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1 BACKGROUND 

 
 

1.1 INTRODUCTION TO THE RESEARCH AREA AND THEMES 
The Mekong River Basin (Figure 1) is currently undergoing rapid social, 
economic and political changes that have wide-reaching ecological and social 
consequences (Varis et al. 2008). Within past years, climate change has 
emerged as one potential additional driver, particularly in terms of more long-
term changes.  

The regional development and planning organisations –most importantly the 
Mekong River Commission (MRC) and the Greater Mekong Subregion (GMS) 
Program–have had a major role in the planning and impact assessment 
activities related to natural resources management in the basin, and the 
Finnish involvement in these activities has been notable. The environmental, 
social and economic impacts related to the diverse and extensive developments 
that are taking place in the basin are estimated to be massive, and need 
thorough diagnosis and itemized consideration in both national and regional 
development planning. 

The level of knowledge on water resources, land use and livelihoods in the 
Mekong Basin has been improving rapidly over the past decade. However, 
knowledge about the linkages of these to the predicted changes occurring in 
the basin is still insufficient. Particularly scarce is the information related to 
impacts of climate change on the highly interesting dynamics of the Mekong’s 
water resources. Those dynamics form the basis of the livelihoods of millions of 
people living in the basin, with people living in the lower reaches of the river in 
Cambodia and Vietnam being exceptionally dependent on the basin’s water 
resources.  

Climate change studies have been creeping into the agendas and strategies of 
the Mekong River Commission and other water management agencies, but an 
overall picture is still scanty, although rapidly improving. At the same time, the 
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on-going boom on climate change-related initiatives raises concerns about 
possible overlaps and lack of coordination between different initiatives.  

The current paucity of information of the climate change and water interaction 
in the Mekong Basin becomes also clear when realizing that the 
Intergovernmental Panel for Climate Change pays little attention to the Mekong 
Basin in its Fourth Assessment Report published in 2008. In comparison to 
other major river systems such as Ganges-Brahmaputra, Indus, Nile and 
Amazon, the almost complete absence of the Mekong in this climate change 
discussion is striking, and adds to the lack of climate change-water strategies 
in the region. 

 

Figure 1. The Mekong Basin (modified from Kummu, in press).  

1.1.1 Climate change and the importance of time scales 

The research project aims to provide recommendations for climate change 
adaptation in the two case study areas, namely the Tonle Sap area of 
Cambodia and the Mekong Delta of Vietnam. Climate change adaptation can be 
defined as a process by which individuals, communities and countries seek to 
cope with the consequences of climate change (UNDP, 2004). The process of 
adaptation itself is of course not new, as people have throughout the history 
been adapting to changing conditions, including environmental changes such as 
natural long-term changes in climate.  

There are some key points related to adaptation that guide our actions and 
analysis. First of all it is important to note that in the two study areas –like in 
any other place in the world– it is not useful to look only at climate change and 
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its potential impacts to the water system. Instead, climate change should be 
regarded as one of the many 'change factors' that are likely to cause changes 
on hydrology, natural resources and, consequently, on livelihoods. In a similar 
manner, it is important not to look at the adaptation capacity just to the 
impacts caused by the climate change, but to the variety of changes likely to 
occur in the areas due to combined impacts of different changes.  

 

Figure 2.  Tentative presentation of the different timeframes to be used in the analysis 
of the impacts caused by different ‘change factors’. 

It is also important to understand the differences in temporal scales of 
predicted impacts due to different kinds of changes. Climate change includes 
long-term changes e.g. in mean temperature and precipitation, but also 
potential increases in the frequency of extreme climate conditions that can 
occur in much more short-term. Immediate adaptation responses to deal with 
year-to-year risks may thus not be adequate for coping with long-term climate 
change. Similarly, solutions for managing impacts over coming decades may 
not be feasible or appropriate in more short-term.  

The temporal dimension of climate change impacts must therefore be reflected 
in adaptation strategies. In addition, while most of the predicted impacts of 
changing climate are likely to occur in rather long term, there are also 
relatively radical, human-caused changes taking place in the Mekong Basin –
such as hydropower development– that are going to occur in much more short-
term. Longer time scale also brings challenges to the assessment of potential 
impacts as well as adaptation capacity, as already 20 years is very long time in 
terms of both social and environmental changes – and yet very short in terms 
of climate change studies.  

Figure 2 above seeks to illustrate the different timeframes that are to be used 
in this research project when looking at the different kinds of impacts in the 
two study areas. The idea is to look at the different impacts –primarily 
hydrological but also environmental and social– of climate change and other 
change factors at different timeframes. Due to the rapidly increasing number of 
hydropower development in the region, the focus on these impacts is short-
term and mid-term, while the impacts of climate change will be looked at in 
more long-term. In addition, the cumulative impacts of these two different 
change factors are looked at with mid-term timeframe.  

Finally, it should be emphasised that climate change and its impacts form an 
important cross-cutting issue that should be taken into account when looking at 
the variety of changes likely to occur in the study areas. It could even be said 
that climate change is a 'risk multiplier' or 'change multiplier' that has a 
potential to change dramatically the predicted longer-term changes in the 
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water resources of the study areas - and yet has so far been largely neglected. 
This research project seeks for its part to change this.  

1.2 PROJECT STRUCTURE AND APPROACH 
The objective of the research project is to investigate the interrelations of 
climate variability and change and water resources in the Lower Mekong basin. 
The project has three broad research themes. First theme consists of an 
analysis of regional water resources management plans and global/regional 
climatic circulation models as well as construction of climate change scenarios. 
Second, the diagnosis of the impacts of these scenarios in two specific regions 
of the Lower Mekong Basin, namely the Tonle Sap Lake of Cambodia and the 
Mekong Delta of Vietnam will be carried out. Third theme is then the 
identification of plausible adaptation options and strategies, particularly from 
the viewpoint of regional water resources planning and management.  

The research project consists of four main components (A-D) and altogether 
five sub-components (A.I, A.II, B.I, B.II, B.III) as described below. The 
organisation in the parentheses indicates the one having main responsibility for 
the component: 

A. Scenarios 
I. Basin-wide climate change (Chulalongkorn) 
II. Basin-wide planning & regional  
climate change – water initiatives (TKK) 

B. Diagnosis 
I. Tonle Sap (TKK) 
II. Delta (Chulalongkorn & TKK) 
III. Livelihoods analysis (TKK & Chulalongkorn) 

C. Adaptation policies (TKK & Chulalongkorn) 

D. Coordination, management and meetings (TKK) 

The components and their linkages are presented in Figure 3 below. Each 
component is presented in more detail in the following chapters.  

 

 

Figure 3. Schematic presentation of the main components of the project. 
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1.3 RESEARCH INSTITUTES & PERSONNEL 
The research project is carried out jointly by Water & Development Research 
Group at the Helsinki University of Technology, Finland and Southeast Asia 
START Regional Center at the Chulalongkorn University, Thailand. In addition, 
project cooperates with research institutions and other relevant organisations 
from Cambodia and Vietnam in order to link the project better to other on-
going activities in the two study areas. 

1.3.1 Water & Development Research Group, Helsinki University of Technology 

Water & Development Research Group is an interdisciplinary research group 
operating at the Water Resources Research Unit (formerly Water Resources 
Laboratory) of the Helsinki University of Technology (TKK). The Research Unit 
has a long research tradition in water and development issues as well as in 
integrated management of water resources. The group’s research builds on 
interdisciplinarity and on close cooperation with other research institutes both 
in Finland and abroad. The group has an extensive working experience in the 
Mekong Region, and it was in 2001-2007 part of the WUP-FIN Project funded 
by Finnish Ministry for Foreign Affairs under the Mekong River Commission; this 
research will extend the results from WUP-FIN Project and other Mekong-
related research projects to climate change-related issues in the region. 

More information can be found from: www.water.tkk.fi/global 

The research team from the Water & Development Research Group has been 
slightly extended (without extra cost) and include now: 

• Dr. Olli Varis (team leader) 

• Marko Keskinen, M.Sc., PhD Student 

• Matti Kummu, M.Sc., PhD Student 

• Paula Nuorteva, M.Sc. Student 

• Kaisa Västilä, M.Sc. Student 

1.3.2 SEA START Regional Center, Chulalongkorn University 

Southeast Asia START Regional Center at the Chulalongkorn University has 
been working in the Mekong region extensively in an integrated way, making 
use of both natural science and social science approaches. The activities of the 
Center focus on research and capacity building. SEA START has been involved 
in the Global International Waters Assessment (GIWA) led by the United 
Nations Environment Programme, and in 2002–2005 the center conducted 
study on climate change and adaptation in the Mekong River Basin under the 
project “Assessment of Impact and Adaptation to Climate Change (AIACC)” that 
was funded by Global Environmental Facility. The center is also well linked to 
several other actors working on climate change-related issues in the region.   

More information can be found from: www.start.or.th 

The project team from the SEA START Regional Center consists of following 
persons: 

• Dr.Anond Snidvongs, PhD in Oceanography 

• Suppakorn Chinvanno, M.B.A. 

• Chalermrat Sangmanee, M.Sc.  

• Jutatip Thanakitmetawit, M.Sc. 
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1.4 STRUCTURE OF THE REPORT 
This first chapter has given the background information related to the overall 
research framework and the issue of climate change in the Mekong region. The 
following chapters will then give a brief overview of the progress of the project 
in overall and in more detail for each research component.  

