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MEKONG ARCC TASK 2 STUDY DOCUMENT SET 
The Mekong ARCC project is a five- year program (2011-2016) funded by the USAID Regional 
Development Mission for Asia (RDMA) in Bangkok.  The project focuses on identifying the 
environmental, economic and social effects of climate change in the Lower Mekong Basin (LMB), 
and on assisting highly exposed and vulnerable rural populations in ecologically sensitive areas 
increase their ability to adapt to climate change impacts on water resources, agricultural and aquatic 
systems, livestock, ecosystems, and livelihood options.  

Task 2 of the project, led and implemented by ICEM – International Centre for Environmental 
Management, has undertaken a climate change impact and adaptation study focusing on key 
livelihood themes of the Lower Mekong Basin (LMB) including agriculture, livestock, fisheries and 
natural systems. 

As part of the Mekong ARCC Task 2 study a set of documents have been prepared including: 

1. Mekong ARCC Task 2 Synthesis Report 
2. Vulnerability assessment and adaptation planning for agriculture in the LMB 
3. Vulnerability assessment and adaptation planning for livestock in the LMB 
4. Vulnerability assessment and adaptation planning for fisheries in the LMB 
5. Vulnerability assessment and adaptation planning for natural systems in the LMB 
6. Vulnerability assessment and adaptation planning for socio-economics in the LMB 

This Synthesis Report has been designed to summarize and integrate the theme based documents.  
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1 INTRODUCTION 
1.1 MEKONG ARCC PROJECT  
The Mekong ARCC project is a five- year program (2011-2016) funded by the USAID Regional 
Development Mission for Asia (RDMA) in Bangkok and implemented by DAI in partnership with 
ICEM - International Centre for Environmental Management and World Resources Institute (WRI). 
The project focuses on identifying the environmental, economic and social effects of climate change 
in the Lower Mekong Basin (LMB), and on assisting highly exposed and vulnerable rural populations 
in ecologically sensitive areas increase their ability to adapt to climate change impacts on water 
resources, agricultural and aquatic systems, livestock, ecosystems, and livelihood options.  

Mekong ARCC includes five major technical tasks in addition to overarching program management. 
These are: 

1. Regional Platform Partner and Knowledge Centre; 
2. Climate Change Impact and Adaptation Study; 
3. Ecosystem and Community-based Adaptation Initiatives; 
4. Valuing Ecosystem Services in Economic Planning for the Lower Mekong River Basin; and 
5. Scaling-Up Successful Approaches. 

This Synthesis Report summarizes the results of Task 2 of Mekong ARCC project.  

1.2 TASK 2 STUDY AND ITS OBJECTIVES  
The aim of Task 2 is to undertake a climate change vulnerability and adaptation study on the 
water resources, food security, livelihoods and biodiversity of the Lower Mekong Basin (LMB). 
Task 2 is led by ICEM and the study team is made up of 21 international and regional specialists.  

Task 2 lays the foundation for the whole Mekong ARCC project by providing the scientific evidence 
base for identifying highly vulnerable and valuable agricultural and natural systems assets in the 
LMB, defining adaptation options and priorities, and guiding the selection of focal areas for 
enhancing existing adaptation and demonstrating and testing new adaptation strategies. The study 
focuses on five themes: i) agriculture; ii) capture fisheries and aquaculture; iii) livestock; iv) natural 
systems; and v) socio-economics. 

The objectives of the Task 2 study are to take an ecosystems approach in:  

1. Identifying climate change impact and vulnerabilities of rural poor and their environment - 
water resources, food security, livelihoods and biodiversity (fisheries and wildlife);  

2. Identifying hot spots in the LMB: provide a scientific evidence base to guide the selection 
of pilot project sites;  

3. Defining adaptation strategies for the main threats to inform and guide community and 
ecosystem-based adaptation pilot projects; and 

4. Communicating the results of the vulnerability assessment and adaptation planning. 

The Task 2 study has a Lower Mekong Basin wide perspective.  It starts by analyzing basin wide 
climate changes and vulnerabilities according to ecological and administrative boundaries.  It takes 
the vulnerability and adaptation responses to species and habitat level but still from a basin wide view.  
Necessarily the adaptation strategies proposed provide broad guidance – the site specific adaptation 
plans under Task 3 need to be developed with local communities and government with the benefit of 
local knowledge and tailored specifically to suite local conditions drawing from the tool box set out in 
this synthesis and accompanying theme reports.   
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2 THE LOWER MEKONG BASIN 
2.1 BIOPHYSICAL OVERVIEW  
The Lower Mekong Basin is a region of rich diversity – of landscapes, biodiversity and ethnic 
and cultural diversity.  It lies in the Indo-Burma Biodiversity Hotspot, with 12 of the WWF Global 
200 ecoregions which are critical landscapes of international biological importance including: the 
Northern Indochina sub-Tropical Moist Forests, Annamite Range Moist Forests, the Indochina Dry 
Forests, the Eastern Himalayan Alpine and Meadows, the Eastern Himalayan Broadleaf and Conifer 
Forests; the Salween River, the Peninsular Malaysian Lowland and Montane Forests, the Cardamom 
Mountains Moist Forests, the Mekong River, and the Andaman Sea, (Figure 2-1). 

Figure 2-1 Terrestrial Ecoregions of the Greater Mekong  

 

The region is one of the eight main Vavilov Centres where the wild relatives of most of the 
worlds domesticated plants originated (Figure 2-2).1 The Lower Mekong Basin lies in the Indian 
Centre, consisting of the Indo-Burma and Siam-Malaya-Java sub centers, with 117 and 55 crop wild 
relatives (CWRs) respectively, including rice, eggplants, sugar cane, black pepper, mangosteen and 
many others. 

                                                      
1 A Vavilov Center of Diversity is a region of the world identified to be an original center for the domestication of plants.  The center of 
origin is also considered the center of diversity.  Vavilov Centers are regions where a high diversity of crop wild relatives can be found, 
representing the natural relatives of domesticated crop plants. 
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Figure 2-2: Vavilov centres of origin of domesticated plants.  

 

The Mekong region is ethnically diverse with over 100 different ethnic groups reflecting the 
diversity of their surrounding natural environment (Figure 3-3). Many of these ethnic groups have 
distinct languages, beliefs and cultural practices, including agriculture and animal husbandry, closely 
associated with the landscape and biodiversity of their area. For example, Lao PDR has over 13,000 
recognized varieties of cultivated rice with different names and characteristics. The Mekong‟s vast 
ecosystem and species diversity underpins a wide variety of livelihoods and is the foundation for food 
security in rural communities which make up about 85% of the basin‟s population.   

Figure 2-3: Ethnic diversity of the Greater Mekong 
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The uniting force for this rich diversity is the Mekong River, which rises in Tibet, flows down 
through China for about 2,500 km and then for another 2,400 km between Laos and Myanmar, Laos 
and Thailand, into Cambodia and down to the Delta in Vietnam. The catchment area of the Lower 
Mekong Basin is about 630,000 km2. 

The underlying heterogeneous geological structure is the major factor controlling the course of 
the Mekong and its landscapes (MRC, 2011). Unlike many other large rivers of the world, which 
have simple dendritic tributary networks, the Mekong River basin is complex, with different sub-
basins having very different drainage patterns. In the Lower Mekong, from where the River leaves 
China, the main physiographic regions include: 

 Northern Highlands: the upland region of Myanmar, northern Thailand and northern Laos. 
 Khorat Plateau: a saucer shaped basin at about 300 masl in north-east Thailand draining the 

largest tributaries, the Mun-Chi Rivers. 
 Annamite Mountains: the catchment to the east of the Mekong, and the boundary between 

Laos and Vietnam. 
 Central Highlands: the source of the 3S Rivers - Sekong, Sesan and Sre Pok – three of the 

Mekong‟s largest tributaries. 
 Siphandone and the Khone Phapheng Falls: At the border between Lao PDR and 

Cambodia and downstream of the Mun-Chi confluence, the Mekong enters a mixed alluvial-
bedrock reach which sees the main channel fan out into a complex network of channels and 
islands before entering Cambodia through the Khone falls – South East Asia‟s largest 
waterfall.  

 Tonle Sap Basin: the Tonle Sap is globally unique and one of Asia‟s largest inland lake 
covering to 15,000 km2 in the wet season and shrinking to 2,500 km2 in the dry season. 
Changes in its size are driven by extraordinary changes in the flow regime of the Tonle Sap 
River which seasonally reverses flow direction (c.f. Section 2.3). The catchment area of the 
lake comprises 13 low-gradient and low elevation tributaries circumscribed by the Cardamom 
Ranges, the Khorat Plateau and the 3S basins. 

 Mekong Floodplain and Delta: South of Kratie, the Mekong enters a broad alluvial 
floodplain of more than 72,570 520 km2 including the Tonle Sap. Downstream of Phnom 
Penh the river enters the Delta and after the Cambodian-Vietnam border splits into seven 
distributary channels which drains into the South China Sea. 2 

Originally, the Mekong region was covered in rich evergreen, mixed deciduous and dry dipterocarp 
forests.  In 2005, the total forest cover in the Lower Mekong was about 54 million ha, of which 48 
million were natural forests, with only 8.3 million ha or 15% of primary forest remaining and 40 
million ha of modified or secondary forests, and 6 million ha of plantations. At that time, most of the 
plantations were in Thailand and Vietnam where they made up about 20% of the forest cover. Since 
2005, there has been significant increase in plantations in all four LMB countries.  

Much of the LMB natural forests (about 44%) are located within protected areas of various kinds. 
There are about 21 million ha of protected areas in the Lower Mekong countries, making up about 
16% of the land area, with Cambodia having 25%, Thailand 20%, Lao PDR 16.6% and Vietnam 
6.2%. These are mainly terrestrial protected areas focused on forest ecosystems.  

                                                      
2 The Mekong once split into nine channels.  At the beginning of the 20th century, the Bassac channel, which used to flow in the middle of 
the Cu Lao Dung isle in Soc Trang Province filled with sediment.  The Ba Lai channel in Ben Tre Province was dammed by the government 
in 1999 for salinity control. 
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The Mekong forest landscape has been largely transformed for agriculture, especially for rainfed 
and irrigated rice, the staple food of the region. More than 10 million hectares of the LMB‟s total 
cultivated land is used to produce rice.  Upland areas where the slopes can be steep have often been 
cleared for shifting agriculture growing hill rice, maize and other subsistence crops. Commercial 
crops include coffee, cassava, soyabean and sugarcane. Rapidly increasing plantations of rubber are 
changing the landscape throughout the region.  During the past two decades that ecological 
transformation of the basin has accelerated due to large scale infrastructure development such as 
hydropower and road networks which provide access to other resource uses. 

The biodiversity of the Mekong River Basin is of exceptional significance to international 
biodiversity conservation and to Mekong country economies and local livelihoods.  The region 
has some 20,000 plant species, 430 mammals, 1,200 bird species, 800 reptile and amphibian species 
and 850 fish species. New species are still being discovered each year – between 1997 and 2007 at 
least 1068 new species were discovered. 

The Mekong River is the largest riverine wetland complex in the region - at one time wetland 
ecosystems covered very large areas of the Lower Mekong Basin.  Those have now been converted to 
agriculture, especially rice paddy. Out of 254,000 sq km of man-made and natural wetlands in the 
LMB, some 22% or 55,500 sq km can be classified as natural wetlands.  Most of the remaining man-
made wetlands consist of rice paddy land. Of the natural wetlands about 80% are “wet” lands – ie 
marshes, bogs, swamps and flooded forests. The connectivity that the river and its tributaries bring to 
the wetlands of the Mekong through the seasonal flooding caused by the flood pulse down the 
Mekong is critical both for the productivity and the diversity of the fisheries in the Mekong.  

The Mekong supports the highest freshwater fishery in the world – about 2.6 Mt of fish per year 
in 2000, of which 1.9 million tonnes came from the capture fishery and the rest from aquaculture. 
Aquaculture production has been growing steadily.  Over 1 Mt of aquaculture products are exported 
from the region. The people of the Mekong have the highest per capita consumption of fish in the 
world – up to 50 kg/head/year in some parts of the basin. Of the fish species nearly 200 species are 
migratory “white” fish, some of them travelling long distances from the Tonle Sap or the Delta up the 
Khone-Phapheng Falls and further up the Mekong in Laos and Thailand. These migratory species 
make up a significant proportion of the fish caught. “Black” fish species move short distances 
between the main river and the floodplains. 

2.2 HYDROCLIMATE  
The diversity and productivity of the Mekong River Basin is driven by a unique combination of 
hydroclimatic3 features which define the timing and variability in water inputs, transport and 
discharge through the watershed (figure 3-4). 

The combination of two monsoon regimes is the fundamental driver of the Mekong 
hydroclimate. The Southwest monsoon occurs during the northern hemisphere summer when 
temperature differences between the land and the Indian Ocean force moisture laden air to precipitate 
over the Mekong‟s mountains. The southwest monsoon divides the calendar year into the wet (May – 
late September) and the dry (October – late April) seasons. During the dry season, air-flow over the 
Mekong is reversed as a high pressure system over the Asian land mass forces dry continental air flow 
over the basin, while the northwest Monsoon – originating in the Pacific Ocean – contributes minimal 
and erratic rainfall as most of the basin lies in the rain shadow of the Annamite mountains (MRC, 
2011).  
                                                      
3 Hydroclimate refers to the covarying features of the linked climate – hydrological regimes of the Mekong Basin. 
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Distribution of rainfall is highly variable throughout the basin along an increasing east-west 
gradient. Highest rainfall occurs on the western slopes of the Annamites of Lao PDR and Vietnam, 
where mean annual rainfall can exceed 2,500mm/year, while the majority of Northeast Thailand and 
the Northeastern coastal region of the Delta experiences less than 1,200mm/yr.  Under average 
conditions annual rainfall typically varies by less than +/- 15%, whilst between wet and dry decades 
variability in rainfall can be as much as +/- 30% (MRC, 2011). 

Tropical storms and cyclones are a major contributor to Mekong rainfall. Over the past 50years 
more than 100 tropical storms and cyclones originating in the western Pacific have crossed into the 
Mekong Basin. Storm events can start as early as July in the northern LMB; are most common and 
intense during August – October through the Central Highlands/3S and southern Khorat Plateau; and 
con occur as late as November-December in the Mekong Delta (Table 1).  Storm intensities are 
greatest in August-September with the Central Highlands and Northern Annamites most affected. 

Table 1: Historic distribution and timing of tropical storm and cyclone activity in the Lower Mekong Basin (1956-2009) 
Source data: (OCHA, 2012) 

Date  Intensity  Frequency  Landfall  

June  + + Japan, Korea, China Eastern Seaboard  

July  ++ + China, Northern Vietnam & Lao PDR  

Aug – Sep  +++ +++ Northern & central Vietnam & Lao PDR – 
occasionally Thailand  

Oct – Nov  ++ ++ Central Vietnam, Southern Lao & Cambodia  

Dec  + + Southern Vietnam  

Figure 2-4: Hydroclimate features of the Mekong Basin 
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drive tropical storms 
westward over the LMB 
catchment 

EVAPORATION: High temperatures 
reduce soil and surface moisture 
availability during the dry season in 
floodplain and plateau areas of the 
LMB 

COASTAL & TIDAL PROCESSES: 
Combination of two tidal regimes 
drives delta formation, saline 
intrusion and flood drainage of the 
Mekong Delta. 

TONLE SAP FLOW REVERSAL: Seasonal fluctuation in 
the water level of the Mekong River drive a reversal 
of flow in the Tonle Sap River during the wet season, 
dramatic variations in the Tonle Sap Lake size and 
return flow contributions during the dry season 
important for the Mekong Delta 

SEDIMENT/NUTRIENT 
PRODUCTION, TRANSPORT & 
DEPOSITION: Catchment 
rainfall process generate in the 
order of 165million tonnes of 
sediment each year which are 
transported to the Mekong 
floodplain and near-shore 
coastal environments. 

GROUNDWATER: Wet season rainfall 
recharges extensive groundwater 
aquifers throughout the basin, 
supporting dry season surface water 
ability through recharge of rivers, 
ponds and lakes 

FLOOD PULSE HYDROLOGY: Seasonal water inputs lead to 
the unique pulse hydrograph of the Mekong River and 
tributaries, fostering a seasonal transition between 
terrestrial and aquatic states in the river channels and their 
floodplains. 
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Seasonal rainfall distribution shows two distinct peaks, reflecting the interaction of monsoon 
and tropical storm inputs. The onset of the wet season is rapid resulting in a leading peak typically 
in May-June, followed by a short lull in rainfall during July as the synoptic conditions of the monsoon 
weaken (MRC, 2011). The second and larger peak occurs in August-September and represents the 
return of monsoon strength combined with the onset of the tropical storm season. The bimodal trend 
in seasonal rainfall is most pronounced in the Northern Annamites and Central Highlands and weaker 
in the Northern LMB (figure 3-5). In the Khorat Plateau and the Mekong floodplains the main peak in 
rainfall is in September and as late as October in the Delta. 

 

The combined effects of temperature and rainfall lead to strong seasonal reversal in the Mekong 
moisture budget which has shaped terrestrial vegetation characteristics. Mekong temperatures 
are closely correlated to elevation typically averaging between 22 – 28 °C across the basin, with 
variance greater within a day (up to 10°C) than it is between months(up to 5°C). High temperatures 
result in evaporation rates of 1,000 – 2,000mm/year (MRC, 2011), which when combined with the 
seasonal rainfall distribution result in at least 5-7 months of the year under moisture deficit. The 
deficit is most pronounced in the Khorat Plateau. 

Glacial and Snowmelt occurs only in the Upper Mekong Basin (UMB) but sustains surface 
water availability in the LMB during the dry season. Though melt waters contribute only 16% to 
the mean annual flow in the Mekong River at Kratie, during the dry season the contribution is near 
40%, while further upstream dry season flow contribution from melt waters can exceed 60% of the 
total flow (MRC, 2009). 

Groundwater is also well connected with LMB surface water dynamics recharging wetlands, 
lakes and fluvial river reaches during the dry season and absorbing substantial proportion of rainfall 
inputs during the wet season. There are four know major aquifer systems, though understanding of 
their size and the dynamics of surface connectivity remain poorly understood.  

Figure 2-5: Seasonal distribution of average rainfall in the Mekong (mm) 
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Tidal fluctuations influence wet season flood water levels as far upstream to the border between 
Vietnam and Cambodia, and drive saline intrusion upriver as far as Can Tho. The Mekong Delta 
is under the influence of two tidal regimes, at the Mouth of the main river channels tides can fluctuate 
by more than 4.0m changing rapidly at an hourly time step. During the year, peak tides generally 
occur in October – March. High tide conditions during the dry season can reverse the direction of 
flow in the river channels as far upstream as Can Tho, driving saline intrusion 60km inland. Saline 
intrusion is greater on the eastern coastline of the delta, due to larger tidal fluctuations. On average 
1.4-1.9million ha are affected for a period of 1-3months (SIWRP, 2009). 

The unifying hydrological feature of the system is the river‟s flood pulse, which sees the 
individual rainfall-runoff events throughout the catchment coalesce into a stable and 
predictable hydrograph with distinct hydrological seasons (Figure 3-7). For the Lower Mekong 
Basin (LMB) it is the Mekong flood pulse which drives the river‟s high levels of aquatic and 
terrestrial biodiversity and system productivity (Kummu et al, 2007).   

The LMB tributaries are the main drivers of the peak in the flood pulse. Approximately 59% of 
the average annual flow originates from the left bank tributaries in Lao PDR, Cambodia and Vietnam 
(ICEM, 2010). The Upper Mekong Basin contributes 16% to the average annual flow, while the 
combined contribution from the right-bank tributaries (North and Northeast Thailand and the Tonle 
Sap tributaries) accounts for ~25% (ICEM, 2010). During the wet season flow provenance is 
dominated by northern Lao PDR, the central highlands and the central region of Lao PDR.  

The LMB flood pulse is comparatively homogenous upstream of Kratie, with comparable timing 
and duration of seasons in most LMB mainstream stations (see figure 3) MRC (2006). The key 
features of the hydrograph are: 

 Large seasonal variation in the flow regime: flow volumes peak in September 
approximately 4-6weeks after the peak in run-off. This results in minimum dry season flows 
of on average 7% of the maximum wet season flows with the seasonal variation reducing with 
distance downstream. 

 Predictable flood peak: On average, the flood season at all stations between Chiang Saen 
and Kratie begin on the 1st of July and last until 4-11th of November, with a standard deviation 
of  2weeks (Adamson, 2005) 

Figure 2-6: Variability in maximum water levels at the Bassac River mouth (My Thanh) due to 
tidal under tidal fluctuations 
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 High flow variability at the onset of the flood season: Comparably high variability in flow 
during the transition season as the first rainfall events induce a series of spates into the 
hydrograph which play an import ecological role in triggering response in aquatic biota. 

 

Flood pulse dynamics are more complex and less predictable in the Mekong floodplains of 
Cambodia and Vietnam. Downstream of Kratie the Mekong system shifts to a complex floodplain 
environment and there is significant variation in the hydrograph form compared to upstream. Key 
features of the floodplain include: 

 Reduction in the flood peak discharge: flows become less constrained to the Mekong 
channel and spreads out over the flood plain with a corresponding reduction in flow and water 
level in the channel. 

 Lag in flood recession: flow is driven by water levels in the flood plain rather than channel 
flow, with the recession of overbank floodwaters and storage of floodwaters in the Tonle Sap 
Lake prolonging the flood season into January/February. Overland flow accounts for 
approximately 30% of the flood flow into the Mekong Delta (SIWRP, 2006). 

 Higher daily variation in flows: the complex hydrodynamics also cause greater fluctuation 
in water levels at a daily and weekly time-step.  

 Cyclical variation in flood volumes:  Flood volumes entering the Mekong floodplain and 
delta average 465km³ and typically vary by +/- 10%. Under extreme conditions high flood 
years can be +40% above the average or –60% below in dry years. 

Low channel slope and the high variation in Mekong River water levels induce a seasonal 
change in the direction of flow in the Tonle Sap River allowing the Tonle Sap Lake to store an 
average 80km³ each year. Water flows with the channel slope during the dry season and reverses 
direction during the wet. 
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Figure 2-7: The Mekong Flood pulse at six mainstream stations: seasonal variability 
in climate results in a characteristic and stable pulsing signal in the Mekong 
hydrograph and fosters an immense annual transition of floodplain environment 
from terrestrial to aquatic. Units are m³/s. (Source ICEM, 2010) 
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 Wet season (May – September):  water levels in the Mekong rise approximately 9m at 
Phnom Penh providing a hydraulic gradient to reverses flow up the Tonle Sap River into the 
lake and peak inflows are reached typically three months after flow reversal. On average 
80km3 flows into the Tonle Sap lake via the River and overland flow across the floodplain, 
representing 25% of the august flows in the Mekong (MRC, 2006). 

 Dry season (Oct/Nov – April/May): water levels in the lake are elevated by 6-9m and, as the 
Mekong floodwaters begins to recede, the hydraulic gradient reverses direction  and flow 
resumes the natural direction reaching a flow of 10,000cumecs  in just a few weeks and 
returning ~87% of the lake volume to the Mekong (MRC, 2007).  The Tonle Sap return flow 
plays a critical role in maintaining dry season freshwater environments in the downstream 
Mekong Delta. 

The Mekong hydroclimate plays a critical role in landscape processes, driving sediment 
production in the upper catchment and transporting it downstream to fulfil a multitude of 
geomorphological and productivity functions. On average, the annual sediment load at Kratie is 
approximately 160Mt/yr (140 -180 Mt/yr), with approximately 50-60% originating from China. The 
„Three S‟ catchments in Zone 4 contribute ~ 17Mt/yr equivalent to ~10% of the total load, while the 
remainder of the basin is estimated to contribute 30% (Sarkkula et al, 2010).  Land clearing, 
hydropower and soil conservation strategies have influenced the annual average sediment loads – 
especially in the Lancang catchment (ICEM, 2010).   

Attached to Mekong sediments are an estimate 27,000 tonnes of phosphorus based nutrients. The 
deposition of sediments and nutrients in the floodplain and marine environments contribute to river 
channel and delta stability as well as fertilise floodplain and aquatic environments allowing the 
floodplain to support a vast array of agro-ecological productivity. Estimates for the proportionate 
deposition of the Mekong sediment load in the key floodplain environments are given in Figure 3-8. 

 

2.3 SOCIOECONOMIC OVERVIEW 
The LMB supports around 65 million people, most dependent on agriculture and natural resources. 
The region is in state of flux: economic expansion and demographic shifts are transforming the 
economies and environment at a pace and scale never before experienced.  Yet, poverty and food 
insecurity remains entrenched in many parts, even in relatively prosperous Thailand and Vietnam. 
Natural resources are essential to rural livelihoods – dependence likely to increase for the poor in the 
coming decades. This reliance reflects the acute sensitivity of rural households to adverse weather 
events, such as floods and droughts, as well as to degradation of the natural environment. 

Figure 2-8: Mekong floodplain and delta sediment deposition:  estimates of proportional distribution of 
Mekong sediments in the six main regions of the Mekong floodplain and delta. (Adapted from: ICEM, 2010) 
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A significant feature of the LMB‟s demographic landscape is the degree of diversity across socio-
economic indicators. Whilst population growth continues to accelerate in Cambodia and Lao PDR, 
sharply declining fertility rates from 1970-2000 have seen the populations of Vietnam and Thailand 
begin to plateau. In broad terms, the status of poverty, food security, and other livelihood indicators 
are more favorable in Vietnam and particularly in Thailand compared to Cambodia and Lao PDR. 
These distinctions reflect the relative stages of economic development across the region. Those gaps 
are narrowing as the two less developed LMB economies expand rapidly.  Although marked 
disparities exist, some striking features are evident throughout the region: 

The rural poor are heavily dependent upon ecosystem services. This is the case across a range of 
livelihood activities, including agriculture, fisheries, non-timber forest products, and livestock. Poor 
rural families in Cambodia, for example, have some 80% of their livelihood activities linked to forest 
and aquatic resources. Consequently, threats to the provision of these ecosystem services, such as 
climate change and major infrastructure projects as shown in this report, have large development and 
livelihood impacts. In terms of food security, fisheries are the critical source of protein, even in 
remote upland areas away from large fisheries. In Lao PDR and Cambodia, a surge of infrastructure 
developments and commercial land concessions are reducing forests, rivers and wetlands in their 
natural state and the resources and services they provide to rural communities.   

A diversified portfolio of livelihood activities is the norm for rural households. This is both a risk 
and an advantage in the face of adversity. On the one hand, a discrete shift in the productivity of one 
sector may be offset by increased production in other sectors. On the other hand, an external shock 
will do grave damage if it impacts all sectors simultaneously or places undue pressure on a particular 
sector. The former case is exemplified by the use of forest food products as a contingency measure 
when crops fail; the latter is exemplified by unsustainable harvesting of those forest foods that reduces 
their long-term availability.  

There is a general shift towards greater commercialization of agriculture, with even small-holder 
subsistence-based households engaged in some form of commercial activity. This trend carries risks, 
in terms of increased exposure to price shocks and environmental degradation, but also opportunities, 
such as improved crop varieties.  

Migration is increasing across the region in search of land, resources and employment. Three 
main types of migration prevail: (i) rural-urban migration, the most significant type but one that can 
be highly temporary and seasonal; (ii) transboundary migration, driven partly by significant diaspora 
of fellow nationals or ethnicities in neighboring countries; and, (iii) rural-rural migration, driven by 
the desire to access natural resources (particularly land in forest areas), and displacement due to land 
concessions and development projects. 

All countries contain particular groups whom remain chronically poor, or are vulnerable to 
falling into poverty and food insecurity. Notwithstanding existing discrepancies between countries, 
great progress has been made to reduce poverty and food insecurity across the region.   Yet, income 
growth masks the vulnerability to regress, particularly following strong external shocks like extreme 
weather events. Even households that have moved beyond a marginal existence and possess 
productive assets, such as irrigation infrastructure and farm machinery, have much to lose from 
reduced access to natural systems and resources.   

Food security - Food security is an important consideration throughout the basin, particularly with 
regards to rural populations. Aggregate measures of hunger (see Figure 3-9) or child malnutrition 
indicate substantial declines in food insecurity in recent decades.  
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Source: IFPRI 2011 

However, these aggregate trends obscure important differences in terms of the occurrence of food 
insecurity amongst different groups. Different communities in the same country or province pursue 
different livelihood activities according to their resource endowments, as do different members of the 
same community. Households are therefore exposed to shocks of variable magnitude in different 
sectors. Consider Figure 3-10, which documents food sources by occupation for a sample of Lao PDR 
households. Notice that farmers are more heavily dependent on their own produce and, for example, 
are therefore likely to be more exposed than a farmer/gatherer to a crop disease. 

Source: WFP 2007 

Figure 3-10 also demonstrates some important similarities across groups that can be generalized to 
most rural communities across the basin:  

i. Livelihood portfolios are highly diverse. Regardless of principal occupation, almost all 
households are engaged in a range of activities. In the context of climate change, this is both a 
risk and an advantage. On the one hand, a discrete shift in the productivity of one sector may 
be offset by increased production in other sectors. On the other hand, an external shock will 

Figure 2-9: Food security in LMB countries 1990 and 2009 

Figure 2-10: Food source by occupation (Lao PDR 2007) 
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do grave damage if it impacts all sectors simultaneously or places undue pressure on a key 
sector. In the context of the „livelihood system‟ outlined in the previous section, this observed 
diversity underlines the importance of considering the linkages between sectors. If the 
productivity of one sector weakens, a household is likely to seek productivity gains or 
increased production in another sector. 

ii. Fisheries are the key source of protein in the LMB. Figure X shows the prevalence of 
subsistence-based fishing (and hunting) to all occupations. In reality, commercial fish 
purchases would also probably constitute a noticeable category for several groups. As the key 
source of protein in the basin, households are sensitive to changes in the productivity of 
fisheries systems. In Cambodia, fish provide at least 75% of protein intake in every province, 
and around 95% for those around the Tonle Sap (MRC 2010). These trends are apparent 
throughout the basin, even in upland areas away from large water bodies. 

iii. Marketed food is important to subsistence-based households. This points to the fact that 
almost all households are engaged in some commercial activities and are therefore susceptible 
to price shifts in the market-place and/or external food shortages. 

iv. Natural systems are critical to food security. 98% of the survey respondents above were 
between 40% and 60% dependent upon some combination of subsistence farming, 
fishing/hunting, and gathering. The productivity of all three of these low-intensity activities 
rely on functioning ecosystem services and, in the case of fishing/hunting and gathering, on 
the ecosystems themselves. Food security and natural systems are inextricably linked. 

2.4 TRANSFORMATION OF LMB FARMING SYSTEMS 
LMB‟s farming systems are being transformed  with a continuing shift away from labour-
intensive, subsistence-based agriculture (MRC 2010, Johnston et al. 2009).  That shift has 
significant socio-economic implications, particularly for the vulnerability of rural communities to 
climate change.  

2.4.1 COMMERCIAL AND SUBSISTENCE AGRICULTURE 
Figure 3-11 summarises the major characteristics of LMB commercial and subsistence agriculture. A 
third category (not shown) is also common in the basin: small-holder commercial agriculture, which 
represents a mixture between the two main types, but farming still occurs on a relatively small-scale 
and with some subsistence activities.    

In the LMB there are examples of both full-scale commercial agriculture (e.g. large plantations of 
non-food crops such as rubber, cassava and coffee) and the purest forms of subsistence agriculture 
(e.g. shifting cultivation). Most rural households and communities lie somewhere in between. The 
diversified nature of rural farming systems means that even the remotest subsistence-based 
communities have opportunities or need to conduct commercial activities at least some of the time. 
Whether commercial or subsistence-based, all farming systems and sectors have one thing in 
common: their productivity is dependent on healthy, functioning natural ecosystems 
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2.4.2 AGRICULTURAL PRODUCTION IN THE LMB 
Three main trends point to the rise of commercialization in the region: (i) agricultural exports have 
risen rapidly, (ii) harvested areas of most key commodity crops have also risen rapidly, and (iii) 
upward, though not necessarily uniform, trends in yield have occurred in all major commodities. 

Across LMB countries three broad phases of agricultural commercialization can be observed: a large, 
relatively advanced agricultural sector in Thailand; a smaller, but established and growing commercial 
sector in Vietnam; and, the relatively recent emergence of commodity production in Cambodia and 
Laos. The rate of development is not uniform within countries: subsistence and smallholder 
communities occur throughout Thailand and advanced commercial farming operations exist in Lao 
PRD.  

In Thailand and Vietnam, the emergence of commercial agriculture has followed from capitalist-
oriented policy reform and broader economic development. In Lao PDR and Cambodia, 
commercialization is largely driven by government policies that focus on attracting private, often 
foreign, investment in economic land concessions (Johnston et al. 2009).4  

The upward trajectory of regional population, urbanization, and income growth is also driving rising 
food demand. Moreover, the diets of a wealthier population are shifting towards the consumption of 
more resource-intensive meat and dairy products. These shifts will provide demand for further 
productivity improvements and further commercialization. Other external factors (e.g. China‟s 
demand for agricultural imports and the evolution of global commodity prices) will also drive this 
shift in the future.  

2.4.3  SOCIO-ECONOMIC IMPLICATIONS OF COMMERCIAL AGRICULTURE 
Over the long-term, the LMB agricultural transition has strong positive implications for the 
alleviation of poverty and the provision of food security. For LMB countries rising agricultural 

                                                      
4 This is exemplified by the Lao PDR government‟s estimate of the area of agricultural land concessions 
(excluding contract farming): 5.5%, or 1.1 million hectares which is more than the total land area growing rice 
and officially recognized as probably being an under-estimate (Schönweger et al. 2012).  
 

Figure 2-11: Characteristics of commercial and subsistence agriculture 
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productivity is a major engine of economic development (Ryan 2002, Timmer 2000). A stable food 
supply, foreign exchange earnings, higher savings, greater demand for industrial sector goods, as well 
as the shift of labour to industry: these are all critical elements of the broad economic development 
which is an integral part of poverty reduction. 

Yet, in the short to medium term, the commercialization of agriculture poses significant threats to the 
security of the rural poor (von Braun 1995, Pingali 1997).  Three main factors determine the welfare 
implications of the transition (after Pingali 1995): 

i) Availability of alternative livelihoods and labour mobility – Affected communities need to either 
engage in commercial agriculture themselves or find wage employment elsewhere. The first choice 
presupposes adequate access to the requisite skills and investment capital; the second is contingent on 
adequate employment opportunities and, once again, necessary education and skills to obtain that 
employment.  

ii) Land tenure – Land is often the only asset subsistence communities possess. Commercialization 
generally involves a process of land consolidation and transfer of tenure to commercial enterprises. 
The capacity to effectively sell tenure rights or be otherwise compensated is therefore critical to 
welfare outcomes.  

iii) Food security and relative prices – In terms of net food security, the benefits of 
commercialization are contingent on the extent to which households are able to earn a higher level 
cash income relative to the market price of food.  

The transition to commercial agriculture is failing to enhance livelihoods of the poor.  For 
example, a survey of villages adjacent to agricultural land concessions in North-East Cambodia 
(Prachvuty 2011) found that: (a) only 16% of families received compensation for loss of land, and 
most of those felt that compensation was inadequate; (b) only 30% of remaining families had since 
taken employment with the concession company; and, (c) 92% of families believed they were worse 
off.  Their reduced well being was due to loss of shifting agricultural land and other farmland, loss of 
forest lands where they previously collected Non-Timber Forest Products (NTFPs), and land 
degradation from forest loss.  

A transition from subsistence to, for example, contract-based farming has improved welfare elsewhere 
in the LMB (Setboonsarng et al. 2008).  Yet, in most areas of Cambodia, Laos and Vietnam, many 
factors are making the transition disadvantageous to the rural poor. Absence of strong land tenure is 
one. Another is the lack of skills to adapt; this is particularly prominent among ethnic minorities 
living in remote areas with poor access to state services.  

Price risks are a particular challenge for three reasons: (i) low income households are more vulnerable 
to price rises. This is of particular concern with increasing real food prices and food price volatility 
(Figure 3-11); (ii) small-holder commercial farmers may be exposed to the significant swings in 
international commodity markets for their produce (Figure 3-11); and (iii) input prices, such as 
fertilizer costs, may also be subject to volatility.  

Another critical issue is environmental sustainability. Central aspects of the shift to commercial 
agriculture are the increased application of fertilizers and pesticides, large irrigation diversions, more 
intensive cultivation of land, and clearance of forestlands. Natural resources are the foundation of 
rural welfare. The degradation of water supplies, soil erosion, and loss of access to NTFPs all have 
direct and immediate welfare impacts. Recent history highlights numerous cases in the LMB where 
the transition to commercialization has represented a worsening or the onset of environmental 
problems which are affecting the poor disproportionally (e.g. Johnston 2009). 
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Source: FAOSTAT (2012). 

There are also immediate opportunities from the transition. Rising labour productivity could and 
should raise incomes and living standards for at least some groups during the early stages of the 
transition. The creation of input supply chains and extension services, such as credit facilities should 
benefit small-holder commercial farmers. Similarly, the creation of stronger, non-local food trade 
provides insulation from localized natural disasters or adverse crop conditions.  

2.4.4 RISKS AND OPPORTUNITIES IN THE CONTEXT OF CLIMATE CHANGE 
The agricultural transition exacerbates the risks posed by climate change for vulnerable groups, 
particularly in the case of extreme events. Although climate change is a long-term process of 
incremental change in regular climate patterns, the LMB is projected to experience increased 
magnitude and frequency of extreme events such as floods and drought which can occur at any time.  

Where commercialization increases access to markets, education, health services, and overall 
community welfare, then that would build resilience to climate change in local communities. For the 
individual household, the balance of risks and opportunities would be highly context specific. Yet, the 
negative implications of agricultural transition tend to increase the vulnerability of rural poor to 
extreme events.  

From a systems perspective, the higher vulnerability of commercial farming systems is more clear-
cut. Figure 3-13 consolidates all of the issues discussed in this section. On the right hand side we have 
subsistence-based agricultural systems and more extensive remaining natural systems; on the left we 
have commercial-based systems and more extensively modified ecosystems.  

The most important point illustrated by the continuum is that most LMB farming systems are a 
complex mix of natural resource dependency and more intensive and sometimes commercial 
activities. 

Each of the farming system components displayed in the diagram tend to have differing prevalence 
and importance as rural communities shift along the continuum from right to left.  Farming systems 
tend to simplify and intensify as they shift from subsistence to commercial footing.  Commercial 
systems are heavily dependent on a few inputs and highly sensitive to their fluctuations or failures.  

Figure 2-12: Food price fluctuations 
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Subsistence systems tend to be more complex and a failure in one component can be substituted by 
another. 

 
Figure 2-13: Agro-ecological systems and climate change vulnerability continuum 

 

Consider the different circumstances of two production systems one intensively farmed pigs and the 
other subsistence use of wild pigs. The risks of major productivity losses or cost increases are great in 
the intensive pig farm if, for example, (i) the price of commercial pig fodder changes, (ii) there is a 
rapid outbreak of disease, or (iii) there is a heat wave that farm facilities are not designed to 
accommodate.  The subsistence-based system is more resilient because: (i) it is not dependent on 
fodder, (ii) wild pigs are more resistant to disease outbreaks, and (iii) wild pigs are able to move to 
cooler habitat in heat wave conditions. Similar comparisons can also be made for subsistence capture 
fisheries versus aquaculture or harvesting of NTFPs versus industrial crops.  

Subsistence based systems are inherently integrated with natural systems and benefit from their 
diversity and resilience to climate related shocks. However, natural systems are being degraded in the 
LMB, partly due to the shift from subsistence to commercial agriculture. As farming systems move 
along this continuum they are becoming less diverse, more intensive, and less resilient to climate 
change without substantial maintenance and inputs to keep them stable.  

Generally, this shift in farming ecosystems is taking place on a localized, gradual and incremental 
basis as individual farmers seek more productive and profitable crops and methods.  Increasingly, it is 
occurring rapidly and over large areas. Clear-felling of forests to make way for large industrial 
plantations and expansion of concession areas to cover large proportions of Cambodia and Laos are 
accelerating the shift along the continuum. These abrupt changes, or system leaps, greatly intensify 
the vulnerability of affected communities.  
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3 TASK 2 STUDY METHOD 
3.1 OVERALL METHODOLOGY  
The study overlaid projected climate and hydrological change on the current status and trends 
in the key livelihood sectors of the Lower Mekong Basin – agriculture, capture fisheries and 
aquaculture, livestock, natural systems; and health and rural infrastructure.  An assessment of impact 
of climate change on those sectors enabled the study to estimate the vulnerability of areas and of 
species and habitats important to local communities and national economies.   Experience within the 
region, and in other parts of the world, expert judgment and consultation through stakeholder 
workshops shaped the adaptation options identified by the study.  They are set out as categories or a 
menu of adaptation measures to guide the focused demonstration projects which follow in ARCC task 
3.  

For each sector or theme a technical group was formed of international and riparian specialists. The 
theme groups met together at each of the main vulnerability assessment and adaptation planning 
stages of the study to define the overall methodology and to discuss and compare results.  

3.1.1 METHODOLOGICAL CONCEPTS 
The study has developed a number of key concepts to facilitate understanding and assessment of the 
vulnerability of livelihoods in the basin and definition of adaptation responses (Figure 4-1). These 
concepts include overarching guidance on the theoretical and spatial approach to the study down to 
details such as developing models of physical properties such as soil water availability and crop 
yields. 

3.1.1.1 Ecosystem based approach 
The study has taken an ecosystem based approach to assessing the impact of climate change on 
livelihoods and to defining adaptation responses to them. An ecosystem based approach is the 

integrated management of land, water and living resources to promote conservation and equitable 

sustainable use. To be consistent with the ecosystem based philosophy the study analysis of 
livelihoods has considered the interactions between the plants and animals that sustain the livelihood 
activities with farming ecosystems.  Farming ecosystems include the farm households, their assets 

and fields and the surrounding natural systems from which they harvest provisions and receive 

services. The study‟s ecosystem based approach recognizes: 

 the importance of relationships and linkages between all parts of farming systems and their 
environment; 

 the distinctive character and tolerance levels of each ecosystem to change; 
 the different spatial levels of ecosystems which are important to farming system health and 

productivity (from soil to ecozone); 
 the services which assemblages of wild species and other natural resources provide to farming 

systems; and 
 the importance of ecosystems as a basis for adaptation in farming systems. 
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Figure 3-1: Key methodological concepts developed by the study 

 

3.1.1.2 Shifts 
The concept of shifts is important when analyzing the potential impacts of climate change because 
often changes are incremental rather than clearly discernible steps.  A shift is when a system or 

component of that system changes in state or location to accommodate changes in global and local 

climate.  For this study the team focused on three types of shifts in the LMB - climate change shifts, 
ecological shifts and farming systems shifts (Figure 3-2). 

Figure 3-2: Three shifts associated with climate change in the LMB 

 

Climate change shifts 

Climate change shifts are spatial or temporal changes in regular or extreme climate. Geographic 
shifts in regular climate can be horizontal (latitude and longitude) or elevation shifts.  For example the 
temperature range once experienced in location A has now shifted to location B.  Temporal changes 
of regular climate include permanent changes to the climate or hydrology in a location and changes in 
the onset/end and variability of seasons.  The most dramatic example of a temporal shift is sea level 
rise which permanently changes environmental conditions in a location from terrestrial to aquatic.  
Another example - in Chiang Sen under climate change the onset of wet season flow is projected shift 
15 days later. Regular climate change shifts may shift the zone of suitability for natural habitats and 
crops leading to changes in the make up of species in certain areas (Figure 3-3).  Climate change 
shifts can require spatial shifts in farming ecosystems.   
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Figure 3-3: Geographic shift in climate leading to farming ecosystem shifts 

 

Extreme climate event shift includes changes in the intensity, frequency and location of those events.  
Precipitation related events such as flash flooding are expected to shift to higher frequency. Macro 
events such as saline intrusion in the delta are expected to become more intense due to increasing sea 
levels and storm surge. Shifts in extreme climate events may lead to permanent ecosystem changes. 

Ecosystem shifts 

Changes in climate will lead to ecological shifts as species and habitats adapt to the new climate 
regime.  An ecosystem shift occurs when the assemblage of species and habitats in a location 

changes to accommodate a new climate regime.  Over time and ecosystem shift can give the 
appearance of gradual movement of plants and animals across the landscape as they follow the 
shifting climate.  It could involve gradual “movement” to higher elevations or along corridors of 
remaining natural habitat.  It can also involve the appearance of new assemblages some distance from 
their former location.  Ecosystem shifts can be facilitated and managed by human intervention.  They 
can also be prevented from occurring by other land uses or by the introduction of invasive exotic 
species for example.  

Farming systems shifts 

Farming ecosystems rely on climatic and ecological services.  Climate and ecological shifts will lead 
to shifts in LMB farming ecosystems.  Crops and NTFPs which once flourished in an area are no 
longer suited to new conditions.  Changes in climate mean new crop species, cropping patterns, 
fishing activities, and gathering and foraging habits become necessary, and a new balance in system 
components and inputs needs to be established in any one location.  It can also mean that certain types 
of farming will need to shift to entirely new locations where conditions and natural system ingredients 
have changed to suit. 
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Diminished or changing ecological provisioning may reduced availability and access to NTFPs and 
water. Weakening regulatory and habitat services may reduce pollination and pest control, reduce soil 
organic carbon content and reduce soil micro fauna and flora. The culmination of these ecosystem 
shifts may mean that in any location farming systems require more intensive inputs and a greater 
dependence on specialized more resilient crops.  

3.1.1.3 Climate change hotspots 
Climate change hotspots are areas of the basin projected to experience the greatest change in any 

one climate or hydrological parameter representing a threat or opportunity for existing farming 

and natural ecosystems.  Identifying climate change hotspots enables the study to focus its analysis 
on areas likely to be the most affected by future changes in climate.  The threat or opportunity may be 
expressed through high absolute or relative percentage changes in annual or seasonal temperate or 
precipitation or by increases in flood duration caused by sea level rise and river floods for example. 
The study identified hotspot areas at various spatial scales including ecozone, catchment, province 
and protected areas. The basis and methodology for identifying climate change hotspots is described 
in Section Error! Reference source not found.. 

3.1.1.4 Comfort zones 
Comfort zones are where species and ecosystems experience the most suitable growing conditions 

in terms of the range and timing of temperature and rainfall. They are defined to include 50% of the 
baseline variability in temperature and rainfall for typical months, seasons and years.  

 

All species have a range of climate in which 
they grow most comfortably.  For agricultural 
crops usually that range is well understood.  
Climate parameters for many agricultural crops 
have been studied in detail and published widely. 
For example it has been shown that maize grows 
well in areas that have a total annual precipitation 
of between 500-5000mm and mean maximum 
temperature in the range of 26-29 Deg C. Outside 
this range the growth of the plant is constrained 
and inhibited entirely if at the extremes. For wild 
species and habitats the range is poorly researched 
and documented, even if known by local 
communities and managers.  

 

Comfort zone analysis requires information on the range of rainfall and temperature that was 
experienced during 50% of the historical baseline around the mean.  For example, Error! Reference 
ource not found. shows the wet season and dry season daily maximum temperature comfort zone for 
mid elevation dry broadleaf forest in Mondul Kiri Province, Cambodia. In this area the ecosystem is 
adapted to and comfortable within a daily maximum temperature of between 25-28 °C during the wet 
season and 26-31 °C during the dry season. By 2050 the daily maximum temperature during the dry 
season will largely shift outside the baseline comfort zone – the dry season temperature will not shift 
as dramatically.  The habitat will become stressed during the dry season. The comfort zone analysis 
enabled the study team to make rapid assessments on the relative impact of climate change on species 
and habitats. 

 

15

20

25

30

35

40

45

50

Baseline Wet Season
(Jun-Nov)

CC Wet Season
(Jun-Nov)

Baseline Dry Season 
(Dec - May)

CC Dry Season
(Dec - May)

Da
ily

 m
ax

im
um

 te
m

pe
ra

tu
re

 (D
eg

 C
)

Figure 5

C. Z.  

C. Z.  

Figure 3-4: Maximum temperature comfort zone for mid elevation 
dry broadleaf forest in Mondul Kiri Province, Cambodia. Comfort 
zones shown shaded in blue 



First draft for review and comment by participants at the final regional workshop in Bangkok March 28-29, 2013 

 
30 MEKONG ARCC TASK 2 DRAFT SYNTHESIS REPORT  

 

3.1.1.5 Water availability index 
Soil water availability is an important factor for agricultural production and ecosystem health and 
types. By assessing the changes in water availability it is possible to make assessments on the when 
water stress conditions will occur and impact on the productivity and health of flora species. The 
water availability index is an innovative modeling approach that the study developed to assess likely 
impacts of changes in temperature and precipitation on the levels of water available in the soil for 
vegetation growth. The water availability index is a measure of the water available in soil layers. The 
methodology for modelling the water availability index is described in Section Error! Reference 
ource not found.. 

3.1.1.6 Crop climate suitability and yield modeling 
The study applied two crop modeling tools to assess the impact of climate change on crops 
grown in the region – climate suitability modeling and crop yield modeling.  Knowing in advance 
which crops are suitable for the likely future climate conditions in an area will allow farmers to plan 
crop selection for optimal production.  

Climate suitability modeling assesses the temperature, precipitation and drought characteristics of 

an area against known crop requirements to determine suitability for crop growth under existing 

and future climate. Using this modeling method the study identified areas where changes in 
precipitation, temperature and drought may cause changes in crop suitability. The basis and 
methodology for modelling climate suitability is provided in more detail in Section Error! Reference 
ource not found.. 

Crop yield modeling assesses the total yield per unit area for each species based on existing soil and 

topographic conditions combined with temperature, precipitation and water availability under 

existing and future climate. For example, understanding the impact of climate change on rice yields 
in the LMB holds the key to assessing impact on livelihoods. The study undertook crop yield 
modeling for rain fed rice in hotspot areas to assess the likely impact of climate change on this 
dominant commercial and subsistence crop. The modeling assessed the likely impacts on the crop 
yield of rice in terms of changes in tones produced per spatial unit. The methodology for modelling 
crop yields is surmised in more detail in Section Error! Reference source not found.. 

3.1.2 SPATIAL FRAMEWORK FOR THE STUDY 
The study took a spatial approach to the assessment, working at a number of geographic levels 
from the overall basin down to a hot spot area focus (Figure 4-5).  A common spatial framework was 
essential for integration of the different study components.  

Basin wide analysis was focused on broad scale themes such as climate threats and shifting crop 
suitability.  The next spatial level down was ecozone defined by ICEM building on the good work of 
WWF and on national agricultural zones.  Ecozones were chosen as the basic spatial unit for the 
region, rather than agricultural zones because of the need to emphasise the fundamental importance of 
natural systems and of biodiversity in local livelihoods and farming systems.  Task 3 was required to 
take an ecological approach to the study.  Each ecozone represents the original ecosystems on which 
development is based.  They recognize remaining natural assets as critical (and in many areas, the 
most important) components of LMB farms which continue to be small scale mixed activities 
throughout the basin.   

For the socio-economic analysis, the ecozones were aggregated into four livelihood zones.  Ecozones 
and livelihood zones were used to identify areas with similar existing climate, ecosystems and 
agricultural characteristics and potential which allowed for upscaling of vulnerability assessment and 
adaptation strategies.  Three other spatial levels of analysis were conducted – catchments, especially 
for fisheries, provinces and, for the natural systems theme, clusters of protected areas. 
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Species and systems vulnerability assessments were undertaken at the province and protected area 
cluster level after identifying the priority provinces through an assessment of the climate change 
threats.  

3.1.2.1 Ecozones 
The basin was divided into ecozones – areas of similar climate, ecosystems and agricultural 
characteristics and potential.  The challenge in identifying the study‟s main spatial unit was to 
create zones with distinctive characteristics that facilitate and ecosystems approach to the assessment. 
Each ecozone represents a collection of similar biodiversity characteristics, significant habitats, and 
connectivity. These habitat classifications are not intended to capture localised bio-geographic 
variation in all cases; instead, they provide a unit of analysis for climate change vulnerability 
assessment by grouping areas that support similar assemblages of plants and animals due to analogous 
climatic and biophysical conditions. Moreover, identification of the specific vulnerabilities of a 
particular ecozone inherently generates common adaptive approaches and principles applicable to 
management, development, and conservation of biodiversity within each zone. 

