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What have we learned from this process?

1. Regional, national and local economies are being impacted 
because decision making processes on food, energy and 
water-security are not well integrated at each scale, and 
between these scales.  

2. A ‘Systems Thinking’ approach to understanding the nexus 
between food, energy and water is effective as an integrated 
planning tool because it helps build connections between 
issues, people and institutions. 

3. There is interest and demand from provincial and national-
level government representatives for evidence-based 
information that can support investment and planning 
decisions.  

4. The LIVES project has greatly benefited from the regular 
and direct involvement of local stakeholders. It has been 
essential in better identifying the main drivers of change and 
understanding how they have interacted to shape historical 
trends and influence the effectiveness of future investments 
and policies. 

5. Training local university representatives transfers and 
embeds knowledge in local institutions that can sustain 
these approaches and in turn provide training to government 
representatives on the modelling process.

‘Nexus thinking’ is an approach that recognises the critical 
interdependence of food, energy and water in an increasingly 
resource constrained world.1 Changing how we manage and use 
these resources is a process full of uncertainty. There is a critical 
need to equip both individuals and institutions with research, 
capacity building and new tools to plan for a better future.2
 
Linked Indicators for Vital Ecosystem Services (LIVES) is a 
research project that has developed and tested an integrated 
approach for developing indicators using scientific analysis 
and stakeholder input to support policy-making processes. The 
project objective is to develop an approach that produces credible, 
evidence-based information to address growing food, energy and 
water demands in the context of current unsustainable natural 
resource consumption, climate change impacts, large-scale 
infrastructure projects and a growing population. This approach 
is called ‘integrated planning for sustainability’. 
 
This report summarises some critical elements to be considered in 
integrated planning for sustainability in Kratie and Stung Treng 
Provinces in north-eastern Cambodia. It was produced through a 
collaborative research process between the General Secretariat to 
the National Council on Sustainable Development, the provincial 
governments of Kratie and Stung Treng Provinces, the national 
and international scientific research community, and civil society 
partners. The scope of this document was to discuss drivers of 
and responses to changes in food, energy, and water security in 
the Mekong Flooded Forest (MFF) Landscape, Cambodia.

INTRODUCTION
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rivers in Asia in its lower basin. It follows a 4,200 kilometre path 
through six countries, from its source in China to Vietnam where 
it enters the sea. Close to 60 million people depend on the river 
for their livelihoods. The Mekong Flooded Forest Landscape is 
a 56 kilometre remote section of the Mekong mainstream that 
passes through the Cambodian provinces of Kratie and Stung 
Treng. 

of Cambodia as a management and conservation site for 

stretches from the northern tip of Kaoh Trong Island to the 
boundary between Champasak province in Lao PDR and Stung 
Treng Province in Cambodia.3 Many of the people living in this 
area belong to the Phnong and Kuoy indigenous groups who have 
not been able to fully participate in the development of rural 
Cambodia. 

The Mekong Flooded Forest is a rich patchwork of habitats 
including tall riverine forest, waterways, gravel and islands. 
This landscape is a home for many species that have almost 
disappeared from the rest of Southeast Asia including the iconic 
Irrawaddy dolphin and other endangered species.

Deep knowledge of both national and provincial scale governance, 

to guide future investments and policies. The entry point for 
this research in Cambodia is the current challenge of translating 
national policy on sustainable development and green growth 
into action at the local scale. 

The involvement of stakeholders is also essential to identify 
drivers of change and understand how they interact to create 
challenges for food, energy and water security. We engaged 
with the Royal Government of Cambodia’s General Secretariat 
for Sustainable Development as well as the National Council on 
Sustainable Development and the provincial governments of 
Kratie and Stung Treng. 

We used participatory ‘systems thinking’ to understand and 
identify the key drivers of change in the MFF landscape with 
stakeholders. In this approach, a systems map is created to 

4 A systems map (or causal loop 
diagram) provides a holistic overview of the local context by 

groups in the local community. Having a shared understanding 

decision-makers discuss and decide on pathways towards better 
economic, social and environmental outcomes. 

