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EXECUTIVE SUMMARY 

INTRODUCTION 

USAID Greening Prey Lang (GPL) conducted the Assessment of Impacts of Development and Climate 

Change on Natural Resources in the Prey Lang Extended Landscape (PLEL) (PLEL Assessment) at the 

initiation of the USAID GPL Activity, in partnership with the Ministry of Environment (MoE), to use data 

and scenario planning to create a common evidence-based understanding of how threats to ecosystems 

and biodiversity (global climate change, habitat loss and degradation, exploitation of natural resources, 

and pollution/contamination) impact the ecology, natural resources, and socio-economic well-being of 

the people living within the PLEL. The geographic extension and location of the PLEL is illustrated in the 

map below. The PLEL Assessment Team facilitated a process in which key stakeholders agreed on 

recommendations for addressing the threats based on this improved understanding. The objectives of 

the PLEL Assessment were to: (1) understand the historical trends and future scenarios for ecological 

and biodiversity threats in the PLEL; (2) assess how these trends may affect livelihoods and ecosystems; 

and (3) identify existing and potential strategies and interventions to strengthen the resilience of 

ecosystems to climate related impacts in the PLEL. 

 

 

Figure 1: The Prey Lang Extended Landscape Target Areas 

  



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  vii 

METHODOLOGY 

The PLEL Assessment Team implemented and analyzed research in four distinct but interconnected 

analytical components: (1) climate; (2) ecosystems (including ecosystem features and services – 

terrestrial and freshwater, and protected areas); (3) primary value chains and livelihoods; and (4) 

institutional capacity. The Team collected the sets of component data, including spatial data, to 

communicate using maps and other graphics how ecological and biodiversity threats have altered the 

PLEL over time. The research was implemented in six steps: (1) desk review; (2) a scoping trip to 

conduct 36 key informant interviews (KIIs) with key national and local actors; (3) field assessment of 

perceptions and practices via 10 focus group discussions (FGDs) conducted in each sub-watershed; (4) 

data compilation and analysis; (5) presentation of findings to a broad representative group of 

stakeholders; and (6) the participatory generation of recommendations in a workshop setting. The Team 

was comprised of a Team Leader, two officials from MoE, and specialists in ecology, climate, hydrology, 

livelihoods/value chains, and governance.   

The Team conducted a cross-analysis of findings from each of the component analyses to identify key 

findings in response to the primary research questions: 

• How do the ecological and biodiversity threats (global climate change, habitat loss and 

destruction, exploitation of natural resources, and pollution/contamination) affect ecosystems 

and ecosystem services/products, especially forests and water resources in the PLEL?  What 

impacts may occur in the future? 

• How have livelihoods and people living in the PLEL been affected by these impacts and how have 

they responded?  

• What is the capacity of institutions to prevent or mitigate negative impacts and help households 

adapt to the negative impacts of the threats? 

KEY FINDINGS  

The key findings that were identified through the cross-analysis are as follows:  

1. As of 2018, the PLEL still contained significant forest cover at 60.26% of the total land area. This 

remaining forest plays several critical functions not only throughout the PLEL but for the 

country of Cambodia, as well as regionally and globally, including the storage of carbon, 

maintenance of hydrologic function, regulation of climate, and the conservation of biodiversity.  

2. The forest cover has diminished over the last decade. The rate of forest degradation in the PLEL 

during the 4-year period of 2006 to 2010 was 0.45% and during the next 4-year period, 2010 to 

2014, increased significantly to 9.74%.   During the 4-year period of 2014 to 2018, a decline to 

5.35% has been noted so far.   

3. Over this same 12-year period, carbon storage per hectare of forest (not carbon in the soil) in 

the PLEL has been reduced from 120 Mg C/ha to 95 Mg C/ha. The thickness and density of 

evergreen, semi-evergreen, and deciduous natural forests mean they have the greatest capacity 

of all forestland and non-forestland types to store carbon in the PLEL. Currently, three 

protected areas contain healthy natural evergreen, semi-evergreen, and deciduous forests that 

contribute most of the carbon – estimated to be 63.13% in the upper watershed of the PLEL 

(Prey Lang Wildlife Sanctuary, Kulen Promtep Wildlife Sanctuary, and Northwest Biodiversity 

Conservation Corridor).   

4. Moreover, the habitat quality in these three protected areas is the highest in the PLEL. These 

healthy habitats are effective in maintaining biodiversity, species population and diversity, and 
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ecosystem functions. Maintaining natural forestland safeguards biodiversity richness, protects 

natural resources, conserves ecological services, and mitigates climate change (reduces 

greenhouse gas emissions and the negative impacts of increasing temperatures and more erratic 

rain patterns). 

5. A vital ecosystem function is hydrological regulation (quantity and quality of water). Illegal 

forestland clearance due to conversion to agriculture and timber extraction has put pressure on 

watershed functions. Changes in surface water run-off and groundwater recharge have depleted 

dry season flow and soil has eroded into streams and rivers making them shallower and 

polluted. 

6. The least vulnerable watersheds within the PLEL are those that maintain hydrological function; 

the Stung Sen and Stung Chinit watersheds. Their upper watersheds have the highest 

percentages of intact forest habitats and are also the location of the three protected areas 

mentioned above. 

7. The Stung Stoung watershed is the most vulnerable of the three watersheds in the PLEL to 

water run-off, soil erosion, and declining water quality. This is attributable to having the smallest 

percentage of intact forest habitat throughout the watershed. The lower watersheds of the 

Stung Sen and the Stung Chinit are also relatively vulnerable due to smaller percentages of forest 

cover. However, overall, they are healthier watersheds due to the very good condition of their 

upper watersheds.   

8. The lower watersheds will become increasingly water stressed and susceptible to natural 

disaster and there will be negative impacts on the current livelihoods due to the combined 

impacts of the projected increasing temperatures, more erratic rainfall patterns, and the 

degradation of the forest cover in the upper watersheds. 

9. Livelihoods in the PLEL are highly dependent on rice farming, chamkar (activities related to 

clearing natural forest in protected areas and planting crops such as cassava, cashew, and rice), 

non-timber forest products (NTFPs) collection, and migration. Most households are dependent 

on the natural resources in the PLEL (forests, water, and soil) for their livelihoods and are 

already suffering the negative consequences of a degrading and declining natural resource base 

(soil erosion and diminishing water quantity and quality) that is increasing household debt and 

the migration of family members. Households have become less dependent on fishing as fish 

populations and species diversity and the quality of rivers and wetlands have declined.    

10. Resources and skills are limited to enable diversification into environmentally friendly and 

economically viable livelihood options. 

11. Threats such as encroachment and exploitation of natural resources in the PLEL continue at an 

alarming rate, chipping away at the 19 protected areas in the PLEL (53% of the PLEL) and 

stressing water and soil resources. The existing protected areas contain much of the remaining 

forestland cover (carbon and habitat) in the PLEL and if not effectively protected and maintained 

will continue to diminish ecosystem function (carbon, biodiversity, and water) and natural 

resource sources (forests, soil, and water) necessary to maintain livelihoods in the PLEL.  

12. The consolidation of protected area management is nascent and requires significant support 

from stakeholders and development partners to establish effective management as soon as 

possible. Enforcement of environmental regulations in protected areas is weak and 

decentralization is progressing slowly, making it difficult for government at all levels (particularly 

at the community-level) to be more pro-active about conserving resources.  
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PRIMARY CONCLUSIONS AND RECOMMENDATIONS 

The PLEL Assessment Team presented the findings to a broad representation of stakeholders from 

throughout the PLEL in a workshop setting to create a common evidence-based understanding of how 

threats to ecosystems and biodiversity impact the ecology, natural resources, and socio-economic well-

being of the people living within the PLEL. The Team then facilitated a process in which the stakeholders 

agreed on recommendations for addressing the threats based on this improved understanding. Five high-

level recommendations, or strategic approaches, provide the framework for defining a detailed plan of 

interventions presented at the end of the report: 

1. Consolidate the management of the protected areas to conserve the PLEL’s remaining natural 

forests. 

2. Improve effectiveness of land use policies and practices to support protected area consolidation, 

maintain ecosystem services, and maximize the sustainable use of natural resources.  

3. Increase awareness regarding the state of the environment and legislation and rights related to 

natural resource management and use to strengthen the government’s ability to work in 

partnership with stakeholders to consolidate protected areas, sustainably manage natural 

resources, and improve socio-economic well-being. 

4. Develop and support environmentally sustainable and economically viable livelihood options to 

reduce vulnerability to climate change, the declining state of the PLEL’s natural resources, and 

back sliding into poverty. 

5. Strengthen natural resource management (water, forests, wetlands, and soil) to ensure 

ecosystem services and quality of life for people living within the PLEL. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

USAID Greening Prey Lang (Tetra Tech ARD) signed an agreement with the Ministry of Environment 

(MoE) on March 22, 2019. The project aims to promote resilient, low-emission development and 

inclusive, sustainable management in the Prey Lang Extended Landscape (PLEL). To achieve this goal, 

USAID Greening Prey Lang (USAID GPL) implements an integrated, landscape-level approach that 

addresses the direct threats to natural capital and their drivers. The Activity improves participation and 

evidence-based decision-making in Cambodia’s management of its forests and biodiversity to lower 

greenhouse gas emissions, create economic opportunities for rural people, and mobilize investment in 

natural capital to reduce risks due to climate change vulnerabilities. The USAID GPL Activity conducted 

the Assessment of Impacts of Development and Climate Change on Natural Resources in the Prey Lang 

Extended Landscape (PLEL Assessment).   

For the PLEL’s geographical extension, boundary, slope, and elevation, refer to Figure 2, which is an 

overview of the PLEL. The study area is considered (very) flat with lowest slope areas valued at about 1 

degree on average, whereas maximum slope area only reaches up to 24 degrees. The highest slope areas 

can be found in the Dangrek Mountains in the northern part of the landscape and at Phnom Tbaeng, in 

Preah Vihear province (162 m above sea mean level (AMSL)). The lowest mean elevation is in the Stung 

Sen district of Kampong Thom province, estimated at 9 m AMSL. The total land coverage of the study 

area is a massive 3,317,752 ha, made up of 1,215,555 ha of forest coverage. 2,450,356 ha of watershed 

areas, namely Stung Chinit, Stung Sen, and Stung Stoung, contribute about 74% land coverage to the 

PLEL’s total area, 42.56%of which are forests and 31.29%of which are non-forests. Each watershed is 

further divided into upstream, middle stream, and downstream, making up nine sub-watersheds for the 

studied area, a coverage of 1,412,132 ha of forests and 1,038,224 ha of non-forests. The watersheds are 

inhabited by a population of approximately one million people and dozens of endangered animal and 

plant species. The local people are engaged primarily in farming, with corn, cassava, paddy rice, rubber, 

cashew nut, and sugarcane considered major crops of the area. The PLEL shares approximately 5.47% of 

the total Lower Mekong Basin, which is approximately 21,4% of the Mekong River catchment in 

Cambodia. The study area straddles four provincial boundaries including Kampong Thom, Preah Vihear, 

Stung Treng, and Kratie, with 1,244,578 ha (37.51%), 1,403,182 ha (42.29%), 378,235 ha (11.41%), and 

291,738 ha (8.79%), respectively, of total land coverage. The PLEL includes 22 districts and 162 

communes. It shares borders with Thailand and Lao PDR to the north, Kampong Cham and Kampong 

Chhnang provinces and the Tonle Sap Lake to the south, Siem Reap and Oddar Meanchey provinces to 

the west, and Stung Treng and Kratie provinces to the east.  
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Figure 2: The Prey Lang Extended Landscape 

1.2 PURPOSE AND OBJECTIVES 

The purpose of the PLEL Assessment, based on existing data and collected data, is to use data and 

scenario planning to create a common evidence-based understanding of how threats to ecosystems and 

biodiversity impact the socio-economic well-being of the people living within the PLEL. The threats to 

ecosystems and biodiversity are global climate change, habitat loss and degradation, exploitation of 

natural resources, and pollution/contamination. The PLEL Assessment Team, in partnership with the 

Ministry of Environment (MoE), facilitated a process in which key stakeholders agreed on 

recommendations for addressing the threats based on this improved understanding.  

The objectives of the PLEL Assessment are to: (1) understand the historical trends and future 

projections for climate, ecological, and biodiversity threats in the PLEL; (2) assess how these trends may 

affect livelihoods and ecosystems; and (3) identify existing and potential strategies and interventions to 

strengthen the resilience of livelihoods and ecosystems to climate, ecological, and biodiversity threat-

related impacts in the PLEL. 

1.3 OVERALL METHODOLOGY 

The Team implemented research in four distinct but interconnected analytical components: (1) climate; 

(2) ecosystems (including ecosystem features and services – terrestrial and freshwater, and protected 

areas); (3) primary value chains and livelihoods; and (4) institutional capacity. The PLEL Assessment 

provides evidence-based information on vulnerability to ecological and biodiversity threats to create a 
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vision, strategy, and recommendations, implemented by USAID GPL in partnership with MoE and shared 

among key stakeholder groups, to improve and maintain the health of forest and freshwater ecosystems 

within and surrounding the Prey Lang Wildlife Sanctuary (Prey Lang). The PLEL Assessment Team used 

the sets of component data, including spatial data, to communicate through the use of maps and other 

graphics how the ecological and biodiversity threats have altered the landscape over time. The research 

was implemented in six steps:  

1. Desk review of relevant literature, data, and information; 

2. Scoping trip (including 36 key informant interviews [KIIs]) with key actors at the national and 

local levels (see list of institutions interviewed in Annex I));  

3. Field assessment phase (10 focus group discussions [FGDs]) that were carried out in 10 

locations within the three sub-watersheds);  

4. Data compilation and analysis (component analysis and cross-analysis);  

5. Presentation of results (presentation of findings to key stakeholders); and  

6. Development of recommendations (facilitation of a participatory process in which key 

stakeholders co-generated recommendations based on their knowledge of the findings). 

The composition of the PLEL Assessment Team was as follows: 

• Dr. Neth Baromey, Co-Team Leader  

• Mr. Chhith Sam Ath, Co-Team Leader 

• Dr. Chhinh Nyda, Climate Specialist (lead climate analysis) 

• Dr. Oeurng Chantha, Hydrologist/Watershed Specialist (co-lead ecosystems analysis: 

freshwater) 

• Mr. Sovann Chansopheaktra, Geospatial/Ecosystem Analyst (co-lead ecosystem analysis: forests 

and lead protected areas analyses) 

• Mr. Prom Tola, Livelihoods/Value Chain Specialist (lead value chain and livelihoods analysis) 

• Ms. Chea Phallika, Governance Specialist (lead institutional analysis) 

• Mr. Kry Kirirath, Chief of Environmental Assessment Office, Department of GIS, MoE 

• Mr. Sem Savuth, Technical Officer, Department of Education, MoE 

The primary research questions that the Team members strove to answer were as follows (see the 

annexes for the complete research framework): 

• How do ecological and biodiversity threats (global climate change, habitat loss and destruction, 

exploitation of natural resources, and pollution/contamination) affect ecosystems and ecosystem 

services/products, especially forests and water resources in the PLEL? What impacts may occur 

in the future? 

• How have livelihoods and people living in the PLEL been affected by these impacts and how have 

they responded?  

• What is the capacity of institutions to prevent or mitigate negative impacts and help households 

adapt to the negative impacts of the threats? 
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The individual analytical component methodologies are described at the beginning of the respective 

component chapters in Section 2.0 The PLEL Assessment Findings.   
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2.0 PLEL ASSESSMENT FINDINGS 

2.1 ECOSYSTEMS ANALYSIS 

The ecological analyses are comprised of several sub-components: ecosystem features and services, 

including changes in forest cover, habitat quality, and carbon storage; status of the protected areas; fire 

detection; and hydrology.   

2.1.1 METHODOLOGY 

The ecosystems analysis is divided into five sub-components: (1) forest cover change analysis, (2) 

ecosystem services analysis based on capacity to store carbon and habitat quality, (3) protected areas 

analysis, (4) fire detection, and (5) hydrology.  

Forest Cover Change Analysis 

For the forest cover analysis, forestland/cover from 2018 and the changes from 2006 (using 2006, 2010, 

2014, and 2018 data obtained by MoE) were reported for (1) the PLEL, (2) the PLEL’s protected areas 

(including biodiversity conservation corridors), and (3) the three PLEL watersheds. The definition of 

forestland/cover used in the analysis was based on the definition of National Land Use/Cover 2016 

including the land cover classes of evergreen forest, semi-evergreen forest, deciduous forest, flooded 

forest, regrowth forest, bamboo, mangrove, rear mangrove, pine forest, pine plantation, tree plantation, 

oil palm plantation, and rubber plantation1. The detailed description of the forestland/cover dataset can 

be found in Annex I (MoE, 2018). A method to calculate the percentage of forestland cover change for 

4-year intervals in the PLEL used in this study was adopted from the Royal Government of Cambodia’s 

(RGC) report entitled “Cambodia Forest Cover 2016,” published in 2018. In the report, percentage of 

forestland cover change in Cambodia from 2014 to 2018 was measured by subtracting Cambodia’s 

forestland cover in 2014 from Cambodia’s forestland cover in 2018. 

Ecosystem Services Analysis 

For the ecosystems services analysis, this study analyzed the impacts of change in land use on ecosystem 

services using the Integrated Valuation of Ecosystem Services and Trade-offs (InVEST) model to map and 

quantify two key ecosystem services: carbon storage and habitat quality. To assess ecosystem services 

within the PLEL, the shared percentage of carbon and habitat quality for each land use and land cover 

class found in each studied year, which included 2006, 2010, 2014, and 2018, was calculated together 

with total carbon storage or habitat quality figure within the 12-year period. An ecosystem services 

index was also applied to evaluate the ecosystem services rate of change over time. The indices were 

assessed at the position of the pixel and then combined at the PLEL’s total land mass in the study years 

(2006, 2010, 2014, and 2018) to “juxtapose” ecosystem services in space and time. The state of 

ecosystem services (ESi) was mapped to time and location variables that quantify a specific ecosystem 

service at one specific time to evaluate the ESi rate of change over time. As suggested by Leh, Matlock, 

Cummings, and Nalley (2013) the degree of variation in each individual ecosystem service with respect 

to its past state was determined by the equation below: 

 

 

1 In the definition of forestland/cover for Cambodia REDD+, oil palm plantation and rubber plantation are not considered as forestland/cover. 
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ESCIx represents the Ecosystems Services Change Index of service x, and ESCURx and ESHISx 

represent the current and historic state of ecosystem service values of service x at times j and i, 

respectively. The ESCI represents the relative gain or loss of each particular ecosystem service, in a 

scale from -1 to +1 with 0 showing no ESi change. A -1 means a loss of all ecological services and a +1 

indicates a gain of all services. This analysis used the computed results from the carbon storage and the 

habitat quality models, the methods for which are described below. 

Carbon Storage Analysis 

For the carbon analysis, the InVEST model V.3.7.0 was employed to develop carbon storage maps and 

assess total carbon storage based on the different land uses in the PLEL in the same periods used for the 

forest cover/land use analysis, years 2006, 2010, 2014, and 2018. Only four out of five carbon pools for 

each land use class were used as the input for this simulation; they are aboveground biomass, 

belowground biomass, deadwood and leaf litter, and branch litter. There is not an updated dataset for 

organic carbon storage in soil; therefore, its value was assumed to be zero, which results in an 

underestimation of carbon storage in this study. The forest cover and land cover data for 2006, 2010, 

2014, and 2018 obtained from MoE were used to drive the model. Annex I presents the datasets used 

for the ecosystems services analysis component and assumptions that were made related to carbon that 

stores organic matter as derived from previous studies.   

Habitat Quality Analysis 

For the habitat quality analysis, the InVEST biodiversity Tier 1 model combines information on land use 

and land cover change and threats to ecosystems and biodiversity to produce habitat quality and rarity 

maps. Habitat quality and rarity are a function of four factors: (1) each threat’s relative impact; (2) the 

relative sensitivity of each habitat type to each threat; (3) the distance between habitats and sources of 

threats; and (4) the degree to which the land is legally protected. Required inputs include a land use/land 

cover map, the sensitivity of land use and land cover types to each threat, spatial data on the distribution 

and intensity of each threat, and the location of protected areas (Sharp et al., 2014). The model assumes 

that the legal protection of land is effective and that all threats to a landscape are additive. This approach 

generates two key sets of information that are useful in making an initial assessment of conservation 

needs: the relative extent and degradation of different types of habitat types in a region and changes 

across time. It is useful for rapid assessment of the status of and change in a proxy for more detailed 

measures of biodiversity status. Habitat is defined as “the resources and conditions present in an area 

that produce occupancy – including survival and reproduction – by a given organism” (Hall et al., 1997). 

Habitat quality refers to the ability of the environment to provide conditions appropriate for individual 

and population persistence and is considered a continuous variable in the model, ranging from low to 

medium to high, based on resources available for survival, reproduction, and population persistence, 

respectively (Hall et al., 1997). A habitat with high quality is relatively intact and has the structure and 

function within the range of historic variability. 

Protected Area Analysis 

The protected area analysis provides an improved understanding of the extent to which ecosystems 

within protected areas inside the PLEL may be affected by anthropogenic and/or climate-related factors. 

The analysis relies on a review of secondary literature and information from the PLEL Assessment’s KIIs 

and FGDs.  

Forest Cover Change Analysis in Protected Areas 

Forest cover change analysis was conducted specifically for the seven protected areas supported by 

USAID GPL for zoning and demarcation, including Chhaeb Wildlife Sanctuary (Chhaeb), Kulen Promtep 

Wildlife Sanctuary (Kulen Promtep) in Preah Vihear province only, North Tonle Sap Protected 



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  7 

Landscape (North Tonle Sap), Phnom Tbaeng Natural Heritage Park (Phnom Tbaeng), Phnom Thnout-

Phnom Pok Wildlife Sanctuary (Phnom Thnout), Preah Roka Wildlife Sanctuary (Preah Roka), and Prey 

Lang Wildlife Sanctuary (Prey Lang). The same methodology was used for this analysis as for the forest 

cover change analysis for the entire PLEL. 

Fire Detection Analysis 

The fire detection analysis quantifies frequency of fire detection events in the PLEL in 2006, 2010, 2014, 

and 2016, derived from the MODIS2 active fire/thermal anomalies collection 6.2 dataset (NASA's Land, 

Atmosphere Near Real-Time Capability for EOS [LANCE] / Fire Information for Resource Management 

System [FIRMS]) downloaded on June 13, 2019. The downloaded fire detection dataset consists of 

latitude/longitude, brightness temperature 21 degrees and 31 degrees Kelvin, scan pixel size, track pixel 

size, acquisition date, acquired time, satellite (Aqua and Terra), confidence of estimating fire, fire 

radiative power (MW), inferred hot spot, and daytime or nighttime fire. The prepared fire detection 

dataset was run with MoE’s forest cover for 2006, 2010, 2014, and 2016 to report the frequency of fire 

cases/events in the forestland and non-forestland in the PLEL. 

Hydrological Analysis 

The eco-hydrological vulnerability analysis is based on primary data collected during the KIIs and FGDs, 

as well as stakeholder meetings and consultations with relevant institutions. Secondary hydrological and 

climate data was gathered from relevant ministries and line departments (i.e., Ministry of Water 

Resources and Meteorology [MoWRM], MoE, Provincial Department of Water Resources and 

Meteorology [PDoWRM], Provincial Department of Environment [PDoE], etc.) and other key 

stakeholders. The analysis of the three principle watersheds – Stung Chinit, Stung Sen, and Stung Stoung, 
was divided into sub-watersheds (upper, middle, and lower) to assess status, dynamics, impacts, and 

potential solutions that differ considerably along each watershed. The eco-hydrological vulnerability 

index was computed for the nine sub-watersheds based on the Permanent Land Cover Index (PLCI) and 

water production potential.    

2.1.2 RESULTS 

Forest Cover Change 

The PLEL covers several major forested landscapes that are biologically and ecologically important for 

sustaining livelihoods for people living in 162 communes (22 districts). It is comprised of 1,318,355 ha of 

non-forestland and 1,998,997 ha of forestland, which is a massive 63.36% of the PLEL, classified into 8 

distinct types of forest. Deciduous forests have been identified as the dominant coverage at 884,498 ha, 

estimated at 26.66% of total area, followed by evergreen forests at 522,524 ha (15.75%), semi-evergreen 

forest at 301,310 ha (9.08%), and rubber plantation at 130,332 ha (3. 93%), with the remaining 4.83% of 

forest coverage consisting of flooded forest, forest regrowth, bamboo, and tree plantation of some sort. 

Table 1 shows a breakdown of land use coverage characteristics inside the PLEL.  

