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Water follows no political or administrative borders 

across the landscape, transcending local rules and 

national regulations. To effectively manage water resources

in large and complex watersheds, policymakers and 

planners need to work together to build integrated 

watershed management plans, policies and practices, 

in consultation with the communities who depend on 

those resources. 

Together with the Cambodian Institute of Forest 

and Wildlife Research and Development (IRD), the

Asia-Pacific Network for Sustainable Forest

Management and Rehabilitation (APFNet) set out to 

develop an integrated watershed management plan 

(IWMP) for one of Cambodia’s key watersheds, the 

Prek Thnot watershed. Between 2015 and 2019, the 

project first strengthened the capacity of national staff 

to collect  relevant data about the watershed and its 

people. Multiple stakeholder consultations were held

to gather information, raise awareness and develop

land use criteria to digitally map the allocation

of land use within the watershed. A watershed

characterization report provided biophysical information 

and socioeconomic features of the watershed. 

Executive SummaryExecutive Summary



After holding district and provincial-level consultations to 

resolve conflicts and validate the land use allocation map, 

Cambodia’s first IWMP was finalized. The development 

of the plan marks a milestone in the history of land use 

planning in Cambodia. Policies and practices generated

by this plan can be integrated into formal provincial and 

community land use plans, allowing for more holistic

planning across the watershed.

In parallel, new agroforestry farming systems and soil 

conservation techniques were piloted with farmers in 

erosion-prone areas identified by the land use map.

Support was given to identify and pilot forest-based 

community enterprises.

Moving forward, a governing body for the Prek Thnot 

watershed should be established to ensure coordinated

and integrated management of the watershed,

combined with a code of conduct for key stakeholders 

to ensure continued support and commitment. The 

IWMP has laid a strong foundation for the future

sustainable use of Prek Thnot watershed but successful 

implementation rests with the government and the 

people of Cambodia.



Project title:     Landscape approach for sustainable management of forests in

     Prek Thnot watershed

Supervisory agency:   Ministry of Agriculture, Forestry and Fisheries

Executing agency:    The Institute of Forest and Wildlife Research and Development 

Budget in USD
Total Budget:    573,015

APFNet grant:    499,215

Start date and duration:   January 2015, January 2015–December 2017,

     extended to June 2019

Target economy:    Cambodia

Site Location:    Prek Thnot watershed, Kampong Speu province

• Build capacity and raise awareness on the concept of integrated watershed/landscape 

planning for national and local stakeholders using scientific assessments, analysis and 

participatory watershed/landscape planning processes

• Develop a watershed management plan of Prek Thnot watershed with participation of 

stakeholders

• Share experiences and lessons learned from the project with stakeholders

OBJECTIVES: 

EXPECTED OUTPUTS:
• Improved target stakeholder knowledge and awareness of the concept of integrated 

watershed planning and development issues in Prek Thnot watershed that affect forest- 

dependent communities

• Watershed characterization report of Prek Thnot watershed

• Integrated watershed landscape development plan for Prek Thnot watershed.

• Establishment of two agroforestry demonstration sites, contributing to soil and water 

conservation and livelihoods

• Support of forest-based community enterprises

• Dissemination of project successes and experiences; and policy briefs for the sustainable 

development of Prek Thnot watershed for relevant authorities

OVERVIEWOVERVIEW



From 2015 to 2019, APFNet worked with the Institute

of Forest and Wildlife Research and Development

(IRD) of Cambodia to conduct the project 

“Landscape approach to sustainable management

of forests in Prek Thnot watershed.” The project

selected the Prek Thnot watershed as a pilot site

to develop an integrated watershed management

plan using landscape-level planning processes, in

consultation with multiple stakeholders. Other 

outputs included the development of agroforestry,

soil conservation techniques and forest-based

livelihood improvement. This report describes the

key processes, outputs and lessons learned in

improving ecosystem services and socioeconomic

development through integrated watershed

management in Cambodia.
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Forests play important roles in many people’s lives in 
Cambodia. With around 80 percent of the population 
living in rural areas, forests are a source of food, 
medicine and building products, and materials for 
small business ventures. Forests also have cultural 
and spiritual importance for many people, in particular, 
for the indigenous communities such as the Suoy, 
Kuoy, Steang, and Somrae who live in the upland 
areas of Cambodia. However, Cambodia’s primary 
rainforest cover decreased from over 70 percent in 
1970 to about 49.5 percent of total land area in 20161,
accelerating over the past decade due to population 
and socioeconomic growth, expansion of agriculture 
and residential areas, infrastructure development,
illegal logging and unsustainable firewood collection.
To mitigate the pressure on forests and ensure sustainable
use of forest resources, the Royal Government of
Cambodia (RGC), in collaboration with key stakeholders,
introduced laws and regulations, as well as policies
and activities for sustainable forest management
at national, regional and community levels.

Cambodia’sCambodia’s
forests in contextforests in context

2

1 Forestry Administration, 2016. Cambodia forest cover
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Prek Thnot river is one of the major tributaries of the

Mekong River in Cambodia. The watershed covers a total 

land area of 666,764 ha (similar in size to the United States 

Everglades National Park) and is located in the provinces 

of Kampong Speu, Kandal and Phnom Penh. Most of the 

watershed (77.8 percent) is in Kampong Speu province. The 

highest elevation of the watershed is around 1,700 m in the 

northwest and southwest while there is a gentle slope and 

low elevation in the northeast and east sections. About 

161,162 households live in 82 communes in seven districts 

in the watershed, of which 14.7 percent of households 

rely on irrigation from the watershed. With approximately 

32 percent of the area being agricultural land, about 92 

percent of households depend on agriculture for their 

livelihoods while forest products, fishery, livestock and 

other sources of income account for around 8 percent. 

The watershed provides ecosystem goods and services,

supporting livelihoods and production systems of

downstream communities while the upstream part of the 

watershed is mostly covered with forests that connect 

to the Cardamom Mountains, an important habitat for

endangered flora and fauna. The forested part of the

watershed accounts for 45 percent of the total area and

consists of evergreen, semi-evergreen and deciduous 

forest. Agriculture is the second largest land use type.