Our collaborative process involving approximately 60 provincial 

1. The creation of a causal loop diagram (CLD) of the Mekong 
Flooded Forest (see Figure 3); from which

2. 
relationship between drivers of change and the results of this 
change.

Using the CLD with key indicators, we created a System Dynamics 
model (a mathematical model) to analyse development at the 
landscape level by simulating ‘what if’ scenarios and modelling 
changes taking place from the year 2000 to 2040. The model 
helps identify potential future trends to consider in evaluating 
policy and investment plans. 

OUR SCIENTIFIC METHOD

Figure 1: The Mekong River Flooded Forest region in 
Cambodia. Map courtesy of WWF-Cambodia.

WHAT IS THE MEKONG 
FLOODED FOREST LANDSCAPE?  
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The results of our 18-month research process using scientific 
analysis and stakeholder inputs to support policy-making 
processes in Cambodia are as follows:

1. We trained individuals in Cambodia’s academic 
community, national government and civil society 
organisations to lead stakeholder dialogues.

Academics from the University of Maryland Center for 
Environmental Science, University of Bergen, KnowlEdge Srl 
and WWF brought technical expertise on indicators, System 
Dynamics and the food-energy-water nexus, but were less familiar 
with Cambodia’s development challenges. Eight individuals from 
the Green Economy Department of the General Secretariat for 
Sustainable Development and WWF Cambodia received training, 
with the assistance of local researchers from the Royal University 
of Agriculture (RUA) and the Royal University of Phnom Penh 
(RUPP). This ‘training of trainers’ approach built new capacity 
while enabling the international research team to better 
understand the local context.

2. We held five knowledge-sharing workshops 
bringing together stakeholders from national and 
provincial government, civil society and academic 
institutions.

Through these workshops our stakeholders identified links 
between food, energy and water indicators and options for action. 
Four dialogues were held with the two provincial governments. 

One workshop invited local farmers to contribute their 
knowledge. We collected local government data in collaboration 
with national government staff. Our data collection focal point 
from the General Secretariat for Sustainable Development met 
with sectoral provincial departments of Kratie and Stung Treng 
to ensure that we used official government data sources for more 
relevant and accurate results.

3. We identified a small number of economic, social and 
environmental indicators for the Mekong Flooded 
Forest for tracking progress on sustainability.

Of the 15 desired indicators identified with stakeholders, and 
through our research process, only four had sufficient suitable 
data that went far enough back in time to assess the ‘health’ of 
the MFF landscape objectively. These critical indicators reflect 
the processes driving change and the social, environmental and 
economic outcomes of change in the landscape. 
 
4. With inputs from stakeholders, we produced 

scenarios using system dynamics modelling to 
support integrated planning on food, energy and 
water sustainability in the Mekong Flooded Forest.

The model was customised to the MFF landscape, and was 
created to simulate scenarios from the year 2000 to 2040. 
Three scenarios were generated to better estimate the impact of 
national policy choices and climate change on local livelihoods. 
Stakeholders validated the findings of the model.

© Nicolas Axelrod / Luc Hoffmann Institute - WWF 

OUR PARTICIPATORY 
RESEARCH PROCESS

Photo: Kratie, Cambodia. LIVES. Provincial Government Workshop (March 18, 2016)

6



fine sediment
(suspension)

deforestation

water
diversions

+

-

dam construction
(size/capacity)

-

agriculture
productivity

food
demand

food
production

agriculture land
+

+

+

population

+

-

fish catch

+

+

+

gdp/income

+

fish stock
+

crop
production

+

food self
sufficiency <food demand>

-

+

+

electricity supply
+

+

+

-

construction materials
extraction

-

sediment budget

+

-

energy self
sufficiency

+

+

-
food price biodiversity

(dolphin population)
+tourism +

<population>
+

-

<agriculture
productivity>-

access to the
landscape+

<fine sediment
(suspension)>

+

population
displacement

+

+
fertilizer and
pesticide use

+

<fertilizer and
pesticide use>

environmental
quality

<deforestation>

+

<environmental
quality>

-

-

-

climate change

-

<agriculture land>+

-

-

<dam construction
(size/capacity)>

-

-

-

-

+

Developing scenarios gave three major insights that will support 
local and national actors in deciding the economic development 
pathways that are best for the landscape and its people.

