [INo
If yes, from which perspective (choose the most relevant option)?
[] Changed types of crops for farming
[l Changed living places
[IIncreased opportunities of earning money
[l Decreased opportunities of earning money
[ILess use of natural sources
[IMore use of natural sources
] Other, please indicate

11. Do you live inside the “Phnom Kulen National Park”?
[I1Yes [INo
If yes, in which village/community protected area do you live?
[ JPhum TaHan []Phum Po Pel [Phum Preah Anthum []Phum Sang Ke Lak
[ IPhum TA Penh []Phum Kia Khmum's [1Phum Tmei []Phum Aniong Thum
[IPhum Tima Chhouh [JChab Ta Sok []Prey Thom Popel []Prey Phnom Kduoch
[]Prey Phnom Mneas []Prey Thom

12. How many years have you been living there?

13. Is there any issue with illegal immigrants in your village?
[I1Yes [INo
If yes, from which year approximately?

14. How many species (including fish, plants, animals) do you think that you can identify from the
surrounding area where you live?
[ INone [JLessthan 10 species []10-50 species [ ]More than 50 species

15. Have you ever experienced conflict with wild animals?
[INone [1Onlyafewtimes []Severaltimes [1Very often

16. Have you ever experienced water stress in your life?
[INone [1Onlyafewtimes []Severaltimes [1Very often
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17. Did you notice the forest governance of “Phnom Kulen National Park”?
[INo [JYes
If yes, from which perspective (choose the most relevant option)?
[ ]Logging forbidden [ Reforestation [ Collection of natural resources forbidden
[ I Hunting forbidden [ Other, please indicate

18. Did you notice any infrastructure being developed over the last decade?
[INo [JYes
If yes, what do you think it is being/was developed for?
[ITourism [ Road or other traffic uses [Factories []Residence
[] Other, please indicate

19. What do you think about the income of your household compared with five years ago?
[JIncreased [JDecreased []No change
If it has increased, by how much approximately?
[JLess than 10 per cent []10-50 per cent [150-100 per cent []Doubled or more
If decreased, by how much approximately?
[JLess than 10 per cent []10-50 per cent []50-100 per cent
If appropriate, what do you think is the reason for the increase or decrease?
[ ITourism []More labour in household [ Changing jobs from farming to other
employment [ Shifting cultivation from rice/crops to cashew nut/orchard
[IBan on logging, hunting or collecting [ Other, please indicate
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20. | am now going to offer some statements about your living areas. Please tell me how much you

21.

agree with me (1: Strongly disagree; 2: Disagree; 3: Not sure; 4: Agree; 5: Strongly agree)

A) These places have made me learn more about nature.
(11 002 [J3 [J4 [J5

B) These places make me feel more connected to nature.
[J1 2 [J3 [J4 [I5

C) I have felt touched by the beauty of these places.
11 OJ2 0J3 [J4 [J5

D) I feel like I can contribute to taking care of these places.
[J1 2 [J3 [J4 [I5

E) These places inspire me.
11 OJ2 0J3 [J4 [J5

Have these perceptions changed since the establishment of Phnom Kulen National Park?
[I1Yes [INo
If yes, [ lIncreased [ ]Decreased

A) These places are almost like a part of me.
(11 OJ2 03 [4 [J5

B) | feel a sense of belonging in these places.
11 OJ2 0J3 [J4 [J5

C) I miss these places when | have been away from them for a long time.
[J1 2 [J3 [J4 [I5

Have these perceptions changed since the establishment of Phnom Kulen National Park?
[lYes [INo
If yes, [ lIncreased [ ]Decreased

107

Ecosystem Assessment for Sustainable Livelihoods in the Lancang-Mekong Basin



22.

23.

24,

25.

26.