However, the Prek Thnot watershed is subject to

deforestation, forest encroachment through agricultural

expansion and poor agricultural practices. These activities 

lead to the loss of watershed functions with many negative 

environmental consequences including soil erosion

depletion of soil nutrients, sedimentation of reservoirs,

decreasing water quality and flooding of low-lying

downstream areas, ultimately affecting a large number of 

people. The watershed is considered to be at high risk 

of impairment due to unabated logging of forest areas, 

particularly those adjacent or within the Cardamom

Mountains; unregulated fuelwood and charcoal industry; 

expansion of farms and agro-industries; and settlers

migrating from nearby districts within Kampong Speu 

province and from other provinces.

Prek Thnot watershedPrek Thnot watershed
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FIGURE 1: Map of Prek Thnot watershed



The Forest Law of 2002 defines the framework for

management, harvesting, use, development and

conservation of forests in the Kingdom of Cambodia. 

How forests are managed is outlined in the National 

Forest Programme 2010–2029, with an aim to improve 

sustainable forest management in Cambodia. The 

RGC has identified the forest landscape approach as a

primary tool to sustainably manage forests. Under 

this holistic and cross-sectoral approach, it is expected 

that socioeconomic and environmental considerations 

are balanced across the landscape, and that benefits

to stakeholders are maximized. To fulfil this goal, a

national legal and spatial planning framework is needed 

to allocate forest resources and other land uses, taking 

into account the interests of different sectors.

Spatial planning has been identified as an indispensable 

tool for sustainable development in Cambodia. It is an 

instrument to enable policymakers to make spatially

differentiated decisions about future land development,

including land use management and protection of

resources. The RGC has drafted a set of laws, 

implementation sub-decrees and detailed procedures for 

spatial planning at provincial, district and municipality 

levels. In 2011, a National Policy on Spatial Planning 

was adopted focusing on the hierarchy of spatial planning.

The policy provides a framework to ensure the use of 

land and natural resources in a sustainable, effective, 

and equitable way to support socioeconomic

development, food security and defence. 

5

Landscape and spatialLandscape and spatial
planning in Cambodiaplanning in Cambodia
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TABLE 1: Spatial planning systems in Cambodia

Level Description

Status of planning
for Prek Thnot

watershed, Kampong 
Speu province

National/regional

level planning

Developed by the National Committee on Land Management 

and Urban Planning, established by Royal Decree under the 

leadership of the Ministry of Land Management, Urban Planning 

and Construction, and to be adopted by Royal Decree. The plan 

shall have a vision for at least 20 years and shall be revised after 

10 years through the request of the government. If there is a 

special necessity for revision, an exception could be made and 

revision could be initiated earlier.

No national plan for 

the entire economy or 

regional plan has been 

or is being developed 

at point of writing.

Capital/provincial

level planning

Developed by the Capital/Provincial Committee on Land
Management and Urban Planning, which is set up by sub-decree,
with coordination from Capital/Provincial Council with approval
from National Committee on Spatial and Urban Planning
and adopted by sub-decree. The plan shall have a vision, last for 
at least 20 years and could be revised every five years.

To date, no provincial-

level plan has been 

developed anywhere 

in Cambodia. 

Municipality/

district/ Khan level 

planning

Developed by the Municipal/District/Khan Committee on Land 

Management and Urban Planning, which is set up by sub-decree, 

with approval from Capital/Provincial Council and adopted by the 

Chairman of the National Committee on Spatial/City Planning. 

The plan shall have a vision, last for at least 15 years and could 

be revised every five years.

Not for Prek Thnot, 

nationwide only. The 

city of Battambang’s 

Land Use Plan was 

approved in 2015.

Commune/Sangkat

level planning

Developed by Commune/Sangkat Council with coordination 

and technical support from Municipality/District/Khan Council 

on Land Management and Urban Planning. It shall be approved 

by Capital/Provincial Council through Capital/Provincial

Committee on Spatial and Urban Planning. The plan shall have a 

vision, last for 10–15 years, and can be modified every five years, 

based on need, local development situation and especially com-

mune/Sangkat investment programme.

Only several communes

in Siem Reap province

such as Chan Sar, Doun

Peaeng, Leang Dai, 

Nokor Pheas, Popel, 

Srae Khvav, Svay Chek 

and Tayaek.

The current spatial planning system of Cambodia and for Prek Thnot watershed is described in Table 1.



However, these policy declarations, regulations and practices 

are not yet fully developed. It was noted that there are very 

few national and subnational plans that integrate commune 

land use plans (CLUP). Only two provinces have embarked 

on provincial planning. Four municipalities and two districts 

have started developing land use master plans and a few 

communes have developed CLUPS. By early December 2015, 

only the City of Battambang had developed and approved 

a land use plan. As such, most plans have not been formally

developed and approved for Prek Thnot either, which means 

the development of a watershed-level plan builds a great 

bases all other plans can build upon later on.

Moreover, RGC has used a participatory land use planning 

approach (PLUP, see Box 1) at the commune level to develop

CLUPs but only a few communes have developed their 

own plan to date due to limited budget and capacity. Some

international donors, such as the United Nations Development 

Programme, have provided support to enhance commune land 

use planning. For example, the Collaborative Management

for Watershed and Ecosystem Service project supported

implementation in the Cardamom Mountains in southern

Cambodia. 

There is still a crucial need to conduct more landscape-level 

integrated forest management in Cambodia, particularly 

in watersheds where the loss of forests will have a greater 

negative impact than other areas. One of the most important 

watersheds without a management plan is the Prek Thnot 

watershed, adjacent to the Cardamom Mountains. The 

development of a watershed plan for Prek Thnot will 

provide a template for other watersheds in Cambodia.

A watershed management plan differs from the plans 

mentioned in the National Policy on Spatial Planning. 

A watershed management plan focuses more on land 

allocation across the whole watershed that contribute 

to protecting the watershed’s ecosystem functions. It is 

important to recognize that watershed management plans 

are not legally binding, but rather provide a basis for both 

decision makers when developing district and commune-

level plans and investors on where to locate their

investments without damaging the watershed. 

7

Participatory land use planning (PLUP) 
is the systematic assessment of physical, 

social and economic factors in such a way 

as to encourage and assist land users in 

selecting options that increase their

productivity, are sustainable, and meet the 

needs of society. This approach focuses

on the capacities and needs of local land

users based on the assumption that 

sustainable resource management can

only be achieved if natural resources are

managed by the local people. In 2000, 

PLUP was introduced to rural communities

in Cambodia in an effort to delegate land 

management authority to the local level. 

Spatial planning is an important component

of PLUP.