 

 

 

2 MODIS stands for Moderate Resolution Imaging Spectro-radiometer. The MODIS instrument is on board the Earth Observing System (EOS) 
Terra (EOS AM) and Aqua (EOS PM) satellites. The orbit of the Terra satellite goes from north to south across the equator in the morning 

and Aqua passes south to north over the equator in the afternoon resulting in global coverage every 1 to 2 days. The EOS satellites have a 
±55 degree scanning pattern and orbit at 705 km with a 2,330 km swath width. The MODIS instrument provides 36 spectral bands from 
wavelengths of 0.4µm to 14.4µm. For more information, please visit the NASA MODIS website: https://earthdata.nasa.gov/what-is-new-

collection-6-modis-active-fire-data and  https://cdn.earthdata.nasa.gov/conduit/upload/10575/ MODIS_C6_Fire _User_Guide_B.pdf. 

https://earthdata.nasa.gov/lance
https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms
https://modis.gsfc.nasa.gov/
https://terra.nasa.gov/
https://aqua.nasa.gov/
https://modis.gsfc.nasa.gov/
https://earthdata.nasa.gov/what-is-new-collection-6-modis-active-fire-data
https://earthdata.nasa.gov/what-is-new-collection-6-modis-active-fire-data
https://cdn.earthdata.nasa.gov/conduit/upload/10575/%20MODIS_C6_Fire%20_User_Guide_B.pdf


 

USAID GREENING PREY LANG: PLEL ASSESSMENT  8 

TABLE 1: PLEL FORESTLAND AND NON-FORESTLAND USE  

No. Forestland Land cover Ha % 

1 Forestland Cover Bamboo  14,325 0.43% 

2 Deciduous forest  884,498 26.66% 

3 Evergreen forest  522,524 15.75% 

4 Flooded forest  76,050 2.29% 

5 Forest regrowth 63,287 1.91% 

6 Pine plantation 8 0.00% 

7 Rubber plantation  130,332 3.93% 

8 Semi-evergreen forest  301,310 9.08% 

9 Tree plantation 6,663 0.20% 

  Sub Total 1,998,997 60.26% 

10 Non-forestland Village 39,116 1.18% 

11 Built-up area 1,317 0.04% 

12 Grassland 57,041 1.72% 

13 Crop Land 553,683 16.69% 

14 Paddy field 460,960 13.90% 

15 Rock  833 0.03% 

16 Sand 9,134 0.28% 

17 Water 82,129 2.48% 

18 Wood shrub  114,141 3.44% 

  Sub Total 1,318,355 39.74% 

Total 3,317,352 100% 

 

Forestland coverage of 60.26% inside the PLEL is higher than the 48.14% figure of total forest cover, 

which indicates a considerable contribution of forest coverage from the PLEL to the total forest cover 

data nationwide. The implication is that if the forestland inside PLEL is reduced, then the actual 

figure/data on national forest cover will also be reduced significantly. The four maps (Figures 3 to 6 

below) from 2006, 2010, 2014, and 2018 show how forest coverage has been reduced over that 12-year 

period. The study area has 1,746,459 ha classified as protected areas, a massive 52.64% of the total 

PLEL, of which 44.34% are classified as forest and 8.29% as non-forest. Prey Lang, Northwest 

Biodiversity Conservation Corridor, and Kulen Promtep Wildlife Sanctuary (Kulen Promtep) collectively 

cover 897,350 ha of forests or 27.05%, with 406,172 ha (12.24%), 299,865 ha (9.04%), and 191,313 ha 

(5.77%) of forest coverage respectively. Annex I presents detailed statistics for 2018 forest cover and 

land use by protected area inside the PLEL boundary. 
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Figure 3: Forest cover 2006 

 

Figure 4: Forest cover 2010 
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Figure 5: Forest cover 2014 

 

Figure 6: Forest cover 2018 
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As presented graphically in the Figures 3 through 6 above and numerically in Table 2 below, forestland 

coverage in the PLEL has decreased from 2,514,678 ha (75.80%) to 1,998,997 ha (60.26%), indicating 

515,681 ha (approximately 13%) difference in the 12-year period (2006 to 2018). Between 2006 and 

2010, forest coverage in the PLEL shrank at an estimated 15,074 ha, a 0.45% decrease, while between 

2010 and 2014, the change was calculated at 323,046 ha, a 9.74% change in the 4-year period, while the 

rate of forest cover change dropped by 4.39% to 5.35% estimated at 177,561 ha between 2014 to 2018. 

The change over the 12-year period is attributable to five primary factors: (1) government policy to 

improve national economic growth through the development of large-scale agro-industries, (2) 

urbanization as a result of population growth, (3) agricultural expansion driven by individual farmers 

seeking to improve their livelihoods, (4) illegal land seeking/grabbing from people outside of the area, 

and (5) illegal logging and hunting. It is worth noting that starting in 2016, significant tracts of forested 

land in the PLEL were re-classified from protected forests protected areas and biodiversity conservation 

corridors by MoE in partnership with provincial administrations and stakeholders. 

TABLE 2: NATIONAL LAND USE/COVER CHANGE IN THE PLEL FROM 2006 TO 2018 

Land cover 

type 

Land Cover (in hectare) in PLEL 

Estimated  

national forest cover 

change 

2006 2010 2014 2018 

% 

change 

2006-

2010 

% 

change 

2010-

2014 

% 

change 

2014-

2018 

Forestland 

cover 

2,514,678 

(75.80%) 

2,499,603 

(75.35%) 

2,176,558 

(65.61%) 

1,998,997 

(60.26%) 
-0.45% -9.74% -5.35% 

Non-forestland 802,674 817,749 1,140,794 1,318,355 Not 

Calculated 

Not 

Calculated 

Not 

Calculated Total 3,317,352 3,317,352 3,317,352 3,317,352 

 

Ecosystem Services: Integrated Assessment of Carbon Storage and Habitat Quality 

Ecosystem services are defined as “natural services or capital that support life on the earth and are 

essential to the quality of human life and the functioning of the world’s economies” (Millennium 

Ecosystem Assessment, 2005). PLEL watersheds help to sustain the quality and quantity of water 

resources. Forests provide key ecosystem services to support livelihoods. The KIIs and FGDs identified 

a number of key ecosystem services provided within the PLEL including the provision of natural foods, 

non-timber forest products (NTFPs), timber forest products (TFPs), abundant water supply, and sources 

of energy; regulation services such as maintaining air quality and dry season flow of underground water, 

stabilizing erosion/sediments, and regulating pests and micro-climates; supporting services including 

wildlife habitat and nutrient cycling; and cultural services including sacred forests, ecotourism, and 

aesthetic and historical value. However, participants also observed a remarkable decline in provisional 

abundance over the last 5 to 10 years, which is a significant change from 15 years ago. The analysis of 

carbon storage was used as a measure of forest health, the analysis of habitat quality was used as a 

measure as a measure of biodiversity health, and the hydrological analysis was used as a measure of 

water health. 

Carbon Storage 

The forest ecosystem services of photosynthesis and carbon sequestration have an increasingly 

important value as the effects of an excess concentration of carbon dioxide (CO2) build up in the 

atmosphere (Advancing Engineering Consultants, 2011) contribute to climate change through global 

warming. Carbon stock is an important indicator of the potential capacity of land to hold carbon. 



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  12 

Depleting carbon stocks contribute to global warming, which negatively impacts the socio-economic 

wellbeing of local communities and biodiversity.  

The estimated carbon storage in the PLEL, using the same MoE forest cover data from 2006 to 2018, 

shows that total carbon storage in the PLEL decreased by 83,523,291 Mg C (approximately 20.90%), 

from 398,158,946 Mg C in 2006 to 314,635,655 Mg C in 2018. As supported by the numbers in Table 3 

and the following maps (Figures 7 to 10), the change over the 12-year period went from 1.15% between 

2006 to 2010, followed by a dramatic decrease of 13.55% between 2010 and 2014. The rate appears to 

have slowed to 7.53% between 2014 and 2018. The carbon density per ha in the PLEL also decreased 

over the 12-year period from 120 Mg C/ha (n = 3,317,362, SD = 60) to 95 Mg C/ha (n = 3,317,362, SD 

= 66). The change in carbon density is due to the conversion of natural forests to productive forests 

(e.g., plantations and agro-forestry) and deforested area. Decreasing trends of carbon storage in the 

landscape correlates strongly with the degradation of natural forests, especially deciduous, semi-

evergreen, and evergreen forests. The value of carbon in the PLEL in 2018 (314,635,655 Mg C) was 

estimated to be worth more than USD $1 billion. 

TABLE 3: ESTIMATED CARBON STORAGE IN THE PLEL FROM 2006 TO 2018  

No. Year 
Forestland area 

(ha) 

Total carbon storage 

(Mg C) 

Mean carbon  

storage per ha 

(Mg C/ha) 

Standard 

deviation 

1 2006 2,514,678 398,158,946 120 60 

2 2010 2,499,603 393,563,504 119 60 

3 2014 2,176,558 340,244,474 103 65 

4 2018 1,998,997 314,635,655 95 66 

 

Based on model simulation in 2018, the total amount of carbon storage in the sub-watersheds of the 

Stung Chinit, Stung Stoung, and Stung Sen watersheds is estimated at 213,619,550 Mg C from the total 

area of 2,450,275 ha. The Kuleaen sub-watershed contributed the highest amount of carbon storage at 

70,699,610 Mg C and Baray sub-watershed the lowest at 1,269,613 Mg C. Sandan East sub-watershed 

has an average 140 Mg C/ha, the highest of the sub-watersheds, despite being smaller in land mass, 

implying that the area is more densely forested. The data for the sub-watershed analysis is presented in 

Table 40, in Annex I. 

Based on model simulation in 2018, the total amount of carbon storage in 1,746,505 ha under 

protection (19 protected areas and two biodiversity conservation corridors) in the PLEL is estimated to 

be 224,552,373 Mg C. The density of carbon storage per ha in each protected area is approximately 104 

Mg C. Prey Lang contributed the highest amount of carbon storage at 65,507,157 Mg C (approximately 

29.17% of total shared carbon stock in the PLEL), followed by both biodiversity conservation corridors 

at a combined 46,917,704 Mg C (20.89%), with the Northwest Biodiversity Conservation Corridor 

taking up the majority of carbon storage of the two corridors at 99%. Kulen Promtep came third with 

29,665,001 Mg. C (13.21%). Each has a mean value of 152, 140 (Northwest Biodiversity Conservation 

Corridor), and 123 Mg C/ha, respectively. The high contribution of carbon stock from these protected 

areas and biodiversity conservation corridors is due to the large amount of naturally dense forests, 

including evergreen, semi-evergreen, and deciduous forests, as shown in Table 38, in Annex I.   
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Figure 7: PLEL spatial distribution estimated carbon storage 2006  

 

Figure 8: PLEL spatial distribution estimated carbon storage 2010 
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Figure 9: PLEL spatial distribution estimated carbon storage 2014 

 

Figure 10: PLEL spatial distribution estimated carbon storage 2018 
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Habitat Quality 

Recent estimates of the National Biodiversity Steering Committee (2014), based on existing research, 

confirms that Cambodia is rich in species diversity, home to more than 135 species of mammals, 599 

species of birds, 173 species of reptiles, 72 species of amphibians, 350 species of moths and butterflies, 

955 freshwater and marine fish and aquatic species, and more than 4,500 vascular plant species. Prey 

Lang and its high ecological significance was highlighted as early as 1975 (McNeely, 1975, as cited in 

Schmidt & Theilade, 2010), its high biodiversity value reported by World Bank studies in 2004 and 2006, 

and it has been designated as home to 80% of the most valuable and endangered indigenous tree species 

of Cambodia (cited in CTSP/FA, 2003). According to Sharp et al. (2014), “biodiversity is intimately linked 

to the production of environmental services. Patterns in biodiversity are inherently spatial and can be 

estimated by analyzing maps of land use and land cover in conjunction with threats.” The study of the 

quality of habitat in the PLEL is crucial to understanding its current condition and its vulnerability to 

threats, both climatic and anthropogenic.  

To better understand the different habitats throughout the PLEL, the ecosystem services they provide, 

and the biodiversity within, the PLEL was classified into three geographic areas that share the same 

characteristics: the Northern Plains – Chhaeb Wildlife Sanctuary (Chhaeb), Preah Roka Wildlife 

Sanctuary (Preah Roka), Kulen Promtep, and Phnom Tbaeng Natural Heritage Park (Phnom Tbaeng); the 

mid-section of the PLEL – Prey Lang and Beng Per Wildlife Sanctuary (Beng Per) and the two 

biodiversity conservation corridors; and the wetlands with their associated river systems – North Tonle 

Sap Protected Landscape (North Tonle Sap), Boeng Chhmar Ramsar Site (Boeng Chhmar), Stung Sen 

Ramsar Site (Stung Sen), and Stung Treng Ramsar Site (Stung Treng). The Northern Plains provide a vast 

amount of natural forest habitats, namely deciduous dipterocarp forest, evergreen riverine forest, forest 

pond (trapeang), and seasonally flooded grasslands (veal), home to 15 globally threatened bird species 

and 19 globally threatened mammal species (WCS, 2018). The forested mid-section of the PLEL is 

critical for the survival of three large land mammals, namely Asian elephant, gaur, and banteng (Hayes et 

al., 2015), and is a breeding habitat for several other endangered flagship species, such as Giant Ibis, 

White-rumped Vulture, Red-headed Vulture, and Slender-billed Vulture (USAID SFB, 2018), as well as 

Green Peafowl and hog deer. Notably, this section provides a critical catchment area that feeds into the 

Tonle Sap and Mekong river systems, regulating water flow and supporting inland fisheries that provide 

over 80% of the Cambodian population’s protein (USAID SFB, 2018). The PLEL’s wetlands and 

associated rivers provide a safe haven for water birds. Six key biodiversity areas, four of which are also 

classified as important birds and biodiversity areas, are critical habitats for water birds and globally 

threatened species such as Mekong giant catfish, hairy nosed otter (Nature Life Cambodia, 2017), and 

Mekong Irrawaddy dolphin. Table 4 presents the key biodiversity focal interests within these three 

geographic areas. 

TABLE 4: KEY BIODIVERSITY FOCAL INTERESTS IN PLEL PROTECTED AREAS  

Protected areas Key biodiversity focal interests 

• Kulen Promtep Wildlife 

Sanctuary 

• Chhaeb Wildlife 

Sanctuary 

• Preah Roka Wildlife 

Sanctuary 

• Phnom Tbaeng 

1. Fifteen globally threatened bird species: White-rumped Vulture, Red-

headed Vulture, Slender-billed Vulture, Giant Ibis, White-shouldered Ibis, 

White-winged Duck, Masked Finfoot, Greater Adjutant, Green Peafowl, 

Lesser Adjutant, Sarus Crane, Woolly-necked Stork, Greater Spotted 

Eagle, Pale Capped Pigeon, and Great Slaty Woodpecker. 

2. Nineteen globally threatened mammal species: Sunda pangolin, pileated 

gibbon, Indochinese silvered langur, fishing cat, Asian elephant, Eld’s deer, 

banteng, dhole, large-spotted civet, pig-tailed macaque, sun bear, Asiatic 

black bear, binturong, sambar deer, gaur, leopard, clouded leopard, 

pygmy slow loris, and northern slow loris. 
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Protected areas Key biodiversity focal interests 

3. Natural forest habitats: deciduous dipterocarp forest, evergreen riverine 

forest, forest pond (trapeang), and seasonally flooded grassland (veal).   

• Prey Lang Wildlife 

Sanctuary 

• Beng Per Wildlife 

Sanctuary 

• Biodiversity conservation 

corridors 

1. Three large land mammals: Asian elephant, gaur, and banteng. 

2. Breeding habitat for several other endangered flagship species such as 

Giant Ibis, remaining vulture population, and critically endangered Green 

Peafowl and hog deer. 

3. New species of plants, reptiles, amphibians, and insects are being 

recorded as research continues to expand. 

4. Seven distinct types of forests: deciduous forest, evergreen short forest, 

sralao (Lagerstroemia spp.) forest, short riparian forest, deciduous swamp 

forest, tall evergreen dipterocarp forest, and evergreen swamp forest 

(Schmidt & Theilade, 2010). 

• Wetlands and associated 

river systems 

A safe haven for water birds, aquatic mammals, and fish species: 

1. Birds: Cormorant, Asian Openbill Stork, Lesser Adjutant, Oriental 

Darter, Spot-billed Pelican, Whiskered Tern, and Bengal Florican.  

2. Fishes: Mekong giant catfish, hairy nosed otter, Irrawaddy dolphin, and 

many other species.  

 Note: From Nature Life Cambodia, 2017; WCS, 2018; USAID SFB, 2018.  

The InVEST tool differentiates habitat quality proportionally throughout the PLEL by summarizing the 

aggregate scores of all grid cells based on the coefficient of variation of the average scores across the 

study area obtained from expert judgment and through literature review. Higher aggregate habitat 

quality scores imply a greater amount of habitat area, which is a good indicator of biodiversity. Severity 

is relative to each area, hence the computed habitat quality classes were categorized into three classes: 

low (0–0.3), medium (0.3–0.7), high (0.7–1.0), for each year: 2006, 2010, 2014, and 2018, as shown in 

Figure 11 below. The percentage is proportional by class from a total of 100% or 3,317,752 ha.  

 

Figure 11: Habitat quality classification in PLEL from 2006 to 2018 

2006 2010 2014 2018

Low (0-0.3) 21.03% 22.71% 32.39% 37.76%

Medium (0.3-0.7) 5.05% 4.56% 5.94% 6.81%

High (0.7-1.0) 73.91% 72.73% 61.67% 55.43%
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As illustrated in Figure 11, a gradual decrease in habitat quality was noted in the PLEL. The low category 

increased from 697,717 ha (21.03%) in 2006 to 1,252,511 ha (37.76%) in 2018, while the high category 

decreased from 2,451,996 ha (73.91%) in 2006 to 1,838,993 ha (55.43%) in 2018, which demonstrates a 

strong trend of biodiversity loss over the 12-year period. Between the same period of 2006 to 2018, the 

annual rate of change for medium category remained less than 2.2% indicating stability within this 

category. Figures 12 to 15 below show that from 2006 to 2018, dense forests like those in Prey Lang, 

Kulen Promtep, and the biodiversity conservation corridors continue to contribute very high quality of 

habitat despite the forests being degraded through agricultural expansion activities and other factors in 

other parts of the PLEL. The habitat quality score for each protected area and each sub-watershed can 

be found in Annex I.  

 

 

Figure 12: PLEL habitat quality map based on 2006 land use 
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Figure 13: PLEL habitat quality map based on 2010 land use 

 

Figure 14: PLEL habitat quality map based on 2014 land use 
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Figure 15: PLEL habitat quality map based on 2018 land use 

Ecosystem Services Integrated Results 

The contribution of each land use category within the PLEL to the ecosystem services of carbon storage 

and habitat quality is presented and summarized in Table 5 and presented in more detail in Table 44 in 

Annex I. Between 2006 and 2018, natural productive forestland (evergreen, semi-evergreen, and 

deciduous forests) contributed a significant amount of carbon stock and habitat quality to the entire area 

of the PLEL while the same is less true for non-forested land cover, as in 2006 the figure indicated 

contribution at 96.02% of carbon storage and 91.50% of habitat quality for forested land coverage and 

3.98% of carbon storage and 8.50% of habitat quality for non-forested land coverage. In 2010, the 

percentage of contribution remained steady at 95.91% (carbon storage) and 91.55% (habitat quality) for 

forested land coverage and 4.09% (carbon storage) and 8.45% (habitat quality) for non-forested land 

coverage. In 2014, the percentage of contribution was 93.40% (carbon storage) and 87.42% (habitat 

quality) for forested land coverage and 6.60% (carbon storage) and 12.58% (habitat quality) for non-

forested land coverage. In 2018, forested land cover contributed 96.02% of carbon storage and 91.50% 

of habitat quality while non-forested land cover provided only 3.98% of carbon storage and 8.50% of 

habitat quality. Observations worth noting are: (1) deciduous forests contribute more carbon storage 

and habitat quality than that of evergreen and semi-evergreen forests because they cover more land in 

the PLEL; (2) forest regrowth’s contribution is stable at a little less than 3% for both carbon storage and 

habitat quality throughout the 12 years; (3) rubber plantation’s contribution slowly rose from 0% 

(carbon stock) and 0% (habitat quality) in 2006 and to 14.82% (carbon stock) and 2.95% (habitat quality) 

in 2018; and (4) crop land  and paddy field contributed almost none in terms of carbon storage, yet 

supply the landscape with 4.88% and 4.01%, respectively, of habitat quality in 2018. 

 



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  20 

TABLE 5: PERCENTAGE ECOSYSTEM SERVICES BY FORESTED AND NON-

FORESTED LAND USE 2006 TO 2018  

 Forested3 Non-forested4 

2006 

Cover & 

Ecosystem 

Services 

Ha % 2,514,628 75.80% 802,734 

Carbon % 96.02 3.98 

Habitat % 91.50 8.50 

2010 

Cover & 

Ecosystem 

Services 

Ha % 2,499,524 75.35% 817,838 

Carbon % 95.91 4.09 

Habitat % 91.55 8.45 

2014 

Cover & 

Ecosystem 

Services 

Ha % 2,177,228 65.63% 1,140,134 

Carbon % 93.40 6.60 

Habitat % 87.42 12.58 

2018 

Cover & 

Ecosystem 

Services 

Ha % 1,999,355 60.27% 1,318,002 

Carbon % 96.02 3.98 

Habitat % 91.50 8.50 

 

Ecosystem Services Indices (ESCI) 

Figure16 below illustrates the results of the Ecosystem Service Change Index (ESCI) for the three 

periods: 2006 to 2010, 2010 to 2014, and 2014 to 2018. There is a decreasing trend for the carbon 

storage and habitat quality scores inside the PLEL. The greatest decrease in ecosystem services occurred 

during the period between 2010 and 2014, with ESCI values of -13.55% (carbon storage) and -10.66% 

(habitat quality), when many concessions were granted for Economic Land Concessions (ELCs) and 

mining.   

 

3 The figures of the forested and non-forested land in this table 5 are different from table 1 in 0.01-0.02% as the result of GIS data model 
conversion from raster to vector file.  

4 Percent (%) shared for the water body for each year is ~2.5% 
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Figure 16: Ecosystem Service Change Index (ESCI) from 2006 to 2018 

Protected Area Analysis  

As illustrated in Figure 17, there are 19 protected areas and two biodiversity conservation corridors in 

the PLEL covering 1,746,459 ha, which is 52.64% of the total PLEL. They are classified into the following 

categories: eight wildlife sanctuaries, five protected landscapes, one multiple-use area, one national park, 

three Ramsar sites, and one heritage site. The definitions for each of these categories is presented in 

Table 45, in Annex I. Recent conservation efforts by MoE defined large forest tracts as biodiversity 

conservation corridors within the PLEL to maintain biological connectivity, covering 428,612 ha within 

the PLEL and legally endorsed by the Sub-decree on Establishing Protected Areas’ Biological Diversity 

Conservation Corridor System on January 26, 2017. The protected areas and biodiversity conservation 

corridors comprise a significant portion of the PLEL’s permanent land cover, providing key ecosystem 

goods and services for communities in Cambodia.  

Table 46, in Annex I, presents the general status, area, World Data of Protected Areas (WDPA) 

identity, IUCN category, and boundary demarcation status of the PLEL protected areas and biodiversity 

conservation corridors. It is clear from the table that most of the PLEL’s protected areas have not been 

registered with the WDPA5. WDPA is the most comprehensive global database on terrestrial and 

marine protected areas. International WDPA recognition is an important milestone to achieve global 

recognition and catalyze much needed support. Protected area boundary demarcation must be 

completed in order to be recognized and local stakeholders commented (results of the KIIs and FGDs) 

about the importance of formally marking boundaries as a critical first step to consolidate conservation.  

 

5 Since 1981 UNEP-WCMC, through its Protected Areas Programme, has been compiling this information and making it available to the global 
community. The WDPA is a joint project of UNEP and IUCN, produced by UNEP-WCMC and the IUCN World Commission on 

Protected Areas working with governments and collaborating NGOs. 
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Figure 17: PLEL protected areas and biodiversity conservation corridors 

Table 6 presents the results of the current status of protected area management in the PLEL. The 

current status is gauged by progress made in the implementation of concrete accomplishments in the 

consolidation process: biological survey, resource use mapping, zoning, boundary demarcation, and five-

year management plans. Biological research to inform the zoning process has been conducted in less 

than 50% of the protected areas and resource mapping that is also a precursor to accurate zoning has 

only been conducted for two of the protected areas. Kulen Promtep is the only protected area that has 

been zoned with boundaries demarcated. Phnom Tbaeng has been demarcated while Prey Lang has 

begun the demarcation process. None of the protected areas have been permanently registered as state 

land property with the relevant ministerial authority, and only Chhaeb and Boeng Chhmar and Stung Sen 

Ramsar sites have five-year management plans. Data from the KIIs report that there are multiple 

management challenges, including (1) management plans unreported or non-existent, (2) management 

and/or governance authorities often overlapping and contradicting one another, (3) a credible 

assessment procedure on protected areas is not commonly practiced, and (4) insufficient funding.  