Using the Mekong Flooded Forest Model, we can both analyse 
what current trends in the landscape mean for economic, social 
and environmental outcomes measured against several key 
indicators, as well as project future scenarios based on alternative 
landscape management actions.
 
In the systems map and model, food demand and supply are 
separated into crops, meat and fish. Energy is represented by the 
construction of a hydropower dam (and its power output). Water 
is represented by precipitation and water diversions, for use in 
agricultural production, as well as supporting the fish and human 
population.

Through this CLD, we can see that the food, energy and water sectors 
are strongly interconnected in Kratie and Stung Treng, as with most 
rural sub-national economies along the Mekong river.

Our research on interconnections between the food, energy and 
water sectors allowed us to identify strong links between sectoral 
components. These are useful to consider when drawing up 
development plans as they can, for example, help to more effectively 
target funding:

Water, food and livelihood security are 
deeply connected in Kratie and Stung Treng 

INSIGHT 1

INSIGHTS

Figure 3: Causal Loop Diagram (CLD) showing relationships between food, energy and water in the MFF
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System Dynamics is an action research approach to studying 
complex systems and the consequences of changes in the 
system, using mathematical modelling. System Dynamics 
models help understand underlying structures of systems, 
how they are governed and why they give rise to certain 
behaviours and outcomes. In the LIVES project we used this 
method to analyse how choices made in one sector in the 
food-energy-water nexus can have significant impacts on 
the others. For example, water availability is a stock which 
is affected by precipitation and consumption patterns. Poor 
water availability can mean water inputs to food production 
are threatened. Modelling these relationships and how they 
might change helps to find leverage points that could change 
problematic trends to more desirable ones. It also helps to 
choose indicators that reflect these relationships (linked 
indicators) to measure progress or act as an ‘early warning’ 
for changes that might have severe consequences. The 
research outputs are scenarios. These scenarios do not say 
what ‘should be’ – that is for stakeholders to decide in social 
and political processes. However, scenarios do help decision 
makers weigh the consequences of their actions and plan for 
the future. 

SYSTEM DYNAMICS: A MORE 
DETAILED DESCRIPTION

Linkage 1: Agriculture, tourism and water supply

• The fisheries, agricultural land, forests and wetlands of the 
Mekong Flooded Forest are important to local communities 
as a source of food and of livelihoods. Many people in the 
MFF depend on fishing for both their own food and income. 
Approximately 80% of the local population in both provinces 
are part of the farming community.5 They depend on clean 
water and yet the clearing of forests, agricultural irrigation 
developments and increased demand are negatively 
impacting water quality and availability.6

• A growing number of people derive their income from 
tourism activity that the river and its wildlife generate. In 
2016, 14,292 visitors came to Kratie for dolphin-watching 
ecotourism – slightly higher when compared to 14,053 
visitors in 2015 (data for Kratie only).7

• However, the water allocation/planning systems in these 
provinces have not taken into consideration rapid increases 
in competing water needs for energy, irrigated croplands, 
daily use, and habitat for fisheries. The provinces are 
reporting increasing water shortages in recent years.8 Yet, 
water availability, flow and quality underpin agricultural 
and commercial activities, as well as provide habitats for the 
dolphin population that attracts tourists to the area.

Linkage 2: Local economic development, natural 
resources and population growth

• Economic development in the MFF landscape has been 
primarily driven by the extraction and use of natural 
resources. The growth of economic activity, employment, 
income and investments over the last 15 years has 
contributed to poverty reduction.9 As long as agricultural 
land for crop production and fish stocks for harvesting are 
available, the economy will continue to grow.