BOX 1: Participatory land use planning
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In recent years, population growth and land scarcity has led to an escalation of 

resource and land use conflicts; and encroachment on previously uninhabited 

lands that were once critical wildlife habitats in Cambodia. Simply supporting the 

development of district-level and commune-level plans for Prek Thnot would fail 

to account for the entire watershed of Prek Thnot. 

Landscape approaches to planning have become popular among resource managers 

to address natural resource degradation and enhance ecosystem services and 

biodiversity benefits. Spatial planning helps integrate different and often

competing uses of land towards a more balanced allocation of land. While

allocation of land for specific uses has been regulated in Cambodian laws, there 

are some limitations and shortcomings in their implementation, including the lack 

of an overarching framework for proactive land allocation within the watershed 

and ambiguous legal provisions to guide developments.

Landscape-level planning is also identified by the National Forest Programme as a 

key strategy to achieve sustainable forest management in Cambodia. The Forestry 

Administration (FA) is the main body to lead this programme in collaboration with 

other institutions, development partners and stakeholders. Landscape-level planning 

is also needed to effectively address conflicting claims on forest land, in collaboration 

with all concerned sectors, including agriculture, economic land concessions (ELC), 

mining concessions and infrastructure development.

Using a landscapeUsing a landscape
approach for integratedapproach for integrated
watershed planningwatershed planning



Build capacity and skills of FA staff on watershed management concepts, use of
geographic information systems (GIS), participatory action research, agroforestry 
and data collection.11
Collect spatial information to develop base maps of the watershed.22
Raise public awareness to understand the importance of integrated watershed 
management and develop land use criteria with the stakeholder community.33
Mapping land use allocation using technology such as GIS to ensure that
management plans will maximize benefits for both people and the environment. 44
Achieving consensus on the provincial level about the land allocation map after 
key stakeholders were consulted to provide inputs and comments on land use 
criteria.55
Produce a characterization of the watershed that gives information of the
biophysical and socio-economic features of the watershed.66
Align the plan with the RGC’s policies, such as the National Forest Programme, social 
goals etc., and validate and finalize the watershed management plan on district level.77

An integrated watershed management plan (IWMP) in 

Prek Thnot will guide policymakers on appropriate land 

uses and management that minimize the impairment of 

the watershed. The IWMP will also provide a macro-level 

guide to the development of local CLUPs. 

On a local level this project brings the watershed concept

to land use planning of the different communes as an

attempt of making sure that the land uses of the communes

will contribute to the sustainable management of 

Prek Thnot watershed. It involves different sectors and

stakeholders to discuss common issues of Prek Thnot 

watershed and develop a watershed management plan. 

The key stakeholders include local authorities (district 

and commune), land developers (with Economic Land

Concessions), non-government organizations (NGO), 

farmers and the Provincial Departments of Agriculture, 

Forestry and Fisheries; Environment; Water Resource 

Management; Land Management, Urban Planning and 

Construction; and Mining and Energy.

The following steps describe the process of developing

an IWMP with communities and other stakeholders,

undertaken by the project:

Each step is described in more detail in the following 

sections.

Developing an integratedDeveloping an integrated
watershed management planwatershed management plan

9
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Province-Level 
Consultation Workshop

Land Allocation Map
1st Draft

Province-Level 
Negotiation Workshop

Land Allocation Map
2nd Draft

Watershed Managament Plan 
1st Draft

District-Level 
Validation Workshop

District-Level 
Validation Workshop

Watershed Managament Plan 
Final Draft

Base Maps and
Pertinent data

Land Use Baseline Map 

Criteria, Principles,
and Goals

GIS and Linear Goal 
Programming

Conflict with GISLand Use and Tenure Conflicts

Watershed Characterization

GIS and Linear Goal 
Programming

FIGURE 2: Flow diagram outlining steps in developing an
integrated watershed management plan



Preparation - Building skills and capacityPreparation - Building skills and capacity

To ensure that stakeholders actively participate and provide input, it is necessary to 

initially build the capabilities of staff within institutions that will lead the process. The 

project strengthened the capacity of 16 key staff from the national and provincial 

FA on the concepts of watershed management, GIS, participatory action research,

agroforestry and data collection. Using these skills, staff were able to facilitate

stakeholder consultation and instruct on how to conduct biophysical and socioeconomic 

surveys to collect information about the watershed. Staff also learnt about erosion

mitigation measures, which they can then transfer to local farmers, including how to 

contour agroforestry land to reduce soil erosion, an introduction to soil and water

conservation, and hydrology monitoring and how to do participatory action

research (PAR). 

11 
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Capacity building programmes for both FA staff and local communities 
Photo credit: IRD and FA

Participatory action research (PAR) is an approach to research in communities that

emphasizes participation and action. PAR emphasizes collective inquiry and

experimentation grounded in experience and social history. It involves researchers and 

participants working together to understand a problematic situation and change it for 

the better. The main aspect is collective, self-reflective inquiry that researchers and

participants undertake, so they can understand and improve upon the practices

in which they participate and the situations in which they find themselves.
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Collecting spatial information for mappingCollecting spatial information for mapping

Following provision of software and training, and with support from local consultants, 

FA staff were able to interpret and compile spatial data to generate land suitability 

maps, using base maps provided by the Department of Environment, FA and the GIS 

Department of the Ministry of Land Management, Urban Planning and Construction. 

The maps showed conservation areas, land uses, soil types, geology, population

density, water systems and land cover changes of the watershed. These maps 

were then used to develop criteria for a land allocation model for the watershed in

consultation with stakeholders. 

12

Soil Types
(Soil Crocker, 1963) in

Kampong Speu Province

Land Use in
Kampong Speu Province

FIGURE 3: Examples of base maps used to generate land suitability maps

River, over 18m wide

River and sidestreams, permanent

Kampong Speu Province

District Boundary

Main river

District Center 

Acid Lithosois

Alluvial  Lithosois

Cultural Hydromorphics

Grey Hydromorphics

Lacustrine Alluvial Soils

Planosois

Plinthite podzois

Red-yellow podzois 

Legend

River Systems

Soil types (soil Crocker,1963)



Raising awareness on the importance of the Raising awareness on the importance of the 
watershed and developing land use criteria watershed and developing land use criteria 
with the stakeholder communitywith the stakeholder community
To ensure that all stakeholder fully participated in during the entire planning processes, 

workshops were conducted with stakeholders, including farmers in the target site, local 

FA, and NGOs working in the area, to raise awareness on the importance of the watershed,

consult on criteria for land use planning, and solicit recommendations on how to address

the negative impacts from inappropriate land uses. During the workshop, various topics

on the importance of watershed, the concept of participatory watershed management,

and the current condition of the watershed were introduced. Using biophysical maps,

concepts of participatory watershed management and current watershed conditions

were presented to all participants. Dividing into several facilitated groups, participants

discussed the criteria for land use, guided by leading questions provided by the project

team and FA staff (Table 2). The results of these discussions are the key elements

defining the next steps in shaping the watershed management plan.