Ecozones reflect the original assemblages of plants and animals as the landscape and ecological 
context for rapidly evolving and expanding agricultural development.  The study did not adopt 
conventional agricultural regions or zones as the foundation for analysis.  They are based on 
agricultural potential and do not adequately reflect natural system linkages and contributions to LMB 
farming systems.  Instead the study viewed agriculture in terms of farming ecosystems and analysed 
them as part of wider ecological zones. 

Figure 3-5: Study spatial scales 
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The study reviewed the options and methods for defining basin wide ecozones founded on strong 
information and consultation. The WWF Mekong Basin ecological zones developed over several 
years from the late 1990‟s including extensive regional consultations were selected as the most useful 
initial basis for building the study ecozones. The WWF zones take in detailed data on elevation, 
historic land cover using WWF‟s terrestrial biomes, and floodplain wetlands. 

Refinements were needed to the WWF ecozones to reflect detailed field knowledge of the study team 
and taking into account agricultural zones for each country based mainly on various interpretations of 
FAO‟s methods for categorizing agricultural activity. The following changes were made to the WWF 
ecozones as the foundation for this study: 

Area previously classified as mangrove/delta was split into three areas – delta mangroves and 
coastal wetlands, delta freshwater wetlands, delta acidic swamp forest 

Area previously classified as high elevation broadleaf forest was split into two areas – the 
Annamites region in the east of the LMB and the North Indochina area in the north of the LMB 

Areas classified as Tonle Sap swamp forest and Lower floodplain, wetland (Kratie to delta) were 
joined into one ecozone titled Tonle Sap swamp forest and lower floodplain (Kratie to Delta). 

The final set of 12 ecozones  is listed below in order of increasing elevation (Figure 4-6).  

1. Delta mangroves and coastal wetlands 
2. Delta freshwater wetlands 
3. Delta acidic swamp forest 
4. Tonle Sap swamp forest and lower floodplain (Kratie to Delta) 
5. Lower floodplain, wetland, lake (Pakse to Kratie) 
6. Low-elevation dry broadleaf forest 
7. Mid floodplain, wetland, lake (Vientiane to Pakse) 
8. Mid elevation dry broadleaf forest 
9. Low-mid elevation moist broadleaf forest 
10. Upper floodplain wetland, lake (Chiang Saen to Vientiane) 
11. High elevation moist broadleaf forest – North Indochina 
12. High elevation moist broadleaf forest – Annamites 
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Figure 3-6: Ecozones of the Lower Mekong Basin 
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3.1.2.2 Livelihood zones 
For the purpose of assessing the climate change vulnerability and adaptation responses of socio-
economic systems, its was necessary to aggregate the 12 ecozones into 4 livelihood zones: ”Forested 
uplands”, “Intensively used uplands”, “Lowlands plains and plateaus”, “Floodplain”, and “Delta” 
(Figure 3-7).  The original ecozone natural systems have been so modified and recent demographic 
and development forces so influential in shaping and homogenizing livelihoods in the basin that it was 
not possible to clearly define a distinctive farming system for each of the 12 ecozones. 

The livelihood zones do provide an overview of common livelihood strategies for communities 
residing in similar ecozones.  A full description of this approach to livelihood categorization based on 
geography appears in the socio-economic vulnerability paper.  It is adapted from Johnston et al. 
(2009). Table 2 summarises livelihood zone characteristics. 

Figure 3-7: Livelihood zones of the Lower Mekong Basin 
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Table 2: Summary description of livelihood zones 

Livelihood zone Forested uplands Intensively used 

uplands 
Lowland plains and 

plateaus 
Floodplain Delta 

Area (% of LMB) 17% 7% 55% 15% 6% 
Population (% of LMB) 3% 9% 40% 20% 29% 
Population Density (/km2) 16 114 71 130 506 
Poverty rate (% of 
population) 

39% 21% 30% 24% 12% 

Main regions in each zone N and SE Lao PDR,  
E Cambodia, Thai-
Myanmar border 

Vietnam Central 
Highlands, N Thailand 

Central Lao PDR,  
E, N and W Cambodia,  
NE Thailand 

Tonle Sap, SE 
Cambodia, Mekong 
River Floodplain, E 
Thailand 

Mekong Delta 

Main characteristics Low population density, 
high poverty, poor health 
access and food security. 
Ethnic minority 
communities. 
Shifting cultivation. Low 
rates of electrification and 
other infrastructure. 
High level of subsistence 
agriculture. Diversity of 
livelihood activities. 
Exposed to flash floods 
and landslides. NTFPs a 
critical source of food and 
livelihoods. Upland rice 
instead of paddy rice. 

Moderate to high 
population density. 
Intensive commercial 
agriculture. High rates 
of land degradation 
due to land-clearing on 
sloping land. Low rates 
of poverty among 
commercial farmers. 
High rates of poverty 
among minority groups 
living on more remote 
and marginal land. 
Exposed to flash floods 
and landslides. 

Poverty varies from 
high (Cambodia) to 
low  (Thailand) across 
countries. Rain-fed 
agriculture. High food 
insecurity in some 
areas. Distance to 
markets may limit 
commercial 
opportunities. Poor soil 
fertility and low land 
productivity. Exposed 
to floods and droughts. 

Relatively low food 
insecurity and poverty. 
Fishing a prominent 
subsistence and 
commercial activity. 
Exposed to seasonal 
floods. Closer 
proximity to markets 
and stronger access to 
healthcare and other 
infrastructure. High to 
medium population 
density.  

Highly intensive 
commercial 
agriculture, but 
declining agricultural 
productivity. 
Relatively low levels 
of poverty and food 
insecurity, but present 
in some areas. 
Population density 
very high. Access to 
markets and services is 
high. Coastal fishing 
and aquaculture are 
prominent livelihood 
activities.  

Note: Data includes both rural and urban populations. See Figure 7 of the companion ARCC report - Vulnerability Assessment and Adaptation Planning for Socio-Economics in 
the LMB for data sources.  Areas include water-bodies. This table adapts a similar exercise in Johnson et al. (2009). 
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3.1.2.3 Catchments 
Potentially, river sub-basins or catchments are an important level for integrated management of natural 
resources and area wide planning.  Thailand is the only LMB country which has effective river basin 
planning policies and institutional arrangements.  Vietnam has legislation to prepare river basin plans but 
those in place are narrowly based and implementation is limited.  Climate change is an opportunity to 
reinforce the importance of the river basin or catchment level planning – area wide adaptation plans for 
vulnerable river basins are advocated in this report.  For that reason, the study adopted the 104 LMB 
catchments identified in the MRC database for climate change threat assessment and hot spot ranking 
described in section 4.2. 

Also, the fisheries theme group used catchments as an initial basis for gathering information on ecology 
of individual fish species and then up-scaled to the ecozone level.  Detailed literature on LMB fish species 
often stems from field surveys in defined catchments which can cut across the study ecozones – so the 
group had to build a database of species which could be identified with ecozones and of those that moved 
from one to another in their migrations and life cycle.  More detail on the spatial approach taken by the 
fisheries group appears in the fisheries methods section 4.4.4. 

3.1.2.4 Provinces 
The only spatial unit of analysis used in the study which is not defined according to natural systems is the 
province.  After the ecozones, that administrative and political unit is the main study focus for 
vulnerability assessment, for hot spot ranking and for detailed adaptation planning.  The two practical 
reasons for this provincial focus are (i) it is the main unit for gathering natural resource and socio-
economic data in each LMB country and (ii) it is a key level of government for development planning, 
budgeting and implementation and would likely be the most important for adaptation planning and 
implementation. 

The study found 88 provinces falling within the basin.  Those provinces which had less than 100ha of 
their area in the basin were eliminated   All provinces were assessed and ranked according to various 
parameters of climate change threat as described in the hot spot ranking section 4.2.  Each of the theme 
groups subjected the five highest ranked provinces to vulnerability assessment and another seven highly 
ranked provinces to less detailed attention – 12 priority provinces in all.  The provincial assessments and 
adaptation planning were upscaled to the relevant ecozones and informed the basin wide analysis. 

3.1.2.5 Protected area clusters 
There are more than 114 officially designated protected areas in the LMB (Figure 4-8) and more than 100 
important wetland sites.  Confronted with many threats and pressures, much of the region‟s species and 
habitat diversity is retreating to these areas tenured for conservation management – they are areas of last 
resort for many species.  The exact number is uncertain because of the growing number of provincial and 
local protected areas of various kinds being established in all four countries – some within but many 
outside existing protected areas.  They include fish conservation zones, community managed forests, 
biosphere reserves and locally managed wetlands.  The study included the 114 main areas in a climate 
change threat assessment and ranked them for various parameters (section 4.2).  That process led to the 
identification of five protected area clusters most vulnerability to climate change which were the focus of 
vulnerability assessments and adaptation planning by the natural systems group.  That habit or ecosystem 
wide assessment was then upscaled to ecozone level.   
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Figure 3-8: Protected areas and ecozones in the Lower Mekong Basin 
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3.1.3 THE CAM PROCESS  
The study applied the ICEM Climate Change Vulnerability Assessment and Adaptation (CAM) 
methodology to the key systems and species identified for each theme in each of the priority 
provinces and protected area clusters.  

Figure 4-9 (a) to (d) summarise the CAM 
process steps and concepts.  It has three 
main phases (Figure 4-9 (a)) – vulnerability 
assessment, adaptation planning and then 
adaptation implementation.  Those phases 
are intended to be integrated with 
government development planning and 
budgeting cycles – for example, socio-
economic plans, sector development plans, 
area wide plans, down to project specific 
planning and the environmental impact 
assessment process.   

Over time, the aim is to build the CAM 
steps and tools into normal government, 
community and private sector planning and 
review.  Yet, while capacities and 
awareness are being raised, the adaptation 
process will need to be given high profile 
billing and distinguished as a priority for 
sectors, communities and areas.   

The ARCC Task 2 study has gone only part way along the adaptation process – focusing on the first 
phase – impact and vulnerability assessment for large areas and key crops and wild species (Figure 4-9 
(b)). The adaptation response partially followed the CAM process, emphasizing the identification of 
broad adaptation options and applying expert judgment and experience in defining priorities.  The entire 
CAM process is described here to guide Task 3 – which will need to work through all assessment and 
adaptation phases in detail with affected communities and local governments. 

3.1.3.1 Impact and vulnerability assessment 
The study theme groups applied the vulnerability assessment methodology to understand and document 
the causal linkages between the climate change threats to the different livelihood components in terms of 
their key species and, in the case of the natural systems group, species and ecosystems (Figure 4-9 (b)).  

The vulnerability assessment follows a recognized pattern of assessing the exposure and sensitivities to 
the climate change threats, and the likely impacts that may result. When combined with the adaptive 
capacity of the species, a ranking and analysis of their vulnerability can be made. 

Figure 4-9 (a) to (e) are conceptual in nature.  For their practical application, a precise step wise process is 
defined supported by a tool box which facilitates appropriate information inputs at each step.  The 
operational vulnerability assessment and adaptation planning process involves six main steps: 

 

Figures ? (a): Vulnerability assessment and adaptation process 
Figure 3-9: (a) Vulnerability assessment and adaptation process 
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Determining the scope, by 
identifying the geographic and sector 
focus of the assessment and the 
species and systems (natural, social, 
economic, institutional and built) 
which will be impacted. 

Scoping tends to be an ongoing 
process which happens at various 
steps in assessment and planning.  As 
the study progressed, the team defined 
the priority ecozones, catchments, 
provinces and protected areas.  It also 
defined the key species and systems 
for each theme.  This process is 
described in later sections of the 
report. 

Determining the climate change threats through an analysis of past extreme events and trends and 
through climate modelling and downscaling of future climate and hydrology against various scenarios. 
The definition of projected climate change threats is part of the baseline – it needs to be fine tuned to the 
specific sensitivities of the species and areas under focus in the form of threat profiles. 

Conducting a baseline assessment to describe the past and existing situation, trends and drivers across 
each of the identified systems, and projecting the changes to these systems which will occur irrespective 
of climate change.  The baseline involved the review of scientific, socio-economic and development 
literature, existing databases, consultation with other experts and team expert judgment. The theme 
baseline assessments are provided in the companion theme volumes to this report and include: 

 Identification of key species/systems; 
 Description of key species/systems; 
 A species/systems database including climate tolerances; 
 Description of impacts of past extreme events; 
 Identification of linkages between sectors; 
 Ecozone profiles covering key species/systems; and 
 Priority province profiles covering key species/systems. 

 

Conducting the impact assessment: For each of the target species and systems the exposure, sensitivity, 
impact and adaptive capacity were defined using the baseline and climate threat modelling results and 
matrix support tools developed by ICEM.  The theme vulnerability assessments are summarized in 
companion volumes to this report. 

The CAM method outlines four important factors in assessing vulnerability of the target species and 
systems to the defined climate change threats: exposure, sensitivity, impact and adaptive capacity and 
provides a set of tools to facilitate assessments at each stage (Figure4-9 (c)). Exposure is the degree of 
climate stress on a particular system or species; it is influenced by long-term changes in climate 

Figures 4-9 (b): Impact and vulnerability assessment process 
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conditions, and by changes in climate variability, including the magnitude and frequency of extreme 
events. Sensitivity is the degree to which a species or system will be affected by, or responsive to climate 
change exposure. The potential impact (or level of risk) is a function of the level of exposure to climate 
change induced threats, and the sensitivity of the target assets or system to that exposure. Adaptive 
capacity is understood in terms of the ability to prepare for a future threat and in the process increase 
resilience and the ability to recover from the impact. Determinants of adaptive capacity include: 

Natural systems 

 Species diversity and integrity 
 Species and habitat tolerance levels 
 Availability of alternative habitat  
 Ability to regenerate or spatially shift 
 For individual species: dispersal range and life strategy 

Infrastructure 

 Availability of physical resources (e.g. materials and equipment) 
 Backup systems (e.g. a plan B)  

Social factors 

 Social networks 
 Insurance and financial resources 
 Access to external services (Medical, Finance, Markets, Disaster response etc) 
 Access to alternative products and services 

Cross cutting factors  

 The range of available adaptation technologies, planning and management tools 
 Availability and distribution of financial resources 
 Availability of relevant skills and knowledge 
 Management, maintenance and response systems including policies, structures, technical staff 

and budgets 
 Political will and policy commitment 

 

When impact and adaptation capacity are considered and measure of relative vulnerability can be defined.   

The CAM method can use numerical scoring for exposure, sensitivity, impact and adaptive capacity 
leading to a comparative score for vulnerability, or it can use qualitative terms from very low to very high 
with the aid of assessment tools which come with the method.  The Task 2 study team tested both 
approaches and one other ICEM vulnerability assessment method designed specifically for wild species 
which uses a numerical scoring system.  With the exception of the natural systems group, all theme 
groups decided on the CAM method using qualitative terms.  They found this provided a more transparent 
and flexible way to describe impacts and vulnerabilities in situations where the assessment was driven by 
expert judgment.  For NTFPs and Crop Wild Relatives, the natural systems group decided to use the 
special purpose method as described later in section 4.4.3.4. 

Table 3 (a) and (b) show the scoring matrices used in the study to assess impact and vulnerability. 
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Figure 4-9 (c). Parameters and issues considered in the baseline and vulnerability assessment process  

 

3.1.3.2 Adaptation planning 
Defining adaptation responses: this step in adaptation planning include developing a range of options 
and then determining priorities (Figure 4-9 (d)) – with limited resources it is not possible or necessary 
to do everything at once – choices need to be made on what is feasible now and what can be left to later 
planning cycles. 
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Table 3: (a): Determining impact and (b): Determining Vulnerability 
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Figure 4-9 (d): Adaptation planning process 
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The rapid adaptation planning approach applied by the study team is described in more detail in the 
following theme methods section.  It involved: 

Identifying the most vulnerable species and systems and then defining the impacts which require 
adaptation response.  The most vulnerable assets are identified through application of the CAM 
vulnerability assessment. 

Defining the adaptation options for the most significant impacts. The study drew from international 
and regional experience of what has worked for past extremes to prepare adaptation options to address 
assessed impacts of projected threats to vulnerable species and systems. 

Guidance for adaptation planning The study identified priorities and phasing for adaptation options 
taking into account the need to: (i) address the adaptation deficit, (ii) build on existing effort and when 
necessary take new adaptation initiatives and (iii) address the system shift which are anticipated with 
climate change. The options were identified as short, medium or long term priorities. For each adaptation 
option the team also assessed (i) integration and synergies –opportunities for linkages and synergies in 
adaptation with other themes; (ii)  adaptation impact assessment – identifying potential for negative 
impact on other themes, sectors or areas; and (iii) geographic scope – identifying geographic scope of 
adaptation from for example local/farm level, provincial, national, ecozone/livelihood zone to basin wide. 
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Upscale to ecozone or livelihood zone level. Adaptation options at the local, farm and provincial level 
were upscaled to similar ecosystems or livelihood areas through the ecozone and livelihood zones. 

3.1.3.3 Adaptation implementation and feedback 
Providing feedback on adaptation implementation. Monitoring implementation and making adjustments 
and additions based on experience and new information is critical to taking a phased and systematic 
approach to adaptation (Figure 4-9 (e)). That learning process will be a key part of Task 3. 

Figure 4-9 (e): Adaptation implementation process 

 
 

3.2 CLIMATE AND HYDROLOGICAL ANALYSIS METHODS 

3.2.1 ASSESSMENT TIME SLICES 
Time slices represent a critical and first decision point in climate change vulnerability and adaptation 
assessments (CCVA) because they have a strong influence on both; the magnitude of climate change 
impact;  as well the ability for scientific assessments to lock into the timing and phasing of sector, 
government and community planning cycles. Setting time slices too near to the present can mean the 
climate change signal cannot be discerned above normal climate variability, while time slices set for the 
distant future remain detached from shorter term planning cycles (Orlove, 2010). In response, the study 
uses a number of time slices to draw conclusions of the directionality and magnitude of climate change 
and then scale back to entrench these in development planning. 
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3.2.1.1 Baseline time slice 
The baseline time slice has been selected to accommodate the vast spatial and temporal variability 
in the LMB hydroclimate. One of the major difficulties in climate change assessments in the Mekong is 
reconciling the complex inter-decadal trends in climate and rainfall. Because of the complexity in the 
Mekong hydroclimate (c.f. Section 2) the Mekong rainfall regime undergoes decadal patterns of wet and 
dry spells influenced by the strength of the monsoon, occurrence of cyclone activity and ENSO variations 
(Figure 4-10). Previous studies have found that mean annual rainfall between historical decades can vary 
by as much as +/- 30% (Johnston et al, 2009; MRC, 2011).  

 

The selection of the baseline period affects the magnitude of relative climate change because it 
provides the historic levels against which future climate change is assessed and determines what kind 
of climate conditions (average, wet, dry) are incorporated as part of that baseline. Short baselines could 
result in a drier or wetter average baseline rainfall which consequently could over or underestimate future 
impacts projected by climate change modelling. At the same time, longer baselines reduce the coverage of 
monitoring stations which have the required time-series duration in observational data, resulting in a 
poorer spatial distribution of input data and less confidence in spatial interpolation between monitoring 
stations. 

The study utilizes a 25 year baseline period of 1980 – 2005 for all analysis. The period ensures that 
average (early 1980s), wet (1996 – 2005) and dry phases (1985 – 1995) were captured in baseline trends 
(Figure 4-10). The period also allows for the use of 166 temperature and rainfall monitoring stations 
within the LMB providing an average coverage of one station per 7,400km² (Table 4). 

Figure 3-10: Decadal variability in Mekong rainfall: Percentage variance of the mean annual rainfall compared to the 
long-term historical mean. (Source: MRC, 2010) 
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Table 4: Spatial distribution of meteorological monitoring stations used in the study 

LMB Country* 
No. 

Precipitation 
stations 

No. 
Temperature 

Stations 
Total 

Station Density 
(km2/station) 

Cambodia 6 6 12 13,090 

Lao PDR 16 4 29 10,388 

Thailand 98 12 110 1,714 

Vietnam 7 8 15 4,481 

Total 127 30 166 7,418 

* Note, this table only shows stations within the Lower Mekong Basin, a number of stations in the Upper Mekong 
Basin and the surrounding catchments were also used in the modelling but have not been included in calculating 
densities. 

3.2.1.2 Future time slices 
The original aim of the Task 2 study was to provide assessment of impacts associated with a global mean 
surface temperature rise of 2 °C and the expected scale of impacts for time slices at 2030 and 2050.   

2 °C has long been considered as a tipping point of the global climate system above which 
catastrophic impacts such as destabilization of the Indian monsoon, collapse of the Greenland and 
Antarctic ice sheets, and disruption to the El Nino Southern Oscillation (ENSO) and Atlantic 
Thermohaline Circulation, amongst others, become realistic possibilities (Schellnhuber, 2012; Lenton et 
al 2008).  Consequently, global negotiations and discussions on Green House Gas (GHG) emissions have 
centered on this target.  

While 2°C remains the target for climate negotiations and agreements, the likelihood of keeping 
temperature increases below this threshold is increasingly becoming implausible. In order to do so, 
global emissions for all GHGs would need to peak by 2015-2020, and then reduce at a rate of at least 5% 
thereafter (WBGU, 2009). This could only be achieved if developed nations reduce their emissions 
contributions by 25-40% in the next decade, and then global emissions were halved by 2050 (WBGU, 
2009). The latest round of emissions pledges agreed at in Cancun fall well short of these targets and 
therefore will not maintain increases in global temperatures at or below 2°C. These existing pledges 
would more likely result in warming of more than 3°C by the end of the century, with a 20% chance of 
exceeding 4°C, if these pledges were not to be met then there is a 40% chance that global temperature 
increases will exceed 4°C by the end of the 21st century (WorldBank, 2012). 

Mekong ARCC, therefore, needs to move beyond  2 °C and consider more drastic warming signals of 
4°C ++ by the end of the century. There is a broad consensus amongst the international climate science 
community for this position. This has also become apparent for the Mekong Basin. The study‟s model 
findings show a projected average annual change in temperature for the Mekong Basin exceeding 3 °C by 
2050 (and up to nearly 5 °C in some small upland areas). As the 4° C+ advocates argue we need to 
understand the implications of these higher temperature increases to inform our adaptation planning – not 
limit the adaptation assessments to a target which is now considered unrealistic. 
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The Task 2 assessments focuses on the 2050 time slice as a suitably distant and sufficiently clear a 
signal in both the directionality and scale of change in the Mekong hydroclimate system. The 
expected scale of impacts by 2030 and a 2 °C time slice is assessed by scaling back the 2050 projections. 
The team did not run separate simulations for 2030 and 2° C time slices for all hydroclimate parameters 
assessed under Mekong ARCC, but instead took the following approach:  

(i). Analysis of the full daily temperature time series (1980 – 2100) for a limited number of 
stations in the LMB to assess the long term trend of climate change in the basin and the timing 
of the 2 °C anomaly; 

(ii). Comparison of the trends identified to global trends taken from existing IPCC results;  
(iii). Detailed quantification and assessment of  2050 changes to more than 30 hydroclimate 

parameters on their impacts on Mekong rural livelihoods system; 
(iv). Expert judgment/analysis of long term trends in daily temperature to scale back findings on 

impact to 2030 and 2°C time slices. 

All discussion in this report on changes in climate refers to the change in parameters between two 
25 year periods: (i) baseline 1980 – 2005, and (ii) future climate, 2045 – 2069 – unless otherwise 
stated.   

3.2.2 CLIMATE CHANGE THREATS 
Using the 2050 time slice, the Task 2 study assessed 
changes in a number of hydroclimate variables, including: 
temperature, rainfall, run-off, erosion, stream flow, flood 
depth/duration, saline intrusion, soil moisture, and 
tropical storm events. Future projections for changes in 
these variables are expressed in terms of climate shifts 
and climate variability.  

This study utilizes both concepts in quantifying the 

 

Climate Variability:  the variation in 
hydroclimate parameters at time scales 
of seasons, years, or a few decades,  

Climate shifts: variation in 
hydroclimate parameters at much 
longer time scales of more than several 
decades.   

 

Figure 3-11: Projected changes global mean surface temperatures using high (A1F1) and moderate (A1B) emissions scenarios 
(Source: WorldBank, 2012) 
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projections of the future Mekong hydroclimate based on the length of the time scale in relation to the 
length of the baseline period (1980-2005) (Figure 4-12): 

 Within 25 year periods, the study assesses the variability and properties of hydroclimate 
parameters.  

 Between 25 year periods, the study quantifies the longer term trend or signal in these 
hydroclimate parameters. 

 

These shifts and variations in hydroclimate parameters result in the quantification of how the water cycle 
of the Mekong Basin will change in response to global climate change projections, which are then 
analysed using spatial and statistical techniques. 

Robust causal linkages are then needed to establish impact pathways between these changes in 
hydroclimate and aspects of the natural and agricultural systems underlying Mekong rural 
communities. This was achieved by identifying processes and functions of the agro-ecological system 
which are critical to the integrity and productivity of the system and linking them to hydroclimate 
parameters. For example: 

 Hydrobiological seasons and fish migration: fisheries specialists in the study team were able to 
link changes in the timing and duration of the transition season from dry to flood with migration 
of white fish from the Mekong floodplains to the upriver spawning grounds. 

 Water availability and crop production: agriculture specialists linked changes in rainfall, soil 
moisture and evaporation rates with productivity of annual crop systems. 

 Extreme temperatures and spread of disease amongst livestock: livestock specialists linked 
changes in magnitude and frequency of extreme temperatures with disease in livestock species. 

 

1980 - 2005 2005 - 2030 2030 - 2055 2055 - 2080 2080 - 2100 

Hydroclimate 
parameter 

Climate Shift 

 
Climate variability 

75 year shift 
in climate  

Change in 
climate 
variability 
between 
the baseline 
period and 
the period 

2055-2080 

Figure 3-12: Quantifying changes in hydroclimate variables: The study assesses long term signals of shift over 
multiple decades, as well as the variability between years and seasons within 25 year periods  
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 Seasonal surface water ponding and wetland habitat integrity: natural system specialists were 
able to link changes in dry season surface ponding to extent and integrity of habitat of wetland 
systems. 

3.2.3 METHOD FOR IDENTIFYING CLIMATE CHANGE THREATS 
The study followed a common five step process to identify climate threats starting from IPCC emissions 
scenarios and ending with specific threats at the province level that had been identified as important for 
the assessment of the vulnerability of key species and systems (Figure 3-13) 

Assessing climate change threats – the process of quantifying changes in hydroclimate parameters – 
utilized a combination of climate and hydrological modelling together with statistical and GIS data 
analysis.  A well established modeling and downscaling process is used to convert scenarios of future 
greenhouse gas emissions to broad scale changes in climate and subsequently to changes in hydroclimate 
variables at the regional or local level (Cooney, 2012). Although the broader process is well established 
there are a number of decision points which have fundamental influence on the final hydroclimate results. 
Figure 4-13 summarizes the process and decisions made by the Study Team in selecting, SRES scenarios, 
GCMs, downscaling techniques and hydrological and hydrodynamic modelling. 
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Figure 3-13: Climate threat modeling process 
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3.2.3.1 IPCC emissions scenario 
Emission scenarios determine the level of radiative forcing in the atmosphere as the consequence of 
GHGs impacts on atmospheric dynamics. Predictions of future changes in climate and hydrological 
variables depend on assumptions made about the release of GHGs from human activities and land uses 
changes (figure 4-14). Projections of future emissions are therefore the building block on which climate 
change threat assessments are made.   

 

The Study uses IPCC scenario A1b – a moderate emissions scenario – for all future climate 
projections. The Intergovernmental Panel on Climate Change (IPCC) has developed a standardized 
collection of 40 scenarios that are used globally for climate change assessments and comprise different 
assumptions of future demographic, technological and economic development which each lead to 
different levels of future greenhouse gas emissions (IPCC, 2007). IPCC scenario A1B represents a world 
of rapid economic growth, introduction of more efficient technologies, global population peaking by 2050 
and a balance between fossil intensive and non-fossil energy sources (IPCC, 2000). 

For the Mekong ARCC time slices, the variability in projections between emission scenarios is 
minor compared to other factors. Only one scenario was used in the study because for the project time-
scale, centered on 2050, the variability in IPCC scenarios is approximately 0.5°C for the Mekong region 
(Eastham et al, 2009), while variations between GCM outputs vary by more than 6°C. This means that for 
the project time slice the variability between GCMs is far greater than that from different IPCC scenarios. 

3.2.3.2 Global Circulation Models 
Multi-model ensembles represent international best-practice in understanding changes in the global 
climate system. Global Circulation Models (GCMs) include a full description of atmospheric and ocean 
circulation dynamics which vary depending on the GCM. The varying description of physical approaches 
leads to varying accuracy for any given GCM over any given area. Because of this variability in results 
international best-practice in climate change assessment strongly recommends multi-model approaches to 
climate change modeling (MacSweeney et al, 2011). The use of multiple GCMs allowed the study team to 
explore the suitability of different GCMs to the Mekong region; the impact of model architecture on 
climate change results; and focus resources on components contributing the greatest uncertainty to results 
(i.e. GCMs not scenarios). 

Figure 3-14: Anthropogenic feedbacks in the global climate system (Source: AAS, 2010) 
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In the Mekong, the ability to replicate historic rainfall is critical for GCM selection and the 
determining factor for the six GCMs selected in the study. 17 GCMs have been considered in past 
studies for the Mekong Basin (Cai et al, 2008; Eastham et al, 2009; Lauri et al, 2012). Six of these GCMs 
were selected for use in the study by assessing the ability of these 17 to replicate historic precipitation 
records for the Mekong. Results of this analysis showed that the following GCMs exhibited the best 
validity for the LMB:  

i) ncar_ccsm3_0 (NCAR USA)  
ii) micro3_2_hires (CCSR Japan)  
iii) giss_aom (GISS USA)  
iv) cnrm_cm3 (CNRM France)  
v) bccr_bcm2_0 (BCCR Norway)  
vi) gfdl_cm2.1 (GFDL USA)  

3.2.3.3 Climate downscaling 
Downscaling is essential in localizing GCM projects to the regional context. Global climate 
circulation models (GCMs) operate at coarse resolution because of limits to computer processing power 
(200-400km grid cells). This resolution is inappropriate for detailed spatial assessment at the basin or 
provincial level therefore climate data from the six GCMs was downscaled to the sub-basin level.  

In the Mekong region, dynamic downscaling is a challenge due to the complexity of the Mekong 
hydroclimate system. Previous attempts at dynamic downscaling in the region have demonstrated the 
difficulty in modelling the complex physical process of the Mekong hydroclimate, where multiple 
monsoons, snow melt, tropical storms and low pressure cells, and coastal processes combine. To date, 
research and understanding on the physical processes and mechanisms behind these features and how they 
interact remains in its infancy.  In particular, efforts at dynamic downscaling have shown poor 
performance in replicating baseline precipitation regimes in the Mekong Basin and results are typically 
applied using correction factors (see for example MRC, 2010). 

Statistical downscaling was used because it is computationally less expensive than other 
downscaling approaches and it is well suited to downscaling data to point level where long historic 
records exist. Statistical downscaling relies on the premise that local climate is conditioned by large-
scale (global) climate and by local physiographical features such as topography, distance from the ocean, 
and vegetation, such that at any specific location there is a link between large-scale and local climatic 
conditions. Often determining the nature of these links in terms of physical processes can be difficult but 
by fitting long time-series data with a statistical distribution, empirical links can be identified between the 
large-scale patterns of climate elements (predictors) and local climate conditions (predicted). To do this, 
GCM output is compared to observed information for a reference period to calculate period factors, which 
are then used on the rest of the GCM time series in order to adjust biases (Bouwer et al., 2004). Because 
of the use of correction factors, statistical techniques have been shown to be less accurate in arid climates 
where future climate trends can be masked by the correction factor, though results have been better for 
tropical zones(Bouwer et al., 2004). 

Stations were selected to ensure 25 years of daily observational data (1980 – 2005) with which GCM 
results could be validated and checked, providing a total of 151 precipitation and 61 temperature stations 
and generating a 1980 – 2100 daily time series at each station for each GCM.   
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3.2.3.4 Hydrological modeling 

Distributed water balance model 

The IWRM model is a physically based, distributed hydrological model and was used to spatially 
interpolate historical and downscaled climate data between monitoring stations and to simulate the 
hydrological regime of the basin using a water balance approach. The IWRM is a physically based model 
which simulates the actual physical processes of the Mekong hydroclimate for 5 x 5 km grid cells and for 
daily time steps. The climate interpolation and hydrology simulation is based on a suite of parameters 
including elevation and weather information as well as soil and vegetation properties, evaporation, 
filtration, surface runoff, subsurface runoff, and groundwater runoff. By basing the model on the actual 
physical processes, it is able to accommodate changes to one or more of these parameters and quantify the 
impacts on the processes of the hydrological regime – making the model suitable for climate change 
assessments. The model is highly customizable and was also used to calculate secondary outputs such as 
soil moisture, crop yield and suitability modeling and agricultural drought occurrence. GIS analysis was 
used to analyse and visualize the various model outputs. 

Hydrology was quantified as flow and water levels for seven gauging stations along the Mekong 
mainstream between Chiang Sen and Kratie5. The hydrology below Kratie was not modeled using the 
IWRM model because below this point the river enters a broad floodplain and flow is complicated by 
overland and non-channelised flow. 

Figure 3-15: Components of the soil water availability index 

 

                                                      
5 Stations include: Chiang Saen, Luang Prabang, Vientiane, Mukdahan, Pakse, Stung Treng and Kratie 
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The soil water availability index is a measure of the water available in soil layers and of direct relevance 
to vegetation growth.  Moisture in the surface soil layer, to a depth of 0.5m, is available to annual crops 
and vegetables which have shorter root systems, while the subsurface soil moisture is available to trees 
with deeper root systems. Climate change may cause proportional changes in the availability of water 
within the two layers which may cause future stress or good growth conditions. To model the soil water 
availability index a set of empirical equations was built into the IWRM model to calculate the water 
balance for each cell at each timestep. The water balance was calculated as a culmination of the 
precipitation, evaporation, surface runoff and water available in the surface soil layer, surface soil layer 
and groundwater (Figure 3-15).  

The study focus is on habitats and species so an agricultural definition of drought was adopted. 
Agricultural drought definitions interpret drought as when there is insufficient water to meet the needs of 
plant species at any given time and is commonly taken as when precipitation in that month is less than 
50% of the evapotranspiration (Sys et al, 1993). This definition of drought was incorporated into the 
IWRM model and GIS analysis used to assess the changes in drought across the basin. 

Crop Yield and Suitability modelling 

Additional crop suitability and crop yield modeling was built into the IWRM model. This is described 
further in the agriculture methodology in Section Error! Reference source not found.. 

A complete list of hydroclimate parameters outputs from the IWRM model is listed in table 5. These 
outputs were available at a daily time step for each grid cell. 

Table 5: IWRM Model output parameters 

 

Parameter 
Unit / 

Description 

Minimum Temperature °C 
Maximum Temperature °C 
Potential Evaporation (PET) mm 
Potential evapotranspiration mm 
Precipitation mm 
Stream/River flow m³/s 
Stream/River water levels masl 
Run off mm 
Surface soil water (<0.5m deep) mm 
Sub (>0.5m deep) mm 
Groundwater level masl 
Hillslope erosion kg/m² 
Sediment load kg/m² 
Ponded surface water level masl 
Land suitability (for crops: rainfed rice,  maize, cassava, 
rubber, coffee robusta, Soya) 

0-100 

Crop yields (rice, maize) tn/ha 
Agricultural drought (PET > 2 x Precipitation) No. months 
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Model calibration 

Assessment of model calibration indicates a strong statistical correlation at the basin scale between the 
observed and simulated data for the baseline period 1980-2005, with and R2 value of 0.91 (figure 4-6).  

Figure 3-16: Observed (red line) and computed (black line) daily flows at Kratie station 

 

Extreme Flood Return Periods 

As an input into the flood modelling, the study calculated how the 1 in 100 year magnitude flow event at 
Kratie would increase due to climate change. Frequency analysis uses probabilities to express the 
likelihood of an event based on fitting statistical distributions to time series data. Return periods express 
the likelihood that a certain value will be exceeded – for example the P1% or 1 in 100year flood, indicates 
that there is annually a 1% chance of a flood exceeding or equal to that flood. The selection of the 
appropriate return period is then determined by the significance of exceedence. 

Central to statistical methods used in frequency analysis is the assumption that the time series can be 
approximated as stationary – that is, key statistical parameters (mean, variance) are approximately 
constant over very long periods (Chow et al, 1988). In the context of climate change, it is clear that time 
series for hydro-meteorological phenomena are non-stationary – that is the values for the mean, variance 
and mode are dynamic over time. This presents a challenge for the use of extreme event analysis. Climate 
change assessments have one of two options: 

(i) Assume stationarity of the long term time series and combine historic and future time series 
into one record and conduct frequency analysis over the entire data set.  

(ii) Acknowledge non-stationarity by disaggregating future time series data from past time series 
data and undertake frequency analysis on each data set separately. This means that the future 
hydro-meteorological regime is seen to have undergone a fundamental shift from the historic 
regime to a new regime. Frequency analysis is then applied on the future CC time series 
independent on the past time series. 
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In choosing how to approach frequency analysis with climate change each option comes with a set of 
assumptions and implications for the assessment. From a risk management point of view, Option 2 is 
more cautious as the changes in magnitude and frequency of extreme events will be greater when 
decoupled from historic data, while option 1 is more conservative. The study team undertook the 
frequency analysis assuming the conservative stationarity assumption (Option 1).  

Analysis was undertaken to determine the return periods for Kratie station under baseline conditions. A 
historic annual maxima series for daily peak flows was developed for 86years of gauging station data 
available from the MRC (1924 – 2009). The data was then fitted to an extreme value distribution (EV1) 
and return periods calculated using the methodology outlined by Chow et al (1988) for peak flows at 
Kratie. The calculated extreme event frequency distribution was then compared to that calculated by the 
Mekong River Commission for the same Station (Kratie) and parameter (peak discharge) and using a 
baseline period of 1924 to 2006 (Table 6). 

Table 6: Calculation of historic return periods for extreme flows at Kratie Station (1924 – 2006/9) 

Return Period (T) Annual Exceedance 
Probability (%) 

MRC*  
Peak Q (m³/s) 
(1924-2006) 

This Study 
Peak Q (m³/s) 
 (1924-2009) 

% variability 
from MRC 
estimate 

2 year 50% 52,000 52,745 +1.4% 

5 year 20% 58,000 58,309 +0.5% 

10 year 10% 63,000 61,992 -1.6% 

20 year 5% 68,000 65,526 -3.6% 

100 year 1% 78,500 73,527 -6.3% 

*(Source: MRC, 2011) 

Estimates by the Study produced marginally higher estimates for high frequency events (return periods of 
less than 5years, and lower estimates for infrequent events with return periods greater than 5 years, 
compared to the MRC estimates. 

The future daily flow was calculated for Kratie over the period 2045 – 2069 using six GCMs, providing a 
total of 168 hydrological years of daily data. For each GCM, the 25year future data set was then coupled 
with the 86year historic baseline and then fitted with the EV1 distribution to calculate magnitudes and 
return periods. 

3.2.3.1 Flood modeling 
Vietnam is ranked high globally in terms of climate change vulnerability primarily because of its low 
lying topography and long coastline which makes it susceptible to sea level rise and flooding. This is 
particularly relevant in the Mekong delta where the combined effect of increasing Mekong flows and 
rising sea levels may lead to major changes in the flood regime. The study used a MIKE 11 
hydrodynamic model to quantify the changes in depth and duration of flooding and saline intrusion due to 
changes in upstream hydrology, sea level rise and cyclones. 

The MIKE 11 model contained detailed topographic, infrastructural, canal network, water demand, hydro-
meteorological, water quality and land use information that it combines into a hydraulic representation of 
the delta and Cambodian floodplains (Figure 3-17). The MIKE 11 model used the hydrologic IWRM 
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model to establish boundary conditions of flows entering from upstream and the 2011 tide conditions with 
and without sea level rise as the seaward boundary condition.  The model set up includes more than 3,900 
rivers and canals and more than 5,000 hydraulic works representing irrigation and drainage sluices as well 
as overland flood flow to the flood plain via low lying parts of roads. The model divides the delta into 120 
zones and utilises more than 25,900 water level and 18,500 flow points to calculate small-area water 
balances. The flood depth and duration have been calibrated and validated for a number of years of flood 
and salinity intrusion data in the Mekong delta. 

Figure 3-17: MIKE 11 hydraulic schematization for Mekong delta showing the complexity of the hydraulic interactions which 
includes  

 

Scenarios 

Five scenarios were selected to assess the impact of climate change on flood depth and duration and two 
for analyzing impacts on salinity intrusion (Table 7). 

The flood scenarios included consideration of tropical cyclone impacts on the delta through the 
superimposition  of observed data from Cyclone Linda which hit the Mekong Delta on the 5th November 
2007. Consideration of cyclone impacts is complicated by the interplay of physcial processes in the 
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coastal system. Analysis of observed data from Cylone Linda indicated that the impact of the cyclone on 
peak water levels is strongly dependent on the timing of cyclone impact and whether this coincides with a 
spring tide. If a cyclone occurs during average or low tide conditions then water levels would not be out 
of the normal tidal range. For example during cyclone Linda the maximum water level at Bassac river 
mouth reached 1.90m whereas during the spring tide of the same year the water level reached 2.08m 
when no cyclone was present. To assess the maximum affect that a cyclone may have on flooding the 
study modeled the flood conditions for when the maximum increase in water level by a cyclone occurs at 
the exact same time as a spring tide (Figure 4-18).  

Table 7: Mekong delta flood and salinity modeling scenarios 

Scenario Maximum flood 
depth 

Duration of  
0.5m/1.0m depth 

flood  
Maximum salinity 

concentration 

Duration of 4ppt 
salinity 

concentration 

Baseline climate with 
average flood X X X X 

Baseline climate with 
1 in 100yr flood X X   

Future climate with 
average flood and 0.3m 
SLR 

X X X X 

Future climate with 1 
in 100yr flood and 0.3m 
SLR 

X X   

Future climate with 1 
in 100yr flood, 0.3m 
SLR and cyclone 

X X   

 

 

Figure 3-18: Development of climate change with tropical cyclone scenario: Timing of cyclone impact (red line) was superimposed 
to coincide with spring tide conditions (blue line) to produce peak storm surge (green) as the summation of both factors 
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Boundary Conditions 

The Flood model was set up to cover the Mekong River floodplain from Kratie to the East Sea requiring 
upstream and downstream boundary conditions.  

 Upstream boundary conditions represented daily discharge data at Kratie station for each of the 
baseline and future climate scenarios – that is baseline and future hydrographs for average and 1 
in 100 year conditions. 

 Downstream boundary conditions:  Analysis of historical data indicates that flooding in the 
delta is strongly determined by tidal fluctuations which were set using the spring tide conditions 
from the 2011 hydrological year.   

3.2.3.2 Climate change threat profiles 
The raw outputs from the hydrological modeling were processed to localize changes to priority provinces 
and to present them in a format which the theme groups could understand and use. Points were identified 
in each priority province which represented the average climate for the province. In some provinces two 
point locations were used due to highly varying climate caused by elevation and other factors. At each 
representative point location statistical analysis was used to draw out the results for more than 20 hydro-
meteorological parameters identified by the theme groups as essential to interpreting the vulnerability of 
their key species and systems. Results included parameters such as mean annual rainfall, occurrence of 
consecutive hot days, frequency of drought, temperature exceedance curves, duration of flood season or 
number of rainy days during the wet and dry season. These results were compiled into climate change 
threat profiles for each priority province which were distributed to the theme groups as inputs to their 
vulnerability assessments. 

3.3 HOTSPOT RANKING METHOD 
Hotspot ranking methodology was used to support riparian governments and donors focus their 
adaptation efforts on those communities and regions most exposed to the impacts of climate change. 
An important objective of the study is the identification of climate change hotspots within the basin – or 
geographic areas where the projected changes are likely to be most significant. The purpose of taking a 
hot spot approach in the study is to help set priorities at the basin scale for a region which is immense 
both in terms of the size and diversity of rural livelihood and natural system assets and in terms of the 
magnitude and kinds of projected climate changes.  

The hotspot approach helps to integrate and orient study analysis and findings spatially and 
provides a scientific basis for the selection of focal areas for the community adaptation initiatives that 
will be undertaken in Mekong ARCC Task 3. The study identified hotspot areas at various spatial scales 
including ecozone, catchment, province and protected areas. 

3.3.1 HOTSPOT THREAT ANALYSIS 
The study took a threat analysis approach to identifying hotspots. The method involved identifying 
areas projected to experience the greatest magnitude change in climate threats or opportunities (Figure 
3-19). Five parameters were used to assess the climate threat in each area: 

(i). Wet season daily maximum temperature  
(ii). Dry season daily maximum temperature  
(iii). Wet season daily precipitation  
(iv). Dry season daily precipitation  
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(v). Flood duration including catchment (rainfall and runoff) and coastal (sea level rise and 
storms) drivers.   

Hotspot ranking was undertaken for three basic spatial units; provinces (88), ecozones (12) and tributary 
subcatchments (104), arriving at three hotspot rankings. 

Using GIS analysis the average percentage change in seasonal daily maximum temperature and daily 
precipitation for the areas was calculated. The areas were then ranked based on the highest of seasonal 
daily maximum temperature or daily precipitation –i.e. an area that is projected to experience a large wet 
season or dry season change in temperature or precipitation will be identified as a highly threatened area. 

Figure 3-19: Hotspot ranking process 

 

For provinces, projected flood duration was considered because it is a threat that will have significant 
impacts on the lower sections of the LMB. Consideration of floods caused by sea level rise, rainfall and 
runoff and storm surge ranked the delta and Tonle Sap provinces in terms of increases in the duration of 
floods of greater than 0.5m or 1.0m. Therefore an area that is projected to experience a large increase in 
the duration of flooding is rated as highly threatened. 

Additional considerations were taken into account when identifying the priority provinces for which the 
theme groups would undertake their assessments (Figure 3-19). To ensure that all themes and areas of the 
basin were represented the following additional criteria were defined: 

Calculate % change in seasonal 
temperature and rainfall for each 

ecozone/province/catchment

Identify maximum % change in seasonal 
temperature or rainfall for each 
ecozone/province/catchment

Rank ecozone/province/catchment by
maximum % change in seasonal 

temperature or rainfall

Top ranked identified as climate change 
hotspot ecozones/provinces/catchments

Apply additional criteria

Priority provinces selected for Mekong 
ARCC climate change impact and 

vulnerability assessments

Rank provinces
according to highest increase in flood 

duration

Identifying priority provinces

Identifying threatened 
ecozones, provinces and 
catchments
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 Provinces with high increase in projected climate change threat 
 Representation of all ecozones 
 Representation of the delta area by including province ranked highly threatened by flooding 
 Representation of each of the thematic sectors (fisheries, agriculture, livestock, natural systems and 

socio-economics) 
 Representation of all four countries. 

 
Because the study chose a threat analysis approach to identifying hotspots – rather than a vulnerability 
approach - it does not make a judgement of whether the threat will lead to positive or negative impacts. It 
may be possible that an increase in precipitation or temperature will actually be beneficial for example for 
plant growth. The study approach identifies the most extreme changes so it is assumed that given the 
extreme nature of the changes and the link between healthy systems and historical climate, that the 
impacts will most likely be negative. Consideration of the vulnerability assessments for highly threatened 
provinces undertaken as part of the study supports this approach as they show that the provinces will 
generally be highly vulnerable due to the climate change threats. 
 

3.4 SPECIAL METHODS ADOPTED FOR THE MAIN THEMES 

3.4.1 AGRICULTURE  

3.4.1.1 Agriculture Trends 
To assess trends in the agriculture sector in the different ecozones, representative provinces were selected 
in each eco-zone (Figure 4-25), based on GIS analysis. For each eco-zone, one or more provinces with 
more than 50% of its surface area within the zone were selected to illustrate the agricultural production 
sectors. Additional provinces with less than 50% of their surface area within the ecozone but designated 
as representative “hotspots” by the study team were also included in the baseline assessment of all sectors 
(livestock, fisheries, agriculture and natural systems).  Provincial time-series data of planted and 
harvested areas and production of different crops were obtained from the website of the statistical office 
of respective riparian countries.6 In addition, data was used from the Regional Data Exchange System on 
food and agricultural statistics in Asia and Pacific countries maintained by the FAO Regional Office for 
the Asia Pacific Region (http://www.faorap-apcas.org). 

Crop selection for the agriculture baseline was based on the main crops and forestry species found in the 
Lower Mekong Basin in terms of (i) total area of production and (ii) crops that have significantly 
increased in the past 12 years in production and cultivated area in the different eco-zones. The following 
crops were selected for the baseline and vulnerability assessment: rainfed rice (Oryza sativa), upland rice, 
lowland rainfed rice, irrigated rice; maize (Zeamais), cassava (Manihotesculenta), soybean (Glicyne 
maximum); sugarcane (Saccharumofficinarum); rubber (Heveabrasiliensis) and robusta coffee (Coffea 
canephora). 

                                                      
6 In Lao PDR (http://www.nsc.gov.la/) for the period 2005-2010 and Vietnam 
http://www.gso.gov.vn/default_en.aspx?tabid=491) for the period 2000 to 2009 

http://www.faorap-apcas.org/
http://www.nsc.gov.la/
http://www.gso.gov.vn/default_en.aspx?tabid=491
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3.4.1.2 Vulnerability assessment and modeling 
To evaluate the possibilities for agriculture development within the catchment area, the Land Use 
Evaluation Tool (LUSET) model developed by IRRI (CGIAR-CSI 2006) and used in Vietnam (Yen et al. 
2006). The model is based on 2 input interfaces (or modules): the crop requirement module and the land 
unit information module. For each Land Unit (LU), the suitability of the area for growing pre-defined 
crops is calculated using the characteristics of the land units and the crop requirements.  

The crop requirements are divided into 4 main groups and are based on the predefined crop requirements 
found in Sys et al. (1993) and modified with local expert knowledge and data from an FAO database, 
Ecocrop (http://ecocrop.fao.org/ecocrop/srv/en/home).  There is no soil survey with detailed soil 
characteristics for the entire basin. Therefore, the analysis was limited to climate suitability. Suitability 
values were calculated for each of the land unit characteristics: temperature and water. An Overall 
Suitability Value (OVS) (combining temperature and water characteristics) was obtained after a two-step 
calculation and was then transformed into an Overall Suitability Rate ranging from 1 (not suitable) to 100 
(highly suitable)7. 

The crop yield modeling is based on the AquaCrop model developed by FAO coupled with the IWRM 
model. The model used daily projected climate data, including temperature and rainfall, from 6 global 
models and crop yield was calculated by integrating AquaCrop into the IWRM model. Rice and maize 
yield predictions were calibrated using the average provincial yield of the selected provinces. The average 
crop yield is presented in the study results based on the 6 global models used. 

3.4.2 LIVESTOCK  

3.4.2.1 Criteria for livestock species/systems selections: 
Broadly representative livestock systems were selected for analysis, due to the diversity of livestock 
raising systems employed in the Basin and to ensure the results would be applicable in the subsequent 
stages of the ARCC project. The process of selection of livestock species and systems for the study 
combined the following criteria: 

 Contribution to regional livestock numbers (on the basis of total stock/livestock units (LU) 
numbers, number of households raising, stock densities) 

 Contribution to local/national economies  
 Contribution to household livelihoods and food security 
 Contribution to global genetic diversity (indigenous breeds) 
 Projected significance in terms of regional production and consumption in the medium term 

(dairy)  

Livestock systems were assessed against these criteria using a number of national data sets, secondary 
sources, expert discussions, experience and judgments. The selected systems encompass over 95 percent 
of total livestock raising farms in the Basin, and likely more than 90 percent of total livestock production. 
A number of important wild species were also considered. 