TABLE 6: MANAGEMENT ASSESSMENT OF PLEL PROTECTED AREAS 

Protected area 

Protected Area Management Assessment6 

Biodiversity 

survey 

Resource 
use 

mapping 
Zoning Demarcation 

Management 

plan 

Preah Vihear Protected Landscape N N N N N 

Kulen Promtep Wildlife Sanctuary Y Y Y Y N 

Preah Roka Wildlife Sanctuary Y N N N N 

 

6 Up-to-date information was not available for Stung Treng Ramsar Site, North Tonle Sap Protected Landscape, Tonle Sap Multiple Use Area, 

Preak Prasab Wildlife Sanctuary, and Sambour Wildlife Sanctuary so they are not presented in the Table. 
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Protected area 

Protected Area Management Assessment6 

Biodiversity 
survey 

Resource 
use 

mapping 

Zoning Demarcation 
Management 

plan 

Chhaeb Wildlife Sanctuary Y Y N N Y 

Phnom Tbaeng Natural Heritage Park Y N N Y N 

Prey Lang Wildlife Sanctuary Y N N N N 

Phnom Thnout-Phnom Pok Wildlife 

Sanctuary 
N N N N N 

Beng Per Wildlife Sanctuary N N N N N 

Boeng Chhmar Ramsar Site Y ? ? ? Y 

Stung Sen Ramsar Site Y ? ? ? Y 

Sambour Prey Kok Protected Landscape N N N N N 

Key: N = “No”    Y = “Yes”   ? = data not available 

 

Human settlements are found adjacent to most of the protected areas in the PLEL, placing increasing 

pressure on ecosystems (DeFries et al., 2005). Local communities require access to natural resources to 

maintain their livelihoods. Table 7 summarizes from the FGDs the perception of people living in 10 

communes across the PLEL of the threats and changes to their natural resource base and protected 

areas. Agricultural expansion, as noted through KIIs, is seen to be a critical anthropogenic factor in 

changing the PLEL’s forested landscape. One local authority commented that agricultural expansion 

(and/or slash-and-burn agriculture) has turned into a new way of land grabbing that is a challenge to 

protected area management.  

TABLE 7: PLEL COMMUNITY PERCEPTIONS OF THREATS 

Protected area (biodiversity) threats Drivers7 of change 

• Forested land encroachment/grabbing for 

agricultural activities/expansion. Particularly for 

lowland forests inside PLEL study areas, evergreen 

and semi-evergreen forests are targeted as such 

areas are fertile and favorable for industrial 

plantation of valuable harvests and easy to clear by 

burning. Land encroachment for agricultural 

purposes or slash-and-burn agriculture has 

transformed into a new form of land grabbing, 

leading to conflicts among old and new villagers 

and/or conflicts with authorities. 

• Forest fires, as a result of three noticeable 

anthropogenic activities: (1) burning trees to 

extract beehives and other wild animals, (2) burning 

down whole plots of forested area to grow green 

grass and above-ground plants for domestic animal 

raising, (3) burning down forests for agricultural 

purposes, sometimes affecting surrounding/adjacent 

forests; even evergreen forests are vulnerable to 

forest fires as the ground becomes too dry. 

• Population growth (inwards migration and local birth), 

putting pressure on natural resources. Often, people 

from outside of the areas buy land from local people, 

leading them to encroach new areas for agriculture. 

• ELCs (and a few mining companies): not doing any 

good at all, not giving jobs to local people or 

contributing to local livelihoods as expected; on the 

contrary, ELCs are having negative impacts on 

remaining forested lands and wild fauna and flora 

(they buy off lands and/or traditionally inherited 

forests from local villagers and turn them into 

industrial plantations). 

• Increased temperature and unpredictable climate 

conditions leads to water scarcity (because of low 

water discharge) during dry season, while 

overabundance during rainy season causes floods. 

• Unsustainable extractions of natural resources 

upstream, upsetting resources downstream and 

affecting chance of re-growth of wildlife and plants. 

• Poor agricultural practices. 

 

7 The Millennium Ecosystem Assessment definition of “a driver” is any natural or human-induced factor that directly or indirectly causes a 
change in an ecosystem. A direct driver unequivocally influences ecosystem processes. An indirect driver operates more diffusely, by 
altering one or more direct drivers. In general, the key indirect drivers of ecosystem change are demographic, economic, sociopolitical, 

cultural and regions, and science and technology. 
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Protected area (biodiversity) threats Drivers7 of change 

• Wild fauna and flora being extracted/trapped 

unsustainably, with species and on the verge of 

extinction if there is no proper law enforcement and 

punishment.   

• Pollution and water contamination resulting 

from poor agricultural practices (applying too 

much pesticide and chemical fertilizer), giving rise to 

invading species and (bad) insects, decreasing harvest 

productivity. 

• Illegal activities and/or means of illegal 

natural resources extraction outweighed legal 

measures/enforcement. 

• No clear boundary demarcation for protected 

areas on the ground, so local people 

“accidentally” extract timber products in legally 

reserved areas. 

• Particularly for Kratie province, charcoal 

businesses are actively taking place, producing 

50 kg of charcoal from logged woods per charcoal 

kiln per day (and there are more than 180 charcoal 

kilns), and local people no longer depend on other 

NTFPs, as forests are poised to be in an 

unrecoverable state (15 years ago, 99% of the 

families in this commune depended on timber 

products). 

• Price practices. Price of cashew nuts or other 

agricultural plantation goes up; therefore, more lands 

are needed for expansion for the family to thrive 

financially. 

• New roads being built that cut across vast line of 

forested lands; therefore, accessibility to NTFPs and 

TFPs increases significantly (normally 2 to 3 km across 

either side of the new roads). 

• Preference towards evergreen (and/or semi-

evergreen) forests, as the areas are most fertile and 

easy to clear for agricultural purposes. 

• Change of livelihood dependency towards NTFPs and 

TFPs as a result of poverty or unavailability of other 

means or resources (e.g., lack of firewood leads to 

stopping climbing palm trees and starting going into 

the forests in search of wood). 

• Price of logged timbers become considerably high as 

valuable timbers become scarce (people come to buy 

timbers all the time). 

 

Forest Cover Change in Protected Areas 

Forest cover in Chhaeb, Kulen Promtep (Preah Vihear province), North Tonle Sap, Phnom Thnout, 

Phnom Tbaeng, Preah Roka, and Prey Lang from 2006 to 2018 is shown in Table 8. Between 2006 and 

2018, forest cover decreased in all seven protected areas. During this period, forestland decreased 

significantly in Chhaeb (-10.3%), Kulen Promtep (-16%), Phnom Thnout (-6.2%), and Prey Lang (-4%), 

with a less severe decrease in Preah Roka (-1.6%), and fluctuations in North Tonle Sap (a 1.5% increase 

in forestland between 2006 and 2010 and a 3.8% decrease between 2010 and 2018), and Phnom Tbaeng 

(a 1.4% increase between 2006 and 2014 and 1.3% decrease between 2014 and 2018). Figures 18 

through 24 show forest cover for each protected area in 2006, 2010, 2014, and 2018, and Figure 25 

shows forest loss for all seven protected areas between 2006 and 2018. 

TABLE 8: FORESTLAND FROM 2006 TO 2018 

Protected Area 

Forestland 

2006 2010 2014 2018 

Size(ha) % Size(ha) % Size(ha) % Size(ha) % 

Chhaeb 183,284 96.5 182,974 96.3 173,412 91.3 163,825 86.2 

Kulen Promtep 230,346 95.7 228,592 95 200,299 83.3 191322 79.6 

North Tonle Sap 11,581 37.2 12,049 38.7 11,063 35.5 10,868 34.9 

Phnom Tbaeng 22,930 93 23,011 93.3 23,280 94.4 22,970 93.1 

Phnom Thnout 41,819 99.3 41778 99.2 40,712 96.7 39,210 93.1 
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Protected Area 

Forestland 

2006 2010 2014 2018 

Size(ha) % Size(ha) % Size(ha) % Size(ha) % 

Preah Roka 90,072 99.7 90,037 99.6 89,313 98.8 88,624 98.1 

Prey Lang 423,496 98.1 423,119 98 419,009 97.1 406,179 94.1 

 

Table 9 shows forest cover change from 20016 to 2018, including hectares and percentage of forestland 

change. 

TABLE 9: FOREST COVER CHANGE FROM 2006 TO 2018 

Protected Area 

Forest Cover Change 

2006-2010 2010-2014 2014-2018 

ha % ha % ha % 

Chhaeb   -310 -0.2 -9,562 -5.0 -9,587 -5.1 

Kulen Promtep  -1,754 -0.7 -28,293 -11.7 -8,809 -3.7 

North Tonle Sap 468 1.5 -986 -3.2 -195 -0.6 

Phnom Tbaeng 81 0.3 -269 1.1 -310 -1.3 

Phnom Thnout -41 -0.1 -1066 -2.5 -1,502 -3.6 

Preah Roka  -35 -0.1 -724 -0.8 -689 -0.7 

Prey Lang  -377 -0.1 -4,110 -0.9 -12,830 -3.0 
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Figure 18: Forestland in Chhaeb Wildlife Sanctuary from 2006 to 2018 
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Figure 19: Forestland in Kulen Promtep Wildlife Sanctuary (Preah Vihear province) from 2006 to 2018 
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Figure 20: Forestland in North Tonle Sap Protected Landscape from 2006 to 2018 
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Figure 21: Forestland in Phnom Tbaeng Natural Heritage Park from 2006 to 2018 
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Figure 22: Forestland in Phnom Thnout-Phnom Pok Wildlife Sanctuary from 2006 to 2018 
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Figure 23: Forestland in Preah Roka Wildlife Sanctuary from 2006 to 2018 
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Figure 24: Forestland in Prey Lang Wildlife Sanctuary from 2006 to 2018. 
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Figure 25: Forestland change (forest loss) between 2006 and 2018 for Chhaeb, Kulen Promtep, North Tonle Sap, Phnom 
Thnout, Phnom Tbaeng, Preah Roka, and Prey Lang 
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Fire Detection Analysis 

Table 10 shows fire detection events in the PLEL that occurred annually in 2006, 2010, 2014, and 2016 

(on forestland and non-forestland). The MODIS dataset gave out monthly fire events in two categories, 

before and after cleaning data to achieve a confidence level of 80%. Approximately 75% of the original 

data was removed, with the cleaned data presented in Table 10. At least 1,075 events took place in 

2006, while in 2010, 2014, and 2016, the landscape experienced at least 2,299, 2,773, 3,384 fire events, 

respectively. 

TABLE 10: ANNUAL FIRE DETECTION DATA  

Month 2006 2010 2014 2016 

January 198 485 437 556 

February 590 460 951 1106 

March 161 916 991 909 

April 76 110 159 722 

May 2 37 52 54 

June 4 20 7 16 

July 0 9 0 1 

August 0 2 4 0 

September 0 0 0 0 

October 0 0 6 0 

November 1 50 61 2 

December 43 210 105 18 

Total 1,075 2,299 2,773 3,384 

% of data removed 80% 74% 77% 73% 

 

The monthly incidence of fire as shown in Table 10 (supported by charts in Annex I) are minimal during 

the rainy season between July and October, with a total of 22 events during the four periods studied. In 

December, the trend in forest fires begins and becomes more frequent during the dry season, which is 

January to April. During 2016, when the highest number of events were recorded, events increased 

from 556 in January to 1,106 in February, with 909 in March and 722 in April. As observed in Figure 26 

below showing forest fires in 2006, 2010, 2014, and 2016, a worrying forest fire pattern is noticeable in 

the Northern Plains. Additionally, 2016 demonstrated a new pattern as forest fires spread to both the 

northern and southern sections of Prey Lang. 
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Figure 27 below illustrates fire detection in the PLEL between 2003 and 2018. The trend goes from 

1,159 events in 2003, leveling out in 2013, 2014, and 2015 at 2,828, 2773, and 2,727 events, respectively, 

and peaking at 3,384 events in 2016. As many forested areas in the PLEL became protected areas in 

2016, in later years, fire occurrence dropped more than 50%, from 3,384 events in 2016 to 1,575 events 

in 2017 and 2,165 in 2018. It is likely that with the establishment of many of the protected areas in 2016, 

the presence of park staff to deter and reduce forest fires contributed to the decline in the incidence of 

forest fires.  However, it is also noted that the highest period with incidence of fire, from 2010 to 2016, 

coincides with the period with the highest rates of deforestation. There is a strong correlation between 

fire detection and deforestation.  

 

 

Figure 26: Frequency of fire detection by MODIS 2006, 2010, 2014 and 2016 
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Figure 27: Annual frequency of PLEL fire detection from 2003 to 2018 

Hydrological Analysis 

Water is fundamental to all aspects of human and economic development, encompassing agriculture, 

fisheries, forestry, health, and disasters (UNDP, 2011), and is a critical ecological service that maintains 

the health and well-being of all ecosystems and communities within the PLEL. Freshwater and 

ecosystems in the PLEL have been under increasing pressure from a growing demand for water, food, 

and energy, and now are under pressure from increasing temperatures as a consequence of climate 

change. The consequences have been a significant increase in freshwater extraction and conversion of 

land under agricultural production, which has affected watershed hydrology. The Mekong River has been 

facing environmental degradation over the last 30 years due to rapid population growth, accelerated 

deforestation, industrialization, alteration of its natural course (i.e., hydropower dams), and intensive 

agricultural development, which has degraded the water quality throughout the river basin. Forest cover 

regulates hydrological flow and maintains water retention and soil infiltration along the watershed, which 

are critical to the health of all PLEL ecosystems and the communities that depend on the ecosystems for 

their livelihoods. The purpose of the hydrological analysis is to assess eco-hydrological vulnerability of 

the three main watersheds within the PLEL – Stung Chinit, Stung Sen, and Stung Stoung (shown in Figure 

28) – and identify how to reduce their vulnerability. 
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Figure 28: PLEL watersheds (Stung Sen, Stung Chinit, and Stung Stoung) 

Eco-Hydrological Analysis 

Figures 29 to 34 present the land use characteristics of each of the three watersheds. Stung Chinit 

watershed is located primarily in Kampong Thom province, with an extension of 8,236 km2. A tributary 

of the Tonle Sap Lake, Stung Chinit flows from the northern plateau and joins the Tonle Sap River 

downstream in the Mekong basin. The highest elevation in the watershed is 679 m AMSL. The main soil 

type in the Stung Chinit watershed is areni-gley, which covers around 38% of the total area. There are 

30 irrigation schemes that irrigate 6,050 ha of dry season rice within the watershed (MoWRM, 2017). 

The primary annual water demand in the Stung Chinit watershed is during dry season rice production of 

6050 ha, which requires 30,250,000 m3 of irrigated water (approximately 1 ha of dry season rice, 90 to 

110 days, for 5,000 m3). The water discharge and water level peaks of the Stung Chinit vary seasonally 

and annually according to the observed water discharge data record from 1997 to 2018. The mean 

water discharge has been recorded at 60 m3/s, with a maximum discharge of 600 m3/s recorded in 2009. 

The average total water flow from the watershed is approximately 1.89 km3/year. Based on the daily 

flow and water level graph presented in Annex I, the base flow remains relatively consistent, which is 

attributable to the extensive and quality forest cover upstream. As shown in Figure 30, the maximum 

flow annually from 1997 to 2018 has remained relatively stable, which is an indication that forest cover 

along the watershed assists in stabilizing flood events. 
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Figure 29: Stung Chinit watershed land cover 2018 

 

Figure 30: Maximum annual flow of Stung Chinit watershed in Kampong Thma commune, Kampong Thom province 

Stung Sen watershed is in the eastern part of the Tonle Sap River Basin (Figure 31). Stung Sen River 

originates in the Dangrek Mountains in Preah Vihear province at approximately 790 m AMSL, runs 60% 

of its course through hilly or mountainous terrain, and drains into the Tonle Sap Lake. The primary land 

cover is forest and the major soil type is dominated by ferric acrisols. There are 130 irrigation schemes 
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in the Stung Sen watershed (MoWRM, 2017). Water discharge and water level of the Stung Sen varies 

seasonally and annually according to the observed water discharge data record from 1997 to 2018. The 

mean water discharge has been recorded at 250 m3/s and maximum discharge of 1,695 m3/s was 

recorded in 2017. The average total water flow from the watershed is approximately 7.88 km3/year. 

There is significant demand for dry season rice production of 11,107 ha, which requires 55,530,000 m3 

of water annually (approximately 1 ha of dry season rice for 5,000 m3). Similar to Stung Chinit, the daily 

flow and water level graph in Annex I shows a relatively stable base flow over the period studied, which 

is attributable to the extensive and quality forest cover upstream. Differing from the annual flow 

patterns of the Stung Chinit, Figure 32 shows that the maximum flow annually from 1997 to 2018 has 

been increasing slightly over this period, which is an indication that the Stung Sen watershed is more 

vulnerable to flooding than the Stung Chinit.  

 

 

Figure 31: Stung Sen watershed land cover 2018 
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Figure 32: Maximum annual flow of Stung Sen watershed in Kampong Thom province 

Stung Stoung watershed is a sub-watershed of the Tonle Sap River Basin and covers an extension of 

4,357 km2, running about 365 km through Preah Vihear, Siem Reap, and Kampong Thom provinces 

(Figure 33). Stung Stoung River originates at about 573 m AMSL in Phnom Tbaeng. As with the other 

two watersheds, the water discharge and level of Stung Stoung varies seasonally and annually according 

to the observed water discharge data record from 1997 to 2018. The mean water discharge has been 

recorded at 26 m3/s, with a maximum discharge of 277 m3/s recorded in 2006. The average total water 

flow from the watershed is approximately 0.82 km3/year. A total of 750 ha of dry season rice is 

produced downstream with the aid of irrigation near the reservoir, requiring 3,750,000 m3 of irrigated 

water annually (approximately 1 ha of dry season rice for 5,000 m3). Based on the daily flow and water 

level graph in Annex I, water levels have shifted, registering a decline in dry season flow after 2005 that 

is attributable to conversion of forest cover to agriculture land (40%) from 2006 to 2018.  Like the 

annual flow patterns of the Stung Sen, Figure 34 shows that the maximum flow annually from 1997 to 

2018 has been increasing slightly over this period, which is an indication that the watershed is also more 

vulnerable to flooding than the Stung Chinit.  
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Figure 33: Stung Stoung watershed land cover 2018 

 

Figure 34: Maximum annual flow of Stung Stoung watershed in Kampong Chen Tboung commune, Kampong Thom province 

The watersheds in the PLEL have been divided into nine sub-watersheds due to geographical features of 

upstream, middle stream, and downstream location, as well as value chain consideration. All nine sub-

watersheds were selected for further analysis as part of this eco-hydrological analysis. The nine sub-
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watersheds are Kuleaen, Rovieng, West Sandan, Sangkum Thmei, Prasat Ballangk, Stoung, East Sandan, 

Santuk, and Baray. Sub-watershed locations and land use within the PLEL are shown in Figure 35 below. 

 

 

Figure 35: PLEL sub-watersheds and land use 

The pie charts below, Figures 36, 37, and 388, illustrate the land use characteristics of the nine sub-

watersheds. The upper sub-watersheds of Stung Sen and Stung Chinit, Kuleaen and East Sandan, have 

the most forest cover, a factor that contributes to more stable seasonal flow, recharge, and flooding in 

these watersheds. On the other hand, the sub-watersheds with least forest cover and most agricultural 

land – West Sandan (52.26%), Baray (62.05%) and Stoung (50.22%) – depend on the healthy hydrologic 

function of the middle and upper sub-watersheds. Prasat Ballangk sub-watershed of Stung Stoung 

watershed has the least amount of forest cover, which may contribute to the watershed’s less stable 

flow and vulnerability to flooding.    

 

8 Unless otherwise specified, “other” refers to a combined percentage land use/land cover of rock, sand, tree plantation, grassland, village, 

water, wood shrub, bamboo, flooded forest, and forest regrowth. “Agricultural land” refers to “cropland” and “paddy field”.  
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Figure 36: Land use/land cover in the Stung Sen sub-watersheds 

 
 

 

Figure 37: Land use/land cover in the Stung Chinit sub-watersheds  

   
Figure 38: Land use/land cover in the Stung Stoung sub-watersheds 

Table 11 presents permanent vs. non-permanent land cover for the sub-watersheds9. The sub-

watersheds with the highest ratio of permanent to non-permanent land cover are East Sandan, Kuleaen, 

Sangkum Thmei, and Rovieng, which are the three upper sub-watersheds and Stung Sen’s middle sub-

watershed.  

TABLE 11: PERMANENT/NON-PERMANENT LAND COVER RATIO IN SUB-

WATERSHEDS 

Sub-watershed 

name 

Sub-watershed area 

(km2) 

Permanent land 

cover (km2) 

Non-permanent 

cover (km2) 
PLCI (%) 

Stung Chinit 

 

9 Permanent cover includes evergreen, semi-evergreen, deciduous, pine, flooded, and regrowth forests, as well as bamboo, pine, tree, oil palm, 
and rubber plantations. Non-permanent cover includes wood shrubs, grassland, crop land, paddy fields, rock, sand, water, and settlements.  
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Sub-watershed 

name 

Sub-watershed area 

(km2) 

Permanent land 

cover (km2) 

Non-permanent 

cover (km2) 
PLCI (%) 

East Sandan 2,114 1,781 333 84 

Santuk 3,483 1,072 2,411 31 

Baray 1,860 243 1,617 13 

Stung Sen 

Kuleaen  7,388 4,978 2,396 67 

Rovieng 4,001 2,786 1,215 70 

West Sandan  4,345 1,453 2,892 33 

Stung Stoung 

Sangkum Thmei 1,705 1231 474 72 

Prasat Ballangk 1,019 344 675 34 

Stoung 1,962 629 1,333 32 

 

Table 12 presents water production potential of the sub-watersheds. The highest rate of water 

production potential is East Sandan, followed by Rovieng and Kuleaen sub-watersheds and Stung Chinit 

and Stung Sen watersheds have similar overall water production potential. There is a direct correlation 

with water production potential and magnitude of forest and permanent land cover. The greatest 

average flow of water is generated along the Stung Sen, which also has the greatest extension overall.  

TABLE 12: ESTIMATED SUB-WATERSHED WATER BALANCES 

Sub-

watershed 

name 

Sub- 

watershed 

area (km2) 

Precipitation 

(mm/year) 

Total 

expected 

flow 

(mm/year) 

Total 

water 

potential 

(km3/year) 

Average 

flow 

(m3/s) 

Water 

production 

potential rate 

(hm3/km2/year) 

Stung Chinit 

East Sandan 2,114 1,587 1,044 2.21 70 1.04 

Santuk 3,483 1,544 471 1.64 52 0.47 

Baray 1,860 1,481 187 0.35 11 0.19 

Stung Sen 

Kuleaen  7,388 1,512 572 4.23 134 0.57 

Rovieng 4,001 1,577 709 2.84 90 0.71 

West Sandan  4,345 1,500 428 1.86 59 0.43 

Stung Stoung 

Sangkum 

Thmei 
1,705 1,486 425 0.73 23 0.43 

Prasat Ballangk 1,019 146 124 0.13 4 0.12 

Stoung 1,962 1,418 113 0.22 7 0.11 

 

Eco-hydrological vulnerability is defined as the extent to which ecosystem and hydrological functions of a 

watershed are likely to be damaged or disrupted by the impact of land use change. The eco-hydrological 

vulnerability of each of the sub-watersheds was calculated by multiplying the PLCI with water 
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production potential. Table 13 presents the eco-hydrological vulnerability of each of the sub-watersheds 

based on these variables. 

TABLE 13: ECO-HYDROLOGICAL VULNERABILITY INDEX OF SUB-WATERSHEDS 

Sub-

watershed 

name 

Sub- 

watershed 

area (km2) 

 PLCI (%) 

Water 

production 

potential 

(hm3/km2) 

Eco-

hydrological 

vulnerability 

index 

Eco-

hydrological 

vulnerability 

ranking 

Stung Chinit 

East Sandan 2,114 84 1.04 0.87 9 

Santuk 3,483 31 0.47 0.15 5 

Baray 1,860 13 0.19 0.02 1 

Stung Sen 

Kuleaen  7,388 67 0.57 0.38 7 

Rovieng 4,001 70 0.71 0.50 8 

West Sandan  4,345 33 0.43 0.14 4 

Stung Stoung 

Sangkum 

Thmei 
1,705 72 0.43 0.31 6 

Prasat 

Ballangk 
1,019 34 0.12 0.04 2 

Stoung 1,962 32 0.11 0.03 3 

 

The analysis shows that the Stung Stoung watershed is the most eco-hydrologically vulnerable of the 

three watersheds, followed by the Stung Chinit, with the least vulnerable being the Stung Sen. The 

watersheds and sub-watersheds with the smallest amount of forest and permanent forest cover, 

primarily the Stung Stoung and lower sub-watersheds, are the most vulnerable. West Sandan, Stoung, 

Baray, and Prasat Ballangk sub-watersheds all have extensive paddy fields and crop lands that depend on 

their river basins’ middle and upper sub-watersheds to meet agricultural water demands.  