Appendices

A) These places clear my head.
(11 002 [J3 [J4 [J5

B) These places give me a sense of freedom.
[J1 2 [J3 [J4 [I5

Have these perceptions changed since the establishment of Phnom Kulen National Park?
[lYes [INo
If yes, []Increased [JDecreased

At these places | feel part of something that is greater than myself.
[J1 2 [J3 [J4 [I5

Has this perception changed since the establishment of Phnom Kulen National Park?
[lYes [INo
If yes, [ lIncreased [ ]Decreased

I've had a lot of memorable experiences in these places.
(11 OJ2 03 [4 [J5

Has this perception changed since the establishment of Phnom Kulen National Park?
[lYes [INo
If yes, [ lIncreased [ ]Decreased

| have made or strengthened bonds with others through these places.
[J1 2 [J3 [J4 [I5

Has this perception changed since the establishment of Phnom Kulen National Park?
[lYes [INo
If yes, []Increased [JDecreased

| believe that these places have high cultural or historical values.
[J1 2 [J3 [J4 [I5

Has this perception changed since the establishment of Phnom Kulen National Park?
[lYes [INo
If yes, [ lIncreased [ ]Decreased
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27. Would you like your children to keep living here?
[I1Yes [INo
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Appendix E Basic local living conditions in Phnom Kulen
National Park

Villages/ Life . " . .
i i . Electricity Conflict with wild
(per cent of influenced by | Housing affordability W . Water stress
affordability animals
respondents) PKNP
Neu- Neu- Seve- Seve-
Yes No Easy Hard | Easy Hard None | Few None | Few
tral tral ral ral

Phum TaHan 7.1 0.0 0.0 7.1 0.0 6.1 1.0 0.0 1.0 6.1 0.0 1.0 5.1 1.0

Phum Po Pel | 5.1 1.0 2.0 4.0 0.0 3.0 3.0 0.0 0.0 6.1 0.0 0.0 4.0 2.0
Phum Preah

242 1.0 2.0 21.2 20 242 1.0 0.0 1.1 (131 1.0 141 101 1.0

Anthum
Phum TA

1.0 1.0 1.0 1.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0
Penh
Phum Kia

1.0 1.0 0.0 2.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0
Khmums

Phum Tmei 8.1 1.0 1.0 6.1 1.0 5.1 3.0 0.0 2.0 6.1 0.0 5.1 3.0 0.0

Phum Aniong

323 1.0 4.0 242 51 19.2 152 0.0 152 182 1.0 9.1 253 0.0
Thum
Phum Tima

8.1 1.0 2.0 9.1 0.0 4.0 7.1 0.0 3.0 8.1 0.0 4.0 6.1 1.0
Chhouh

ChabTaSok 2.0 1.0 1.0 0.0 1.0 1.0 1.0 0.0 1.0 1.0 0.0 1.0 1.0 0.0

Prey Phnom

2.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 2.0 0.0 1.0 1.0 0.0
Kduoch
Total 909 1.0 141 |75.8 101 65.7 (343 0.0 354 626 2.0 374 576 5.1

Ecosystem Assessment for Sustainable Livelihoods in the Lancang-Mekong Basin 110



Appendices

Appendix F Detailed methods of ecosystem services

assessment®

1. Carbon sequestration

The ecosystem service of carbon sequestration
is quantified as the sum of carbon mass stored
in above-ground and below-ground vegetation,
plus the amount of carbon stored in the first 200
cm of sail.

+ Land-cover type

«  Ecofloristic region according to FAO
classification

«  Continental region

«  The presence of frontier forests (a proxy for
the degree of forest degradation)

+  The recent occurrence of fires.

2. Pollination

The value of pollination is estimated by the net
value, representing the surplus or deficit of
pollination services at each point. Climatic
factors (solar radiation and temperature) are
used to compute the weather-related
component of insect occurrence. Nesting
suitability, computed as the suitability of each
landscape parcel for pollinator nesting, and
flower availability, which describes the
occurrence of flowers suitable to serve as food
for pollinators, are based on expert opinion and
published literature. Table F.1 is used to map
land-cover types to the probability of nesting
suitability and flower availability occurring at
each point. Distance from streams, nesting
probability and flower occurrence are used to
compute the landscape-related component of
pollinator insect occurrence. The pollinator
occurrence map, which is displayed in the
results section, is created by combining
elements of insect occurrence linked to
meteorological variables and landscape
structure.