                                                      
7The OVS is categorized into 7 classes of suitability: S1: very high suitability (85-100); S2: high suitability (75-85); 
S3: good suitability (60-75); S4: moderate (40-60); S5: Low suitability (25-40); S6: marginally suitable (10-25) and 
S7: not suitable (0-10) 

http://ecocrop.fao.org/ecocrop/srv/en/home


First draft for review and comment by participants at the final regional workshop in Bangkok March 28-29, 2013 

 
62 MEKONG ARCC TASK 2 DRAFT SYNTHESIS REPORT  

 

Table 8summarises the systems and species considered in the baseline, vulnerability assessments and the 
development of adaptation strategies at hotspot level and aggregated to ecozone and Basin levels. 

Table 8: Livestock systems and species assessed in the ARCC Task 2 study 

Livestock Species/Systems 
Bovines  
Cattle, buffalo 
  

Smallholder cattle/buffalo 'keeping' Draught 
Smallholder cattle 'keeping' Beef 
Dairy Dairy 

Pigs 
  

Small commercial pig Fatteners/breeders 
Smallholder low-input pig Integrated 

Poultry   
Chickens 
  

Scavenging chicken Dual purpose 
Small commercial chicken  Broilers 
  Layers 

Ducks Field running layer ducks Layers 
Wild Species 
Banteng, saola, gaur, kouprey, eld's deer, sus scrofa sp, wild poultry 

 

3.4.2.2 Vulnerability assessment methodology: 
Livestock system tolerances (in terms of productivity) were established on the basis of regional and 
international animal science research and assessed against the climate change projections developed by 
the study team.  Expert judgment was used in the application of the CAM methodology to assess the level 
of vulnerability of each livestock system to specific climate change threats.  

All attempts were made to be systematic, objective and transparent in the assessment. The reasons behind 
risk assessment rankings are provided in the full vulnerability assessment matrices provided in the 
livestock theme volume which is a companion to this report. 

The criteria used in determining level of exposure, sensitivity and adaptive capacity for livestock systems 
are outlined in Table 9. 

Table 9: Criteria used to determine level of exposure, sensitivity and adaptive capacity for livestock systems 

Exposure Sensitivity Adaptive capacity 
Duration Breed Species/breed 
Frequency Housing system  Availability of/adaptability to 

other feed sources (**) 
Severity Feeding system Production system (stress) 
Location of stock* Animal health risk (typical 

vaccination rate, level of 
biosecurity employed) 

Accessibility of animal 
health/extension services (cost, 
quantity, quality, reputation) 

Location of relevant assets 
(feedstock, housing, etc.)* 

Value to household (cost of 
losses, livelihoods, food 
security)** 

Outbreak responses 
(surveillance, compensation etc.) 

    Household wealth status** 
*Relate primarily to extreme events, in terms of exposure, but also locality specific impacts of other climate 
changes. Requires location specific assessment. 
**Location specific assessment required. 
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3.4.3 NATURAL SYSTEMS – NTFPS AND CWRS 
The natural systems theme group was given two distinct tasks.  One was to assess the vulnerability and 
adaptation requirements of individual NTFP and CWR species as illustrative of essential ingredients in 
most farming systems in the basin.  The other was to take an ecosystems approach to assessing the 
vulnerability and adaptation requirements of five clusters of protected areas including the individual areas 
that had been ranked as most vulnerable to a range of climate change threats.  The analysis of the NTFPs 
and CWRs was species based, while the protected areas analysis looked at assemblages of plant and 
animal species and their relationships as part of an area wide assessment of farming ecological systems.   

3.4.3.1 Introduction to natural farming systems 
Natural farming systems are defined here as the harvesting and use of wild plant and animal species that 
were once widely distributed throughout the region, and which are now restricted to forested areas both 
within and outside protected areas.  Natural wetland areas are included in this definition.  Natural farming 
systems are closely integrated with other forms of traditional farming systems, providing a range of 
livelihood activities that complement crop cultivation, livestock husbandry and small scale aquaculture.  

Non-Timber Forest Products (NTFPs) includes all the materials collected from natural or man-made 
forests and riverine habitats and used to support local livelihoods. NTFPs include items such as forest and 
aquatic vegetables, fruit, traditional medicine products, wild animals and aquatic organisms such as fish, 
mollusks, insects and crustaceans. While the term NTFP implies non-timber items, it does include wood 
products for home construction, fuel wood and charcoal and handicraft products.8 

Crop Wild Relatives (CWRs) by comparison are often forgotten by all except the agricultural crop 
researchers. They do not necessarily have an economic or even subsistence value as do NTFPs. Their 
importance is as a source of genetic materials for the improvement of existing crops, including the 
development of resistance to disease and extremes of temperature and drought. CWRs exist side by side 
with NTFPs in forests and in small patches of unused land. 

The region also has a wide range of landraces and relatives of many economic plants which are well-
known as the region‟s exports in the world market, for example, durian, mangosteen, rambutan, jackfruit, 
and mango. A landrace is a local variety of a domesticated animal or plant species which has developed 
largely by natural processes, by adaptation to the natural and cultural environment in which it lives. It 
differs from a formal breed which has been selectively bred deliberately to conform to a particular formal, 
pure breed standard of traits. Landraces are usually more genetically and physically diverse than formal 
breeds.9 

3.4.3.2 Choice of NTFP and CWR species 
NTFPs: Because of the vast diversity of plant and animal species that are used in so many different ways 
by the people of the Mekong River Basin, it has been necessary to focus in on a relatively small number 
in order to develop a typical set of NTFPs that can be examined for their tolerance and responses to 
climate changes. The species chosen are not representative in the sense that findings can be extrapolated 
to other species of similar plant type or as representative of the ecological characteristics of the hotspots.  
They are provided more as examples of commonly used NTFPs and as case studies of vulnerabilities to 
                                                      
8 NAFRI, NUoL, SNV (2007) Non-timber forest products in the Lao PDR. A manual of 100 commercial and traditional 
products. The National Agriculture and Forestry Research Institute, Vientiane, Lao PDR. Quoting Mollot et al (2004) 
9http://en.wikipedia.org/wiki/Landraces#Plants 

http://en.wikipedia.org/wiki/Landraces#Plants
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climate change which can be expected in the different climate change hotspots. The criteria for selecting 
NTFPs included: (a) plant type, (b) economic or livelihood importance, (c) examples from the different 
ecological zones, and (d) availability of information on ecological and climate preferences or tolerances. 

NTFPs have been selected and categories according to the following plant types or forms: fungi – 
mushrooms, grasses and herbs, aquatic plants, climbers, orchids, bamboos and rattans, shrubs and trees.  

Several species of invertebrates including insects and earthworms have been selected, representing animal 
NTFPs. These also have an ecological importance providing services such as pollination and breakdown 
of organic materials in the soils.  Table 10 shows species in five of the priority provinces for which 
vulnerability assessments have been undertaken, together with the relevant ecozones. 

 

 

Crop Wild Relatives: Crop wild relatives require a slightly different approach to NTFPs, largely because 
they are not specifically targeted for economic or livelihood use. Whilst there are a large number of 
CWRs found within the Mekong region, the focus for this study will be on the different species of wild 
rice. The rationale for this focus is that wild rice species are found throughout the region, with different 
species in each of the ecozones and because there is more information on their ecological and climate 
tolerances than for other CWRs. The vulnerability assessment has been carried out on three of the wild 
rice species and one landrace – floating rice, as an example of CWRs. 

Kien Giang Mondul Kiri Gia Lai Chiang Rai Khammouan 

3. Delta Low lying 

acidic area swamp 

forest

6. Low-elevation 

dry broadleaf 

forest

9. Mid-elevation 

dry broadleaf 

forest

4. High-elevation 

moist broadleaf 

forest - North 

Indochina

7. Low-mid ele 

moist broadleaf 

forest

NTFP Category Species Common name
2. Delta 

mangroves and 

saline water

9. Mid-elevation 

dry broadleaf 

forest

12. Upper 

floodplain 

wetland, lake (CS 

to VTE)

4. High-elevation 

moist broadleaf 

forest - North 

Indochina

Mushroom Russula sp x x x x

Grasses/herbs Ammomum spp False Cardamom x x x x

Sesbania sesban Egyptian pea x x

Typha orientalis Oriental rush x

Lepironia articulata Lepironia Sedge x

Climbers Dioscorea hispida Bitter yam x x x

Orchids Dendrobium lindleyi x x x x

Rattans Calamus crispus x x x x

Shrubs Broussonetia papyrifera Paper mulberry x x x x

Dipterocarpus alatus x x x x

Sonneratia sp Mangrove apple x

Insects Apis dorsata Giant honeybee x x x x x

Red ants Red Ants x x x x

Invertebrates Earthworms x x x x x

Province

Ecozone

Aquatic plants

Trees

Table 10: NTFP species identified in each priority province 
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Table 11 shows the wild rice species considered in each of the five of the priority provinces, together with 
the relevant ecozones. 

Table 11: Wild rice species identified in each priority province 

3.4.3.3 Development of database 
Baseline information on the species selected has then been collated into a simple database that describes: 

 Common name, latin names, family, type of plant 
 Description, flowering period, fruiting period 
 Use and parts used, harvesting and processing, importance and value 
 Ecological requirements - latitude range, elevation range, soils preference, forest type 
 Climate requirements - temperature range, rainfall range 
 Distribution: globally and specifically in Cambodia, Laos, Thailand, Vietnam 
 Trends and threats 
 Sources of information 

 
The information available on NTPs and CWRs is patchy. Where ecological information is available on 
similar species or species in the same family, databases such as FAO‟s Ecocrop10 have been used to fill 
gaps. This baseline database of the selected species was used as an input to the vulnerability assessments 
and narrative discussions found in other sections of this report. Typically one species has been selected as 
an example (but not as representative) of the plant type and a vulnerability assessment carried out on this 
species. 

The ubiquitous nature of many NTFPs means that it was not always possible to be precise about the 
ecozones where they are found.  As reflected in their name Non-Timber Forest Products are generally 
found in forests, and while their main habitats may be given as evergreen or secondary mixed deciduous 
or dipterocarp forests, they are often founds in other forest types. Thus comparisons of locations within a 
country or altitude ranges was necessary to arrive at an approximation for the ecological zone where they 
are most commonly found. In addition, some NTFPs may be found in association with cultivated areas 
and so have a wider distribution. The aquatic plant NTFPs found in the Delta and other floodplain areas 
are easier to locate. 

                                                      
10 http://ecocrop.fao.org/ecocrop/srv/en/home 

Kien Giang Mondul Kiri Gia Lai Chiang Rai Khammouan 

3. Delta Low lying 

acidic area swamp 

forest

6. Low-elevation 

dry broadleaf 

forest

9. Mid-elevation 

dry broadleaf 

forest

4. High-elevation 

moist broadleaf 

forest - North 

Indochina

7. Low-mid ele 

moist broadleaf 

forest

Wild Rice

2. Delta 

mangroves and 

saline water

9. Mid-elevation 

dry broadleaf 

forest

12. Upper 

floodplain 

wetland, lake (CS 

to VTE)

4. High-elevation 

moist broadleaf 

forest - North 

Indochina

O. granulata x

O. nivara x x x x x

O. officinalis x x x x x

O. ridleyi

O. rufipogon x x

O. sativa/prosativa Floating rice An Giang

http://ecocrop.fao.org/ecocrop/srv/en/home
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3.4.3.4 Vulnerability assessment method  
In discussion with the wider team, the natural systems theme group decided to use another ICEM 
vulnerability assessment method for NTFPs and CWRs – this one focused on species.  The method is 
based on one developed by ICEM in 2012 for the Mekong River Commission as part of a study on the 
climate change vulnerability of wetlands in the Lower Mekong Basin.11 It was developed to consider the 
vulnerability of individual wetland species and habitats and it was found to be readily adaptable for the 
consideration of NTFP and CWR species.  

It is a rapid assessment method that consists of a series of questions about a) the conservation status and 
existing threats of the species and b) the climate change threats, habitat protection, sensitivity and 
adaptive capacity. Answers to the questions are scored on a simple range (1 - 3) according to the 
contribution made to the existing and future climate vulnerabilities, and the results of the two sets of 
questions are averaged to give overall scores for the current conservation status and future climate 
vulnerability. Division of the scores into ranges from Very Low, Low, Moderate, High to Very High 
vulnerability (Table 12) enabled the plotting of each species considered in a quadrat diagram, as 
illustrated in Figure 4-21 and  in each profile of the species assessed. This quadrat diagram provides a 
visual of where the species stands in terms of its current conservation status and its future climate change 
vulnerability. Comparisons of the quadrat diagrams in different provinces where the species occurs, 
allows an understanding of the differences between hotspot provinces. 

Table 12: Scoring intervals for climate change vulnerability 

 

 
 
 
 

 

The questions in the baseline conservation 
status relate to biology and distribution of the 
species, the threats and protection or 
management afforded it in protected areas. This 
part of the questionnaire is unlikely to change in 
different parts of the basin. The second section 
assesses the climate vulnerability of the species. 
The first part of this section interprets the 
threats to this particular species from the 
climate changes predicted for the particular 
province or protected area. It uses the 
information on the biology of the plant to 
temperature, rainfall, floods, drought etc. to 
interpret the local degree of the threat to the 
species in that province or protected area.  

This is the part of the questionnaire that will change significantly between areas with different climate 
predictions. 
                                                      
11ICEM. 2012. Rapid climate change assessments for wetland biodiversity in the Lower Mekong Basin. Consultant report 
prepared for the Mekong River Commission, Hanoi, Viet Nam. 

Category interval 0.4 Low High
Very Highly Vulnerable to climate change 2.7 3
High Vulnerable to climate change 2.3 2.6
Moderately Vulnerable to climate change 1.9 2.2
Low Vulnerable to climate change 1.5 1.8
Very Low Vulnerable to climate change 1 1.4

Figure 3-20: Quadrat diagram showing existing conservation status 
of the species and climate change vulnerabilities of the species 
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Protection from the extremes of climate are considered based upon the habitat where the species is found 
and includes moderating influences such as the requirement for forest cover. Sensitivity to climate change 
covers the basic biological tolerances, and adaptive capacity covers the biological, reproductive and 
behavioral mechanisms that the species may adopt to avoid or manage extremes of climate.  

Together with the database for the species and a description of the climate changes predicted, the excel 
spreadsheets prepared for each species provide an accessible record of the assessment and the rationale 
for the scoring. This rationale is very important for the understanding of the assessment, and has been 
used in the narrative of the profiles for each species. 

3.4.3.5 Limitations 
In general there is a shortage of information on the biological characteristics of most NTFP and CWR 
species. Often the focus of earlier studies has been upon the use of NTFPs, rather than upon their biology 
or ecological and climate requirements. For these and for CWRs reference has to be made to other species 
of the same genus that have been studied because they have been domesticated. This has therefore limited 
the vulnerability assessment, which in many cases has been based upon a “best guess” approach based 
upon whatever information can be gathered.  Due acknowledgement must be made to the valuable web-
based databases, e.g. compiled by FAO, and which have provided much of the biological and ecological 
requirements of the species considered.  

The study consists of assessments of the basic biology and climate tolerances of the selected species. It 
does not consider the interactions between species and the dependencies of fungi, plants and invertebrates 
that make up the assemblages that contribute to the forest and wetland ecosystems where NTFPs and 
CWRs are found. It does not consider the complex effects of climate change on diseases and insect 
attacks of NTFP plants. 

3.4.4 NATURAL SYSTEMS - PROTECTED AREAS  

3.4.4.1 Selection of protected areas 
Protected areas (PAs) were selected on the basis of provincial and protected area hot spot ranking and the 
representation of differing ecozones.  

Projected climate changes in the LMB for the year 2050 led to the identification of twelve hotspot 
provinces experiences significant changes in temperature, precipitation and flooding including - Chiang 
Rai and Sakon Nakhon in Thailand; Khammoune and Champassak in Laos; Mondulkiri and Kangpong 
Thom in Cambodia; and Gia Lai and Kien Giang in Vietnam. The five highest ranked provinces were 
Chiang Rai, Mondulkiri, Khammouane, Gia Lai, and Kien Giang.  Individual LMB protected areas were 
also subject to ranking according to threats. The hot spot assessment and ranking method is described in 
section 4.2. 

The priority provinces were the point of departure for identifying PAs for detailed assessment – the 
individual ranking of PAs was a second filter.  The final selection of PAs was based on the following 
criteria: 

 PAs located within priority 'Hotspot' provinces  
 Highly ranked PAs in terms of % change in climate conditions to 2050 
 PAs within the priority provinces that were representative of one or more ecozone 
 PAs within a province that formed part of a PA cluster or shared a contiguous boundary.  
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 PAs with a substantial provisioning and servicing function for local communities as part of their 
farming ecosystem 

PA clusters were chosen in preference to individual PAs because they represent large areas of each 
ecozone and allow better demonstration of a range biological adaptation responses and strategies.  Also, 
PA clusters have the potential to offer more secure and stable conditions for biodiversity in the face of 
climate change and other threats – mainly because of their size and diversity in habitats and bio-
geography.  It was not possible to identify clusters in all cases. 

The PAs and ecozones represented by the five priority PA clusters or individual PAs are summarised in 
Table 13 and Figure 4-21.  

Table 13: Selected PAs and representative ecozones 

Province Country PA Ecozone 

1. Chiang Rai Thailand  Nong Bong Kai - Non Hunting 
Area 

 Ecozone 12 - Upper floodplain 
wetland, lake 

2. 
Khammoun Laos 

 Nakai-Nam Theun NBCA  
 Hin Namno  
 Phoun Hin Poun  
 Corridor Nakai - Nam Theun 

and Phou Hin Poun  

 Ecozone 4 – High elevation moist 
broadleaf forest 

 Ecozone 8 - Low-mid elevation moist 
broadleaf forest 

3. Mondulkiri Cambodia 

 Mondulkiri Protected Forest  
 Phnom Prich Wildlife Sanctuary  
 Lomphat Wildlife Sanctuary  
 Phnom Nam Lyr Wildlife 

Sanctuary  
 Seima Protected Forest  

 Ecozone 6 – Low elevation dry 
broadleaf forest 

 Ecozone 10 - Mid elevation dry 
broadleaf forest 

4. Gia Lai Vietnam  Chu Prong 

 Ecozone 6 – Low elevation dry 
broadleaf forest 

 Ecozone 10 - Mid elevation dry 
broadleaf forest 

5. Kien Giang Vietnam 

 Ha Tien 
 Hon Chong 
 Kien Luong mangrove forest 
 U Minh Thuong National Park 

 Ecozone 2 - Delta mangroves and 
saline water  

 Ecozone 3 - Delta Low lying acidic 
area swamp forest 
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Figure 3-21: Climate change in the LM basin (red circles show hot spot provinces with their PA cluster) 

 
 

Brief baseline profiles for each PA or PA cluster were prepared and climate change modelling data for 
each of the PA clusters/PAs was analysed in detail for changes in temperature, precipitation, and water 
availability on an annual and seasonal basis. Key threats to each of the PA clusters/PAs were identified 
from this analysis and formed the basis of subsequent vulnerability analysis. 

3.4.4.2 Ecosystem services approach 
The links between natural systems and economies are often described using the concept of „ecosystem 
services‟, or benefits to human communities originating from the state and quantity of natural capital. The 
Millennium Ecosystem Assessment defined four categories of ecosystem services that contribute to 
human well-being, each underpinned by biodiversity (MA 2005). PAs provide linkages and support for 
agricultural systems and livelihoods within the basin in the form of these services.  

In recognition of the large array of assets within each PA and the variability across all PAs, an ecosystem 
services approach was used to categorise climate change impacts on the systems within each PA or PA 
cluster. Following TEEB (2010) this process was based on four key categories of services: 

Provisioning services are ecosystem services that describe the material output from ecosystem. They 
include food, water and other resources. 

 Food: Ecosystems provide the conditions for growing food – in wild habitats and in managed 
agro-ecosystems. 

 Raw materials: Ecosystems provide a great diversity of materials for construction and fuel. 
 Fresh water: Ecosystems provide surface and groundwater. 
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 Medicinal resources: Many plants are used as traditional medicines and as inputs for the 
pharmaceutical industry. 

Regulating Services are the services that ecosystems provide by acting as regulators e.g. regulating the 
quality of air and soil or providing flood and disease control. 

 Local climate and air quality regulation: Trees provide shade and remove pollutants from the 
atmosphere. Forests influence rainfall. 

 Carbon sequestration and storage: As trees and plants grow, they remove carbon dioxide from the 
atmosphere and effectively lock it away in their tissues. 

 Moderation of extreme events: Ecosystems and living organisms create buffers against natural 
hazard such as floods, storms, and landslides. 

 Waste water treatment: Micro-organisms in soil and in wetlands decomposes human and animal 
waste, as well as many pollutants. 

 Erosion prevention and maintenance of soil fertility: Soil erosion is a key factor in the process of 
land degradation and desertification. 

 Pollination: Some 87 out of the 115 leading global food crops depend upon animal pollination, 
including important cash crops such as cocoa and coffee. 

 Biological control: Ecosystems are important for regulating pests and vector borne diseases. 

Habitat or Supporting Services underpin almost all other services, Ecosystems provide living spaces for 
plants or animals; they also maintain a diversity of different breeds of plants and animals.    

 Habitats for species: Habitats provide everything that an individual plant or animal needs to 
survive. Migratory species need habitats along their migrating routes 

 Maintenance of genetic diversity: Genetic diversity distinguishes different breeds of races, 
providing the basis for locally well-adapted cultivars and a gene pool for further developing 
commercial crops and livestock. 

Cultural Services include the non-material benefits people obtain from contact with ecosystems. They 
include aesthetic, spiritual and psychological benefits. 

 Recreation and mental and physical health: The role of natural landscapes and urban green space 
for maintaining mental and physical health is increasingly being recognised. 

 Tourism: nature tourism provides considerable economic benefits and is a vital source of income 
for many countries. 

 Aesthetic appreciation and inspiration for culture, art and design: Language, knowledge and 
appreciation of the natural environment have been intimately related throughout human history. 

 Spiritual experience and sense of place: Nature is a common element of all major religions; 
natural landscapes also form local identity and sense of belonging. 

Climate change will impact services to varying degrees according to impacts on: hydrology and water 
resources, agriculture and food security, terrestrial and freshwater ecosystems, coastal zones and marine 
ecosystems, human health, human settlements, energy and industry, as well as the adaptive capacity of 
communities (Adger et al., 2003). 

3.4.4.3 Vulnerability assessment of PAs 
Vulnerability assessments were carried out for selected PAs/PA clusters within the LMB using the CAM 
(ICEM 2010). In this context climate change vulnerability refers to the degree to which an ecological 
system or species are likely to experience harm or benefit as the result of changes in climate.  Each PA 
assessment used the CAM method to analyse the threats and consequences of changes in regular and 
extreme climate for identified key 'assets' or components of the PA systems drawn from the ecological 
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characteristics of habitats, species, communities and ecosystem services identified in the PA baseline 
profiles.  

Threats to PAs or PA system components and services were identified through analysis of climate 
change modelling results, namely changes in temperature, precipitation, water availability, sea level and 
salinity, and changes in extreme events such as drought, flooding, flash floods and storms.  

The impact of these threats on the PAs‟ or PA clusters‟ ecosystem components and services was 
determined by rating the level of exposure and level of sensitivity from Very Low to Very High. The 
level is set using available science-based evidence on species and habitat, supplemented through expert 
judgment. 

The next step in applying the CAM methodology was to determine the adaptive capacity of the system or 
assets to the impact.  A PA management board with a low adaptive capacity would imply a limited 
institutional capacity and limited access to technical and financial resources. A natural systems example 
may vary from a degraded habitat with limited ability to regulate micro-climate and regenerate, to a 
mature forest environment with high capacity for climate regulation, high species diversity and therefore 
higher capacity to regenerate following stress.  A vulnerable ecosystem is one that is exposed changes and 
extremes in climate and hydrology, is sensitive those extremes and changes, and one for which the ability 
to adapt is constrained. 

3.4.5 CAPTURE FISHERIES  
The fisheries baseline assessment has drawn on many studies of fisheries in the Mekong basin and other 
studies of the effects of climate change on freshwater and marine fisheries in other regions.  This 
information is summarized in the overview section of the capture fisheries baseline report and the main 
impacts that climate change can have on aquatic species are discussed.  

In order to describe the various geographical areas of the capture fisheries system, catchment data were 
overlaid on the ecozones to indicate which important species were likely to be represented in each zone. 
Each zone was then described in terms of its important fishing areas and habitats, the small-scale and 
commercial scale fishing systems, tolerances and life cycle conditions affecting important species and the 
trends, threats and opportunities.  The ecozone classification as useful for describing the capture fisheries 
of the Mekong as it adds elevation, (and therefore temperature ranges) to the more commonly used basin 
sub-catchment descriptions. 

The CAM method was applied to assess capture fisheries vulnerability to climate change in a number 
of hotspots, using a framework of questions (in the context of species, ecozone, and type of climate 
change threat) to identify which components are likely to be most vulnerable. At the heart of the fisheries 
CAM is the Fish Database developed as part of the baseline assessment. From this database, indicator 
species representing a range of fish types, (upland, migratory, black and estuarine) can be used as proxies 
to visualize what specific climate change threats might mean for the wider group.  

CAM analysis for key fish species, (representing upland, white, black and estuarine types) were 
conducted for the 5 hotspot provinces (Chiang Rai, Khamouane, Gia Lai, Mondolkiri and Kieng Giang). 
Typically, three capture fish species were used in the CAM for each hotspot.  A fisheries CAM was also 
conducted for 3 fish species based on the anticipated hydrological changes for Stung Treng Province. 
Overall the number of high or very high vulnerabilities for each proxy species in each hotspot provides an 
impression of the overall vulnerability of that area‟s fisheries to climate change.  
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The Fish Database currently holds information on 30 aquatic species from a range of Mekong 
environments.   Some but not all of these species are commercially important in the Mekong‟s capture 
fisheries.  Information on biology, migration, water quality tolerances has been entered.  However, whilst 
the information on cultured fish species is plentiful, far less is known about the biological requirements 
for many of the capture fish species. So the CAM Fish Database is far from complete. The continuous 
addition of new information enrichment of the species (and systems) database and verification of the 
ecological zone check list would allow for better judgments to be made in future studies and in ARCC 
Task 3 and would strengthen the assessment approach. 

In addition to the vulnerability assessments in the hotspots, four hypotheses were examined to see if they 
were supported by the results from the CAM. The hypotheses tested were that:  

 Upland fish would be most vulnerable to climate change. 
 Migratory white fish would also be vulnerable to climate change. 
 Black fish would be more „climate-proof‟ than other fish types and so may be expected to 

increase in the proportion of fish catches, as temperatures increase. 
 Invasive species would become more prevalent through climate change. 

Summaries of each of the hotspot provinces were made listing the most vulnerable types of fish. These 
summaries then provided the foci for adaptation considerations.  Where invasive species in the capture 
fishery have been assessed, the threat used is to the fishery itself, rather than the invasive species. So, for 
example if an invasive fish species favoured warmer water, then under increasing temperatures, this 
would be seen as a threat to the overall fishery rather than a low impact issue for the invasive species.   
The CAM is therefore inverted for invasive fish species. 

3.4.6 AQUACULTURE 
A similar methodology was used for the aquaculture baseline assessment, vulnerability analysis and 
adaptation planning with the following differences. 

Catchments and sub catchments were not used to disaggregate the basin for aquaculture. Instead the 
ecozone approach was used directly.  Some zones, e.g. the Mekong Delta, had well defined aquaculture 
systems within them but in many ecozones the aquaculture systems and species used were less distinct, 
making comparative analysis difficult.  

In most of the provincial hotspots, three cultured fish species were used and an extensive, semi intensive 
and intensive aquaculture system assigned.  As with the capture fisheries CAM, the number of high or 
very high vulnerabilities for each proxy species and system provides an impression of the overall 
vulnerability of aquaculture to climate change within the hotspot area. 

The main aquaculture species cultured in the Mekong basin have been selected for the fish database. 
Some of these are exotic species with the potential to be invasive and affect indigenous aquatic life and 
habitats.  Generally speaking, there is far more information on the cultured fish species than on the 
capture fish species. This is especially important for temperature tolerances, which in many cases have 
been well studied. 

Two additional hypotheses were examined through use of the CAM methodology. 

 Aquaculture would be more vulnerable to climate change scenarios than capture fisheries. 
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 Intensive aquaculture would be more vulnerable to climate change than semi-intensive or 
extensive systems. Even though the more intensive systems would have greater adaptive capacity 
in the form of technology and management. 

3.4.7 SOCIO-ECONOMICS (HEALTH AND INFRASTRUCTURE)  
For the purpose of assessing the climate change vulnerability of the health and infrastructure sectors, the 
five key „hotspot‟ provinces were the focus of in-depth analysis. Vulnerability and adaptation assessments 
were conducted for each livelihood zone within each province with the results upscaled to livelihood 
zones. Table 14 depicts the coverage of the provinces by livelihood zone.  

Table 14. Distribution of livelihood zones across Hotspot provinces 

Livelihood zone Mondulkiri Gia Lai Khamouane Chiang Rai Kien Giang 

Forested uplands 23% - 17% - - 

Intensively used uplands - 32%  62% - 

Lowland plains and plateaus 77% 68% 78% 21% - 

Floodplain - - 5% 17% - 

Delta - - - - 100% 

 

3.4.7.1 Socio-economic analysis 
The study involved five theme groups addressing different systems: agriculture, fisheries, natural systems, 
livestock, and social and economic systems. The social and economic assessment focuses on the direct 
impacts of climate change on the components of livelihood systems that are not captured by the climate 
change vulnerability assessments performed by the other theme groups. Two critical sectors for 
community resilience remain outstanding: health and infrastructure.   

The interaction of these various systems within a representative rural household in the LMB is depicted in 
Figure 3-22.  Another tasks of the socio-economic theme group is to aggregate the direct and indirect 
impacts on livelihood systems and consider the various inter-linkages between sectors.  

Figure 3-22: The structure of the livelihood system in a representative rural household in the LMB 

 

 

The “livelihood system” is the foundation of the socio-economic analysis in this project. Consider a 
climate change impact on the agriculture or livestock sector. Beyond the direct, immediate impact on 
livelihoods, there are indirect factors to consider over the longer term. For example, lower rice yields due 
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to climate change may (i) lower incomes, reduce food security, and, potentially lower household health, 
(ii) increase dependence on capture fisheries and NTFPs for food, and (iii) decrease the level of 
household and community income available to spend on asset improvements or repairs.  

One of the tasks in this synthesis document is to consider the various inter-linkages between sectors and 

construct a cross-sectoral picture of climate change vulnerability and adaptation. In this report the 
„livelihood systems‟ and „livelihood zones‟ provide the conceptual basis for the analysis of integrated 
effects of climate change and for the integrated adaptation responses.  The objective is not to conduct a 
comprehensive assessment of communities in a particular location; that degree of detail requires extensive 
research and community engagement at the local level. Nor is the aim to provide an exhaustive analysis of 
the interactions between the various sectors involved in this study.  Rather the objective is to present a 
broader picture at the basin level of the key linkages between sectors in a way that informs and guides 
local level studies and actions to be undertaken in the other ARCC Tasks. 

3.4.7.2 Health 

Human health is critical to livelihoods because it is the foundation of productivity in all activities. Poor 
health limits the capacity of individuals to farm, fish, gather NTFPs, or attend to livestock.  Adequate 
health ensures the nutritional benefits of food consumption are realised - an important but often forgotten 
component of food security. The inability of an individual to work due to poor health reduces household 
income and therefore impacts on the food security of the entire household and, potentially, the broader 
community.  

In analyzing health, this study draws from four classes of climate change impacts (WHO/WMO 2012, 
McMichael et al. 2006): (i) infections, including malaria, diarrohea, meningitis, dengue fever; (ii) 
emergencies, including floods and cyclones, drought, airborne dispersion of hazardous materials; and, (iii) 
emerging environmental challenges, including heat stress, UV radiation, pollens, air pollution and (iv) 
indirect impacts on crop yields and relocations due to flooding and drought.  

Much research is required into how human health is likely to be affected in particular areas of the LMB. 
Given the lack of detailed scientific knowledge the study draws on international experience and literature 
to identify a number of key health issues most likely to arise in the Basin (WHO/WMO (2012), 
McMichael et al. 2006), Portier et al. (2012), MRC (2010), World Bank (2011a, 2011b, 2011c)). Those 
issues are: 

 Heat stress: The impacts on human health of exposure to high temperatures. Impacts include: 
exhaustion, fainting, strokes, as well exacerbation of existing conditions. Sherwood et al. (2010) 
identify prolonged exposure to 35°C as a key threshold for heat stress.  

 Water-borne disease: Diseases that are caused by microorganisms and other contaminants found 
in drinking water and other water that humans use. Diarroheal diseases are the most common 
water-borne diseases and a major cause of illness and death in the LMB at present. There is a 
clear existing link between flooding and water-borne disease. Climate change driven increases in 
precipitation and flooding will disrupt the functioning and safety of water sources (e.g. water 
bores becoming contaminated with surface floodwaters). Moreover, poor water availability in 
such instances increases the risk of oral-faecal contamination.  
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 Vector-borne disease: Diseases such as malaria and dengue fever (both of which are present in 
the LMB) that are spread by mosquitoes, ticks, and other disease vectors. It is widely 
acknowledged that higher levels of precipitation and temperature influence the distribution of 
vector-borne disease by improving the breeding habitat of disease vectors.  

 Injury, death, or other health issues caused by extreme weather or other events related to 
climate change: Violent events such as landslides and floods have the potential to cause serious 
injury or death. Moreover, the persistence of, for example, flooding restricts access to forest 
resources which support food security and human health. Forced relocation of rural communities 
to areas of higher population density increases the risk of disease transmission. 

3.4.7.3 Infrastructure 

In this study, infrastructure is the physical, stationary infrastructure that enables rural households and 
communities to pursue and benefit from livelihood activities. For example: roads and bridges that 
facilitate sales and purchases at district markets; covered groundwater bores and health facilities that 
sustain health; and housing and other buildings that provide shelter for people and their assets. Damage or 
lack of access to such infrastructure can have long-term impacts on poverty and food security. 

Past experience in the LMB demonstrates how extensive and serious extreme climate events can be for 
local infrastructure, damaging and destroying facilities essential for local economies and livelihoods.  
Projected increased intensity and frequency of extreme events should be taken into account in the 
planning, maintenance and adjustment of those strategic assets.  This study considered the following rural 
infrastructure: 

 Roads 
 Bridges 
 Water supply infrastructure 
 Housing, grain storage, and other household buildings 
 Health centres and other municipal or communal buildings, such as market-places 

3.4.7.4 Threats and assessment criteria 
The social and economic assessment did not consider the full range of threats covered by other sectors. In 
particular, water availability was not considered. The reason for that omission is, despite the potential 
importance of soil water availability for the functioning of groundwater wells, there was insufficient 
information available to determine the impact of changed soil water availability on groundwater 
hydrology. An additional threat was considered: landslides. This inclusion is due to the importance of 
these events to the integrity of infrastructure in sloping areas, as well as their devastating health impacts. 
The range of considered climate threats included: temperature, precipitation, drought, floods, flash floods, 
landslides, and, in Deltaic areas, sea-level rise and salinity. 

Key ingredients of the CAM vulnerability assessment method are the criteria used to assess the exposure, 
sensitivity, and adaptive capacity of systems and assets to climate change.   

The criteria used to determine these components of vulnerability and their definitions are displayed in 
Table 15. Some of these terms can be defined in various ways. The study formulation reflects commonly 
used definitions, as well as the need to distinguish between the criteria. 
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Table 15: CAM vulnerability criteria for health and infrastructure 

Exposure Sensitivity Adaptive capacity 

Location of 
people/assets in 
relation to the 
threat 

Poverty – poverty rate of the population based 
upon the national poverty line. Measured by 
an income based or expenditure based poverty 
line depending on country. 

Assets – household assets such as 
land/housing, livestock, other usufruct 
rights (such as irrigation canals), and other 
capital assets (e.g. boats, machinery). 

Severity of 
threat 

Food insecurity – availability of an adequate 
quantity and quality of food. Indicated by 
child malnutrition rates.  

Education/skills – literacy rates and 
educational attendance. Also informed by 
qualitative measures of the quality of 
education programs 

Duration of 
threat 

Human health – overall level of morbidity 
and early mortality in the community. 
Indicated by infant mortality rates and life 
expectancy. 

Physical infrastructure – access to key 
infrastructure and amenities, such as roads, 
safe drinking water and sanitation supply, 
and electricity. 

 Strength of key infrastructure – the capacity 
of infrastructure, such as roads and bridges, to 
withstand weather-related stress. Measured by 
the quality of building materials and design, 
where information is available. 

Access to markets – Distance and access 
to transport to markets throughout the 
year. Percentage of households with access 
to credit. 

 Demographic composition – communities 
with a high number of children or elderly who 
are not engaged in productive activities or are 
vulnerable to disease are deemed to be more 
sensitive. This may be indicated by 
the dependency ratio. Another component is 
the ethnicity of a community or household; 
minorities often have less access to social 
services.  

 

 

In addition to the severity and duration of a particular climate change threat, the location of people and 
their assets is a contributing factor to exposure. For example, communities living in a floodplain are more 
exposed to large scale floods than those living in sloping upland areas who may be more threatened by 
flash floods. 

The five sensitivity criteria are related to the degree to which human health is affected by climate-related 
events, such as disease outbreaks.   The accessibility of roads during a multi-day flood event will 
critically determine the loss of food and clean water access. Demographic composition is also important: 
a higher proportion of vulnerable groups within a household or community, such as the sick, the elderly, 
and the poor, will amplify negative impacts. For infrastructure, the strength of key infrastructure is the 
most relevant criteria; however, the level of poverty, human health, and food insecurity are also indicative 
of the resources and supportive infrastructure available to communities. 

The adaptive capacity of households and communities is a function of: the assets available (i.e. land, 
machinery, livestock, natural resources etc.) which can be used or sold to respond to an adverse shock; 
education attainment and skills which can be deployed to adapt new techniques or behaviours in a 
changing environment; the availability of physical infrastructure to facilitate livelihood security (i.e. 
bridges and roads); access to markets, both in a physical sense (i.e. distance and transport to market to 
seel and purchase goods and services) and a financial sense (i.e. credit markets to finance investment). 
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4 CLIMATE AND HYDROLOGY 
PROJECTIONS  

4.1 LONG TERM TRENDS IN MEKONG HYDROCLIMATE 
Compared to preindustrial times mean global surface temperatures have increased by 0.8 °C 
(IPCC, 2007; Jones et al, 2012).  While there are many natural factors contributing to changes in surface 
temperatures, such as El Nino/Southern Oscillation Events (ENSO), volcanic aerosol effects and 
variability in solar radiation, there is clear evidence that the rates of warming in the last century are the 
highest for any in the last 1,000 years and that natural forcings alone cannot explain the warming shift 
manifest in observations (IPCC, 2007; WorldBank, 2012, Foster et al, 2011; Stott et al, 2000). 

 

Under A1B – a moderate emissions scenario and the scenario used in this study – global increases in 
surface temperature are likely to exceed 3°C by the end of this century. IPCC Assessment Report 
Four (AR4) concludes that by 2100 global temperatures will increase by 1.6 – 6.9 °C above pre-industrial 
temperatures (figure 5-1), with about half of this uncertainty due to variability in future GHG emissions 
forcings and half related to uncertainty of how the complex multi-faceted climate system will respond to 
these GHG forcings (WorldBank, 2012). In the Fifth Assessment Report due for release in 2013, the 
SRES scenarios will be replaced by new Resource Concentration Pathways (RCPs). Figure 5-1 compares 

Figure 4-1: (LEFT) Probabilistic estimates of future temperature increases using IPCC SRES and RCP scenarios; (Source, Rogelji et 
al,2012 cited in World Bank 2012); (RIGHT)  Comparison of actual CO2 emissions with IPCC scenarios: actual emissions have been 
equaling or exceeding the most extreme emissions scenario since 2003 (Source: GTZ, 2009) 
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projection of future surface temperatures using SRES scenarios and RCPs, with the variability between 
the scenarios being comparable. In the 13 years since the IPCC Special Report on Emissions Scenarios 
(SRES) was released, actual observed emissions have equaled or exceeded even the most extreme of the 
SRES scenarios, reducing confidence in the lower estimates for future temperature change (figure 5-1). 

 

Climate Change projections vary in space and time. Globally, increases in temperatures are more 
pronounced in higher latitudes, while changes in precipitation are much more varied and with weaker 
directional signals (figure 5-2). In some regions (Saharan Africa, West Africa, Australia and the Amazon 
region), there is only weak directionality in precipitation trends, while throughout Asia, there is generally 
a consistent signal of increasing precipitation in both high and low emissions scenarios (figure 5-2). Due 
to lag effects in the response of the climate system to CO₂ forcings, variability between emission 
scenarios becomes pronounced after 2050. In Southeast Asia global projections indicate temperature 
increases of 2- 4°C are likely, with precipitation increasing by up to 20% (figure 5-2).  

In the Lower Mekong Basin, temperature increases are expected to reach an average 3-5°C by the 
end of the century, however some pockets of the basin are predicted to experience much larger increases. 
Downscaled temperature data for five stations have been used to assess in more detail long term signals in 
average maximum daily temperature for each of the five GCMs (Figures 5-3). Stations were chosen in 
Northern Thailand (near Chiang Saen), central LMB (near Mukdahan), the “3S” basin of Eastern 
Cambodia,12 upland areas of the Tonle Sap basin in Western Cambodia and in the central Mekong Delta 
(near Can Tho).  

                                                      
12 “3S” refers to the three transboundary river basins of Sesan, Srepok and Sekong which rise in Lao PDR and Vietnam and join 
the Mekong River in Cambodia. 

Figure 4-2:  Spatial variability in climate change projections for 2100 for a low RCP (blue) and high RCP (orange): Horizontal 
axis shows % change in annual precipitation, vertical axis shows temperature increase in °C  (Source: World bank, 2012) 
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Rates of change in temperature are highest in the 3S catchments of eastern Cambodia and in the 
Mekong Delta of Vietnam and Cambodia, where increases of 2 - 3°C can be reached before 2050 
and up to 5°C by the end of the Century.  

 

Throughout the majority of the basin, increases in temperature will result in fundamental shifts in 
the temperature regime, with the region frequently experiencing warmer temperatures never reached 
under baseline conditions (figure 5-4).  In the medium and long term, temperature regimes are also 
becoming more variable than under baseline conditions (see for example figure 5-4). 

 

Figure 4-3: Climate shifts in the Lower Mekong Basin: long term warming signal in daily maximum temperatures at five 
stations based o the average change from six GCMs and IPCC SRES A1b 

Figure 4-4: Long term changes in variability of Mekong temperatures 
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4.2 COMPARISON OF GCMS  
 

Climate Change threat assessments culminate in the production of very large databases of 
information, which needs to be consolidated in order to be useful for vulnerability assessments. In 
this study a single scenario (A1b) multi-model ensemble (six GCMs) was used to establish climate 
change threat. This means that in the order of 650 years of daily data was generated for 30 hydroclimate 
parameters covering some 159,000 grid cells. Presenting this information to sector assessment teams 
required the team hydrologists to consolidate this information into projections which focuses on the trend 
signal and the range in results.  

 The study adopts a representative approach with the majority of the findings from the climate 
change threat assessment based on the averages between the six GCM projections (figure 5-5). 
While this makes the threat more manageable for sector specialists it does have the potential to mask 
variability in projections. The purpose of this section is therefore to understand the spatio-temporal 
variability between GCMs outputs, through the consideration of long term inter-annual variability, 
seasonal variability within typical years as well as how GCM outputs vary based on location in the basin.  

4.2.1 LONG TERM INTER-ANNUAL COMPARISON 
Variability between GCM results increases with time, reaching 3.5°C by the middle of the century 
and more than 4°C by the end of the century (Figure 5-6). This variability is the result of how each of 
the different GCMs are set up and how well the inherent assumptions and equations governing physical 
climate processes simulate the hydroclimate processes driving the Mekong hydroclimate. The highest 
projections arise from the GCM Miroc3.2 hires. This model has already been identified as overprojecting 
temperature change due to how the model parameterized cloud dynamics and has recently been revised by 
model developers (Watanbe et al, 2010). The source of lower estimates varies throughout the basin but 
typically arises from MP or CM outputs. 

1. Cautious:  A cautious approach is one 
which incorporates the greatest level of 
risk backed by scientific evidence.  

2. Representative: a representative 
approach can be considered the average 
of all options backed by science.  

3. Conservative:  a conservative approach 
is one which looks for the maximum 
level of agreement in the scientific 
evidence. 

4. Comprehensive: a comprehensive 
approach is one that includes all 
plausible options backed by scientific 
evidence. 

 

Figure 4-5: Reconciling variability in threat projections using cautious (red), representative (blue), conservative 
(aqua) and comprehensive (grey) approaches 
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Figure 4-6:  GCM variability for long term trends in temperature change in the LMB: the set up and 
assumptions inherent in each GCM model architecture result in variation in the long term signal 
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4.2.2 INTRA-ANNUAL COMPARISON FOR 2050 TIME SLICE 
To assess the intra-annual variability in the results of the six GCMs the study analysed time series of 
results for two temperature and two precipitation sites in the basin. Ca Mau (Vietnam) and Champassak 
(Lao PDR) provinces were chosen as sites for comparison because they represent areas of medium 
precipitation change and different seasonal patterns. Savannakhet (Lao PDR) and Stung Treng 
(Cambodia) provinces were chosen as sites for comparison of GCM maximum temperature results 
because they represent areas of high (Stung Treng) and medium (Savannakhet) changes in temperature. 

4.2.2.1 Precipitation 
There is a strong correlation between both the size of the projected change in monthly rainfall and 
the range in GCM precipitation results and cumulative monthly rainfall totals (Figure 5-7Error! 
eference source not found.). During the peak rainfall months of the wet season, when projected changes 
in precipitation are highest, the range in GCM results is greater. During the dry season, when monthly 
rainfall is lower and projected changes are lower, the absolute range in GCM results is lower.  

Variability is greatest during the onset of the monsoon and the onset of the cyclone season, 
suggesting that models have some uncertainty in simulating these two important hydroclimate 
phenomena. 

4.2.2.2 Temperature 
In the provinces of Savannakhet and Stung Treng there is a strong correlation between the size of 
the projected increase in maximum temperatures and the range in GCM results. For months where 
larger changes in maximum temperatures are projected there is a larger variability between the GCM 
results (Figure 5-8).   

The clear correlation between the size of the projected changes and the range of GCM results indicates 
that the variability between GCMs is a function of how the GCMs are set up and how they resolve the 
physical processes in the basin.  

a) Ca Mau province site 
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Figure 4-7: Intra-annual comparison of the range in GCM precipitation: results for a) Ca Mau and b) Champassak provinces 
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4.2.3 SPATIAL COMPARSON FOR 2050 TIME SLICE 
Variability in projected changes in seasonal maximum temperatures between the six GCMs used in 
the study is higher in the dry season, in the Cambodian floodplain and in the mid-elevation zones of 
the 3S basins (Figure 4-9).The variability in GCM results for maximum temperatures during the wet 
season is from 1.5 – 4 °C. In the dry season the variability is from 1.9 – 4.5 °C. For both seasons the area 
of greatest GCM variability correlates with areas of highest projected changes in temperature - the 
southern part of the Cambodian floodplains and in lower sections of the 3S basin reaching towards the 
Vietnamese highlands.  
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Figure 4-8: Intra-annual comparison of GCM maximum temperature: results for a) Savannakhet b) 
Stung Treng provinces 
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For seasonal precipitation the range in GCM results is greatest in the wet season, in the low/mid-
elevation zones of the 3S, the Vientiane plain and northern Lao PDR (Figure 4-10).  During the dry 
season the GCM results vary by between 31 – 300 mm whereas during the wet season the results vary by 
between 31 – 500mm. The highest variability in GCM results are concentrated in the north of Lao PDR, 
the northern Annamites and in the 3S basins.  
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Figure 4-9: Variability in GCM results for seasonal precipitation  
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Figure 4-10; Variability in GCM results for seasonal maximum temperature 
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4.3 BASIN ANALYSIS OF CLIMATE AND HYDROLOGY 
PROJECTIONS FOR THE 2050 TIME SLICE 

4.3.1 TEMPERATURE  
Projected increases in temperature show significant variability across the basin. Climate threat 
modelling undertaken for this study shows that annual average daily maximum temperatures will increase 
by between 7 to 16 % or  1.6 to 4.1 Deg C (Figure 4-11). The largest changes in temperature will occur 
to the south east of the basin throughout the Srepok, Se Kong and Sesan river basins, including a 
small area of the Srepok catchment with an increase of over four Deg C. These areas are historically 
relatively cooler than the central part of the basin. The ecozones associated with this area – mid elevation 
dry broadleaf forest and high elevation moist broadleaf forest (Annamites) – are projected to experience 
the largest changes in temperature of the twelve ecozones (Figure 4-11).  

From the highest increases in temperature in the south east of the basin the projected temperature increase 
gradually decreases moving north along the Annamites and south-east toward Tonle Sap and the Mekong 
delta. The projected temperature increase drops sharply in the Khorat Plateau of Thailand which may 
experience increases as low as 5 % or 1 to 2 Deg C. To the north of the LMB, in northern Thailand and 
northern Lao the increase in temperature is also predicted to be low – a percentage increase of around 5-
7% or close to 2°C. The northern ecozones match this difference, also showing lower increases compared 
to the south and south-eastern ecozones (Figure 4-11). 

Figure 4-11: Projected temperature changes for LMB ecozones. The dark blue bars represent the range of variability within the 
ecozone. 

Increases in temperature will generally be more pronounced in the historically cooler wet season 
with changes of between 5 to 20 % (1.7 to 5.3 Deg C) compared to increases of between 4.5 to 13% (1.5 
to 3.5 Deg C) during the dry season. The seasonal differences in temperature increases are consistent 
throughout the basin.  

As temperatures increase across the basin there is a projected elevation shift of maximum 
temperatures, particularly for elevations above 400m (Figure 4-12). Higher temperatures that historically 
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occur at lower elevations will shift to higher elevations. For example, areas in the basin with elevations of 
500m historically experience an average maximum temperature of around 30 Deg. Under climate 
conditions areas at 500masl will be more likely to experience average maximum temperatures of 32 Deg 
C, while average maximum temperatures of 30 Deg C will shift to occur at higher elevations of around 
750m. Increases in temperature will be consistent across the range of elevations in the basin.  

Figure 4-12: Temperature elevation shift in the LMB due to climate change. Showing example shift of an average maximum 
temperature of 30 Deg C from 500m to 750m elevation 

 

4.3.2 PRECIPITATION  
Annual precipitation is projected to increase by between 3-14% (35 – 365mm) throughout the 
basin. The largest increases in precipitation will occur in the historically wet areas of the central and 
northern Annamites and east to the floodplain between Vientiane and Pakse where increases of up to 18% 
or 365mm are expected to occur. The northern mid-elevation areas of Laos PDR and Thailand may also 
experience a large increase in precipitation. In these historically cool and relatively dry areas increases in 
annual precipitation are expected to reach up to 14% or 175mm. The ecozones associated with these 
areas, the Low-mid elevation moist broadleaf forest and High-elevation moist broadleaf forest - North 
Indochina, are projected to experience the highest increases in average annual rainfall including increases 
of up to 350mm (Figure 4-13). 

Lower increases in annual precipitation may occur in the Khorat Plateau, Cambodian floodplains 
and the Vietnamese delta. In these lowland areas annual precipitation will increase by between 3 to 
10%. These areas are historically drier so this translates to an increase of only 50 to 100 mm. The 
ecozones associated with these areas may experience significantly less changes in rainfall than the 
ecozones to the north and east (Figure 4-13). 

The Vietnamese highlands will also see a low percentage increase in precipitation of between 5 to 8 
percent. This is an area of historically low rainfall so this translates into a more significant absolute 
increase of up to 175mm.  
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Figure 4-13: Projected changes in annual precipitation for LMB ecozones. Note that the dark blue bars represent the range of 
variability within the ecozone. 