Community-Level Impacts  

Community members participating in the FGDs held in each of the sub-watersheds shared their 

perceptions of changes in natural resources over the last 10 to 15 years. Many of the perceptions are 

consistent with the eco-hydrological analysis findings. A summary of observations grouped by upper, 

middle, and lower sub-watersheds is presented in Table 14. Additional detail can be found in Annex I. 

TABLE 14: COMMUNITY PERCEPTION OF CHANGE IN NATURAL RESOURCES 

Upper watershed Middle watershed Lower watershed 

Kuleaen Cheung commune: Mean Rith commune: Phat Sanday commune 

• Significant decrease of dry 

season flow 

• Flash floods are a relatively 

new event 

• Timber extraction as a 

livelihood option has decreased, 

diminishing forest cover 

• More intense and shorter rains 

contribute to runoff and soil 

erosion 

• Significant changes in lake system 

between Tonle Sap and Mekong 

• Water level decreased, reducing 

flooded forests 
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Upper watershed Middle watershed Lower watershed 

• Groundwater depleted, 

more wells need to be 

drilled 

• Flash floods in wet season, less 

water in dry season 

• Loss of soil and fertility affects 

productivity 

• Higher temperatures and lower 

water levels during the dry 

season, turbid and acid water 

• Irrigation pumping for dry 

season rice cultivation causes 

some rivers to dry up and 

causes irreversible damage to 

the ecosystem 

Chhaeb commune: Ngan commune: Msa Krang commune: 

• Natural forest conversion 

to plantations 

• Land degradation decreases 

soil fertility 

• Erosion silts rivers 

• Flash floods are a new 

event, recede quickly 

• Need to dig deeper wells  

• Loss of forests affects river 

flow, pressure on availability 

• Water level during the dry 

season is much lower 

• Soil eroding into rivers is 

lowering the water level 

• Shorter more intense rain 

events 

• Late dry season flooding 

occurred in the Stung Sen, very 

unusual 

• Water shortages threatening 

livelihoods 

• In 2016 and 2019, the river 

dried up in some locations 

• Attribute the decrease in water 

to increased irrigated dry season 

rice cultivation and forest 

degradation at the headwater 

• In 2019, they had to dig ponds in 

the riverbed and drill wells to 

depths of more than 100 m 

 

2.1.3 SUMMARY OF ECOSYSTEMS ANALYSIS KEY FINDINGS 

In addition to the detailed findings presented above, key findings from the ecosystem analyses are 

summarized below: 

Forestland Cover and Change Analysis: 

• The 60.26% of forestland coverage inside the PLEL in 2018 contributes significantly to the total 

forest cover of Cambodia; in 2016, PLEL forestland cover is estimated to be 48.14% of total 

national cover. 

• Forestland degradation continues to happen at a steady rate: 0.45% between 2006 and 2010, 

9.74% between 2010 and 2014, and 5.35% between 2014 and 2018. Significant deforestation 

occurred between 2010 and 2018 with the granting of ELCs throughout the PLEL. 

Ecosystem Services (Carbon Storage and Habitat Quality) 

• The thickness and density of evergreen, semi-evergreen, and deciduous natural forests have the 

greatest capacity of all forestland and non-forestland types to store carbon in the PLEL.  

• Maintaining the natural forestland maintains biodiversity richness and mitigates climate change 

(reduces greenhouse gas emissions and the negative impacts of increasing temperatures and 

more erratic rain patterns). 

• Dense natural forests found within Prey Lang, Preah Roka, Kulen Promtep, biodiversity 

conservation corridors, and Phnom Tbaeng continue to contribute a very high quality of habitat 

that maintains carbon storage and biodiversity. 
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Protected Area Analysis: 

• Approximately fifty three percent (52.64%) of the PLEL is covered by 19 protected areas and 

two biodiversity conservation corridors. 

• The consolidation of protected area management is nascent and requires significant support to 

establish effective management as soon as possible.  

• The existing protected areas contain much of what is left in the PLEL in terms of forestland 

cover (carbon and quality habitat) and if not effectively protected will continue to diminish 

ecosystem function (carbon, biodiversity, and water) and the natural resource sources (forests, 

soil, and water) necessary to maintain livelihoods in the PLEL.  

Fire Detection Analysis: 

• In each period studied, 2006, 2010, 2014, and 2016, a consistent fire pattern has been observed 

in the Northern Plains.  

• In 2016, a new fire pattern was detected to the east and west of Prey Lang. 

• The incidence of fire in forestland has steadily increased from 1,159 events in 2003, to 3,384 

events in 2016. Although still high, incidence dropped more recently to 1,575 events in 2017, 

and 2,165 events in 2018. It is possible that the decrease is attributed partially to the 

formalization of a number of protected areas in 2016. 

• There is a strong trend of most fires occurring during the dry season, December to April of 

each year, requiring more vigilance during this period.   

Eco-Hydrological Analysis 

• Forestland clearance and timber extraction have put pressure on watershed functions. Changes 

in surface water run-off and groundwater recharge have been observed, depleting dry season 

flow. 

• Streams are shallower as soils within degraded watersheds are eroded and flow into them and 

the they accumulate sediment.  

• Forestland conversion to agricultural land is the main cause of watershed degradation leading to 

loss of soil fertility.     

• The decreasing flow during the dry season, exacerbated by forestland clearance in the upper 

sub-watersheds and water extraction for irrigation in the lower sub-watersheds, is leading to 

water scarcity, which has a negative impact on communities living within the watersheds. 

• Stung Stoung is the most vulnerable of the three watersheds, with decreasing water flow and 

more erratic flooding patterns. It has the least forestland cover.   

• Stung Chinit and Stung Sen are still relatively stable in terms of flow and distribution, while Stung 

Chinit maintains stable flood patterns while Stung Sen is more erratic.  

• The least vulnerable sub-watersheds are the most densely forested upper and middle sub-

watersheds of Stung Chinit and the upper watershed of Stung Sen. Watersheds with the 

greatest forestland coverage maintain stabilized flow and are less prone to erratic flooding. 

• Efforts to promote improved watershed management are weak, with minimal collaboration 

between the MoWRAM, Ministry of Agriculture, Forestry, and Fisheries (MAFF), and MoE. 
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2.2 CLIMATE ANALYSIS 

2.2.1 METHODOLOGY 

The main objectives of the climate analysis were to understand: 

• The past, current, and future changes in climate characteristics in the form of rainfall, 

temperature, seasonal and annual variation, and extreme climate events; and 

• How these changes may impact the ecology and socio-economic well-being of people living 

within the PLEL.  

The analysis is comprised of three methodological components: 

1. A literature review of climate in Cambodia and the PLEL to understand the climate 

characteristics, including variability; 

2. An analysis of observed long-term climate anomalies to identify wet and dry periods within the 

PLEL and link them to climate change impacts and El Niño Southern Oscillation (ENSO) 

modulation; and 

3. An analysis of downscaled Intergovernmental Panel on Climate Change (IPCC) multi-model 

climate projections for trends, frequency and intensity of rainfalls, temperature, and extreme 

events. 

2.2.2 RESULTS 

General Climate Characteristics of the PLEL  

The PLEL has a unique microclimate located in a rain shadow. Prevailing rain patterns coming from 

higher elevations in the northeast cause higher levels of precipitation in the northeast corner of the 

PLEL, with levels dropping moving toward the western side, creating a rain shadow. Figure 39 shows the 

rainfall gradients within the PLEL and Figure 40 shows how precipitation patterns vary throughout the 

PLEL.     
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Figure 39: Map of rainfall zones within the PLEL 

The region is characterized by two distinct seasons, including the wet season from May to October and 

the dry season from November to April. In mid-wet season, there is normally a dry spell that lasts 

between 1 to 2 weeks. The prevailing rainfall pattern in the wet season is from the Bay of Bengal early in 

the season and from the South China Sea later in the season (Huang & Cui, 2015; Wei, Dirmeyer, 

Bosilovich, & Wu, 2012). The dry spell is created when the winds reverse direction. Rainfall in the later 

season is usually heavier than in the earlier season, with flooding normally occurring during the later 

period. During the dry season, the temperature between November and January is relatively cool and 

humid and between February and April it is hot and dry. The PLEL’s forest cover regulates microclimate 

from the South China Sea in the northeast to the Tonle Sap Lake in the southwest. Forest degradation 

in the PLEL may alter the normal microclimate regime, which will influence climate variability throughout 

Cambodia (MoE, 2001; MoE & UNDP Cambodia, 2011). Climate variability in Cambodia is mainly driven 

by ENSO10. Research has found that there is a strong relationship between ENSO events and 

precipitation and temperature anomalies in Cambodia (Su, Neelin, & Meyerson, 2005). For example, in 

2018 about 20,000 ha of rice fields in 13 provinces were affected (Chakrya, 2018) when drought 

occurred in the middle of the rainy season after heavy rainfall during the early season. See Figure 40 

below for the historical trends of precipitation across the four PLEL provinces.   

 

10 ENSO is a coupled ocean-atmosphere phenomenon that has a worldwide impact on climate. ENSO events are in part characterized by warm 

temperature anomalies in the central to eastern equatorial Pacific. 
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Figure 40: Average seasonal cycle of rainfall in the four PLEL provinces 
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PLEL Climate Variability 

The PLEL experiences climate variability distinct from other parts of the country. There are two major 

studies related to climate change vulnerability in Stung Treng province, conducted by United Nations 

Development Programme (UNDP) in 2005 (UNDP Cambodia, IUCN, & Mekong River Commission, 

2005) and the National Committee for Disaster Management (NCDM) in 2010 (Hing & Sumaylo-

Pearlman, 2010). Based on the perception of respondents, the study by UNDP found that flood and 

drought are perceived to be the major natural hazards and that sometimes flood and drought occurred 

back-to-back, weakening the capacity of people to cope with disaster. The NCDM study findings were 

similar but highlighted insect infestation as a related problem. A study conducted in Kampong Thom 

province by Nuorteva et al. (2010) found that communities experience flooding that leads to livelihood-

threatening crop destruction. Kampong Thom province experienced severe drought in 2016 (Mech, 

2016).  

Perceptions of climate variability noted during the KIIs and FGDs conducted within the PLEL 

corroborate this research and the analysis presented below of rainfall patterns and anomalies. Almost all 

informants noted that floods and droughts are increasing in severity and occurring at abnormal times. In 

Kampong Thom province, drought was experienced for the first time in recent memory during the early 

dry season in 2016. The late onset of rainfall disrupted the rice production planning cycle. It was also 

noted that the mid-season dry spell is less notable even though climate change research predicts that the 

dry spell may be prolonged in Cambodia. These erratic patterns are making it difficult for rice farmers to 

cultivate and harvest in the traditional way: planting seedlings during early onset, seeding directly during 

the dry spell, and leaving grain in the field to ripen prior to harvest. Climate variability has also been 

evidenced in changes in watershed features, stream flow, and water quality. Severe flash flooding has 

been experienced more frequently and urban flooding is slower to recede. Dry season river flows have 

decreased, drying out riverbeds at least a month before the time it normally happens along the Stung 

Stoung River (in January instead of late February or early March). It was also noted that tube wells must 

be drilled deeper during the dry season. In terms of hazards, informants noted that two major causes of 

natural disasters are floods and drought.  

Figure 41 shows annual rainfall in the four PLEL provinces. Kratie and Stung Treng provinces in the east 

receive more rainfall than Preah Vihear province and Sandan district in Kampong Thom province in the 

west. The trend of rainfall shown in Figure 41 suggests that some locations, such as Sandan district and 

Preah Vihear province, are more sensitive to changes, especially during the El Niño years 2012 and 2015 

due to ENSO, while rainfall in Kratie and Stung Treng provinces show minimal variation. 

 

Figure 41: Annual rainfall in PLEL provinces 

Figure 42 presents a typical monthly rainfall trend in the PLEL by comparing two extremes: the 
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precipitation falls between May and October. Normal rainfall trends are evident: lighter rains at the 

beginning of the season (April to July), the dry spell in mid-wet season (August), and heavier rains after 

the dry spell (September to November). Typically, the dry spell lasts 1 to 3 weeks and September is the 

rainiest month.  

 

Figure 42: PLEL seasonal average rainfall variation 

Predicting when monsoon onset will occur is critical for many agricultural activities in Cambodia. To 

determine monsoon onset, this study used long-term average daily rainfall as the threshold (±10% of 

observed rainfall) for monsoon onset. Number of days were also considered. Detailed charts are 

presented in Annex II. Based on literature, Cambodia typically experiences the onset of monsoon on 

May 15 (±7 days) depending on the models (Wang, 2002). Traditional rice cultivation occurs on May 25 

and coincides with the Royal Ploughing Ceremony, when predictions are made regarding the amount of 

rainfall and expected yield. In Sandan district, Kampong Thom province, during the first half of the 

month there are several days above and below the daily rainfall average of 7 mm. Based on observed 

data, there were tendencies of late onset in 2013 and 2014 when no rain fell in the Sandan district area. 

In 1988 and 2005, late onset was associated with ENSO, but not in 2013. In Preah Vihear province, the 

onset should be the same as Sandan district given their proximity, but it doesn’t demonstrate the same 

tendency for late onset. Late onset in Preah Vihear province is not obvious except with a slight delay 

noted in 2018. It is also noted that the amount of rainfall in Preah Vihear province early in the season is 

much more than in comparison to Sandan district. The difference may be attributed to the more 

expansive and less disturbed forests in the upper watershed of the Stung Sen River.  

The onset of rainfall in Stung Treng province is similar to that in Sandan district (May 15), and onset 

does not appear to be influenced by the ENSO phenomenon. Late onset has been occurring since 2009, 

with an obvious delay in 2015 and 2016. In Kratie province, rainfall onset is also on May 15. In contrast 

to the other provinces, onset appears to be heavier and with the tendency toward earlier onset 

periodically.  

The wet season dry spell has begun to vary from year to year. As reported in KIIs and FGDs, the dry 

spell begins in late July or early August and lasts from 14 to 60 days. Based on observed rainfall data in 

three provinces from 1980 to 2018 and in Preah Vihear province from 2002 to 2018, a normal dry spell 

begins on August 14 and lasts until August 25. Not all years in the study period experienced dry spells. 

Based on observed data, more erratic seasonal rain patterns were noted. Detailed charts are included in 

Annex II. Even though there were several days with little rain earlier in the period and a dry spell 
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extending into the end of August, heavy rains fell during that period – as much as 105 mm/day. In Stung 

Treng province, the dry spell has occurred more erratically since 2014, beginning later in August and 

combined with occasional heavy rainfall. For Preah Vihear province, the dry spell is starting earlier, 

towards the beginning of August versus the customary mid-August onset, and the province is also 

experiencing occasional heavy rains toward the end of the period. Kratie province is experiencing a 

longer dry spell along with unusually heavy rains at the end of the period.  

October marks the end of the wet season in Cambodia, when the rain gradually tapers off throughout 

the month of November. The gradual cessation of rains is critical, enabling rice to ripen gradually for 

optimal harvesting and profitable yields. Figure 43 illustrates the annual rice production calendar.  

Dry Season Rice Wet Seasons Rice 

  

Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov 

Sowing Planting  Sowing Planting  Harvest 

  Harvest  

Figure 43: PLEL seasonal rice production crop calendar 

Typically, rain continues to fall for the first 10 days of November and tapers off noticeably thereafter. 

For Sandan district, the rainfall tapers off at the end of the first week and irregularities in this pattern 

(earlier cessation in 2018, 2014, 2010, 2006, 2002, 1994, 1992, and 1988) appear to be related to the 

ENSO phenomenon (see the Sandan district station chart and a detailed description of related ENSO 

phenomenon in Annex II). Preah Vihear province shows a similar trend, but with less influence from the 

ENSO phenomenon (El Niño in 2015). Stung Treng province rainfall cessation follows a different 

pattern, with rainfall falling heavily at the beginning of November and extending to late in the month. It 

appears that rainfall cessation is related to the ENSO phenomenon in the years 1987, 1991, 1997, 2002, 

2004, 2006, 2014, and 2018. In Kratie province, there is no clear pattern other than a tendency for rain 

extending beyond the typical wet season.   

Inter-annual and inter-decadal variations in precipitation patterns within the PLEL depend on many 

different factors, including the ENSO phenomenon. As discussed previously, not all PLEL provinces 

appear to be influenced by the ENSO phenomenon. It seems that inter-annual anomalies in Sandan 

district, Kampong Thom province, as shown in Figure 44, are related to the ENSO phenomenon in 

1987, 1992, 1997, 2002 to 2005, 2014 to 2015, and 2018. However, in 1990 and 2012, drought events 

occurred based on other factors.  

 

Figure 44: Annual rainfall anomalies in the PLEL 

-800

-600

-400

-200

0

200

400

600

800

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

R
ai

n
fa

ll 
co

p
m

ar
ed

 t
o

 
av

er
ag

e 
(m

m
)

Year



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  54 

The anomalies for Preah Vihear province mirror those of Sandan district. In the case of Kratie province, 

the annual rainfall anomalies are also influenced by the ENSO phenomenon, but less so in 1986 to 1988, 

2002 to 2003, and 2010. In the case of Stung Treng province, there are fewer anomalies and there 

appears to be less of an ENSO influence. This may be attributable to the fact that the province 

experiences a plateau climate (higher elevation) and enjoys healthier natural forest cover. A 3-year-

moving average is used to assess climate trends. Figure 45, using Sandan district station data from 3 

decades, illustrates a trend that, as of 1996, has begun to emerge in the other three provinces as well. 

The rainfall pattern has above average longer-term rainfall between 1993 to 1997 and 2008 to 2011 and 

below average between 1998 to 2007 and 2012 to 2018. If the trend continues, it is reasonable to 

assume that Sandan district (Kampong Thom province) and possibly the other provinces, will experience 

above average rainfall within the next 5 years.  

 

Figure 45: Rainfall anomalies in Sandan district (3-year average),1987-2018 

 

PLEL Climate Projections 

The climate projection analysis is based on WorldClim climate data (Version 1.4)11,12. The current 

rainfall data from WorldClim is compared with observed data. The WorldClim data covers the period 

between 1960 and 1990. The observed data is the monthly average rainfall from Sandan district station, 

from 1985 to 2018. The observed data is slightly higher than the WorldClim data, but there is not a 

significant difference, giving confidence in the use of both datasets. See Figure 46 below. 

 

11  WorldClim climate data is freely available from the public domain: http://www.wordclim.org/  

12 For the comprehensive analysis of data, see Hijmans, R.J., et al. (2005: 1965-2070). 
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Figure 46: Observed and current PLEL rainfall data 

The WorldClim data runs several models with four different representative concentration pathway 

scenarios, including RCP2.6, RCP4.5, RCP6.0, and RCP8.5. This analysis uses the most extreme CO2 

emissions scenario, RCP8.5, within two timeframes 205013 and 2070, to understand the projected 

change in temperature and rainfall within the PLEL. Figure 47 shows how multiple general circulation 

models (ACCESS1-0 or ac in short, BCC-CSM1-1 or bc, and CCSM4 or cc) were compared. The model 

that is closest to Cambodian research to date (McSweeney, New, & Lizcano, n.d.; Thoeun, 2015) is 

CCSM4 for both timeframes and projects. The model shows that rainfall is expected to increase from 

11% to 15% for 2050 and 2070, respectively. The analysis uses CCSM4 data to understand the projected 

rainfall patterns in the four PLEL provinces. 

 

Figure 47: Comparison of historical and multiple general circulation models 2050 and 2070 

The projected rainfall in the four provinces is predicted to increase (as shown in Figure 48 and Table 15) 

to 13% and 17% in 2050 and 2070, respectively. The majority of the rain is predicted to fall from June to 

September. The dry spell is predicted to remain the same for Kampong Thom and Kratie provinces and 

be more pronounced in Preah Vihear and Stung Treng provinces. All PLEL provinces are projected to 

experience less rainfall during the early season (March to May) and similar amounts during the 

diminishing period of October to November. The projected rainfall under the RCP8.5 scenario poses a 

risk to rural livelihoods if farmers aren’t able to adapt to the changes in rainfall and seasonality. It is likely 

that dry season rice (December to April) will be impacted by declining rainfall and communities will 

experience more frequent unpredictable floods and dry spells.  

 

13 Average rainfall between 2041 and 2060 is 2050 and between 2061 and 2080 is 2070. 
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Figure 48: PLEL precipitation projections by province 

As shown in Table 15, Stung Treng province is the most sensitive to projected rainfall change, followed 

by Kampong Thom province, with predicted increases of 21% and 18% by 2070, respectively. Preah 

Vihear and Kratie provinces are predicted to change less with projected rainfall increases, at 13% and 

16%, respectively.  

TABLE 15: PROJECTED PERCENTAGE RAINFALL INCREASE BY PROVINCE 

Province 2050 (%) 2070 (%) 

Kampong Thom 14 18 

Preah Vihear 8 13 

Kratie 13 16 

Stung Treng 16 21 

 

Temperature projections for all four provinces are predicted to increase on average, 2.0 to 2.8 degrees 

Celsius by 2050 and 2070, respectively, as shown in Figure 49 and Table 16. The trends are predicted to 

follow a similar pattern, with highest temperatures occurring from February to April and cooler 

temperatures from May to January. However, the highest temperature experienced presently is 

predicted to be the coolest temperature in 2050. With the overall increase in temperature, incidence of 

forest fires and diseases and pests that thrive in warmer temperatures will also increase. Evaporation 

rates will increase, depleting standing water supplies, and there will be more forest fire, increased 

sickness, quicker evaporation, and other consequences from heat-related causes. Trends of predicted 

temperature changes are similar in three provinces, with Stung Treng province showing an anomaly. In 

Stung Treng province, the cooler period that now occurs in March might diminish noticeably. Similar to 

projected rainfall, Stung Treng province is the most sensitive to predicted increases in temperature, with 

increases of 2.3 and 3.0 degrees Celsius in 2050 and 2070, respectively. As the increasing temperatures 
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heat the earth’s surface, more water evaporates, creating convectional rainfall that may lead to frequent 

and severe weather events contributing to erratic flooding.  

 

Figure 49: Temperature projections by province 

 

TABLE 16: PROJECTED TEMPERATURE INCREASE BY PROVINCE 

Province 2050 (in degrees Celsius) 2070 (in degrees Celsius) 

Kampong Thom 2.0 2.7 

Preah Vihear 1.9 2.6 

Kratie 2.0 2.8 

Stung Treng 2.3 3.0 

 

Perceptions of the climate already changing were shared during the KIIs and FGDs conducted in the 

PLEL. Many of the respondents expressed that climate change is real and they have experienced 

changing weather conditions over time. They noted that windstorms, dry spells, and flooding are 

occurring at an increasing rate. They believe that weather events are increasingly intense and have noted 

a shortage of water supply over time. They also noted that these perceived changes, especially declining 

water supply, are having a negative impact on their livelihoods, primarily farming productivity. Some 

respondents attributed these changes to forest cover loss and infrastructure development, such as 

irrigation and hydro-electric dams.   
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2.2.3 SUMMARY OF CLIMATE ANALYSIS KEY FINDINGS 

• The PLEL is experiencing and is predicted to continue to experience erratic rainfall14 at an 

increasing rate. 

• Kampong Thom province (Sandan district) is the only province of the four that demonstrates a 

pattern of late observed rainfall onset. The wet season dry spell, which is usually predictable, is 

observed to be erratic with a heavier than normal rainfall in late August. The cessation of rainfall 

has a strong relationship with ENSO phenomena. 

• Seasonal flooding is a regular occurrence in the PLEL and heavier rains leading to flooding occur 

in epochs (more or less 5-year periods). A drier epoch is ending with a wetter epoch likely to 

begin soon.  

• The ENSO phenomenon does influence PLEL rainfall patterns but is not the only factor to be 

considered when predicting future patterns. Local climate patterns need to be taken into 

consideration as well.  

• Although seasonality will be more erratic and rainfall events more intense, overall precipitation 

is projected to increase in the PLEL. 

• In terms of rainfall patterns, it is projected that rainfall will decrease in the early wet season and 

increase in the later season. 

• Temperature throughout the PLEL is projected to increase significantly and may be a 

contributing factor to more intense rainfall (convection rainfall) and changes in seasonality 

(evaporation). 

• The increase in temperature will be pronounced during the dry season, February to April. 

• PLEL informant perceptions are that rainfall has become more erratic, which is having a negative 

impact on agricultural production, animal and human sickness, and water supply. 

• Coordinated assessment and management of disaster risk is lacking even though institutions 

exist with the mandate to strengthen disaster risk reduction and response.  

2.3 LIVELIHOODS AND VALUE CHAINS ANALYSIS 

2.3.1 METHODOLOGY 

This component of the analysis sought to understand how the primary sustainable value chains and 

livelihoods within the PLEL are impacted by ecological and biodiversity threats (habitat loss, climate 

change, sub-optimal natural resource use, and contamination/pollution) and how these impacts can be 

better mitigated and managed. The analysis includes two methodological components, (1) analyses of 

primary value chains and (2) livelihoods, with each including research elements as follows: 

Livelihoods: 

• Historical impacts of ecological and biodiversity threats on livelihood strategies in the PLEL; and 

 

14 Erratic rainfall is defined as rainy and dry periods with 650 millimeters below (dry) or above (rainy) long-term average in the PLEL. 
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• Existing coping mechanisms (short-term) and adaptive strategies (long-term) for households in 

the PLEL to mitigate and respond to the impacts. 