• Economic improvements have contributed to population 
growth, resulting in higher demand for food and energy.10 

Population growth and the expected increase in food 
demand will require both land and water for:

 ◦ human settlements;
 ◦ crop and meat production; 
 ◦ fish production. 

• However, there is a limited amount of land and natural 
resources in the MFF landscape. Growing demand for forest 
land is leading to the increased clearance of natural forests. 
This in turn is likely to have an impact on water availability, 
quality and fish habitat.11 Equally worrying, local fisheries 
are becoming even more important for local food supply, 
running the risk of overfishing. Land scarcity, increasing 
water pollution from fertilisers and declining fish stocks, 
could limit the expansion of local economic activities if land 
and other natural resources are not well managed.

8
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In the reference scenario access to electricity increases, i.e. 
through the expansion of power generation capacity. This 
could happen by increasing reliance on fossil fuel-powered 
thermal generation by constructing a hydropower dam or 
by expanding the use of other renewable energy sources. 
The assumed expansion of capacity follows the plans for 
the Stung Treng hydropower dam (980 MW of capacity, 
4,870 GWh/year of production). 

In this case the required reservoir is expected to inundate 
211km2 (21,100 ha) of land and displace 21 villages, 2,059 
households and 10,617 people. Fifteen per cent of the 
total output would be distributed to the local population 
in this scenario. If other energy sources are considered, 
population displacement would likely not take place, but 
energy generation costs and capital investments would 
be higher. Infrastructure expansion such as road building 
is assumed to take place with the expansion of power 
generation capacity.

REFERENCE SCENARIO

Emerging trends on energy and agricultural 
development for national export is 
affecting water security 

INSIGHT 2

Nationally, Cambodia is planning to meet energy needs with mixed 
energy portfolios but with a heavy emphasis on hydropower. 
New investments are reaching Kratie and Stung Treng, including 
the expansion of power generation, rubber plantations, and 
transport infrastructure.12 These investments are designed to 
increase productivity and reduce poverty, but when planned 
without a holistic picture of how people are currently using water 
to produce food, the impacts of these investments will negatively 
affect water security, local food security and livelihoods in 
general.  

The results of the scenario analysis indicate that increasing 
power generation will lead to greater access to electricity 
(when assuming that a portion of the electricity produced will 
be distributed locally), and potentially to increased economic 
activity and higher income. It is expected that Cambodian society 
will exert more pressure on the environment due to competing 
and increasing use of water for power generation, food production 
and daily consumption. 

One of the scenarios modelled is called constrained water 
availability in which the expected increase in water availability 
due to improved irrigation infrastructure may not materialise. 
This scenario builds on the reference scenario (a detailed 
explanation found in the inset), and includes the challenges 
being faced by the agriculture sector due to the reduction in 
water availability (with the total amount of water being assumed 
to remain constant over time). Existing strategies to counter the 

9
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potential reduction in yield are an expansion of agriculture 
land (or the cultivation of marginally productive areas) and the 
use of more efficient water techniques.

The results of the constrained water availability scenario 
indicate that when the current water flow and water availability 
are considered, in addition to the implications of building the 
hydropower dam, agricultural production might decline by as 
much as 21% on average during the period 2016-2030 relative 
to the reference scenario. Further, the forecasted trend of more 
extended periods of drought leads to less efficient use of land, 
therefore deforestation is likely to increase to convert land for 
agriculture.

In addition, impacts on fish rearing grounds directly affect 
thousands of people who depend on fish as a food source, and 

the remaining population of the critically endangered Mekong 
Dolphin – part of Cambodia’s national heritage and the sole 
driver of tourism in the area and related job creation. The risk 
is that local residents will ultimately be more vulnerable to food 
and livelihood insecurity, malnutrition and poverty. 