Each chapter of a research component is divided to four overall parts as 
indicated below. However, as the work with most research components is still 
very much under progress, not every component will yet have preliminary 
results to be presented.   

i. Introduction 

ii. Progress  

iii. Preliminary results 

iv. Way forward 
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2 OVERALL PROGRESS, ACTIVITIES UNDERTAKEN AND WAY FORWARD 

2.1 OVERALL PROGRESS  
The project is making progress as planned, with different project components 
delivering their expected outcomes with only small modifications to the project 
schedule described in the Updated Research Plan.  

In addition, some parts of the project –most notably the sub-components on 
Basin wide planning (A.II) and Diagnosis on nature (B.I & B.II) – have also 
been extended beyond their original scope to provide a broader context for the 
study and to facilitate cooperation with other similar projects and initiatives. 
Related to this, the project team has also been actively in touch with other 
climate change & water-related initiatives in the region to avoid overlaps and to 
increase the comparability between different processes and projects.  

A short summary of the activities undertaken can be found below, while more 
detailed descriptions of the findings so far in each component can be found 
from following chapters.  

2.2 ACTIVITIES UNDERTAKEN  
Out of the different components (Figure 3), the sub-component A.I on Basin 
wide climate change has completed the downscaling of different climate change 
scenarios (A2 and B2) into the region, and is expected to finish the related 
climate change data required for hydrological analysis within a week or so.  

The sub-component A.II on Basin wide planning has finished the review of MRC 
Basin Development Plan and other regional water resources strategies as 
planned. In addition, a brief review of regional initiatives specifically on climate 
change and water has been undertaken, extending thus the original scope of 
the component.  

The sub-components B.I & B.II on Diagnosis of nature have focused on setting 
up the hydrodynamic model for the Lower Mekong floodplain area, including 
both study areas Tonle Sap Lake and the Mekong Delta in Vietnam. The focus is 
on analysing the impact of climate change on monsoon system and 
consequently on the sea level rise in the study areas. In order to provide a 
broader context for these two study areas, the component has been extended 
to also include a brief overview of the hydrological issues in the entire Mekong 
Basin and in the Lower Mekong floodplains. 

The sub-component B.III focusing on Livelihoods analysis has developed a two-
tier approach for its analysis, with the more detailed approach being applied in 
the Tonle Sap and the more macro-scale approach in the Mekong Delta. The 
field studies and key informant interviews related to the Tonle Sap study have 
been completed, and their analysis is under way. 

The component C. providing recommendations on Adaptation policies will by its 
nature be most active at the last phase of the project, after the findings from 
the other component has been published. So far a brief review of the most 
relevant national documents on climate change adaptation in Cambodia has 
been carried out within the component.  
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2.3 WAY FORWARD 
As the project is making progress largely as planned, there is no need for 
major changes in the project plan and timetable. Consequently, the aim is to 
follow the Project schedule and Workplan that were described in the Updated 
Research Plan1. The only expected modification into the Project schedule is that 
the Diagnosis component on nature is likely to extend into January/February. 

The aim is nevertheless to have the initial findings from different project 
components ready for discussion and comments by the project workshop, 
planned for the end of February in Phnom Penh, Cambodia.  

More detailed description of the plans for way forward within each research 
component can be found from following chapters.  

                                          
1 The Updated Research Plan of the project is available at the project website at: 
http://users.tkk.fi/u/mkummu/water&cc  
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3 SCENARIOS 

This component includes two specific research themes:  

Basin-wide climate change 

In this sub-component, future climate scenarios over 21st century will be 
developed for the Mekong River Basin at high resolution of .22 degree 
(approximately 25kmx25km) using PRECIS regional climate model, developed 
as simulation tool by The Met Office Hadley Centre for Climate Prediction and 
Research.  

Different scenarios under two different CO2 rising schemes, SRES A2 and B2, 
will be generated to give range of future climate change. These climate 
scenarios will be used as foundation for climate change impact analysis in the 
basin. Basin-wide hydrological analysis will be done using distributed 
hydrological model that uses the climate scenarios as boundary condition for 
precipitation and temperature. 

Basin-wide planning and regional climate change – water initiatives 

The Basin Development Plan (BDP) of the Mekong River Commission, together 
with other relevant strategic water resources plans of the Lower Mekong Basin, 
will be reviewed regarding their relevance to the climate change diagnostics as 
well as to the adaptation strategies to be produced in this project.  

In addition, in order to avoid overlaps and to facilitate cooperation, the sub-
component seeks to recognise the most relevant regional climate change-
related initiatives and activities that have connections to water resources and 
water management. 

3.1 BASIN WIDE CLIMATE CHANGE 

3.1.1 Introduction 

The regional climate scenarios are developed based on dynamic downscaling 
process using PRECIS regional climate model from The Met Office Hadley 
Centre for Climate Prediction and Research and ECHAM4 GCM data from Max-
Planck Institute for Meteorology to get high resolution climate projection data 
for the Mekong River region for climate change impact analysis, especially the 
hydrological analysis.  

 

ECHAM4 Global Circulation Model 

The ECHAM climate model has been developed from the weather forecast 
model of the European Centre for Medium Range Weather Forecasts (ECMWF) 
(therefore the first part of its name: EC) and a comprehensive parameterisation 
package developed at Hamburg therefore the abbreviation HAM) which allows 
the model to be used for climate simulations. The model is a spectral transform 
model with 19 atmospheric layers. Numerous modifications have been applied 
to this model at the Max Planck Institute for Meteorology and the German 



Interim Report 

http://users.tkk.fi/u/mkummu/water&cc/  13

Climate Computing Centre (DKRZ) to make it suitable for climate forecasts, and 
it is now a model of the fourth generation. 

 

PRECIS model 

PRECIS is a regional climate model, developed by Hadley Centre for Climate 
Prediction and Research, UK, which can be used as downscaling tool that adds 
fine scale (high resolution) information to the large-scale projections of a global 
general circulation model (GCM). GCMs are typically run with horizontal scales 
of 300km; regional models can resolve features down to 50km or less. This 
makes for a more accurate representation of many surface features, such as 
complex mountain topographies and coastlines. It also allows small islands and 
peninsulas to be represented realistically, where in a global model their size 
(relative to the model gridbox) would mean their climate would be that of the 
surrounding ocean. It has been ported to run on a PC (under Linux) with a 
simple user interface, so that experiments can easily be set up over any region. 

3.1.2 Progress  

Downscaling process on ECHAM4 GCM for both SRES A2 and B2 scenarios has 
been completed. Climate data required for hydrological analysis is completed 
for A2 scenario and data on B2 scenario is being summarized, which is 
expected to complete by 1st week of November. 

3.1.3 Preliminary results 

Climate scenario, ECHAM4 A2, shows that Mekong River region tends to be 
warmer throughout the region.  Moreover, summertime or hot period over the 
year tends to extend longer. Climate scenario shows trend of increasing 
precipitation, which results from increasing rainfall intensity as the length of 
the rainy season tends to be more or less the same as baseline decade (1980s). 

Illustrations below are summary of future climate projection, ECHAM4 A2, for 
the Mekong River region from the baseline periods of 1980s to the end of 21st 
century. 

 

 

Figure 4.  Average daily maximum temperature. 
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Figure 5.  Number of annual hot days.  

 

 

Figure 6.  Average daily minimum temperature. 

 

 

Figure 7.  Number of cool days.  
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Figure 8.  Annual precipitation in the 1980s and future change in percentage (Decadal 
average)  

3.1.4 Way forward 

Future climate projection on IPCC SRES B2 scenario will be summarized. 

3.2 BASIN WIDE PLANNING AND REGIONAL CLIMATE CHANGE – WATER INITIATIVES 

3.2.1 Introduction 

The sub-component reviews the Basin Development Plan (BDP) of the Mekong 
River Commission (MRC) as well as other relevant water resources plans and 
strategies in the Lower Mekong Basin in relation to their relevance to the 
climate change diagnostics and adaptation. The aim is thus to increase the 
understanding on how well climate change is currently included in the water-
related strategies of the region. This kind of review helps to provide more 
concrete recommendations on how climate change and particularly climate 
change adaptation should be included in the current planning processes and 
management systems. 

In order to understand how rapidly –and massively– climate change and 
climate change adaptation is currently emerging in the Mekong Region, the 
sub-component also seeks to recognise the most relevant regional climate 
change-related initiatives and activities that have connections to water 
resources and water management. This kind of review was not originally 
included in the project, but it was decided nevertheless to be included in it in 
order to avoid potential overlaps between this and other projects as well as to 
facilitate cooperation between different actors. For the same reason, the title of 
this sub-component has been changed to “Basin wide planning & Regional 
climate change – water initiatives”.  

3.2.2 Progress  

The main documents related to the BDP and other relevant water resources 
strategies in the Lower Mekong Basin have been gathered and reviewed. In 
addition, information regarding the more climate change-specific, regional 
initiatives and projects has been summarised. 

3.2.3 Preliminary results 

The preliminary review results from the sub-component are presented in the 
Annex 1 of this Interim Report. Overall it seems that while climate change and 
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particularly climate change adaptation was on the sidelines of most water 
resources plans and strategies just a year ago, its importance has been clearly 
increasing and climate change is now included in water resources management 
in much more in-depth manner. The trend in the Mekong Region is thus very 
similar to global trend with increasing emphasis on climate change and 
adaptation to it.   

At the same time there has also been an increasing amount of projects and 
initiatives looking specifically at climate change and/or climate change 
adaptation in the region, raising concerns that climate change is not necessarily 
included that well as a cross-cutting issue in already existing programmes and 
plans, but rather treated as a more separate entity. In addition, there are also 
signs that current “climate change hype” in the Mekong Region –dominantly 
driven by western donors and research institutes– threatens to turn attention, 
and resources, away from more immediate challenges related to water 
resources, including e.g. need to assess the impacts of planned hydropower 
development in the basin to guide balanced water management decisions. This 
seemed also to be the feeling of many of the key-informants interviewed during 
our recent visit to Cambodia.  