Primary Value Chains:  

• Value chain descriptions (value chain stages: production, marketing, export, and transport) of 

five primary value chains (rice, cashew, resin, fish farming, and ecotourism) within the PLEL that 

many households are already benefiting from, some with potential for being environmentally 

sustainable; and  

• Identification of ecological and biodiversity threat-related risks (climate, pollution/contamination, 

habitat loss, and sub-optimal natural resource use) across value chain stages and impacts on food 

security. 

In addition to a review of literature, FGDs and KIIs were conducted to validate and learn more about 

the focus value chains and livelihood experiences and approaches. The KII data were used to deepen 

understanding of value chain commodity interventions, business practices, constraints, opportunities, and 

related risks. Table 17 describes the types of interviews conducted. 

TABLE 17: DESCRIPTION OF KEY INFORMANTS INTERVIEWED 

Actor Rice Cashew Resin Aquaculture 

Government agencies 
Department of 

Rice, MAFF 

Department of 

Agro-industry, 

MAFF 

Forestry 

Administration (FA), 

MAFF 

Department of 

Aquaculture 

Development, MAFF 

Non-Governmental 

Organization (NGO) 
1 2 2 1 

Wholesaler/Company 1 1 2 2 

Trader/Collector 2 3 5 2 

Farmer/Producer 5 10 10 5 

 

2.3.2 RESULTS 

Livelihood Analysis 

Background: The secondary data used to understand livelihoods in the PLEL came from the Annual 

Income Survey (endline survey) conducted by the Supporting Forests and Biodiversity (SFB) Project in 

2016 (Supporting Forests & Biodiversity, 2016). Four hundred household surveys were conducted in the 

provinces of Kampong Thom, Preah Vihear, Stung Treng, and Kratie within the PLEL to assess socio-

economic status. This dataset is considered relevant and current for the PLEL livelihood analysis. The 

livelihood analysis is comprised of four components: (1) an overview of land tenure, use, and 

management; (2) a description of livelihood profiles/strategies throughout the PLEL; (3) a discussion of 

how threats to ecosystems and biodiversity have impacted on these livelihoods; and (4) a discussion 

how community members have responded and, in some cases, adapted to the changes. 

Household Land Use and Management: Land is one of the more productive assets for household wealth 

and welfare. Table 18 presents the breakdown of the average kind and size of land use in support of 

livelihoods by province. The three most common types of land for household use are rice, chamkar, and 

residential. Land used for agriculture production are rice and chamkar land. Rice land is used for rice 

production and has been traditionally plowed, planted, and (sometimes) fertilized to produce rice. 

Chamkar land is land that has been converted from forestland for agricultural use and is usually slashed 

and burned to cultivate rainfed crops such as upland rice, cashew, cassava, sesame, and vegetables. Table 
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18 shows that the average total land holding per household across the four provinces is about 5.04 ha. A 

household often has a variety of land holdings, the smallest being for household buildings (0.11 ha), with 

a modest allocation of land for other uses or fallow (0.60 ha), and productive lands averaging 1.56 ha for 

rice and 2.77 ha for chamkar. 

TABLE 18: AVERAGE HOUSEHOLD LAND HOLDINGS BY PROVINCE 

Province 

Chamkar 

land 

(ha/HH) 

Rice land 

(ha/HH) 

 Resident 

land 

(ha/HH) 

Fallow 

land 

(ha/HH) 

Total (ha/HH) 

Kampong Thom 3.78 1.12 0.26 0.79 5.94 

Preah Vihear 2.43 2.10 0.10 0.57 5.20 

Stung Treng 2.75 1.48 0.04 0.45 4.72 

Kratie 2.05 1.36 0.00 0.60 4.01 

Total  2.77 1.56 0.11 0.60 5.04 

Note. Input data from USAID SFB (2016).  

Livelihood Profiles: People living within the PLEL engage in a wide variety of livelihood strategies, the 

majority of which depend on the natural resource base (water, soil, forests, and wetlands). Table 19 

presents primary livelihood activities and the percentage of households engaging in the activities, divided 

by province. Agriculture is usually conducted on chamkar land and includes vegetable, cash crop, 

livestock, and poultry production. The majority of households engage in these types of agriculture 

activities, produce rice, and work off farm. Many households rely on forests for their livelihoods, with a 

relatively large percentage harvesting NTFPs, and smaller percentages engaging in hunting and logging. A 

large percentage of household members – usually young men and women – migrate out of the PLEL to 

work as laborers and send remittances home to their families.   

TABLE 19: PRIMARY LIVELIHOOD STRATEGIES 

Province Agriculture Rice 
Off 

farm 

Migrate to 

sell labor  

NTFP 

collection  

Hunting 

and logging 

Resin 

collection 

Kampong 

Thom 
95% 73% 97% 82% 70% 3% 24% 

Preah Vihear 100% 93% 86% 60% 74% 11% 17% 

Stung Treng 94% 82% 86% 64% 65% 8% 18% 

Kratie 95% 49% 85% 69% 38% 20% 2% 

Total 96% 77% 89% 68% 64% 10% 16% 

Note. Input data from USAID SFB (2016). 

Livelihood profiles were studied for each sub-watershed based on the data from the FGDs conducted in 

each sub-watershed, in addition to land use patterns discerned from spatial data (see Figures 29, 31, and 

33). Table 20 presents the primary livelihood activities that households are engaging in by sub-

watershed. The livelihood activities are linked to the availability of natural resources in each sub-

watershed. Rice is cultivated and migration is prevalent throughout the PLEL. Also, there is chamkar-

related activity throughout the PLEL, although in the upper watersheds there is less area, relative to the 

middle and downstream sub-watersheds, under rice and chamkar cultivation. It is not surprising given 

the relatively larger forested areas in the upper sub-watersheds that households are engaged in 

harvesting NTFPs and in the lower sub-watersheds, households are engaged in fishing and aquaculture 

due to the relatively larger bodies of water, especially near the Tonle Sap. Livelihoods appear to be in 

flux in response to natural resource changes. For example, the two communes interviewed in the lower 
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sub-watersheds, Phat Sanday and Msa Krang, reported water sources drying up, having a negative impact 

on fisheries and forcing more community members to migrate out in search of employment (see Table 

7). 

TABLE 20: PREDOMINANT LIVELIHOODS BY SUB-WATERSHED 

Watershed 
Sub-

watershed 
Category 

% of area: crop 

and rice 

production 

Main livelihood activities 

Stung Chinit 

East Sandan Upstream 13.63 

Rice farming, chamkar (cashew, 

cassava, vegetable, rice, and others), 

Migration and NTFP collection 

(resin and others). 

Santuk Midstream 56.68 
Rice farming, chamkar, and 

migration. 

Baray Downstream 67.84 
Rice farming, chamkar, animal 

raising, and migration. 

Stung Sen 

Kuleaen Upstream 11.71 

Rice farming, chamkar (rice, 

cashew, and others), animal raising, 

NTFP collection (resin and others), 

and migration. 

Rovieng Midstream 20.8 

Rice farming, chamkar (rice, 

vegetable, and others), some NTFPs 

collection, and migration.  

West Sandan Downstream 50.26 
Fishing, aquaculture, rice farming, 

vegetable growing, and migration. 

Stung Stoung 

Sangkum Thmei Upstream 20.8 

Rice farming, chamkar (rice, 

cashew, cassava, and others), 

NTFPs (resin and others), animal 

raising, minimal aquaculture, and 

migration. 

Prasat Ballangk Midstream 51.8 
Rice farming, chamkar, and 

migration. 

Stoung Downstream 48.97 
Rice farming (mainly dry season 

rice), fishing, and migration. 

 

Impacts of Ecological and Biodiversity Threats on Livelihoods: FGD informants were asked to identify 

how their natural resource base had changed over time, what the cause of the changes were, what the 

impact the changes have had on their livelihoods has been, and what, if anything, have they been able to 

do to prevent and/or mitigate the negative impacts. Perceived changes and broader impacts have been 

described in the previous sections related to changes in the PLEL ecosystems and climate (See Tables 7 

and 12 for FGD informant perceptions of change and related drivers). In terms of livelihoods, specific 

responses describing how these changes have negatively impacted the major commodities of rice, 

cashew, aquaculture, and resin tapping are summarized below.  

Rice: Rice, dry and wet season, is grown throughout the PLEL and is the Cambodian households’ most 

important staple, as well as economically important to the country as an export crop. The rice 

production cycle is sensitive to changes in rain, seasonality, and flooding patterns.  Farmers throughout 

the PLEL reported instances of erratic rainfall and flooding patterns that have had a negative impact on 

physiological development (i.e., germination, growth, flowering, and harvesting) and led to crop loss. 

When onset is delayed or rainfall is heavier than usual, the mid-wet season dry spell is irregular, and/or 

rains do not taper off gradually, physiological development is impaired leading to a reduced harvest 
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and/or crop loss. Decreases in production often lead to more extensive application of chemical 

pesticides and fertilizers and expansion of paddy fields, which leads to more deforestation and 

contamination of rivers and water bodies. These additional investments, along with the possibility of 

losing an entire crop, increase farmers’ debt, causing a downward cycle of indebtedness to money 

lenders, which is a booming business in the PLEL. The most visible impact of crop failure is the increase 

in food insecurity at the household level and the increase in migration to other provinces and countries 

to find work. 

Cashew: Approximately 50% (MAFF, 2018b) of national cashew production is grown by PLEL cashew 

producers. Most of the cashew plantations have been established on chamkar land and have contributed 

significantly to deforestation. On the other hand, there is a viable and relatively strong market for 

cashew in Vietnam and globally. Cashew producers have noted that occasional extended dry periods in 

the PLEL have caused the tree leaves to drop prematurely. In addition, more erratic and heavier rains 

have a negative impact on pod production. Heavy rainfall has also increased the incidence of pests and 

disease that destroy the fruit and pod, leading to less productivity and crop loss. To prevent this from 

happening, plantation owners are increasing the use of chemical pesticides, which has a negative impact 

on rivers and streams.  

Liquid resin: Many households living close to and within a healthy, natural evergreen or semi-evergreen 

forest rely on resin production to support their livelihoods. Resin is sold in three different raw forms 

from simple processing techniques: solid resin, kerosene, and resin torch, primarily to Vietnam and 

Thailand to make boat caulking15, paints, vanish, fragrances, and sealant materials of different 

consistencies, as well as resin torches. Resin tappers noted that resin tree stands of Dipterocarpus altus 

and Shorea spp. (30 to 100 in a stand) remain healthy within an intact natural forest ecosystem. 

Increasing temperatures and declining moisture was reported to decrease resin tapping production as 

much as 20% to 30%. Rising temperature in dry season and a prolonged dry season period due to ENSO 

can cause reduced resin tapping production, from 20% to 30% (from FGDs). This, along with logging of 

resin trees, will impact the livelihoods of those who earn income from resin tapping, due to a reduced 

household consumption level. 

Aquaculture: Fish accounts for 75% of Cambodia’s animal protein intake and the majority of it comes 

from freshwater fisheries, with inland and marine fisheries contributing 90% and aquaculture about 10% 

of the total inland fish catch of the country (BizFTC, 2017). Income from fisheries contributes 10% to 

12% to Cambodia’s GDP per annum (UNIDO, 2015). Aquaculture is gradually increasing in the PLEL, 

primarily in Kampong Thom province with cage and pond aquaculture, but also in Kratie and Stung 

Treng provinces with pond aquaculture. Pond aquaculture requires intensive management and inputs, 

particularly as water quality and quantity declines. In the PLEL this is due primarily to upstream erosion 

and deforestation, the increasing application of agriculture chemicals, erratic rainfall patterns, and 

increasing demand for irrigation. Phat Sanday commune in Kampong Thom province reported that 30% 

to 50% of the fish raised in cages perished due to these causes.   

Adaptive Responses: Community members and producers have responded to these changes and impacts 

in different ways, with some more effective and sustainable than others. Many households with minimal 

assets responded as best they could, in the short-term, to minimize damage from “shocks” while some 

adopted behaviors or interventions that may strengthen resilience over the long-term. Table 21 

presents the range of household level responses (adaptive practices) employed by households within the 

PLEL in response to the impacts of changes in biodiversity and natural resources on their livelihoods. 

 

15 Recent studies indicate that resin use for caulking wooden boats is being drastically reduced as boats made of synthetic materials replace 
wooden boats.  
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TABLE 21: PLEL HOUSEHOLD LEVEL ADAPTIVE RESPONSES 

Adaptive practices Frequency of adoption 

Changing from long-term season rice to short-term season rice  +++ 

Resilient rice seed and other crop seed varieties  +++ 

Pump water from the river to farm rice and water plantations +++ 

Drill wells and construct ponds to get water for consumption ++ 

Buy water for domestic consumption (mainly in Msa Krang commune) ++ 

Diversify cash crops: cashew, cassava, sugar cane ++ 

Sell labor to nearby plantations  ++ 

Vegetable growing (short-term) for household consumption and trading activities ++ 

Increase and expand agricultural land  + 

Chicken and pig raising for additional income  + 

Establish savings groups  ++ 

Organize and participate in community groups to improve management of 

natural resources: Community Forest (CF), Community Protected Area (CPA), 

Prey Lang Community Network (PLCN), and Community Fisheries (CFi)   

+ 

Ecotourism-related activities  + 

Tree planting  + 

Borrow money from microfinance institutions/private loan  +++ 

Migration  +++ 

Key: (+) is less frequently adopted; (++) is somewhat frequently adopted; (+++) is widely adopted 

 

The adaptive responses/practices originated and were diffused from different sources, including farmer 

to farmer and household to household, non-governmental organizations (NGOs), government 

technicians, and the private sector. Producers were asked to rank the local frequency of uptake 

classifying their response into less frequently (+), somewhat frequently (++), and widely adopted (+++).  

Five responses appear to be widely practiced: migration, borrowing money, shifting from late to medium 

and early maturing varieties, using more resilient seed varieties, and pumping water for crops.  Below 

are descriptions of each of these practices. 

Long to short-term rice: Rice producers throughout the PLEL have shifted their rice production from long 

to short-term. Producers have changed the variety of rice from late to faster/earlier maturing to 

optimize profit and mitigate risk. It is common to plant dry season rice twice yearly: January to April and 

July to November or December.   

Improved seed varieties: Rice varieties have been introduced by NGOs and the Provincial Department of 

Agriculture, Forestry, and Fisheries (PDAFF) that are more resistant to extreme variations in moisture 

and dryness. Farmers have begun to propagate rice seedlings using local seeds that have adapted, over 

time, to be more resistance to drought. 

Pumping water to irrigate crops: When producers have experienced unanticipated dry periods, they have 

resorted to pumping water from nearby rivers or streams to irrigate rice and plantations. This is a 

short-term solution to salvage crops and is not sustainable.   

Borrowing money: Access to capital for agricultural investment can give the borrower a boost for 

establishing and growing a successful enterprise, and for some enterprises in the PLEL this has been the 

case. However, households that do not have many assets and are faced with a natural crisis, such as 
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erratic rains and a pest plague, take out loans to avert a food security crisis. These loans are critical for 

keeping a household afloat but can lead to greater debt if not paid off in full early on. The practice of 

extending high interest of 3% to 5% in a month for short-term loans to households is very common 

throughout the PLEL and has furthered the indebtedness of many households. For these households, 

borrowing money is not a viable, sustainable solution.    

Migration: The high rates of migration internal and external to the PLEL is often fueled by the need to 

pay off loan debts. Opportunities for employment of primarily young men and women include working 

in garment factories, construction sites, urban households, and on farms in neighboring provinces or 

other countries (i.e., Thailand, Korea, and Japan). It is common to have someone in the household 

migrate to send remittances back to support the rest of the household and  pay off debts, for an average 

of $100 to 200 in a month.   

Some of the more viable and sustainable options, such as small animal raising, participating in savings 

groups, diversifying crops, and participating in community group enterprises, are not widely adopted.  

More needs to be done to understand what the barriers to uptake are, address those barriers, and 

promote adoption.   

Value Chains Analysis 

Background: A value chain analysis was conducted of rice, cashew, resin, and aquaculture. A separate 

study was conducted on ecotourism. The following section presents a brief comparison of relevance and 

value of the commodities in the PLEL and a detailed description of each stage of the value chain, 

including production, harvesting/processing, and marketing, and how they may be impacted by threats to 

ecosystems and biodiversity.  

Comparison of selected commodities: Table 22 presents a comparison of the relevance and value of each of 

the selected commodities. Data was sourced from existing literature and the FGDs. The overall rankings 

show that rice, resin, cashew, and aquaculture are all important livelihood strategies within the PLEL and 

justify their selection. All of the commodities are considered strategic and important for food security 

and livelihoods. In terms of value chain development, resin lags slightly behind the development of the 

other three commodities such as rice, cashew, and aquaculture. Rice is produced at higher volumes than 

the other commodities and is experiencing slightly less market demand than the other commodities that 

appear to have sufficient market demand. This may be because rice supply exceeds demand. Resin 

appears to have a greater demand than supply. 

TABLE 22: COMPARISON OF SELECTED COMMODITIES 

Item Rice Resin Cashew Aquaculture 

Level of strategic priority 3 3 3 3 

Importance for food security and 

livelihood 
3 2 2 3 

Level of integration and 

commercialization  
3 2 3 3 

Market demand 2 3 3 3 

Volume of produce (supply) 3 1 2 2 

Note: Ranking: (1): Low, (2) Medium, (3) High 
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Value Chain Descriptions 

Rice Value Chain: Cambodia produces rice estimated at 10,000,000 t annually, which exceeds food 

consumption needs (MAFF, 2018a). In 2018, 574,673 t (Cambodian Rice Federation, 2018) were 

exported to the region, the European Union, and the United States.  

Inputs: Traditional input sellers based out of provincial, district, and commune shops stock fertilizer, 

pesticides, seeds, and tools, meeting most of the farmers’ input needs. Typically, these businesses are 

family run with minimal associated costs, enabling them to sell the inputs at the lowest cost possible. 

Profit margins are estimated in the 10% to 20% range and are used for family income rather than 

business investment. Extension services such as knowledge sharing and development, marketing, and 

expansion are provided by parent companies. Wholesalers, such as chemical and seed providers, pass 

these services along through local shops. Traditionally, the input seller relies on passive sales through 

their local network but does not promote or demonstrate proper use. The local sellers’ technical 

knowledge of the products is limited, and their recommendations are usually not trusted. Development 

programs, such as the USAID Cambodia HARVEST project have been working to improve the services 

local sellers provide but has had limited success to date.  

Production: There are two main categories of rice farmers in the PLEL: small-scale and medium- to large-

scale. The vast majority of Cambodia’s 3,000,000 ha of rice land is farmed by small-scale farmers on less 

than 1.5 ha. Small-scale farmers grow rice for their own consumption and sell any surplus, typically 

between 20% and 30%, to local or Vietnamese collectors. Small-scale farmers primarily use seed 

collected from the previous harvest, producing white rice, although an increasing number of small-scale 

farmers are switching to aromatic varieties to earn premium prices. In terms of financing their business, 

most small-scale farmers depend on informal lending from their families or local money lenders. They 

are also more likely to hire tractor and harvesting services than own their own equipment. When local 

services are hired, farmers have less control over when the equipment is provided, resulting in lower 

yields and higher post-harvest losses. The medium-scale farmers and large-scale farmers own 1.5 ha and 

5 ha of land respectively. They have the assets to invest in their machinery, have access to formal credit, 

and purchase all the inputs they need. These families are also able to supplement their income by hiring 

out equipment, extending the input supply chain, and collecting and transporting rice for small-scale 

farmers.   

Traditional rice cultivation methods in Cambodia have evolved over time based on rainfall distribution, 

flooding patterns, topography, field elevation, and soil fertility (Nesbitt H.J., 1997). These changes affect 

choices about which rice varieties and cultivation methods to employ that will result in the most 

productive and secure yields. Seasonal rainfall, flooding patterns, and soil conditions determine the kind 

of inputs and cultivation actions farmers will take (i.e., when to sow, seed vs. seedling, etc.). There are 

several kinds of rice grown in the PLEL, divided by wet season and dry season rice. Lowland, deep-

water, and upland chamkar rice are grown during the wet season and are dependent on a healthy and 

predictable rainfall between May and November. Natural wet season flooding supports the production 

of lowland and deep-water rice that brings nutrient-rich sediments to paddy fields. For dry season rice 

cultivation, which typically takes place from November to February, farmers manage receding 

floodwaters and utilize canal irrigation. Most of the rice is grown in partially flooded land (90%). See 

Figure 50 for the different natural growing conditions and related land area. 
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Figure 50: Rice growing conditions and percentage land area 

Each year, farmers make a complex decision to match early, medium, and late maturing rice varieties 

with their soil types, topography, and season (late or early rains). Farmers decide how to subdivide their 

fields into different levels to manage dry and wet fluctuations to ensure crops grow and mature at the 

appropriate time and reduce risk of crop failure. At the same time, they need to optimize resources 

(labor and inputs) to ultimately increase food security and generate income. The farmers believe that the 

shorter the time the crop spends in the field, the lower the risks of crop failure. For this reason, farmers 

are moving away from planting late towards faster maturing varieties (early variety). 

Only 22% of rice paddy area is irrigated, with most farmers depending on one rainfed rice crop per year. 

These farmers are particularly vulnerable to the impacts of climate change, such as increasing 

temperatures, which increase the incidence of pests and changing rainfall patterns. Rice crop yields are 

expected to decline up to 20% from 2000 to 2050 in East Asia and the Pacific due to climate change 

(Asian Development Bank & International Food Policy Research Institute, 2009). The wet seasons in 

2014, 2015, and 2016 have all experienced late and diminishing rains and rising temperatures, leading to 

below-average rice production (3 t/ha is an average annual rice yield in Cambodia). Farmers that 

participated in the FGDs reported that they had planted less rice in water recession zones during 

periods of unpredictable climate variability.   

TABLE 23: RICE CULTIVATED (HA), PRODUCED (T), AND YIELD (T/HA) 

Cultivated area (ha) 

Location 2014 2015 2016 2017 2018 

Kampong Thom 257,613 257,424 267,277 267,258 278,951 

Preah Vihear 74,431 83,406 82,418 85,861 88,064 

Stung Treng 26,960 28,747 28,684 28,572 27,668 

Kratie 45,771 45,624 47,096 47,247 47,281 

Total PLEL Site 404,775 415,201 425,475 428,938 441,964 

Total Cambodia 3,028,836 3,025,630 3,099,769 3,189,485 3,248,061 

Production (t) 

Location 2014 2015 2016 2017 2018 

Kampong Thom 725,267 723,228 786,573 802,703 864,845 

Preah Vihear 209,304 229,417 241,596 252,040 255,652 

Stung Treng 73,121 74,794 78,742 71,441 71,434 

Kratie 148,107 142,090 151,266 157,174 154,700 

Total PLEL Site 1,155,799 1,169,529 1,258,177 1,283,358 1,346,631 

Total Cambodia 9,324,416 9,335,284 9,952,270 10,518,339 10,891,735 
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Yield (t/ha) 

Location 2014 2015 2016 2017 2018 

Kampong Thom 2.815 2.809 2.943 3.003 3.100 

Preah Vihear 2.812 2.751 2.931 2.935 2.903 

Stung Treng 2.712 2.602 2.745 2.500 2.582 

Kratie 3.236 3.114 3.212 3.327 3.272 

Total PLEL Site 2.855 2.817 2.957 2.992 3.047 

Total Cambodia 3.079 3.085 3.211 3.298 3.353 

Note. Input data from MAFF (2018a). 

Marketing: The structure of the Cambodian conventional rice value chain begins with inputs (seed and 

other items such as fertilizer and pesticide) supplied by input sellers to farmers. Collectors/traders buy 

the rice at harvest and either sell it to larger traders or transport the rice directly to the millers who 

buy the rice, process it, brand it, and sell it to wholesalers/trading companies. Sometimes the farmers 

transport their rice directly to the mill. The miller or wholesaler/trader sells the rice locally or for 

export. The domestic market is still dominated by the traditional wet market, but there are also an 

increasing number of supermarkets in urban centers to meet the increasing demand of a growing middle 

class. Much of the white rice is sold for domestic and export consumption, while fragrant varieties 

dominate export. 