For the southern parts of the basin increases in precipitation will be coupled by increased climate 
variability. Large areas of the basin south of Pakse will experience negative changes in precipitation 
during the dry season. During the wet season these areas will experience an increase of between 5 to 14%. 
This will make seasonal differences much more pronounced in the southern areas of the basin. The 
northern areas of the basin may experience smaller absolute increases in precipitation in the dry season 
compared to the wet season therefore also increasing the variability between seasons but to a lesser degree 
than to the south.  

Changes in precipitation may lead to an elevation shift in precipitation across the basin. Levels of 
precipitation that historically occur at higher elevations will now occur lower. For example average 
annual precipitation of 1500mm historically occurred at an elevation of 280m. Under climate change 
conditions an average annual rainfall of 1500m will shift to elevations of 80m. Increases in precipitation 
will be more pronounced at higher altitudes (Figure 4-14).  

Figure 4-14: Precipitation elevation shift in the LMB due to climate change. Showing example shift of an annual precipitation 
of 1500mm from 280m (blue shaded area) to 80m elevation (orange shaded area)
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Figure 4-15: Projected annual precipitation and annual average maximum daily temperature changes in the Mekong Basin 

 



First draft for review and comment by participants at the final regional workshop in Bangkok March 28-29, 2013 

 
91 MEKONG ARCC TASK 2 DRAFT SYNTHESIS REPORT  

 

4.3.3 HYDROLOGY  
For this study analysis of the hydrology of the basin has focussed on two components of the flood pulse: 
onset and duration of biological seasons and changes in flow volumes. 

4.3.3.1 Onset and duration of hydro biological seasons 
Hydro-biological seasons take into account both the flow of the river, and the biological communities that 
depend on the flow. In 2009 the MRC developed definitions for four distinct seasons of the Mekong 
annual hydrological cycle (MRC, 2009). The start and end of each season is defined by specific flow 
thresholds and therefore the date of the onset of seasons varies from year to year (Figure 5-16).  

 

Projections indicate significant changes in the onset of the Mekong hydrobiological seasons due to 
changing patterns of rainfall and temperature (Figure 5-17 a and c). These changes include: 

• Wet season will start 1-2 weeks earlier 
• Dry season and Transition Season B will start 1-3 weeks later 
• Transition Season A will start <1 week earlier  
• Upper sections of the river will experience the largest delay in onset of the dry season.  
• Lower reaches will experience the least delay in onset of the dry season 

Analysis of the duration of hydro-biological seasons along the Mekong River shows that the flood season 
will increase and the other hydro biological seasons will decrease in length (Figure 17b and c): 

• Wet season will last 2-4 weeks longer 
• Dry season and Transition Season B will last 1-3 weeks shorter 
• Transition Season A will last 1-2 weeks shorter 
• Upper sections of the river will experience the largest increase in flood season duration.  
• Lower reaches will experience the smallest increase in flood season. 

 
   

Dry season and Transition season 2: Start is 
defined as the last time the flow drops below 
the long-term mean annual discharge.  
 
Transition season 1: Start is defined as the 
first time the flow increases to twice the 
minimum discharge of the preceding dry 
season.  
 
Flood season: Start of the season is defined 
as the first time the flow exceeds the long-
term mean annual discharge.  

 

Figure 4-16: Definitions for the hydrobiological seasons of the Mekong River (Source; MRC, 2009) 
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Figure 4-17: (a-c) Climate change induced alterations to hydro biological seasons at seven stations along the Mekong 
mainstream 
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4.3.3.2 Changes in flow volumes 
The Mekong River discharge and seasonal flow volumes increase downstream until Kratie after which the 
river enters a broad floodplain and flow is complicated by overland and non-channelised flow. This 
section concentrates changes in the flow regime between Chiang Saen in the north near the Chinese 
border to Kratie located just below the confluence with the Sesan, Srepok and Sesan basins. 

Increasing precipitation throughout the basin will lead to increased annual flows in the Mekong 
mainstream (Figure 4-19). Due to historically higher flows downstream the magnitude of the increased 
flows will be greatest in the downstream reaches whilst the increase relative to baseline will be greater in 
the upper reaches (Figure 4-19 a).  

The increase in flows will not be consistent between the hydro biological seasons. Due to the shift to 
longer wet seasons and shorter transition and dry seasons (Figure 5-19) the wet season will show a major 
increase in total flow volumes - reaching up to an 54,000 MCM increase at Kratie (Figure 4-19 b). Most 
of the stations will also experience a decrease in dry and transition season total flow volume as the 
seasons shorten.  

The dominant feature of the Mekong flood pulse is a single flood peak during August/September. Across 
all stations, climate change will increase the size of the flood peak (Figure 4-19 c and d). The size of the 
increase will be smallest in Chiang Sen with a 1,200m3/s increase, and strengthen moving downstream 
until reaching an increase of 6,200 m3/s at Kratie. The timing of the flood peak may only shift by a few 
days for most stations except for Chiang Saen where it is projected that the flood peak will be delayed by 
up to 14 days.  

The variability of the Mekong flood pulse will increase with climate change (Figure 4-18). Annual 
minimum daily flows will increase by up to 100m3/s. Annual maximum daily flows will increase by two 
order of magnitudes and greater reaching an increase of close to 10,000 m3/s which will mean that the 
variability of flows within a year will increase. The increasing variability will be greatest in the 
downstream reaches.  

Figure 4-18: Average annual flood pulse of the Mekong under baseline and climate change conditions 
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Figure 4-19. (a-d) Projected changes in Mekong flow due to climate change for seven mainstream stations 
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4.3.4 AGRICULTURAL DROUGHT 
The period of agricultural drought per year may significantly increase in large areas in the south 
and east of the basin by 2050. The study used an agricultural definition of drought where a drought 
month occurs when the precipitation in that month is less than 50% of the potential evapotranspiration. 
Using this definition the Cambodian floodplain, Vietnamese highlands, southern Lao PDR and areas of 
the delta will experience a 10 -100% increase in drought months - an increase of around one drought 
month per year. In the north of the basin in areas such as Chiang Rai and northern Lao PDR, there will be 
a decrease in drought months of up to 25% - a decrease of around two weeks of drought per year.  

4.3.5 CYLONES, STORMS AND PEAK PRECIPITATION 
The Mekong Basin is located in the middle of two cyclone systems – the first originating over the Pacific 
Ocean east of the Philippines and the second originating in the East Sea – and is therefore highly 
susceptible to climate induced changes in cyclones. The basin experiences a cyclone at least once every 
two years and along with the potentially damaging high winds comes a sudden large amount of rainfall 
which may cause flooding.  

Uncertainty in historical records, incomplete understanding of the physical mechanisms linking cyclones 
to climate and their natural variability means it is hard to attribute changes in cyclone activity to 
anthropogenic influences (IPCC, 2012). Partly due to this difficultly there has been no studies focused on 
the likely climate change impacts on the cyclone systems tracking across the Mekong basin. Nonetheless, 
it is possible to draw some conclusions from global and regional studies on climate change and cyclones.  

Figure 4-20: Climate change impacts on agricultural drought 
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A recent IPCC report on changes in climate extremes (2012) which looked at the current state of 
knowledge on likely climate induced changes in cyclones globally concluded that with climate change it 
is likely that:  

i) cyclone related rainfall rates will increase;  
ii)  the frequency of cyclones will slightly decrease;  
iii) cyclone wind speeds will increase; and  
iv) frequency of the more intense cyclones will increase substantially.  

Best global estimates suggest that average cyclone strength will increase by an order of 10%, and 
that the effect on the proportion of category 4-5 cyclones will be even greater. Based on more than 
40years of historic records and future modelling, there is consensus globally of a 5% increase in cyclone 
intensity for each °C increase in global surface temperatures (Holland et al, 2013). While this trend is 
expected to slow down in the future, the timing is uncertain, such that a 2-3°C increase in Mekong 
temperatures is likely to result in cyclone intensity increases in the order of 10+%. Further a 5% increase 
in mean cyclone intensity would likely exacerbate extreme cyclonic conditions, inducing a ~20% increase 
in category 4-5 cyclones (Holland et al, 2013). 

Projected increases in precipitation for the Mekong Basin could be compounded by increasing 
cyclone intensities. Throughout the LMB there is an increase in peak daily precipitation of more than 5% 
(figure 5-21). In the Srepok catchment, central Cambodian floodplain, northern Annamites and northern 
highlands of Thailand and Lao PDR, increases in peak precipitation exceed 16%. Increasing peak rainfall 
and cyclone intensity will increase the variability in Mekong rainfall affecting flash floods, hill-slope 
erosion rates and downstream flooding. 

Figure 4-21: Projected increases in peak daily precipitation for the LMB 
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Figure 4-22: Historic frequency and intensity of tropical storms and cyclones tracks for the LMB: (Source data: OCHA,2012) 
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4.3.6 FLOODING AND SALINE INTRUSION IN THE MEKONG DELTA  

4.3.6.1 Flooding in the Mekong delta 
 

Average flood conditions 

Sea level rise and increasing average and extreme flood volumes will increase the depth and 
duration of floods in the Vietnamese delta and Cambodian floodplains. Large areas of the delta which 
were historically rarely or never flooded to depths of 1.0m and 0.5m are projected to be regularly 
inundated to these levels. Maximum flood depths are projected to increase by over 1.0m with the highest 
increases along the East Sea coastline. Relatively minor increases in flood depth and duration are 
projected for the Cambodian floodplains.  

The culmination of increasing average flood flows and sea level rise will significantly alter the flooding 
regime of the Vietnamese delta and have also have impacts on the Cambodian floodplains (Figure 4-23). 
In the Vietnamese delta: 

 600,000 ha (approximately 19% of the total delta area) which historically was rarely or never 
flooded to a depth of one meter will experience floods at this level or greater for four or more 
days during an average flood year.  

 The area of the delta which is rarely or never flooded to a depth of 0.5m or greater during an 
average flood year will change significantly - from nearly 60% to 10% of the total delta area (1.9 
million ha to 300,000 ha).  

 There will be a sharp increase in the area of the delta that is inundated to 0.5m for over 121 days 
from 75,000 ha to close to one million ha.  

 During an average flood year the area of delta flooded to over 1.0m depth will increase from 45% 
to 57% under climate conditions – an increase of over 650,000 ha. 

In the Cambodian floodplains during an average flood year: 

 There will be relatively minor changes in flood depths and durations compared to the Vietnamese 
delta 

 6,000ha (less than 1% of the total floodplain area) of historically rarely flooded land in the 
floodplain will experience floods of over one meter for four or more days a year. 

 210,000 ha (5% of the total floodplain area) of historically rarely flooded land in the floodplain 
will experience floods of over 0.5m for four or more days a year.  

 The area with a maximum flood depth of two to eight meters will increase by over 5,000 ha (less 
than 1% of the total floodplain area 

 

1 in 100 year flood events 

[Results for the 1 in 100 yr flood and 0.3m sea level rise scenario and the 1 in 100 yr flood, 0.3m sea level 
rise and cyclone scenario are being finalise and will be included in the final version of the report] 

4.3.6.2 Salinity intrusion in the Mekong delta 
Modelling of changes in salinity due to increasing average floods and 0.3m sea level rise has shown that 
large areas of the delta will experience minor changes in maximum salinity and annual duration at 
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a salinity of 4 g/L (Figure 4-24). 1,200,000 ha of the delta will experience minor changes in maximum 
salinity of between minus five to five percent. Similarly 2,000,000 ha will experience a minus two to two 
percent change in number of days a year with a salinity concentration of more than 4 g/L.  

The greatest changes in salinity will occur at the dry season wetting front which represents the extent 
of coastal influences into the Delta (Figure 4-24). In the central Delta provinces of Can Tho, Dong Thap, 
Hau Giang, Kien Giang, Tien Giang, and Vinh Long over 133,000 ha will experience an increase in 
maximum salinity concentration of over 50%. The 4g/l salinity contour intrusion will creep landward and 
there will be areas subjected to salinity levels that they historically never or rarely experienced.  

Climate change induced changes in the extent and duration of saline intrusion in the Mekong Delta 
are highly sensitive to the use of human built water control infrastructure. As one of the most 
productive areas in the basin, the delta contains more than 3,900 canal structures and more than 5,000 
sluice gates and hydraulic headworks. Reductions in salinity concentration and duration in the Delta (for 
example Hau Giang Province will experience a decrease in concentration of nearly 50%), is primarily due 
to the increase in Mekong river flows during the dry season combined with the high connectivity of the 
delta which distributes river flow throughout the delta and reduces the hydraulic gradient driving saline 
intrusion. Other studies reflect similar results (see for example, GIZ, 2012). 

 In addition, the impact of saline intrusion on some provinces like Kien Giang are likely to be 
underestimated because the study team have utilised a 2005 map of canal and sluice gate infrastructure, at 
which time significant areas of northwestern Kien Giang were protected from saline intrusion in the 
interests of rice cultivation. Today the sluice gates in these areas are now open as farmer switch to shrimp 
aquaculture. 
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Figure 4-23: (a-c)Cambodian floodplain and Vietnamese delta  flood duration and depth for average flood conditions and SLR 
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Figure 4-24: Vietnamese delta maximum salinity concentration and duration at 4 g/L for average flood conditions and SLR 
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4.4 HOTSPOT RANKING 
The study team used the climate threat modelling results to identify the most threatened ecozones, 
catchments, provinces and protected areas. Table 16 summarises the ten most threatened areas for each of 
these spatial units and the reason they were identified as highly threatened. 

Table 16. Most threatened ecozones, catchments, provinces and protected areas in the LMB.  Note that the main threat is 
given for each of the areas in bold using the following notation

13
.  

Ecozones Catchments Provinces Protected areas 
High elevation moist broadleaf forest – 

Annamites   
TW 

Hoaag Hua 
PD 

Phayao 
PD 

Bi Dup Nui Ba Nature 
Reserve 

TW 

Lower floodplain,(Pakse to Kratie)    
TW 

Nam Hinboun 
PD 

Nakhon 
Phanom  PD 

Kun Jae 
PD 

Mid floodplain, (VTE to Pakse)  
PW 

Nam Thon 
PD 

Chiang Mai 

PD 

Kon Ka Kinh Nat.Park 
TW 

High-elevation moist broadleaf forest - 
North Indochina   

PD 

Nam Mae Ing 
PD 

Gia Lai 
 TW 

Doi Phu Nang Nat. Park 
PD 

Low-elevation dry broadleaf forest 
PW 

Nam Kam 
PD 

Mukdahan 
 PD 

Huiy Huad 
PD 

Mid-elevation dry broadleaf forest 
PW 

Huai Ho 
PD 

Lam Dong 
 TW 

Khammouane Limestone 
Nat. Biodiversity Area 

PD 

Tonle Sap swamp forest and lower 
floodplain  

TW 

Huai Thuai 
PD 

Khammouan 
 PD 

Chiang Dao National Park 
PD 

Low-mid elevation moist broadleaf 
forest  
PW 

Huai Bang Haak 
PD 

Kon Tum 
 PD 

Pu San 
PD 

Upper floodplain (CS to VTE)  
PW 

Huai Bang Sai 
PD 

Chiang Rai 
 TW 

Mae Phang National Park 
PD 

Delta mangroves and coastal wetlands  
PW 

Nam Mang Ngai 
PD 

Ratanak Kiri 
 TW 

Nam Theun Ext. Nat. 
Biodiversity Area 

PD 

                                                      
13 PD - percentage change in dry season precipitation is the main climate change threat for the area 
PW - percentage change in wet season precipitation is the main climate change threat for the area 
TW - percentage change in wet season temperature is the main climate change threat for the area 
TD - percentage change in dry season temperature is the main climate change threat for the area. 
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There are three main areas within which most of the hotspots are located: northern Thailand, the 
northern Annamites and the 3S basins. In the north of Thailand and in the northern Annamites area of 
central Lao PDR major percentage increases in dry season precipitation will threaten these higher 
elevation areas. Year round increases of maximum temperature, particularly during the wet season, will 
mean that areas to the east and northeast of Cambodia and the central highlands of Vietnam are highly 
threatened. 

Many of the hotspots have been identified as highly threatened by increases in dry season precipitation. 
Although increases in precipitation during the dry season may be relatively small in absolute terms they 
may have significant positive or negative impacts on ecosystems which are accustomed to the historical 
rainfall pattern. For example much of the increase in dry season precipitation is projected to occur later in 
the season during April and May. These months are common planting months in the basin for crops such 
as rainfed rice, maize and soya. Rainfall events during critical stages in the planting season of these crops 
can negatively affect crop production, leading to reduced yields or harvest losses. 

Note that some areas to the south of the basin will experience drier dry seasons – i.e. negative changes in 
precipitation. The absolute value of the percentage change was used to assess the threat for these areas but 
they were not identified as highly threatened because the percentage change is relatively small. 

4.4.1.1 Ecozones 
The two most highly ranked hotspot ecozones, High elevation moist broadleaf forest – Annamites and 
Lower floodplain, wetland, lake (Pakse to Kratie), will be highly threatened by increases in temperature 
during the wet season of up to 13%. These two ecozones are primarily located in the south east of the 
basin where temperature increases are projected to be greatest.  

The third and fourth ranked ecozones are highly threatened due to changes in precipitation. The Mid 
floodplain wetlands (Vientiane to Pakse) ecozone will see large increases in both wet and dry season 
precipitation. The high-elevation moist broadleaf forest – North Indochina ecozone will experience an 
increase in dry season precipitation of over 10%.  

4.4.1.2 Catchments 
The top ten ranked hotspot catchments are highly threatened by changes in precipitation during the dry 
season. The catchments are located in the northern Annamites and to the north of Thailand where changes 
in dry season precipitation may reach up to 18%. Decreasing dry season precipitation may lead to 
decreasing dry season flow in these catchments. 

4.4.1.3 Provinces 
All four countries of the LMB are represented in the top 10 most threatened provinces. There are five 
Thai provinces which are located in the areas to the north and to the east on the Lao PDR border and may 
experience major percentage changes in dry season precipitation of between to 14 to 17%. The three 
Vietnamese provinces are located in the central highlands and are projected to experience large increases 
in maximum temperature of around 15% during the wet season. The one Lao PDR province, Khamouane 
is located in the northern Annamite area which may experience large year round increases in 
precipitation. The only Cambodian province in the top ten is Ratanakiri. This province is located to the 
east of the basin next to the Vietnamese central highlands and is projected to experience high year round 
increases in temperature including increase of up to 14 % increases in the wet season.  
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4.4.1.4 Protected area clusters 
The Bi Dup – Nui Ba Nature Reserve located in the Vietnamese highlands has been identified as the 
protected area most threatened by climate change. This reserve is projected to experience changes in 
maximum temperature during the wet season of over 17%. Kon Ka Kinh National Park also located in the 
Vietnamese central highlands is the only other protected area in the top ten that is most threatened by 
temperature changes.  This priority zone for the protection of biodiversity in Vietnam may experience a 
close to 17% increase in wet season temperatures. 

The remaining eight highly threatened protected areas are located in the northern Thai and central Lao 
PDR areas which may be threatened by major increases in dry season precipitation.  

4.4.2 PRIORITY PROVINCES 
The study team applied additional considerations including flooding and representativeness to identify the 
final list of priority provinces (Figure 4-25): 

 Primary priorities (all theme groups undertook vulnerability and adaptation assessments for these 
provinces): Ken Giang; Mondul Kiri; Gia Lai; Chiang Rai and Khammouan 

 Secondary priorities (theme groups only undertook vulnerability and adaptation assessments in the 
provinces relevant to their theme): Kampong Thom; Sakon Nakhon; Stung Treng; Champasak; Ben 
Tre; and Xe Kong. 

The provinces in eastern Cambodia and the Vietnamese highlands are highly threatened due to large 
increases in the wet season temperature. 

The provinces in central Lao PDR and northern Thailand and Lao PDR are highly threatened due to major 
percentage increases in the dry season precipitation.  

Kien Giang is highly threatened by increases in flood height and duration projected to occur because of 
increasing flood levels of the Mekong and sea level rise. 
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Figure 4-25. Selected priority provinces in the LMB. Primary priorities shaded in orange and secondary priorities shaded in 
yellow. 
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4.5 ANALYSIS OF CLIMATE AND HYDROLOGY PROJECTIONS FOR 
PRIORITY PROVINCES 

There is considerable variability in the changes in climate projected for the priority provinces. The 
Cambodia and the Vietnamese provinces are projected to experience large increases in 
temperature. The Lao PDR and Thai provinces are projected to undergo major increases in 
precipitation and Ken Giang is highly threatened by inundation caused by sea level rise (Table 17 
and Table 18). To assist the theme groups in undertaking vulnerability assessments and adaptation 
planning the study developed climate change threat profiles for each of the priority provinces which 
provide detailed analysis of climate threats including temperature, precipitation, flows, droughts, storms 
and soil water availability. The priority province climate change profiles are provided in Annex 1.  

The following section highlights the key changes in climate for each of the primary priority provinces. 

4.5.1 CHIANG RAI 
Chiang Rai Province in Thailand is projected to experience some of the largest relative increases in 
precipitation within the Mekong Basin with annual precipitation increasing by 9 – 18% (Figure 
4-26). The greatest percentage increase in precipitation is projected to occur in December with a close to 
50% increase in precipitation from 11 to 16 mm/month. In the wet season the largest increase will be up 
to 30mm in September (11% increase). 

Temperature increases are moderate across the province (between 5 -8%).  Chiang Rai Province has a 
large variation in elevation between the lowlands running north to south through the centre of the 
province and the higher elevations to the east and west. This elevation range causes a minor variation in 
temperature within Chiang Rai. Spatial variation in rainfall will also become more pronounced with 
climate change with almost 2,000mm/yr variation in rainfall between the north and the south of the 
province.  

Figure 4-26. Chiang Rai projected change in annual average precipitation 
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Table 17: Climate projections for primary priority provinces 

 Chiang Rai Gia Lai Ken Giang Khamouane Mondulkiri uplands 

Daily maximum 
temperatures 

Increase of between 1 
to 2 °C throughout the 
year 

Increase of between 1 
to 5 °C throughout the 
year 

Increase of between 2 
to 3 °C throughout the 
year 

Increase of between 2 
to 4 °C throughout the 
year 

Increase of between 2.5 
to 5 ° C throughout the 
year 

Daily Minimum 
Temperatures 

Increase of between 0 
to 2 °C throughout the 
year 

Increase of between 3 
to 5 °C throughout the 
year 

Increase of between 1 
to 1.5 °C throughout the 
year 

Increase of between 1 
to 2 °C throughout the 
year 

Increase of between 1 
to 2 °C throughout the 
year 

Precipitation 
Wet season 

Increase in monthly 
precipitation of up to 40 
mm  

Increase in monthly 
precipitation by up to 40 
mm  

Increase in monthly 
precipitation by up to 25 
mm 

Increase in monthly 
precipitation by up to 75 
mm (21 % increase) 

Increase in monthly 
precipitation by up to 70 
mm (14 % increase) 

Dry season Decrease in monthly 
rainfall of up to 
5mm/month 

Minor decreases in dry 
season precipitation 

Minor decreases in dry 
season precipitation 

Increase in monthly 
precipitation of up to 
70mm (27% increase) 

Decrease in monthly 
rainfall of up to 
3mm/month (12%) 

Storms Large rainfall events 
will increase in size 

Large rainfall events 
will increase in size 

Large daily rainfall 
events will increase in 
size by up to 50mm 

Large daily rainfall 
events will increase in 
size by up to 40mm 

Large daily rainfall 
events will increase in 
size by up to 20mm 

Droughts14 The pattern of 
agricultural drought will 
be unchanged 

No significant changes 
in drought trends 

Significant increase in 
the occurrence of 
agricultural drought 
conditions in April and 
May  

Very little change in 
drought occurrence 

Increase in the 
occurrence of 
agricultural drought 
conditions in April. 

Soil water availability Minor impacts on soil 
water availability 

Minor impacts on soil 
water availability 

N/A Decrease during Dec – 
April. Increase of up 
to7% during May - July 

Year round reduction 
peaking at a 20% 
reduction in May 

SLR and flooding NA NA Major increases in 
flood depth and 
duration.  

NA NA 

                                                      

14 The study used an agricultural definition of drought where a drought month occurs when the precipitation in that month is less than 50% of the potential evapotranspiration 
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Table 18:. Climate projections for secondary priority provinces 

 

 Sakon Nakhon Champasak15 Kampong Thom16 

Daily maximum temperatures Increase of between 1.3 to 2.7 Deg C 
throughout the year 

Increase of between 1.7 to 3.7 Deg C 
throughout the year 

Increase of between 2.0 to 4.0 Deg C 
throughout the year 

Daily Minimum Temperatures Increase of between 0.8 to 1.8 Deg C 
throughout the year 

Increase of between 0.8 to 1.7 Deg C 
throughout the year 

Increase of between 0.9 to 1.8 Deg C 
throughout the year 

Precipitation 

Wet season 

Increase in monthly precipitation of up 
to 60 mm (21% increase) 

Increase in monthly precipitation of 
up to 50 mm (17% increase) 

Increase in monthly precipitation of 
up to 40 mm (18% increase) 

Dry season Increase of up to 25mm month during 
March, April, May and Dec. 

Minor decreases in Jan and Feb 

Increase of up to 8mm a month (16% 
increase) during May and Dec. 

Minor decreases during Jan to April 

Increase of up to 20mm a month (13% 
increase) during May. Minor increase 
during March and Dec. 

Minor decreases during Jan, Feb April 
and Dec 

Storms  Large rainfall events will increase in 
size 

Large rainfall events will increase in 
size 

Large rainfall events will increase in 
size 

 

 

 

                                                      
15 There is a large elevation difference from the east to west of Champasak province. The results provided in the table are for the hotter and dryer lower elevation west side of the 
province. The cooler and warmer higher elevation areas to the east of the province will experience a slightly less significant change in precipitation and a much more pronounced 
increase in temperature.  
16 The projected increase in wet season precipitation is highly variable in Champasak province. The results provided in the table above are for a point in the south centre of the 
province. It represents an average increase, areas to the west will see lower increases (as low as 7 % increase) and areas to the east will see more significant increases in wet season 
precipitation (up to 14% increase).  
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4.5.2 GIA LAI 
Gia Lai Province in the Vietnamese highlands comprises upland areas of the Sesan Catchment and 
is projected to experience large increases in temperature with annual maximum temperatures 
rising by 8-11% by 2050. The increases will occur throughout the year from a minimum increase of one 
degree Celsius in January to a four degree Celsius increase in July and August (Figure 4-27).  

Annual precipitation increases in the province are moderate for the Mekong ranging between five to 
eight percent. However the variability between the seasons may be more pronounced, increasing by up to 
11 % during the wet season and decreasing by three to ten percent during the dry season.  

Figure 4-27: Gia Lai annual time series of projected increases in daily maximum temperature: The solid blue line is the average 
of the GCMs for the baseline centered around 2000. The solid orange line is the climate change average of the GCMs. 

4.5.3 KIEN GIANG 
Sea level rise and flooding may cause drastic changes in the depth and duration of flooding in Ken 
Giang. Under climate conditions during an average flood year over 400,000 ha that was previously rarely 
or never flooded to a depth of 1.0 m is projected to experience flooding of this depth for up to 121 days a 
year (). Similarly over 100,000 ha that was previously rarely or never flooded to a depth of 0.5 m will 
experience flooding of this depth ( 5-28). The maximum flood depths during an average year may also 
increase due to climate change. 141,000ha historically inundated up to depths of one meter may be 
inundated by one to three meters by 2050 (Figure 5-29).  

Kien Giang is projected to experience relatively minor increases in precipitation and daily 
maximum temperature. Annual precipitation will increase by five to eight percent and daily maximum 
temperature increases across the province may range between 5 -10%. This province was included in the 
priority provinces because of the impacts of sea level rise and flooding, not because of the projected 
increases in precipitation and temperature. 
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4.5.4 KHAMMOUNE 
Khammoune Province is projected to experience some of the largest increases in precipitation 
within the Mekong Basin with annual precipitation increasing by 8 – 18% by 2050. The annual 
precipitation increases will be driven by large increases of up to 25% of the monthly rainfall during April 
and May (30mm and 70mm increases respectively) (Figure 4-29 a and b)).  

Temperature increases will be mostly moderate across the province (between 5 -8%) except for a 
section in the north-west hills which will see increases in temperature of up to 16% (two degrees Celsius 
increase). 

Khammoune Province is predominantly lowland except for a small section in the northwest next to the 
border with Ha Tinh province in Vietnam. This area steeply climbs to a very small section of upland on 
the border and therefore experiences slightly higher precipitation but lower temperatures. 

Figure 4-29: Khamouane projected increases in monthly precipitation a) absolute increase; and b) percentage increase 

a) absolute increase b) percentage increase 
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Figure 4-28: Projected changes in flooding in Ken Giang Province for an average flood year and sea level rise of 0.3m a) 
Change in area of duration of floods of >1.0m and >0.5m depth in Ken Giang Province. a) Baseline and climate change areas 
of maximum flood depths 
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4.5.5 MONDUL KIRI 
The highland area of Mondul Kiri is projected to experience some of the largest increases in 
temperature within the Mekong Basin with annual maximum temperatures rising by 12-16% 
including increases over five Deg C during April (Figure 4-30).  

Mondul Kiri covers both midland and low land areas of the Sre Pok catchment linking the upland areas 
within Vietnam to the broad Mekong floodplain expanse south of Kratie. The variation in elevation 
results in two comparable climate change regimes with the lowland areas being hotter and drier. It is the 
historically cooler highlands which are projected to experience the highest changes in temperature but by 
2050 they will remain slightly cooler than the lowlands.  

Precipitation increases in Mondul Kiri are moderate for the Mekong ranging between five to eight 
percent increases by 2050.  However the variability in seasons may become more pronounced as the 
precipitation increases by 11 % during the wet season and decreases by 3-10 % during the dry. 

 

 
Figure 4-30: Mondul Kiri projected change in annual average daily maximum temperature 
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5 BASELINE AND 
IMPACT/VULNERABILITY 
ASSESSMENT  

In climate change assessments, it is often the initial scoping and baseline phase that consumes most time.  
All else depends on the accuracy and detail of the data gathered to establish the science evidence base for 
later steps.  Another key task of the baseline assessment is to identify key issues and trends affecting the 
target species and systems, including past climate and extreme events.  The main drivers and influences of 
change – apart from climate change – need to be identified, although in the CAM method those are set 
aside during the vulnerability assessment and brought back for consideration when defining adaptation 
strategies.   The baseline phase also includes the projection of climate changes and the definition of 
climate threat profiles for the target areas, species and system described in Chapter 5. 

Each of the five theme groups conducted baseline assessments as the key input to the CAM impact and 
vulnerability assessments as outlined in Table 19 and described in this chapter. 

Table 19; Theme group baseline and vulnerability assessments in priority provinces  

Theme group Basin wide and ecozone Primary priority provinces: 
Chiang Rai, Gia Lai, Ken 
Giang, Khammoune and 
Mondul Kiri 

Secondary priority 
provinces  

Agriculture  Hot spot ranking/scoping 
 Baseline assessment and trend 

analysis 
 Crop suitability analysis 

 Crop yield modeling 
 CAM vulnerability 

assessment of key crop 
species 

In Sakon Nakhon, 
Champasak and Kampong 
Thom:  
 Crop yield modeling 
 CAM vulnerability 

assessment of key 
species 

Livestock  Hot spot ranking/scoping 
 Baseline assessment and trend 

analysis 
 CAM Livestock data base 

CAM vulnerability assessment 
of key livestock species and 
systems  

NTFPs and 
CWRs 

 Hot spot ranking/scoping 
 Baseline assessment and trend 

analysis 
 CAM NTFP and CWR database  

Species vulnerability 
assessment for key NTFP and 
CWR species  

Protected 
Areas 

 Hot spot ranking/scoping 
 Baseline assessment and trend 

analysis 
 CAM protected areas database 

CAM vulnerability assessment 
for five hot spot protected area 
clusters and individual 
protected areas 

CAM vulnerability 
assessment for Tonle Sap 
tropical grasslands 

Aquaculture  Hot spot ranking/scoping 
 Baseline assessment and trend 

analysis 
 CAM aquaculture database 

CAM vulnerability assessment 
for key aquaculture species 
located in the province 

CAM vulnerability 
assessment and adaptation 
planning for 3 species in 
Strung Treng 

Capture 
Fisheries 

 Hot spot ranking/scoping 
 Baseline assessment and trend 

analysis 

CAM vulnerability assessment 
for key capture fisheries 
species located in the province 

CAM vulnerability 
assessment and adaptation 
planning for 3 species in 
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 CAM Fish Database 
 Catchment level assessments to 

define fish species 

Strung Treng 

Health and 
infrastructure 

 Hot spot ranking/scoping 
 Baseline assessment and trend 

analysis 

CAM vulnerability assessment 
for health and infrastructure in 
the province 

 

 

5.1 AGRICULTURE 

5.1.1 BASELINE OVERVIEW 
In the Lower Mekong Basin growing conditions for agriculture are diverse, from the mountainous areas 
of Laos and Central Highlands in Vietnam to the lowland plains of the Delta in Cambodia and Vietnam. 
Farming systems range from traditional shifting agriculture systems dominated by upland rice through to 
industrial plantations, including smallholder intensive rice farmers.  Yet, similar patterns and trends can 
be highlighted across countries and ecological zones with the spread of commercial crops and the 
emergence of commercial agriculture replacing subsistence rice-based systems.  

Rainfed agriculture is the main farming system in the LMB, with rainfed rice the dominant crop, 
representing 75% of agricultural area. Other commercial crops such as maize, soya or cassava, with 
growing importance are mostly rainfed. The suitability range of crops is important with similar crops 
found across ecozones. Crop suitability and trends in crop production may change due to the impact of 
climate change.  Annual rainfall is not the primary constraint for agriculture. Instead, it is the un-
predictability and variability of rainfall during the rainy season that can generate drought, water stress and 
low yields.  

In high and mid elevation ecozones, commercial agriculture is expanding into new areas.  After 
substantial growth in recent decades in the Central Highlands of Vietnam, rubber plantations and cassava, 
maize and sugarcane are expanding in Laos as key commercial crops in addition to lowland rice.  Farming 
systems in upland zones are moving from traditional subsistence shifting cultivation to more commercial 
forms. In the Central highlands and the Boloven plateau in Laos significant areas are dedicated to Robusta 
coffee plantations.  

Low elevation areas are dominated by lowland rainfed systems, sometimes with access to irrigation. 
The cultivation of commercial crops began in Northeast Thailand and then on Cambodia‟s  plateau, 
beginning in the Northwest provinces (Pailin, Oddar Meanchey, Bantheay Meanchey, Battambang) and 
now reaching Eastern provinces (Siem Reap, Ratanakiri). In Northeast Thailand sugarcane remains 
important with rubber covering larger areas – more recently in Cambodia with the expansion of 
smallholders and private concessions. Along the Mekong corridor in Laos, similar commercialization is 
occurring, using more inputs and mechanization under the influence of Thailand‟s agro-sector. Maize, 
cassava, sugarcane, soya and rubber are the main crops cultivated together with rainfed rice.  

The Cambodian floodplain supports a diverse rice based farming system, where the different 
cropping patterns for rice depend on flood duration and receding water. In this ecozone investments 
in agricultural intensification have developed or rehabilitated irrigation areas. Between 2001 and 2010, 
the harvested area of dry season rice increased by 5% per annum to 404,800 ha. 

The Mekong Delta is the most intensive rice growing region in the LMB, with triple rice cropping 
in the fresh water areas. Triple rice cropping is found in areas protected from the flood and saline water 
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intrusion.  Fruit orchards and other crops such as sugarcane and pineapple are cultivated in specific areas 
of the Delta, while rice-shrimp rotation is found in coastal areas where saline influence is significant.  

5.1.2 CLIMATE SUITABILITY  
Result of crop suitability modeling with climate change shows both positive and negative shifts for the 
crops tested across the Basin as summarised in Table 20. Maps of the suitability modeling results are 
provided in Annex 3.  

Rubber, Robusta coffee and rice experience positive shifts in various areas of the high and mid 
elevation ecozones. Altitude shifts in climatic conditions are also important for rubber cultivation and 
new areas suitable for industrial plantations will become available by 2050.  

Yet, rubber plantations experience large negative shifts in production area in Western Cambodia, 
the Central Highlands and in recently planted areas like Champasak Province in Laos, due either to 
increase in rainfall or prolonged drought. Those changes in climate suitability are relevant for future 
planning. Similarly, future coffee plantations in Mondulkiri Province of Cambodia will be affected by 
changes in rainfall and temperature and potential future coffee plantation in this province might need to 
be reconsidered.  

Soya, maize, cassava and other coffee species will experience decreases in suitability in specific 
locations due to increased precipitation, in some cases exceeding suitable growing conditions 
altogether.  Similarly, in some parts of the basin an increase in temperature will reduce the suitability for 
cassava, while it will allow for higher suitability in higher altitudes where current cultivation is limited by 
low temperature.  

Rainfed rice culture is too diverse to assess in detail. However, the study shows that increased 
precipitation in the rainy season will increase the suitability for lowland rainfed rice culture. The 
model does not take in account extensive flooding or flash floods related to projected increased rainfall 
which past experience has shown to be extremely destructive of rice and other crops. 

Table 20: Summary of findings per crop and eco-zone and relevance for current agro-system 

 Main change in 
Suitability 

Location Ecozone Example of 
changes 

Rubber Increased 
suitability due to 
increased 
precipitation 

Northern Thailand (Chang Rai) 
and Northern Lao PDR 
(LouangNamtha, Phongsali; 
Oudomxai) 

 High-elevation moist 
broadleaf forest 

 
5,500 km2 of 
increase 
suitability in 
Northern 
Thailand 

Increased 
suitability due to 
higher temperature 

Northern Thailand (Chang Rai), 
Lao PDR (LoaungNamtha, 
Phongsali; Oudomxai), Central 
Highlands (Kom Tum) 

 High-elevation moist 
broadleaf forest  

 Mid elevation moist 
broadleaf forest 

Decreased 
suitability due to 
increased rainfall 

Cambodia (Kratie, Preah Vihear) 
and Central and Southern Lao 
PDR (Champasack) and Chi Bun 
Basin In Northeast Thailand 
(Ubon Ratchatani) 

 Low-elevation dry 
broadleaf forest 

 (Mid floodplain, 
wetland, lake) 

 (Mid-elevation dry 
broadleaf forest) 

7,000 km2 
decreased 
suitability in 
Chi Bun basin 

Cassava Increased 
suitability due to 
higher temperature 

High and mid elevation eco-zone 
(Northern Lao PDR in 
Louangprabang, Louangnamtha, 
Xayaburi and Central Highlands, 
Kontum) 

 High-elevation moist 
broadleaf forest 

 (Low-mid elevation 
moist broadleaf forest) 

14,000km2 of 
increased 
suitability in 
Northern Lao 
PDR 
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Decreased 
suitability due to 
higher temperature 

Low elevation eco-zones (Lao 
PDR, Cambodia and Central 
Highlands) 

 Low-elevation dry 
broadleaf forest 

 Low-elevation moist 
broadleaf forest 

 
25,000 km2 in 
Cambodia shift 
to lower 
suitability  Decreased 

suitability due to 
increased 
precipitation 

Lao PDR in Champasack and 
Cambodia - Stung Treng, Preah 
Vihear, Battambang; and Central 
Highlands - Gia Lai 

 Mid-elevation dry 
broadleaf forest 

 Low-elevation dry 
broadleaf forest 

 Low-elevation moist 
broadleaf forest 

 (Floodplain, wetland, 
lake) 

Increased 
suitability due to 
increased 
precipitation 

Northern Thailand (Chang Mai, 
Chang Rai) 

 Mid-elevation dry 
broadleaf forest 

 High-elevation moist 
broadleaf forest 

 Low-mid elevation 
moist broadleaf forest 

900 km2 
change to high 
and very high 
suitability 

Maize Decreased 
suitability due to 
increased 
precipitation 

Louangnamtha; Vientiane, 
Khamouane and Phongsaly 
province (Lao PDR),DakLak in 
Central Highlands (Vietnam) 

 Low-mid elevation 
moist broadleaf forest 

 High-elevation moist 
broadleaf forest 

 Mid-elevation dry 
broadleaf forest 

5,000 km2 shift 
to lower 
suitability in 
Dak Lak 
province 

Soya Decreased 
suitability due to 
increased 
precipitation 

Kampong Chhnang, Battambang, 
PreahVihear, Pursat, Kampong 
Cham Siem Reap, Kratie and 
Kampong Thom (Cambodia) 

 Low-elevation dry 
broadleaf forest 

 Low-mid elevation 
moist broadleaf forest 

More than 
60,000 km2 will 
experience 
decreased 
suitability for 
soybeans, due 
to increases in 
precipitation. 

Robusta 
Coffee 

Increased 
suitability due to 
higher temperature 

Chang Mai, Chang Rai, North 
Lao PDR 

 High-elevation moist 
broadleaf forest 

 Mid-elevation dry 
broadleaf forest 

2,500km2 in 
Chiang Mai and 
Chiang Rai will 
shift to higher 
suitability Increased 

suitability due to 
increased 
precipitations 

Chang Mai, Chang Rai, North 
Lao PDR 

 High-elevation moist 
broadleaf forest 

 Mid-elevation dry 
broadleaf forest 

Decreased 
suitability due to 
higher rainfall and 
temperature 

Lao PDR (Champasack and 
Attapeu) and Western Cambodia 
(Mondulkiri, Ratanakiri) and 
Central Highlands (DakLak) 

 Mid-elevation dry 
broadleaf forest 

 Low-elevation dry 
broadleaf forest 

1,800 km2 will 
shift to lower 
suitability in 
Champasack 
province and 
5,000 km2 
decrease in 
suitability in 
Dak Lak 
province 

Lowland 
Rice 

Increased 
suitability due to 
increased 
precipitation 

Northeast Thailand  Low- elevation moist 
broadleaf forest 

Loi province 
with more than 
2,000 Km2 
increased 
suitability  
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 Lower suitability 
due to increased 
precipitation 

Northeast Thailand (Nakom 
Ratchasim) and Lao PDR  
(Xaisomoun, Bolikhamxay) 

Low-elevation dry 
broadleaf forest 
High-elevation moist 
broadleaf forest 
Low-mid elevation moist 
broadleaf forest 

3,500km2 will 
shift from good 
and high 
suitability to 
moderate 
suitability for 
rain-fed rice. 

 

5.1.3 MAIZE AND RICE YIELD 
Yield modeling for rice and maize shows a general decrease in yield compared to the current 
situation in the hot spot provinces (Table 21). Changes in yield are variable and will typically decrease 
by 2050 due to higher temperatures during the crop season, as plants will be vulnerable to increasing 
temperatures.  

Rainfed rice is the most important crop in the basin. Increases in diurnal temperature can reduce rice 
yields (Welch et al. 2010).  A decrease in average rice yields of just a few percent per hectare would 
have dramatic impact on LMB food security and food production.  

Other areas such as Northeast Thailand can expect an increase in rainfed rice yield by 2050.  Yield 
increases are attributed to CO2 fertilization and higher rainfall. The negative impact related to the increase 
of temperature is offset by CO2 fertilization. However, recent studies suggest that the combined effect of 
increased temperature and CO2 fertilization will be detrimental to crop yield (Groeningen et al. 2012). 
Multiple, interacting climate parameters will significantly influence rice yield.  

By 2050, maize yield across the hot spot provinces will decrease by 3 to 12 % due to increased 
rainfall or temperature (Table 21).  Gia Lai in Vietnam is expected to be particularly hard hit with 
reductions in rainfed rice and maize yields of 12.6% and 12.1% respectively by 2050.   

While these results quantify some of the threats of climate change the study did not consider changes in 
agricultural management practices, such as modifying the fertilization level.  Planting date and growing 
period will have an important impact on rice yield and are the most influential variables (Mainuddin et al. 
2010). Shifting the calendar for planting and harvesting dates, using early maturing varieties and 
increasing fertilizer (or improving their use efficiency) can reduce the yield gap due to climate change. 

Table 21: Crop yield modeling for rainfed rice and maize baseline and in 2050 
Province Rainfed Rice 

Baseline (ton/ha) 
Change by 2050 

(%) 
Maize 

Baseline (ton/ha) 
Change by 
2050 (%) 

Chang Rai 3.4 -4.8 4.22 -3.13 
ShakomNakhom 2.1 4.6   
Khammouan 3.4 -0.1 4.74 -5.03 
Champasack 2.9 -5.6 5.08 -5.55 
Gia Lai 3.3 -12.6 3.54 -12.09 
Mondulkiri 2.1 -3.0   
Kampong Thom 2.2 -3.6 3.06 -5.97 

 

5.1.4 ASSESSMENT OF CROP VULNERABILITY BY HOTSPOT 
For each hot spot province, the main crops were identified and vulnerability assessments conducted based 
on crop physiology and climate modeling.  Only high vulnerability results for each crop in each hot spot 
is presented here. (Table 22 and Table 23).  The full results are presented in detail in the agricultural 
theme companion volume to this synthesis report. 
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Increased temperature was found to be a common threat across the basin. Lowland rainfed rice 
and irrigate rice will experience reduced yields due to temperatures higher than 35oC during the 
growing stage in the dry season.17 The increase of the minimum temperature during the night will also 
affect rice yield. In the Mekong Delta, it was found that rice in the dry season will be highly vulnerable to 
increased temperature. Saline water intrusion and sea level rise will affect both irrigated and rainfed rice, 
with water quality constraints, shorter growth period and higher flood level and duration.  

Increased water consumption due to higher temperatures in late dry season or during droughts may be an 
issue that generates conflict between different water users.  

Soya, rice, maize and coffee will be vulnerable to increased rainfall. Increased rainfall will affect 
lowland and soils with low drainage capacity for those crops that do not tolerate water logging. Increase 
rainfall will also affect the yield of those crops if excessive during the harvest and post-harvest period 
leading to more losses.  Water logging and increases in intensity of rainfall during those critical periods 
are likely in 2050. 

Increase in incidence of pest and fungal diseases due to increases in rainfall and temperature are likely but 
were was not assessed in this study due to the lack of data.  

Table 22: High vulnerability of crops to changes in temperature and precipitations in the 8 hotspots 
Crops Main Vulnerability Hot Spot 
Rainfed Rice Increased temperature  Chang Rai, SakomNakom, Khamouane, Champasak, Kampong Thom 
Irrigated Rice Increased temperature Champasak, Kampong Thom, Ken Giang 
Maize Increased Precipitation Khamouane, Champasak 
Cassava Increased Precipitation SakomNakhom; Khamouane, Champasak, Mondulkiri 
Soya Increased Temperature 

Increased precipitation 
Kampong Thom 
Mondulkiri 

Rubber Increased Temperature Chang Rai; SakomNakhom 
Coffee Increased Precipitation 

Increased temperature 
Champasak 
Gia Lai 

Litchi Increase temperature Chang Rai 

 

Increase of temperature alone will also affect soya, maize and cassava, but their vulnerability to this 
one parameter is considered medium. However the combined effect of increased temperature and 
excessive rainfall could induce a significant yield drop in those crops. Sugarcane is more resistant to 
high temperatures, and it is less vulnerable compared to rice or cassava. Sugarcane can endure a certain 
level of water logging. Industrial plantations of coffee and rubber will also face increased temperatures 
with maximum temperature above the optimal rage and in some cases will require an altitude shift in 
plantations if yields are to be maintained. In the case on the Boloven plateau the projected increased 
precipitation may affect coffee plantations. The potential for increase of pest and fungi with increased 
temperature and rainfall in coffee plantations has not been assessed.  

The assessment does not take in account benefits from increase temperature and altitude shift of 
plantations to new areas suitable for cultivation. Increase rainfall especially in northeast Thailand will 
limit the water stress in rainfed systems. The climate modeling does not show increase in dry spells in the 
rainy season, one of the main threats for rainfed crops and especially for rice. 

 
                                                      
17The highest vulnerability is experienced during anthesis and ripening stages, where the rice plant has a low tolerance for temperature above 
35oC 
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Table 23: High vulnerability of crops to extreme climate change events in 8 provincial hotspots 
Crops High vulnerability to storm and flashflood High vulnerability to  flood 
Rainfed Rice Khamouane, Champassak, Mondolkiri Khamouane, Kampong Thom 
Maize Khamouane, Gia Lai Khamouane 
Cassava Khamouane, Champasak, Mondolkiri, Gai 

Lai 
Khamouane, Sakhom Nakhom, Kampong 
Thom 

Sugarcane Khamouane Khamouane 
Soya Mondolkiri Kampong Thom 
Robusta 
Coffee 

Champassak, Gia Lai  

 

The higher incidence of extreme events such as storms and heavy rainfall will increase the 
vulnerability of the most farming ecosystems in the region.  The lowlands will experience higher 
incidence of floods and flashfloods (Table 23). In uplands, the combination of climate changes with 
destructive agriculture practices and lack of soil conservation considerations will lead to an increase in 
soil erosion and loss of fertility. This threat is exacerbated in the case of cassava culture, where loss of 
fertility is already observed in Central Highlands when cultivation occurs on steep land.  

At the basin level, subsistence production systems such as upland shifting cultivation or smallholder 
rice farmers are vulnerable – although upland farmers normally cultivate a diversity of crops and use a 
diversity of natural system services and products which can provide safety nets at times of stress.   

Farmers involved in commercial crop cultivation are also vulnerable - extensively cultivating a few 
cash crops may reduce options in response to climate stresses. For example, cassava sector is supported 
by a large number of smallholders and a high vulnerability of cassava culture can deeply impact those 
smallholders, even if they are not considered as subsistence farmers.  

Other crops such as soya, sugarcane, maize and perennial plantation require more investment capacity and 
are not cultivated by the poorest farmers at medium scale. However, a drop in production of those crops, 
will affect the poorest, including the landless farmers, with a reduction of wage labor opportunities and 
other job opportunities within the value chain. 

Areas newly planted with rubber in Cambodia and in Southern Lao PDR are expected to be 
unsuitable for those crops by 2050.  Similar conclusions can be drawn for future coffee plantations in 
eastern Cambodia.  Development of commercial agriculture with cassava, soya and maize was found 
vulnerable in several hot spot across the basin. For example, development of cassava, soya, and maize 
culture in the Mekong corridor in Lao PDR could be vulnerable in the near future – those crops are now 
expanding and re-shaping the agricultural landscape of this region. 

Future adaptation strategies will need to improve the overall adaptive capacity of farmers and not just 
address a specific threat to a specific crop. An approach is needed that acknowledges the complexity of 
farming systems with all components and the cumulative effects of multiple climate change threats. 

5.2 LIVESTOCK  

5.2.1 LIVESTOCK BASELINE OVERVIEW 
Livestock production systems in the Basin can be placed on a spectrum ranging from „traditional‟ 
smallholder livestock „keeping‟ systems to large highly productive commercial enterprises, the general 
descriptions provided below broadly encompass all current livestock production in the Basin: 
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„Traditional‟ small-scale, low intensity, low-input, low-output systems, typically raising stock of 
local genetics and with limited market orientation:  while there is some variation between species 
these systems contribute well over 90 percent of total numbers of producers in the Basin, and over 50 
percent of total production. Bovines are typically raised individually or in small herds of under five. Pigs 
may be unpenned or confined, typically herds comprise one or two sows and/or between two and ten 
fatteners. Chickens are raised in flocks of mixed ages, naturally mating with between 10 and 30 mature 
birds. Vaccination rates are low. Stock perform poorly against conventional performance indicators such 
as reproduction rates, feed efficiency and daily gain and offtake rates are low. Stock fulfill multiple 
functions including supporting other household livelihood generation mechanisms such as cropping, a 
form of savings, a short-term cash source through occasional sales and a contributor to social status. In 
these systems livestock are important contributors to food security both directly, through consumption of 
products, and indirectly through income from occasional sales. Traditional systems are found throughout 
the Basin but are most prominent in more remote locations with less access to input and output markets 
and, typically, greater access to communal and protected land.  