There seems thus to be an urgent need for throughout discussion on how to 
best balance the increasing emphasis on climate change adaptation with other, 
often more immediate concerns related to water resources management. 

3.2.4 Way forward 

Next, possible updates on climate change-related regional initiatives as well as 
regional water resources strategies will be done. The information from these 
reviews will then be used when preparing recommendations in relation to 
climate change adaptation strategies both at national and regional level. In 
order to avoid overlaps, the project team also aims to establish a constructive 
cooperation with relevant regional initiatives also working on climate change 
and water issues. 
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4 DIAGNOSIS 

This component includes the analysis of future risk from climate change on two 
selected areas i.e. the Tonle Sap area in Cambodia and the Mekong Delta in 
Vietnam under two specific research themes; nature and livelihoods. However, 
in order to present also a more regional picture of the hydrological issues in the 
Mekong Basin and thus to put the two case study areas into larger context, the 
sub-component on nature has been extended to provide a short introduction to 
the entire Mekong Basin as well as to Lower Mekong floodplains.  

Nature 

The impact of climate change on bio-physical systems with focus on 
hydrological regime and ecosystem services will be analysed by EIA 3D 
hydrodynamic modelling tools, developed during the WUP-FIN Project 
(MRCS/WUP-FIN, 2007a). 

Tonle Sap: The hydrology of the Tonle Sap system is dependent on the 
Mekong mainstream, and thus changes in the Mekong flow regime will 
have direct impact on the hydrology and flood pulse of the lake. The flood 
pulse is the key driver of the ecosystem productivity and thus also a major 
contributor for the livelihoods of the area. 

Delta: Climate change is estimated to have direct effect on wind in the 
South China Sea, which will cause change in the mean sea level at the 
coastal of the Mekong River delta. The change in mean sea level at the 
mouth of the river, together with the tidal effect, may cause problems 
related to salinity intrusion and also increase flood risk in the delta. These 
affects can be analyzed using ocean circulation model coupled with 
hydrodynamic model and data from future climate scenarios. 

Livelihoods 

Social and economic development of the Lower Mekong Basin is closely 
intermingled with the state of the environment, as the majority of the basin’s 
inhabitants are living in rural or peri-urban areas with their livelihoods largely 
depending on natural resources. The objective of the research component is 
therefore to analyse the most important water-related livelihood sources in the 
two study areas, with a specific focus on the potential impacts that climate 
change and other environmental changes are likely to have. Although the two 
study areas have also remarkable differences (see e.g. Keskinen 2008), fishing 
and farming are the main livelihood activities in both. Both of these livelihood 
activities are closely connected to environment and natural resources, and are 
therefore also sensitive to the changes in hydrological cycle. 

The diagnosis of livelihood-related impacts is based on two broad research 
methods looking at the two case study areas with slightly different perspectives. 
In the Tonle Sap, the method is more participatory and “micro-scale”, with 
focus on the issues at lower levels and on more detailed analysis of different 
kinds of contexts. In the Mekong Delta, the focus is on more macro-scale 
issues, including the potential impacts to different geographic areas and major 
livelihood sources, with particular emphasis on agriculture and aquaculture.  

The reason for applying these two slightly different methods stems from the 
different characteristics of the study areas, reflecting also the differences in the 
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current management regimes in the areas (with Mekong Delta having in many 
ways more centralised and “macro-scale” regime). In addition, the different 
experiences between the study teams in the research approaches facilitate the 
application of two different research methods. It is also hoped that applying 
two different research approaches produces information about the strengths 
and limitations of different methods. 

Based on the information achieved from the research component, the diagnosis 
aims to recognise the specific areas and/or social groups in the two study areas 
that are most vulnerable to climate change impacts. In addition –and closely 
related to component on Adaption Policies–, the objective is to review national-
level policies and strategies that aim to improve resilience of these groups to 
the risks from climate change and other environmental changes. Potential 
livelihood-related adaptation options that could be incorporated into the 
adaptation strategies at different levels will also be recognised. 
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4.1 NATURE: MEKONG BASIN 
The mainland Southeast Asia has five major river basins that from west to east 
are: Irrawaddy, Salween, Chao Phraya, Mekong and Red River. All of these 
rivers but Chao Phraya originate from China. The Mekong River (Figure 1) is 
the largest of the rivers, with a basin area of 816’000 km2 (Kummu in press). 

The length of the Mekong River is 4,909 km (Liu et al. 2007). The Mekong 
originates from the Qinghai Province and Eastern Tibet, China. The highest 
point of Mekong is in Qinghai Province being 5,200 m AMSL (ibid). From there, 
the river crosses the Chinese province of Yunnan, flowing through narrow 
gorges in a very steep topography for most of its upper course. After leaving 
China, the Mekong marks the border between Myanmar and Lao PDR. Further 
downstream, the river runs through Lao PDR, Thailand, Cambodia, and Vietnam 
to the South China Sea (see Figure 2). With approximately 475 km3 of water 
the Mekong carries each year, the Mekong is one of the world's largest rivers 
(MRC 2003; 2005). 

The climate in the Mekong Basin varies from tropical to cool temperate. On the 
Tibetan plateau the high peaks are permanently snow-capped, while most of 
the lower basin is tropical. Part of the dry season flow and the rise to the wet 
season stage come from snowmelt. In the lower parts of the basin, the climate 
is seasonal. Between November and February the Northeast Monsoon brings 
dryness and cooler temperatures, while the Southwest Monsoon dominates the 
hot wet season from June to September (Kummu & Varis 2007).  

The hydrology of the Mekong is dominated by the annual flood pulse 
(MRCS/WUP-FIN 2007a). The tributaries in central and southern Laos are the 
most important contributors to the Mekong's flow in the lower basin. The 
Cambodian floodplains and the Mekong Delta receive more than 93% of the 
available water resources and 95% of the total suspended sediment flux from 
upstream. This part of the basin is directly dependent on the conditions of the 
Upper Mekong, and therefore vulnerable for any changes in flow or sediment 
flux due to the upstream development. 

4.1.1 Introduction 

Impact of climate change on hydrological regime in the Mekong Delta floodplain 
system, which covers the area around Tonle Sap in Cambodia down to the 
mouth of Mekong River, is determined by change in flow from the upstream, 
which would change under climate change influence. Moreover, the impact of 
the sea level rise is also simulated. The schematic overview on the interactions 
between climatic, hydrological and hydrodynamic models is presented in Figure 
9 and explained below. 

The future climate projection data for the 21st century was simulated by 
ECHAM4 GCM at resolution of 2.8º (approximately 300km) under different 
condition of greenhouse gas increasing as per IPCC SRES A2 and B2 scenarios. 
The coarse scale climate projection was downscaled for the Mekong River 
region using PRECIS regional climate model to provide high resolution future 
climate projection at the resolution of 20km, which was used as input to basin-
wide hydrological model, VIC model, to simulate future river run-off and also 
ocean circulation model, POM, to simulate sea level change at the mouth of 
Mekong River under influence of climate change. Result from VIC model, which 
is the Mekong River run-off at the location prior to the Mekong River floodplain 
system, and POM, which is the future sea level at the mouth of Mekong River, 
together with the future climate data from PRECIS, would then be fed into EIA 
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3D model for details hydrological analysis for the Mekong River floodplain 
system. 

 

Figure 9.  Schematic overview on the interactions between climatic, hydrological and 
hydrodynamic models. 

Variable Infiltration Capacity (VIC) model 

Variable Infiltration Capacity (VIC) model is a macroscale hydrologic model that 
solves full water and energy balances, developed at the University of 
Washington and Princeton University. It is a semi-distributed grid-based 
hydrological model which parameterizes the dominant hydrometeorological 
processes taking place at the land surface - atmosphere interface. A mosaic 
representation of land surface cover, and sub-grid parameterizations for 
infiltration and the spatial variability of precipitation, account for sub-grid scale 
heterogeneities in key hydrological processes. The model uses three soil layers 
and one vegetation layer with energy and moisture fluxes exchanged between 
the layers. The VIC hydrology model will be coupled to a water management 
model to predict the effect of water withdrawal, irrigation, and reservoir 
operation decisions on downstream flows. 
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Figure 10.  Schematic overview on the VIC model.  

4.1.2 Progress  

Basin-wide hydrological analysis for the upper part of Mekong River floodplain 
system is completed. 

4.1.3 Preliminary results 

Under climate change influence, annual flow at Kratie, which is the entry point 
of Mekong River flood plain system, tends to increase up to approximately by 
10% at the middle of this 21st century. Total flow on the wettest and driest 
years in each decade tends to be more fluctuate. 
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Figure 11.  Changing in average annual flow, highest and lowest at Kratie in each 
decade. 

4.1.4 Way forward 

This component has been finalised.  
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4.2 NATURE: LOWER MEKONG FLOODPLAINS 
This section aims to analyse the impact of climate change on bio-physical 
systems with focus on hydrological regime and ecosystem services. The area of 
the analysis is the entire Lower Mekong Basin (LMB) floodplain as presented 
below in Figure 12. 

This section provides the progress and preliminary results of the hydrodynamic 
floodplain modelling task. First a brief overview on the study area and its 
hydrology is given. This is followed by introduction of the modelling tools and 
LMB floodplain application specifications. Also a literature review was conducted 
to gain experiences of other similar projects around the globe. After that the 
progress and preliminary results are presented.   