Balancing water supply with a growing population that requires 
an increasing amount of food and performs several economic 
activities is crucial for sustainability, especially when considering 
the potential growth of the tourism sector in relation to the 
Irrawaddy dolphin. As a result, there cannot be sustainable and 
inclusive development in the MFF without considering the nexus 
between food, energy and water.

Figure 4: Business as usual and constrained water availability scenarios of agriculture production 2000-2040 (left), reference scenario and 
inclusion of environmental flow standards as an additional scenario for hydropower dam operation and management costs, 2000 – 2040 (right)
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Possible future trends show that increasing 
rainfall, temperature and flooding 
variability are likely to impact food and 
livelihood security

INSIGHT 3

Natural resource availability in the landscape is expected to be 
further compromised when accounting for the current and future 
impacts of climate change. Cambodia is consistently shown 
as a hotspot for climate change impacts in the region. Climate 
change projections depict more extreme shocks in the east of the 
country, a particular concern for the Mekong Flooded Forest.13 

Projections show14 by 2050: 

 ◦ increased average temperature in both wet and dry 
seasons of up to 3.5°C;

 ◦ increased variability in rainfall that will decrease 
overall rainfall in the dry season and increase 
rainfall during the wet season; and 

 ◦ increased drought with drought periods longer by 
between 0.5 to 1.5 months.

In this scenario rainfall trends differ from the reference scenario. 
While the longer term trend of annual precipitation is similar 
(with no relevant changes), variability increases, predicting 
a scenario with higher periods of droughts and a continuous 
seasonal shift for agriculture production. The observed 

impacts include lower agriculture productivity with a resulting 
reduction in food supply and self-sufficiency. Food prices are 
also forecasted to increase, which reduces consumption but also 
provides a stimulus to expand agricultural land. In this scenario 
agricultural land is projected to increase by 8% in 2025 and 6% 
in 2030 compared to the reference scenario. Consequently, there 
is projected to be a reduction in forest land by approximately up 
to 10% by 2025. This is likely to generate additional side effects 
with water diversions limiting the amount of water available for 
hydropower generation and the expansion of land being achieved 
at the expense of yield. Both impacts can prove unsustainable for 
small farmers, which, under strain, may decide to leave Kratie and 
Stung Treng and migrate to Phnom Penh and other urban areas.

©  Thomas  Cristofoletti / WWF-US
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Indicator 1
Rice availability
Definition Captures food availability as a representation for human well-being (and as a driver for 

economic progress). 

Linkages Rice is both a staple part of the local diet and a key export commodity for farmers. Rice 
availability is affected by the availability of agriculture land and productivity, which, in turn 
is influenced by water availability and production practices (e.g. use of mechanisation and 
fertilisers). 

Threshold The most recent three-year average (2013-2015) of rice availability (tonnes per person per 
year) was assessed as a percentage of a recommended rice allowance of 151.2 kilogrammes 
per person per year.16

Limitations Existing calculations of rice availability do not consider export volumes of rice. Hence, the 
assumption is made that all rice produced is available to the population within the MFF. 
Additionally, data on rice production and human population requires verification that it is 
representative of the MFF landscape.

Indicators are a common measurement approach that create 
evidence to start, guide and measure progress towards desired 
transitions. Indicators help to make useful information more 
usable. Together, causal loop diagrams and indicators give us 
insights about:  

 ◦ increased average temperature in both wet and dry 
seasons of up to 3.5°C;

 ◦ increased variability in rainfall that will decrease 
overall rainfall in the dry season and increase 
rainfall during the wet season; and 

 ◦ the root causes of problems to take action on.

Tracking indicators individually makes integrated decision 
making a challenge. If all stakeholders understand why each 
of the indicators matter and how they relate to each other that 

is already a significant step towards integrated planning and 
decision making. 