8 All the methods are provided by and computed under the K. Lab platform (https://integratedmodelling.org).
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Table F.1 Land-cover types and their nesting suitability and flower availability

Land-cover type

Artificial surface

Arable land

Permanent cropland
Pasture land

Annual cropland

Complex cultivation patterned land
Agricultural land with natural vegetation
Agroforestry land

Broadleaf forest

Coniferous forest

Mixed forest

Grassland

Shrubland

Sclerophyllous vegetation
Transitional wood and scrub
Beach, dune and sand

Bare rock

Lichen moss

Sparse vegetation

Burned land

Glacier and perpetual snow
Wetland

Water body

Nesting suitability

0.1
0.2
0.4
0.3
0.4
0.4
0.7
1
0.8
0.8
0.8
0.8
0.9
X
1
0.3
0
0
0.7
0.3
0
0.3
0

Flower availability

0.05
0.05
0.6
0.2
0.5
0.4
0.75
0.5
0.9
0.3
0.6

1

1
0.75
0.85
0.1

0.35
0.2

0.75
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3. Soil conservation

In order to assess the prevented soil erosion
owing to vegetation, the RUSLE is calculated
twice, first using the best land cover data
available and then with all area covered by
vegetation removed.

A=R*K*LS*C*P

where A represents soil loss, R — rainfall run-off
erosivity, K — soil erodibility, LS - slope steep-
ness and length, C — cover management and P —
conservation practice. These appear in the
results as observations of the corresponding
concepts.

In this RUSLE implementation, the LS, K, and C
and P factors are calculated using worldwide
research for C and P factors based on land-cover
type and methods from Desmet and Govers
(1996) for LS, based on contributing area, grid
cell size, aspect, and slope length exponents.
Although it has the limitation of only applying to
rill erosion, the method used to calculate
sediment regulation has been applied widely in
ecosystem services assessment and global
applications.

4. Outdoor recreation

The travel efficiency function specifies how far a
person is likely to travel for recreation on a single
day trip. This function, adapted from the mobility
function, simulates the likelihood of going to a
place as a function of distance, assuming a high
probability of trips within 30 kilometers and a
very low probability of travels beyond 80
kilometers:

f(d) = (i + K) / (K + exp(a*d))

where d is the distance from a site and K and a
are parameters describing the shape (S- shape)
and scale of the log-logistic function (Geurs and
Ritsema van Eck 2001). We modified the original
function by including a dependency on esti-
mated travel time:

+ dis the distance to main cities; when travel
time is > 20 min, then d = d + 30 km. This
creates a 30 km buffer for short trips around
main cities, where the likelihood of high
recreation demand is much greater.

The mobility function parameter values are
set to K = 450 and a = 1.12E - 04, which
combine the long-distance (80 km) and
short-distance (8 km) functions (Paracchini
etal. 2014).
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Recreation demand considers the possibility of
taking a day trip to a certain site as well as the
population density in the areas acting as a
source of visitors for that destination, describing
the relative number of trips made from each grid
cell within the context. In this manner, the model
calculates the flow of recreation demand from
population centers to a recreational destination
using estimated travel time. The proportion of
naturalness impacted by human activities (so-
called “hemeroby”) is computed as a reclas-
sification of land-cover type, shown in Table F.2.
The theoretical potential for the outdoor
recreational attractiveness of each point in the
landscape is modelled by classifying the
landscape in terms of Euclidean distance to
protected areas, water bodies and sites of
relevance for tourism. This value does not take
into consideration the ability of people to reach
the areas (hence the theoretical attribute).

Appendices
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Table F.2 Land-cover types and the proportion of naturalness impacted by human activities

Land-cover type Hemeroby

Artificial surface
Vineyard

Fruit and berry plantation
Olive grove

Rice filed

[S2 N4 ]

Agricultural land with natural vegetation
Agroforestry land

Annual cropland

Complex cultivation patterned land
Pasture land

Non-irrigated arable Land

Permanently irrigated arable land
Permanent cropland

Arable land

Mixed forest

Broadleaf forest

W W wWw oo A A A BN B DM BN

o O

Coniferous forest

—_

Beach, dune and sand

Bare area

o N

Bare rock

—_

Lichen moss
Sparse vegetation 2

Transitional wood and scrub 3

(Table continues on the next page)
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(Continuation of table from previous page)

Land-cover type Hemeroby

Shrubland

(]

Grassland

Burned land

Glacier and perpetual snow
Mangrove

Inland marsh

Peat bog

Salt marsh

Saline

Intertidal flat

Wetland

Water body
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