4.2.1 Introduction 

Wetlands, including floodplains, are important parts of rivers and other 
freshwater ecosystems. On a global scale wetlands cover between 2.0–5.3 
million km2 (Kvist and Nebel 2001) and 12.8 million km2 (Millennium 
Ecosystem Assessment 2005), corresponding to approximately 3-9% of the 
land surface. The degradation and loss of wetlands is more rapid than that of 
other ecosystems (Finlayson and Spiers 1999; Millennium Ecosystem 
Assessment 2005). Maintaining the hydrological regime of a wetland and its 
natural variability is necessary to sustain the ecological characteristics of the 
wetland, including its biodiversity (Millennium Ecosystem Assessment 2005). 
So far the human actions are being the major  

 

LMB floodplains 

The floodplains are also crucially important for Cambodia. They provide 
livelihoods for millions of people and sustain one of the most intensive inland 
fisheries in the world. The Lower Mekong Basin Floodplains (from Kratie to 
South China Sea) cover an area of 50’152 km2 and there lives approximately 
11.3 million people in the area (Figure 12) (Keskinen et al. 2005). The 
maximum flood area and the population in each defined area are indicated in 
Table 1. 

Table 1. Maximum flooded area and population of floodplain areas (Population 
density 2000, MRC GIS-database). 

Covered area Max. area (km2) Population in 2000 
(millions) 

Floodplain from Kratie to the sea 50’152 11.3 

Cambodian floodplain 28’895 2.9 
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Figure 12. Map of the LMB floodplains. 

Hydrology 

The hydrology of the LMB floodplains is dependent on the Mekong upstream 
water supply as more than 93% of water it receives comes from upstream 
countries. The hydrology is dominated by the annual flood pulse peaking at 
around end of September. The Mekong is one of the largest rivers in the world 
with the average of 14,500 m3/s or 475 km3 total annual discharge (MRC 2005).  
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Figure 13.  Monthly average discharge in Kratie.  

Floodpulse 

Ecosystems that experience fluctuations between terrestrial and aquatic 
conditions are called pulsing ecosystems, and can be described in terms of the 
flood pulse concept (Junk 1997). Junk’s flood pulse concept has been widely 
accepted as describing the highly productive floodplain environments and the 
ecology of pulsing systems. The flood water integrates the terrestrial 
vegetation into the aquatic phase of the ecosystem. This interaction between 
the terrestrial and aquatic phases is the driving force of ecosystem productivity. 
The LMB floodplain ecosystem is well described by the flood pulse concept, 
where the annual monsoon floods, following the Mekong mainstream water 
level, sustain the high productivity of the area. 

 

Hydrodynamic modelling tool 

The LMB (Lower Mekong Basin) model created within the WUP-FIN Project 
(www.eia.fi/wup-fin) covers the Mekong Basin from Kratie to the South China 
Sea including parts of the coastal areas of the Vietnamese Delta. The main 
parts of the model are Cambodian floodplains, Tonle Sap Lake and Floodplain 
and Mekong Delta. In total the model covers 448 km x 626 km area of the 
Lower Mekong Basin with grid resolution of 1 km x 1 km.  
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Figure 14.  Graphical User Interface (GUI) of the LMB floodplain model application.  

The EIA 3D model system is fully three-dimensional model based on 
rectangular grid representation. The model system accommodates 
meteorological, hydrological, topographic, land use and infrastructure 
characteristics of any modelling area and produces 3D hydrodynamics and 
water quality. The modelling platform including data processing, model control, 
GIS, database control, model data products and visualization is de-coupled 
from the actual model engines. The model is able to describe the 3-dimensional 
characteristics of the flooding, flow, water quality, erosion and sedimentation in 
the lakes, reservoirs, river channels and floodplains (Koponen et al. 2005; 
MRC/WUP-FIN, 2007b). The EIA 3D model is been developed by Environmental 
Impact Assessment Centre of Finland Ltd (EIA Ltd. – www.eia.fi). 

 

As an input data the model uses following datasets: 

• Digital Elevation Model (DEM), see Figure 15 

• Landuse map (see Figure 16) to define the roughness parameters in the 
floodplain 

• Boundary conditions (flow, water level & wind – see Figure 15) 

o Flow boundaries in Kratie (A) and Tonle Sap tributaries (B) 

o Water level boundary in South China Sea (C) 

o Wind conditions at the South China Sea 

• Various computational parameters  
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Figure 15.  Digital elevation model for the model area and model boundary conditions: 
A: Flow at Kratie; B: Flow from Tonle Sap tributaries; and C: Sea level at 
South China Sea.  
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Figure 16.  Landuse map for the LMB floodplains.  

As and output the model gives following data, among other: 

• Flooding characteristics (field and point data) 

• 3D currents (field and point data) 

• Salinity intrusion (field and point data) 

• (suspended sediments and sedimentation) 

 

Modelling: opportunities and challenges 

The model has, as all the mathematical models, strength and restrictions (Box 
1). The model is able to simulate rather well the natural condition river-lake-
floodplain system in the LMB floodplains. As the part of the South China Sea is 
included in the model, it can simulate the cumulative impacts of upstream CC 
and sea level rise scenarios on the flood characteristics. Those are rather 
reliable in the Cambodian floodplains. In the Vietnamese Delta, however, the 
model is not able to model realistically the flood as it is not able to take well 
into account the control structures. The hybrid 1D/3D model that is able to 
simulate the complex delta system has been developed and applied to the Plain 
of Reeds part of the Delta (MRCS/WUP-FIN 2007a) but not yet for the whole 
Mekong delta. Although the flood characteristics cannot very well be modelled, 
the relative change on saline intrusion and flooding can be simulated in the 
delta.  
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Box 1.  Description of mathematical modelling (after Sarkkula et al 2007).  

 

4.2.2 Progress  

The main progress of this component includes: 

• Development within the model engine: 

o Model engine has been updated since beginning of the year – 
various enhancements as drying process 

o Verification runs with the old application version – the model is 
stable, results promising but the development needed 

• Model application has been updated 

o The grid covers the whole delta 

o River network better described with better description of the river 
bathymetry 

o Boundary conditions more reliably described 

• Model testing 

• Calibration of the model 

• Working with the preliminary scenarios of sea level rise 

Numerical model is itself a simplification of the reality and it 
attempts to describe the real world phenomena based on the 
physical and chemical laws, and functions derived from biology, 
ecology and socio-economics. It offers an extension and tool for 
brainwork to analyze complicated processes and their 
interconnections.  

With the model, it is possible to simulate processes that are 
difficult or impossible to describe or research any other way, 
including analysis of the probable future changes and their 
impacts. The model can describe various phenomena and analyze 
the effects of changes in independent (i.e. explanatory) variables 
on dependent variables. 
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4.2.3 Preliminary results 

Model calibration 

The EIA 3D LMB floodplain model has been calibrated by comparing 
the measured water levels in Kampong Luong (Tonle Sap Lake) and 
Phnom Penh Port to the simulated ones. The preliminary results of 
the calibration runs are presented below as well as in Annex 2. The 
calculated water levels differ in terms of the friction parameters and 
bathymetry used in the different model runs. 
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Figure 17.  Observed and simulated water levels [in m amsl] in Phnom Penh (Tonle Sap 
Lake – see location in Figure 12) for 1997. Different friction coefficients 
have been used for sensitivity analysis. 
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Figure 18.  Observed and simulated water levels [in m amsl] in Kampong Luong (Tonle 
Sap Lake – see location in Figure 12) for year 1997. Different friction 
coefficients have been used for sensitivity analysis. 

There is still some work to be done to complete the validation of the model but 
the results are promising. Moreover, we believe that it is not the most 
important thing to have the exactly correct validation results but more to 
realise that the model seems to simulate rather well the floodplain processes. 
Therefore, we are able to be use the model to estimate the impact of relative 
changes in hydrology and sea level rise adopted from the climate change 
simulations on the flood characteristics.  

Summary: Modelling climate change impacts on the hydrology of flood 
pulse systems – findings from case studies 

Flood pulse characterizes the hydrology of Tonle Sap Lake and the Lower 
Mekong floodplains in general; other similar flood pulse systems include the 
Amazon, the Okavango and the Bangladeshi floodplains of the Ganges, 
Brahmaputra and Meghna rivers. This chapter presents approaches for 
modelling climate change impacts on flood pulse that have been used in 
different case studies. 

Modelling of the flood pulse aims to simulate the hydrological characteristics of 
flood pulse, including water level, flood arrival time, flood duration and the 
extent of flooding. Both the hydrological characteristics of flood pulse and 
climate change impacts on it can be modelled in different ways. Lumped water 
balance models, (semi-)distributed hydrological models and more detailed 1D, 
2D and 3D hydrodynamic models have all been utilized to simulate the 
hydrological behaviour of flood pulse systems around the world. The type of the 
model has often to be chosen on the basis of what kind and amount of data 
exists of the modelled system; the lack of appropriate data has ruled out the 
use of complex hydrodynamic models in many cases of flood pulse modelling.  

Climate change may affect flood pulse systems through changes in upstream 
hydrology and in some cases also through accelerated sea level rise. Many 
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studies have utilized different climate models and compared their results. Often 
also different scenarios have been modelled in order to produce the whole 
range of possible future conditions. The effects of changed rainfall and 
temperature on river discharge have been determined by running a 
hydrological model of the basin [used e.g. in the case of Okavango by Murray-
Hudson et al. (2006) combined with a hydrological model of the floodplains and 
in the case of  Nam Songkhram by MRCS/WUP-FIN (2008a) combined with a 
3D hydrodynamic model] or by developing an empirical relationship between 
the amount of precipitation and river discharge [used in Bangladesh by Mirza et 
al. (2003) together with a MIKE11-GIS model]. In some studies the inundated 
area has been categorized according to factors important for each case, such as 
inundation depth or inundation duration, which allows a better analysis of the 
impacts and their consequences. Sometimes impacts have been simulated for 
wet and dry years separately. 