Group discussions on land use criteria. Photo credit: IRD and FA 
13
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TABLE 2: Developing land use criteria with stakeholders

Questions ResultsNo.

What are the criteria/major considerations 
of land allocation/appropriate land uses in 
the watershed for industrial crops/forest 
plantations/ELCs?

Industrial crops (rubber): Preferably degraded forest, slope less than 10%, elevation <50 m, 
distance 50–100 m from stream.

Plantation/ELC: Preferably degraded forest, steep and medium slopes (5-20%), distance
30–150 m from stream, and larger coherent areas.

What are the criteria/major considerations 
land allocation/appropriate land uses in 
the watershed for community-based forest 
management?

a. Community forestry
b. Community fisheries
c. Community protected areas

Forest area is requested by local community and local authority (forest cover ≥60%) and near 
the village; degraded forest area (<60% forest cover) with willing participation, requested by 
local community; has to be state land.
Watershed surrounded by flooded forest, slope <20%, participation from local community 
and support by the local authority, available land within a distance of 50-100 m from a lake.
Near village (500–1000 m), degraded forest or deciduous forest (forest cover ≥30%2), located 
in a natural protection area.

What are the criteria/major considerations 
for the location of the following?

a. Roads
b. Settlements/social land concessions
c. Industrial parks/infrastructure
   developments

Far from flooded areas, least likely to be affected by natural disasters, low slope, close to or 
connecting villages, have economic and social value. 
Road available, near water source (200–500 m), fertile soil and no forest, no flood area, near 
village or town, economic zone or market, potential for agriculturaldevelopment, close to 
school and hospital.
Available road, electricity, and people, no flood area, degraded area with distance from 1–2 km
from watershed, large area. 

What are the criteria/major considerations 
for land allocation for ecotourism areas? 

Areas that have endangered or rare wildlife species or generally high biodiversity, cultural values, an 
attractive landscape, no steep slopes, waterfall, cultural heritage sites, national parks, protection forests 
or multiple use areas, far away from disaster-prone areas, such as land vulnerable to landslides; accessible 
areas; areas receiving support by local authorities; special ecosystem services. 

What are the criteria/major considerations 
in the watershed for locating reservoirs or 
hydroelectricity dams? 

Areas in low land or public ponds, areas with water harvesting, irrigation systems, areas that lacks 
water, areas susceptible to floods, areas close to people, water sources, areas that not affected 
by development projects, areas with less commercial tree species; steep slope areas and natural 
reservoir areas, can be released to low land area and valleys if won’t affect the local community.

What are the criteria/major considerations 
for land allocation for strict conservation 
areas (Protection Forest or Protected Areas)? 

Areas with tree density <30%, core zone, areas with rare tree species, sacred forests, flooded 
forests, buffer forests (30 m from stream), steep slopes, cultural sites, evergreen forests, wildlife 
habitats, community areas, ecotourism sites, water protection areas, areas susceptible to 
erosion, research sites, and genetic conservation areas.

What are the criteria/major considerations 
for land allocation for agroforestry/low im-
pact agriculture? 

Flat land or slight slope (10–15%), enough water for watering, fertile soil, protection of forest is 
a priority, no forest cover within 30 m from the stream, locals have land tenure rights, degraded 
forest, multiple use area, areas where 5–10% are affected by erosion, windbreaks, private land close 
to village, area with previous or current tree or rubber plantations.

1

2

3

4

5

6

7

8 What mitigating measures should be
implemented for the following?
a.Roads/infrastructures/settlements located 

in the flood-prone areas to make them 
less vulnerable to climate change.

b. Roads/infrastructure/settlements that are 
located in ecologically-sensitive areas.

c. Agricultural developments (including 
ELCs) located in ecologically-sensitive 
areas to minimize their impacts.

d. Agricultural developments (including 
ELCs) in flood-prone areas to make 
them less vulnerable to climate change.

e. For the development of reservoirs for 
hydroelectricity dams or irrigation.

In settlements, planting trees or other vegetation, implement conservation agricultural practices, 
creating long canals to divert water, dam construction, constructing drainage systems, filling up 
the area, planting trees for soil erosion control, constructing elevated roads. 
Terracing, forest plantations, irrigation systems, road construction for protecting from floods, 
constructing houses close to the ground (not stilted), planting trees along the road, constructing 
windbreaks.
Land use planning, protect irrigation systems, classify the watershed, reduce chemical fertilizers, 
plant adapted suitable species, practice system of rice intensification (Sustainable Rice Initiative), 
composting, livestock raising. 
Clear land use plan, irrigation systems and forest restoration, protection of natural waterways, 
constructing canals, awareness raising on good agricultural practices, selecting crops based on 
appropriate season (different crops for different seasons), constructing high dams. 
Environmental impact assessments, consultation with stakeholders, evaluation on socio-
economic conditions, develop mitigation measures, provide electricity with reasonable price, 
has to be approved by local community before construction, explore paths for conflict resolution.

a)

b)

c)

a)

b)

c)

a)

b)

c)

d)

e)

2 Degraded forests with lower forest cover are primarily selected for forest conservation since they generally have no timber use value that would not 
lead to further degradation. In order to recover, the area has to first be protected. If not formally protected, it often continues to be a source of timber 
as local people prefer procuring timber closer to the village.

14
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After agreement on land use criteria was reached, a consultant prepared a draft land 

allocation map based on the criteria, biophysical constraints and carrying capacity

of the watershed using geospatial tools, linear and goal programming and weights/

pairwise ranking techniques (Box 2). 