We recommend identifying and tracking at least one headline 
indicator from the causal loop diagram (Figure 3) but if there are 
multiple drivers of that indicator then we recommend tracking 
data for at least some of the additional indicators as well. At a 
minimum, we recommend that at least one indicator for each 
category is measured to capture some of these linkages (see 
categories in Figure 5). For example, natural resources and 
environmental quality are likely to drive economic progress. 

From our research with stakeholders in the Mekong Flooded 
Forest, the following 15 indicators were identified as being 
important given their connection to the rest of the landscape.

INDICATORS FOR THE MEKONG 
FLOODED FOREST 

RECOMMENDED INDICATORS 
IN JUNE 201615

Human well-being Economic progress Natural resources and 
environmental quality 

Headline indicators Food self-sufficiency
Water quality

Income
Paved roads

Natural forest cover 
Dolphin numbers

Driver indicators
Water stress

Rice availability
Access to electricity

Employment
Food demand

Food costs

Sediments
Agricultural productivity
Fish catch productivity

Figure 5: Essential indicators for integrated planning in the Mekong Flooded Forest

12



Indicator 3
Dolphin population18  

Definition This is the number of dolphins tracked in the Mekong Flooded Forest every year, based on 
WWF’s Dolphin Photo ID survey (conducted every three months) as well as monthly monitor-
ing undertaken by WWF to record the capture and recapture of dolphins.

Linkages A sustainable population of dolphins is a key factor for local livelihood security for those who 
depend on dolphin tourism. Indirectly, dolphin populations are also an indicator for environ-
mental quality and fish availability since they are sensitive to environmental pollution and 
depend on fish as their food source.

Threshold A growth rate of 1% would achieve a stable population.19

Limitations Quality of data received on dolphin abundance was unclear. Defining a threshold on ideal 
dolphin abundance posed many difficulties considering poor historical records.

Indicator 4
Natural forest cover
Definition This is the area of primary and secondary forest cover in the Mekong Flooded Forest.

Linkages It represents the extent to which the ecosystem of the Mekong Flooded Forest is intact. The 
forest provides ecosystem goods (e.g. Non Timber Forest Products (NTFPs) and services (e.g. 
water availability and quality), as well as biodiversity habitat.

Threshold The forest cover indicator was calculated as the area of intact forest in 2014 as a percentage 
of forest cover in 2002. 

Limitations Data on forest cover used in calculations requires verification that it is within the MFF land-
scape.

Indicator 2 
Paved roads17  

Definition The ratio of paved to unpaved roads represents a measure of how developed the local econo-
my is.

Linkages It demonstrates an availability of capital to invest in improved infrastructure quality, while 
also indicating the potential for further economic progress due to that improved road quality. 

Threshold The length of paved roads in the period 2013-2015 as a percentage of the total road network 
length in the region was used to calculate this indicator.

Limitations Data on paved road network used in the calculation requires verification that it is within the 
MFF landscape.

13



Indicator 5
Food self-sufficiency 
Definition Food self-sufficiency is the extent to which food demand can be met by local production. It 

indicates the share of food consumed that is imported.

Linkages Food self-sufficiency is influenced by demand (which increases based on population and 
income) and food supply (which is affected by the availability and quality of natural resources 
and ecosystems). 

Indicator 6
Water quality
Definition Water quality refers to the concentration of pollutants in water courses. It includes for 

example, nitrogen concentration, resulting from the use of fertilisers (which usually contain 
minerals such as nitrogen) for agriculture production.

Linkages Water quality is influenced by human activity, including agriculture and forestry. The 
concentration of pollutants depends both on the abundance of pollutants in a given location 
(e.g. as a result of fertiliser use) and water flow (e.g. the concentration of pollutants is higher 
when water flow is low). Water quality affects human and environmental health, including 
flora and fauna. 

Indicator 7
Water stress 
Definition Water stress measures the relationship between water demand and water supply. When 

water supply is higher than demand, water stress is low. When water demand is close to 
water supply, water stress is high.