Impacts of sea level rise have been simulated mostly with 1D and 2D 
hydrodynamic models, and the areas modelled include the Bangladeshi delta 
[by Mohal et al. (2006)] and the Mekong delta [by Wassmann et al. (2004) and 
Le et al. (2007)]. Also other scenarios, such as the impact of man-made 
engineering structures and typhoon on flood pulse, have been simulated in the 
Mekong delta [Le et al. (2007)]. 

In general, it is reported that different climate models produce quite different 
results, which naturally means that the choice of the climate model also affects 
the modelled changes in flood pulse. So far, upstream and downstream impacts 
of climate change on flood pulse systems have been simulated separately, but 
they should be modelled simultaneously in the areas where both of them occur. 
The literature review has given valuable information on the potential, 
possibilities and limitations of different hydrological, hydrodynamic and climate 
models.  

4.2.4 Way forward 

The next step of this component includes  

• Preliminary scenarios for the sea level rise to check the model  

• Scenario data from Chula  

o Sea level rise scenarios 

o Basin wide modelling (boundary condition at Kratie) 

• Scenario simulations 

o Sea level rise 

o Upstream hydrological changes due to the simulations of climate 
change 

o Cumulative impact of sea level rise and upstream hydrological 
impact 

• Analysis of results and providing those to other components 

• Final report 
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4.3 NATURE: TONLE SAP  
Tonle Sap Lake is an integral part of the Mekong River and the largest 
freshwater lake in Southeast Asia (see Figure 12). The importance of the lake is 
unquestioned for Cambodia and the Lower Mekong Basin, with over one million 
people depending on the natural resources of the lake. The monsoon floods of 
the Mekong River are a key driver of productivity in the Tonle Sap Lake 
ecosystem (Lamberts 2006). This pulsing system (Junk 1997), with its large 
floodplain, rich biodiversity, and high annual sediment and nutrient fluxes from 
the Mekong River, is believed to be one of the most productive freshwater 
ecosystems in the world (Rainboth 1996). For many of the Mekong fish species, 
the floodplain of the lake, and particularly the flooded forest and shrublands, 
offers favourable conditions for fish to breed and grow (Poulsen et al. 2002). 
The lake also operates as a natural floodwater reservoir for the lower Mekong 
Basin, offering flood mitigation during the rising flood and assuring dry season 
flow to the Mekong Delta (Fuji et al. 2003). 

4.3.1 Introduction 

The impacts of sea level rise and upstream hydrological change due to 
simulated climate change on Tonle Sap flooding characteristics will be studied 
in details. The impacts will be looked at separately and cumulative ways.  

4.3.2 Progress  

The LMB floodplain model is under validation.  

4.3.3 Preliminary results 

As the model is under validation, results from this research component are not 
yet available  

4.3.4 Way forward 

The following flooding characteristics will be looked at: 

• Water level (flood pulse amplitude) 

• Flood arrival time 

• Flood duration 

• Flood extent 

4.4 NATURE: VIETNAM DELTA 

4.4.1 Introduction 

Impact of climate change in the Mekong Delta on biophysical aspect will be 
analyzed on two major issues, the change in flow of the river from upstream 
with focus on occurrence of flood and influence of sea level rise, both seasonal 
effect from the changing in monsoon system and global mean sea level change 
on both flood and salinity intrusion in the delta area. 
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Figure 19.  Map of the Vietnam part of the Mekong delta.  

The Princeton Ocean Model (POM) 

The Princeton Ocean Model (POM) is a ocean modelling code that is able to 
simulate a wide-range of problems: circulation and mixing processes in rivers, 
estuaries, shelf and slope, lakes, semi-enclosed seas and open and global 
ocean.  POM is a sigma coordinate, free surface ocean model with embedded 
turbulence and wave sub-models, and wet-dry capability. POM has been and 
continues to be a pioneering force in ocean research and modelling due to the 
continued innovative improvements and new developments by its users. 

4.4.2 Progress  

Impact of climate change on monsoon system has been analyzed and used as 
input into ocean circulation model to project change in sea level at the mouth 
of the Mekong River. Change in global mean sea level is being reviewed using 
information from IPCC report (IPCC 2007), which addresses the aspect of 
influence of global warming on the water expansion. 

4.4.3 Preliminary results 

Data from the climate scenario shows that the northeast monsoon (November 
through April) tends to be stronger in the future. This will have direct influence 
on the sea level at the river mouth during dry season and salinity intrusion 
condition could be more severe under this changing monsoon system, which 
may cause critical impact on agricultural activity. 
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Figure 20.  Changing in wind speed off the mouth of Mekong River in the future. 

4.4.4 Way forward 

Changing in sea level on the coastal zone of Mekong River Delta is being 
analysed. Data / information in changing sea level will be used as input to 
hydrological model to project flood and salinity intrusion condition in the 
Mekong River Delta in the future. 

4.5 LIVELIHOODS ANALYSIS: TONLE SAP  

4.5.1 Introduction 

The livelihoods analysis in the Tonle Sap area aims to link the changes in the 
environment to the realities of the people living in the area, with a focus on 
water-related livelihoods. Climate change may be one reason for these changes 
in the future, but also other issues such as hydropower development and 
institutional issues are likely to have an impact – and at much more immediate 
timescale.  

The main livelihood strategies in the Tonle Sap area are rice cultivation and 
fishing: both of these occupations are highly dependent on natural resources, 
and are influenced by the dynamic hydrology of the lake, notably the flood 
pulse system. A large proportion of the population in the area is living in 
poverty, and is therefore particularly vulnerable to changes in the environment 
and in the availability of different natural resources.  

The research component has two main objectives. The first one is to assess the 
different impacts that the changes in the environment and water resources are 
likely to have on the livelihoods of the people living in the Tonle Sap area. 
Related to this, the aim is also to define the changes that have already taken 
place or are on-going and have had effect on people’s lives. Special emphasis 
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will be placed on determining the groups that are most vulnerable to the 
changes.  

The second objective is to assess the resilience of the livelihoods for such 
changes; in other words their capacity to cope with various shocks and stresses 
that place pressure on their everyday life. In the Tonle Sap area, the resilience 
is relatively high due to the great natural variation of the environment –most 
notably the water level of the lake itself– between the different seasons. The 
question here is, however, whether the changes induced by climate change or 
other major changes, will multiply the effect of other stress factors to such an 
extent that it will force the social and environmental systems to a point where 
they cannot bend under the pressure any further. Such a situation may result 
in unexpected and substantial changes such as the collapse of fish stocks, 
which may then have drastic impacts on the livelihoods.  

Related to resilience, the adaptation strategies that people utilise in coping with 
different changes will be looked at, concentrating on strategies that arise from 
the experiences and traditions of the people themselves. Due to the great 
seasonality in both the hydrological system and overall weather patterns of the 
area as well as to the high dependence on natural resources, the people living 
close to the Tonle Sap Lake have well-developed strategies to help them tackle 
with the changing circumstances. The objective here is to detect and outline 
the different strategies that local communities have already adopted to cope 
with environmental changes and risks, and to assess the usability of such 
strategies in planning future adaptation strategies. 

The theoretical approach of the livelihoods analysis is based on the ideas of the 
sustainable livelihoods approach and the resilience theory, while also 
considering the ongoing discussion about climate change and adaptation. The 
sustainable livelihoods approach puts poor people into the centre of the 
analysis, and defines the different assets which affect their ability to cope with 
shocks and stress. The resilience theory, on the other hand, notices the 
dynamic interconnections between the ecological and social systems. It focuses 
on the magnitude of change that the system can cope with while still being 
viable, and to the ways in which social systems are capable of adapting to 
these changes.  

The methods used in this research include review of previous research and 
literature on the topic as well as field studies in and key informant interviews 
with focus on the Tonle Sap area. The field studies were conducted using the 
method of key informant interviews. also In addition, experts from 
governmental institutions NGOs and were met and interviewed in relation to 
the research topic. Livelihoods analysis also aims to link its results with other 
project components in order to increase the understanding about the potential 
impacts and their changes, and, ultimately, to provide better recommendations 
for future adaptation strategies. 

4.5.2 Progress  

During the first phase of the livelihoods analysis, the theoretical and 
methodological approaches to the research were outlined and explained. 
Previous literature and research related to the study area and to the objectives 
of this research were assessed. Of particular importance in this regard were the 
previous field studies carried out in different parts of the Tonle Sap area by the 
TKK researchers in relation to so-called WUP-FIN Project and Built Structures 
Project (see e.g. Keskinen 2003, Ratner et al. 2006, Keskinen et al. 2007). The 
literature review related to the livelihoods component is under final editing. The 
methods, objectives, and the implementation process of the field study was 
also determined and designed during this phase.  
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Field studies were carried out in September 2008 in six villages located in Siem 
Reap and Pursat provinces (see Figure 20). The villages were selected so that 
they represent two crosscuts across the Tonle Sap floodplain, from the national 
roads towards the lake. In both crosscuts, one village is located closer to the 
national roads being therefore mainly agricultural, the second village is located 
further towards the lake and relies thus on both agriculture and fishing, and the 
third village is a fishing village, partly or fully floating and located in the 
immediate vicinity of the Tonle Sap Lake.  

The field research was conducted in the form of key informant interviews, with 
three to four interviews in each village. The research team consisted of three to 
four people, including two Khmer project counterparts. The interviews were 
conducted with a relatively fast schedule, with usually just one day spent in 
each village. The only exception was the floating village of Preaek in Pursat 
province, where the research team stayed overnight. 