The land allocation model defined the following eight land use options for the watershed:

Mapping land use allocationMapping land use allocation

This model also aimed to meet Cambodia’s twelve societal goals (considering the

maximization of benefits and carrying capacity limitations):3

1. Maximize income from land use (honey, mushrooms, sugar, rattan, resin, rice, fruit, 

ecotourism, etc.) (products and employment income)

2. Maximize rice production (limited by site carrying capacity) 

3. Maximize meat production - bushmeat and livestock (limited by site carrying capacity) 

4. Maximize palm sugar sap production (limited by site carrying capacity) 

5. Maximize supply of construction/high value timbers

6. Maximize supply of fuelwood

7. Maximize total biomass produced

8. Maximize forage production

9. Maximize water infiltration for three-hour rain events

10. Minimize soil erosion

11. Minimize total pesticide loads

12. Minimize social cost for protection/management

The draft map was then finalized in a second stakeholder consultation workshop. 

15

RICE PRODUCTION INDUSTRIAL CROPS  INDUSTRIAL TREE
PLANTATIONS FRUIT ORCHARDS

HIGH VALUE CROPS CONSERVATION/
PROTECTION

SUSTAINABLE FOREST 
MANAGEMENT

FORAGE
PRODUCTION

3 Societal goals are drawn from Cambodia’s national goals (food security and poverty allocation), Cambodia Rectangular
Strategy (National Strategy of the RGC), Cambodia’s sustainable development goals, National Forest Programme and 
Cambodia Green Growth Strategy.



Linear and goal programming is a formalization of managerial decision making into a mathematical construct. It is 

widely used as a decision tool in many industries and in natural resource management as well. The model enables 

managers to solve complex problems of harmonizing conflicting demands of watershed services and carrying capacity.

The Goal Programming (GP) model seeks to minimize the deviations between the desired goals and the actual results 

to be obtained based on the assigned priorities (Ostadhashemi et al., 2014) while the Linear Programming (LP)

technique is relevant in optimization of resource allocation and achieving efficiency in production planning.

Determining optimum allocation and carrying capacity model in ecology, carrying capacity means the maximum 

number of individuals that can be supported in an environment without experiencing decreases in the ability to

support future generations within the area (Kormondy, 1996). The concept is used to point out that there is a limit to the 

growth of biological populations, and an analogy can be made for human societies (Schroll et al., 2012). The watershed

management plan provides a land use allocation model that maximizes the societal benefits without exceeding the 

carrying capacity of the watershed.

Weights/pairwise ranking is the application of machine learning in the construction of ranking models for information 

retrieval systems. Pairwise ranking is a ranking tool used to assign priorities to the multiple available options while 

pairwise comparison is a process of comparing alternatives in pairs to judge which entity is preferred over others or 

has a greater quantitative property. Weights ranking means weighting the criteria by ranks in either ascending or 

descending order. Ascending means that the most important criterion is given rank 1, the second criterion rank 2 etc. 

When ranking in descending order, rank 1 is given to the least important criterion etc.

16

BOX 2: Techniques for land allocation mapping 4

4 Ostadhashemi, R.; Rostami Shahraji, T.; Mohammadi Limaei, S.; Roehle, H. 2014. Goal programming and analytical hierarchy process approaches for 
sustainable plantation. Caspian J. Env. Sci. 2014, Vol. 12 No.2 pp. 233~244.



55 
s t e ps t e p

R
E

A
C

H
IN

G
 C

O
N

C
E

N
S

U
S

R
E

A
C

H
IN

G
 C

O
N

C
E

N
S

U
S

Reaching consensus on the land allocation mapReaching consensus on the land allocation map
– Provincial Consultation Workshop– Provincial Consultation Workshop

Stakeholders providing input on the draft land allocation map. 
Photo credit: IRD and FA

17

The draft land allocation map was presented to all stakeholders during a provincial 

forum in which local authorities at all levels (province, district, commune, and village), 

community-based organizations, relevant NGOs, FA staff and other relevant authorities

participated. The forum aimed to mitigate any potential conflicts and reach consensus

on the proposed land use options for the watershed. Participants agreed on the

suggested eight land uses in the watershed (Table 3) and suggested mitigating

measures to reduce conflict or areas of land use incompatibility, for example, farming 

on steep slopes.
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FIGURE 4: Proposed land use allocation in Prek Thnot watershed

Land Use Aoral 
(ha)

Basedth 
(ha)

Chbar 
Mon (ha)

Kong 
Pisei 
(ha)

Odongk 
(ha)

Phnom 
Sruoch 

(ha)

Sam-ra-
ong Tong 

(ha)

Thpong 
(ha)

Total 
area (ha)

%

Rice production - - 7,200 9,700 9,000 8,400 56,200 13,800 104,300 20.6

Industrial crops 67,000 200 - - - 11,300 1,300 12,700 92,500 18.3

Industrial tree 
plantations

3,200 100 - 400 - 4,300 3,500 2,300 13,800 2.7

Fruit orchards 39,400 100 600 13,200 - 69,400 3,600 8,900 135,200 26.7

High value crops 2,000 - - - - 3,500 1,400 500 7,400 1.5

Conservation/
protection

95,100 - - - - 5,700 100 100 101,000 19.9

Sustainable forest 
management

19,000 600 100 1,500 - 20,100 5,800 5,200 52,300 10.3

Forage
production

- - - - - - - - 0

Total area (ha) 225,700 1,000 7,900 24,800 9,000 122,700 71,900 43,500 506,500

TABLE 3: Revised land use allocation in different Prek Thnot watershed districts
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Watershed characterization is an important part of developing a watershed management

plan. It provides the basic biophysical information and socioeconomic features of the 

watershed, using base maps and other existing data. Following training mentioned in 

step 1), biophysical and socioeconomic surveys and risk assessments were conducted by 

FA staff to reflect the current condition of the watershed and local communities. 

The survey used standard socioeconomic questionnaires in interviews and focus group 

meetings to collect information on the current socioeconomic conditions of local

communities,land uses and farming practices, in ten villages of the districts Thpong,

Samroang Tong, Phnom Sruoch and Aoral. The final report provided very useful data and 

information on land use practices, acting as important reference material for participants 

during consultation and development of the watershed management plan.