Traditional systems dominate the higher elevation forested and more sloping ecozones in the LMB 
and are typically associated with low-income households: in many instances „traditional‟ animal 
raising is associated with vulnerable groups and vulnerable household members, particularly the raising of 
small stock. Traditional production systems require low labour input allowing persons less able to work in 
the fields or off-farm, due to other household commitments or physical constraints for example, to 
contribute to household livelihoods. Women, the elderly and children are often responsible for household 
livestock providing these persons with an important source of cash income and increasing social standing 
both within the household and wider community. 

Commercial enterprises employing higher pressure husbandry practices and investing significantly 
more in inputs: stock are raised for income generation through sales of meat, milk and/or eggs. In these 
systems livestock commonly constitute the main source of household income. The scale of commercially 
oriented operations in the region ranges widely within and between species; systems range from relatively 
small landless peri-urban units to large-scale vertically integrated companies. Though significantly less in 
terms of total owner numbers production volumes are high particularly for monogastrics and in terms of 
regional dairy production. These systems typically supply urban markets. Commercial production is 
associated with local environmental concerns particularly in the more densely populated Vietnamese 
Delta and surrounding areas. 

Commercial production systems are becoming increasingly prominent in the Basin where they tend 
to be concentrated in the low-lying ecozones: commercial production, at various scales, is most 
prominent in Vietnam, in northeastern Thailand and is becoming increasingly prevalent near Phnom Penh 
and Battambang in Cambodia. FAO and ILRI have predicted demand for each of the major livestock 
derived products in Basin countries to increase by between 150 and 300 percent by 2020 driven primarily 
by increasing incomes and urbanization, dependent on product and locality, a trend likely to continue 
towards 2050; commercial production will by and large meet this increasing demand. These systems are 
associated with higher income households due to the higher capital investment required, greater 
production costs and greater risk associated with loss and/or market fluctuations. It is rare for more 
commercially oriented production to be undertaken by poor and vulnerable households or household 
members. 
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5.2.2 VULNERABILITY ASSESSMENT 
Small- and medium-scale commercial operations are most vulnerable and have limited capacity to 
adapt: the presence of commercial livestock production units has increased dramatically in recent 
decades, a trend highly likely to continue, with an associated increase in the use of higher performance 
genetics and higher productivity management practices such as heightened stocking rates. High 
performance breeds managed in high density systems will be negatively affected by expected climate 
changes. Ambient temperature increases of up to five degrees, predicted in parts of the Basin, will reduce 
productive performance and increase behavioural problems, morbidity and mortality in the majority of 
small- to medium-scale commercial units without investment in cooling systems; investments which are 
typically beyond the reach of these producers. Productivity losses and increased mortality rates, 
particularly among young and immuno-compromised stock will negatively affect farmer incomes and 
may increase prices of livestock derived products, or drive increasing demand for imported products. 

Higher temperatures will have little measureable effect on individual animals in „traditional‟ 
systems but multiplied across villages to regional level the impacts may be significant: traditional 
systems typically rear hardier local breeds and crossbreds with greater thermal tolerance, for example bos 
Indicus cattle breeds raised throughout the region primarily for draught. Though loss of productivity due 
to temperature increases is unlikely to be noticed on an individual basis, and no specific study has been 
found, it is probable that draught animal fatigue (due to thermal stress/reduced feed intake) will reduce 
household incomes directly, by limiting ability to work for hire and reduced working life, and indirectly 
through impacts on other livelihood generating mechanisms. Among other species reduced lay rates and 
gain may occur but low offtake rates will make estimation of losses difficult. 

Though it is not possible to quantify changes in competitiveness and productive outputs associated with 
predicted climate changes to 2030 and 2050 it is reasonable to describe trends and suggest likely impacts 
on the subsector.  

5.2.2.1 General productivity 
Temperatures beyond the upper critical value for specific animals once reached will impact 
productivity and increase behavioural problems in intensely stocked systems: this effect will be most 
notable among poultry and pigs housed in higher stocking densities in more commercially oriented 
systems, most prominent in low lying areas of the Basin. Stock will reduce their feed intake with higher 
temperatures, reducing liveweight gain and increasing time to slaughterweight. For example, in intensive 
pig systems studies have shown for each degree increase above approximately 30 degrees centigrade a 
five percent reduction in voluntary feed intake can be expected, sudden changes will have even greater 
impacts on stock health and productivity. More densely stocked commercial poultry will experience 
comparable reductions in weight gain, egg weights and eggs/hen/year. As stated, high stocking rate pig 
and poultry systems will likely experience more behavioural problems, negatively affecting productivity, 
making management more difficult and increasing risks of infection through reduced immune responses. 
However, with all species temperature must be considered in relation to housing, in particular bedding 
and draughts but also humidity, the animal‟s thermal history, feeding rate, stocking rates, weight, age, sex 
and genotype. 

5.2.2.2 Nutrition 
Climatic changes will likely affect the availability and price of local feed sources and ingredients 
which will have significant impacts on smallholders: drier dry seasons will likely increase the length 
and severity of low feed periods for grazing stock and those fed predominantly on local raw feeds; 
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systems which are already stressed with stock typically already scoring low on body condition. The need 
for good feed preservation systems will increase, greater use of preserved feeds risks exacerbating the 
negative effects of mycotoxins (aflatoxins in particular), already a significant constraint to many 
production systems. Aside from direct impacts on growth rates and reproductive performance, 
undernourishment also reduces livestock resilience to stress and disease challenges. Larger producers 
more closely tied to global commodity prices will be affected differently. 

5.2.2.3 Animal health 
Negative impacts on feed availability caused by drought and flooding will reduce stock condition 
and resilience to disease challenges: immunity is reduced by poor body condition and the risk of 
physical injury is increased potentially leading to infections among other health and production related 
issues. Further, drought and floods often lead to rapid stock sales as a household coping mechanism, 
increasing stock movement and mixing in the affected areas and increasing the risk of disease outbreaks. 
Disease challenges will be further increased by stress from transportation, change of diet, unfamiliar 
environmental conditions and by stock condition. 

The quantity and quality of disease vector breeding sites will be altered by changes in the 
environment, particularly water availability: for example greater climatic variability may include 
unseasonable rainfall in some areas, increasing stagnant water and increasing the availability of breeding 
grounds for mosquitoes; and the need for greater feed preservation and storage may encourage rodent 
problems. While pathogens vary widely in their temperature tolerances, spatial and temporal shifts in 
disease patterns have been well documented in the past and can be expected to increase with predicted 
climate changes and associated seasonal variation. Important disease vectors in the region include: 
arthropods (mosquitoes, flies, ticks) and rodents. 

Changing weather systems will influence the likelihood of pathogen transmission through fomites: 
wetter weather will increase the likelihood of disease transmission through mud, for example, increasing 
the importance of fundamental biosecurity measures such as cleaning and disinfection, quarantining, 
disposal of dead animals and control of on- and off-farm traffic.  

Wetter wet seasons are likely, overall, to exacerbate current internal and external parasite 
problems: nematode infections are a common constraint to livestock production in the Basin. Parasitic 
infestation is typically seasonal and associated with the wetter conditions, which are expected to increase.  

5.2.2.4 Extreme events – flooding, drought, storms 
Increased numbers of, and strength of, extreme events will have negative impacts on livestock 
raising: livestock affected directly by extreme weather events may be lost, flash flooding, for example, 
claims significant numbers in the region annually. Indirect impacts through malnutrition during and post 
droughts and slow-onset flooding affect huge numbers livestock producers, FAO-WFP estimated two 
thirds of affected livestock owners lost stock as a direct result of the September-October 2011 floods in 
Cambodia (on the basis of 2500 household surveys post flood). Further, as referred to above, increased 
stock movement and mixing associated with extreme events will increase the risk of disease outbreaks. 

Lethal affects of temperature extremes would be unlikely in most of the region, however, 60 000 
cattle and buffalo were estimated to have been lost in northern mountainous areas during the 2008 
cold snap: though estimates have not been made public, recent cold snaps in 2008 and 2011 likely caused 
significant losses of poultry and pigs, particularly young stock. Climate change is expected to increase 
weather extremes, for example, sudden extremes in temperature may become more common which will 
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result in increased thermal stress on stock in naturally ventilated buildings and will exacerbate stress 
related health and welfare issues and result in losses in productivity. 

5.3 NATURAL SYSTEMS – NTFPS AND CWRS 

5.3.1 NTFP AND CWRS BASELINE OVERVIEW 
NTFPs make a significant contribution to national and local economies in the region and can make 
up over 30% of the income of individual farming families. For example in 2007, the contribution of 
NTFPs was about 9% of total GDP of Lao PDR, including both cash income and non-cash income 
values.18 In some years, the seeds from false Cardamom from Lao PDR are the second most valuable 
agricultural export commodity after coffee. In other years the export of malva nuts may exceed that of 
cardamom. They are essential for food security, medical remedies, fibre and furniture and provide resins 
and essential oils - the raw materials for pharmaceuticals, fragrances and other chemicals. Pressures upon 
land and natural resources have meant that the remaining sources for these natural products are often 
protected areas. There is a strong financial incentive for sustainable management of this resource. NTFPs 
may be collected exclusively from wild sources, but there is an increasing trend for valuable species to be 
cultivated or even domesticated, especially when these have an important export value. 

This study of the potential climate change vulnerabilities and impacts NTFPs and Crop Wild Relatives 
highlights the considerable variation expected between the different types of plant and between the 
different locations within the LMB . The species considered are examples, not representatives of the type 
of plant since other species of plant or invertebrate may have very different vulnerabilities to climate 
change. Also many of the species considered have closely associated species or sub-species that are found 
in different parts of the basin adapted to the varied conditions. There may be some species or sub-species 
out there which have greater resilience than those described and which could therefore be used for 
replacement as conditions in one area become too hostile for survival of the species described.  

The ecological requirements of NTFPs and CWRs are complex. All the species considered grow in 
forest or wetland plant assemblages and often depend on symbioses, synergies and interactions with 
the other flora and fauna in these assemblages (thus the importance of ecosystems as well as 
complementary species focused climate change assessments), for example: 

 Fungi are pervasive throughout forest ecosystems.  The natural cycle of growth, death and decay of 
all species depends upon the functioning of fungi. Many fungi have close associations with specific 
tree or plant species, e.g. the fungus species considered, Russulavirescens, has associations with trees 
of the genus Fagaceae. Wild rice species are also associated with certain endophytic fungi which 
contribute to their growth and survival. 

 Earthworms are also essential for ecosystem functioning, breaking down dead plant materials and 
releasing nutrients so that they are available for the next generation of plants in the forest. 
Earthworms have been considered separately here. 

 Pollinators such as bees, bats and birds are also important and many plant species have evolved 
specific mechanisms to attract pollinators to their flowers. Whilst one of the most important species 
of bees, Apisdorsata, has been considered in its own right, the critical interactions with species such 

                                                      
18Opp cit. 
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as orchids, cardamom, many tree species has not been considered. The impacts of climate change on 
pollinators would be cumulative – as pollinators decrease in numbers, so the potential for plants to be 
pollinated decreases. Eventually a threshold might be reached where the plant is no longer pollinated 
and dies out.  

 The plants in their natural habitats are generally tolerant and resilient of disease or insect infestations, 
but if stressed, e.g. by rising temperatures or drought, or by loss of natural habitat, disease and insect 
attack may become more severe, leading to loss of that species. Increasing temperatures or increased 
moisture in the air at certain times of year may enhance the rate of spread of the disease or 
populations of attacking insects.  

 

Unlike domesticated crops which are designed and grown in relative monocultures and in fairly or 
very exposed situations (e.g. open fields), NTFPs and CWRs live and grow in these complex forest 
or wetland ecosystems.  Generally, they are relatively protected. False cardamom, Amomumspp, for 
example, requires at least 50% forest cover or shade in order to thrive. On the other hand, plants such as 
Paper mulberry, Broussonetiapapyrifera, grow more in open spaces within the forest caused by fallen 
trees, or at forest edges, and where the forest has been cleared. The climbers, e.g. Dioscoreahispida 
require other trees to grow up and support them in the forest.  

A forest moderates extremes in temperature and maintains a higher humidity within it than can open 
fields of crops.  Forests provide “refuges” against the extremes of temperature and drought.  As that 
forest cover and integrity is lost – as a result of logging, clearance, and over harvesting for example – 
then the protection it offers decreases, and NTFP and CWR species will be less able to cope with the 
stresses of climate change. 

Many NTFPs and CWRs are well adapted to climate extremes if undisturbed by other influences.  
In their natural environment, most species have clear seasonal patterns, especially in the climatic 
conditions of the LMB where there is a marked distinction between wet and dry seasons. They are well 
adapted to the dry season, when many species go into relative hibernation, shed their leaves, store up food 
sources in tubers, or aestivate (earthworms), or migrate (honey bees). They can largely withstand the 
extremes of drought at the end of the dry season and lowering of soil moisture availability. Often the 
seeds that they produce can survive several years of dormancy and wait for the best conditions before 
they germinate – fungi are excellent examples of this strategy; they can survive these periods of extreme 
climate and take advantage of the climate variability to grow and reproduce when the conditions are less 
extreme. A number of species, especially the grasses and herbs, climbers and aquatic plants have 
vegetative reproduction and can grow from the rootstock and rhizomes as well as producing seeds. This 
means that they can also take advantage of different conditions to multiply and spread when seed 
production is limited.    

5.3.2 VULNERABILITY ASSESSMENT 
Of all the climate changes considered in this study, the increase in temperature is the most 
important for NTFPs and CWRs, particularly when it occurs during the flowering, fruiting and 
seed dispersal times of year. In the LMB many of the NTFP plants start flowering at the end of the dry 
season, the hottest time of year – this is when the increases in temperature is projected to be most 
extreme. For several species, notably False Cardamom, Amomumspp and Paper mulberry, 
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Broussonetiapapyrifera, the increase in temperature predicted for Mondulkiri during the flowering period 
could push the species beyond their absolute temperature range, even though modified by forest cover. In 
other provinces considered, Khammouan,Gia Lai and Chiang Rai, the temperature changes are less 
significant and lie within the biological tolerances of the species, although increased temperature may 
have a significant effect on productivity and fertility. 

The climber, Dioscoreahispida would appear to be one of the least vulnerable species, having wide 
climatic tolerances, and well developed mechanisms for surviving prolonged dry seasons. By contrast, 
Orchids, e.g. Dendrobiumlindleyi are considered to be highly vulnerable, especially in Mondulkiri and 
Khammouan, where future increase in temperature and decrease in dry season rainfall will affect its 
growth and will increase wild fire risk. Increased frequency of storms could also have an impact upon the 
orchids growing high up in the trees. Wild orchids often have complex pollination systems dependent on 
insects that may be affected by climate change. 

Changes in rainfall patterns would appear to have a less significant impact on NTFPs and CWRs – 
for most species in the hot spot provinces, the increases in annual rainfall are well within the normal 
range. The patterns of rainfall during the dry season may show a decrease in several provinces, especially 
in Mondulkiri, and the soil water availability is likely to be reduced during this time. However, unless 
there are increased periods of prolonged drought (which is possible in Mondulkiri faced with projected 
increased temperatures and reduced rainfall during the dry season), the normal seasonal patterns of 
dormancy during the dry season and strong growth during the wet season will allow most plants to 
survive.  Some species are even adapted to periods of prolonged drought.  

Forest fire is an important ecological feature – both positive for renewal and destructive for loss of 
individual plants, plant assemblages and seed banks.  In some areas such as Mondulkiri and 
Ratanakiri, climate change would enhance the risks of forest fire through more intensive drying 
and accumulation of litter. If plants are not given the space and time to recover between incidents of 
forest fire they will die out. The resin tree species, Dipterocarpusalatus, a long-lived species of great 
importance to local communities, with low reproductive rate, is vulnerable to forest fire, which can kill 
seedlings and saplings. Increases in temperature at the crucial flowering period is likely to reduce the 
reproductive rate further – the species is considered highly vulnerable in most of the hot spot provinces 
apart from Gia Lai.  

Wetland plant species appear to be the least vulnerable of the NTFP plants considered. The 
increased temperature is moderated by the water habitat and may in fact induce growth of the aquatic 
plants. They are well adapted to flood, and most are also adapted to periods of drought, and will come 
back when the flood waters return.  Some of these species, e.g. Typhaorientalis, are pioneers and may 
become more invasive under the influence of climate change. The sedge, Lepironiaarticulate is 
considered to be moderately vulnerable, largely because it has a fairly restricted habitat requirement 
which may be subject to grassland fires. With vegetative growth from the rootstock it has the ability to 
regenerate after such events. 

The mangrove, Sonneratiaspp, is the only species studied here likely to be affected by sea level rise, 
strong winds and storm surge. It is considered vulnerable, but if allowed to migrate inland as the seas rise, 
then it can survive. If movement inland is constrained by dykes and other developments, as is the 
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case in most coastal areas of the LMB, then mangroves will become highly vulnerable with large 
areas of forest lost. 

Of the two insect species assessed, the giant honeybee, Apisdorsata, is moderately vulnerable. This is 
because of its life history traits, for example, the great ability to disperse, the special mechanism to 
tolerate heat, and its genetic variability.  The bee possesses a high capacity to adapt to new environmental 
conditions. Increases in temperature and changing patterns of rainfall may influence the timing of its 
migrations. If climate change affects the flowering times and quantities in plant species that bees depend 
on, then this could also have an impact on bee populations. Wild bee pollination is critically important for 
many fruit crops. 

Red ants were assessed as having low vulnerability.  This species has mechanisms for adapting to 
changing environmental conditions.  Increased maximum temperatures may reduce feeding effectiveness 
in some areas, for example, in Mondulkiri.  Also, red ants nest high up in trees making them more 
vulnerable to storms and high winds, which is why they are considered more vulnerable in Khammouan. 

Earthworms, a keystone ecological species as well as an NTFP, are generally considered to have low 
vulnerability, apart from in Mondulkiri, where high temperatures and reduced soil water availability may 
significantly reduce their resilience.  

Wild rice species are highly vulnerable to projected increases in temperature, especially in 
Mondulkiri.  Wild rice is in a different position to NTFPs because it is not valued – by governments or 
local communities.  Like many other important CRWs, they are rarely used by rural people. They may be 
“forgotten” be everyone except those interested in rice improvement and genetic research. Their 
conservation is not given priority by LMB governments. Already, they are under threat from genetic 
erosion – mixing of genes with cultivated rice – and habitat loss with rapidly increasing pressure of land 
development for agriculture, urbanization, plantations or more general forest clearance.  Increased 
temperature from climate change is another significant threat to an already highly threatened group of 
species. 

Table 24shows the climate change vulnerabilities of different NTFP and CWR species in different 
provinces. Mondulkiri province stands out as being the most extreme in terms of the climate changes and 
the species vulnerabilities.  Chiang Rai stands out as the province where the vulnerability of NTFPs and 
CWRs to climate change is the least. Gia Lai and Khammouan have an intermediate position. Kien Giang 
is in a very different situation, and whilst the threat of seas level rise and storms affects the vulnerability 
of mangroves, the vulnerabilities of aquatic plants and wild rice species remains low.  

In conclusion, the integrity of forest and wetland ecosystems is of critical importance to the natural 
resilience and adaptive capacity of most of the NTFP and CWR species - without the protection 
that these provide, their vulnerability would be much greater. 
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Table 24. Climate change vulnerabilities of different NTFP and CWR species in different provinces 

 

The increases in temperature would appear to be the most significant threat from climate change.  A 
species may be pushed beyond its biological tolerances, and raised temperatures at key times of year – 
flowering, fruiting and seed dispersal - may affect its reproductive and seed survival rates.  

The effects of temperature and rainfall patterns on the interactions between plants, insects and other 
invertebrates that make up the ecosystem of which NTFPs are a part are difficult to assess because of their 
complexity.  The study has tested an ecosystem approach in its vulnerability assessments of protected area 
clusters reported in the next section. 

It is clear that as climate changes, so the mix of species in the forest and aquatic habitat assemblages will 
shift, favouring some species that can tolerate the new climate patterns better than others. This is unlikely 
to be a sudden shift. Many of the NTFPs have several species or sub-species that are already distributed 
widely according to different existing conditions, and it is possible that these will “move” to take up new 
positions as the climate changes. Effective dispersal mechanisms are therefore an important aspect of 
species resilience. 

Kien Giang Mondul Kiri Gia Lai Chiang Rai Khammouan 

3. Delta Low lying 

acidic area swamp 

forest

6. Low-elevation 

dry broadleaf 

forest

9. Mid-elevation 

dry broadleaf 

forest

4. High-elevation 

moist broadleaf 

forest - North 

Indochina

7. Low-mid ele 

moist broadleaf 

forest

NTFP Category Species Common name
2. Delta 

mangroves and 

saline water

9. Mid-elevation 

dry broadleaf 

forest

12. Upper 

floodplain 

wetland, lake (CS 

to VTE)

4. High-elevation 

moist broadleaf 

forest - North 

Indochina

Mushroom Russula sp Russula mushroom x x x x

Grasses/herbs Ammomum spp False Cardamom x x x x

Sesbania sesban Egyptian pea x x

Typha orientalis Oriental rush

Lepironia articulata Lepironia Sedge

Climbers Dioscorea hispida Bitter yam x x x x

Orchids Dendrobium lindleyi Orchid x x x x

Rattans Calamus crispus Rattan x x x x

Shrubs Broussonetia papyrifera Paper mulberry x x x x

Dipterocarpus alatus Resin tree x x x x

Sonneratia casseolaris Mangrove apple x

Apis dorsata Giant honeybee x x x x x

Oecophylla smaragdina Red Ants x x x x

Invertebrates Earthworms x x x x x

CWRs

O. nivara x x x x x

O. officinalis x x x x x

O. rufipogon x x

Landrace rice O. sativa/prosativa Floating rice An Giang

CC Vulnerability

Very high

High

Moderate

Low

Very Low

Wild Rice

Province

Ecozone

Aquatic plants

Trees

Insects
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5.4 NATURAL SYSTEMS – PROTECTED AREAS 

5.4.1 BASELINE OVERVIEW 
Protected areas are a form of conservation management tenure which aims to protect specific natural 
features, species and habitats in their natural state. The four counties have established 115 protected areas 
in the Lower Mekong Basin covering almost 10,000km2 or 16% of the basin and most of its remaining 

forests and upper watersheds (Table 25 and 
Figure 5-1). 

 

Thailand has established most LMB 
protected areas in number (39%) but 
Cambodia and Laos most by area (ie 78%).  
Size is important in determining the 
capacity of a protected area to meet its 
conservation objectives and its ability to 
withstand natural and man-made shocks 
including climate change.  Size is an 
important indicator of resilience.  

The protected areas in the Vietnamese parts 
of the basin are small and fragile – much 
smaller than those in the other riparian 
countries.  They also fall within some of the 
LMB provinces most threatened by climate 
change, such as Gia Lai and Kien Giang.   

The MRC database includes 94 wetlands of 
national and international importance for 
their biodiversity – this study identified 
another 8 which need to be added to the list.  
More than 60% of those wetland areas fall 
outside the protected area system - with 
around 50% having some sort of natural 
resource or conservation management. 

Table 25. Protected areas in the LMB by country 

LMB country No of PAs Area of PAs 
(km2) 

PAs as % of 
basin area 

Ave size of PAs 
(km2) 

No of important 
wetlands 

Cambodia 21 3,761 6.1 179 24 
Lao PDR 27 3,847 6.2 143 13 
Thailand 45 1,824 2.9 41 39 
Vietnam 21 383 0.6 18 18 
Total 114 9,815 15.8  94 

 

Those figures do not provide a full picture of the protected area estate in the LMB.  By world standards, 
the % of national area set aside for PAs is exceptional – at least in Cambodia, Laos and Thailand where is 
more than 20% on average (Table 26).   In 2003 about half of the remaining forest estate in all four 
countries was to be found within protected areas.  In the past decade, that figure has significantly 

Figure 5-1: Protected areas and ecozones in the Lower Mekong Basin 
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increased – likely closer to 70%, especially if quality and biodiversity importance is considered, due to 
continuing losses in forest cover and quality outside PAs.  

Table 26. National protected area systems in LMB countries 

As at 2012 Cambodia Lao PDR Thailand Vietnam 
PAs as a % of national land area 21 21 19 8 
% of PA system managed at local levels 5 100 2 94 
Forests in existing and proposed PAs as a % of forest 
area (2003 figures) 

40 39 65 26 

 

Other important trends have been shaping the protected area systems.  During the 1990‟s, the number of 
PAs increased rapidly and the total PA coverage as a % of national land area increased rapidly.  In the 
decade to 2010, Cambodia and Thailand continued to add to their nationally established PAs while in 
Laos and Vietnam the nationally designated area remained the same.  

The decade saw significant increases in the number and coverage of locally established and management 
PAs in Cambodia, Lao PDR and Thailand.  For example, the growth of local protected areas in Cambodia 
has been remarkable – by 2010 more than 980 were in place (Table 27). Some 60% of those were 
specially designated areas within existing nationally established PAs but 40% are in new areas 
representing a significant increase in the PA estate, particularly given their critical importance to local 
livelihoods. 

Table 27. Newly established local protected area in Cambodia (2010) 

PA type Number Area (km2) 
Community forests 430 13,810 
Community protected areas 84 930 
Fisheries community conservation areas 469 6,837 
 

Protected areas now represent the last vestiges of the original plant and animal assemblages of the region.  
They are the heartland for NTFPs and crop wild relatives – for many the last resort.  A very significant 
issue is that around 90% of the LMB‟s protected areas have communities living within them – and most 
are experiencing growing populations.  More than 25% of the area within LMB PAs is used for 
agriculture, 30% for grazing, 30% for fisheries and 90% for hunting, gathering and extraction.  Also, PAs 
in all countries except Thailand are open for major infrastructure development such as hydropower 
schemes, roads, mining, plantations and tourism facilities. 

All LMB protected areas and linked natural areas of forest and wetlands are of increasing importance as 
an essential part of healthy productive farming ecosystems – increasing as populations grow and as access 
to arable land diminishes.   There is a direct correlation between population density and the intensity of 
use of protected areas.  Most LMB protected areas tend to fall into the least populated and less accessible 
locations – although this is changing with increasing migration towards regions of biodiversity wealth.  
80% of protected areas are situated in regions of medium to high poverty incidence and there is an 
increasing dependence of poor on PAs as a food security safety net.  

5.4.2 VULNERABILITY ASSESSMENT 
Vulnerability assessments were conducted on eight protected area clusters or individual PAs within the 
eight hot spot provinces representing each of the 12 ecozones (Figure 5-2).  
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The aim was to treat those areas as 
distinctive ecosystems with a range of 
characteristics and influences which 

determine their resilience to climate 
change.  It was important for the 
team to treat the cluster or individual 
PA as a system and to tease out the 
complex inter-linkages within its 
special assemblage of plants, 
animals and other biophysical 
characteristics.   

The other theme groups had focused 
mainly on individual species – it was 
the task of the PA group to draw out 
the importance of the relationships 
between those components for 
climate change resilience.  
Inevitably, it was necessary to built 
on the species assessments already 
conducted and then to view their 
influence on ecosystem services.   
The process and results were 
summarized on vulnerability 
assessment matrices as illustrated in 
Appendix 2 for the Mondol Kiri 
protected area cluster.  The 
assessments led to a basin wide 
summary of the main impacts and 
vulnerabilities for protected areas 
presented here.  The full results are 
reported in the companion volume 
on PAs. 

Provisioning Services 

Climate change impacts have negative consequences for a number of key provisioning services and assets 
of PAs and PA clusters. Provisioning services are most vulnerable in buffer zones, in community use 
areas and in the peripheries of PAs where NTFPs, suitable agricultural land, and water sources are most 
heavily used, and where exposure to climatic change would be most pronounced. Services were found to 
be impacted in a number of ways, including,  

 Decline in plant and animal productivity: Drought in the dry season, increased flooding and 
soil saturation in the wet season will lead to changes in pollination and flowering, spread and 
incidence of disease; 

 Decline and loss of NTFPs: Reducing habitats and increased reliance and pressure upon NTFPs 
if agricultural production is impaired; and,  

 
Figure 5-2: Important wetlands in the Lower Mekong Basin 
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 Decline in water quantity and quality: Clean water is a key provisional service of PAs. 
Increased drought, reduced land cover, and changes in species composition and soil structure may 
affect the quantity and quality of water entering streams, ponds, trapeangs, and lakes. Similarly, 
changes in surface water temperature, sedimentation and flood regimes will impact on water 
quality and aquatic systems generally.  

Regulating Services  

Climate change impacts were found to affect many PA regulatory services such as water cleansing, waste 
breakdown and nutrient recycling, soil erosion, climate (microclimate) control, pest control, and flooding 
control. Identified vulnerabilities of regulatory services in the PAs included: 

 Decreased regulation of 
erosion and sedimentation: An 
increased occurrence and 
decreased interception of 
sediment in water sources due to 
more extreme dry and wet 
conditions exposing and then 
flushing sediment into 
waterways.  

 Decreased regulation of 
flash flooding and landslides: 
Projected increased precipitation 
in the wet season and increased 
runoff could lead to degradation 
of habitats, riverbank erosion, 
bank collapse, and localized 
landslides.  

 Decreased pest control 
functions: Biological control 
services are expected to decrease 
in reliability and effectiveness 
various ecological linkages are 
disturbed such as insect co-
dependence and pest/predator 
relationships between insects, 
birds, amphibians, plants and 
mammals. Dramatic changes are 
likely to favour invasive species, 
displacing native predators, for 
example, and allowing 
corresponding native or 
introduced pests to flourish. In 
many cases increased ponding 
and stagnant water was predicted 
in the wet season - thereby 
increasing breeding habitat for 

mosquitoes and other disease vectors. Likewise drought conditions favour pests and have been 
the cause of considerable damage to crops during drought years.  
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1. Chiang Rai
2. Sakon Nakhon
3. Khammoun
4. Champassak
5. Mondolkiri
6. Gia Lai
7. Kampong Thom
8. Kien Giang

Figure 5-3: Protected areas clusters in hot spot provinces in the Lower Mekong 
Basin 
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 Decreased nutrient recycling functions: Drier surface litter from higher temperatures will lead 
to slower decomposition processes and build up of otherwise recycled products. Losses or decline 
in certain insect activities may also reduce waste recycling, decomposition processes, and, hence, 
nutrient recycling services.  

Habitat or Supporting Services 

Climate changes were found to be a cause of ecosystem shifts within PAs that reduce the supports for 
some species to thrive and survive.  Identified vulnerabilities of Habitat or Supporting Services in PAs 
included:   

 Shifting/changes in habitat: Ecosystems are expected to shift or alter under climate change. The 
“movement” of certain species to higher elevations or latitudes because of changed temperature 
and rainfall regimes, for example, could change conditions and symbiotic linkages for other 
species, as well as lead to the appearance of competing species.  

 Loss of habitat: Increased risk and incidence of fire is likely to reduce habitat and to disrupt 
support services. Human settlement and infrastructure will limit the movement of ecosystems 
and, in some circumstances, prevent ecosystem shifts altogether causing permanent loss of 
habitats.     

 Reduction/degradation in biodiversity: In some PAs, some species are expected to disappear 
under climate change; others that are better adapted to new rainfall and temperature regimes will 
replace them. This will change the make-up of ecosystems and create opportunities for more 
hardy and aggressive native or exotic species, such as bamboo and other grassland species in 
degraded forests, or exotics in wetlands. Some species may experience a reduction in 
reproductive cycles and an altered period between flowering and maturing of seeds and 
propagules. 

 Reduction in species population size: Higher levels of stress on PAs from a combination of 
influences including climate change is expected to lead to an overall loss in diversity and 
simplification of plant and animal assemblages. The number of species and the populations in 
some remaining species is expected to reduce. Migratory species would seek other areas more 
suitable for breeding and nesting. Reduction in top soil moisture would reduce micro flora and 
fauna suppressing decomposition and nutrient recycling affecting regeneration and plant growth.  

Cultural Services 

Changes to ecosystems are expected to affect tourism, recreation, mental and physical health, and 
spiritual experiences associated with PAs, as well as the inspiration for culture, art, and design.  Identified 
vulnerabilities of cultural services in the PAs include: 

 Declines in tourism: reduced habitat is expected will cause losses in flagship species such as 
elephant, tiger and other cats – and subsequent losses in tourism. Increased in intensity and 
regularity of flooding and storms may destroy tourist facilities and reduce access to tourist sites 

 Damage to infrastructure: Flooding, storms, and sea level rise will damage infrastructure and 
cultural assets in and around the protected areas, including roads, bridges, temples, and tourism 
facilities 

 Reduced community well being and health: The overall losses in the condition of some PAs 
will have an impact on human well being, especially traditional communities with strong ties to 
the affected areas.  Diseases may spread more easily in hotter and wetter climates un-moderated 
by diverse natural systems. 

In summary, key climate change induced ecosystem shifts in LMB protected areas include: i) geographic 
shifts in species ranges due to shifts in regular climate; ii) substantial range losses for individual species; 
iii) seasonal shifts in life cycle events such as advances in flowering due to changes in temperature, (iv) 
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changes in animal migration patterns, (v) changes in fish migration due to changes in the onset of the 
flood season; vi) body size changes such as decreased body size due to higher temperatures; vii) 
community composition changes, for example species adapted to higher temperatures will become more 
predominant; and viii) genetic changes such as tolerance shifts. Ecological shifts will lead to fundamental 
changes to the make-up of LMB protected areas.  

5.4.3 PROTECTED AREA VULNERABILITY BY ECOZONE 
Climate change impacts are projected to vary across ecozones and, consequently, certain ecozones are 
less vulnerable than others.  Drawing from the protected area assessments, major vulnerabilities for each 
ecozone are summarised below. 

T – Temperature 
P – Precipitation 
W – Water availability 
Sa – Salinity 
Sl – Sea level  
D – Drought 
F – Flooding 
S - Storm 

Very High 

High 

Medium 

Low 

Very Low 

 

Upper floodplain wetland, lake  

Representative of this ecozone is Nong Bong Kai - Non Hunting Area in Chiang Rai, Thailand. It has 
very high vulnerability to changes in (i) temperature, because the maximum temperature during the dry 
season is projected to increase up to 42.5oC; and (ii) flooding, due to greater intensity of rainfall during 
the wet season leading to flooding and flash flooding. Consequently: 

 Important aquatic species that are sensitive to the high projected temperature increases would 
experience declining populations, particularly in already degraded habitats 

 Sedimentation and the degradation of water quality by higher temperatures would affect fish 
habitat (loss population, changes to migration patterns), macro-invertebrate species and aquatic 
plant communities 

 The invasion of exotic species, particularly aquatic weeds such as cogon grass, will become a 
threat to wetland ecosystems under warmer conditions 

 Flooding destroys subsistence crops, livestock and agricultural areas, and wild products of the 
wetland 

 Flooding is associated with increased crop diseases, insects, and rodents 
 Increased flooding would damage infrastructure and cultural assets in and around the protected 

areas – including, roads, bridges, houses, resorts, and tourism facilities   

 

Mid and low elevation dry broadleaf forest  

Representative of this ecozone is the Mondulkiri PA cluster in Cambodia. The ecosystem is projected to 
be exposed to: a major increase of 3-4oC in maximum temperature; a high percentage decrease in rainfall 
and water availability during the dry season; a large increase in the frequency and duration of drought; 
and, a rising intensity of rainfall and subsequent increase in flash flooding. Notwithstanding these shifts, 
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the baseline condition of this area is very dry and the functioning of the ecosystem is marginal. The most 
vulnerable services are embodied in: 

 Declining water resources due to a hotter and dryer climate reducing crops productivity and 
domestic water availability  

 Habitat degradation for important commercially exploited NTFP species, such as resin trees and 
cardamom due to sensitivity to temperature increase and their presence in already degraded 
habitats 

 Earlier drying of seasonal trapeang ponds leading to severe water shortages for dependant biota 
 The shifting of ecosystems and incursion by invasive species causing biodiversity losses, 

particularly prominent in the case of climax bamboo grasslands in degraded forest areas  
 Increasing sediment and nutrient loads, due to drier soils and early onset of the monsoon, will 

affect populations of some fish species and encourage algal growth 
 Increased fire risk and subsequent destruction of habitats and biodiversity 

 

High elevation moist broadleaf forest 

Representative of this ecozone is Nakai-Nam Theun NBCA in Khammouane, Laos. The ecosystem is 
most vulnerable to flooding, particularly flash floods. Significant rainfall during the wet season would be 
associated with more frequent flash floods and landslides. The principal vulnerabilities of the ecosystem 
associated with flooding: 

 Seasonal destruction of subsistence crops and livestock and agricultural areas 
 Reduced access to forest products, e.g. NTFP gathering 
 Degradation of biodiversity through habitat destruction and the spread of invasive exotics 
 Natural system provisional services becoming more important during and after extreme flooding, 

leading to greater exploitation of forest products if agricultural lands are destroyed and access to 
markets is reduced 

 

Low-mid elevation moist broadleaf forest 

Representative of this ecozone is Hin Namno, Phoun Hin Poun, Corridor Nakai - Nam Theun, Phou Hin 
Poun in Khammouna, Laos and Chu Prong in Gia Lai, Vietnam. Similar to High elevation moist 
broadleaf forest, this ecosystem is most vulnerable to flooding and the consequent impacts. Temperature 
changes are also projected to have high impacts on this ecozone. The vulnerabilities of the ecosystem 
under temperature change are: 

 Higher temperatures during the dry season increasing evapotranspiration and reducing water 
availability for agriculture and domestic uses 

 Higher temperatures during the dry season creating drier soil surface layers and leading to 
increases in erosion and soil loss, particularly in already degraded areas 

 Increase of 5 degrees centigrade in the wet season leading to higher surface water temperature 
that would affect aquatic plant grow and fish gills, and, upon settling, can smother fish eggs 

 Temperature increases could lead to habitat shifts, in terms of both location and elevation, 
particularly in over-logged areas at the edge of the Plateau and the base of the Dividing Hills 

 Higher temperatures affect migration of waterbirds and the movement of larger species, such as 
tigers, guars, and large cats, within the cluster, i.e. through the existing wildlife corridor 
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Delta mangroves and saline water and Delta Low lying acidic area swamp forest 

 

Representative of these ecozones is the Kien Giang PA cluster, Vietnam. This ecosystem has very high 
vulnerability due to a 2-4oC increase in temperature, precipitation increases, flooding, and storms, as well 
as sea level rise. The specific vulnerabilities of the ecosystem under climate change are: 

 High temperature reducing water availability for agriculture and domestic uses. Temperature rise 
will also affect the production of the buds and flower sets of mangroves, cause habitat loss, 
change the migration patterns of important birds species. 

 Early onset of the monsoon following a drier dry period is expected to increase erosion, 
sedimentation, and nutrient deposition in water sources. 

 Heavier rainfall would reduce the ability of local canals to drain, causing flooding and inundation 
in the surrounding floodplain that disrupts and destroy crops. 

 Sea level rise will: exacerbate freshwater flooding by restricting drainage; increase erosion of 
coastal areas and riverbanks; generate habitat loss, particularly for mangroves; raise soil salinity 
levels; and, reduce the viability of current areas of human settlement, causing many households to 
migrate inward to higher ground. 
 

5.5 CAPTURE FISHERIES 
Fisheries & aquaculture are vitally important for food and for the livelihoods of people of the 
Mekong Region. Virtually all rural families are involved in fishing at some time of the year and small-
scale capture fisheries remain a „livelihood of last resort‟ for many rural families. In recent decades 
aquaculture has boomed, providing livelihoods to hundreds of thousands of households. 

Climate change will challenge these traditional and contemporary ways of life, at fundamental 
levels. 

5.5.1 CAPTURE FISHERIES BASELINE OVERVIEW 
Capture fisheries of the Lower Mekong Basin are crucial for the food security of the Region. They are 
thought to contributes about 1.9 Mt/year accounting for over half of the total inland fisheries yield of 2.6 
million tonnes /year) representing about 2% of the World‟s total marine & freshwater capture fishery19 
and having a market value of US$3.9 – 7 billion.   

The Biodiversity of the Mekong capture fishery is extraordinary. The number of fish20 species in the 
Mekong basin is estimated to be 500 - 1,20021 and a high degree of within species diversity exists.  There 
are thought to be several hundred species that have yet to be discovered, particularly in the upper 
catchment areas, and some of the well known lowland species may in fact comprise assemblages of 
several species. Virtually all fish species22 caught from the fishery have a commercial value.  Even 

                                                      
19  Despite a series of recent revisions, capture fisheries are still probably under reported in statistics. E.g. Some countries do not 
include fish production from rice fields and swamps in their inland fisheries statistics. 
20 The use of the term  „fish‟ is used in a broad sense and refers to any edible aquatic animal, including molluscs, crustaceans, 
amphibians, reptiles and insects.  
21  Some reports suggest that the number of fish species that has been found in the LMB, may exceed 2000 
22  Other commercially important species/genera include: Channa sp, Puntius sp., Leptobarbus hoevenii, Pangasias sp. Wallago attu, 
Kryptopterus aponogon, Notopterus sp, Anabas testidudineus, Oxyeloetris marmorata, Mystus sp, Clarias sp. Trichogaster sp., Clupea 
thibaudeaui, Thynnichthus thinnoides, Labeo sp. Cirrhinis microlepis,  Hilsa sp. Osteochilus melanopleura and  Sciaenidae sp. 
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poisonous fish species such as Tetronodon spp can be consumed and have a market value.  The small-
scale mud carp; Henichorhyncus siamensis spp. can be singled out due to its huge importance for fish 
paste production in several Mekong countries.  

The biodiversity and productivity of the fishery is linked inextricably to the annual „flood pulse and 
the connectivity of the diverse range of natural habitats as well as some artificial habitats (rice 
fields and reservoirs). The flood pulse inundates terrestrial foods and liberates nutrients from sediment, 
supporting high primary productivity, and in turn the food chains that fish depend upon. Most fish and 
other aquatic species migrate between feeding, spawning and resting habitats.   

At present the fishery remains in a very productive state and there is no evidence of declines in overall 
productivity23. However, there are clearly serious declines in the stocks of certain species, including 
some of the Giant fish species, e.g. Catlocarpio siamensis. In addition, the average size of some species is 
reducing, suggesting stocks are being over-fished or changes to habitats are affecting life cycles.  

Despite its huge commercial value, the Mekong fisheries are dominated by small-scale and seasonal 
fishers, operating a wide range of traditional gear types. Women are actively engaged in fisheries related 
activities throughout the Mekong Basin, particularly on the post harvest side. Many children are also 
closely involved in fishing and fisheries related activities, mainly for homestead food security. Despite, 
the seasonal abundance of fish, many of these households remain desperately poor and having few 
other livelihood opportunities, a decline in the Mekong capture fishery would be catastrophic for 
them.  

The fishes of the Mekong can be grouped broadly according to their ecology and migration behaviour.  

The fishes of the small streams in the upland area of the Mekong basin are often over-looked by fisheries 
scientists, as their contribution to total fisheries productivity is modest. However, these small upland 
fisheries have been shown to be very important to upland communities, and this importance increases as 
other hunting options become less available. As a result, an increasing number of upland households now 
rely on fish products from small water bodies and streams in the uplands. Foraging for these products is 
often done under a wider NTFP mandate. These fish, which inhabit the cool clear waters of upland 
forests, look particularly vulnerable to a wide range of pressures, including climate change.  

The „Black Fish‟ group are those species with limited lateral migrations from the river onto the 
floodplains and no longitudinal migrations upstream or downstream. They do not leave the floodplains 
and wetlands, and spend the dry season in pools in the rivers or floodplains. This group includes the 
Channidae (snakeheads), Clariidae and Bagridae (catfishes) and Anabantids (including the climbing 
perch).  Most Black fish species are able to survive poor water quality conditions, (low DO, lox pH, high 
turbidity, high ammonia), These fish are able to withstand harsh dry season environments, and their 
limited migratory habits may make them less vulnerable to wetlands and riverine fragmentation. As a 
result, this group of fish species may be less affected by climate change. 

The „White Fish‟ group are thought to account for around 87% of Mekong fish species and 50% of the 

                                                      
23  The Cambodian Fisheries Administration‟s monitoring of the Dai fishery on the Tonle Sap, (now in its 8 th year), is a useful proxy for the 
general health of the Mekong system. The study shows a fairly strong correlation between water levels, flood durations and fish yields. The 
available data do not support the view that there is a decline in the total production from the fishery.  
 



 

 
136 MEKONG ARCC TASK 2 DRAFT SYNTHESIS REPORT  

total catch. Many of them undertake long distance migrations24, in particular between lower floodplains 
and the Mekong mainstream and tributaries. The White fish group includes many cyprinids (e.g. 
Henicorhynchus spp. and Cirrhinus spp.) and also most Pangasiidae catfishes.   Most White fish species 
require higher water quality conditions in terms of DO and alkalinity are more vulnerable to increased 
temperatures, especially at maturation and fry stages.  The effects of climate change on some of these 
species may be severe.  The decline of migratory white fish would have a great effect on local 
communities who have relied on these seasonal resources, for generations. Landless fishing families 
would be particularly at risk to the lost productivity of the fisheries in these areas. 

Estuarine fish are found in the lower reaches of the river system and include many species tolerant of a 
wide range of salinities due to the great variation in annual freshwater flows, e.g. The Sea Bass, (Lates 
calcarifer). These species will be vulnerable to certain aspects of climate change, e.g. temperature 
increases in shallow coastal areas, but less vulnerable to others, such as sea level rise.  Estuarine fisheries 
support many coastal communities in the Mekong Delta and their decline would affect the livelihoods of 
many people who have few alternative livelihoods options.  

In certain parts of the Mekong Basin, exotic fish species, such as Common Carp, (Cyprinus carpio) and 
Rohu, (Labeo rohita) have become established and now form feral populations. Some of these species 
may benefit from the projected climate change conditions, increasing pressure on indigenous fish species. 

5.5.2 CAPTURE FISHERIES VULNERABILITY 
Capture fisheries in the LMB is buffered against climate change to an extent by an exceptionally 
large aquatic ecosystems biodiversity.  Some species would benefit from changing conditions, 
possibly maintaining the overall fisheries productivity, while other species will not fare well 
through direct effects and through losses in habitat - probably leading to an overall loss in 
biodiversity25.  

Very little is known about the vast majority of individual Mekong fish species tolerances to water quality 
conditions, However, the various groups, (black fish, white fish etc) do have similar water quality 
requirements and can be looked at from a broad perspective. When examined in this way, the threats 
from climate change look daunting. Increased temperatures, changes in rainfall and river flows, 
increased Co2 levels, sea level rise and storm intensity will all affect fish biodiversity and 
productivity. Some of these variables, such as reduced rainfall in the dry season, and higher temperatures 
will create harsh conditions for some fish species to survive. 

Changes to habitat temperature will influence metabolism, growth rate, production, reproduction, 
(seasonality and efficacy), recruitment and susceptibility to toxins and diseases affecting the natural 

                                                      
24  For example Pangasius Krempfi migrates many hundreds of kilometers from the South China Sea to Northern Laos where it 
spawns. 
25  Assessing the vulnerability to climate change „signal‟ in the Mekong fisheries is challenged by the „noise‟ from other factors. 
The largest single threat to the diversity and productivity of the Mekong fishery is without doubt the alteration of river 
morphology caused by hydropower projects. However, a wide range of other threats exist.  

 Physical barriers, (even small-scale) which constrain the migration of fish species 
 Overfishing, resulting from increased numbers of fishers and sizes of gears. 
 Aggressive fishing methods, e.g. explosives 
 Loss of productivity through habitat destruction/change 
 Radical changes in land use patterns that change run off patterns from upland areas. 
 Establishment of exotic fish populations from aquaculture escapees 
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ranges of some species resulting in changes in biodiversity abundance in some areas. Disease ranges may 
also be extended. Increased temperatures will allow some robust invasive species to compete more 
effectively with indigenous species increasing their range and affects on the environment. Lower 
dissolved oxygen levels in warm water as temperatures rise, will favour black fish species over white fish 
species, resulting in a shifts in the balance of some fish populations. Increased phytoplankton populations 
will stimulate the productivity of some fisheries but harmful algal blooms, affecting fish survival or 
production could also result.  

Changes in rainfall patterns are likely to affect fisheries in a number of ways. Erratic rainfall will affect 
the flood pulse cycle of the Mekong River, affecting the hydrology of the Tonle Sap Great Lake and fish 
migrations, reproductive success and fish production that result. Shifting rainfall patterns, including 
longer dry periods could affect the survival of fish through the dry season, particularly in upper Mekong 
floodplain areas, already under pressure from hydropower development, over fishing and agriculture 
intensification. Increased erosion in catchments will affect river floodplain water quality reducing fish 
reproductive success and productivity. Increased runoff from inland areas could also result in the flooding 
of coastal lowlands, altering salinities and increasing fluvial deposition. Reduced rainfall during the dry 
seasons will reduce the capacity of upland streams to hold water for maintaining upland fish stocks.  Flash 
flooding through increased rainfall during the wet season may affect habitats and the reproductive success 
of some species. Only those species able to handle these new extremes will proliferate.  Increased sea 
levels are likely to affect coastal fisheries through the migration of coastal mangrove areas northwards.  
Storm Intensity and frequency will result in saline inundation of freshwater areas farther inland, 
resulting in periodic fish kills. 

Vulnerability analysis by the ARCC project in the 5 hotspot provinces suggests that upland fish species 
and migratory white fish will be most vulnerable to climate change in Chiang Rai, Gia Lai and 
Mondulkiri. Migratory white fish will be most vulnerable in Khamouane.  Estuarine species will be most 
vulnerable in Kien Giang and one invasive rice pest species, (The Golden Apple Snail) would become 
more widely distributed in this area.  Black fish species do not look particularly susceptible in any of the 
hotspot provinces.  

The ARCC vulnerability analysis of the 5 hotspot provinces appears to confirm the hypotheses: 

 Upland fish would be most vulnerable to climate change. 

 Migratory white fish would also be vulnerable to climate change. 

 Black fish would be more „climate-proof‟ than other fish types  

 Invasive species will become more prevalent through climate change  

 

5.6 AQUACULTURE 
 

5.6.1 AQUACULTURE OVERVIEW 
Aquaculture has been long-established activity in parts of the Mekong Basin, particularly on the 
Great Lake and the Delta. However, over the past 30 years, the Mekong‟s aquaculture sector has 
boomed. The latest production estimates of around 1.9 million tonnes suggest that nearly half of the 
region‟s fish are from cultured systems.  Although, at present much of this production is by the private 
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sector and destined for export, as the Mekong countries become wealthier, the local and regional demand 
for diverse, high quality and „new‟ fish products is expected to increase.  

Participation in aquaculture in the Mekong, mirrors that of capture fisheries, in that it is 
predominantly small-scale. Even the most intensive systems tend to be done by groups of individual 
households rather than large companies.  

A wide range of indigenous and exotic aquatic species26 is cultured in the Mekong basin. Semi-
intensive and extensive aquaculture systems are common throughout the region and are particularly 
important in supporting small-scale farming households. These systems often include a significant 
proportion of wild fish in the harvests. The development of hatcheries and the availability of commercial 
fish feeds throughout the LMB has greatly reduced the dependence on wild stocks for culture. Effective 
networks of fish seed producers and distribution have emerged in Thailand and Vietnam and are emerging 
in Cambodia and Laos PDR. Strong promotion by the Regions governments is providing effective 
technical support to this development.  

The virtual27 disappearance of some popular and high value fish species from many of the capture 
fisheries, (e.g. Oxyeleotris marmorata) and the growing market acceptance of lower value exotic fish 
species, such as tilapia, are creating new market opportunities for aquaculture products. There is also 
a growing demand for the restocking of depleted fisheries28 with fish from hatcheries.  The aquaculture 
sector therefore looks set to continue to grow, generating considerable wealth and creating new 
livelihood opportunities for rural people.  

The flip side of aquaculture is the effect on the region‟s capture fisheries and their environments. 
Large areas of mangrove and/or rice fields, supporting capture fisheries, have now been converted to 
shrimp farms with obvious negative effects on the surrounding coastal fisheries. Large freshwater wetland 
areas considered suitable for the expansion of inland aquaculture have also been targeted. In total, about 
17 exotic species are known to have established wild populations in the Lower Mekong Basin, and this is 
growing concern29. Many of these feral fish populations have gained a foothold in natural habitats through 
escapes from fish farms. 