 

Figure 21.  Map of Tonle Sap area indicating the location of the two crosscuts (green 
arrows) where the field studies were carried out. 

4.5.3 Preliminary results 

The review of previous literature and research has helped to get an 
understanding of the main livelihood strategies in the area, including the 
different characteristics of those strategies. Also the different sources of 
challenge for the existing livelihood strategies were discussed, and include for 
example changes in the environment and water resources as well as 
institutional, social and economical factors. The central role of the seasonal 
flood pulse in defining the life and livelihoods around the lake is one issue that 
was emphasised in the reviewed literature. In addition, the different 
possibilities of broadening the livelihood base of the people for example 
through promoting supplementary and alternative occupations is discussed in 
the literature review. The current national policies and on-going processes 
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related to climate change and adaptation to its impacts has been reviewed as 
well.  

The field research in the six villages around Tonle Sap Lake yielded 19 
interviews with informants from various occupational backgrounds, income 
levels and social circumstances. Even though the analysis of the field study 
results is still on-going, some observations can already be made; these are 
discussed below. 

The crosscut approach for selecting the survey villages provided interesting 
insights to the differences between villages located only a few kilometres from 
each other in the same province or even district. Even though the study 
villages were located relatively close to each other, the livelihood structures 
and circumstances of the individuals living in the different villages are quite 
varied, although the general challenges that they face may still be similar. At 
the same time the differences in the circumstances between the individuals 
within the same village can be very broad, emphasising the diversity also at the 
village level.  

In terms of changes in environment, several respondents noted that the timing 
of the flood and rains has become more irregular now compared to what it used 
to be some decades earlier. Many also remembered destructive and unusually 
big floods during the past decade. This has caused some problems especially 
for the rice cultivation as well as for infrastructure such as houses and roads. In 
addition, some fishers mentioned that the fish catch is less during the big 
floods as the fish migrate to a larger area and is therefore more difficult to 
catch. One common explanation given for big floods and rains was 
deforestation and depletion of natural resources: when there is less forest, 
there is less protection from floods and also the amount of rain decreases as 
the tress are not there to evaporate water. The floating villages generally 
seemed the least affected by the big floods, which illustrates their high level of 
adaptation to the changing environmental circumstances in the area. 

One issue that was brought up by virtually every respondent engaged in fishing 
either as a main or supplementary occupation was the decrease in fish catch 
during the recent years. The most commonly given explanation was the use of 
illegal fishing gear such as small-mesh nets and electricity. Inefficient 
implementation and surveillance of the existing fishery laws, largely due to 
corruption, seems to enable these unsustainable practices to be carried out 
widely throughout the study areas. Also depletion of fish breeding habitats such 
as the inundated forests was mentioned as one reason for the fish decline. 
Those respondents, whose livelihoods rely heavily on fishing, especially in the 
villages closest to the Tonle Sap Lake, were afraid that if there are no 
improvements to the situation, the result will be serious challenges to their 
livelihoods in the future. Thus, while discussing the possible longer-term 
impacts of climate change, there are issues that have a much more immediate 
impact on the lives of people already at this very moment.  

What comes to the concept of climate change, seven of the nineteen 
respondents had never heard of the term2. The remaining twelve gave rather 
varied explanations of the meaning that the term holds for them, ranging from 
ones closer to the common understanding of the impacts of climate change 
such as more intense storms and winds and more irregular weather, to issues 
of water pollution and lightning being caused by mobile phones. The things that 
the respondents worry about most were related to the challenges that they are 

                                          
2 When discussing the concept of climate change, we used the Khmer term “kap’prai pruel 
akasathiet” (unofficial transliteration) as it seems to be most widely used term for climate change 
in Cambodia, meaning literally change in weather / climate. 
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facing at the moment, and to the direction of these challenges in the near 
future, rather than long-term changes in the environment. This illustrates that 
the awareness of the causes and future impacts of climate change is relatively 
low in the survey villages, and that it may be difficult for the respondents to 
plan –or even think– their future decades ahead when there are great 
uncertainties already within immediate future. 

As becomes clear from the above, there are several different issues which pose 
threats to the livelihoods in the Tonle Sap area. For this reason, one of the 
main objectives of this research is to assess the resilience of the people to 
changes in general, without necessarily specifying the reasons for these 
changes. Some observations related to resilience and adaptation strategies can 
already be made from the interviews. Those households whose livelihoods rely 
on more than one occupation seem generally to be better off than the ones 
who rely on only one occupation. While some families have different strategies 
that they can utilise when facing rice shortage or other challenges, such as 
collecting water lilies from the forest or working temporarily for wage labour, 
other families seemed to be lacking such strategies and are lying heavily on 
external support during difficult times. Some adaptation strategies, such as 
selling one’s boat or other physical assets, are unsustainable when considering 
the long-term survival and wellbeing of the family, while at a specific moment 
they may be the only way to get out of a difficult and suddenly emerged 
situation. Many respondents also felt that they are just about capable of coping 
with the current challenges, and were therefore afraid that the challenges in 
the future may be beyond their existing adaptation capacities.  

4.5.4 Way forward 

The results from the field studies are currently being assorted and analysed. 
Once the analysis is completed, the results can be reflected to the findings from 
the literature review. After that, conclusions about the impacts of 
environmental change to the livelihoods in Tonle Sap area as well as their 
resilience and adaptation strategies to the changes will be drawn, and 
recommendations for policymakers and actors in the area will be drafted. The 
final version of the literature review, the conclusions from the field research 
and the recommendations will be published in the final report of the project. 

4.6 LIVELIHOODS ANALYSIS: VIETNAM DELTA 

4.6.1 Introduction 

The Mekong Delta forms a particularly interesting study area also in terms of 
livelihoods. Contrary to the Tonle Sap area, the water management in the Delta 
has moved increasingly from adaptation towards control, as well as from 
decisions made at the local level to more centralized decision-making (Käkönen 
2008). This has also its implications to the overall livelihood structures as well 
as the potential adaptation capacity to different kinds of changes (MRC/WUP-
FIN 2006).   

Changing in magnitude, and perhaps also frequency, of flood and salinity 
intrusion in the Mekong River Delta area will be used as proxy of climate 
change to broadly assess impact on key economic sectors that have significant 
influence on the livelihood of the people in the Mekong River Delta area. The 
specific focus of the assessment is planned to be on agricultural sector and on 
rice farming and aquaculture in particular. 
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4.6.2 Progress  

The component is under investigation, and discussion with different 
organisations in Vietnam has been initiated.   

4.6.3 Preliminary results 

Preliminary results from the component are not yet available.  

4.6.4 Way forward 

To carry out the analysis based on the results from the Component B.II 
(Diagnosis: Nature – Mekong Delta). To facilitate the analysis, the aim is also 
to identify local partner and possibly to conduct an analysis/assessment 
workshop at one of the key institutes in the Mekong Delta area. 
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5 ADAPTATION POLICIES 

As a working hypothesis, the adaptation to climate change will be very specific 
to different regions of the Lower Mekong Basin. Among the most critical parts 
of the basin are the target areas of this research i.e. the Tonle Sap area and 
the Mekong Delta. Whereas the former is dominated by poor, rural population 
living primarily on fish and rice farming, the latter is extremely densely 
populated, more developed and possesses water infrastructure that allows high 
level of control over water. Consequently, the two target areas are in many 
ways different from one another, making an extremely interesting pair of 
comparison also for climate change adaptation.  

The dominant part of the predicted changes in the water resources dynamics in 
both target areas is either due to changes in upper parts of the Mekong Basin 
or due to climatic factors. The former issues have been under investigation at 
the Mekong River Commission and other organizations. In contrast, the role of 
climatic variability and change is still highly obscure and the need to better 
incorporate it in both national and regional planning protocols is obvious.  

Cambodia and Vietnam have different possibilities for both climate change 
mitigation and adaptation. Cambodia’s role in climate change adaptation is 
characterized by an interesting dualism: although it has a high level of 
adaptation to the natural, highly variable hydrology, the country’s economic 
and political capacity to handle changes is highly limited. In the Mekong Delta 
of Vietnam, the traditional approach has been to ‘tame’ the hydrological 
variability by structural measures. The massive infrastructure and large-scale 
collective farming approaches are, however, being increasingly questioned, 
largely due to their low level of adaptivity to changing conditions both in 
economic and in environmental terms.  

The research component aims to provide a systematic view on these key issues 
through a diagnostic analysis of the results from the research components 
described above. In addition, a brief review of existing climate change policies 
and their relations to water resources will be carried out, with specific focus on 
the situation in Cambodia. Finally, recommendations on how to better 
incorporate the climate change and climate change adaptation into the on-
going planning processes and management systems will form a central part of 
the research component. 

5.1 TONLE SAP 

5.1.1 Introduction 

The main aim of the research component is to provide recommendations on 
how climate change adaptation should be incorporated to different policies in 
the Tonle Sap area. The focus is thus on official government policies, with 
particular emphasis on the progress within the Cambodian Climate Change 
Office (CCCO). In addition, overall recommendations regarding the specific 
organisations focusing on the management of the Tonle Sap area –such as the 
Tonle Sap Basin Authority (TSBA) and Tonle Sap Biosphere Reserve (TSBR) 
Secretariat– will be provided.   
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5.1.2 Progress  

The review of the most important national documents on climate change 
adaptation has been completed, together with a short review of the current 
management systems in the Tonle Sap area. The project team has also 
established connections with the most relevant national organisations regarding 
these issues, and aims to cooperate with them in the final formulation of the 
recommendations. 