Preparing a watershed characterizationPreparing a watershed characterization
report for Prek Thnot watershed report for Prek Thnot watershed 

Characterization Report of Prek Thnot Watershed

 
 

 
 
 

REPORT 
 

Watershed Characterization of Prek Thnot 
Watershed 

 
 
 
 
 

 
 
 
 
 
 
 
 

November 2016 
 

                    Submitted by Dr. Koy RA
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District-level validation and finalizationDistrict-level validation and finalization
of the watershed management planof the watershed management plan

The final land allocation map and watershed characterization report were integrated to

compile a draft watershed management plan. Two consultation workshops for two districts 

at a time were conducted to seek endorsement and confirm whether the design of the 

plan had captured the aspirations and land suitability identified by stakeholders. The 

draft plan was presented to four districts with a total attendance of nearly 160 people

representing FA, district administration, commune councils, district line offices, community

forestry groups, private sector and NGOs. Although there was some conflict between 

recommended land use and reality on the ground, there was general acceptance of the 

proposed land use allocation. 

Participants recommended a range of mitigation measures to reduce potential conflict and 

more closely reflect reality, for example, highlighting areas that had a potential to be allocated 

for ecotourism. The plan had already identified sites for conservation which are compatible 

with ecotourism and only minor changes were required. Other mitigating measures included: 

• Promote sustainable land management and ecofarming in ELCs and with farmers. 

• Development of some areas for industrial tree plantations. 

• Introduce agroforestry to ELCs and farmers. 

• Promote organic rice farming to areas recommended for rice farming but located in 

particularly vulnerable areas. These areas have to be delineated solely for production 

of organic rice. 

• Promote precision agriculture technology and judicious use of chemical fertilizers and 

pesticides. 

• Set aside buffer zones along rivers and streams for protection of forests.

After two consultations, the plan was finalized, adopted and disseminated to all stakeholders, 

including all communes within the watershed. 

20

Group discussion during district consultation workshops. Photo credit: IRD and FA



BOX 3: Private sector contribution to sustainable watershed management

“Grandis Timber Limited is a European company who signed 
a 50-year lease with the Ministry of Agriculture, Forestry
and Fisheries (MAFF) in 2009 to reforest a 7,900-ha

concession located upstream in the watershed.

Our company will develop sustainable high value timber 
plantations such as teak,  mahogany, eucalyptus and acacia 
and other agricultural crops in the area. We also signed a 
contract with MAFF to protect 2,259 ha for biodiversity and 
the development of wildlife habitats. Our company staff
participated in the watershed plan development process 
and integrated mitigation and other strategies into the
company’s master plan, for example,strategies to tackle
soil erosion and water conversation on slopes by apply 
multi-cropping systems. We also followed the recommendation 
on creating buffer zones alongside rivers and streams. We 
expect these practices will also have long-term benefits for 
the company as their consumers value sustainable practices  

over the maximization of quick profits.

“

— Mr. Eugene Kraamwinkel

CEO, Grandis Timber Cambodia

21



Sustainable management of Prek Thnot watershed has the potential 

to provide benefits not only for biodiversity and people living within 

the watershed but also to those living downstream and surrounding 

areas. Based on the allocation of land use, the integrated watershed

management plan estimates both the total cost required to

implement the land use development and the expected financial 

and material benefits. 

Expected tangible benefits include optimizing rice production, 

increased availability of sawtimber, fuelwood, carbon storage, 

reduced soil erosion and increased production of forage and 

biomass. 

An optimization model was used to systematically allocate land 

uses that maximize production with due consideration of the 

watershed’s carrying capacity. The optimal allocation model 

could not completely include all externalities (rate of erosion, 

pesticide loads, among others). However, these were minimized. 

Likewise, the plan could not completely avoid incompatible land 

use, espceially areas of land that have prior rights or existing land 

uses. Those areas needed to be identified and resolved through 

a mitigation plan. Such a plan requires considerable budget and 

needs multi-stakeholder support. 

Potential benefitsPotential benefits
of the watershedof the watershed
management planmanagement plan

22



Prior to the development of the plan, an impact assessment on the watershed’s hydrology was undertaken. This 

assessment estimated the watershed’s capability to recharge the aquifers by increasing infiltration, reducing soil 

erosion, and minimize chemical loads based on an assessment of the future hydrological condition of the watershed.

Estimating
hydrological benefits

FIGURE 5: Baseline water balance model for Prek Thnot watershed

FIGURE 6: Hydrology of Prek Thnot watershed following land use change

23



FIGURE 7: Annual surface runoff – baseline, land use change and climate change scenarios

5 The climate change scenario was created through SIMCLIM software, which provides statistical downscaling of the outputs of a set of global circulation
models driven with assumptions of intermediate levels of greenhouse gas emissions (RCP4.5). The climate change scenario IPSL, which represents 
mean seasonal changes involving mean monthly change of humidity, solar radiation, wind speed, precipitation and temperature change was chosen.

It is estimated that under the proposed land allocation,

soil erosion could be reduced to about 15.23 ton/ha/year

from its baseline of 41.19 ton/ha/year but will increase 

to 45.08 tons/ha under a climate change scenario. With 

more rainwater infiltrating the ground, surface runoff will

reduce to 83.79 mm/year from the current estimate of

94.14 mm/year. However, under a climate change scenario5,

there is an expected increase in surface runoff from 

94.14 to 101.95 mm/year. The current groundwater

discharge of Prek Thnot watershed is estimated to be 

333.14 mm/year. This will increase to only 349.30 mm/year 

under a climate change scenario. Using the proposed

land allocation, the groundwater discharge is expected 

to increase to 362 mm/year. 
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Surface Runoff at Prek Thnot Watershed

FIGURE 9: Annual groundwater recharge – baseline, land use change and climate change scenarios
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FIGURE 8: Annual soil erosion – baseline, land use change and climate change scenarios
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Mr. Tep (right), the Head of the Commune, commune
discussing his views of the project. Photo credit: IRD

“In our commune, we attended seminars on watershed

management planning. We developed plans to 

manage sloping areas. In Trapaing Chor commune, 

there are several agricultural developers such as 

economic land concession companies and plantations

owned by the famers. Their activities have caused 

the loss of our forest. The clearcutting of trees has 

caused erosion of topsoil especially in the rainy

season, silting up and making the streams, rivers 

and lakes shallow. The land use plan that will promote

the efficient management of Prek Thnot watershed 

will benefit Trapaing Chor commune, since it will

decrease adverse effects. We anticipate that the 

plan will help increase forest cover and fruit trees 

and prevent soil erosion. The plan will control

cultivation, whether by firms or families, on sloping 

areas, minimize the use of fertilizers and increase 

family incomes. Our commune will be more than 

happy to cooperate and support this plan.” 