                                                      
26  Indigenous species include: Pangasius sp, Barbodes gonionotus, Clarias sp, Channa sp, Anabas testudineus, Trichogaster 
pectoralis, Oxyeleotris marmorata, Macrobrachium rosenbergii,  Osphrenemus goramy. Commonly cultured exotic species 
include the Chinese carps, Indian carps, Oreochromis spp and Colossoma sp.   
27 Not in the internet sense 
28  E.g. Macrobrachium rosenbergii juveniles released in floodplains in Cambodia by the Fisheries Administration 
29  The Cambodia Fisheries Administration has prohibited aquaculture of one exotic species, the Red-Bellied Pacu, Piaractus 
brachypomus, but without enforcement and similar action in other countries, this ban will likely not be effective. 
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5.6.2 AQUACULTURE VULNERABILITY30  
Aquaculture in the LMB is buffered against climate change to an extent by the wide range of 
species and production systems. However, production in the intensive aquaculture systems has 
probably peaked and current levels will not be able to be maintained under the projected climate 
change scenarios.  Semi intensive and extensive systems will be less affected but will be affected by 
the extremes of droughts and floods that their operators may struggle to manage their way around. 

The climate change stress on these culture systems through increased temperatures, changes in rainfall 
patterns and water availability, storm Intensity and sea level rise. As with the capture fishery, some of 
these variables, such as reduced rainfall in the dry season, and higher temperatures will work in tandem, 
creating additional pressure on aquaculture systems. Whilst aquaculture may become possible or more 
viable in higher elevation areas, this will not come close to compensating for the losses from lowland 

areas. 

Increased temperatures resulting from climate change are likely to affect aquaculture in the LMB, in 
negative ways. Some aquaculture species may not be able to tolerate elevated temperatures, e.g. Penaeus 
monodon or become more difficult to breed, , (such as Cyprinus carpio) at higher temperatures. Higher 
temperatures will result in increased decomposition rates and eutrophication, leading to increased fouling 
of structures, such as nets and reduced dissolved oxygen levels, which will incur costs associated with 
aeration.  

Changes in rainfall patterns are likely to affect aquaculture through it become more difficult to manage 
and the loss of stock through flash flooding. Longer dry seasons may affect freshwater availability, 
especially if there is increased competition from other users, and thereby constrain fish production. 
Changes in water quality caused by increased erosion (wet season) or increased pollutants, (dry season) ill 
require additional investment to correct.   

Storm Intensity and frequency could affect coastal and reservoir aquaculture infrastructure and inland 
aquaculture farm flood security. Increased sea levels are likely to affect aquaculture in the LMB, through; 
reducing the area available for aquaculture. Increase inland flooding may result through higher tides 
restricting runoff to the sea. Freshwater and brackish water species most tolerant of salinity, such as 
Oreochriomis  will be favoured. Freshwater aquaculture farms will have to move inland, whilst new areas 
for brackish water aquaculture may emerge.  

Vulnerability analysis by the ARCC project in the 5 hotspot provinces suggests that intensive 
systems would be affected in all hotspots except Mondulkiri.  Interestingly, the analysis highlighted 
the vulnerability of semi-intensive in Chiang Rai, Kien Giang and Mondulkiri, and the 
vulnerability of extensive systems in Chiang Rai, Khammoune, and Mondulkiri.  

                                                      
30   There are fewer external threats on the Mekong’s aquaculture systems compared to those facing the capture fisheries. 
Therefore the climate change signal is easier to identify. However a number of non-related climate change pressures exist 
and these are:  

 Competition for freshwater in the dry season. 
 Pollution of freshwater water and coastal waters during the dry season 
 Indiscriminate use of pesticides and drugs (in more intensive aquaculture systems) 
 The emergence of new diseases, such as EMS in White shrimp.  
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The CAM vulnerability analysis suggests that extensive, semi intensive and intensive systems will be 
affected similarly. This is largely because all these systems are vulnerable to flooding, in particular flash 
flooding and to a lesser extent, drought or water shortages. The larger and more intensive systems will of 
course result in considerably larger economic losses then the smaller extensive systems but the risk is 
similar and mediation steps will be expensive. The hypothesis that, intensive aquaculture will be more 
vulnerable than semi-intensive or extensive systems does not appear to hold completely true.  

More intensive systems will have a much higher water quality and water quantity demand than more 
extensive systems, to keep problems such as pollution or diseases, (some of which may become more of a 
problem through increased temperatures) at bay. For example in Kien Giang the pond production of 
freshwater prawns looks particularly susceptible to increased temperatures, increased precipitation, 
decreased water availability and drought. However, these look manageable and local people should be 
able to cope with the changes.  In the coastal areas, the pond culture of shrimp will be seriously 
compromised by climate change. These systems are already under threat from environmental 
factors and aggressive management practices, and climate change may well push them over the 
edge. 

In some middle and higher elevation areas, aquaculture may benefit from the warmer 
temperatures and increased water availability, anticipated through climate change. High indigenous 
and exotic fish diversity will allow for farmers to select species that are most suited to the changing 
conditions temperatures. However, extra money will have to be spent on protecting some farms from the 
anticipated flooding resulting from increased and erratic rainfall.  

Whilst the impact of reduced aquaculture production will not affect the poorest people in these areas, 
directly, as they do not usually do fish culture, or have access to pond or water resources. However, they 
often rely heavily on fish production from aquaculture, as a regular source of protein. In many areas, 
aquaculture fish are now relatively cheap, relative to fish from the capture fishery. Increased costs of 
farmed fish resulting from climate change adaptation costs could therefore have a serious indirect 
affect on poorer people‟s diet. No other obvious animal protein alternatives exist. 

The ARCC vulnerability analysis appears to confirm the following hypothesis, that aquaculture 
would be more vulnerable to climate change scenarios than capture fisheries. However, it does not 
support the idea that intensive aquaculture would be more vulnerable to climate change than semi-
intensive or extensive systems. All aquaculture systems appear to be vulnerable to threats. Whilst 
intensive systems have the potential for greater loss, they also have the most management control.  The 
more extensive systems have less to lose but less management control, making them more vulnerable.   

5.7 SOCIO-ECONOMICS (HEALTH AND INFRASTRUCTURE) 

5.7.1 LIVELIHOOD ZONES OVERVIEW 

This section provides a description of the livelihood zones first introduced in Section 3.1.2.2. It informs 
the later discussion of climate change vulnerability in each livelihood zone.31 

                                                      
31 Profiles of the social and economic characteristics of the 5 hotspot provinces are annexed to the Social and 
Economic Assessment volume which is a companion to this report. 
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5.7.1.1 Forested uplands   
Upland areas in the LMB typically comprise sloping hills or mountains adjacent to highly productive 
valleys. Following Johnston et al. (2009), this study distinguishes between Forested uplands and 
Intensively used uplands. Forested uplands exhibit low population density (<50 persons/km2) and 
substantial remaining forest cover. Communities in this zone predominately pursue subsistence-based 
livelihoods. Intensively used uplands consist of higher density areas (>50 persons/km2) with substantial 
tracts of land cleared for commercial agriculture. The boundaries between the two areas are shifting over 
time and the distinction above does not precisely delineate the two zones at the regional level.  

Forested uplands are characterized by low population density, limited land suitable for paddy rice (due to 
steep slopes), and a relatively high proportion of the population consisting of poor ethnic minorities. 
These areas are concentrated in the north and south east of Lao PDR, the east of Cambodia, and parts of 
Vietnam‟s central highlands. Communities in this zone typically pursue subsistence-based shifting 
cultivation and livestock rearing, with limited commercial cropping. The poverty rate is the highest across 
livelihood zones in the LMB. Lack of access to public infrastructure (including health centres, roads, 
electricity, etc.) and markets is a common problem in these areas. Very poor health conditions and low 
literacy are also common features. Non-timber forest products (NTFPs) are important sources of food 
(particularly in times of food insecurity) and income. A major characteristic of livelihood systems in the 
LMB is the high diversity of activities that households employ; this trait is most evident in Forested 
uplands and, in many cases, reflects the more marginal status of household food security.  

Although these areas are labeled Forested uplands, their natural state is degraded and under threat. 
Deforestation and the encroachment of plantation or commercial cropping is changing the landscape and, 
importantly, reducing the access of rural communities to ecosystem services. These changes, as well as 
the shortening of fallow periods for shifting cultivation (due to increased demand for food), are major 
drivers of land degradation. Key crops in this zone include: upland rice, other cereals, vegetables, and 
other subsistence-based crops. Although commercial fishing is limited across most of this zone, many 
households‟ fish in upland streams on a subsistence basis.  

5.7.1.2 Intensively used uplands 
Intensively used uplands encompass high elevation areas of greater population density. This zone makes 
up the majority of Vietnam‟s central highlands region, parts of northern Thailand and some small areas in 
Cambodia and Lao PDR. Farming in these areas focuses on commercial cropping of coffee, irrigated rice 
(predominantly in valleys), pepper, rubber, and other crops. Given the high value and commercial 
orientation of these crops (and also that most of this zone can be found within Thailand and Vietnam), the 
average level of income and the quality of infrastructure are generally higher than in Forested uplands. 
This is also broadly the case across a range of important variables, such as access to markets, access to 
health and education facilities; there may however be highly vulnerable groups in certain areas classified 
as Intensively used uplands.  

The intensive nature of farming on often unsuitable land in this zone is driving widespread erosion and 
reducing soil fertility; the consequent risk of flooding and landslides on sloping land is a major hazard. 
Although, farmers can earn high profits from commercial crops, the intensive nature of their farming and 
the high cost of inputs leaves farmers highly exposed in the event of crop failure or unfavorable price 
shifts in the market.  

Figure 3-7(Section 3.1.2.2) shows the many borders between intensively used uplands and forested 
uplands in the basin. This border is shifting as agricultural expansion and logging move into new forest 
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areas. These borders are the sites of the „system leaps‟ referred to in section 3.4.4 relating to the 
agricultural transformation going on in the basin. These leaps move affected communities into a 
completely different system wherein the productivity and availability of natural systems and the 
livelihoods they support is greatly diminished. 

5.7.1.3 Lowland plains and plateaus  
This zone covers the largest proportion of the basin. Aside from North-east Cambodia, these areas are 
extensively cleared of forest cover. Agriculture is primarily rain-fed and the most significant crop is rice. 
Other important crops are maize, sugarcane, cassava, and soy-bean. Large-scale plantations of industrial 
crops (such as rubber, eucalyptus trees, cassava) are becoming more common in the region; many of these 
plantations arise from foreign direct investment.  

Poverty is significant in Lowland plains and plateaus, but varies greatly between the intensively irrigated 
areas of NE Thailand and plains of Mondulkiri in Cambodia. By and large, these areas have better 
infrastructure and access to services than more remote Forested uplands areas, but less than the 
Floodplain zone. Similarly, population density outside of urban areas is also higher than Forested uplands 
(except for North Eastern areas of Cambodia) and lower than the Floodplain zone. The greater distance to 
commercial centres (compared to the Floodplain zone) means that wage income is less important and 
subsistence systems remain significant in the many remote regions of the Lowland plains and plateaus 
zone.  

Communities in the Lowland plains and plateaus zone often live in riparian areas. This means that they 
are more exposed to flooding than their counterparts in upland areas; it also means that fishing takes 
greater prominence in livelihood strategies, including commercial fishing amongst a small proportion of 
households. The dominant form of fishing is capture fisheries. Irrigation in this zone is limited in 
Cambodia, extensive in Thailand, and moderate but growing in Lao PDR. Except for areas around major 
rivers, the quality of soil in Lowland plains and plateaus is often poor and, therefore, generates low 
agricultural yields for many crops. 

5.7.1.4 Floodplain  
The Floodplain zone consists of areas immediately adjacent to the Tonle Sap, areas to the east and south 
of the Tonle Sap where the hydrological interaction between the lake and the Mekong River causes major 
annual floods, and riparian areas of the Mekong mainstream and some major tributaries. In these areas, 
flooding is a seasonal event that is a critical factor in the high productivity of agriculture and fisheries in 
the zone. This productivity is reflected in the high population density of the basin‟s Floodplains and the 
relatively high level of income and food security compared to the Forested uplands and Lowland plains 
and plateaus zones. This higher population density also means that households in this region have better 
access to markets, health centres, education, and infrastructure. The downside of these higher 
concentrations is that the ecosystem of some areas of Floodplain zones, particularly the Tonle Sap, are at 
risk of degradation from, for example, forest clearing and other harmful activities associated with high 
population density.  

Subsistence fishing is a critical source of food security, even if fishing is not a household‟s principal 
activity. Commercial fishing (including aquaculture) as a primary or secondary activity is common 
amongst many households. Irrigation is relatively under-developed around the Tonle Sap, where wet rice 
and recession rice are dominant. Rice, as with most other area of the LMB, is the dominant crop. 

5.7.1.5 Delta  
The Delta zone consists of three eco-zones within the Mekong Delta. These areas are the most intensively 
farmed in the region and rice yields are generally much higher as a result. More than half of Vietnam‟s 
rice production originates in the Delta and this area has been almost completely converted from 
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marshes/wetlands to a system of dykes and man-made waterways supporting paddy rice. Importantly, the 
sustainability of land-use in these areas is under question – declining soil fertility, water pollution, and 
other environmental factors threaten future production. Poverty and food insecurity rates are low by 
regional standards and population density and access to infrastructure and markets are relatively high. 
Despite this relative wealth, it is important to note that the intensive, high-input nature of farming means 
that households are exposed to adverse shocks that affect income. So instead of there being a large 
number of households in a state of poverty, a large number are at risk of being forced below the poverty 
line when they lose revenue because of, say, extreme weather events or instances of pests and diseases.  

Coastal Delta regions are influenced by ocean hydrology, and livelihoods are heavily dependent on 
offshore fisheries, saline and brackish water aquaculture, and use of estuarine resources (i.e. clams, 
shrimp). Wet rice in these areas is vulnerable to saline intrusion and, by and large, rice production is more 
marginal and involves greater risk than in other parts of the basin. Mangroves are an important source of 
NTFPs, particularly for firewood. 

5.7.2 HEALTH AND RURAL INFRASTRUCTURE OVERVIEW 
Health and infrastructure conditions are closely related. First, health indicators tend to be correlated 
with infrastructure indicators as poor health and poor infrastructure are both closely linked to more 
fundamental causal factors such as geographical location and poverty rates.  Second, health outcomes are 
frequently dependant on access to infrastructure. Access to a potable water supply and environmental 
sanitation infrastructure are related closely to the incidence of enteric diseases, protein malnutrition in 
infants and infant mortality. Adequate transportation infrastructure and the provision of physical health 
amenities, such as clinics, is closely related to the proportion of women with access to adequate pre-natal 
and post-natal care and as a consequence, to the maternal death rate. While considerations of health and 
infrastructure are distinct, it is important to bear in mind the connections between them. 

5.7.3 HEALTH 
The general trend of declining poverty levels in the LMB has been driven by, and contributed to 
improving health conditions.  MRC (2010) concludes that progress towards the health-related 
Millennium Development Goals (MDGs)32 is either “on track” or “possible to achieve” in the LMB 
countries.  Since the 1960s, all four countries have seen dramatic improvements in life expectancy Figure 
5-4).  The effects of widespread regional conflict are clearly visible in the life expectancy trends of 
Cambodia and Vietnam in particular and to a lesser extent Lao PDR. Progress made by Vietnam is 
particularly impressive, which has moved from a level comparable to Cambodia and Lao PDR in the 
1960s to overtake Thailand by the mid 2000s.  

Lao PDR and Cambodia continue to lag well behind Thailand and Vietnam and this is reflected in 
other health indicators. For example, in 2008, in Cambodia and Lao PDR the proportion of deaths 
attributable to communicable diseases, maternal, prenatal and nutritional conditions remains at 47% and 
41% of deaths respectively (i.e. largely preventable diseases affecting mothers and infants 
disproportionately associated with poor environmental sanitation and limited access to basic healthcare). 
In Thailand and Vietnam the proportion of deaths attributable to those causes was 17% and 16% 

                                                      
32The health-related MDGs include: “Halve the proportion of people who suffer from hunger”, “Reduce by two-thirds, between 
1990 and 2015, the maternal mortality ratio”, “Reduce by two-thirds, between 1990 and 2015, the under-five mortality ratio”, 
“Achieve, by 2015, universal access to reproductive health”, “Have halted by 2015 and begun to reverse the spread of 
HIV/AIDS”, “Achieve, by 2010, universal access to treatment for HIV/AIDS for all those who need it”, “Have halted by 2015 
and begun to reverse the incidence of malaria and other major diseases”. 
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respectively.  By contrast, non-communicable diseases, such as cancer, cardiovascular disease and other 
conditions associated with old age, were much higher in Thailand and Vietnam.  

Figure 5-4. Life expectancy at birth in LMB countries 1960 – 2011  

 

Source: WDI 2013 

Figure 5-5 emphasizes the rapid improvement of health indicators in general, but also the persistent 
difference in health performance between Cambodia and Lao PDR on one hand and Thailand and 
Vietnam on the other.  

Figure 5-5: Lifetime risk of maternal mortality and low-birth in LMB countries 1990 - 2010 

 

Source: WDI 2013 
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Declining child mortality rates also reflect the overall progress that has been made in the health sector 
(Figure 5-6). However, the profiles of hot spot provinces in this ARCC study show that some areas still 
experience very high child mortality rates.   A recent survey across half the districts of Khammouan 
province in Lao PDR found that, on average, mothers had lost at least one child before the age of 5.  
Certain districts of Mondulkiri Province in Cambodia reported under five mortality rates of 20% in 2011.  

Figure 5-6: Mortality rates of children under 5 in the LMB, 1990 and 2010 

 

Source: WDI 2013 

In terms of the level of health access (i.e. hospitals, beds, physicians) the situation is better in Thailand 
and to a lesser extent Vietnam than in Cambodia and Lao PDR. Once again, health coverage is not 
uniform across these countries, with access to health services much better in urban and lowland 
areas.  Ethnic minority groups in remote upland areas in particular tend to have much poorer 
access to health services.  

5.7.4 RURAL INFRASTRUCTURE 
Similarly, the level and quality of infrastructure across the region varies greatly between and within 
countries of the LMB. For example, the relatively advanced transport infrastructure of the Isan region in 
Thailand is in stark contrast to the unpaved and sparse road network in upland areas of Lao PDR and 
Cambodia, reflected in the national statistics illustrated in Figure 5-7. The figures on the number of phone 
lines per 100 people gives some indication of the penetration of modern telecommunications 
technology.33 Similar trends to those visible in health are clear. Thailand has a significantly higher level 
of infrastructure development, Vietnam has been going through a rapid transition since the mid-
1990s and Cambodia and Lao PDR lag behind. 

                                                      
33 This comes with the important caveat that mobile phones obviate the necessity for fixed line communications technology 
visible in recent declines in traditional fixed lines in Thailand and Vietnam 
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Figure 5-7. Proportion of roads paved and phone lines per 100 people 1990 - 2010 

 

Source: WDI 2013 

The variation in access to infrastructure is illustrated well by the rural-urban disparity in access to safe 
drinking water and improved sanitation facilities (Table 28).  Also, measuring aggregate health conditions 
tends to obscure the real situation on the ground: the indicators “access to an improved water source” and 
“access to an improved sanitation facility” vastly over-estimate household access to safe drinking water 
(Bain et al. 2012, Onda et al. 2012). 

Table 28: Access to improved water source and improved sanitation facilities in the LMB 

Country 
Access to an improved water source Access to improved sanitation facilities 

1994 2010 1994 2010 
Cambodia  32% 64% 9% 31% 

Urban 48% 87% 36% 73% 

Rural 29% 58% 5% 20% 
Lao PDR 39% 67% 16% 63% 

Urban 75% 77% 58% 89% 

Rural 32% 62% 8% 50% 

Thailand 88% 96% 88% 96% 
Urban 96% 97% 94% 95% 

Rural 85% 95% 85% 96% 

Vietnam 65% 95% 44% 76% 
Urban 90% 99% 69% 94% 

Rural 65% 95% 37% 68% 

Source: WDI 2013 
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Lao PDR has a relatively high level of access to electricity for its income level; in fact, as of 2012, 80.3% 
of households are electrified (LIRE 2013) (Table 29). A key causal factor explaining Cambodia‟s low 
electrification rate is some of the highest electricity prices globally, as well as the related issue of low 
levels of government investment. By contrast, electrification in Thailand and Vietnam is almost universal, 
largely as a result of dedicated government programs.  

The overall level of poverty in a particular location in the LMB is indicative of the overall level and 
quality of rural infrastructure (i.e. comprising road networks, bridges, irrigation, water supply, 
household dwellings, municipal buildings, etc.). Remote rural locations with poor communities are 
generally the areas with the lowest levels of infrastructure. 

Table 29: Electrification ratesof LMB countries, 2009 

Country Electrification rate Population without access to electricity 
(millions) 

Cambodia  24% 11.3 
Lao PDR 55% 2.6 
Thailand 99.3% 0.5 
Vietnam 97.6% 2.1 
Source: IEA (2013).  More recent data indicates a much higher electrification rate for Lao PDR of approximately 80% (see LIRE 
2013). 

5.7.5 VULNERABILITY ASSESSMENT 

5.7.5.1 Health 
The most prominent threats to human health identified across hotspot provinces were temperature 
rise, flooding, flash flooding, and landslides. Overall, the neighbouring provinces of Mondulkiri and 
Gia Lai were identified as the most vulnerable provinces. A key projected threat in these provinces is an 
increase in average maximum temperature of 3°C to 4°C that would generate dangerous heat stress 
conditions for several months of the year. Another key projected threat is higher rainfall during the rainy 
season increasing the extent and severity of flooding, flash flooding and landslides across all the hotspot 
provinces. Anticipated risks are higher incidence of water and vector-borne disease, as well as death and 
injury from extreme events. 

The vulnerability assessments for health identified the high to very high vulnerabilities within 
particular livelihood zones: temperature rise in Lowland plains and plateaus; flooding in Floodplain, 
Delta, and Lowland plains and plateaus; flash floods and landslides in Intensively used uplands and 
Forested uplands (Table 30). 

Table 30: Vulnerability assessments for health by threat, province, and livelihood zone 

Province/ 
Livelihood Zone Temperature Precipitation Drought Flooding Flash floods Landslides 
Chiang Rai 
Intensively used uplands Medium Medium NA Medium High High 
Lowland plains and 
plateaus 

High Medium NA High Medium Medium 

Floodplain High Medium NA Very High Medium Low 
Gia Lai 
Intensively used uplands Very High Medium NA Medium Very High Very High 
Lowland plains and 
plateaus 

High Medium NA Medium Medium Medium 



 

 
148 MEKONG ARCC TASK 2 DRAFT SYNTHESIS REPORT  

Province/ 
Livelihood Zone Temperature Precipitation Drought Flooding Flash floods Landslides 
Khammouan 
Forested uplands Medium Low NA Medium Very High Very High  
Lowland plains and 
plateaus 

Medium Low NA Very High High High 

Floodplain Medium Low NA Very High Medium Medium 
KienGiang 
Delta High Low NA Very High NA NA 
Mondulkiri 
Forested uplands Very High Medium High Medium High High 
Lowland plains and 
plateaus 

Very High Medium Very High Very High Medium Medium 

NA indicates that the threat is not applicable due specific conditions within a province or to a lack of a projected 
threat information. 

5.7.5.2 Infrastructure 
The most prominent threats to infrastructure identified across hotspot provinces were flooding, 
flash flooding, and landslides. The distribution of threat to infrastructure is similar across hotspot 
provinces depending on their livelihood zone composition. In four hotpot provinces (Chiang Rai, 
Khammouan, Mondulkiri, and Kien Giang), flooding was identified as a major area of vulnerability in 
low-lying areas where communities and infrastructure are commonly located nearby water bodies (i.e. 
Floodplain, Lowland plains and plateaus, and Delta). A key issue in each case is the accessibility and 
integrity of roads during and following flood events. This threat is exacerbated in Mondulkiri and 
Khammouan where the roads are mostly unsealed and longer-term damage is likely from extreme flood 
events; their limited number also exacerbates the impact on communities who, under present conditions, 
may be cut off from external food and water sources for several days or longer. 

Another key issue associated with flooding in these lowland areas is that water supply infrastructure, such 
as uncovered groundwater bores, may be contaminated by floodwaters. After floodwaters have receded, 
affected communities may still be unable to access safe drinking water. Other identified vulnerabilities 
associated with flooding in lowland areas include: damage to household buildings, such as grain storage; 
lack of access to health facilities, markets, and other communal infrastructure; and, damage or destruction 
of irrigation infrastructure. 

In the Intensively used uplands zones of Gia Lai and Chiang Rai, road and building infrastructure are 
identified to be at very high risk of flask floods and landslides. Aside from adverse climate shifts, this 
vulnerability reflects the prevalence of land clearing for agricultural expansion on sloping land that has 
caused tremendous slope instability and reduced the capacity of soil to retain water. Ongoing 
deforestation in Forested uplands areas of Mondulkiri and Khammouan (for timber or similar agriculture 
expansion) have generated similar concerns. Roads, buildings, irrigation channels, and key communal 
buildings (such as health facilities), may all be exposed to the destructive force of more prevalent and 
stronger flash floods and landslides in the sloping and riparian areas of upland zones. 

Table 31. Vulnerability assessments for infrastructure by threat, province, and livelihood zone 

Province/ 
Livelihood Zone Temperature Precipitation Drought Flooding Flash floods Landslides 
Chiang Rai 
Intensively used uplands NA Medium NA Medium High High 
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Lowland plains and 
plateaus 

NA Low NA High Medium Medium 

Floodplain NA Low NA Very High Medium Low 
Gia Lai 
Intensively used uplands NA Medium NA Medium Very High Very High 
Lowland plains and 
plateaus 

NA Low NA High High High 

Khammouan 
Forested uplands NA Medium NA Medium Very High Very High 
Lowland plains and 
plateaus 

NA Medium NA Very High Medium High 

Floodplain NA Medium NA Very High Medium Medium 
KienGiang 
Delta Medium NA NA Very High NA NA 
Mondulkiri 
Forested uplands NA Medium NA Medium High Very High 
Lowland plains and 
plateaus 

NA Medium NA Very High Medium Medium 

NA indicates that the threat is considered to be not applicable due to the lack of a projected threat or the specific 
conditions within a province. 

5.8 CROSS SECTOR ANALYSIS  
Integrated assessment of climate change in one area or livelihood zone requires site specific knowledge. 
The basin wide nature of this ARCC study precludes systematic and detailed analysis from a cross-sector 
perspective in each of the hotspot provinces. Throughout this report, cross sector linkages have been 
highlighted when identified in the broad vulnerability assessments and adaptation planning.  In the 
following section on Mondulkiri Province review of a number of impacts from different sectors bring 
potential linkages into sharper focus. 

5.8.1 IMPACT OF TEMPERATURE INCREASE ON LIVELIHOODS IN MONDULKIRI 

5.8.1.1 Overview 
The Lowland plains and plateaus zone of Mondulkiri is sparsely populated and exhibits one of the 
highest levels of poverty in the LMB. Over 80% of households live in rural areas and the principal 
livelihood activities are agriculture and the collection of non-timber forest products; in riparian areas 
subsistence-based fishing is also prominent. Natural resources are a principal component of livelihoods; 
although deforestation for logging, mining or agricultural land concessions is reducing access.  

Food insecurity in the province occurs frequently, and often on a seasonal basis. The living conditions of 
the rural population are poor across a range of health and other social indicators. For example, maternal 
mortality within 1 month of birth was estimated at 7.2% in 2010. The quality and incidence of rural 
infrastructure is generally low: a high proportion of households use surface water for drinking; irrigation 
infrastructure is largely not available to communities; and, the poor quality of roads exposes many 
communities to isolation during the wet season. 

Previous experience of climate-related natural hazards in Mondulkiri is indicative of the high 
vulnerability of the population to future climate change. Extreme floods, droughts, and insect infestations 
have all had serious impacts on welfare in recent years. 
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5.8.1.2 Projected climate change impacts by sector and examples of linkages 
Agriculture: The province would experience a 3% fall in rainfed rice yield due to higher temperature; 
and see cassava as highly vulnerability to increased rainfall during the wet. Reduced rice and cassava 
yields are a threat to food security and health, as well as placing more pressure on exploitation of NTFPs 
for food. Reduced cassava yields would also reduce livestock feed availability. 

NTFPs:  The resin tree (Dipterocarpusalatus) is expected be highly vulnerable to increased temperatures 
with direct impacts on reproductive rate.   Earthworms that are critical in maintaining the health of the 
extensive trapeang (watering-hole) ecosystems are vulnerable to projected high temperatures and reduced 
soil moisture. Resins are an important source of cash income that support food security and health, as 
well as investments in livestock and household infrastructure (e.g. grain storage). Earthworms are a 
keystone species for the trapeang ecosystems that support other NTFPs and livestock as well as 
provisioning surrounding agriculture. 

Livestock: Higher incidence of drought at the end of dry season/beginning of wet season is projected to 
decrease feed availability (including cassava) and livestock health. Higher incidence of flash floods may 
cause livestock fatalities. Livestock are an important source of household savings and emergency income 
when crops fail or following extreme events. Loss of this buffer would affect food security and health, 
place greater strain on fisheries as a source of protein, and reduce the capacity to invest in agriculture for 
subsequent seasons. 

Fisheries: The province is expecting increased temperature during the dry season causing a decline of 
migratory white fish that are an important seasonal harvest sustaining subsistence communities 
throughout the year. Reduced surplus requires fishing effort during other seasons, which reduces the time 
that can be devoted to agriculture and NTFP harvesting. 

Health: The projected increased high temperatures (some never before experienced in the province) 
would generate heat stress conditions for several months during the dry season. Illness due to heat stress 
reduces productivity of labour in other sectors, such as agriculture and NTFPs. 

Infrastructure: More extreme flooding is expected to damage roads and reduce access to and from 
communities during and after floods. Limited road access reduces capacity to obtain external food 
supplies during stress and may be a driver of water-borne disease; therefore adverse health consequences 
are a major impact. Also, access to NTFPs is likely to be reduced. 

Those linkages should be treated as examples drawn 
from the study team‟s broad understanding of 
livelihoods within the Lowlands plains and plateaus 
zone of Mondulkiri. A more complete analysis would 
require detailed local survey and consultation.  The 
examples are restricted to some second order impacts, 
and not the third or fourth order impacts that would 
cycle through the livelihood system. Those multiplier 
and cumulative impacts are at the heart of livelihood 
vulnerability to climate change. Communities would 
be exposed to shifts in multiple sectors. Those shifts 
would have direct and knock-on impacts which 
feedback to influence the livelihood system again.  
The range of risks that climate change poses to a 

Figure 5-8: Climate change impacts on livelihoods in the 
Lowland plains and plateaus zone of Mondulkiri Province, 
Cambodia 
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community in the LMB should not be treated in isolation; they must be considered from a systems 
perspective. 
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6 ADDITIONAL EFFECTS OF 
DEVELOPMENT ON 
VULNERABILITY  

The approach taken in this study was to assess the status and trends in the targeted systems and areas 
throughout the Lower Mekong Basin, including past experience with extreme climate and hydrological 
events.  The main drivers and influences of those trends - for example, forest loss, agricultural 
intensification and migration to remaining natural areas – were identified and documented in the five 
companion volumes to this report.  The study found that development trends are transforming the LMB 
ecology and economies – and consequently the capacity of natural systems to continue playing such an 
important provisioning role in farming systems.  The pace and scale of development is so significant that 
it becomes difficult to discern the impacts of climate change on livelihoods against the background noise 
of other change.   

There are two approaches the study has taken to overcome that challenge.  The first was to project climate 
change far enough into the future so its effects stand out against the backdrop of other influences.  The 
second, was to identify the main development drivers of change during the baseline assessment and then 
to “park” that information to be picked up again and considered during adaptation planning.  That way, 
during the assessment phase, impacts and vulnerabilities due to climate change can be defined in isolation 
without distraction from development forces. 

Now is the time to bring back those development influences so they can be taking into account in Chapter 
8 when defining adaptation options for the most vulnerable systems, species and areas. 

6.1 AGRICULTURE 
Climate change is one of many drivers influencing agriculture sector in the Lower Mekong Basin. 
Population growth, change in food diet, hydropower development, agrarian changes and trends in labor 
can be considered as local drivers.  The sector is also influenced by international market demand for some 
commodities such as bio-fuel, rubber and animal feed. Direct foreign investment in agriculture is another 
important driver of change in LMB farming systems. 

6.1.1 POPULATION GROWTH AND CHANGING DIET 
Food demand in the region will continue to rise as populations grow and diets change.  Food demand 
in the Greater Mekong Region34 will increase by at least 25% by 2050 (Johnston et al 2010). 
Governments will have to shape agriculture policy to meet demand and achieve foods security goals and 
reduce malnutrition. The increasing demand for food on the local market and policies to reduce 
malnutrition will certainly influence the agriculture sector. New food exporter countries such as Vietnam 
and Thailand, and more recently Cambodia, will have significant influences on the local market with 

                                                      
34 GMS cooperation covers China (Yunnan Province and Guangxi Zhuang Autonomous Region), Cambodia, Laos, 
Myanmar, Thailand and Vietnam, with a total area of 2,568,600 square kilometers and a combined population of 
about 326 million. 
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more production targeting the export market.  Liberalization of the Chinese food market, away from the 
food self-sufficiency target will increase imports from neighboring countries to meet the demand for food.  

Change in food diet, with increasing demand from food from animal sources, a shift from cereals to non-
cereals and higher consumption of fruits, sugar and oils will also induce changes in the agricultural sector. 
Increasing demand for animal products requires more grain as animal feed and an increase in grain 
production.  An increase in grain production can be met only with intensification of agriculture and 
expansion of agriculture land (Brown 2005).  

6.1.2 AGRICULTURE POLICY 
Agriculture provides livelihoods for more than 75% of the LMB population.  Policies to develop the 
sector are central to economic development in all LMB countries.  In the past, Thailand and Vietnam 
supported a strong development of the sector to drive economic growth and reduce poverty. Vietnam has 
set a sector target of 4 to 4.5% growth annually and increasing export earnings during the next 10 years 
(Rutherford et al. 2008). Similarly, Lao PDR has set the agriculture sector as a priority for promotion of 
investment for 2001-2020. In Cambodia, agricultural expansion and intensification including expansion 
of experts are priorities in the Government‟s Rectangular Strategies (RCG 2004).   

National agriculture policies can have far reaching impacts on the sector, for example, those 
supporting and promoting a specific commodity. In the past decade, support for rubber plantations and 
development of the rubber industry fundamentally modified Northeast Thailand. Thailand is now the 
number one rubber producer in the world (FAOSTAT 2012), and provinces like Ubon Rattchatani or 
Surin have large areas of rubber plantations (30,000 ha and 14,000 ha respectively in 2010). 

6.1.3 CONCESSIONS AND COMMERCIAL CROPS 
Cambodia and Lao PDR have oriented their agriculture development towards promoting private 
investment and industrial agriculture. The resulting investment and economic incentives in plantation 
and concessions has transformed the landscape with plantations of rubber, eucalyptus, oil palms, grains, 
legumes, and cassava.  In Lao PDR, the foreign direct investment in agriculture between 2001 and 2007 
reached 665 million USD, for the development of rubber, eucalyptus and cassava planation (Voladet 2008 
cited in Johnston 2010). By 2007, the Lao PDR government granted more than 150,000 ha of large-scale 
concessions for plantations (MPI 2008). In Savannakhet province, more than 20,000 ha have been granted 
for sugarcane culture, 21,000 ha for cassava culture and 30,000 ha for eucalyptus plantations. 

Similar trends are found in Cambodia. Between 2008 and 2011, the area planted with rubber in Cambodia 
increased 75%, from 108,000 ha to 188, 000 ha. In 2007, 363 million USD of foreign investment went to 
agriculture and agro-industry and land concession covering a total of almost 10,000 ha (MAFF 2009). 
Direct foreign investments target tree species, rubber and oil palm. Those concessions will bring 
extensive new areas into production and a new face to the agriculture sector; with its benefits and also 
challenges for sustainability, economic efficiency and social equity.  

6.1.4 INTERNATIONAL MARKET DEMAND  
The food crisis with a peak demand for agriculture food commodities in 2008 reflects the acute 
sector dependence on international trade. Climate related shortfalls in production, increasing demand 
for certain commodities for biofuel instead of food, and demand for livestock feed are shaping the 
international and regional demand for the main agriculture commodities.  
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The recent expansion of cassava is mostly driven by market demand. For example, in Thailand, the price 
charged by producers of cassava increased from 15.7 USD per ton to 57.9 USD per ton between 2000 and 
2008 (FAOSTAT 2012). Cambodia‟s cassava production is mostly for export to Thailand and Vietnam, 
where processing factories have generated high demand for the raw product. In Lao PDR, the 
development of a processing plant for starch from cassava increased the cultivated area of cassava to 
13,000 ha in 2012, compare to 2,000 ha in 2008 in 3 provinces.  The company is contract farming with 
more than 2,000 families covering an area of 7,600 ha. Similar examples of contract farming for 
eucalyptus plantations are found in Southern Lao PDR. 

6.1.5 URBANISATIN AND MECHANIZATION OF LABOR 
The region is characterized by the emergence of mega-cities such as Bangkok, Ho Chi Minh City and 
Hanoi. Urbanization is a common trend in all the countries of the LMB, with now less than 80% of the 
population living in rural area (more than 80% in 1990 in Lao PDR, Vietnam and Cambodia - MRC 
2010).  In 2010, the urban population annual growth rate in Vietnam, Cambodia and Laos was 2.72%, 
3.90% and 4.8 % respectively.  In Thailand, it was 1.61% (World Bank 2012). 

The urbanization process has a major effect on rural development and development of agriculture.  
Urbanization brings with it centralization of markets, services and seasonal and permanent migration of 
agriculture labor to cities. Urbanization also creates demand for peri-urban agricultural farming systems 
to feed the cities. Urbanization leads to conflict for land use as agricultural areas are swallowed up by 
expanding settlements, industrial zones and infrastructure. 

Economic growth of non-agricultural sectors absorbs an increasing share of the rural population and helps 
to diversify rural income. Diversification of livelihood and a shift of household income to non-farm 
sources is a trend observed in increasing areas of the basin like Northeast Thailand. Shortage of 
agriculture labor is observed and generates labor saving strategies within the agriculture sector with 
increasing mechanization, and direct seeding for rice crops.  

6.1.6 HYDROPOWER DEVELOPMENT 
The Mekong Basin is one of the most active regions in the world for hydropower development. In the 
upper basin, China is implementing a cascade of up to eight projects (with 17 under consideration) which 
will significantly redistribute flow from the wet to the dry season.  In the LMB, there are 136 existing, 
under construction and potential large scale tributary hydropower projects (MRC hydropower database) – 
more than 70% in Laos.  

The development of extensive networks and cascades of hydropower reservoirs will have far 
reaching impacts on agriculture in the LMB. In some areas it might reduce threats to farms in the rainy 
season from flashfloods and flooding by regulating flow. Downstream irrigation is another potential 
benefit from multipurpose hydropower reservoirs. Nam Theum 2 hydropower dam or the THPC 
hydropower dam in Lao PDR are providing for multiple uses of reservoir water and resources.  

Competition for water in the dry season between farmers and electricity producers could become a 
significant concern throughout the region.   Reservoir development will reduce flow, sediments and 
nutrients arriving in the Mekong Delta and increase saline water intrusion, all factors which will constrain 
agriculture in various ways.  It will require additional investment in infrastructure to protect rice fields or 
to facilitate a shift to saline aquaculture.  Lower flow in the rainy season will modify the flood pulse and 
the fertility associated with sediment deposit in the terraces along the Mekong corridor and flood plain in 
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Cambodia and Vietnam. Absence of such fertilization will require and increasing demand for synthetic 
fertilizers.  

6.1.7 RELATIVE IMPACT OF CLIMATE CHANGE COMPARED TO OTHER DRIVERS  
The drivers of change briefly explained and characterized in this section have wide ranging effects on the 
agriculture sector. Economic policies, foreign investment and market demands are drivers shaping and 
transforming the agriculture sector and landscape. Climate change is a more subtle driver of change with 
incremental shifts for year to year and irregular extreme events - its impact can be overshadowed by the 
other more immediate and dramatic drivers. For example, impact on crop yield from climate change was 
estimated around 3% to 12% for rice crops by 2050, while in the last 15 years in Vietnam the total 
agriculture production has increased by 80%. 

Unlike market prices that can have sudden impacts which may require immediate responses, climate 
change will have cumulative effects, requiring immediate and continuous adjustments in the long term. 
The cumulative effect of climate change is likely to gain in importance as a force shaping the sector. 
Understanding the complexity of the agriculture sector and its many drivers helps to design integrated 
adaptation strategies. 

6.2 LIVESTOCK  
Alongside expected climate changes the LMB is undergoing significant socio-economic and physical 
changes affecting current and probable future livestock production and consumption and livelihoods.  

6.2.1 INCREASING DEMAND AND CONSUMPTION OF LIVESTOCK PRODUCTS 
The LMB countries have exhibited high GDP per capita growth for the past 20 years. Associated with this 
growth have been general increases in household incomes and increasing domestic demand for livestock 
derived products. Investment in infrastructure such as roads and ICT networks has contributed to rapid 
improvements in access to markets and market information in much of the Basin and with this increased 
competition. Globalisation and increasing links to global markets, such as Vietnam‟s accession to the 
WTO in 2006, is increasing competition and subsequent pressure of domestic production. Further, 
increasing links to global commodity markets effect input prices with particular significance for more 
commercial production systems, notably pigs and poultry. Recent grain price volatility has had significant 
effects on more market oriented livestock production. The presence of national and international 
supermarkets is increasing rapidly and is altering consumer behaviour, food safety risks and the nature of 
livestock value chains. Rural demographics are changing with increasing urbanization contributing to an 
aging rural population in much of the Basin. 

6.2.2 SPREAD OF ANIMAL AND HUMAN DISEASE 
Beyond trade key production issues include animal and human disease. The high human and livestock 
populations, number of livestock raising households and the nature of production in the Basin contribute 
to emerging infectious disease risks, notably zoonoses; outbreaks and endemic diseases are major 
production and public health concerns.  

Rapid mechanization has occurred in the better connected, more commercially oriented areas of the 
Basin, such as the Delta region of Vietnam, and is slowly changing production methods in more remote 
areas. The increasing market share held by integrators, both national and international, has meant an 
increasing share of total production is now produced under contract and has led to changes in genotypes, 
production methods and input use; the rate and extent of change has varied with Thailand having a longer 
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history of integrated export-oriented production, Vietnam and Cambodia moving quickly in that direction 
while change in Lao PDR is less apparent. Increasing concern over, and investment in, food safety and 
quality assurance, such as pathogens and residues in food products, and stability and quality of supply, 
with the intention of meeting international trade requirements to unlock new and higher-value markets 
and increasing domestic consumer demand for safe, high quality produce is driving regulatory changes 
both regionally and at national levels. ASEANGAP and national guidelines and standards have been 
enacted and numerous programmes targeting whole chain and nodal safety and certification are affecting 
costs of production and access to markets for producers and associated value chain actors. 

6.2.3 INCREASING MECHANIZATION AND TECHNOLOGICAL INNOVATION 
Increasing access to and use of communications technologies is changing the methods producers gather 
information on markets both up- and down-stream and is altering service delivery and technology transfer 
methods. Increasing mechanization, such as hand tractors and harvesters, in many areas is broadly 
increasing yields and reducing on-farm labour requirements and the need for livestock as a source of 
traction.  Specialization of production is evident in more connected areas supplying urban hubs and 
exporters, with the associated changes in management. Introduction of higher productivity genotypes has 
had varied levels of success impacting yields, costs of production and disease risks for individual 
producers and the wider subsectors. Recognition of disease concerns has led to numerous programmes 
addressing animal health issues notably through vaccination programmes, surveillance and response 
capacity building and improved animal husbandry practices. 

6.2.4 ENVIRONMENTAL CONCERNS AS A POLICY DRIVER 
Increasing concern over local environmental degradation and climate change are important factors 
governing policy and altering production methods. Vietnamese national and provincial policy in relation 
to the Delta region provides a good example due to the particularly high population density and the threat 
posed by expected sea level rises. Agricultural policy and policymaking processes vary widely at sub-
national, national and regional levels but increasingly, planning and screening tools and procedures are 
giving environmental concerns more weight, especially in the design and operation of intensive livelihood 
enterprises. Technocratic policy informing and making channels are gaining strength across the Basin, 
however, transparency and associated issues of „good governance‟ remain a challenge.  

6.3 NATURAL SYSTEMS  
Natural systems within and outside protected areas are under pressure throughout the Lower Mekong 
region.  Generally, NTFPs and CWRs have greater resilience to climate change and other pressures in 
intact forest and wetland ecosystems. However, very few of the forests or wetland ecosystems in the 
region can be considered as intact.  The vulnerability of NTFPs and CWRs in stressed and modified 
natural environments will be greater, and in these situations more rapid changes in the species and 
their ecology may be expected. Once a threshold for an ecosystem is passed then there would be a more 
dramatic change – loss of forest cover and habitats, loss of the key species, and overall transformation. 
Often this threshold is not obvious until the loss has occurred. 

In the shorter term, other existing threats to the species considered here are more important than 
the climate change. Habitat loss due to deforestation, changes in land use to both more extensive and 
more intensive agriculture, plantations and aquaculture are very significant. Where the habitats are still 
more or less intact, over-harvesting, and destructive, non-sustainableand illegal collection are the most 
important stressors reducing the populations of many NTFPs. Increasingly the collection of many NTFPs 
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is market driven, with high export values pushing up both the quantities collected and the numbers of 
people collecting. Climate change comes as an additional threat.  

6.3.1 FOREST AND HABITAT LOSS 
The main threat to NTFPs is the clearance forests and changes in landuse for agriculture and 
agroforestry.  Over the past 50 years forest cover has changed dramatically in all LMB countries.   

In Laos, for example, the original natural forest cover was over 70% in 1940s and by 2002 was reduced to 
41.5% by 2002.35  The UN REDD program estimates that, if the current reduction rate continues, the 
forest area will decrease to 7.4 million ha (31.3% of the total land) by 2020.36 The main drivers of forest 
and habitat loss are shifting cultivation, legal and illegal logging, conversion to agriculture and forest 
plantations, and infrastructure development.   Whilst secondary and recovering forests can be very 
productive sources of NTFPs, plantations for rubber and other monoculture lead to an almost sterile 
environment for most NTFPs. The national targets for agricultural land anticipate an increase from 1.2 
million ha in 2002 to over 2 million ha by 2020.  

In 1961, forest covered over 51% of Thailand.  Since then 11.5 million ha of forest has been lost, about 
256,000 ha/year.  FAO estimated forest cover to be about 30.9% of land area in 200637 while the World 
Bank estimate was 37.14% in 2010.38 

In the Mekong Delta in Vietnam, some estimates range from 25% to 40% of former forest cover.39  Today 
the landscape has been transformed into manmade agriculture landscape. Of the total land area of about 
3.96 million hectares, 2.6 million hectares are being used for agriculture, mainly rice cultivation and 
aquaculture, accounting for 65% of the total land area – the remainder is waterways, residential land, 
roads, and a small proportion protected areas. The national plan to 2020 is to develop the Mekong Delta 
into a focal commercial agriculture and aquaculture production area with high economic growth rate.  The 
targets to 2020 are to maintain 1.8 million hectares of rice, 0.5 million hectares of aquaculture, and to 
increase the forest cover from the current 5% to 9%. 40 

6.3.2 OVER HARVESTING  
Over-exploitation has led to significant reductions in some NTFP species. This is especially a concern 
where destructive harvesting is practiced, since it leads to progressive losses. In 2004, Foppes and 
Ketphanh highlighted changes in NTFPs, e.g. wildlife, fish, and rattan, through village discussions in 
Laos over the previous 10 years (Foppes and Ketphanh 2004). This study found that increasing 
population using NTFPs, the intensification of harvesting, declining availability and increasing market 
prices were all acting to decrease NTFP availability. That trend has continued over the last decade. The 

                                                      
35ChanhsamonePhongoudome, BounphomMounda, KhamphayManivong, SilavanhSawathvong, SaykhamBouthavong and 
BoualyPhamuang (2009) Report On The National Program Assessment on Forest of Lao PDR. 
36 http://www.un-redd.org/AsiaPacific_LaoPDR/tabid/106705/Default.aspx 
37 FAO, 2009, Thailand forestry outlook study, Asia-pacific forestry sector outlook study ii, Working paper series, Working 
paper no. Apfsos ii/wp/2009/22 
38 data.worldbank.org/indicator/ 
39Pamela McElwee and Micheal Horowitz (1999).  prepared for the Mekong River Basin Research and Capacity Building 
Initiative, Oxfam America SEA 15 197-99 by the Institute for Development Anthropology 1999 
40 Decision of the Prime Minister 939/QD-TTg dated on July 19, 2012 on approving the master plan for socio-economic 
development of the Mekong Delta to 2020. 
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scale and value of the illegal wildlife trade in the region is a significant driver of decline in NTFP 
resources. 

There has been successful domestication or cultivation of some NTFPs, e.g.  false cardamom, mushrooms 
(especially those that grow on decaying wood), eagle wood plantations, bong bark plantations, growing of 
rattan shoots and broom grass. False cardamom gardens have been established in southern Laos, which 
are not plantations in the strict sense, but rather clearings in the forest where wild Amomum is allowed to 
regenerate after a year of growing upland rice. 41 

Even if they can be cultivated, wild plants may still be collected. Orchids are now cultivated extensively, 
but there is still a high market for wild orchids that cannot be cultivated or are required for cross-breeding 
and for the perfume industry. These are removed from the forests throughout the region in very large 
quantities. 

Some NTFP resources cannot be cultivated.  If they are in demand because of their unique features, then 
the population will continue to decline, e.g. the large, single-stemmed rattan species such as 
Calamuspoilanei is very heavily harvested and declining throughout Laos. 

In Vietnam, some wetland plants have been successfully domesticated and have become an important 
income for farmers.  While Typha can still be found in the wild, it has been planted for commercial 
purposes.  Farmers in SocTrang, Bac Lieu, and Ca Mau provinces raise fish in their typha fields fetching 
an income of up to $2,500/hectare/year.   In low-lying area, Typha has proven to be a more economically 
competitive crop than rice and it can be an important income source for farmers in acidic areas where rice 
gives low yield or where only one crop of rice per year is possible. 

6.3.3 POOR PROTECTION MEASURES 
Most of the NTFP and CWR species are not protected by law in any of the LMB countries.   Even in 
protected areas, harvesting and collection by local people is usually permitted, and quite large scale 
collection activities are allowed. Illegal collection is rarely enforced. The endangered status of many of 
the NTFP species has not been assessed in the IUCN Redlist. Some specific species, especially trees, may 
have been assessed and have legal protection, but this does not necessarily prevent exploitation. 

For CWRs, exploitation is rarely the issue – they may even be considered as weeds. They tend to be 
neglected and forgotten. The loss of habitat is the key pressure, both on forests and wetlands. Since their 
importance lies in their genetic resources, and potential for cross breeding for disease and climate 
resistance, there is a risk of genetic erosion when wild stocks occur near fields cultivated with “improved” 
seeds. The risks of “weedy rice” are as dangerous to wild rice genetics as they are to the economics of 
cultivated rice in the fields. 

In conclusion, the existing pressures upon the natural systems and exploitation of NTFPs are expected to 
continue, and the wild resources provided by the NTFPs are likely to continue to decline. The most 
important pressure is generally habitat loss and transformation, which reduces the natural populations, 
and exposes the populations of remaining wild populations to the risks of climate change. Overharvesting 
can be managed if the natural habitat remains, but if the natural habitat disappears the only option would 
be cultivation and domestication of the NTFPs. 
                                                      
41 NAFRI, NUoL, SNV (2007) Non-timber forest products in the Lao PDR. A manual of 100 commercial and traditional 
products. The National Agriculture and Forestry Research Institute, Vientiane, Lao PDR. Quoting Mollot et al (2004) 
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6.3.4 SUMMARY OF THREATS TO PROTECTED AREAS 
The threats to protected areas in the LMB have been well documented – and covered in this and other of 
the theme sections.  In summary, they include: 

 Population growth – Concomitant to continuing poverty in the LMB, population growth makes 
protected areas even more crucial for the continued production of a range of marketed and non-
marketed ecosystem-based goods and services. On current trends, and absent strict development 
controls in and management within PAs, continued population growth will further degrade these 
services.  