Collectors/traders are critical actors in the rice value chain. They share risk, provide working capital, 

collect current market information, and communicate market needs to sellers. Their primary role is 

aggregation. Collectors/traders maintain a large network of potential sources of rice and use this 

network to gather together the quantities and qualities they need for each miller. Due to low cost of 

entry, collectors/traders work with small margins (<10%) (USAID, 2015). Larger entities own their own 

trucks and usually have access to formal credit. Rice is usually purchased from farmers with cash at the 

time of collection. Most work closely with mills to know what quality/variety is required and pass this 

information to farmers. Generally, they do not pass on other information that an agriculture extension 

worker would share. There may be an interesting opportunity for collector/traders to take a more 

proactive role in the farmers’ production by communicating information to improve production or 

partner with an agronomist who can provide advice to farmers. Domestic traders face steep 

competition from Vietnamese traders who can offer a higher price for white rice, taking advantage of 

Vietnam’s lower milling and transport costs. 

Processing: There are over 800 rice mills in Cambodia, of which 200 of them are medium- or large-scale 

(i.e., >10 t/hr). Most mills run at low operating efficiency. Commercial mills do not produce their own 

paddy, although the International Finance Corporation (IFC) is encouraging commercial mills to engage 

in seed production (IFC, 2015). Few mills have contract production agreements, while again under the 

influence of IFC, a growing number have hazard analysis and critical control point and/or International 

Organization for Standardization certification to facilitate export. Millers buy paddy from growers and 

collectors but prefer collectors due to larger volumes. Lack of liquidity to pre-finance inputs to growers 

is a constraint to contract production. Milling costs are 40% higher and fuel and logistics costs are 40% 

to 70% higher for Cambodian mills compared to neighboring countries (IFC, 2015), which makes it 

difficult to compete with Vietnamese mills. Millers either sell their product to trading companies or have 

their own brand and export market (USAID, 2015). According to IFC and the FGD interviews, millers 

face the following constraints (IFC, 2015): (1) lack of access to working capital to buy paddy and upgrade 

milling equipment; (2) high electricity costs (40% higher than Thailand and 70% higher than Vietnam); and 

(3) inability to obtain paddy in sufficient volume, quality, and varietal purity.  

Export: Cambodia has over 80 licensed exporters, of which roughly two dozen are large-scale. These 

firms export milled rice to the EU, Russian Federation members, USA, China, Africa, and Asia. 
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A 5-year rice export target of 1,000,000 t/year was set by the Cambodia Government in 2010. By the 

target endpoint (2015), 538,000 t had been exported. Despite not meeting the target, exports continue 

to grow, and the estimate for 2017 is 575,000 t. Exporters’ two biggest challenges are varietal and post-

harvest control from their growers and millers. Exporters are also challenged by absorbing inland 

transportation costs and insufficient port infrastructure. Transport costs from mill to port are 72% and 

87% higher in Cambodia than in Thailand or Vietnam, respectively. The average port charges are USD 

$23/t and USD $25/t in Vietnam and Thailand, respectively, and USD $43/t in Cambodia (IFC, 2015). 

Niche markets: The niche market for Cambodian rice is referred to as organic certified. Organic certified 

rice is exported to the EU, USA, and other countries, with a small amount sold out of up-scale domestic 

supermarkets in Phnom Penh. There are four large companies/rice mills processing and selling organic 

rice: Amru Rice, Signature Asia, FedRice, and IBIS Rice. The total volume of organic certified rice is 

estimated to be 20,000 to 25,000 t/year. 

There are at least three forms of certified niche market rice: organic, IBIS Rice, and Sustainable Rice 

Platform (SRP). The majority of niche market rice is grown in PLEL sites, such as Kampong Thom, Preah 

Vihear, and Stung Treng provinces. FGDs and KIIs reported that niche markets can provide a premium 

price to local farmers from 10% to 20% above regular rice. Moreover, SRP is attractive to private sector 

investors and buyers because it is economically feasible and environmentally friendly. Brief descriptions 

of niche markets are described below: 

• SRP is promoted by NGOs (Wildlife Conservation Society [WCS]) and the private sector (IFC 

and select rice millers) and certifies the sustainable use of soil, nutrients, and water and that 

human rights are respected (i.e., no child labor). It was introduced several years ago in 

Cambodia in the downstream watershed of the Tonle Sap and some parts of Kampong Thom 

and Preah Vihear provinces. The premium price is 10% to 20% higher than conventional rice.  

• The IBIS Rice model is promoted by WCS in collaboration with IBIS Rice, a social enterprise. 

The production of IBIS Rice is supported with technical assistance provided by a local NGO, 

Sansom Mlup Prey, which is funded by donors. The model is implemented with rice farmers 

living within protected areas. Technical assistance is provided to farmers to grow a local variety 

of rice organically and more productively. Most importantly, the farmers are prohibited from 

expanding areas of rice production into protected areas or hunting wildlife. Through farming 

contracts, farmers sell their rice for a premium (10% to 20%) to IBIS Rice. The model is 

implemented effectively to encourage people to participate in protecting and managing natural 

resources and biodiversity, which reduces the dependence on the use of non-timber forest 

products in Preah Vihear, Kampong Thom, and Stung Treng provinces. 

• Organic rice is in demand in the local and international markets. Several rice millers, including 

Amru Co. Ltd., Signature Asia, FedRice, and a few others contract with farmers to produce 

organic rice certified by Reunion Control. The certification process is supported by German 

Society for International Cooperation (GiZ) funding.  

Cashew Value Chain 

Production: The area in Cambodia under cashew production has increased from 57,546 ha in 2014 to 

116,312 ha in 2018, with a corresponding increase in production from 38,768 t in 2014 to 191,922 t in 

2018. About 50% of the country’s cashew production (MAFF, 2018b) is in the PLEL, and with the 

increasing demand for cashew in neighboring Vietnam and the global market, plantations are likely to 

increase. FGD respondents reported that cashew plantations are established on cleared chamkar land, 

which is cleared natural forest. The expansion of cashew plantations contributes to forest habitat loss in 

the PLEL. It takes at least one full year for trees to mature for harvest but the return on investment is 

higher than other crops such as rice. The harvest season begins in March and ends in May.  
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TABLE 24: CASHEW CULTIVATED (HA), PRODUCED (TON) AND YIELD (T/HA) 

Cultivated area (ha) 

Location 2014 2015 2016 2017 2018 

Kampong Thom 23,400 24,496 24,491 26,076 26,079 

Preah Vihear N/A N/A N/A N/A 7,889 

Stung Treng 716 486 181 997 4,381 

Kratie 3,578 4,405 5,564 8,022 19,490 

Total PLEL Site 27,694 29,387 30,236 35,095 57,839 

Total Cambodia 57,546 61,377 71,733 78,328 116,312 

Production (t) 

Location 2014 2015 2016 2017 2018 

Kampong Thom 11,700 19,597 23,266 31,291 39,991 

Preah Vihear N/A N/A N/A N/A 20,511 

Stung Treng 711 470 190 1,059 8,324 

Kratie 6,440 7,929 10,015 14,440 40,929 

Total PLEL Site 18,851 27,996 33,471 46,790 109,755 

Total Cambodia 38,768 59,214 89,258 100376 191,922 

Yield (t/ha) 

Location 2014 2015 2016 2017 2018 

Kampong Thom 0.500 0.800 0.950 1.200 1.533 

Preah Vihear N/A N/A N/A N/A 2.600 

Stung Treng 0.990 0.970 1.050 1.060 1.900 

Kratie N/A N/A N/A N/A 2.100 

Total PLEL Site 0.681 0.953 1.107 N/A 1.204 

Total Cambodia 0.674 0.965 1.244 1.281 1.650 

Note. Input data from MAFF (2018b).  

The majority of farmers plant at least 1 ha of cashew. Farmers elect to grow cashew because of steady 

export demand (i.e., Vietnam and India), relatively high and stable market prices, and the ability to earn 

relatively large sums of cash. Many farmers have experience with growing cashew in the past or learn 

from peer farmers. They purchase inputs, such as, fertilizer, pesticide, and herbicides from input 

suppliers. Farmers use seed and prefer to use the hybrid variety M23, purchased from an input supplier 

farm in Skun (Kampong Cham province), which gives higher yields than using local seed. 

Farmers prepare their land in April or May before the onset of rains and plant in May, June, or July when 

it begins to rain. The tree usually yields fruit after 1 year and is harvested from February to May. 

Irregular rains can affect the quality of the cashew nut. Cashew farmers are small- or medium-scale. 

Small-scale farmers have less to invest and usually use local seed. Meanwhile, medium-scale farmers have 

at least 2 ha of cultivated land and invest in inputs, including labor and M23 hybrid seed.  

In Kampong Thom province, there are a few groups/associations of cashew farmers formed. Some are 

more active than others and most act as saving groups. FGD respondents reported that it is difficult to 

develop trust among members. They also reported across all four provinces that unusually high 
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temperatures and erratic rainfall experienced in 2014 and 2016 had a negative impact on cashew 

production. Periods that were drier and hotter than normal affected leaf drop, excessive rains affected 

pod formation, and greater incidence of pests and disease on pods and fruits were reported.  

Marketing: Farmers usually do not process the cashew nuts by pre-grading or sorting them and sell them 

to the collector right after harvest. Collectors buy cashew nuts directly from the farmer in Kampong 

Thom and Preah Vihear provinces and sell them to wholesalers in town or to buyers from Vietnam, 

Thailand, or India. Normally, they collect the harvest from February through May. It is common that in 

one harvest season, they purchase 5 to 15 t of cashew per day. Collectors typically sell the cashews to 

buyers (wholesalers) within a day and prices vary. Wholesalers have warehouses to store their produce 

longer. Most collectors purchase not only cashew nut, but also other agricultural commodities, such as 

soybean, rice, sesame, and mung bean. 

Wholesalers buy large quantities of cashew from farmers and collectors ranging from 10 to 50 t/day. 

There is only one wholesaler that processes and exports cashew to buyers in Vietnam, Thailand, India, 

and Japan. This wholesaler buys cashew from different collectors and farmers throughout the country. 

They have a large warehouse facility and equipment that processes (including sorting and grading) up to 

10 t/day. Depending on the volume, they export raw cashew weekly, and sell an average of 60 to 70 

t/day. 

Aquaculture Value Chain 

Production: Fish is the main source of protein for many Cambodians (75% of animal protein intake) and 

has traditionally contributed to making rural families with meager resources food secure and well 

nourished. Aquaculture contributes about 10% of the total inland fish catch of the country (BizFTC, 

2017). The Mekong River and the Tonle Sap Lake make up a vast inland water system comprised of 

flooded forests, grasslands, rice fields, and swamps that support extensive capture fisheries. Cambodia’s 

fisheries sector plays an essential role in Cambodia’s economy. The income from fisheries 

contributes10% to 12% to the GDP per annum (UNIDO, 2015). The country’s total annual fish catch 

from inland and marine fisheries was estimated to be 632,839 t (UNIDO, 2015), with 10% derived from 

aquaculture. Table 25 below shows that aquaculture production in Cambodia has increased from 85,236 

t in 2013 to 191,915 t in 2017.   

Aquaculture input suppliers sell seed, fish food, equipment to maintain ponds and cages (i.e., water 

pumps and aerators), and technical services related to maintaining healthy fish. There are four primary 

sources of fry for aquaculture: (1) wild caught, (2) imported (Vietnam and Thailand), and raised in (3) 

private and (4) government hatcheries (Lang, et al., 2015). Locally captured fry are primarily catfish 

juvenile fingerlings caught through dai (bag-net) fishing. Snakehead and pangasius fry are imported and 

sourced from the wild catch. Carp and tilapia fingerlings are sourced from small-scale hatcheries. The 

industry is still heavily dependent on imported fingerlings (for pangasius production) and wild caught 

fingerlings (for other species). In 2015, there were 307 private sector hatcheries, of which 294 were 

village hatcheries. There are very few hatcheries in the PLEL, while Phnom Penh has the majority (FiA, 

2016). 

Aquaculture is a form of inland fishery with fish farmed in cages or ponds. Primarily pangasius (73%) and 

giant snakehead (Channa micropeltes) (21%) are raised through freshwater aquaculture with some farms 

raising puntius, Philippine catfish (Clarias batrachus), and others as well. The smaller systems tend to be 

dominated by carp and tilapia, while the larger, more sophisticated farms tend to be carp-dominated 

polyculture with tilapia, pangasius-dominated polyculture, or pangasius or tilapia monoculture. Seventy 

percent of aquaculture production uses cage aquaculture, the majority of which are found along the 

Tonle Sap Lake, and for stretches along the Tonle Sap, Mekong, and Bassac rivers (USAID LEO, 2015). 

Most cage aquaculture is small-scale. Ponds are also popular for cultivating fish, with 56,234 ponds (962 

ha) operated by 40,500 farmers reported in 2010. Ponds may be as small as 100 m2, although more 
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sophisticated systems are up to 200 m2. The smaller systems use rice bran mixed with fish powder for 

fish food and yield less than 1 kg/m2 for 6 months of aquaculture. The larger systems use commercial 

pellets for fish food and yield from 1.5 to 20 kg/m2 (15 to 200 t/ha). Producers usually have two 

production seasons per year, typically 8 months for each production period. A 400 m2 pond stocked 

with snakehead yields about 1,000 t. A commercially-run pond of around 500 m² can produce 15 to 30 t 

per season. The small- and medium-scale farms can produce 1 to 5 t/500 m2. The potential production 

of aquaculture from the presently developed ponds is around 140,000 t.   

Aquaculture production is concentrated mainly in areas where soil, water, and access to markets are all 

relatively favorable. Cage aquaculture takes place primarily in the Tonle Sap Lake and the upper Mekong, 

including Kampong Thom, Kratie, and Stung Treng provinces, and contributes about 50% of the national 

total. The main species raised through cage aquaculture are giant snakehead (Channa micropeletes, 47%), 

pangas (Pangasianodon hypophthalmus, 27%), and hybrid catfish (Clarias sp. 23%) (FiA, 2016). Most pond 

aquaculture is concentrated around Phnom Penh, Siem Reap, Takeo, Pursat, Kampong Speu, Kampong 

Chhnang, and Prey Veng provinces. Kampong Thom province, within the PLEL, also has fishponds. Pond 

aquaculture usually requires more intensive production and investment in terms of labor and inputs than 

cage aquaculture. The main species grown in pond aquaculture include pangasius (hatchery and wild 

source), silver barb, carp, and tilapia (mainly from hatcheries).  

The return on investment for giant snakehead aquaculture is higher compared to other species; 

however, they are raised by using fish tray as the main feed, which can impact the diversity of species. 

FGD interviewees from Phat Sanday commune, a floating village, show that giant snakehead cage 

aquaculture can double profit as compared to pangas.  

FGD respondents from Phat Sanday commune in Kampong Thom province also mentioned that the 

return on investment for raising giant snakehead is better than pangasius because fish tray is the main 

feed. Respondents also mentioned that declining water quality, pollution, and stagnation have increased 

mortality rates (up to 30% to 50%) of cage aquaculture for both giant snakehead and pangasius. They 

believe that the declining water quality is attributable to the intensive use of water (irrigation) and 

pesticide application related to rice farming upstream. Contributing factors include clearing of forests for 

dry season rice cultivation and the increasing incidence of stronger storms in the wet season. Another 

threat is the invasion of exotic species, such as giant mimosa and piranhas, and the increased dominance 

of mono-species, such as water hyacinth, in the Tonle Sap Lake in particular. 

TABLE 25: TREND OF AQUACULTURE PRODUCTION (INLAND-FISHERIES) 

 2013 (t) 2014 (t) 2015 (t) 2016 (t) 2017 (t) 

Kampong Thom  4,000 7,530 9,003 22,000 26,500 

Preah Vihear  30 30 40 40 50 

Stung Treng  200 45 100 100 140 

Kratie  600 650 813 3,000 3,700 

Total PLEL Site  4,830 8,255 9,956 25,140 30,390 

Total Cambodia  85,236 111,874 140,594 159,668 191,915 

 Note. Input data from Department of Aquaculture, MAFF.   

Marketing: The aquaculture value chain is comprised of several primary actors, including input suppliers, 

aquaculture farmers, several layers of middlemen, and processors. Medium-scale producers are still 

producing only for local markets during the closed season. The USAID Cambodia HARVEST project 

study (2015) reveals that the percentage of aquaculture production coming from local fingerling 

production has increased from 40% in 2015 to up to 55%. This growth indicates that the industry is 

moving away from subsistence to commercial level production. 
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Collectors or middlemen directly buy fish from fishers, dai fisheries, and fish farmers (cage aquaculture 

or fishpond). They then distribute fish to different fish actors along the value chain, aggregating quantity 

for processing and marketing. Typically, they manage several boats with large ice coolers for maintaining 

the freshness of the fish during the collection period. They are usually strategically located in fish stalls 

or cold stores (for the better equipped and organized) close to the fish farms, landing sites, and floating 

villages. Distribution centers are located in villages, communes, districts, and provincial towns, as well as 

in large urban centers. The middlemen buy fish year-round and sell to wholesalers. They set prices with 

fishers and fish farms based on the daily market demand and supply. Most fish collectors have capital for 

paying on-site in cash and providing credit in cash and in kind for inputs (i.e., fishing gear). Some 

collectors obtain loans from wholesalers, middlemen, and exporters in exchange for providing fish.  

The wholesaler is another important actor along the distribution network of the fisheries value chain. 

They establish their permanent fish stalls in strategic locations, such as landing sites, floating villages, 

distribution centers, and any other important fisheries areas. They are well distributed over the fishing 

territory. They buy fishery products from fish farmers, producers, collectors, middlemen, dai fisheries, 

and some of them also buy imported products from Vietnam, which comprise about 25% of the total 

volume being traded (UNIDO, 2015). They resell their collected fish to retailers, restaurants, markets 

or long-distance markets, and some exporters to Vietnam and Thailand. They are the main traders and 

provide credit to fishers and traders. 

Fish retailers sell fish in markets directly to consumers. Most have a stall in the market, but several are 

itinerant and temporarily rent space in markets. Most are women, but often have spouses or relatives 

who help them buy fish from the landing site or the distribution center. 

There are two types of fish exporters in Cambodia: formal and informal exporters. Since trade by 

foreign vessels/traders occurs offshore, informal exports of fresh fish to Thailand and Vietnam are not 

monitored. According to FGD respondents, fish is also exported by traders across borders. Free flow of 

commodities across the border is common along the Poipet border of Banteay Meanchey province to 

Thailand. Processed fish products and limited fresh products are formally exported by companies, the 

latter by air. Cambodia’s export of fish products amounted to more than 12,000 t during the January to 

November period in 2016, according to a report by MAFF (2018a). In 2016, the total export of fresh 

fish products was 9,100 t and export of processed fish products was 5,200 t (Chea, 2017). 

Processing: Fish processors are generally fishers, fish farmers, collectors, or businesses. The processors 

purchase fish from aquaculture farmers, fish traders, and collectors/middlemen to produce fish paste, 

salted dried fish, fermented fish, and smoked fish. Processed products are usually sold to domestic 

markets, although some products are also sold to international markets. 

Fish is smoked by curing fish with a brining solution and smoking with a wood fire. It is a traditional food 

processing practice and is done to extend the shelf life. Large-scale processing enterprises use kilns to 

process smoked fish. The main fish species for making smoked fish are catfish (Clarias batrachus), trey 

chhlaing (large catfish), trey kes (Phalacronotus apogon), and another species of catfish (Phalacronotus 

apogon). The smoking of fish by small-scale processors requires wood and can contribute to 

deforestation and habitat loss.   

Prahoc is a fermented fish paste, an important staple food for rural Cambodians. Prahoc is a critical low-

cost source of protein in the Cambodian diet and is a popular condiment for Cambodian cuisine. It is 

made from small, low-value fish and can be eaten cooked, raw, and mixed into soups. As a fermented 

product, prahoc can be stored for several months without spoiling. This makes it a reliable (and ready-

made) source of protein throughout the year. Prahoc is fermented by adding salt to fish and crushing it. 

The conversion rate from fresh fish to prahoc is 2:1. 
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The number of commercial fish processors using machines to remove fish heads and fat has grown 

dramatically in Kampong Thom province, within the PLEL. During peak catch periods, the machines can 

process up to 5 to 15 t/day. Transporters indicate that the number of trucks transporting fish (both 

processed and unprocessed) from the river in Stoung district to domestic markets has steadily increased 

over the past few years. FGD and KII respondents reported that the overall demand for fish is 

expanding as distribution networks reach new markets and consumers. They note that the quality and 

taste of commercially made prahoc is often substandard due to the overuse of salt and poor fish quality. 

Commercial prahoc is sold to wholesalers within 2 days and fish head and fat is not well removed, which 

attributes to low quality. In response, some medium-scale prahoc makers have purchased fish-head 

removal machines and use them to make prahoc on their own. Farmers who are end users make their 

own prahoc to ensure quality.  

The main fish species used by farmers and small-scale producers to produce prahoc are trey riel 

(Cirrhinus caudimaculatus), trey raw (Channa marulius), and trey kros (dusky face carp). Medium-scale 

processors also make prahoc from high value fish species, such as snakehead and giant snakehead 

(Cyclocheilichthys enoplus), sourced from catch and cage aquaculture. Phat Sanday commune FGD 

respondents stated that when they made prahoc from high value fish aquaculture (snakehead and giant 

snakehead) they were able to add value, increasing profit from simply selling fish to traders by 20% to 

40%.  

Dried fish is a product that is also made from high value species but usually sourced more cheaply 

because it isn’t as fresh, therefore lower quality. Dry fish is typically produced by removing the head and 

guts, washing the de-gutted fish, and drying it in the sun. The heads and innards are stored in plastic bags 

and sold to raise carnivorous fish. Dried fish is sold in significant volume in Kampong Thom province and 

the Stoung district market is popular among dried fish consumers. Striped snakehead or bulls eye 

snakehead (Chana marulius) are commonly processed into dried fish with a high value for the domestic 

market, especially Cambodia’s middle class. Dried fish can add value with a profit margin within the 

range of USD $1 to $3/kg. 

Resin Tree (Depterocarpus alatus) Value Chain 

Production: In Cambodia, resin is collected in both liquid and solid form. The evergreen tree 

species Dipterocarpus alatus is the main source of liquid resin, although at least five other species are 

tapped for resin as well (Evans, Hourt, Phet, & Hang, 2003). Most Dipterocarpus species are referred 

to in Khmer as chheu teal, plus a range of classifiers (e.g., chheu teal tuk, chheu teal masao, and 

chheu trach) 

Customary tenure of resin trees is established similarly across the four PLEL provinces and Mondulkiri 

province in the Eastern Plains Landscape. According to custom, the first person to find and mark a resin 

tree is considered the owner of the tree. In some areas, resin trees grow in well-defined groups (30 to 

50 trees), so it is possible for one person to find, mark, and own all the trees in the group (Evans et al., 

2003). In other areas, resin trees are found along streams or scattered about the forest. The number of 

trees owned by a tapping household is commonly in the range of 30 to 100 trees; some have fewer 

while others claim to own several hundred trees (Prom, 2009). Village members and neighboring villages 

recognize ownership of resin trees as private property, which makes it possible to transfer ownership of 

trees through sale, inheritance, or donation. It is also possible to sell the rights to tap trees for a 

specified period of time. This tenure system appears unique for resin trees. Other trees that provide 

NTFPs are not “owned” and access to the NTFP resources is open to all (Evans et al., 2003). Because 

resin trees are treated as private assets, tappers have a strong incentive to protect their trees from 

logging because their resin trees are their private asset. Groups or families (two to 10 members) can 

also establish tenure and ownership of resin trees having located a group of trees together. Typically, 

the family or group members rotate their tapping activities. One member or family tap for a month, sell 
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the resin collected over the period, and keep all the revenue for themselves. The next month another 

member or family takes over the tapping of the same trees for a month under the same terms, and the 

rotation continues until all of the partners have tapped the trees once (Prom, 2009). 

The Forestry Law (2002) ensures user rights to resin and other NTFPs under a number of Articles, 

with Article 40 the most explicit (see Box 1). 

The customary tenure system and Article 40 

of the Forestry Law (2002) are not aligned. 

Article 40 only ensures user rights and 

prohibits the transfer of such user rights to a 

third party. Secondly, although Article 40 

makes clear that a (harvest) permit is not 

required to tap trees for resin, a transport 

permit and applicable fee payments are 

required for trading resin. It has long been the 

“custom” to trade resin from forest areas, 

where it has few uses, to areas of higher 

demand. Since nearly all resin is traded, Article 

40 provides a basis for assessing fees on nearly 

all resin produced (CDRI, 2003). 

The traditional method of resin collection, 

cutting a hole in the side of the tree and 

burning the hole to induce resin flow, does 

not appear to damage resin trees, and the risk 

of forest fires appears negligible due to the 

brevity and control of the burning (Evans et al., 

2003; Enfield, Ramangkoun, & Vongkhamsao, 1998). Studies have shown that employing traditional 

tapping methods trees can continue to yield resin for several decades – over 70 years (Enfield et al., 

1998) and 50 to 80 years (Ankarfjard & Kegl, 1998). Evans et al. (2003) analyzed the potential damage to 

more than 2,500 actively tapped resin trees in Mondulkiri province and only in rare cases did resin 

tapping significantly damage trees (over-burning of tapped area). There was no evidence that trees 

tapped for long periods of time were more damaged than recently tapped trees. Traditionally, the Kuy 

pray to the neak ta (the forest spirit) before they begin to tap a tree, professing that they will not harm 

the resin tree. 