— Mr . Tep Nem

Chief of Trapeang Chor commune, Aoral district

BOX 4: Commune perspective on watershed
 management planning

25



BOX 5: Government perspective on project  
  support and activities

“ The project has contributed
a lot of support to the agricultural 

sector, especially to address 
water issues of Prek Thnot,

the only water source that supports 
agriculture, livestock and fisheries 

in Kampong Speu province. 

Our department has sent three staff to be involved 

with the project and they have strengthened their 

capacity through training programmes and consultation

workshops in developing the watershed management

plan. The plan provides very useful information 

about land use types for suitable agricultural crops 

in the province, so our department will work with 

local authorities, especially the respective communes,

to use this plan to integrate into their Commune 

Land Use Plan or Commune Investment Plan in

order to use the land effectively.”

 

— Mr. Chheang Tola

Director of the Provincial Department of

Agriculture, Forestry and Fisheries
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Farming has long been identified as a major 

contributor to siltation in the watershed. Land 

cultivation disturbs and exposes the soil to wind 

and rain, hastening topsoil erosion and loss of 

soil fertility. This degradation is especially critical

in areas that have been identified by the land 

allocation model of the IWMP to be set aside 

for “conservation”. In many cases people are

already occupying the land and short of relocating

them, the to prevent further erosion, measures 

are needed to minimize the impact of agriculture

and land clearing. Without such measures, 

people are required to clear more land in order 

to keep up production as the soil quickly loses 

fertility. 

Developing
agroforestry
and other
forest-based
livelihoods
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The project introduced good agroforestry practices and soil and water control measures to prevent topsoil erosion 

while increasing farm productivity. By involving farmers in piloting agroforestry practices, soil conservation techniques

and data collection, farmers and project staff worked together to find optimal solutions. Agroforestry was implemented

in farmers’ fields through participatory action research where the farmers piloted agroforestry and soil and water 

conservation techniques and data collection. The agroforestry models outlined the types of vegetation cover, soil 

control structures, combined with traditional farming practices.

Four farmer collaborators from the Trapeang Chour and Krang Dei Vay communes agreed to test soil and water

conservation technologies on their farms. The project provided elephant grasses (for cattle feed) and technical 

knowledge and skills. Contour canals, planted with hedgerows and fascines (bundles of twigs) laid along the contours, 

were built to control erosion. The agroforestry farms were planted with fruit trees and interplanted with vegetables.

Introducing agroforestry 
farming systems

FIGURE 10: Contour lines in an agroforestry plot; design 
of contour bund and soil collecting trough (below)

28

Farmers receiving agroforestry training.
Photo credit: IRD and FA



Farmers reported a significant increase in income for their family and improvement of soil condition, following 

training and support. Table 4 shows the farmers’ increase in income from agroforestry practices. 

TABLE 4: Income received before and after
agroforestry support and training for four farmers

Farmer
Land size (ha)
(agroforestry 
and housing)

Total benefit (USD/year)

Baseline 
(2016)

Endline 
(2018)

Siv Lim 0.50 81 204

Men Vorn 0.80 80 203

Kim Chap 0.21 291 395

Kim Mao 0.80 86 179

To understand the importance of soil and water control

measures, farmers monitored soil erosion and rainfall

on their farms, using soil collecting troughs along 

contour canals and rain-collecting jars. The results 

were shared with all stakeholders.

Through this activity, farmers increased their awareness

of the amount of soil lost to waterways if no erosion 

control measures are applied. The data showed that 

there is 14.82 ton/ha/year of soil erosion and 1,485.4 mm

of annual rainfall in Phnom Srouch District and 

32.97 ton/ha/year of soil erosion and 1,177.04 mm of 

annual rainfall in Aoral District.

Agroforestry plots before and after development. Photo credit: IRD and FA
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Installation of rainwater collectors and soil collecting troughs. 
Photo credit: IRD and FA
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All co-operating farmers reported that the agroforestry techniques and soil and 

water conservation measures provided benefits. After only a few rainfall events, 

farmers observed how contour canals and fascines trapped considerable amounts 

of nutrient-rich topsoil, which otherwise would have been lost. Throughout the project,

farmers worked with the project team to analyse soil erosion from their fields. The

results indicate that soil erosion ranges from 0.278 to 0.763 metric tons/ha/month. 

Owing to the small size of their landholdings, most crops (watermelon, morning glory,

jackfruit, mango, banana, soursop and longan) harvested by farmers were used for 

household consumption or shared with neighbours and relatives. They sold only a 

small percentage of their surplus, mainly to intermediaries or collectors in the village. 

Thus, growing fruits and vegetables on their farm has significantly reduced food 

expenses. 

Mr. Kim Chap said that his income has improved since adopting the new techniques 

and he has been able to save enough money to build a new house. Mr. Kim Mao, 

another farmer co-operator, was able to buy a new motorcycle, which he uses for 

local transport. Mr. Siv Lim was able to buy a new phone and can now easily contact 

his daughter who is in primary school in Krang Dei Vay. Mr. Men Vorn said that he 

can support the education of his daughter who is at primary school because of his 

increased income. 

BOX 6: Benefits of Agroforestry



Following consultation with the community, raising cattle for meat production was selected as a pilot enterprise. An 

enterprise development plan was formulated with detailed costs and benefits to serve as a guide for the community 

to run the enterprise. The project provided training on raising cattle for 25 farmer-families in the community. A seed 

grant was also provided to the community to purchase five cattle and they were dispersed to selected members of 

the community. To date, the cows have born three calves and the cattle will be rotated to the next farmer.

Developing livestock production as a
community-based enterprise

Farmer with cattle herd. Photo credit: Pak Sngoun Pisey
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Lessons learned

32

New planning processes need good stakeholder 
participation and data
Landscape-level land use planning is relatively new in Cambodia and has only been piloted by some 

development partners, such as GIZ. The approach used by the APFNet project is still novel despite its 

popularity in other developing economies (e.g. in some African countries, the Philippines, Indonesia and 

some developed economies). In Cambodia, this type of land use planning is very timely given the absence 

of plans or frameworks to guide communes in developing CLUPs. 

Watershed planning needs good information on existing land use and land cover, however there were few 

updated maps on cultivation, industrial developments, crops or local development plans in Prek Thnot 

watershed. This experience demonstrated that GIS technology is an indispensable tool in land use planning

 but local knowledge is also crucial in supplementing limited information using participatory mapping. 