 Infrastructure development – Infrastructure development such as dams and highways have direct 
impacts and increase the accessibility of PAs in the same manner as land concessions. Also, they have 
downstream impacts and multiplier affects on surrounding environments. 

 Land concessions – In Lao PDR and Cambodia there has been a surge of land concession grants 
within protected areas. A number of activities are associated with these developments, including 
commercial plantations, logging, hydropower, mining, livestock, and building factories to process 
agricultural products. Land concessions are a major driver of forest loss and, by providing access to 
previously inaccessible areas, introduce or intensify illegal logging and poaching in surrounding areas. 
Any form of land degradation resulting from land concessions within PAs increases the vulnerability 
of ecosystems to climate change, and their capacity to adapt.  

 Wildlife trading – Poaching and the wildlife trade in the LMB have both national and international 
dimensions. Communities may harvest animals for food on an unsustainable basis. In the case of some 
species, such as tigers, the demand for „traditional medicines‟ in China, for example, is fuelling a 
massive trade in the slaughter of rare and endangered animals. Higher incomes in destination countries 
increase demand for poaching, even as prices rise due to increasing scarcity.    

 Agriculture expansion – Agriculture is the chief source of rural income within the LMB. Population 
growth within subsistence-based communities drives encroachment deeper into forested areas in 
search of arable land. Agriculture adjacent to forest areas may also lead to incursion of invasive 
species into PA ecosystems. 

 Unsustainable logging – Despite their legal status, PAs in the LMB are the sites of vigorous logging 
activities. Some of this logging is illegal, though often facilitated by local officials; some is legally 
sanctioned, but unsustainable. At the households level timber remains the principal fuel source for 
many communities, although this is certainly not a driver of large-scale land clearing.  

 Tourism – Tourism developments in the PAs of the LMB are often under-resourced and inadequately 
managed, resulting in lost economic opportunities for local communities and the protected area and in 
damaging social and environmental impacts. Poorly sighted or harmful tourist facilities and 
infrastructure may obstruct the movement of species responding to climate change. 

6.4 CAPTURE FISHERIES 
Other factors threatening the future of LMB fisheries may completely overshadow the effects of 
climate change. The productivity of the Mekong capture fisheries is inextricably bound up with the 
seasonal pulse or dry and wet seasons, and the connectivity of the rivers, streams and floodplains. 
Developments that affect these characteristics will reduce productivity and biodiversity of the fishery, 
with knock on effects to the millions of people depending on the fishery for their livelihoods. 

The greatest threat to capture fisheries is the alteration of river morphology and hydrology caused 
by hydropower projects, or the excavation of channels to aid navigation and the extraction of 
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ground and surface waters for irrigation (Kottelat M et al 2012).  Physical barriers constraining the 
migration of fish species will result in sudden failures of components of the fishery. Plans for cascades of 
dams, as proposed for Nam Ngum, could be catastrophic for this tributary‟ fisheries diversity and 
productivity. Periodically there are reports of plans to divert water from tributaries in Laos, under the 
Mekong, or from the mainstream Mekong to the drier NE part of Thailand, for irrigation purposes.  In 
March 2013, Cambodia launched a $200 million project to divert water from the Mekong River to irrigate 
300,000 hectares of rice fields in Prey Veng, Svay Rieng and Kampong Cham Provinces.  If such projects 
come to fruition then their impact on the Mekong‟s capture fisheries would be considerable.  

Other threats to the Mekong‟s capture fisheries include: 

 Fragmentation of the river and floodplain fisheries. Loss of connectivity. 
 Loss of productivity through habitat destruction/change 
 Overfishing, resulting from increased numbers of fishers and sizes of gears. 
 Aggressive fishing methods, e.g. explosives 
 Radical changes in land use patterns that change run off patterns from upland areas.  
 Establishment of exotic fish populations from aquaculture escapees,  
 Water pollution from urban centres, industry and intensive aquaculture. 
 Changes in water flows and levels through dam releases. 
 Climate change mitigation for other sectors e.g. large-scale irrigation projects. 

There is a tendency to blame unplanned and unwanted events in the region‟s capture fisheries on climate 
change, even when other causes seem more likely.  Climate change is becoming a scapegoat for 
shortcomings in more conventional fisheries management.  Consequently, climate change presents an 
opportunity to use vulnerability assessments and adaptation planning as a force for concerted and 
integrated management of LMB fisheries in ways which address all threats. 

6.5 AQUACULTURE 
There are far fewer external threats to the Mekong‟s aquaculture systems than those facing the 
capture fisheries.  For several decades, the trend has been stable capture fisheries production but 
exponential cultured fish production.  Aquaculture is seen as a way to offset declining capture fisheries. 
However a number of non-related climate change pressures exist and these are: 

Dependency on wild caught seed and feed. Traditionally, many aquaculture systems have been 
dependent on capture fisheries for wild caught juveniles for culture and low-value fish as feed. A 
reduction in the availability of these resources (caused by climate change and other factors) would have a 
knock on affect on the region‟s aquaculture.  The development of hatcheries and the availability of 
commercial fish feed throughout the LMB are slowly reducing dependence on wild resources. 

Pollution and increasing demand for water during the dry season has the potential to constraint 
aquaculture development, particularly in the Mekong Delta.  Adaptation efforts in other climate affected 
sectors that reduce the availability of water for aquaculture could be a serious check to further growth.  
On this issue, there is some contradiction, as it is also expected that the increase in dams in the Mekong 
and its tributaries will result in increased dry season water flows, which would be advantageous for 
aquaculture.   
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The use of pesticides and drugs in the more intensive systems are of concern to the Region‟s 
aquaculture. Their use may well be affected by climate change, if certain diseases become more virulent 
as a result of the changing conditions, e.g. increased temperatures. 

6.6 SOCIO-ECONOMICS (HEALTH AND INFRASTRUCTURE) 
The LMB region is experiencing rapid economic growth, beginning first with Thailand, followed by 
Vietnam during the 2000s, and more recently Lao PDR and Cambodia. Economic expansion at current 
rates of 6%-10% per year will generate a larger pool of public and private financial resources for 
adaptation over coming decades.  But an efficient and sufficient adaptation response requires more than 
just extra financial capital and the physical capital it purchases. Governments must also consider the 
future state of the natural capital (e.g. forests, wetlands and land) that is deteriorating under the LMB‟s 
current development trajectory. Climate change could degrade this natural capital even further in many 
areas. The stronger the base state of natural resources before climate-induced shifts are fully realised, the 
lower the vulnerability and the less adaptation that is required. 

In this study a range of criteria were used to assess livelihood vulnerability to climate change (i.e. 
poverty, food security, demographic composition, strength of key infrastructure, and human health) and 
adaptive capacity (i.e. physical assets, education/skills, physical infrastructure, and access to markets) for 
the health and infrastructure sectors.   The levels of rural poverty, food security, and household assets are 
inextricably linked to the ability to access functioning ecosystems and the services they provide.  In the 
LMB that dependency will continue to be the case for many decades. For infrastructure, the regulation of 
extreme monsoonal precipitation by forests and watersheds for example, is critical.  In some areas, 
climate change poses a threat to these ecosystem services - in most areas, current development trends are 
a more serious immediate threat to these same services.  

In this section several major non-climate factors that affect adaptation planning are considered – 
principally in terms of their environmental impacts affecting poverty, food security and physical assets; 
where „physical assets‟ are understood to be natural forest and water resources, as well as land, livestock, 
and machinery. Although these external factors may not be explicitly linked to adaptation strategies, they 
are associated with the LMB‟s adaptation deficit and their crosscutting nature necessitates prominence in 
broad-based climate change planning beyond the health and infrastructure sectors. 

Each of these non climate change drivers of change are raised as key threats by one or more of the other 
theme groups in the study.  Here only the social and economic implications are considered, especially 
poverty and food security concerns. 

6.6.1 HYDROPOWER DEVELOPMENT 
Hydropower dams are associated with a range of environmental risks: from altered downstream water 
regimes, to reductions in fisheries and loss of downstream sediment transfer. Subsistence-based 
communities in the vicinity of dams may be subject to rising poverty and food insecurity due to: (i) loss 
of capture fisheries and riverside agriculture, (ii) inundated farm-land in upstream areas, (iii) reduced 
sediment transfer to downstream floodplain causing lower agricultural productivity, and (iv) forced 
relocation to less fertile land. In the long term it may be that government revenues and other broad 
benefits of hydropower development trickle down to affected communities. But the direct, short and 
medium term impacts are likely to be that hydropower dams will increase local poverty and food 
insecurity, and thereby increase communities‟ climate change vulnerability and/or decrease adaptive 
capacity. 
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6.6.2 LAND CONCESSIONS  
A range of activities are associated with expanding concessions, including plantations, logging, 
hydropower, mining, intensive livestock, and building factories to process agricultural products. These 
projects often involve: (i) displacement of communities without formal land tenure, (ii) reduced access to 
natural resources for communities adjacent to new land concessions, and (iii) degradation or removal of 
ecosystem services previously located in land concessions.  In the absence of strong social and 
environmental protection and regulation, land concessions have become major drivers of landlessness and 
poverty.    

6.6.3 DEFORESTATION, ILLEGAL LOGGING, POACHING 
Land concessions are a major driver of forest loss and, by providing access to previously inaccessible 
areas, introduce or intensify illegal logging and poaching in surrounding areas. However, the degradation 
of forest resources is a much broader issue than land concessions. The negative impacts on community 
health of loss of natural forest resources were assessed earlier (Section 5.7). Less visible, but just as 
important for community health, is the role of watershed protection in soil water retention and the 
mitigation of flood events. Those last factors are highly relevant to infrastructure resilience, but also 
health in terms of asset loss and crop destruction from flood events, landslides, and land degradation.  

6.6.4 POPULATION GROWTH AND MIGRATION  
Regional population growth is increasing pressure on natural systems and the services they provide in 
rural areas. There has been a growing trend in rural-rural migration to access remaining forest areas, 
leading to conversion to agricultural land. On current trends, continued population growth on UN 
projections (Section 2) would see a further degradation of natural resources and reduced climate change 
resilience in rural communities.  That forecast is balanced somewhat by rising rural-urban migration; all 
countries in the LMB except for Cambodia are projected to have declining rural population by 2025. 
Whether the shift of large numbers of people out of rural areas necessarily improves access to natural 
resources for those remaining is an open question: subsistence farming may be replaced by larger 
economic concessions that have a bigger natural systems footprint than existing rural communities. 

6.7 CROSS SECTOR IMPLICATIONS  
From a cross-sector perspective, the challenge posed by forces affecting, agriculture and livestock, 
fisheries and natural systems such as major infrastructure developments and land concessions is that they 
have multiplier and cumulative effects.  For example, roads to service hydropower schemes open up 
previously inaccessible areas to logging and plantations. Mining and timber concessions lead to 
processing facilities that cause water and land pollution. In the absence of integrated area wide planning 
and coordination, market-driven developments are likely to have a mounting impact on the natural 
systems foundations for rural livelihoods in the LMB.  

As stressed throughout this report, the diverse components of rural livelihood systems are all dependent 
on healthy functioning natural systems. Climate change may not be the main source of decline, but its 
marginal impact is greater if it is placing further stress on highly stressed systems.  Major developments 
are reducing resilience in rural livelihood systems. For example, food security in certain areas is being 
undermined by altered flow regimes degrading riverside agriculture downstream from dams. There will 
also be reductions in rice yields due to climate change. Where such a combination of current and 
projected threat coincides, then it may be that climate change applies terminal stress to the viability of 
already weakened systems.  
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7 ADAPTATION 
This study set out to identify geographic areas of the Lower Mekong Basin most affected by projected 
climate change.  As a framework for that analysis, the study divided the basin into 12 ecozones, 4 
livelihood zones (which are an aggregate of the ecozones), 104 catchments and 114 protected areas.  The 
aim was to establish a common analytical foundation for viewing livelihoods and farming systems from 
an ecological perspective.  The spatial framework also included the 88 provinces in the LMB – an 
important layer added for very practical reasons - that is the main local government level responsible for 
planning and managing development, for gathering information and for tracking progress. It will be the 
critical level for adaptation replication and mainstreaming.   

Within that spatial framework, the study assessed the impacts of climate and hydrological changes on 
agriculture, capture fisheries and aquaculture, livestock, natural systems and on rural health and 
infrastructure.  In each of those sectors the modeling, assessment and adaptation planning dealt with 
individual species and systems.  The scientific basis for the analysis drew from research which has been 
conducted at species level.  The analysis of systems built on those species assessments but, as so little is 
known about how farming and natural systems function, it depended largely on past experience and 
expert knowledge and judgments.  Similarly, the development and assessment of adaptation options for 
vulnerable species and systems, and their distillation into strategic adaptation priorities was guided by 
past field experience – summarized here as a set of principles.  

7.1 ADAPTATION GUIDING PRINCIPLES 
Experience of communities and governments in the region in responding to past extremes, climate 
variability and climate change suggest a number of principles which need to guide adaptation planning 
and action. 42 

Recognise the fundamental role of natural systems in maintaining and enhancing resilience: 
Recognise that healthy natural systems are a foundation for the development and wellbeing of socio-
economic systems and are essential in building resilience in communities, economic sectors and areas. 
Adaptation actions should always contribute to ecological sustainability and social equity as well as 
reducing climate change vulnerability - the corollary to that axiom is to ensure that adaptations does not 
contribute to environmental and biodiversity degradation. 

Weed out bad adaptation:  Existing development plans and budgets – and adaptation options – need to 
be filtered through an adaptation impact assessment process to ensure those actions (i) do not have a 
negative impact on the adaptation options and capacities of other sectors, (ii) do not rule out future 
adaptation options and stages, and (iii) do not degrade natural systems which lay the foundation for 
resilience to climate change. 

                                                      
42 Based on ICEM, 2012, Basin-Wide Climate Change Impact and Vulnerability Assessment for Wetlands of the 
Lower Mekong Basin for Adaptation Planning: Synthesis paper on adaptation of Mekong wetlands to climate 
change, Prepared for the Mekong River Commission by ICEM in partnership with IUCN, World Fish and SEA 
Start. Hanoi, Viet Nam. 
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Recognise the cyclical and iterative nature of adaptation: There is no permanent “fix” to climate 
vulnerability.  Adaptation responses need to be regularly adjusted based on experience and new 
information.  It is not necessary or possible to do everything at once – priorities need to be set with less 
urgent measures left to later development cycles.  Some things need to be done before others are possible.  
Climate change is incremental and so too is adaptation.  

Adapt on a phased basis: Adaptation is best achieved in phases.  Adaptation planners need to monitor, 
learn lessons and make adjustments over time - new approaches or adjustments to plans may be needed as 
more climate change information comes to hand.  One phase should provide a good foundation for the 
next.   The most important things need to be done first. Also, economic feasibility may be a driver for 
adaptation phasing.  Some adaptation such as raising river embankments or dyke systems may be needed 
– but are just not possible now for economic reasons – it may be necessary to accept a “repair as needed” 
approach as assets are degraded or destroyed by floods and storms rather constructing now to meet future 
extreme conditions.  The economic, social and environment implications of delaying action should be 
understood. 

Integrate adaptation with development planning: Recognise adaptation actions as part of 
management and development planning cycles so they become an integral part of sector socio-economic 
plans, budget allocation and staffing commitments.  Climate change impact, vulnerability and adaptation 
assessments need to lock into sector and area planning steps.  Integration with existing planning 
encourages assessment of non-climate stresses which degrade and weaken the resilience of wetlands.  
Avoiding or reducing non-climate stresses is a critical ingredient in adaptation plans.   

Involve local communities and government: In most cases, the science evidence base concerning the 
biology and ecology of species and habitats is limited.  Local communities and managers have site and 
species specific knowledge built up over generations.  Vulnerability assessments and adaptation planning 
need to respect and rely on local experience, knowledge and judgments.  Wetlands users and local 
communities, local government and sector specialists need to be involved in all phases of the adaptation 
cycle - defining the threats, assessing the impacts, identifying adaptation options and priorities, 
implementing adaptation and monitoring and adjustment. 

Address the adaptation deficit first (Figure 7-1).  The adaptation deficit includes those things which 
government or communities need to do to safeguard their assets against existing climate extremes and 
variability, in the light of past experience.   Those actions may also be priorities for meeting basic 
developing needs.  Addressing many day to day environmental, development and maintenance challenges 
can enhance resilience to storms and floods for example of the kind already experienced – and to more 
extreme conditions in future due to climate change.   

If the first steps in adaptation planning and implementation are focused on the adaptation deficit, it brings 
climate change to the immediate agenda and budgets of local planners in ways they appreciate and 
understand and that meet existing development needs.   
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Source: ICEM 2011 

 

Build on an understanding of past extremes and trends, based on stakeholder experience, official 
records and expert judgment.  In many cases limited available information and capacities do not allow for 
reliable science based projections.   As an initial planning response, it may be necessary to understand and 
document local experiences with past extreme events such as floods and droughts and, if adequate records 
are available, to project forward past trends.   Documenting the past may involve community surveys and 
mapping past floods and storm impacts from community memory. 

Build on past successful adaptation:  The best of what is already in place needs to be documented and 
replicated.  In responding to past extremes in climate – eg storms and floods – government sectors and 
communities have often taken rehabilitation actions and made innovations to infrastructure design and 
resource management which “storm proof” their assets.  They may have built those innovations into 
current and future sector work programs and budgets.   Adaptation plans need to learn from and build on 
that innovation whenever it appears in sector plans or is demonstrated in local areas.   

Focus on integration across sectors and areas: Adaptation action is best implemented by integrating 
actions across systems, sectors and geographic areas.  Opportunities for reducing vulnerability through 
adaptation can be found in natural, built, social, economic and institutional systems, for example: 

(i) Natural system adaptation (eg rehabilitation, revegetation, species/ecological enrichment, 
elimination of exotics, conservation offsets and corridors) 

(ii) Engineering solutions (eg dykes, drainage systems, bank stabilization and other bioengineering 
options) 

(iii) Landuse planning (eg zoning, safeguards and development controls, management plans) 
(iv) Traditional local strategies (eg, seasonal restrictions on harvesting, conservation zones)  
(v) Community and social adaptation (including resettlement, retraining, awareness outreach, 

extension services) 
(vi) Economic instruments (eg subsidies, fees and tax incentives, payments for ecosystem services) 

Figure 7-1: Addressing the Adaptation deficit 
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(vii)  Sector specific adaptation practices (eg fisheries – controls on equipment and quotas, 
agroforestry, ecological and organic approaches to agriculture) 

(viii) Policies and plans (eg integration of adaptation into wetland management plans through to 
national policies on wetlands and their sustainable use). 

(ix) Institutional mechanisms and structures (eg establishment of management boards, community 
management committees, and introducing adaptation impact assessment procedures). 

In most cases, an effective response requires an integrated set of adaptation actions across those fields of 
management so that one reinforces the other. 

7.2 AGRICULTURE 
Adaptation responses are proposed for the most vulnerable agricultural commodities for each provincial 
hotspot.  Suggestions are made to build the resilience of farming systems. They are presented as generic 
strategies and not detailed plans which need to be developed in a site and system specific way.  Before 
developing techniques for on-farm trials, a precise and detailed diagnostic of the farming system is 
required, as is an evaluation of the needs and capacity of the targeted communities in order to fine-tune 
adaptation options. Past experience and interventions in the targeted community have to be assessed as 
well in order to understand underlying drivers of success and failure. 

The study team has distilled climate change adaptation in agriculture in the Lower Mekong Basin into 
five strategies that aim to improve the resilience of small-scale producers in subsistence and industrial 
crops. The main orientations are: 

(i) Strengthening resilience in rainfed and irrigated rice-based systems with improved varieties, 
better management practices, and protective measures against extreme events. This includes the 
use of varieties that are early maturing to avoid flooding, that are flood tolerant, or that are 
drought resistant in drought prone areas.  The positive lessons from application of the “System of 
Rice Intensification” (SRI) techniques should be built into the cropping system. 

(ii) Improving water efficiency and water management techniques (water harvesting, small–scale 
irrigation, etc) in drought prone areas in order to alleviate rain shortages that cause crop failure. 

(iii) Improving soil fertility and soil management of both cash and subsistence systems in plains, 
plateaus and uplands. 

(iv) Promoting agriculture techniques that reduce greenhouse gas (GhG) emissions. 
(v) Promoting agriculture diversification to reduce reliance on monoculture. 

7.2.1 ADAPTATION FOR RICE BASED SYSTEMS 
Rice based systems will require the development of new varieties for tolerance and adaptive 
capacity to higher temperatures, flood and dry spells. New flood tolerant and submergence tolerant 
rice varieties43 (“Scuba rice”) developed by IRRI are now available and can help reduce flood impacts. In 
areas where floods are projected to increase in intensity and regularity and rainfall to increase in the dry 
season, will allow a shift from dependence on a rainfed crop vulnerable to flooding to a dry season crop.  

                                                      
43http://www.irri.org/index.php?option=com_k2&view=item&id=9148:climate-ready-rice&lang=en 
 

http://www.irri.org/index.php?option=com_k2&view=item&id=9148:climate-ready-rice&lang=en
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Diversity in varieties: To address the uncertainty of drought, flood and rainfall patterns, already farmers 
in Kandal Province, Cambodia, build resilience by planting a diversity of rice varieties of different 
maturation periods within their plots. 

Heat tolerant varieties will be required for rainfed rice in Kampong Thom, Mondulkiri, Khamouane, 
Champasack, Sakom Nakhom, Chang Rai and for irrigated rice in Kampong  Thom, Champasack and 
Ken Giang. In some cases, for example, Ken Giang Province, a shift of the cropping calendar to avoid the 
peak heat period will be sufficient to limit the temperature stress.  

Drought tolerant varieties: In Cambodia and Northeast Thailand drought tolerant varieties to reduce the 
risk of dry spells will be required. Early maturing crops, and/or submergence tolerant varieties can be 
used in Kampong Thom, Keng Giang, Mondulkiri,Khamouane ,Champasack, Chang Rai, SakomNakhom 
in flood prone areas. 

Market availability and extension: The shift to tolerant seed varieties depends on their availability on 
the market. Drought tolerant, early maturing varieties and submergence tolerant varieties are available but 
need to be introduced to communities. Heat tolerant varieties can be introduced later, when the increase of 
temperature will be significant.  

To reduce vulnerability to extreme events and increase water efficiency, SRI offers promising adaptation 
methods for rice based systems. SRI is a widely applied technique of cultivating rice that aims to improve 
rice yield while reducing inputs. The technique is based on several principles (ie significantly reducing 
plant population, improving soil conditions and irrigation methods for root and plant development, and 
improving plant establishment methods)44 and farmers can chose to apply the entire process or to select 
only some steps, according to their capacity and local conditions. This technique can be applied in 
irrigated and rainfed systems but requires improved water management capacity.  

In the context of climate change, SRI can be an adaptation measure for: 

 Reducing the impact of increases in temperature on rice yield; 
 Reducing demand for water; 
 Lessening the impacts from climatic events such as drought, flood, and storms with more robust 

rice plants; and 
 Reducing the use of nitrogen fertilizer and reducing GhG emissions (in the case of water 

management capacity at the plot level) (Africare 2010) 

This approach is recommended in most of the hotpots.  It would be especially important to test or expand 
SRI in hotspots under high threats of extreme climate events such as storm and flashflood such as Central 
Highlands and Lao PDR. In those areas, the development of more resilient rice farming systems using 
SRI techniques will be an essential adaptation strategy. This adaptation can be planned and delivered in a 
short period, with thousands of farmers in the region already adopting elements of SRI. 

7.2.1.1 Rice based systems in coastal zones 
Rice based systems in the coastal zones will require additional infrastructure to face sea level rise, storms 
and saline water intrusion – although dykes and other engineering structures have been shown to have 

                                                      
44 http://sri.ciifad.cornell.edu/ 
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negative effects on productivity after initial increases due to losses in soil fertility and the need for 
increased chemical inputs.  Saline-tolerant and short-growth duration rice varieties with high yields and 
good-grain quality will be a longer term adaptation approach.  Also, a shift to a rice-shrimp system will be 
required in areas where saline water intrusion will constrain a second rice crop.  

7.2.1.2 Shift to irrigated rice and fish culture 
In flood prone areas like Khamouane, Kampong Thom and the Cambodian floodplain, rainy season rice 
crops will vulnerable. In those areas, a shift to a dry season crop and recession rice will be required if 
feasible in the new conditions. Also, with the development of small scale irrigation, integration of fish 
culture is an option to be tested to diversify income and for nutritional benefit at the household level. In 
flooded rice fields, dry season fish refuge ponds managed by communities can support a productive rice 
field fisheries sector. Individual farm fish culture in flooded rice fields is an option in the Mekong Delta 
where the amplitude and duration of the flood will become more intense. 

7.2.2 IMPROVEMENT OF WATER USED TECHNIQUES 
Access to irrigation with groundwater, rainwater collection, and small-scale water storage can 
provide opportunities for dry season crops, supplementary irrigation or diversification with homestead 
intensive gardening. This diversification strategy in areas that are well connected to markets can provide a 
new source of income while building resilience and stability in the farming system.  

Water storage or efficient water used techniques, such as low cost drip irrigation, mini-ponds, 
rainwater harvesting in ponds or tanks are options already tested that can help to diversify agriculture 
production and secure rainfed crops. Those techniques can be developed across the hotspots, but 
vegetable and horticulture production requires a good connection to the markets. Areas without access to 
irrigation or water access issues need to consider rain water harvesting technologies. For the poorest and 
especially landless, rain water harvesting associated with drip irrigation in homestead garden is a potential 
option to diversify income. Additionally, this adaptation strategy can target women, with homestead 
garden vegetable production and marketing activities. Vegetable production can be oriented to specific 
niche markets, for example, where there is growing demand for organic products around city centers and 
tourist areas. 

7.2.3 SOIL MANAGEMENT AND FERTILITY 
The negative impact of climate change can be mitigated by a better fertility management at the plot 
level. Yield gap is important and both fertility management and the use of fertilizer are partially 
responsible for this gap. Yields of the main crops show large variations across the basin.  

One option to reverse the loss of fertility in commercial agriculture (eg for soya, maize and cassava) is to 
develop a cropping system that includes the rotation of crops with permanent vegetal cover, and limiting 
or abandoning tillage to improve the quality of soil organic matter and to promote nutrient availability. 
This system is flexible and can include the integration of pasture land in plains and of local traditional 
crops45 in rotation with grains and/or forages to stabilize and diversify the production system. Also this 
approach can be combined with rice based systems particular in medium to large-scale farms.  

In addition continuous vegetal cover is an option for uplands requiring specific soil conservation 
techniques in response to extreme rainfall events and storms. Additional adaptation measures for 
                                                      
45Stylosanthes; Job‟s tear (CoixlacrymaJobi) and rice bean (Vigna umbellate); cajanus 
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protection against flashfloods will be required in uplands area, emphasizing bioengineering methods with 
tree plantation and physical barriers.   

Those adaptation options would apply in several hotspots facing erosion issues due to extreme rainfall 
events (eg Khamouane, Gia Lai, Mondulikri, Champasack) and in hotspots where agriculture is now 
oriented toward commercial crops such as cassava, soya, maize and use larger quantities of chemical 
inputs (eg Northeast Thailand, western Cambodia, and the Mekong Corridor in Lao PDR). This 
adaptation strategy can be tested and introduced in a short period, since the techniques and technology are 
already commonly practiced in the region.  

7.2.4 SHIFTING FARMING SYSTEMS OR CROPS  
In some cases, climate change will require a shift of crop or system. In waterlogged areas and in zones 
receiving extreme rainfall, cassava culture might require a shift to more water tolerant crops or the 
improvement of drainage systems.  Those adaptation strategies may be required in hotspots such as 
Mondulikir, Khamouane, Sakom Nakhom Provinces. Similarly, soya culture in Mondulkiri and Kampong 
Thom and sugarcane and maize culture in Khamouane may require shifts to more flood tolerant crops and 
to heat tolerant crop in the case of soya. However, given past experiences with the agriculture sector in 
the basin, those shifts will be shaped by the market demand and prices.  

7.2.5 ALTITUDE SHIFT  
Rubber will need to shift in altitude in several provinces such as Mondulkiri, Chang Rai, to avoid 
increasing temperature. Altitude shift will also concern other perennial plantation in specific spots 
within the basin like Litchi production in northern Thailand (Chang Rai), Robusta coffee in Central 
highlands. Those shifts will be needed in the medium to long term.  Production in current areas might be 
replaced by more heat tolerant crops.  

7.2.6 BUILDING ON PRACTICE AND EXPERIENCE 
Adaptation strategies presented here for developing more resilient production systems are based on 
previous experience and testing in the region. Production systems are extremely diverse when explored at 
the farm level, with variations existing in the diversity of soils, water management capacity, access to 
markets, knowledge, inputs and equipment. Ultimately, provincial or ecozone wide guidance on 
adaptation will need to be considered and adopted as relevant in locally defined adaptation strategies. 

Interactions with other influential sectors have not been explored in depth, for example economic and 
market forces. Market drivers and national policies concerning land use, infrastructure expansion or 
agriculture priorities can have greater influence at the local and provincial level than changes in rainfall 
patterns or temperatures.  

This study has highlighted the key threats and set out adaptation solutions and directions that can be 
investigated at local level to arrive at appropriate adaptation plans. The findings and recommendation 
proposed here need to be validated at the community level and discussed with local experts as part of the 
design of tailored adaptation measures.  At the same time, there is much which can be done at national 
and provincial level to provide the right enabling environment, incentives and supports for adaptation 
planning and testing.   
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7.3 LIVESTOCK  
Due to the diversity of livestock raising in the Basin and the wide range of specific constraints and 
opportunities at the local level the potential adaptation strategies to increase climate change resilience and 
strengthen household livelihoods described here are intentionally broad and flexible. The approach 
presented offers a means of considering livestock systems strategically, which can then be built upon in 
the identification and design of specific interventions at the local level.  

The adaptation options are applicable to the large majority of livestock systems in the Basin, specific 
areas where constraints are likely greatest have also been identified. It is intended this strategic approach 
support locally targeted livestock and sustainable livelihood focused development interventions under 
modeled threats of climate change to 2050. A more specific actionable planning methodology and options 
are provided in the full Livestock Report for the identified hotspot provinces and at zone and Basin levels.  

7.3.1 GUIDING PRINCIPLES GUIDING ADAPTATION IN LIVESTOCK SYSTEMS 
Improving livestock nutrition, health and market access, both up- and down-stream, will improve 
household and stock resilience to climate change in the majority of the Basin while promoting economic 
development locally and nationally and reducing food insecurity, poverty and vulnerability. Prioritization, 
phasing and specific adaptation interventions will then require consideration in the local context. 

To progress livestock development and increased resilience to climate changes five key aspects of 
livestock production in the Basin have been identified for consideration in future intervention design: 

(i) Nutrition  

(ii) Disease resistance: reduced challenges and increased resistance to disease  

(iii) Housing  

(iv) Production planning and offtake  

(v) Access to markets: both up and down stream  

The five aspects are all closely interrelated but have been separated to promote consideration of livestock 
production constraints from a range of perspectives, they may be considered under the two broad 
categories of „production‟ and „market‟ factors. Progress in improving these aspects of livestock 
production will most likely enhance both household and livestock resilience to climate changes, support 
other household livelihood mechanisms and reduce local and broader environmental pressure, which may 
include threats to protected areas. The strategic considerations are generally applicable to all major 
smallholder production systems currently operating in the Basin, and are particularly important for low-
input smallholder systems and small commercial units. They do not target larger-scale operations though 
there would likely be significant indirect benefits to these businesses through trade, reduced disease 
threats and the potential to access new and higher value markets domestically and potentially 
internationally. 

The following subsections will expand on the key aspects identified and provide examples are areas 
where activities under that category may be most applicable/urgent. Where the term „smallholders‟ is 
used it refers to both low-input scavenging and grazing poultry, pig and ruminant systems and more 
commercially orientated small and medium-scale pig and poultry units. 
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7.3.2 NUTRITION 
Reduce undernourishment by increasing the quality and quantity of feed production, storage and 
the nutritional balance of diets.  

Adaption options should first consider smallholder access to feed and feed quality on an annual basis, 
noting seasonal peaks and troughs. In much of the Basin smallholder stock, particularly ruminants, are 
generally in poor condition during the late dry and early wet seasons. Stock of all species typically lose 
value and productivity, reduced ability to work, weight/weight gain and production of non-meat products, 
during these periods. The threat of disease is increased with impaired immune system responses due to 
undernourishment.   

Improved use of current feed resources, such as crop residues and wild feed sources and introduction or 
improvement of forage cultivation will help reduce periods of nutritional deficiency. Available protein is 
typically the key nutritional component to address, while some areas also endure chronic mineral 
deficiencies, such as phosphorous deficiencies in parts of Laos, which may be alleviated easily through 
supplementation but requires knowledge transfer and access to appropriate feed additives. The 
appropriate forage varieties will depend on local availability, growing conditions and typical land use, 
such as major crop systems. Alternatively or concurrently introduction of feed preservation techniques, 
such as small-scale silaging, can reduce pressure on stock during lean periods. Climate change will 
increase seasonal extremes in much of the Basin and increase the length and severity of feed deficit 
periods, increasing household ability to feed stock adequately during these periods will have significant 
positive effects on household resilience.  

Improving feeding systems will also reduce pressure on the local environment and protected areas 
commonly used for grazing large ruminants. Reducing the need to graze these areas will reduce contact 
between wild species, such as Banteng, of which the largest known population inhabit Eastern Cambodia, 
and domesticated species thereby reducing the risk of disease transmission between species. Limiting the 
need for grazing in protected areas will also reduce contact between people tending stock and wild 
animals, reducing hunting pressure.  

Undernourishment is a key constraint to smallholder low-input systems particularly in areas prone to 
drought and flooding. Grazing animals are particularly threatened in Basin hotspots Mondulkiri and 
Khammoune, though this is a current and probable future threat to low input systems in most of the Basin. 

7.3.3 DISEASE RESISTANCE 
Reduce threat of disease by increasing internal resistance through improvement of nutritional 
status and body condition and vaccination levels and reduce disease challenges by improving 
biosecurity levels to reduce the risk of pathogens entering the herd or flock. 

Disease issues present a significant threat to all stock in the region, morbidity and mortality are major 
constraints to livestock productivity and value. Further, disease responses frequently include market 
related restrictions, such as movement bans implemented during outbreaks, and currently limit access to 
potential markets, market issues are discussed further below. Climate change will alter disease patterns 
and prevalence; there is strong empirical evidence of shifts in disease patterns in Southeast Asia and the 
emergence of new infectious diseases is inevitable. Increasing human and livestock populations and 
increasing movement and contact in even the most remote areas of the Basin suggest emerging and 
endemic disease risks will increase. Further, drier dry seasons and heightened risk of flooding are likely to 
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exacerbate current nutritional problems, while wetter wet seasons increase key infectious disease risks by 
allowing key pathogens, particularly bacteria, to survive longer outside hosts, increasing the risk of 
transmission through mud by fomites and vectors. 

Reduced productivity and mortality due to infectious disease are a problem for all stock in all systems, 
though the specific disease threats vary with production system. The highest risk systems are small and 
medium commercial enterprises, whom typically invest substantially in buildings, stock and feed. Higher 
investment, stocking rates, the use of more productive but less resistant improved genetic lines, 
suboptimal employment of biosecurity measures and variable vaccination quality and coverage, 
particularly in more remote areas, make risk associated with disease particularly high for these producers.  

Outbreaks of Newcastle Disease, fowl pox and fowl cholera are ongoing problems for smallholder 
chicken production. Hemorrhagic septicaemia, foot and mouth disease, blackleg, brucellosis and sporadic 
cases of anthrax are particularly important for cattle and buffalo owners. Pigs are most severely affected 
by classical swine fever, swine cholera and Porcine Reproductive and Respiratory Syndrome (PRRS), 
notably regular PRRS outbreaks cause significant productivity losses among pig breeders and movement 
bans in response to outbreaks have important economic ramifications for producers.  

The diseases identified above are probably endemic in much of the Basin, however, areas such as Kien 
Giang, with high human and livestock populations and density and greater numbers of commercial units, 
are likely to suffer most from these and emerging infectious diseases and subsequent control measures 
due to the nature of the production systems employed.  

Low-input systems generally use minimal vaccination and employ limited biosecurity measures and 
frequently affected by disease outbreaks. The threat of disease will be heightened by poor nutrition and 
rapid sales post flooding, for example, events which are likely to occur more frequently and with greater 
intensity with the effects of climate change. Smallholders in areas affected by seasonal changes and 
heightened risk of flooding and drought are likely to experience greater prevalence of key diseases in 
future.   

Disease risks also threaten wild species such as Benteng, as mentioned above. The risk of transmission 
both to and from wild, feral and domesticated animals is likely increased by climate change through 
changing feed availability, most significantly the increased likelihood of periods of low feed availability, 
which will lead to increased grazing in protected areas and therefore contact between species. Changes in 
disease patterns and the health status of domesticated stock are therefore highly likely to affect wild 
populations, and vice versa.  

Adaptation strategies need to consider improving livestock internal resistance to disease through 
improved nutritional status and vaccinations while also reducing disease challenges through improved 
biosecurity measures to lower the risk of pathogens entering the herd or flock. Building animal health 
service capacity in delivery of services and technology transfer is a priority in most areas of the Basin  

7.3.4 HOUSING 
Improve housing location and design to maximise natural ventilation and minimize exposure to 
extreme events. 

Housing and confinement systems are an important first step in reducing the risk of disease as they 
provide a physical barrier to traffic and mixing, reducing the risk of pathogens entering the herd or flock. 
Further, with expected increases in average temperatures and periods of extremes stock housing should be 
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located and designed to maximise natural ventilation, utilizing perflation, convention and stacking effects, 
reducing current and future heat stress issues particularly behavioural problems and reduced feed intake.  

Mondulkiri is an obvious concern for heat stress issues given predicted five degree centigrade increases in 
average temperature, however there are few commercial units in the province. For this reason improving 
housing is a greater priority in provinces in northeast Thailand, central and southeast Cambodia and the 
Vietnamese Delta areas where commercial pig and poultry units are more common. The hotspot 
provinces Chiang Rai and Kien Giang show less extreme temperature increases, but the number and 
importance of small commercial pig and poultry enterprises, and the high human and livestock population 
density, make improved housing and confinement a key adaptation strategy in light of the threats of 
temperature increases and the heightened risk of disease.  

7.3.5 PRODUCTION PLANNING AND OFFTAKE 
Improve production planning and reproduction management in breeder herds/flocks for example 
reducing inbreeding, recognition of oestrus and earlier weaning.  

Increase offtake rates, where beneficial, for example promote controlled destocking to reduce 
pressure on stock, land and/or nucleus herds and flocks with the additional benefit of increasing 
household incomes. 

Current low-input system resilience to climate change is reduced by limited production planning 
particularly among cattle raisers. By increasing efficiency in reproduction management and increasing 
planned sales current supply and demand peaks, common in more remote areas, may be smoothed, which 
will increase household incomes while reducing pressure of feed resources. Pressure on feed resources 
also negatively affects protected areas by increasing the need to graze these areas. Greater efficiency in 
stock management and sales can increase household access to, and income from, draught and manure if 
managed well. Increasing planning and offtake also provides a potential incentive for households to invest 
more in animal health, primarily vaccination and biosecurity measures, benefiting all producers by 
reducing disease risk.  

Increasing offtake rates will be most beneficial in areas prone to extreme events such as drought and 
flooding. Areas such as Mondulkiri, Khammoune and Gia Lai have large populations owning small herds 
of cattle and buffalo raised in low-input, low productivity systems. Low feed periods and poor stock 
condition are particular problems in Mondulkiri and Khammoune. Low-input scavenging poultry and pig 
systems will also generally benefit from greater planning in reproduction and reduced time to sale. 
Scavenging poultry are often kept beyond six months, pigs above 12 months, by which point weight gain 
is negligible and maintaining stock increases the risk of loss to disease, and predators in the case of 
poultry. 

As systems develop in terms of animal health practices the gradual improvement of genetics through the 
introduction of more productive lines might be considered, however, modern genetics are usually less 
able to cope with the high disease challenges present in the Basin, they require better quality diets to 
thrive and are generally less resilient when threatened with temperature extremes as learned from 
numerous trials. Upgrading genetics is usually high risk and should be considered with caution, breeding 
programmes utilizing local genetics would be lower risk and potentially very valuable given the many 
advantages of a number of local breeds in terms of reproduction, heat tolerance and disease resistance. 
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7.3.6 ACCESS TO MARKETS 
Increase access to input and output markets and producer organization to reduce input costs, 
increase prices received and reduce price volatility.  

Employing value chain based approaches to assessment and project design can allow an holistic approach 
to livestock development, if employed well, with the potential to increase resilience along the chain in 
terms of both the socio-economic and biophysical threats associated with climate change.  

By increasing access to markets upstream input costs can be reduced and stabilize if managed 
accountably by crowding in business leading to greater competition to supply and improved quality. 
Greater access to feed suppliers, genetics and animal health products and services will increase 
productivity and resilience to extreme events, seasonal changes and temperature increases associated with 
climate changes. Isolated areas are under greater threat of local events, such as localized flooding and 
drought, which can decimate feed resources, for example, greater ties to other markets reduces this threat 
by allowing access to necessary inputs and smoothing input price volatility under these circumstances.  

Greater access to output markets increases producer price setting power and transparency and 
accountability of middlemen and traders. Higher value urban markets are increasing in size with rapid 
urbanization, unlocking these markets for smallholders presents enormous potential for income generation 
through greater margins and price stability, increasing household ability to cope with climate change 
related threats. Further, greater competition can incentivize better practices such as use of vaccinations 
and employment of biosecurity measures, reducing disease risks, which, as indicated above, will likely be 
heightened by climate changes and other socio-economic development factors to 2050. Allowing 
smallholder access to new markets requires adequate physical access, through infrastructure, increased 
linkages between producers, middlemen and traders, and may require greater producer organization to 
improve stability of supply and food safety awareness and assurance, for example slaughtering hygiene 
and cold chain development.   

Access to usable market information and increasing linkages between value chain actors further increases 
transparency and accountability in negotiations while increasing social capital. Increasing social ties will 
likely strengthen household livelihoods and resilience to climate change threats. Second generation 
market information systems are most applicable being based upon network development and 
strengthening which is typically more sustainable, dynamic and adaptive and allows information 
exchange in real time unlike more passive first generation models. The extensive mobile phone coverage 
in the region has allowed ICT related formal and informal systems to become established, continuing this 
development is likely to increase producer resilience to climate change threats in the longer term. 

Market access is most limited in remote areas such as Khammoune, Mondulkiri and to a lesser extent 
areas of Gia Lai and Chiang Rai. These areas can remain competitive with increasing integration with 
markets due to the relatively high availability of land, for grazing and forage cultivation, relatively low 
costs of production and current market preferences for local, slow growth breeds. Unlocking markets and 
increasing linkages between actors in these areas has the potential to strengthen household livelihoods and 
resilience to climate change considerably. 
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7.4 NATURAL SYSTEMS – NTFPS AND CWRS 
The different options for enhancing the resilience of NTFP and CWR species may be grouped under 
several broad adaptation strategies for the basin: 

 Habitat protection 
 Habitat rehabilitation and reforestation 
 Water management of habitats 
 Species protection  
 Sustainable management of NTFP harvesting 
 Domestication and cultivation of NTFPs 
 Monitoring and research 
 Selection of resilience within species 
 Assisted movement of species at risk and shift of habitat  

Those strategies are described in this chapter with the short, medium and long term interventions 
identified in Table 32. Some strategies are applicable at several time scales.  

7.4.1 HABITAT PROTECTION 
Habitat protection is the most fundamental conservation and adaptation measure for all NTFPs 
and CWRs. If the forest or wetland area where they live is damaged through deforestation, illegal 
logging, drainage, land use change for monoculture plantations and agriculture, the species will less 
resilient to climate changes. If the species is already stressed because of habitat damage or loss, climate 
change could potentially push the species to local extinction.  

The principal habitats where NTFPs and CWRs survive are in protected areas. Habitat protection may be 
provided within and outside the protected area system. Sometimes key habitats are not covered by any 
form of conservation management and tenure. In such cases, protected areas may need to be extended to 
include all key habitats. In any case, protected area management is often neglected, under-funded and in 
need of strengthening. Many PAs may be poorly managed, with habitats continuing to degrade, and 
natural resources being unsustainably removed.  There is much to do to strengthen the management and 
status of protected areas so they can provide the backbone for adaptation strategies in farming ecosystems 
and rural livelihoods. 

7.4.2 HABITAT REHABILITATION 
Rehabilitation and enhancement of habitats, both forests and wetlands, is one of the more 
important and immediate adaptation strategies.  More fundamental, rehabilitation is essential for 
ensuring the survival of NTFPs and CWRs within and outside protected areas. Many habitats are already 
degraded and reforestation is necessary to restore them so they can continue to provide shelter for the 
assemblage of plants and animals. A variety of mixed key species should be chosen for replanting. The 
choice may follow the principles of the “framework species method” which is designed to restore diverse 
forest ecosystems on degraded forestland for biodiversity conservation or environmental protection. 
Framework species are foundation trees and shrubs in an ecosystem. The can form fast growing and dense 
crowns that rapidly shade out competing weeds, and are attractive to seed dispersing wildlife, especially 
bats and birds. 

In Cambodia the method has been demonstrated – it “depends on some tract forest patches or remnant 
forest trees, surviving fairly close to planted plots, to provide a source of seeds. In addition, reasonably 
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dense population of seed dispersing animals must occur in the vicinity. This can be achieved by planting a 
mixture of 20-30 native forest species (including fruit bearing species). Tree planting restores basic 
ecosystem structure and function, whilst seed-dispersing wildlife re-establishes biodiversity and the 
original tree species composition of the forest. If either of these two elements is missing from the 
surrounding landscape, natural regeneration within framework species plots may be unreliable. On such 
sites, if the initial planting of framework tree species failed to stimulate natural regeneration, subsequent 
planting of additional tree species may be necessary.”46 

7.4.3 WATER MANAGEMENT IN HABITATS 
Water management for conservation of NTFP and CWR species is an essential adaptation strategy.  
It is important both for the continued functioning of wetlands and for maintaining soil moisture in the 
NTFP habitats. Soil moisture availability is a critical factor in the survival of most NTFP species. Many 
of the most important species found in forests have a preference for areas that are wetter, growing along 
the banks of streams or pools (trapeangs) within the forest. Increased risk of drought is likely to change 
these areas of higher moisture. The construction of check dams in streams and bioengineering measures 
will reduce the rate of run-off, soil erosion and maintain ground water levels.  This form of water 
management is a very local adaptation measure which can be undertaken by local communities.  The 
structures are small and easy to construct and maintain. 

Wetlands and coastal areas such as U Minh Thuong in the hot spot province of Kien Giang may also 
require intensive water management to maintain adequate fresh water levels. At a wider scale, integrated 
watershed management is required to ensure that sufficient good quality water is available, balanced with 
other uses. The need to maintain flows of water in rivers to maintain ecological services, especially 
hydrological functions needs to be factored into water allocation planning. In parts of the Mekong delta 
where the extensive canal system drains the land, some protected areas tend to dry out, to the detriment of 
the overall forest habitat. In other areas, where the risk of fire is high, the ground water levels may need to 
be maintained artificially high.   

In mangrove areas, the proposed dykes to counter sea level rise, may cut off areas for expansion of the 
mangroves, and the provision of sluice gates to allow the normal movement of saline waters will be 
necessary for long-term growth of the mangroves in these areas. 

7.4.4 SPECIES PROTECTION 
Species protection programs will be necessary for some species to reduce debilitating stresses.  At 
the national level, it may be that official protection is required, so that species are designated on the 
national protected species lists, with the necessary regulations and penalties for its illegal collection and 
trade, for example, for protection of wild orchids. 

Protection may also be given to species by the recognition of their importance to rural livelihoods, so 
attention is paid to their conservation in biodiversity action plans and plans for other developments. 
Examples of the need for this type of protection would be the floating rice varieties and wild honey bees. 
Specific conservation programs need to be developed for those species.  

In other instances the protection may be more local, so that existing stands of a particular species may 
receive focused protection, for example, the identification of honey bee migration routes and stop over 
                                                      
46Forestry Administration/Cambodia Tree Seed Project/DANIDA, 2005. Guidelines for Site Selection and Tree Planting in 
Cambodia 
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points. Another example may be the protection of genetic stocks of wild rice from genetic erosion from 
cultivated species in locations where wild rice is found. 

Finally there are the in situ and ex situ conservation approaches for species protection. Seedbanks may be 
required to provide the seeds for future rehabilitation of the species in both short and medium term where 
they have become degraded, or in the longer term when climate change has had significant impacts on 
range. 

7.4.5 MANAGEMENT OF NTFP HARVESTING 
NTFP harvesting needs plans, management and enforcement as an adaptation strategy. Destructive 
harvesting and over harvesting is an avoidable pressure on NTFP species. In some cases harvesting of 
NTFPs is non-destructive, e.g. collection of fruit and seeds, but in other cases the whole plant may be 
destroyed, e.g. collection of bark and roots, or where the main stem is cut down. If this happens then the 
stock of that plant in the location may be threatened. Pressure from increasing numbers of people 
collecting the product, can contribute to over-harvesting to the extent that the plant could become very 
rare or even locally extinct. The added pressure of rising value of NTFPs especially for export, means that 
even more people may wish to harvest these products. 

Sustainable management of these NTFP resources will become increasingly important for 
continuity of valuable community resources, and to build resilience. Sustainable management may 
involve development of non-destructive collection and harvesting, or the agreement of limits for 
collection each year, and setting aside of areas of forest for regeneration. It may also involve the 
development of processing techniques that reduce wastage and improve quality so that smaller quantities 
of the plant need to be collected for higher value.  This is an important mechanism for involvement of 
local communities in adaptation. It is an approach that does not require discussion of impacts of climate 
change at all, because it makes sense in terms of ensuring the continuity of a valuable resource. 

The development of more sustainable harvesting and processing practices is the same as would be 
undertaken for any commercial agricultural crop. It requires a clear understanding of the biology and 
ecology of the NTFP and what constitutes a sustainable harvest.  It needs research into harvesting and 
processing techniques, as well as discussion and negotiation with and between community members on 
their application. It is not enough to promote sustainable harvesting, there has to be a clear incentive for 
its use otherwise the original destructive methods will continue.  

Over-harvesting may be the result of local people collecting more of the product, but it often results from 
people coming in from outside the locality to harvest the product in season. People outside the local 
communities need to be aware of less destructive harvesting techniques and the limits to which the 
product can be collected. They are less easy to influence and to ensure compliance with local agreements 
on practices and limits. If collection by outsiders makes up a significant proportion of the harvest, then 
monitoring and enforcement by local communities becomes necessary, as well as provincial and national 
government action to raise awareness and to help enforce local management plans and national 
regulations.  

7.4.6 DOMESTICATION AND CULTIVATION 
Another adaptation measure for reducing pressure on the wild stock of NTFPs is through 
cultivation and domestication of the plants.  Already a number of NTFPs have been domesticated for 
instance cardamom and paper mulberry, orchids and mushrooms. Cultivation has a number of advantages 
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for the producer, the plants are grown in a clearly identified place, so ownership is more evident and 
collection is less time consuming.  The quality of the product is often better and achieves a higher value.  

However, cultivation in situ may mean that some parts of the forest ecosystem are disturbed and 
dedicated to cultivation of only one species. For example, there are concerns that cultivation of cardamom 
in clearings in the forest is becoming destructive of the forest ecosystem. With increasing concentration of 
the plant, problems of disease and pest attack increase.   Cultivation outside of the forest boundary has 
been demonstrated as in the case of plantations of paper mulberry.  