FGD and KII respondents explained that tapping methods vary slightly from province to province and 

commercial tapping is different than traditional practice. In practice, tapping resin involves cutting a 

backward sloping hole in large trees, usually trees greater than 60 cm in diameter. The hole is burned 

briefly to stimulate the flow of resin, which is collected in plastic containers or in some cases in bags 

over a few days. Tappers then repeat the process, briefly burning the tap and returning to collect resin. 

The tappers leave the resin tree for a few days (6 to 10 days) to allow the oleoresin to exudate from 

the woody vascula. The hole is left again for another 6 days before the next collection.  

Resin tappers often remove dried leaves, twigs, and other ignitable debris found under or within close 

proximity of the trees to avoid causing forest fires. Local tappers attest to forest fires resulting from 

tapping being very rare. 

Prom (2009) indicates that tapping methods have changed slightly among commercial and subsistence 

tappers from 2009 to 2019. In Kampong Thom, Preah Vihear, Stung Treng, and Kratie provinces, resin 

tappers have sold their trees to other tappers, loggers, and ELCs. This sale of tapping rights has led to 

the consolidation of ownership of numerous resin trees by some tappers, some owning from 2,000 to 

Box 1: Forestry Law (2002), Article 40 

“A. The customary user rights of a local community for 

timber products and NTFPs shall not require a permit 

and include the following: 

1. The collection and use of dead wood, wild fruit, 

products from beehive or comb, resin, and 

other NTFPs; 

2. The right to barter or sell NTFPs without a 

permit provided such sale does not threaten 

the sustainability of the forest. A transport 

permit is required for any third party who buys 

NTFPs for commercial purpose from a local 

community, in accordance with the provisions 

of this Law and after payment of any applicable 

royalties and premiums. 

B. It is prohibited for a local community to transfer any 

of these customary user rights to a third party, even 

with mutual agreement or under contract.…” 



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  75 

10,000 trees per person or enterprise. These large enterprises hire labor to tap the resin and more 

frequent burning has begun to occur to maximize resin production. FGD and KII respondents reported 

that the more frequent harvesting method is not sustainable, causing severe damage and death within a 

few years of these resin trees. Respondents also noted that the hotter dry season they have been 

experiencing since 2016 causes the leaves to drop prematurely, reducing resin production from 20% to 

50%. The hotter temperatures combined with the rate of forest loss presented in the ecosystem analysis 

threatens the viability of the remaining resin trees. This is also evident in the sharp decline of resin 

products. Tappers are also concerned about the recent establishment of protected areas and that their 

access to trees within the protected areas might be restricted, particularly within the core protected 

areas. Formal protection through community forest (CF) and community protected area (CPA) 

management may help consolidate resin tapping rights.  

Marketing: The majority of resin products are sold to Vietnam and Thailand, with small amounts of 

processed products being sold to India and Sri Lanka through Sihanoukville Port (Prom, 2009; SFB, 

2016). According to 2009 estimates, there were 17,800 tapper households in the PLEL and Mondulkiri 

province, of which roughly 14,800 tapper households were solely from the PLEL.  

Resin production has fluctuated over the last decade, according to several studies and FGD respondents. 

Production trended downward from 2001 to 2019 (CDRI, 2003; Prom, 2009; SFB, 2016) but increased 

between 2009 and 2016 due to the start of commercial tapping and granting of ELCs, which improved 

access to the forest. Unfortunately, from 2016 to 2019, production decreased drastically as a result of 

over tapping and illegal logging of resin trees. The establishment of ELCs led to an improvement in 

infrastructure (roads), enabling access to the forest and driving deforestation. Production in 2019 is 

estimated to be 12,000 t, most of which was tapped from resin trees in Preah Vihear and Stung Treng 

provinces. Resin tapping has reduced considerably in Kampong Thom and Kratie provinces as a result of 

illegal logging.  Based on the current price (2019), the total economic value of resin products made from 

resin tapped from within the PLEL is estimated to be approximately USD $12,000,000. 

TABLE 26: TREND OF RESIN PRODUCTION   

Year, Location 2001 2009 2016 2019 

Production (Ton/Year) 10,000 15,000 30,000 12,000 

Note. 2001 (CDRI, 2001), 2009, (NTFP-EP, 2009), and 2016 (SFB, 2016) include data from Mondulkiri (Eastern Plains 

Landscape) in addition to the PLEL. 

In Cambodia, several resin products are sold. Products include raw resin and filtered resin, the latter of 

which improves quality for export. Resin is also mixed with different substances (e.g., solid resin, 

kerosene, preal leaves) to produce torches for lighting fires. Other uses of resin include boat caulking16, 

paints, varnish, fragrances, and sealant materials of different consistencies. Typically, 

wholesalers/aggregators process the resin into these products, although retailers and exporters 

occasionally process resin in response to consumer demand. Processing usually entails filtering and/or 

sorting the resin to improve quality.   

Resin value chain actors include tappers; traders for initial resin consolidation; resin associations to 

consolidate resin at a larger scale; wholesalers/aggregator/exporters who process resin, manufacture 

products, transport products, and retail locally or export at the border; and retailers. Table 27 presents 

the main actors, their functions, skills/technology they employ, and their relationships with other actors. 

 

16 Recent studies indicate that the demand for boat caulking has decreased because traditional wooden boats are being replaced by boats made 

of synthetic materials. 
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TABLE 27:  RESIN PRODUCTS, PROCESSES, AND VALUE CHAIN ACTORS 

Function/actor 
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Skills/technology and relationships 

Exporting  X  X  

Personal relationship, access to loans to ensure regular supply 

of resin products, and paid formal and informal fees at border 

and Sihanoukville Port. 

Obtaining 

permit/license 
   X  

Pay formal fee to FA. Tappers within protected areas also pay 

informal fees at protected area entrance. 

Processing (torch) X  X X  
Mix of resin waste products and preal leaves are collected 

from forest. 

Filtering, sorting, 

and packaging  
   X  Simple filtering in warehouse and laborers hired. 

Transporting X X X X  Use moto trailer (koyun), truck, taxi, or motorbike. 

Tapping resin and 

collection 
X     

Tap manually; use fire to stimulate trees. In some cases, the 

resin tappers pay informal fees at protected area entrance. 

Collection occurs during wet and dry seasons. 

 

Resin tappers travel to forests to collect resin from their trees every 3 to 5 days, weekly, or monthly 

depending on the availability of labor. They collect from 1 to 10 plastic containers (30 to 300 l) of resin 

per trip, which they sell to traders or resin associations (as in Preah Vihear province), either in the 

forest, in the tapper’s village, or along the road. Wholesalers/traders often offer credit to tappers in cash 

through trusted traders or employees of the wholesaler, to ensure supply. Equipment for tapping and 

collecting resin may also be provided free of charge. No interest loans are paid back in as little as 7 to 

10 days and up to several months. The average annual income per household is estimated to be between 

USD $200 to USD $1,000, depending on the number of resin trees owned. 

Very few resin associations have been organized to date. One resin association, formed in Preah Vihear 

province, initiates resin business development at the village level or under the umbrella of a CF or CPA. 

The purpose of the association is to increase the income of resin tappers by ensuring economies. 

Association members access credit and matching grants from NGOs and collectively increase their 

bargaining power with other value chain actors (i.e., wholesalers and other government institutions).  

Traders purchase resin from tappers in the forest or at the tappers’ villages, many of which are in 

remote areas. Traders can transport from about 200 to 300 kg up to 1 t of resin products by motorbike 

or truck. The resin is transported to a more central or semi-urban area to be sold at the site or to a 

wholesaler. Traders operate independently and work closely with wholesalers to enable access to credit 

and some are employed by wholesalers.  

Wholesalers/aggregators/exporters purchase resin from traders and tappers, and in some cases filter the 

resin and store it until they have enough for a shipment (usually 10 to 20 t and up to 40 t). Some 



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  77 

operate illegally without the required licenses and permits and do not pay the formal fees, while others 

have the required licenses and pay fees. As mentioned, wholesalers often provide credit to traders and 

tappers to ensure a supply of resin. Wholesalers provide credit through their own income or access 

loans. Those who export or transport resin to Vietnam may depend on loans from Vietnamese traders. 

Wholesalers export higher quality filtered and sorted resin and sell filtered and raw resin domestically in 

local markets or to distributors and retailers who may process it depending on resin quality and 

customer needs. Wholesalers/aggregators exporting resin through Sihanoukville Port are required to 

comply with transport permits as well as hold export licenses.  

Local retailers are mainly located in provincial markets or nearby fishing areas where there are many 

wood boats that require resin for caulking, as well as painting and varnishing. The retailers purchase 

resin from wholesalers and transport the product by taxi to provincial markets where there is demand.    

Ecotourism Value Chain 

Production: The primary issues for tourism development in Cambodia include travelers’ short lengths of 

stay and limited net benefits to local communities. Recognizing this, the Ministry of Tourism (MoT), as 

well as other groups, are actively working to encourage ecotourism. Two of the PLEL provinces (Kratie 

and Stung Treng) are located in the official “ecotourism zone.” At present, no site in the PLEL generates 

significant visitation and none have the potential to have the mass market appeal of Siem Reap. The 

nature of access and infrastructure means that visiting many sites in the PLEL can be expensive and/or 

time-consuming. That said, ecotourism in this region still has the potential to be a powerful tool for 

conservation, if developed properly and with a good understanding of relevant target markets, products 

that interest them, and their path to purchase.  

Ecotourism as a product in the PLEL is negatively affected by three primary factors: (1) no anchor or 

iconic product exists, (2) lack of services at secondary archeological sites, and (3) lack of services and 

soft infrastructure (signage, trained guides, etc.) at natural sites. 

The PLEL is home to key demand generators, including two UNESCO World Heritage Sites, the 

endangered Irrawaddy dolphin, and rare birdlife. Enhancing the ecotourism offerings at two or three 

sites and implementing marketing activities would ensure a consistent flow of tourists. Cambodia has 

large numbers of visitors, so it is a matter of segmenting the existing visitors, identifying those most 

interested in ecotourism products, understanding where they get their information, and marketing to 

them17.   

In addition to the demand generators mentioned, the PLEL has a number of attributes that ecotourism 

can build on. There is some political awareness around ecotourism and community interest in 

ecotourism. The PLEL has interesting birdlife, butterflies, and other wildlife, in addition to world-class 

archaeological sites. There is a strong entrepreneurial culture, with NGO-supported community lodges 

having already been established at Prey Veng and Okoki. Transport infrastructure is good to most sites. 

There are also a number of opportunities that could be tapped into. There is a strong global demand for 

ecotourism and adventure products and an increasing number of tourists have been traveling to 

Cambodia. Ecotourism opportunities in the PLEL can be linked to established tour operators that sell to 

Cambodia and tourism sites can be integrated into existing itineraries from Siem Reap or Phnom Penh. 

In terms of PLEL destinations and activities, a trail network could be created around special sites such as 

Phnom Chi, and domestic tourists targeted to visit existing archeological sites and hiking trails. 

 

17  Every tourism project in Cambodia has battled with how to make tourists “stay another day” – it is important to review past tourism 

development projects and collect lessons learned. That said, the trends today are increasingly towards experience-driven, off the beaten 

track trips, as well as increased travelers from new source markets like China, which bodes well for ecotourism development in PLEL. 
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Technology can be applied to augment reality (i.e., recreation of 3D historical images) and enhance 

experiences at archaeological sites.  

On the other hand, there are obstacles and constraints that will need to be overcome. Some of these 

are manageable, such as disposing and preventing trash at key sites, creating booking linkages, raising 

consumer awareness for sites/activities in the PLEL, creating and improving the online profile for PLEL 

sites/provinces, overcoming a history of unsustainable NGO-supported projects, and elevating 

Cambodia’s brand as a top destination for natural sites. Some challenges are more systemic and will be 

difficult to address, such as lack of visitation to the PLEL, extreme weather (climate change) diminishing 

the tour season, over tourism at natural and heritage sites, insufficient protection of conservation areas, 

shortages of qualified labor, and strong competition from neighboring destinations.   

Marketing: It is important to note that getting tourists to stay longer and visit further afield has been a 

challenge that donors have been trying to tackle for at least 15 years. There seems to be improvement 

in length of stay as the average length of stay in 2017 was 6.6 days. Cambodia is also becoming more 

successful in dispersing tourists beyond Siem Reap. New accommodation has been opening far off the 

beaten track and serve as an attraction in their own right (for example, Shinta Mani Wild and Rajabori 

Villas). However, the vast majority of tourists still go to Siem Reap; in fact, 89% of all registered tour 

guides in Cambodia are located in Siem Reap. While the trends are positive, there is still much work to 

be done to ensure viable and sustainable ecotourism in the PLEL.   

A key element to success will be ensuring suppliers have access to market through either (or both) 

business-to-business (linking local suppliers to tour operators) and business to consumer channels. In 

marketing any ecotourism products in the PLEL, it would be favorable to pool resources and engage 

with MoT and other tourism projects to elevate Cambodia’s destination marketing, which will support 

the dispersal of tourists around the country and increase their length of stay. Recommendations to 

improve marketing include increasing online marketing and presence of online travel agents and 

providing support to operators to market the PLEL.   

Likely target segments for the PLEL include domestic tourists, ASEAN tourists (Laos, Thailand, and 

Vietnam), special interest tourists (birders, hikers, archeological enthusiasts), backpackers, expatriates 

living in Cambodia and neighboring countries, and Chinese tourists (21% of national arrivals in 2017, 

although the segment of ecotourists is relatively small). 

2.3.3 SUMMARY OF LIVELIHOODS AND VALUE CHAINS ANALYSIS KEY FINDINGS 

Livelihoods 

• Livelihoods in the PLEL are highly dependent on rice farming, chamkar (activities related to 

clearing natural forest and planting crops such as cassava, cashew, rice, etc.), NTFP collection, 

and migration.  

• The average land holding per household in the PLEL is between 4 and 6 ha. Approximately one 

third of the land is used for cultivating rice, highlighting the importance of rice production. Most 

of the rest of the land is considered chamkar and is used to raise a variety of other crops. 

• To minimize risk of losing income, the average Cambodian rural family can have four to five 

different income streams, including on- and off-farm sources. The vast majority of farmers use 

traditional practices, do not keep records of the revenue/costs of their enterprises, and their 

objective is usually to produce a crop of rice with minimum expense, mainly for home 

consumption. 
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• Households have become less dependent on fishing as fish populations and the quality of rivers 

and wetlands have declined. However, given that fish is preferred for household protein 

consumption, different types of aquaculture is increasing.   

• Climate change and variability, habitat loss, deforestation, and pollution have had a negative 

impact on production of the primary commodities that livelihoods in the PLEL depend on, which 

are rice, cashew, resin, and fisheries.  

• A changing climate, combined with natural resource degradation, has prompted households to 

adapt in several ways. One of the most common adaptive strategies is migration, and another is 

taking out loans, most of which are high interest. Families often find themselves in a perpetual 

cycle of debt. 

• As access to natural resources (i.e., natural forest and productive rice paddy) has been declining, 

migration has been increasing. Household members migrate to earn income that is sent back to 

the household to supplement primarily natural resource dependent livelihoods. 

• Climate variability and change (higher temperatures, erratic rains, and seasonal changes) has had 

a negative impact on crop production, particularly rice, and farmers have adapted by changing 

from long-term season rice to short-term season rice, planting resilient rice seed and other crop 

seed varieties, and pumping water from the river to produce rice and water fruit/oil tree 

plantations.  

Value Chains 

Rice: 

• A common traditional practice in the wet season is for farmers to dry seed their fields in May or 

June. They will then wait to see if it rains to make the next investment, fertilizer and pesticide, 

until they are certain that rains will continue. Rain has been erratic, causing less than optimal use 

of fertilizer and pesticide, negatively affecting productivity.   

• Many farmers use poor quality seed. Farmers need access to good advice and resources to make 

the extra investment as quality seed can double yields (IFC, 2015). 

• High interest rates (2.5% interest rate/month) and little flexibility to pay back loans makes it 

difficult for farmers to purchase adequate inputs. 

• Millers and exporters are reducing payments to farmers in order to cover the rising costs of 

transport and electricity. 

Cashew: 

• Expansion of cashew production contributes to deforestation of natural forest and 

consequently, habitat loss. 

• The price for raw cashew is determined by Vietnamese traders/buyers and fluctuates. 

• Production efficiency is hindered by rudimentary small-scale processing and the lack of modern 

technology. 

• The purchase of raw cashew nuts during the harvest season (February to May) and warehouse 

capacity is limited by lack of capital. 
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• Scaling up cashew production is limited by lack of financial and business management systems 

and skills.  

• Suffers from low yields attributable to suboptimal seed supply, cost, and access to improved 

varieties.   

Aquaculture: 

• Poor management of fish stocks in small-scale hatcheries due to weak record keeping, lack of 

tagging, individual breeding, mass spawning, and selection of fast-growing fish. High rate of fish 

mortality from inadequate transport of fingerlings, over stocking, infectious diseases, and the 

lack of capital to invest. 

• Hatcheries do not have technical standards for raising good quality fry/fingerlings, appropriate 

packing and transportation methods, and health management practices. There is low knowledge 

and practical skills in how to prevent diseases. 

• Downstream production is decreasing due to upstream erosion and chemicals washing 

downstream.  

• The proliferation of the giant snakehead species has a negative impact on the natural biodiversity 

of water bodies.   

• Investment incentives for aquaculture development in the country are limited. 

• Regulation of aquaculture production and input supply systems are weak. Imports of inputs to 

the sector are poorly regulated. 

• Land and water availability for expanded aquaculture is poorly managed.  

• There is a lack of technical capacity to manage organic and inorganic fertilizer inputs to improve 

plankton blooms in water and specific feeds per types of fish species raised. 

• Local fish farmers can produce prahoc from high value fish aquaculture (snakehead and giant 

snakehead) and increase profit by as much as 20% to 40%. 

Resin: 

• There is potential to add value locally to raw resin by investing to improve technology and 

training for tappers and local wholesalers to produce products such as varnish, torches, and 

paint.     

• Resin value chain actors are linked through credit arrangements that enable investment at 

different stages and ensure supply. Loans pass from resin processors in Vietnam to Vietnamese 

border traders, to Cambodian exporters/wholesalers, to resin traders, and finally to resin 

tappers (Prom, 2009; SFB, 2016). Data from Preah Vihear and Stung Treng provinces indicate 

that local resin business operations access up to 40% to 50% of their investment needs through 

loans from Vietnamese processors and the balance is covered by family savings, money lenders, 

and/or microfinance institutions (e.g., ACLEDA) (Prom, 2009). 

• Few resin value chain actors follow regulations and hold the appropriate licenses and permits. 

Most actors manage transactions informally, outside of the system, paying fees to a variety of 

institutions (NTFP-EP, 2009). 
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• Although demand remains strong, production of resin has decreased. Continued deforestation 

and unsustainable harvesting of resin threatens the source – the resin trees – and unless the 

trees are protected and harvested sustainably, this decline will continue.    

Ecotourism: 

• Primary issues for tourism development in Cambodia are travelers’ short lengths of stay and 

limited net benefits to local communities. 

• Ecotourism in the PLEL is negatively affected by there being no existing anchor or iconic 

product, lack of services at secondary archeological sites, lack of services and soft infrastructure 

(signage, trained guides, etc.) at natural sites, and there being no mid-range accommodation 

options (between USD $100 to 300 per night). 

• Attributes that ecotourism in the PLEL can build on include community interest in ecotourism, 

strong entrepreneurial spirit, interesting birdlife and other biodiversity and world-class 

archaeological sites, good transport infrastructure, strong global demand for ecotourism and 

adventure products, and increasing numbers of tourists traveling to Cambodia. 

• Key priorities for successful development of ecotourism in the PLEL include disposing and 

preventing trash at key sites, creating booking linkages between ecotourism products and tour 

operators, raising consumer awareness for sites/activities in the PLEL, creating and improving 

the online profile for PLEL sites/provinces, overcoming a history of unsustainable NGO-

supported projects, and elevating Cambodia’s brand as a top destination for natural sites. 

2.4 INSTITUTIONAL ANALYSIS 

2.4.1 METHODOLOGY 

The institutional analysis explores institutional mandates, frameworks, and horizontal and vertical 

relationships between institutions related to adapting, mitigating, and responding to current and 

projected ecological and biodiversity threats in the PLEL. At the national level, the focus is on legal, 

policy, and regulatory frameworks and key interventions related to understanding and addressing 

ecological and biodiversity threats. At the subnational level, the institutional analysis focuses on the 

capacity of households, villages, communes, and provincial institutions to respond to the threats. 

Specifically, this institutional analysis sought to understand:  

• Roles and arrangements of the PLEL and relevant national institutions to mitigate, respond, and 

adapt to ecological and biodiversity threats in the PLEL; and 

• Capacity of PLEL institutions and households to address projected ecological and biodiversity 

threat impacts. 

The analysis results are derived mainly from information gathered by desk review, KIIs, and FGDs. 

Institutional stakeholders – national, provincial, commune, and village – that were the subject of this 

analysis were defined by the USAID GPL stakeholder mapping analysis (USAID GPL, 2019) and the 

subnational institutional stakeholders are presented in Table 28.  

  



 

USAID GREENING PREY LANG: PLEL ASSESSMENT  82 

TABLE 28: LIST OF SUBNATIONAL INSTITUTIONAL STAKEHOLDERS 

Local institutions Names 

Government 

Provincial 

Departments 

• PDoE 

• Provincial Department of Agriculture, Forestry, and Fisheries (PDAFF), 

Fisheries Administration (FiA) cantonments, FA cantonments 

• Provincial Department of Land Management, Urban Planning, and 

Construction (PDLMUPC) 

• Provincial Department of Rural Development (PDoRD) 

• Provincial Department of Water Resources and Meteorology (PDoWRM) 

• Provincial Department of Women’s Affairs (PDoWA) 

District Governments • Sandan and Stoung (Kampong Thom province) 

• Kuleaen and Chhaeb (Preah Vihear province) 

• Thala Barivat and Siem Bouk (Stung Treng province) 

• Sambour and Preak Prasab (Kratie province) 

Commune Councils • Kampong Thom province: Phat Sanday (Kampong Svay district), Msa Krang 

(Stoung district), Mean Rith and Ngan (Sandan district) 

• Preah Vihear province: Kuleaen Cheung (Kuleaen district), Chhaeb Mouy 

(Chhaeb district) 

• Stung Treng province: Siem Bouk (Siem Bouk district), Anlong Phe (Thala 

Barivat district) 

• Kratie province: Kampong Cham (Sambour district), and Chrouy Banteay 

(Prek Prasab district) 

Local Communities – 

Community-Based 

Organizations (CBOs) 

• CPA 

• CF 

• PLCN  

• Resin Associations 

• Agriculture Cooperative (AC) 

• Savings Groups 

• Farmer Water User Communities (FWUC) 

2.4.2 RESULTS 

National Institutions and Legal Framework 

The use of natural resources, protection of biodiversity, and response to climate change in Cambodia 

are governed by a set of national strategies, policies, and laws/regulations. Table 29 summarizes the 

major strategies, policies, and laws and their main objectives.   
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TABLE 29: CAMBODIAN STRATEGIES, POLICIES, AND LAWS RELATED TO 

MANAGEMENT OF NATURAL RESOURCES, BIODIVERSITY, AND CLIMATE 

CHANGE 

Strategies, policies, laws  Main objectives 

Cambodia Climate Change 

Strategy Plan (CCCSP) 2014-

2023 

• Reduce the vulnerability of the most vulnerable groups and critical 

(natural and societal) systems to climate change impacts;  

• Shift towards a green development pathway by promoting low-

carbon development and technologies;  

• Promote awareness and participation of the public in climate 

change response actions (NCCC, 2013)18. 

National REDD+ Strategy 2018-

2028 
• Reduce deforestation and forest degradation while promoting 

sustainable management, conservation of natural resources, and 

contribute to poverty alleviation (MAFF & MoE, 2017). Aims to 

strengthen the capacity of national and subnational institutions for 

effective implementation of policies, laws, and regulations that will 

contribute to improved management of natural resources, 

forestlands, and biodiversity conservation. 

Protected Area Law (2008) • Ensure the management, conservation of biodiversity, and 

sustainable use of natural resources in protected areas (CDC, 

2011). 

National Protected Area 

Strategic Management Plan 2017-

2031 

• Maintain and enhance the ecological and cultural values of 

protected areas;  

• Promote participatory community engagement and support for 

conservation management; 

• Develop innovative approaches to conservation and development, 

including opportunities for sustainable ecotourism and financing 

mechanisms;  

• Provide accurate, timely, and relevant information for effective 

management of protected areas;  

• Strengthen protected area management effectiveness and working 

partnerships with government agencies, local authorities, 

conservation NGOs, and development partners (MoE, 2017). 