The project also demonstrated the usefulness of optimization models in meeting the different management

objectives of the watershed, provided the lack of data on land use and land cover is overcome, with 

stakeholder participatory mapping. Another challenging and crucial task is to bring together key actors 

who may have conflicting interests in the watershed and local governemnts that have no development 

plans in the first place to facilitate consensus on land use criteria without confrontation. 

The planning process for Prek Thnot watershed is a good model for other watersheds in Cambodia, for 

example, the Siem Reap watershed, identified by the National Working Group on Watershed Management,

Mekong River Commission, as a pilot area for watershed management, and the Kbal Chhay watershed for 

fresh water conservation in Preah Sihanouk province.

Introducing new practices to improve livelihoods 
takes time and trust
It is necessary to work closely with farmers and the community to ensure their engagement, trust and 

understanding of benefits when introducing new agricultural practices and technologies. Limited capacity 

and familiarity with only traditional farming practices is a hurdle for farmers when adopting new ideas. 

Thus, frequent interaction and the development of personal relationships to gain trust is key.
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Economic benefits of soil and water 
conservation measures are not immediate

Soil and water conservation measures in arresting soil erosion were successful as topsoil was collected in 

the contour canals and prevented from being washed downstream. However,the economic benefits of soil 

conservation are not immediate as it will take time for the farm to improve soil fertility. The farmers were 

less enthusiastic about adopting soil and water conservation technology due to the fact that farming can 

only provide alternate income. It was not a priority for farmers who depend on seasonal employment.

Difficulty identifying forest-based community enterprises

Some communities had a difficult time identifying forest-based livelihoods due to the degraded condition 

of the community forest, partly caused by grazing cattle. In order to prevent further degradation, farmers 

had to plant grass as forage for cattle, however they do not have a culture  of doing this as the traditional 

practice is to release cattle or buffalo into the forest for months or feed with rice straw stored after the rice 

harvest. Persuading small-scale farmers to plant grass as forage for cattle feed was difficult. 

Capacity building of farmers is indispensable

Capacity building of farmers is indispensable in disseminating and developing new agroforestry practices

and soil and water conservation technologies. Poverty prevented some farmers from adopting new

technologies and practices. There is a need to constantly educate farmers on the negative impacts of 

farming on soil productivity, and to motivate farmers to adopt soil and water conservation measures. 

Community organizers and farmer instructors (farmer-to-farmer learning) will play a very important role in 

effective dissemination and adoption of technologies.



Development and implementation of plans

Promote investment in Prek Thnot watershed.

Encourage more economic investment for the

restoration of Prek Thnot watershed. The communes 

should support reforestation, conservation and 

agroforestry in Prek Thnot through their commune 

investment plans and commune development plans. 

Currently there are very limited funds available for 

restoration.

Promote adoption of soil and water conservation 
measures among land developers in Prek Thnot 

watershed. A soil and water conservation policy 

needs to be promoted to land developers, particularly

ELCs, to improve sustainable land management 

practices. ELCs must comply with provisions in 

environmental impact assessments and the proposed 

Watershed Code of Conduct. 

RecommendationsRecommendations
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Policy recommendations

Develop a Watershed Code of Conduct in Prek 

Thnot watershed. The objectives of the IWMP can 

only be achieved with the support and commitment 

of key actors and stakeholders, especially the office 

of the Provincial Governor and land developers. 

While the IWMP is not legally binding, key actors 

can be invited to a roundtable discussion to secure 

their commitment and support. These will then be 

reflected in the Watershed Code of Conduct. 

Strengthen the development planning framework 
at all levels. The IWMP should be integrated into 

CLUP, district and provincial development plans, 

as well as other land management plans, such as

protected areas management plans and green 

growth strategies to support the sustainable

development of the province. Workshops should 

be conducted to integrate the IWMP into provincial

development plans. Spatial maps and plans can be 

cascaded down to districts and communes.

Improve watershed governance with the creation 

of a governing body for Prek Thnot watershed. The

management of the wateshed should be under a 

single governing body. It is proposed that the office

of the Provincial Governor coordinate various agencies

in developing the Prek Thnot watershed. The governing

body will also coordinate all major stakeholders, 

agencies and ministries including the FA; Ministry

of Environment; Department of Agriculture; Fishery

Administration; Ministry of Land Management, Urban

Planning and Construction; MoWRAM; NGOs; and 

community-based organizations. 

Build watershed management capacity in Prek Thnot 

watershed. There is a need to enhance the skills of 

different agencies managing the watershed due to 

limited availability of professional hydrologists who 

can conduct monitoring of watershed hydrological

functions.



Adopt the IWMP as the framework in commune 

land use planning. The IWMP can serve as a framework

in formulating CLUPs and coordinate land use

planning between different communes. 

Increase government buy-in of IWMP to integrate 

provisions of the plan in development programmes. 

The provisions of the IWMP should be integrated

to other government programmes and targets,

including the five-year development plan of Kampong 

Speu. The provincial government of Kampong 

Speu should lobby policymakers to support the

implementation of the IWMP. Workshops should 

be conducted to disseminate the IWMP to different 

stakeholders in Prek Thnot watershed. 

Institutionalize monitoring of tracking indicators of 

IWMP. Monitoring should be conducted in Prek Thnot 

watershed on hydrological changes and tracking

indicators outlined in the IWMP. The office of the

provincial governor should take the lead in consolidating

and disseminating information to the public on the

status of Prek Thnot watershed. Satellite images or 

drone photos should be part of monitoring techniques.

Institutionalize a code of conduct in Prek Thnot wa-

tershed. A code of conduct should be developed 

for Prek Thnot watershed to serve as a guide for 

developers (including NGOs). The code of conduct 

will be implemented in tandem with the IWMP and  may 

be part of environment impact assessment compliance. 
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This integrated watershed management plan works to achieve 

sustainable management and development of resources, including

forests, water and land. It is developed using a participatory

approach to gain a common agreement and adoption by all

stakeholders, independent of endorsement or legalization by any 

institutes or legal framework. 

The implementation of the plan requires a long-term effort and

commitment of different stakeholders and actors. The plan,

specifically the land use zoning framework, is a useful tool for land 

use and development planning, including commune land use 

planning and other local development plans. It will also help in 

guiding the provincial government of Kampong Speu and other 

decision makers in driving development activities in the

watershed. The experiences and lessons learned while developing

the Prek Thnot IWMP can be replicated in other watersheds in 

Cambodia. 

Conclusion
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