Linkages Water stress is influenced by water demand and supply. Water stress increases with increased 
demand and/or a decline of supply. When water stress increases, water availability declines, 
and competition for various uses may be triggered (e.g. water for hydropower as opposed to 
water for irrigation, or for environmental services).

Indicator 8
Access to electricity
Definition Access to electricity refers to the share of the population that has access to reliable sources of 

electricity.

Linkages Access to electricity is influenced by electricity generation capacity and distribution, and 
demand. The latter is influenced by population, income and socio-economic activities in 
the area. Access to electricity leads to improved human well-being and also stimulates new 
economic activities which can result in higher incomes.

OTHER ESSENTIAL INDICATORS FOR WHICH DATA 
SHOULD BE COLLECTED 

14



Indicator 11
Food demand
Definition Food demand measures the number of calories consumed on a daily basis, and the fish, meat 

and crops supplying these calories.

Linkages Food demand is influenced by income and affordability, and its composition if primarily 
influenced by the availability of natural resources locally. Food demand affects human health 
and labour productivity.

Indicator 9
Local income
Definition Local income measures the economic vitality of the area. It considers remuneration from 

employment as well as profits from commercial and industrial activities that are owned and 
managed by the local population.

Linkages Local income is influenced by economic activity which currently relies mainly on the 
extraction and use of natural resources. Income also influences consumption patterns (e.g. 
of food and energy) and migration levels (low income leads to migration to the cities, while a 
growing income leads to immigration). 

Indicator 12
Food cost 
Definition Food cost is expenditure on food consumption.

Linkages Food cost is influenced by the level of local production of fish, meat and vegetables. 
Production costs are generally lower for local production (except for certain crops) despite 
quality being higher but local production is threatened by reduced land and water availability.

Indicator 10
Employment
Definition Employment refers to the number of paid jobs in the area. It includes all economic activities.

Linkages Employment is driven by investments, both resulting from the opportunity to export and to 
supply required goods and services locally. Both factors are currently heavily reliant on the 
availability of natural resources (e.g. fish and agriculture production) and the health of the 
ecosystem (e.g. tourism). Employment affects income levels and consumption habits.

15
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Indicator 13
Sediments
Definition Sediments are solid particles that are transported by the river. This includes soil and biomass. 

Sediment export in small quantities is good for soil fertility and makes land suitable for 
growing crops. However when there is too much sediment export and too much nutrient 
export, these can flow into the rivers changing the acidity levels and polluting. Trees help to 
regulate the balance by retaining sediment and nutrients.20

Linkages Sediments can influence land productivity as they include nutrients that are necessary for 
agricultural production. Sediments are influenced by rainfall, soil quality (e.g. erosion) and 
water flow. 

Indicator 14
Agriculture productivity
Definition Agricultural productivity measures crop output per hectare of land. It indicates the extent to 

which agricultural land is used effectively and if there are specific constraints to production.

Linkages Agricultural productivity is influenced by a variety of factors. These include water availability 
(e.g. from rainfall and irrigation), labour input and mechanisation and soil nutrients (e.g. 
organic carbon, nutrients). Agricultural productivity influences production and self-sufficiency, 
and hence food availability and affordability. Higher productivity also reduces the need to 
expand agricultural land, and reduces deforestation.

Indicator 15
Fish catch productivity
Definition Fish catch productivity measures the effort required to catch one day’s required supply of fish. 

It indicates the extent to which fish is abundant, and the efficiency of fishing practices.

Linkages Fish catch productivity is influenced by fish stock levels and fishing practices. Of relevance 
to the MFF are fish stock levels. It is also assumed that fishing practices are environmentally 
sustainable, as mandated locally. Fish catch productivity affects supply and prices, which 
in turn influence food availability and affordability. A healthy fish stock therefore increases 
productivity (i.e. it reduces the effort of fish catch) and supply and lowers prices.