5.1.3 Preliminary results 

In terms of official strategies to climate change, Cambodia can be regarded to 
be relatively well placed, as Cambodian government has included climate 
change-related issues into its national agenda already since the mid-1990s. 
Cambodia ratified the United Nations Framework Convention on Climate 
Change (UNFCCC) in 1995 and acceded to Kyoto Protocol in 2002. The first 
step in implementing the Convention was the drafting of Cambodia’s Initial 
National Communication under the UNFCCC in 2002, which describes the 
country’s greenhouse gas inventory and the steps that Cambodia plans to 
undertake to address climate change (Ministry of Environment 2002).  

In June 2003, the government established a Cambodian Climate Change Office 
(CCCO) under the Ministry of Environment. The office is responsible for the 
implementation of the country’s commitments under the UNFCCC through 
planning and policy formulation, assessment of new technologies for climate 
change mitigation and adaptation, and capacity building and awareness raising 
on the climate change-related issues (Ponlok 2004). In 2006, the Ministry of 
Environment published the National Adaptation Program of Action to Climate 
Change (NAPA), which is the main programme for addressing climate change 
adaptation in Cambodia. Currently the Ministry of Environment and CCCO are 
also in the process of preparing a report on Vulnerability and Adaptation 
Assessment to Climate Change in Cambodia as part of its Second National 
Communication.  

The objectives of the Cambodian NAPA are (Ministry of Environment, 2006):  

1) understand the main characteristics of climate hazards in Cambodia (flood, 
drought, windstorm, high tide, salt water intrusion and malaria); 

2) understand coping mechanisms to climate hazards and climate change at 
the grassroots level;  

3) understand existing programmes and institutional arrangements for 
addressing climate hazards and climate change; and 

4) identify and prioritise adaptation activities to climate hazards and climate 
change 

The national priorities sectors for climate change adaptation in Cambodia are 
agriculture, forestry, human health, and the coastal zone. So far the focus has 
been mostly on post-disaster assistance, but currently more emphasis is being 
put on prevention methods while also trying to expand the post-disaster 
assistance to a larger share of the population. The water resources sector is 
included in the national priorities mainly through the linkages with agriculture 
and food security, with majority of the projects being related to building 
infrastructure, such as irrigation systems, culverts and dikes. Notable is that 
none of the NAPA reports puts emphasis on fisheries, despite their remarkable 
social and economic importance and clear vulnerability to environmental 
changes.  
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5.1.4 Way forward 

After the results from the other research components –most importantly the 
one focusing on livelihoods analysis in the Tonle Sap– are ready, the emphasis 
will be on outlining the recommendations regarding climate change adaptation 
within the Tonle Sap area. The recommendations will build on the existing 
strategies and programmes related to climate change adaptation and/or Tonle 
Sap. 

5.2 MEKONG DELTA 

5.2.1 Introduction 

Once the trend on future climate change impact on key economic sectors in 
Mekong River Delta is analyzed, different adaptation options will be addressed 
to provide recommendations towards the better management related to climate 
change impacts and adaptation. 

Assessment on risk and vulnerability at Mekong River delta will primarily based 
on result from hydrological analysis using EIA 3D model, which will focus on the 
risk from flood and salinity intrusion that may change in their intensity under 
influence of climate change. The risk assessment will mainly focus on the major 
sector in the river delta area, which is agricultural sector with focus on rice 
production and aquaculture. The assessment will base on geographical data 
analysis and expert panel through series of local technical workshops, by taking 
into consideration the change in boundary and length of flood as well as 
severity of salinity intrusion in the future and estimate future economic losses 
from the impact of these extreme event which induced by climate change. 

5.2.2 Progress  

The component is still on hold as it waits results from other components to 
proceed.  

5.2.3 Preliminary results 

Results from the component are not yet available.  

5.2.4 Way forward 

After the results from other Components (B.II, B.III) are ready, 
recommendations in relation to adaptation policies in the delta will be 
completed. To facilitate the analysis, the aim is to identify local partner and 
possibly to conduct an analysis/assessment workshop at one of the key 
institutes in the Mekong Delta area. 
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6 COORDINATION AND MANAGEMENT 

TKK has the main responsibility for the project coordination and management, 
and the task is carried out through emails as well as occasional meetings and 
internal workshops between project team. In addition, a website for the project 
was set up at TKK in August 2008 to enable better information sharing with 
other actors working on similar topics. The website can be found at: 
http://users.tkk.fi/u/mkummu/water&cc   

Three workshops are planned to be organized as part of the project. Two 
internal workshops have already been organised in February and in September 
at SEA START Regional Center in Bangkok, establishing the overall framework 
for the research as well as ensuring good cooperation between the two project 
teams. In addition, a bigger workshop aiming to introduce the initial findings of 
the project to the project counterparts, collaborators and wider audience is 
planned to be organised in February/March in Phnom Penh, Cambodia.  

Otherwise air travel during the project will be kept in minimum, and 
coordination and communication happens with the help of emails and 
conference calls. 
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ANNEX 1. BASIN-WIDE PLANNING AND REGIONAL CLIMATE CHANGE – 
WATER INITIATIVES 

The research component on basin-wide planning (A.II) was originally intended 
to focus purely on the review of the Basin Development Plan (BDP) of the 
Mekong River Commission (MRC) as well as other relevant regional water 
resources plans and strategies in the Lower Mekong Basin, in particular in 
relation to their relevance to the climate change diagnostics and adaptation.  

However, during the project it has become clear that there is a massive 
amount of on-going and emerging regional initiatives and projects that have a 
specific focus on climate change and its linkages to water (there naturally also 
exists national initiatives related these themes, but these are not dealt with 
under this component). Consequently, in order to understand better how these 
climate change-specific initiatives fit into water resources plans and strategies 
in the basin, the scope of the review was extended to include also a short 
review of these emerging climate change initiatives. This kind of review will 
naturally also help the research component focusing on Adaptation policies and 
recommendations related to them.  

This Annex seeks therefore to present the main findings from the review of the 
MRC’s Basin Development Plan and other relevant water resources strategies in 
the basin, and to discuss the ways that climate change and particularly 
adaptation to climate change have –or have not– been included in these 
strategies. The Annex also seeks to summarise the most important on-going 
and/or emerging regional initiatives focusing on climate change, with emphasis 
on those initiatives looking directly at the interconnections between water 
resources and climate change within the Mekong Basin.  

MRC BASIN DEVELOPMENT PLAN (BDP)    
The 1995 Mekong Agreement gave the MRC the task formulate a Basin 
Development Plan (BDP) “to promote, support, cooperate and coordinate in the 
development of the full potential of sustainable benefits to all riparian States 
and the prevention of wasteful use of the Mekong Basin waters, with emphasis 
and preference on joint and/or basin-wide development projects and basin 
programmes” (MRC 1995). The main purpose of the BDP is therefore to identify, 
categorise and prioritise projects and programmes at the basin level. 

The BDP is now in its second phase, and is focusing –as is the entire MRC– 
stronger than ever before on promoting the principles of Integrated Watershed 
Resource Management (IWRM). By doing so, the BDP pursues towards 
coordinated development and management of water and related resources, and 
therefore aims to achieve “an acceptable balance between development of the 
basin and maintenance of its ability to sustain livelihoods and environmental 
values” (MRC 2008). 

Compared to the BDP Phase 1, the BDP Phase 2 puts clearly more emphasis on 
climate change. For example the BDP’s current project document (MRC 2006b) 
recognises “Dealing with climate variability” as one of the eight guiding 
principles to guide the planning processes within the basin. The document 
emphasises that “water resource development and management takes place 
within the context of inherently variable climate condition”, and recognises 



Interim Report 

http://users.tkk.fi/u/mkummu/water&cc/  49

climate change as one of the three main issues –together with Flood 
management and mitigation and Drought– for the guiding principle on dealing 
with climate variability. 

More specifically on climate change, the document states that: 

“The general conclusion from international climate change studies for the 
Mekong region is that the overall level of rainfall is not likely to change 
dramatically over the next 20-50 years, but that variability may increase, with 
longer, drier dry seasons and wetter, more intense monsoons. Predictions for 
the Western Himalaya suggest that global warming could result in increased 
snow melt over the next 20-50 years, with resulting higher flows in rivers; but 
a long term decrease as the area of snow pack declines. In the long term, more 
specific strategies must be developed based on an improved understanding of 
the likely direction and magnitude of change.”  

Although climate change is thus already included in the current work of the 
BDP, it seems that the focus is still largely on climate change diagnostics, while 
climate change adaptation is not that well taken into account. On the other 
hand there are also initiatives for more climate change adaptation-specific 
programmes within the MRC (see below), and the situation is therefore likely to 
change remarkably already next year or so.  

OTHER WATER RESOURCES STRATEGIES IN THE LOWER MEKONG BASIN 
As the Mekong River Commission (MRC) is the organisation most directly 
involved in the strategic planning of regional water resources at the regional 
level, the focus of the review of other relevant water resources strategies has 
been on MRC’s strategic documents. The review does not, however, include the 
specific plans related to MRC Climate Change and Adaptation Initiative, as this 
is discussed in more detail below.  

The current Strategic Plan of the MRC recognises –similarly to the project 
document of BDP Phase 2– “dealing with climate variability” as one of the eight 
Strategic Directions for IWRM at the basin scale (MRC 2006c). The MRC defined 
its IWRM Strategic Directions in 2005 as conceptual basis for supporting the 
joint development and management of water and related resources in the 
Lower Mekong Basin. These Strategic Directions aim to respond to the main 
challenges and opportunities identified at the basin level, and they are defined 
in order to inform actors on principles and key priority areas for IWRM in the 
Lower Mekong Basin.  