Not all NTFPs can be domesticated and cultivated, and some depend on the forest ecological assemblages 
which are impossible to recreate in an artificial environment.  

A different perspective on cultivation practices is the influence on the genetic integrity of the wild stock. 
Wild rice stocks are under threat from cultivation of commercial stocks almost as much as commercial 
seeds may be contaminated by “weedy rice”. Where wild rice stocks are known to exist and recognized as 
important in situ genetic resources, it may be necessary to restrict the interactions with cultivated stocks. 
In a somewhat similar way, the use of agricultural chemicals along the seasonal migration routes and 
known stop over points for honey bees may need to be modified to reduce the risks to honey bees. 

7.4.7 RESEARCH AND MONITORING 
Adaptation of NTFPs and CWRs will need additional scientific research into the basic biology and 
ecology of the plants and animals concerned. There is a shortage and often a complete absence of 
information that can be used to assess the vulnerabilities of many species, the likely impacts and the ways 
in which they may adapt to changes in climate. For many of the species concerned the typical habitat and 
climate requirements are still unknown, and this information is essential in planning adaptation strategies. 

Populations of key plants and animals need to be monitored to record changes and responses to climate 
change. The rates of disease or pest infestation may change as a result of climate change, and these 
ecological linkages should be explored. 

Monitoring may also help to identify stocks of plants that appear to have greater resilience to heat stress 
or drought for example. The provinces where these are likely to be highest, e.g. in Mondulkiri would be a 
good location to investigate resilience. More resilient stocks can then be used in restocking in the same or 
other locations.  

7.4.8 SELECTION OF RESILIENCE WITHIN SPECIES 
Selective breeding of individuals that show resilience traits to the changes in climatic conditions will 
become an important adaptation strategy species that are in the process of domestication. Research 
and monitoring will need to provide information for the longer-term development of resilience within 
species. A variation of this strategy would be to consider the different species or sub-species within the 
same genus that occurs in different parts of the Lower Mekong and consider transplanting a more resilient 
species, to prepare for increasing temperatures in that part of the basin. 

7.4.9 ASSISTED MOVEMENT OF SPECIES AND HABITAT 
Assisted movement of species at risk and shift of habitat may be considered as a long term strategy 
for assisting important NTFP habitats to adapt to climate change. The natural evolution of habitat in 
an area depends on the success and failure of the seeds of various plant species that are transported there. 
If the conditions are right the seeds will germinate and the plant will become successful along with others 
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that form the ecological assemblage that defines a habitat. With climate change it is likely that the plants 
that characterize the habitat are not able to adapt at the same rate as the climatic conditions are changing, 
and the habitat will shift, becoming less stable ecologically, with some species dying out and others 
benefitting.  

The natural approach to facilitating habitat shift is to provide the forest with “buffer zones” in 
which to move as the climate changes. The existing forest areas should not be confined artificially. Part 
of the problems facing protected areas is that development occurs right up to the boundary leaving no 
space for the evolving habitats to shift or follow shifting climatic conditions. Buffer zones around 
protected areas need to be established to allow for this shift. Clear biodiversity corridors are needed to 
allow the movement of both plants and animals to re-establish themselves in more favourable conditions. 

The assisted shift of habitat through transplanting species that appear to have greater resilience to 
the predicted changes in climate, especially in forests that have been degraded, will be needed in the 
long term. It would be ecologically undesirable to attempt this with good quality and relatively intact 
forests – these should be allowed to adapt on their own. However, where the forests have been degraded 
and rehabilitation is being considered a modified framework species approach could be considered, 
looking ahead to what the climatic conditions are likely to be. Forests that are growing in similar 
conditions, with similar soils and hydrology, could be identified, seeds of framework species collected 
and seedlings grown and transplanted into the new location.   
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Table 32: Grouped Adaptation strategies for NTFPs and CWRs 

 Short term Medium term Long term 

Habitat 
protection 

Increase the effectiveness of „Protected Area Systems‟ and the management of existing protected areas in order to reduce deforestation, 
commercial and illegal logging, encroachment, forest fires, land use change, intensive mono-cultivation and habitat deterioration and loss. 
At areas with strong waves, wave breaking 
structures are needed to protect the young 
trees from being destroyed by waves (for 
mangroves) 

General protection of forest habitats and 
wetlands to ensure survival of wild 
plants 

Enhance and increase habitats appropriate for 
particular species considered to be at risk  

Protect and conserve natural habitats and 
important ecosystems for wild rice 

Advocacy to establish and strengthen the 
management of Protected Areas 

Protection for identified stop over points for 
honey bees 

 Increase the coverage of „Protected Forests‟ in order to maintain the habitats and to 
safeguard the existing wild population at national and local levels. 

   

Habitat 
rehabilitatio

n, 
reforestation 

Restore and rehabilitate deteriorated forests.  
 

Re-establish mangroves along the coast 
through planting and natural 
regeneration. Consider use of several 
species to cope with storm damage. 

Reintroduce declining or lost species to 
existing protected areas.  
 

Increase forest canopies, crown covers, and 
shady areas. 

Establish the „buffer zone‟ for existing 
forest areas in order to allow natural 
shift of forest distribution under future 
climate change.  
 

Through land use planning, leave enough 
space for establishment of mangroves along 
the coast, including relocation of the planned 
coastal dyke further inland. 

Use framework species method to reestablish 
mixed forests 

Enrichment planting of flowering plants 
at honey bee stop-over points 

 

    

Water 
management 
in habitats 

Build „check dams‟ to maintain and increase soil moisture availability within the forests, 
especially during dry season months, to maintain ground water level near areas that may 
tend to dry out and to reduce wild fire risk. 

Plan sluice gates together with the coastal 
dyke to allow saline water to move in and out 
of the coastal dyke to provide habitat for 
mangroves and to allow migration inland. 

Protect water courses in forests where key 
NTFPs occur eg near stands of Amomum 

Strengthen and systemize the overall watershed management for forest and water 
resources conservation. Allocate water for ecological services 

Improved management of hydrology in peat 
areas to prevent drying out 

Develop „wet season refuge‟ for 
earthworms in order to reduce their 
vulnerability to heavy rainfall, flooding, 
natural predators, and human threats 

 

    

Species 
protection 

Ensure that harvesting and cultivation 
practices do not threaten wild stock 

Propose some threatened NTFP and 
CWR species for the protected plant list 
in each country 

Collect seeds and establish seedbanks for ex-
situ conservation of threatened NTFP & 
CWRs 



 

 
181 MEKONG ARCC TASK 2 SYNTHESIS REPORT  

 Short term Medium term Long term 
Environmental education about importance of 
protecting NTFP and CWR species 
 

Better conserve and safeguard the 
existing wild population in protected 
areas, promote and enhance in-situ 
conservation. 

National protection status for both in situ and 
ex situ conservation of species  

Conduct inventories and map existing 
populations of NTFPs 

 

Strictly control and properly manage 
trading and cross-boundary trading of 
certain threatened NTFP species. 

Provide more conservation attention and 
higher priority national conservation status for 
honey bees 

Protect exposed plants from strong winds 
where possible 

Collect seeds, establish seedbank, and produce seedlings and saplings for in-situ 
conservation and re-introduction to deteriorated forest and wetland areas 

    

Sustainable 
harvesting 

Encourage and support effort of local 
communities to achieve „sustainable use and 
conservation‟ of NTFPs 

Improve marketing to increase profit 
margin of NTFP use to increase 
livelihoods, and reduce pressure on 
resources 

 

Ensure harvesting practices are sustainable and avoid over-exploitation  
Develop processing and use to reduce wastage and use of raw materials from NTFP 
species, and hence reduce pressure on resources 

 

    

Domesticatio
n and 

cultivation 

Ensure that culture practices do not threaten 
wild stock 

Promote and support the cultivation 
programmes for NTFPs in order to 
reduce pressure on wild population. 

Support cultivation for ex-situ conservation 
and trading in order to reduce pressure and 
demand on wild population.  

Promote and support organic farming, 
integrated farming systems, and 
environmentally friendly agricultural systems. 

Regulation of agricultural chemicals 
around honey bee habitats 

Encourage and promote the plantation of 
selected NTFP tree species in reforestation 
programmes at community, national, and 
regional levels. 

 Prevent genetic erosion by ensuring that 
there is no cultivated rice in the 
proximity of the known populations of 
wild rice 

 

    

Research 
and 

monitoring 

Research to identify and protect „specific 
habitats‟ of selected species 
 
 

Monitor selected samples of NTFP 
populations to observe changes in 
productivity, disease or insect infestation 
with climate change, eg higher 
temperatures 

Research on ecological characteristics of 
selected NTFPs and specific habitats and 
climate tolerances.  
 

Where there appears to be increased 
vulnerability, monitor individuals for signs of 
increased heat stress and lack of water at 

Expansion of NTFPs that could become 
invasive species should be monitored 
and kept in check (e.g. Typha) 

In Mondulkiri, research to identify varieties of 
NTFPs that appear to be more resilient to 
temperature for possible transplanting 
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 Short term Medium term Long term 
critical times of year, e.g. during flowering 
 Research into migration patterns and 

stop over points for honeybees 
 

Monitor the effects of increasing temperature 
on the productivity and survival of NTFPs 

 Inventory and research on wild rice 
habitats, presence/absence, and 
ecological requirements. 

 

    

Selection of 
resilience 

within 
species 

 Identify individual plants in Mondulkiri that appear to have resilient traits against 
increased temperatures and water stress, and take root stocks/seeds to develop in nurseries 

 If there are signs of morbidity, lowered productivity or reduced fertility:  
 Actively transplant to higher elevations  
 Consider bringing in stock from plants in provinces exposed to higher temperatures 

 Consider replacement of species or sub-species  with others that thrive at the predicted 
temperature and water availability ranges 

    

Assisted 
movement of 

species at 
risk and shift 

of habitat 

 Establish the „buffer zone‟ for existing 
forest areas in order to allow natural 
shift of forest distribution under future 
climate change.  

Select favourable locations e.g. where ground 
water is likely to remain available and use 
these areas for cultivation 

 Plan sluice gates together with the 
coastal dyke to allow saline water to 
move in and out of the coastal dyke to 
provide habitat for mangroves to migrate 
inland. 

Consider bringing in stock from plants in 
other provinces already exposed to higher 
temperatures 

  Where the threat to NTFPs is highest, consider 
replanting at higher elevations, with more 
resilient stock, or accept that some NTFPs 
may disappear. 
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7.5 NATURAL SYSTEMS – PROTECTED AREAS 
  

Protected areas have a vital role in the adaptation of farming ecosystems to climate change for the species 
they support and the services they project.  The last chapter points to the importance of NTFPs and CWRs 
to local communities and to protected areas as the last resort for most.  The IPCC (2007) estimates that 
approximately 20–30% of Earth‟s plant and animal species are likely to be at increased risk of extinction 
if increases in global average temperatures exceed 1.5–2.5ºC.   This study has shown that much of the 
LMB will exceed that threshold by 2050.  The synergistic effects of climate change with habitat 
fragmentation and destruction through development can only make matters worse for species and for their 
habitats.    
 
Large and rapid transformations and simplification of biodiversity in the LMB is likely within and outside 
protected areas due to the impacts of climate change along with other threats.  That transformation will 
tend to reduce productivity in all farming ecosystems in the basin with the poorest communities most 
affected. Protected areas provide the backbone for adaptation in LMB agriculture, fisheries, livestock 
and natural systems – and consequently for rural livelihoods. Concerted action is needed to expand and 
safeguard the regional protected area estate so it is able to continue fulfilling those essential support and 
servicing functions.  
 
Changes are inevitable.  Some species and habitats will be lost from local areas, ecozones or from the 
basin.  Others will shift from current locations to another. The structure and composition of ecosystems in 
some areas will change over time and require adaptation responses from protected area managers and 
farmers.  But the aim needs to be the enhancement and maintenance of the functions and values of the 
LMB protected area system as a whole.  The four national governments must lead in meeting this 
imperative for basin wide adaptation through better management of protected areas. But regional initiative 
and facilitation is needed as well, especially from government led organizations such as the Mekong 
River Commission which should act as a catalyst for action to Prime Ministerial Summit level. 
 
This study conducted vulnerability assessments and desk based adaptation planning for 8 protected area 
sites and clusters in the hot spot provinces.  It drew from that work and a review of PA experience 
throughout the basin to distill key adaptation strategies by cluster, ecozone and basin (as described in the 
companion volume on protected areas).  Basin wide Priorities for adaptation through protected areas and 
biodiversity conservation include:47   

7.5.1 EXPAND AND STRENGTHEN THE LMB PROTECTED AREA SYSTEM 
Expand and strengthen the protected area system to protect the full diversity of LMB habitats and 

increase opportunities for dispersal across the landscape - Protecting more habitat is one of the most 
effective ways to maintain viable populations of a wide range of species. Building a diverse protected 
area system of habitats is critical in the face of climate change. Actions to strengthen and expand the 
LMB protected area network to adequately conserve and represent all habitats and species is an essential 

                                                      
47 A valuable source of biodiversity and protected areas adaptation options and approaches was the NSW 
Department of Environment, Climate Change and Water NSW, 2010, Priorities for Biodiversity Adaptation to 
Climate Change, http://www.environment.nsw.gov.au/resources/biodiversity/10771prioritiesbioadaptcc.pdf 
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strategy.  It would require a better foundation of scientific knowledge on the gaps and condition of the 
current PA system. 

7.5.2 BUILD ON AND STRENGTHEN EXISTING CONSERVATION APPROACHES 
Build on and strengthen existing conservation management approaches which are likely to continue to 

be important under climate change: Any of the good guides and manuals to effective protected areas 
management from organizations such as IUCN, WWF, TNC, CI and Bird Life International identifies 
many of the key measure required for adaptation.  Much of what is required is better and more proactive 
conservation management to meet what is termed in this study as the adaptation deficit.  After much 
support in the 1990‟s, protected areas and biodiversity conservation have been neglected by most donors 
who could not see substantial community development and poverty reduction benefits from their 
investments.  Now there is a fresh and pressing need for increased and well coordinated support to LMB 
protected areas as an essential adaptation strategy. 

Some adjustments, and new emphasis and approaches will be needed. These will include high level 
political commitment and more pro-active interventions including: 

7.5.3 IMPROVE UNDERSTANDING OF CLIMATE CHANGE IMPACTS ON BIODIVERSITY 
A high priority is greater attention and resources to improving scientific understanding of climate 

change impacts on species and ecosystems. Effective adaptation strategies need to be informed by up to 
date scientific evidence. Research and monitoring is needed to understand which species and ecosystems 
are most sensitive to climate changes and to distinguish climate change effects from those caused by other 
threats.  Key areas of research and monitoring relate to: 

 rates of ecological change, including early warnings of key changes in ecological processes 
 types of ecological change, such as in situ changes in species abundance, changes in interactions 

between species and distributional shifts 
 patterns of geographic range shifts over elevational and latitudinal gradients 
 changes in other threats to biodiversity and their interactions with climate change 
 detection of new invasive species at sites and changes in abundance and dynamics of species that 

may become problematic in the future 
 effectiveness of management actions. 

7.5.4 REDUCE OTHER THREATS TO BIODIVERSITY 
Protected areas in the LMB are frequently regarded by sectors and local government as reserved spaces 
on the map waiting for development.  Development promoted and permitted within protected areas is 
diminishing their primary function – the conservation of biodiversity – and regional resilience to climate 
change.  There needs to be much greater political commitment to safeguarding protected areas from 
degrading developments and influences.  That requires a greater understanding in leaders of the 
importance of protected areas as a development and adaptation strategy if properly managed and 
conserved.  It requires building political will and vision to take a precautionary approach and when 
needed to override the existing pace and scale of development which is continuing without knowledge of 
what is being lost.  One critical innovation required in all LMB countries is strengthening the authority 
and capacity of protected area managers. 
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7.5.5 STRENGTHEN THE AUTHORITY AND CAPACITY OF PROTECTED AREA 
MANAGERS 

The highest priority for PA adaptation in the LMB is the strengthening of capacities and processes 
for management planning – and for the effective implementation of a plan.  Many PAs throughout 
the basin do not have management plans. There are two basic principles which need to be embraced in PA 
legislation and strongly enforced at national and provincial levels – First the principle of “one area one 
plan” so that the protected area management plan has authority over and is respected by all sectors and 
their development plans.  Second the principle of “one area one authority” which ensures that the 
protected area managers are the recognized authority within their tenured territory and that they have a 
mandate respected across government.  Realizing the second principle will require significant institutional 
reform in all four countries to raise the status of protected area managers within government.  Stand along 
protected area legislation and statutory authorities need to be considered. 

7.5.6 INTEGRATED ADAPTATION IN PROTECTED AREA MANAGEMENT PLANNING 
Climate change adaptation planning and strategies need to be a fundamental part of overall PA 
management planning. The priority for PA adaptation strategies is the reinforcement of conservation 
measures currently being planned and implemented in the LMB, and additional resources and attention to 
new measures. A lack of management plans and inadequate implementation of existing plans is a major 
constraint to climate change response.  PA management planning requires support and strengthening with 
a precise and clear principle goal of biodiversity conservation.  All other aims and uses need to be 
subsidiary to that peak function of protected areas.  A lack of precision in the primary management goal 
and confusion between goals when more than one is given equal footing – for example, poverty reduction, 
community development and biodiversity conservation – has lead to confusion and failure to sustain 
effective responses to any of them.  Meeting that primary goal will enable protected areas to meet their 
subsidiary functions, including underpinning adaptation in farming systems. 

7.5.7 BUILDING FUNCTIONAL CONNECTIVITY ACROSS THE LANDSCAPE 
Maintaining connectivity involves establishing linkages between habitats to enable the movement of 
plants and animals, and to provide the supports that allow them to function.  With climate changes, 
corridors of natural systems need to be available for organisms to move and relocate from one protected 
area to another.  Creating corridors for adaptation is one of the most difficult but most important strategies 
facing the LMB countries in the decades to come. 

Corridors to link protected areas require extensive and long term commitment to rehabilitation work.  The 
local expressions of rehabilitation vary between ecosystems and habitats. Typically, rehabilitation brings 
back or creates ecological, social, and economic benefits provided by PAs. Strengthening these services 
necessarily increases their resistance to climate change impacts. 

Options for delivering corridors and rehabilitation are: 

 Rehabilitation of degraded areas – Seeding and plantation activities on cleared land or critically 
degraded ecosystems may provide the basis of ecosystem rehabilitation. Ongoing monitoring of a 
range of biological processes is a critical to success.  

 Enrichment planting – An important technique in forest rehabilitation wherein valuable species 
are introduced or re-introduced to degraded forests that complement existing species. In some 
cases, this may involve plantations of mixed native species for commercial purposes.  
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 Breeding programs – For some threatened or critical species breeding programs, including those 
in captivity may assist the re-establishment of breeding populations. 

7.5.8 BUILDING ECOSYSTEM RESILIENCE 
The resilience of an ecosystem is “the magnitude of disturbance that can be absorbed ... before variables 
and processes that control its behaviour change and move into another stability domain” (Stolton. S 
2010).  There are clear links between ecosystem health and climate change: higher levels of biodiversity 
provide more options for existing processes to adapt and, therefore, offer greater climate change 
resilience. Actions that maintain or expand natural biodiversity are a crucial class of adaption option. All 
are management strategies which address the adaptation deficit – they are conservation priorities in their 
own right – and which have become more important for their role in responding to climate change.  These 
involve: 

 Keystone species: Understanding the maintenance requirements of key biological processes 
giving priority to „keystone‟species that play an important role in maintaining ecological 
processes, such as dispersal. „Keystone‟ species have a disproportionately large influence on 
community and ecosystem function relative to their numbers or biomass. 

 Refugia: Identification, maintenance, and proactive management of refugia and pockets of 
resilience For example, sites that provide microhabitats that are moister and cooler than the 
surrounding environment such as deep valleys in hilly terrain, drought refugia with reliable 
surface or groundwater and wetlands that persist during severe droughts, and areas sheltered from 
fire such as rocky outcrops 

 Fire and flood control: Maintenance of appropriate disturbance regimes, such as fire control and 
managed flood pulses 

 Invasive species: Mitigation of threats from invasive species and pests  

7.5.9 ADAPTATION PLANNING FOR ECOZONES 
The study identified the five priority adaptive strategies for each ecozone based on the adaptation 
planning for the 8 protected area clusters and sites.  Already many of these actions are standard 
conservation management requirements and responses to existing threats.  They appear in management 
plans for protected areas that have them.  They are identified as essential elements in adaptation plans for 
protected areas which fall within those zones following the principle of building on existing conservation 
approaches which are likely to continue to be important under climate change. 

The detailed adaptation strategies and their phasing for the eight PA clusters and for ecozones is provided 
in the companion volume to this report on protected areas. 

7.6 CAPTURE FISHERIES 
Identifying adaptive climate change measures that can reverse declines and protect resources and stocks 
for the capture fisheries faces four challenges.  

First, the overriding influence on the capture fisheries of the Mekong will be the development of dams 
for hydropower. Climate change being something of a side issue; potentially important but more subtle, 
It is all very well to talk about the effect of increased temperatures on migratory fish in the upper 
Mekong, but that assumes that migratory fish can reach these areas. The planned dams may make some 
climate change considerations all but academic. The second challenge is that, capture fisheries by their 
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nature, are open systems, and their productivity depends more on natural variations than on 
planned controlled management.  Third, the sheer size of the capture fisheries areas means that 
adaptation actions, to be effective would need to be large scale and therefore probably expensive. 
Last, given the extensive „noise in the system‟, which affects year-on-year production from the capture 
fisheries, measuring the impact of any adaptation effort is likely to be a considerable challenge.  

In the SE Asia region, there is a growing trend towards encouraging fishery managers to adopt ecosystem 
based approaches to fisheries management, i.e. fisheries management that focuses on stocks and the 
environment; not just stocks. This approach looks likely to become all the more important as the climate 
warms and the weather patterns become more unpredictable.  

For each of the various fish types, the following recommendations for adaptation measures are suggested. 
For upland fish, in order to protect the stream environments, forest cover needs to be retained or 
recovered.  Protection of the small valley catchments is needed to reduce the effects of flash flooding 
so that the specialist upland fish species can remain prolific. These streams should be „kept‟ to 
maintain alternate shallow fast flowing areas to increase water dissolved oxygen levels, and deeper pools 
in which fish can rest when conditions dictate. New pools can be created through diverting currents. 
These pools will need de-silting from time to time, so that they stay attractive to fish. Low weirs can be 
used to retain water in some areas. The creation of varied habitat areas along the stream course, will also 
provide protection and allow for more varied species to co-exist. All of these measures can be found in 
basic trout stream keeping‟ manuals for Europe and the US. These technical measures would have to be 
accompanied by the establishment of conservation zones, where local people did not fish at certain times 
of the year. Support to communities to manage their own upland fisheries for sustainable use, should be 
encouraged.  The organized trapping of invasive species may become necessary. 

 

For migratory white fish, the focus should be on improving their access to spawning grounds, and 
the habitats in those areas. This includes restoration of the flooded forests around the Tonle Sap 
and lower Mekong, which are vital to the health of the fishery and the migratory species that live 
there. This may mean the seasonal dismantling of some structures in the tributaries that prevent the 
movement of these fish species, such as small-scale hydro or irrigation installations. The seasonal 
protection of stocks in the deep pool areas of the mainstream should also be promoted in the communities 
who depend on these resources. Involving communities in recording catches for specific migratory 
species should be done so that trends in fish numbers and sizes can be noted. Where populations of 
endangered fish cannot be supported through habitat and fishing protection, their artificial propagation in 
hatcheries and the subsequent release of juveniles into the capture fishery, can help maintain viable fish 
populations. This is already being done by the Fisheries Department in Thailand in the case of the Giant 
Mekong Catfish (Pangasionodon gigas).  

 Whilst the black fish species of the Basin do not look particularly vulnerable to the changing 
climatic conditions. Steps can still be taken to ensure their biodiversity remains intact and their 
contribution to productivity remains high. The single most important management intervention for 
these fish species is the creation and management of dry season refuge areas, form which they can 
repopulate the flood plains, each wet season. The creation of reservoirs through damming of Mekong 
tributaries will almost certainly damage parts of the fishery; they will also create new environments that 
may suit these types of fish. Fish catches from these new environments could contribute significantly to 
local food security and livelihoods.  



 

 
188 MEKONG ARCC TASK 2 SYNTHESIS REPORT  

For estuarine species, the replanting of mangrove forests in coastal areas can do much to protect 
against storms and erosion resulting from sea level rise, storms and increased rainfall, and thereby 
help maintain fish biodiversity and production. Non-interference with natural tides and current 
patterns is also required to ensure that mangrove areas remain healthy and able to support the 
estuarine fishery Certain areas must be protected from both fishing and wood collection. Special 
protection measures may be necessary for some sedentary species such as molluscs. This might entail the 
installation of substrates followed by seeding of spat, in these new areas. Co-management of coastal 
fisheries involving communities and the State may be practical and effective in some cases. 

The monitoring of invasive aquatic species should be done at a rage of levels, (community, 
government) to plot the spread of species considered harmful to the wider environment. 
Eradication drives may be necessary to keep some invasive populations in check. Community 
awareness of invasive species should be raised through a range of media and people be encouraged to 
report unusual sightings/catches. 

In all areas, a number of key species, considered the most valuable and vulnerable to climate 
change, will need specific protection and enhancement measures. These adaptations will need to be 
species and habitat specific and will need to be integrated with programs to reduce fishing pressure on 
these valuable stocks. Whilst communities must be involved in such initiatives, they may need to be 
initiated by Government departments, possibly supported with fishery laws aimed at protecting the most 
vulnerable species 

Finally, despite the threats and uncertainties, it should be remembered that fishing communities in 
SE Asia are extremely resilient to the vagaries of the weather and seasons, which in the case of the 
Mekong River and floodplain are already extreme. There will be an inherent capacity to adapt and 
change practices based on the prevailing conditions of the time.  So their „management window‟ is wide. 
The question is, will climate change push some communities into areas where their traditional 
management tricks and mechanisms no longer work.  

7.7 AQUACULTURE 
Aquaculture due to its diversity of systems, scales of production, inherent manageability and 
control of environments, offers more scope for adaptation to climate change than capture fisheries.   

The more intensive systems will tend to have the greatest adaptive capacity due to the high level of 
investment and management, (although there are limitations). The vast majority of aquaculture 
practiced in the Mekong Basin is extensive or semi intensive and is open to the elements with little 
contingency for managing climate change issues outside of a few simple preventative measures. These 
may be enough for the present and near future but may fall short of securing the production systems 
during the climate change extremes expected. 

In intensive systems, some climate change threats can be managed through advanced technology, (such 
as aeration) although this may be costly. If this is not practical, climate change threats can be managed 
through changes to the intensity of the culture system the species raised and the use of other inputs. Some 
intensive systems, such as Pangasius farming in the Delta, are already pushing the limits of production 
from their systems and already suffer regular losses through disease and water quality problems. These 
problems will only increase as climate change effects are felt. For super-intensive systems, the 
eventual solution may be to move fish production „inside‟, i.e. within buildings where the 
environmental conditions can be completely controlled. This would be accompanied by efficient water 
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bio-filtration and reuse. The technology to do this has already been developed in Europe and the US and 
will probably be copied once the climate makes other adaptive measures too unreliable 

The CAM vulnerability assessments for the hotspot areas have identified the following adaptations, which 
mainly focus on managing increased temperatures, dry season water supplies and flood control.  Most of 
these measures apply to different production intensities; intensive, semi intensive and extensive.  

Increased temperatures may make upland and mid level areas, currently sub-optimum in terms of growth, 
more suitable for aquaculture. In these areas, the pond should be exposed to full sunlight for as long as 
possible and not be shaded. However, in lower elevations, projected temperatures will be above 
optimum for many species and adaptive measures should be taken. This may mean shifting from 
carp species to tilapias, which are generally more tolerant of high temperatures and low dissolved 
oxygen levels. Farmers may have to fish adjust cycles and stocking densities to manage around 
expected high temperature periods. High temperatures can be offset, to an extent by regular aeration of 
deeper ponds, to prevent stratification and therefore risk of water column turnover, and reduction in the 
use of low-value fish for aquaculture feeds, in favour of pelleted feeds in order to maintain water quality ,  

Many aquaculture farms may have to invest in on-site water storage to reduce the risks of reduced 
water availability during the dry season. For intensive farms, reuse of pond water will be an important 
strategy to reduce water use, and release of effluents to the environment. In most cases, water will have to 
be pumped from the reservoir, as required. If possible, water should be fed to the ponds by gravity. Weak 
embankments and sandy soils, may have to be strengthened through the addition of clay soils to some 
ponds, to prevent water loss through seepage.  

The strengthening of embankment to protect against flooding will be necessary for ponds in many 
areas. This may be a significant cost with large pond systems, such as shrimp farms and may result in the 
investor giving up and leaving the site. Some species are more prone to leave a flooding pond than others. 
For example Silver Barb will leave at the earliest opportunity, whilst other species, such as Pangasius 
catfish and Chinese carps are more reluctant. Protecting ponds from flash flooding offer more of a 
challenge as pond embankments may be eroded in such cases and need reconstruction. Diversion canals 
may have to be dug to channel water away from vulnerable pond areas. If flooding becomes 
unmanageable, then culture cycles would have to be adjusted so that fish harvests were timed to occur 
before high-risk periods.  

In coastal areas, farmers should be able to manage salinity levels quite well, through their choice of 
species; some being tolerant of a wide range of salinities. Many shrimp ponds are shallow which can 
result in a rapid reduction in water salinity after heavy rain, early in the wet season, which can increase 
stress levels in the shrimp and make them more susceptible to diseases, including WSSV48 Conflict 
between shrimp farmers and rice farmers may increase as sea levels rise and it becomes more 
difficult to manage salt water. Integrated water management plans will need to be implemented in many 
areas to contain these types of conflicts. 

Giant Freshwater Prawn farmers in the Delta may shift to Penaeid shrimp culture as sea levels rise. This 
poses the interesting question of what to do with derelict coastal shrimp farms, if they become 
unmanageable due to sea level rise?  Many of these ponds in the Delta would have been mangrove forests 
before they were cleared for shrimp culture. Efforts should be made to redress this situation through 
                                                      
48  White Spot Syndrome Virus 
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the replanting of mangrove for protection and encourage siltation. These areas may not return to 
mangrove, without help. Climate friendly systems e.g. Tiger shrimp/crab production in mangrove 
replanted areas of the Delta should be more widely promoted.  

The creation of reservoirs will create new environments that can be used for cage aquaculture and 
possibly culture based fisheries which will create new livelihood opportunities for some local 
people. However, only sheltered sites will be suitable as these systems are vulnerable to storms, which 
can damage infrastructure and result in loss of stocks. 

Finally, the creation of small on farm ponds, as promoted by Thailand‟s King Bhumibol for several 
decades, can be viewed as an excellent local climate change adaptation strategy for a wide range of 
farming activities, that are reliant on rainfall.  This includes the crop and livestock sectors. These 
multi-use ponds will benefit small-scale aquaculture and allow the trapping of wild fish from the local 
capture fisheries, thereby helping rural households meet their food security requirements. 

7.8 SOCIO-ECONOMICS (HEALTH AND INFRASTRUCTURE) 
An extensive range of health and infrastructure adaptation options was identified for hotspot provinces 
and livelihood zones in the LMB.49 Important adaptation strategies for each of the five livelihood zones 
are summarized here. Some strategies are broadly applicable throughout the basin, whereas others will 
only be applicable in specific circumstances. With all the strategies addressed those that target rural 
communities have been emphasised. This represents a broad overview of adaption options that, based on 
available evidence, are likely to be of importance. It represents only the first, illustrative step towards the 
identification of specific adaption plans in vulnerable areas.  

Sections 8.1.1 and 8.1.2 propose general categories of adaption options that are broadly applicable across 
the health and infrastructure sectors throughout the basin. Sections 8.1.3 onwards provides specific 
measures for livelihood zones originating from the analysis in the study, with an indication of the broader 
category or categories they encompass. 

7.8.1 GENERAL ADAPTION MEASURES FOR HUMAN HEALTH 

Adaptation measures in the health sector include both measures that reduce exposure to events and 
mitigate the full impacts after those events occur. Four major categories that are broadly applicable across 
the basin are identified. 

(i) Addressing the adaptation deficit in the health sector existing in many areas of the basin due 
to poor health access (in both physical and economic terms) 

(ii) Centralised warning and response systems for vector-borne and water-borne disease 

                                                      
49 The specific adaptation strategies identified in the following pages were largely obtained through a literature review of health and 
infrastructure sector adaptation that included projects and academic research in the LMB and globally. Key reference materials for this exercise 
included: WHO/WMO (2012), Portier et al. (2012), World Bank (2011a, 2011b, 2011c), Costello et al. (2009), McMichael et al. (2006) Sterrett 
(2011), Bapna et al. (2009), IPCC (2012), Douven et al. (2009), Committee on Climate Change and U.S. Transportation (2008), ADB (2011). A 
list of potential adaptation options where obtained for each sector from this body of literature. The three most appropriate options were assigned 
to each climate threat that was assessed as high or very high for each livelihood zone of each province. Potential adaptation options were collated 
across province and livelihood zones. Between three and five options were selected for each livelihood zone that are the most significant in terms 
of their broad benefit to enhancing resilience. This selection process was based on the information found in the CAM matrices. In addition to the 
options identified through the literature review, a number of additional options were identified on the basis of expert judgment. 
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(iii) Incorporating climate change into the design, technology, and location of health-related 
infrastructure, such as water supply and sanitation facilities, building design, and location of 
health facilities and major access roads 

(iv) Protection of ecosystem services that support community health, such as non-timber forest 
products (both for food and commercial use), fisheries (particularly for protein), and clean 
freshwater supply  

7.8.2 GENERAL ADAPTATION MEASURES FOR RURAL INFRASTRUCTURE  

Adaptation measures in the infrastructure sector aim to strengthen the capacity to withstand extreme 
physical events. Three major areas are identified. 

(i) Implementation of community-based bioengineering projects  
(ii) Revision of design standards for rural infrastructure to incorporate climate change 
(iii) Revision of infrastructure planning given threats posed by climate change, particularly the 

location of key infrastructure such as roads, community buildings, and dwellings  

Most of the proposed adaptation strategies which follow satisfy more than one of these four priorities for 
health and three for infrastructure. 

 

7.8.3 DELTA  
Strengthen natural coastal protection from inundation through community-based rehabilitation 
and protection programs, particularly for mangrove ecosystems. Degradation of mangrove 
ecosystems by anthropogenic and natural causes is a major factor in the exposure of coastal zone 
livelihoods more generally to climate change. The continuing viability of farming, aquaculture, and 
NTFPs, as well as the integrity of infrastructure and human health, are all contingent upon protection of 
the low-elevation deltaic land and ecosystems from inundation and the more intense flooding identified in 
climate change projections. Some current responses to inundation threats may in the longer term 
constitute maladaptation; for example, the construction of sea dykes may prevent a natural recession of 
mangroves and effectively exasperate coastal erosion in the longer term. A current AusAID/GIZ coastal 
rehabilitation and climate change project located in the Kien Giang Biosphere Reserve (see AusAID 
2013) should produce valuable guidance on needed site-specific actions and the opportunities for their 
replication across the Mekong Delta.  

BIOENGINEERING 

“Bioengineering” refers to the use of vegetation to improve the stability of slopes and shorelines 
that are susceptible to erosion and inundation. This activity is usually conducted in the interests of 
protecting key infrastructure (such as roads) and land, as well as preventing flooding or inundation. 
Bioengineering is often a low-cost alternative to major structural works (such as concrete 
embankments) and is also more adaptable to changed conditions. Examples of bioengineering 
projects include: re-vegetation of hill slopes along roads in Nepal (World Bank 2012); and, 
mangrove planting in coastal regions of the Mekong Delta (GIZ 2013). A participatory approach to 
implementation involving local communities increases the chances of such projects being 
sustainable. The use of local knowledge and labour increases the stake that communities have in 
maintaining the benefits of a project, as well as increasing the social costs of engaging in activities 
that undermine it (e.g. land-clearing).  
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Notwithstanding the importance of protection, the costs involved may eventually be outweighed by the 
benefits. IPCC (2007) points out that a staged and managed retreat of infrastructure and communities 
from the coast may, in some cases, be a more efficient allocation of resources. This is an important 
consideration and any decision would have to be informed by scientific research and monitoring, as well 
as economic analysis of the trade-offs involved. 

Improvements to canal networks that are required to cope with more intense flood events, 
particularly to ensure effective drainage of fields and waterways. The low drainage capacity of the 
Delta‟s dense system of canals and other waterways has been a significant factor in the duration and 
depth of major flood events. Failure of individual infrastructure, such as embankments and dykes, may 
have serious impacts elsewhere due to the interconnected nature of the system. The strength of the entire 
system is therefore a critical concern, particularly as the bulk of flood protection infrastructure was not 
designed with climate change in mind. A system-wide process of ongoing planning and management is 
therefore required. A Netherlands-Vietnam project (2011-2013) is developing a Mekong Delta Plan 
(Vietnam-Netherlands Cooperation 2011) that is considering these issues. 

Although primarily an infrastructure issue, health is an also an important consideration. The degree of 
damage caused to health by flooding is often a direct consequence of the duration of these events. As time 
goes on, isolated households are more exposed to unsafe drinking water, insufficient food, and other 
factors that increase susceptibility to disease. 

Support the dissemination of household infrastructure that reduces the exposure of communities to 
water-borne disease during flood events, such as raised rainwater tanks, floating toilets, and solar 
water filters (H1, H3). Lack of clean water is a major cause of water-borne disease during flood events as 
groundwater sources are no longer available and/or contaminated. Raised rainwater tanks in strategic 
locations, particularly difficult to reach areas, would provide a critical emergency source of water. The 
first domestically produced floating toilets in the Delta were recently introduced (Saigon Times 2012) and 
similar technology has also been deployed in Cambodia. Poor access to sanitation is a major health issue 
even outside of flood events; development of local supply chains to disseminate such technology would 
therefore also address the adaptation deficit. In recent years, a Lao PDR company (Sunlabob 2013) and 
the Swiss Development Agency (Helvetas 2013) have been involved in separate solar water disinfection 
projects within the LMB that could be upscaled throughout the Delta region with greater research and 
investment. 

7.8.4 FORESTED UPLANDS 
Strengthen sustainable management of forest resources by developing stronger land tenure 
systems, enhancing capacity of protected area management, and providing communities with 
incentives to protect forests (H4, I1). Forests are a critical source of food and other forest products that 
sustain livelihoods, particularly in emergency situations where crops and other food supplies may be 
damaged or inaccessible. Encroachment of agricultural land on forest areas as a result of informal land 
tenure, partly driven by migration towards dwindling natural resources, is a major cause of unsustainable 
use of forested lands. Illegal deforestation and other illegal activities in protected areas degrade forest 
resources and their availability to surrounding communities – and reduce community resilience. A range 
of other development pressures are present in these areas of the basin, such as commercial plantations, 
hydropower, mining, increased accessibility of roads, and higher demand for timber and NTFPs due to 
increasing populations. 
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Governments and international non-government organisations (such as WWF, Forests and Fauna 
International, and Birdlife International) are involved in partnerships in various parts of the basin to 
strengthen protected area management. Examples include: the Mondulkiri Protected Area cluster in 
Mondulkiri, Cambodia (WWF 2013), Nam et Phou Louey (WCS 2013) and Kien Giang Biosphere 
Reserve, Vietnam (AusAid 2013). Despite such initiatives, supposedly protected areas are being degraded 
rapidly due to the pressures outlined above. A renewed level of basin-wide investment is required to 
properly conserve these areas and the services they provide. 

Forests are also important for protecting water-sheds, reducing erosion and soil loss, and reducing the risk 
of flash-flooding in upland areas. Community based payments to protect forested areas are slowly 
developing in the basin. For example, there are currently 5 such watershed protection programs in 
Vietnam and Thailand combined (Bennett et al. 2013) and Vietnam in particular is working to establish 
the policy conditions for extensive deployment of REDD+ mechanism within Vietnam (Xuan et al. 2012). 
These projects are, however, in their infancy and further pilot projects would significantly drive wider 
dissemination. 

Improve road access to remote communities, including extension of the road network, construction 
of embankments and bridges, and community based bioengineering projects (H3, I1, I2, I3). 
Communities in Forested uplands are the poorest and most isolated in the LMB. Improving the durability 
of road access to these communities would facilitate the provision of relief following extreme events and, 
more importantly, access to markets, health care, and livelihood opportunities year-round.  Community-
based road user groups are needed for building and maintenance of rural roads emphasizing 
bioengineering methods that are designed, managed and resourced locally. In addition to providing direct 
and sustainable benefits to the communities who use these resources, external financial incentives for 
such activities would inject further resources into communities and thereby reduce poverty and climate 
change vulnerability. 

Improve maternal and pediatric healthcare, including child immunization programs (H1). Maternal 
and infant mortality rates in Forested uplands of the LMB are very high. This is a key component of the 
adaptation deficit. Climate change is projected to increase the prevalence of conditions conducive to the 
spread of vector-borne disease, such as malaria and dengue fever, and water-borne disease. Children and 
recent mothers are particularly susceptible to such diseases as their immune systems are not as strong. If 
they are further weakened due to poor maternal and pediatric healthcare, then the health related impacts 
of climate change would be greatly amplified.  

7.8.5 INTENSIVELY USED UPLANDS 
Reforestation and other locally managed bioengineering initiatives in riparian and sloping areas, 
especially those linked to strategic rural infrastructure (I1, I3). Such programs could include 
community-based incentives schemes to strengthen slope stability on erosion-prone slopes, for example, 
arrangements for payments for ecosystem services (PES). Concomitant to such programs would be 
improved planning that prohibited agriculture on erosion-prone sloping land or, in some cases, 
enforcement of similar planning that already exists. 

Large areas of Intensively used uplands across the LMB are vulnerable to climate change due to land-use 
practices, particularly deforestation to expand agricultural land in riparian and sloping areas. Programs to 
strengthen the stability of land and reduce erosion will protect the productivity of land and reduce the risk 
of death and injury from flash floods and landslides. Well-designed and sustainable incentive-based 
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schemes at the community level are needed. The lessons from such a scheme in China, the Sloping Land 
Conversion Program (see Konig et al. 2012, Bennett 2008) are applicable to the LMB as well as 
Vietnam‟s recent experiences in regulation and piloting of PES in this livelihood zone. 

Climate-sensitive design, siting and maintenance of major infrastructure in areas highly vulnerable 
to extreme events (H3, I2, I3).  Population density and incomes in Intensively used uplands are relatively 
high compared to Forested uplands. The capacity for governments to meet demand for additional 
infrastructure is likely to rise over time and it is critical that any new investments in, say, highway 
infrastructure incorporate future climate change in project design and supporting components (eg. 
drainage systems).   

The location or relocation of strategic infrastructure, such as health facilities and major roadlinks, away 
from vulnerable areas is a primary consideration. Further afield, the impact of the 2010 Pakistan floods 
was greatly exacerbated by the destruction of 39 major health facilities (WHO 2010). When such 
infrastructure is incapacitated or destroyed by extreme events, the impact of the initial event on isolated 
communities is magnified over time. 

7.8.6 LOWLAND PLAINS AND PLATEAUS 
Improve access to safe water and sanitation, including covered groundwater bores, rainwater 
tanks, water treatment technology, and covered latrines (H1, H3). Lowland plains and plateaus areas 
may be subject to drought, flooding, and other events that restrict access to safe drinking water. In many 
remote areas of Lao PDR and Cambodia, surface water from rivers and lakes is a commonly used source. 
Poor sanitation facilities increase the risk of contamination and the spread of water-borne disease, 
particularly during floods. Increasing access to safe water and sanitation outside of extreme weather 
events is an important adaptation deficit strategy, as is strengthening the resilience of improved water and 
sanitation infrastructure to extreme weather events.   
  
Construction of heat respite community centres for the benefit of vulnerable groups (H3, I2). The 
young, elderly, and sick are highly exposed to illness and death resulting from heat stress. Many areas of 
the Lowland plains and plateaus are projected to experience increases in maximum temperature. A 
common current practice in some countries is to provide air-conditioned heat respite centres for exposed 
groups. Although this may not be an efficient strategy in all circumstances and would require supporting 
transportation infrastructure, particularly in areas with highly dispersed populations, it should be 
considered in areas where temperature rise is projected to be extreme and population density is 
sufficiently high. One option in off-grid areas would be the installation of air-conditioners powered by 
rooftop solar panels. 
  
Education programs regarding water-borne disease and heat stress (H1). Water-borne disease is a 
major cause of death and illness in Lowland plains and plateaus; heat stress is a significant future risk. 
Exposure to these risks may be partially mitigated by education programs targeting awareness and 
behavioural change, i.e. reducing physical activity during the late afternoon when temperatures remain 
above human tolerance levels. There are already a number of activities related to sanitation in the LMB, 
such as the Cambodia WASH Initiative that focuses on community-based education programs (WSSCC 
2013). 
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Enhance food security and flood protection by strengthening sustainable management of forest and 
river resources (H4, I1). This strategy would include developing stronger land tenure systems, enhancing 
capacity of protected area management, and supporting the capacity of authorities to pursue 
environmentally sustainable development.  Encroachment of agricultural land upon forest areas as a result 
of informal land tenure, partly driven by migration towards dwindling natural resources, is a major cause 
of unsustainable use of forested lands. Illegal deforestation and other illegal activities in protected areas 
where sustainable use is permitted degrade forest resources and their availability to surrounding 
communities. Unsustainable fishing practices and the impacts of upstream developments (such as dams, 
mines, and agricultural land concessions) reduce the availability of fish and the viability of other 
resources. Watershed protection in particular will reduce the threat posed by flooding; community based 
bioengineering projects using local resources offer a sustainable pathway to strengthening already 
degraded riparian areas. 

7.8.7 FLOODPLAIN 
Climate change sensitive bridge construction, road elevation and design, and other civil engineering 
programs to secure road access to flood-prone communities (I2, I3). Communities in floodplain areas 
are highly exposed to isolation during flood events. Ensuring the security of road access will reduce the 
vulnerability to subsequent food and water insecurity, disease epidemics, and raise the overall adaptive 
capacity.  

Community managed bioengineering programs in riparian areas (I1). Bioengineering is a cost-
efficient form of watershed protection in riparian areas and the lack of natural infrastructure to provide 
flood protection is a central component of the adaptation deficit in the Floodplain zone. Pilot incentive 
schemes in favourable areas will provide the information necessary to upscale sustainable afforestation 
and reforestation activities throughout this livelihood zone. 

Strengthen institutional capacity for provision of forecasting, early warning systems, and effective 
response for flooding and water-borne and vector-borne disease (H2). The provision of information 
prior to flood events and on conditions for vector-borne disease will allow households to take 
preventative action that will reduce their exposure, such as moving assets to higher ground and the 
inoculation or destruction of livestock (in the case of zoonoses – or diseases transferred from animals to 
humans). The extension of mobile phone networks to remote areas may be a critical component of this 
strategy.  

A key preventative strategy for reducing the spread of water and vector-borne disease is the capacity to 
take action once the threat is present. For example, early knowledge that one community is affected by 
vector-borne disease may allow preventive measures, such as quarantine, which may limit the spread to 
neighbouring communities. 

The UNDP Disaster Risk Management programme in three provinces of the Mekong Delta has engaged 
in an integrated fashion and provides lessons for Floodplain zones of the LMB (see UNDP 2011). A 
particularly prominent feature of this program is the development of centralized disaster risk management 
centers at the provincial level that provide improved capacity for cross-sectoral coordination. 
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7.9 INTEGRATED ADAPDATION 
The importance of integrated adaptation planning and implementation is a key theme of this report.  In 
practice is it complex and difficult to achieve because it involves action and incentives at many levels and 
across all arms of government. The directions and mechanisms for achieving integration need to be spelt 
in integrating policies at national level – ie in strategies, plans and laws – which are to be reflected in 
provincial policy frameworks – for example, requiring integrated river basin plans to be prepared.   

There are integrating structures which need to be established along with the incentives for making them 
work – for example, there is no point in setting up an intersectoral committee or working group on 
climate change adaptation or integrated planning for a river basin if the sector staff involved do not have 
lateral working relations and sharing emphasised in duty statements or in performance evaluation 
systems.   

Then there are integrating procedures and tools – the most widely used and accepted being environment 
impact assessment.  The EIA system in all LMB countries requires ongoing strengthening – after much 
attention in the late 1990‟s, it has been relatively neglected as a tool for internationally supported capacity 
building and its integrating force remains poorly developed. Strategic environmental assessment has been 
promoted and important SEA‟s conducted which have considered climate change threats and adaptation 
requirements such as those on hydropower development on the mainstream Mekong River and on the Vu 
Gia – Thu Bon catchment in Quang Nam Province, Vietnam (ICEM 2007 and 2012) – but it is a long way 
from becoming an integrating force for adaptation systematically applied in the LMB.   

One critical tool and process for integration is spatial planning.  It is one of the three key points which 
emerge from this adaptation chapter when the imperative for integrated adaptation is considered. 

Spatial planning as the foundation for adaptation at site level: Adaption may involve actions at 
policy or procedural level; and it may involve education and awareness raising.  But when concerned with 
specific interventions on site, adaptation is best planned and achieved on an „area wide‟ basis which 
facilities understanding of potentials for needed integration across sectors and levels of government.  The 
opportunities for adaptation and integration become clearer when considered for specific geographic 
areas.  Even adaptation planning for organisations such as line ministries whose activities are expressed 
locally need to consider how their mandates and responses to climate change play out on the ground.  In a 
spatial planning approach to adaptation it is possible to define zones and linked safeguards/guidance as 
the backdrop for adaptation and development. 

Area-wide adaptation plans are a first step and provide the impetus for different sectors to integrate 
climate change into their own plans, and to consider the linkages to other sectors in devising a response. 

Recognise the trade-offs involved between sectors when preparing area wide adaptation plans. The 
critical trade-offs become evident when taking an integrated approach; they are less obvious when 
focusing on only one sector – which is most often the case.  The IPCC points out: 

“There are also important trade-offs in adaptation. For instance, while hard protection can greatly reduce 
the impacts of sea level and climate change on socio-economic systems, this is to the detriment of 
associated natural ecosystems due to coastal squeeze. Managed retreat is an alternative response, but at 
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what cost to socio-economic systems? General principles that can guide decision making in this regard 
are only beginning to be developed.” 50 
 
In this study, a potential adaptation option identified for areas where rainfed rice is subject to more 
extreme flooding and increased dry season rainfall is a shift to a dry season irrigated crop. However, the 
irrigation water may be coming from wetlands that support aquatic NTFPs and livestock. Diverting water 
for irrigation in the dry season may undermine these other components of community livelihoods. 
Structures and tools are needed for recognizing and resolving conflicts and trade-offs of this kind in the 
adaptation planning process.  Those processes and the difficult decisions which government and 
communities will need to make need to be guided by adaption principles set out in the opening to this 
chapter. 

Seek out complementarity approaches, or „win-win‟ solutions, available across sectors. Whilst it may 
not always be the case that „win-win‟ solutions are available, they should be prioritized where they are 
identified. The reasons are because complementary approaches (i) are more efficient in the use of 
resources, (ii) are likely to be mutually reinforcing and to generate sustainable adaptation, and (iii) are 
likely to be supported by a wider range of stakeholders. A prominent example of a cross-sector 
sustainable adaptation strategy promoted in this study is the preservation of natural forest resources. The 
complementary benefits are numerous: flood protection for agriculture, habitat preservation for fisheries, 
protection of NTFPs, supply of forage for livestock during price rises in commercial fodder, and so on. 
Only through an integrated, area-wide planning process will the full scope of such complementary 
adaptation opportunities be realized. 

 

 

  

                                                      
50 IPCC, 2007, Fourth Assessment Report: Climate Change 2007, Climate Change 2007: Working Group II: Impacts, Adaptation 
and Vulnerability, http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch6s6-6-3.html  

http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch6s6-6-3.html
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