16



© Nicolas Axelrod / Luc Hoffmann Institute - WWF © Nicolas Axelrod / Luc Hoffmann Institute - WWF 

Based on available information, only four indicators were 
used in a preliminary exercise to report on the aggregated 
health of the MFF: rice availability (to represent human well-
being), ratio of paved to unpaved roads (to represent the 
status of the economy), forest cover (to represent remaining 
natural resources) and dolphin population (as a sign of 
environmental quality). 

A study of these indicators showed that the percentage of 
paved roads is showing a positive trend, with only 3% of roads 
being paved in 2002. Rice availability is also showing an 
increasing trend with current production exceeding minimum 
requirements for people in the region (the data did not show 
what percentage of this rice is exported or not available to the 
local population). Declining trends were observed however in 
forest cover and dolphin populations, despite both indicators 
currently scoring well. Since 2002, there has been a 28% loss 
of forest cover (approximately 274,000) and an estimated 
25% decline in the dolphin population.

AGGREGATING THE SELECTED 
INDICATORS TO UNDERSTAND 
THE STATE OF SUSTAINABILITY 
IN THE MFF 

SNAPSHOT OF CURRENT 
STATE OF SUSTAINABILITY 
OF THE MFF BASED ON 
AVAILABLE INDICATORS

Figure 6: Indicator wheel – selected indicators for sustainability in the 
MFF
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Under any scenario of development, improving water security 
measures in the Mekong Flooded Forest supports sustainability 
outcomes and improves the the ecosystem health score. 

Any further loss of surface water or disruption of groundwater 
replenishment, including removal of the forest which supports 
water retention will affect the overall ability of the landscape to 
produce water. 

The analysis carried out with the MFF model indicates that 
recent socio-economic development in Kratie and Stung Treng 
has begun to increase stress on natural resources. On the one 
hand, we observe more frequent periods of water shortage and 
a decline in fishing productivity. On the other, environmental 
quality is being directly impacted by human activity, including 
increased water pollution and declining dolphin population. 
These signs indicate that carrying capacity, under current natural 
resource management practices, may have been reached in the 
landscape. Future generations of Cambodians living in this 
landscape may therefore not have access to the natural resources 
that sustain current generations. Sustainable management of 
natural resources is required for the local economy to flourish, 
and for an inclusive society. 

Through this pilot project we have learned that our methods 
can help stakeholders visualise and prioritise the values of and 
threats to the landscape. They can also help understand the 
relationship between variables, to identify what triggers change 
in the landscape, and what triggers change across sectors. 

Through the application of these methods, the set of indicators 
selected, detailed in the previous section, will serve as an effective 
tool to carry out quantitative monitoring and evaluation of 
actions. Nonetheless, well- selected indicators require consistent, 
legitimate and robust data. The project’s data collection process 
suggested the need to improve and update current data on social, 
economic and environmental indicators at the provincial level 
and to allow for easier access to data at different government 
levels and sectors. For some of the selected indicators, provincial-
level data for Kratie and Stung Treng was used to reflect the state 
of the MFF landscape even though the MFF landscape does not 
cover these entire provinces because of a lack of data for the 
MFF landscape specifically. However, producing data specific 
to the boundaries of the landscape, or analysing provincial 
data alongside MFF-bound data, would provide more accuracy 
in understanding the state of the landscape and tracking its 
progress. 

Adopting an integrated approach to select indicators that reflect 
complex relationships between food, energy and water in the 
MFF has allowed us to select a manageable number of indicators 
that will guide decision makers on policy-making for sustainable 
development at the provincial and landscape level, as confirmed 
by the Deputy Provincial Governor of the Kratie Province, HE 
Khann Chamnan. 
 

Water security improvement measures 
should be integrated into economic 
development and land use planning in the 
MFF landscape.

ACTION 1

Integrated planning for a resilient 
economy, empowered people and a 
healthy river by 2030 can be undertaken, 
with an emphasis on livelihood security.

ACTION 2

Essential indicators for integrated 
planning for sustainability can be 
improved and monitored.

ACTION 3
RECOMMENDATIONS
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