The eight IWRM Strategic Directions of the MRC are:  

• Economic development and poverty alleviation  

• Integration through basin planning  

• Social development and equity  

• Regional cooperation  

• Governance  

• Environmental protection  

• Dealing with climate variability, and  

• Information based management 

The MRC Strategic Plan 2006-2010 does not, however, provide more details on 
what the dealing with climate variability will actually mean, and how it will be 
considered in the actual work of the MRC and its different programmes. In 
addition, neither the MRC overall goal nor related Strategic Outputs for period 
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2006-2010 put that much emphasis on responding and adapting to climate 
change or other environmental changes, but focus more directly on effective 
use of the Mekong’s water resources3.  

The current MRC Work Programme for year 2008 (MRC 2008d), however, puts 
more emphasis on climate change than any of the previous work programmes. 
Climate change-related activities are recognises particularly under Environment 
Programme (EP), while also e.g. Information and Knowledge Management 
Programme  and Flood Management and Mitigation Programme also emphasise 
the need to consider also climate change in their activities. In addition, the 
Agriculture, Irrigation and Forestry Programme highlights the need to for 
integrating climate change adaptation into the activities of the MRC-GTZ 
Watershed Management Project.  

Thus, in terms of the MRC, it seems that climate change is clearly emerging as 
one crosscutting issue to be included in the work of different MRC programmes. 
In addition, the MRC Climate Change and Adaptation Initiative being currently 
in its initial phase within the EP (see below) has potential to develop into a 
major regional initiative to tackle climate change adaptation, and thus, the 
linkages between water resources and climate change. 

There naturally exist also other regional, water-related strategies and plans 
within the Mekong Basin. For example the ADB-supported Greater Mekong 
Subregion (GMS) Program has –despite its focus on economic cooperation– 
naturally also linkages to water resources planning and management. Climate 
change is not, however, that well visible in the current strategies of the 
programme. This becomes evident when realising that neither GMS Program’s 
strategic framework 2002-2012 (ADB 2002) nor its regional cooperation 
strategy for years 2004-2008 (ADB 2004) have really any direct reference to 
climate change or actions for climate change adaptation.  

More directly to water resources management is related the joint World Bank-
ADB Mekong Water Resources Assistance Strategy (MWRAS) that aims to 
recognise future directions for water resources management in the Mekong 
Basin. Although the working paper describing the strategy (World Bank & ADB 
2006) discusses the potential impacts that different kinds of changes –
predominantly water development– in the basin may cause for the river system, 
the paper doesn’t really address the issue of climate change and climatic 
variability.  

Finally, it is important to note that the review of the regional water resources 
plans and strategies in the Lower Mekong Basin builds naturally on existing 
strategies that were in some instances formulated already several years ago. 
With current “climate change hype” emerging also in the Mekong Region, the 
situation is likely to change dramatically within just few years.  

REGIONAL CLIMATE CHANGE – WATER INITIATIVES  
There currently exist several initiatives in the Mekong Region –both within the 
MRC and more broadly– that aim to look specifically at the impacts of climate 
change on environment and water resources. In addition, there are many other 
regional initiatives looking at climate change from other perspectives, such as 
forest management or energy; these are not, however, within the scope of this 
project.  

                                          
3 The overall five-year goal of the MRC is to support its member states 
for ”More effective use of the Mekong’s water and related resources to alleviate 
poverty while protecting the environment” (MRC 2006c). 
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Overall, one of the main challenges related to these initiatives seems to be that 
due to rapidly increasing amount of such initiatives as well as their evolving 
nature, there seems to be relatively weak coordination between the different 
projects and initiatives – even when they include partly same institutions. For 
the same reason, the review presented here is most probably not 
comprehensive and the information about the different initiatives may also be 
partly incomplete; corrections and suggestions for additional initiatives are 
therefore very welcome! In addition, our project team has been in touch with 
many of the projects described in this chapter, and discussions about the 
possibilities for closer cooperation between different initiatives are under way.   

Mekong Climate Change Project, implemented by the MRC and CSIRO  

The project was started in February 2008 with funding from AusAID, and it 
cooperates also with other institutes in the region, including SEA START 
Regional Center. Its aim is –similarly to many other projects, including this 
one– to analyse what kind of impacts climate change is likely to cause water 
resources of the Mekong River Basin. The MRC has made use of grid climate 
data delivered by SEA START Regional Center, and has started to use them in 
the MRC’s Decision Support Framework (DSF) i.e. in the SWAT/IQQM/ISIS 
model suite. According to the project newsletter (MRC & CSIRO 2008), the 
results are good for most regions, but the early investigations have revealed a 
need to recalibrate SWAT in some regions, particularly in North-East Thailand 
and the Tonle Sap area – providing thus further possibilities for cooperation 
between this project and ours.  

MRC Climate Change and Adaptation Initiative  

The MRC Environment Programme (EP) is currently preparing an initiative on 
climate change and climate change adaptation in the Mekong Basin. If accepted 
for funding by AusAID, the Mekong Climate Change Project described above 
would become one part of the Initiative as well. The EP has started 
implementing the initial phase of the Initiative in July 2008, and aims to 
formulate a detailed framework and project document during this phase, 
including an indicative schedule of implementation for the period 2009-2012 
(MRC 2008b). According to the concept note of the initiative (MRC 2008c), 
climate change is important in the Lower Mekong Basin context and has 
particular relevance to the MRC because: 

• Climate change will have impacts on hydrology, ecology, agriculture, 
fisheries and hydro-power development, all of which are core interests 
to the MRC 

• Biophysical changes due to climate change will impact on people’s 
livelihoods, with implications for sustainable development and the well 
being of people of the region 

• MRC develops regional-scale tools and plans which are well suited to 
analyzing basin-wide effects such as those expected under future 
climate change scenarios 

• Climate change will have require policies that can address 
transboundary effects 

• There is a need for raising awareness about climate change and its 
impacts and as a neutral regional body, MRC is in a good position to fill 
that role. 
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Quick assessment of climate change and its impacts in the Mekong Region by CSIRO  

This assessment, funded also by AusAID, seeks to provide a preliminary 
assessment of the potential impacts of climate change on water resources and 
productivity in the Mekong Basin. Early results from the project indicate that 
wet season rainfall will increase in many parts of the Mekong; a finding that is 
consistent with other studies. The project has developed future climate 
sequences for Mekong catchments using a pattern scaling method, and is now 
using these sequences to look at the impacts on water availability, flooding and 
crop water use. 

Project on “Adapting to Climate Change in Asia: Identifying Critical Knowledge Gaps”, 
coordinated by ISET  

The project covered entire Asia, including a team from AIT focusing on 
Southeast Asia, with Mekong Basin being one of the four “high-vulnerability 
areas” there. The project published its final reports in June-July 2008 
(Resurreccion et al. 2008), concluding that comprehensive national plans on 
adaptation to climate change impacts are still in preparatory and planning 
stages in all countries of Southeast Asia, and it is thus too early to assess 
where implementation of these planned national programmes are heading. In 
the Mekong Region, the report emphasises the transboundary characteristics of 
the basin, noting that “climate- and human-induced variability in the water flow 
of the Mekong has created trans-boundary winners and losers”. The report also 
notes that in terms of projected changes, the Mekong Delta has “a particularly 
grim forecast”.  

MWBP’s climate change-related research  

The Mekong Wetlands Biodiversity and Sustainable Use Programme (MWBP) 
was a joint programme between UNDP, IUCN and MRC. The project produced, 
partly jointly with the Asian Disaster Preparedness Center (ADPC), a set of 
reports from the Lower Mekong Basin on climate change adaptation and 
vulnerability assessment, having as specific focus areas in Nam Songkhram 
Basin in Northeast Thailand, Attapeu Province in Southern Laos and Stung 
Treng Province in Northern Cambodia. Reports from the programme are 
available at: http://www.mekongwetlands.org/Products/General/  

Other initiatives on climate change and water 

In addition to initiatives mentioned above, there are many other organisations 
and actors whose activities are related to climate change and water. For 
example the International Water Management Initiative (IWMI) has for several 
years done some research –together with the MRC and other partners– on the 
impact estimates of climate change to water resources in the region.  

Also the Stockholm Environment Institute (SEI) has worked on different water-
related activities in the Mekong Region, and is increasing its focus on climate 
change. Of particular interest to this project is their weADAPT initiative 
(http://www.weadapt.org) that aims to provide a global platform for 
collaboration between different organisations working on climate change 
adaptation.  

The World Conservation Union (IUCN) has together with different partners 
(IWMI, MRC, Oxfam) been involved in dialogue on water and climate in 
Southeast Asia. The dialogue aimed to analyse the resilience of wetlands and 
water resources to climate change, to identify hot spots of vulnerability as well 
as to evaluate climate change adaptation options and the main barriers for 
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implementation. According to results from this dialogue (Bergkamp et al. 2003), 
key adaptation objectives in the Mekong Region could include: 

• diversifying agricultural production to cope with changes in water 
availability 

• addressing incentives that currently promote maladaptive practices, 
including economic policies and regulations that shape resource use; 

• employing sustainable natural resource management with effective 
community participation; 

• improving information sharing and development; 

• raising public and political awareness; and 

• improving water use efficiency. 
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ANNEX 2. RESULTS FROM MODEL CALIBRATION 

The EIA 3D Lower Mekong Basin (LMB) floodplain model has been calibrated by 
comparing the measured water levels in Kampong Luong (Tonle Sap Lake) and 
Phnom Penh Port to the simulated ones. The preliminary results of the 
calibration runs are presented in Chapter 4.2 as well as below. The calculated 
water levels differ in terms of the friction parameters and bathymetry used in 
the different model runs.  
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