Law on Environmental Protection 

and Natural Resource Management 

(1996) 

• Protect and promote environmental quality and public health 

through the prevention, reduction, and control of pollution; 

• Assess the environmental impact of all proposed projects prior to 

the issuance of a decision by the RGC; 

• Ensure the rational and sustainable conservation, development, 

management, and use of the natural resources of the kingdom of 

Cambodia; 

 

18 National Climate Change Committee (NCCC) was transferred to National Council for Sustainable Development (NCSD) issued by King of 
Cambodia on 09 May 2015 (RGC, 2015). 
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Strategies, policies, laws  Main objectives 

• Encourage and enable the public to participate in environmental 

protection and natural resource management; 

• Suppress any acts that cause harm to the environment (ILO, 2013).  

Law on Disaster Management 

(2015) 
• Prevention, adaptation and mitigation in the pre-disaster period, 

due to natural or human-made causes;  

• Emergency response during a disaster;  

• Recovery in the post-disaster period (NCDM, 2015).  

National Program for Sub-

National Democratic 

Development (NP-SNDD) 2010-

2019 

• To create a culture of local participatory democracy, accountable 

to citizens; 

• Improve public services and infrastructure; 

• Bring about social and economic development; 

• Contribute to poverty reduction (MoI, 2010). 

Land Law (2001) • Determine the regime of ownership for immovable properties in 

the Kingdom of Cambodia for the purpose of guaranteeing the 

rights of ownership and other rights related to immovable 

property, according to the provisions of the 1993 Constitution of 

the Kingdom of Cambodia. 

 

Government Mandates and Functions 

Key national government institutions that support environmental and natural resource strategies, 

policies, and laws are the Ministry of Environment (MoE); the Ministry of Agriculture, Forestry, and 

Fisheries (MAFF); and the Ministry of Water Resources and Meteorology (MoWRM). These national 

institutions also oversee the provincial institutions that carry out their mandate within the provinces; 

the PDoE, PDAFF, and PDoWRM, respectively. Other ministries with mandates that influence the 

management of the environment and natural resources include the Ministry of Land Management, Urban 

Planning, and Construction (MLMUPC), the Ministry of Rural Development (MoRD), and the Ministry of 

Interior (MoI). Ministries provide oversight, capacity buildings/trainings, and financial and technical 

support to their respective subnational agencies that work in collaboration with local government to 

implement and monitor programs.  

MoE has a number of functions, and of relevance to the PLEL Assessment they include improving climate 

change public awareness, mainstreaming climate change into subnational planning, and establishing and 

managing the national system of protected areas. MoE is also responsible for ensuring that negative 

impacts to the environment and natural resources are prevented and mitigated. The General 

Department of Administration of Nature Conservation and Protection (GDANCP) of MoE (MAFF, 

2015) is responsible for managing protected areas and developing and overseeing the implementation of 

the National Protected Areas Strategic Management Plan.  

MAFF roles that are relevant to the PLEL Assessment include the development and promotion of 

climate-smart agriculture practices, as well as the responsibilities of the FA, and Fisheries Administration 

(FiA) within MAFF. FA oversees and regulates the management of state forests. Responsibilities include 

the use and maintenance of national forest cover maps to monitor forest conditions, implementation of 
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the National Forest Programme, research and monitoring of government forests, and overseeing forest 

carbon trades and forest management services. FiA is responsible for the management of the country’s 

flooded/inundated forests and mangrove areas (MAFF & MoE, 2017), as well as the management, 

regulation, and promotion of the national fisheries sector (WorldFish, 2015).  

The RGC made significant reforms in environmental and natural resource management in 2016 and 2017 

by transferring all protected areas, as well as additional areas designated as biodiversity conservation 

corridors, from MAFF to MoE, while ELCs previously under MoE ertr transferred to MAFF (Sub-decree 

69). Based on recent deep policy reforms, MoE has increasingly strengthened the effectiveness of 

protected area management to ensure biodiversity conservation and protection of natural areas in 

Cambodia on a sustainable basis. As a result, MoE has expanded the area under protection from 3.2 

million ha to 7.5 million ha in 2016, or about 41% of the country’s total land area (GDANCP, 2017).  

MoE has indicated that it will change the way community-managed forests and non-timber forest 

products are managed to become as part of the collaborative management principle, a new initiative that 

is part of the Environment and Natural Resources Code of Cambodia.  

As part of this reform, the government also established a National Committee for Prevention and 

Crackdown on Natural Resource Crimes. Since its inception, the committee has seized hundreds of 

cubic meters of timber, closed hundreds of timber processing facilities, destroyed hundreds of means of 

transportation (motorbikes and trucks), and arrested several logging kingpins.  

Cambodia committed to increasing the national forest cover to 60% of national land area by 2030 and 

maintaining it after 2030, per Cambodia’s Intended Nationally Determined Contribution. Inter-

ministerial bodies oversee the development and implementation of the CCCSP and the National REDD+ 

Strategy 2017 to 2026. The REDD+ Taskforce Secretariat, co-led by MoE and MAFF, supports effective 

and efficient development of measures for REDD+ in Cambodia. The REDD+ Taskforce Secretariat is 

responsible for operationalizing a national REDD+ program by mobilizing and coordinating technical and 

financial activities and support from government agencies, development partners, NGOs, and other 

stakeholders. The REDD+ Taskforce Secretariat is the primary contact point and coordination 

mechanism at operational level for REDD+ in Cambodia (MAFF & MoE, 2017). This is in response to 

Cambodia’s Intended Nationally Determined Contribution.   

MoWRM plays an important role in water resource management in Cambodia, both surface and ground 

water. MoWRM works closely with the PDoWRMs to collect meteorological data that is used to 

forecast, analyze, and report climate trends. They share relevant information for the early warning 

system managed by a consortium of 22 organizations – the NCDM – used by Provincial Committees for 

Disaster Management, District Committees for Disaster Management, Commune Committees for 

Disaster Management, and Village Disaster Management Groups to prevent, prepare and respond to 

natural disasters (Heng An, 2014). 

MLMUPC is responsible for governing land use, urban planning, construction projects, and for the 

resolution of land use conflicts in Cambodia (Land Portal, 2019). MLMUPC oversees zoning and land 

registration for ELCs, Social Land Concessions (SLC), Indigenous People’s (IP) land, AC land, and 

reforestation land (interview with PDLMUPC). The Decentralized Cadastral Commissions and the 

PDLMUPCs play a central role in managing land disputes across administrative levels (MLMUPC, 2002).  

MoRD has mandate to oversee the coordination, implementation, monitoring, and evaluation of rural 

development programs that benefit Cambodia’s rural population, in order to help develop the country’s 

rural areas. PDoRDs support water, sanitation, and hygiene (WASH); domestic water supply; and rural 

road construction, amongst others. The MLMUPC and PDLMUPC rely on MAFF and PDoRD to 

evaluate IPs claims to communal land ownership based on historical occupancy and ancestral 
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connections to the land, which can lead to formal recognition of ownership rights and IP land 

registration (REDD Desk, 2019).  

The National Committee for Sub-National Democratic Development (NCDD) of MoI works with all 

levels of government to achieve the common objective of establishing, promoting, and sustaining 

democratic development (MoI, 2010). Provincial governors, district governors, and commune councils 

are the line agencies of the NCDD/MoI and oversee the development and implementation of District 

Development and Investment Plans, and the Commune Development and Investment Plans (CDP/CIP). 

Realization of plans are hindered by limited local revenue and national and donor funding streams to the 

district and commune levels. In 2019 NCDD/MoI issued Sub-Decree No. 184 on the functions and 

structure of district administrations, which aims to strengthen the role of administrative and technical 

offices at the municipal and district levels. In addition, based on the 2014 Sub-Decree No. 156. on the 

organization and functioning of provincial unified commanding committee and the 2016 Circular No. 05 

on the necessary measures to strengthen natural resource management, MoE in partnership with 

NCDD has been working on the implementation of decentralization of the functions of MoE to capital, 

provincial, and municipal administrations, including protected area management, community protected 

area management, mainstreaming climate resilience, and strengthening environmental education. Table 

30 presents a more detailed description of subnational government institutions and their mandates.  

TABLE 30: SUBNATIONAL GOVERNMENT INSTITUTION MANDATES 

Institution 

and actors 
Mandate  

PDoE staff and 

rangers (MoE) 
• Awareness raising on protected area law; 

• Produce related curricular to natural resource management and support local 

communities for CPA establishment and develop protected area management 

plan of each protected area under technical support of MoE; 

• Law enforcement related to environmental protection and natural resource 

management (1996); 

• Forest patrolling and joint patrols with CPA members and other conservation 

organizations; 

• Tree planting.  

Forestry 

Cantonment 

of FA (MAFF) 

• Provide technical support to CF and CF formulation;  

• Promote reforestation, establishment of tree nurseries, investigating and 

suppressing various forms of forest destruction, and conserving flora and fauna; 

• Promote public education to demonstrate the importance of managing and 

protecting forests. 

Fisheries 

Cantonment 

of FiA (MAFF) 

• Provide technical support to CFi and CFi formulation;  

• Fishery resource management and conservation in collaboration with NGOs 

(e.g., World Wildlife Fund for Nature [WWF] in Chrouy Banteay commune, 

Prek Prasab district, Kratie province; WorldFish in Kampong Thom province 

and Tonle Sap area on Rice Field Fisheries Phase II under USAID funding 

(WorldFish, 2016); World Bank funded project on Mekong Integrated Water 

Resources Management (Phase III) to manage water and fisheries resources in 

the Northeast of Cambodia in Kratie and Stung Treng provinces; etc.); 
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Institution 

and actors 
Mandate  

• Support climate resilient fish raising/aquaculture;  

• Support FiA to conduct scientific research on fisheries and aquaculture and 

document the findings (FAO, 2011);  

• Inspect and manage all activities of fishery resource exploitation and 

aquaculture. 

PDAFF 

(Agronomy/ 

Agro-industry 

office) 

(MAFF) 

• Provide technical support on the agricultural sector to farmers and ACs; 

• Identify and demonstrate resilient rice seeds to farmers;  

• Provide climate resilient rice seed and other crop seeds to farmers; 

• Support extension training and climate smart agriculture training, farmer field 

schools, and exposure visits to agricultural best practice areas; 

• Provide guidance to farmer’s groups to register as formal ACs; 

• Coordinate between private sector and ACs to conduct contract farming, 

accessing loans with low interest rates e.g., with Rural Development Bank);   

• Work with NGOs and development partners to implement climate and 

agricultural related projects. 

PDoWRM 

(MoWRM) 

• Collect rainfall data, water levels, and weather data from five water stations of 

the Stung Chinit (1), Stung Stoung (1), and Stung Sen (2 in Kampong Thom 

province and 1 in Preah Vihear province);  

• Provide technical support to FWUC on irrigation operation and maintenance; 

• Support the establishment of FWUC; 

• Transfer Early Warning information to relevant government agencies (e.g., 

PDAFF, local authorities, and communities via phone, EWS 1294, and other 

social media tools);  

• Support water filters to improve drinking water sanitation (Phat Sanday 

commune);  

• Construction of irrigation systems and establishment of canals;  

• Small-scale water infrastructure (water irrigation for wet rice cultivation by 

local villagers). 

Tonle Sap 

Authority 

(MoWRM) 

• Support and educate local people about clean drinking water, currently piloting 

water filters (five tanks, some are placed in school at Phat Sanday commune). 

PDLMUPC 

(MLMUPC) 

• Zoning and land use planning; 

• Land registration for ELCs, SLCs, IP land, AC land, and reforestation land;  

• Technical support for GPS mapping training.  
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Institution 

and actors 
Mandate  

PDoRD and 

technical office 

at district level 

(MoRD) 

• Manage and monitor water supply, rural road construction, and operation and 

maintenance; 

• Tube well digging and restoration;  

• Coordination and implementation of rural development projects, mainly 

working with relevant NGOs on WASH projects; 

• Provide support to ethnic minorities to protect traditional custom, culture, and 

identity, including working with the line ministry (MoRD) to coordinate with 

MoI to identify IP land and with MLMUPC to register IP land. 

PDoWA 

(MoWA) 

• Working with commune council on issues focusing on women and children at a 

subnational level; 

• Mainstreaming gender into projects of PDAFF, CDP/CIP, etc.;  

• Improve household livelihoods through agricultural practices such as home 

gardening, AC on vegetable and fruit tree planting, and product processing; 

• Raise awareness of income generating activities and environmental protection 

for women.  

Provincial 

Governors 

(MoI) 

• Implement the Organic Law, the Law on Administrative Management of 

Communes/Sangkats and decentralization and deconcentration policy – under 

the NCDD; 

• Lead the Provincial Committees for Disaster Management implementation to 

respond to disasters such as flood, drought, windstorm, lightning strike, and 

epidemics (under National Committees for Disaster Management); 

• Mobilize military police, soldiers, and police to crack down crime and illegal 

activities including related to forest and wildlife.  

District 

Governors 

(MoI) 

• Contribute to the development of 5-year District/Municipal (DM) Development 

Plans [over 90% of expenditure is estimated to be allocated to rural road 

construction (WB, 2012); 

• Organize district integration workshop(s) (DIW) to integrate CDP/CIP into the 

DM Development Plan and/or Provincial Development Plan; 

• Law enforcement related to illegal fishing activities, illegal logging, land 

clearance, and other natural resource extraction in collaboration with police, 

military policy, and/or local authorities;  

• Protect and promote regulations regarding protected area land use or water 

management as ordered by Technical Provincial Departments such as PDoE and 

PDoWRM, etc.; 

• Raise awareness related to natural resource management (NRM), climate 

change, and disaster risk management.  

Commune 

Councils  

(MoI) 

• Lead and facilitate the development of CDP/CIP, present at DIW to be 

integrated into District Development Plan(s) and Provincial Investment Plan(s);  
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Institution 

and actors 
Mandate  

• Implement CDP/CIP and other projects (climate change awareness, NRM, 

WASH) with technical and financial support from government and NGOs; 

• Protected area and environmental law enforcement (call for intervention from 

district and/or provincial governor if illegal case occurs);  

• Raise awareness related to sustainable NRM, biodiversity protection, livelihood 

improvement, clean water consumption, and hygiene and sanitation to 

communities.  

 

Civil Society Organizations 

Civil society organizations (NGOs and community-based organizations [CBOs]), are operating 

throughout the PLEL and work directly with communities and farmers to improve livelihoods, 

sustainably manage natural resources, and conserve biodiversity. The major NGOs are Action for 

Development (AFD), Adventist Development and Relief Agency International, Live and Learn, Fishery 

Action Coalition Team, World Vision, Cambodian Rural Development Team (CRDT), Culture and 

Environmental Preservation Association, Ponlok Khmer, Development and Partnership in Action, Forest 

and Livelihood Organization, Watershed, Plan International, Mlup Baitong, WCS, Conservation 

International (CI), World Wildlife Fund for Nature (WWF), Non-Timber Forest Products-Exchange 

Programme (NTFP-EP), The Center for People and Forests (RECOFTC), Birdlife International, Wild 

Earth Allies, and Sansom Mlup Prey Cambodia (SMP). There are a few examples of innovative 

interventions supported by NGOs that are worth mentioning. In Sandan district, Kampong Thom 

province, AFD has worked with communities to establish groups to promote savings, potable water, 

honey, and home gardens to foster resilience and improve sustainable livelihoods. AFD also supports 

ACs to implement climate-smart agriculture practices in protected areas via contractual agreements 

with farmers to not illegally log trees or harm wildlife. Another project is IBIS Rice, which is described in 

Section 2.3 implemented by WCS and SMP. 

There are many CBOs in the PLEL, some more formal than others. They include CPAs, CFs, the Prey 

Lang Community Network (PLCN), community fisheries (CFi), FWUC, savings groups, ACs, NTFP 

groups, and community-based ecotourism groups, among others. Table 31 describes the major CBOs 

and roles. 

TABLE 31: MAJOR PLEL CBOS AND THEIR ROLES 

Name Role 

CPA • Forest patrolling with PDoE rangers;  

• Bird or other wildlife monitoring;  

• Tree planting in deforested areas;  

• Inform PDoE of illegal activities;  

• Raise awareness of environmental issues among community members. 

CF • Forest and wildlife patrolling with FA authorities;  

• Manage CFs; 

https://www.ngoaidmap.org/organizations/4
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Name Role 

• Sell timber from CF;  

• Tree planting in deforested areas;  

• Inform FA of illegal activities. 

CFi • Protect the wetlands and fisheries within CFi boundaries; 

• Inform FiA of illegal activities.  

 FWUC • Support operation and maintenance of irrigation schemes, particularly secondary and 

tertiary canals.  

NTFP 

Groups 

(i.e., PLCN)  

• Improve collection of NTFPs;  

• Collectively identify a market and negotiate prices; 

• Improve practices, technology, access to capital and inputs, value-added processing, 

and marketing, generally with assistance from NGOs; 

PLCN is an NTFP group that is stronger than most and they envision their role as follows: 

• Advocacy network to protect resin trees and their habitat; 

• Resin forest patrolling; 

• Enforcement; gather evidence and turn over violators and their equipment to the 

ranger stations; 

• Produce and circulate reports to the public of violations.  

Savings 

Groups  

NGOs encourage their formation and offer a range of support: 

● Training in management of a revolving fund; 

● Business skill development; 

● Access to small-scale community revolving fund credit to invest in agriculture inputs, 

small enterprises, other household needs (i.e., health and education). 

Ecotourism 

Groups 
• Provision of tourism services such as local transport, lodging, food, and guides; 

• Production and marketing of local products to tourists: fruit, honey, handicrafts, 

snacks, cold drinks, etc.; 

• Provision of tourism activities: tree planting, nature trails, boat rides, etc.   

 

Institutional Capacity  

We rapidly assessed the capacity of the institutions found within the PLEL described in the previous 

section via existing documentation, KIIs, and FGDs. All institutions demonstrated an awareness of the 

major threats to ecosystems and biodiversity, a basic understanding of the negative impacts on 

biodiversity and natural resources, and how their institution can address them. They are limited in what 

actions they are able to take. Capacity is a major constraint as many institutions and actors are limited 

by inadequate skills and processes, overlapping and unclear functions within and between institutions, 
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and inadequate resources. Table 32 presents self-reported capacity gaps and corresponding needs of key 

subnational institutions.   

TABLE 32: CAPACITY GAPS AND NEEDS OF SUBNATIONAL INSTITUTIONS TO 

RESPOND TO ECOLOGICAL AND BIODIVERSITY THREATS  

Capacity gaps  Capacity needs 

PDoE Rangers  

• Not enough rangers to protect protected 

areas;  

• Lack of law enforcement due to lack of 

collaboration among stakeholders and 

effective methods to patrol the forest, 

NRM, and biodiversity; 

• Rangers lack of capacity to file an illegal 

record and process to bring cases to 

court; 

• Still lack of ability to use advanced 

technology tools conductive effective 

patrols (such as GPS, smart phone app, 

drone camera, zoning software).   

• Training on law enforcement to understand the 

process of working with military police, police 

officers, and local authorities to effectively 

enforce the law; 

• Training on rights to use and maintain weapons 

(link to Criminal Code of Kingdom of Cambodia);   

• Training on emergency rescue knowledge;  

• Training on applying advanced technology tools in 

forest patrolling and NRM (such as smart phone 

app, drone camera, zoning software);  

• Improve collaboration, networking, and 

knowledge/ information sharing among relevant 

stakeholders to support each other on forest and 

biodiversity protection.  

PDAFF 

• Not enough staff working on Good 

Agricultural Practice (GAP) and smart 

agriculture;  

• Limited use of climate change 

information/knowledge to transfer to 

farmers; 

• Lack of cooperation with relevant 

stakeholders;  

• Have difficulty accessing market 

information; 

• Low capacity for value added and product 

processing to end consumers;  

• For FA, there is still lack of cooperation 

with PDoE to protect forest as there is 

not clear protected area zoning.  

• Training on GAP to PDAFF staff and/or 

alternative livelihood options for transferring to 

community and farmers; 

• Training on identification of climate risk to 

agricultural activities;  

• Training on how to access markets; 

• Training on food processing; 

• Improved communication and coordination with 

relevant stakeholders. 

PDoWRM 

• Lack of capacity to plan and manage 

water resources;  

• Improve planning and management of water 

resources at local level;  
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Capacity gaps  Capacity needs 

• Lack of technical staff to work at 

commune level;  

• Limited knowledge on climate change 

impact on water resources management; 

• Lack of capacity in forecasting droughts 

and floods/early warning; 

• Lack of budget and human resources to 

implement responsibilities effectively.  

• Training on climate change/water use efficiency 

for irrigation;  

• Training on drought management.   

PDoRD 

• Limited knowledge of climate change and 

water consumption;  

• Lack of technical staff to work at 

commune levels;  

• Lack of budget and human resources to 

implement water related plans effectively;  

• Lack of climate change action 

plan/planning on rural water supply; 

• Lack of capacity to estimate water 

sources, particularly groundwater 

sources.  

 

• Mainstream climate change adaptation into 

management of rural water supply;  

• Develop action plan for climate resilience on rural 

water supply;  

• Training on groundwater management and 

exploitation.  

Local Authorities  

• Limited understanding of the interrelation 

between climate change, natural 

resources, and biodiversity;  

• Inability to plan and budget effectively on 

climate change and NRM; 

• Limited understanding of agency’s 

mandate, roles, and responsibilities to 

work collaboratively with each other to 

address climate change and NRM, 

particularly the roles of the district. 

• Provide general climate change, NRM, and 

biodiversity knowledge and impacts on water, 

forest, and soil fertility; 

• Gender knowledge on Integrated Water 

Resources Management, NRM, and climate 

change and natural disaster risk management;  

• Training in leveraging opportunities for 

investment at the local level;  

• Training and awareness raising on national 

strategies and policies related to climate change 

and NRM.  

CPA 
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Capacity gaps  Capacity needs 

• Lack of administrative and management 

capacity; 

• Lack of GPS mapping knowledge for 

reporting; 

• Lack of financial support;  

• Lack of patrol materials and equipment: 

shoes, shirt, hammock, 

telecommunication radio, patrol 

operations tools; 

• Lack of technical knowledge and 

specialists to manage natural resources 

(e.g., trees, NTFPs such as orchids); 

• Lack of cooperation and communication 

with rangers to conduct joint patrols.  

• Raising awareness on related to protected area 

laws; 

• GPS training/mapping; 

• Study tour to successful CPAs;  

• Technical support for planting and taking care of 

planted trees and flowers;  

• Enhance coordination, communication, and 

networking with relevant stakeholders. 

CF 

• Lack of administrative and management 

capacity; 

• Lack of GPS mapping knowledge for 

reporting; 

• Lack of financial support; 

• Lack of patrol material and equipment: 

shoes, shirt, hammock, 

telecommunication radio, patrol 

operations tools; 

• Lack of technical knowledge to manage 

forests; 

• Lack of cooperation and communication 

with rangers conduct joint patrols.  

• Provide knowledge on sub-decree on CF; 

• GPS training/mapping; 

• Study tour to successful CFs; 

• Technical support for planting and taking care of 

trees;  

• Enhance coordination, communication, and 

networking with relevant stakeholders. 

 

PLCN 

• Lack of knowledge regarding law 

enforcement and administration 

processes; 

• Lack of GPS mapping knowledge for 

reporting violations;   

• Limited material resources for patrolling;  

• Lack of coordination and communication 

with local government related to join 

patrols.  

• Increase knowledge related to law and 

administrative processes; 

• Training on using GPS to effectively map and 

make reports; 

• Enhance coordination, communication, and 

networking with relevant stakeholders.   
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Capacity gaps  Capacity needs 

NTFP Group 

• Lack of labor to protect NTFP (e.g., resin 

tree);  

• Lack of technical knowledge regards to 

sustainable management of NTFPs; 

• Lack of information and access to 

markets to sell NTFPs.   

• Enhance coordination, communication, and 

networking with relevant stakeholders; 

• Access to markets and information about 

markets;  

• Improve technical knowledge on sustainable 

management of NTFPs such as orchids, 

mushrooms.  

 

Commune Councils 

Commune councils face a unique set of capacity challenges. To understand these, 10 communes from 

throughout the four PLEL provinces completed a self-assessment of ranking their own capacity on a 

scale from 1 (lowest) to 5 (highest) in regard to five areas: governance, data and information analysis, 

planning and revenue generation (budgeting), and monitoring and evaluation. The range of answers was 

so broad that few patterns emerged. Most responses fell around 3 or average capacity to perform most 

tasks. The ability to generate and manage resources was ranked by most to be below average, as was 

the ability to mainstream natural resource management, climate change, and biodiversity considerations 

into investment plans; generate benefits for stakeholders; and evaluate and document activities. They 

ranked their abilities favorably in the areas of coordination, cooperation, and planning. When individual 

council members were asked what they felt their capacity needs were, they identified the need to 

improve their understanding of: 

● How to address climate change adaptation related to agriculture, and natural resource 

management related to biodiversity; 

● How to address disaster risk management: preparedness and response; 

● Laws related to environment and natural resource management (roles and the rights of citizens); 

● How to monitor, evaluate, and document activities; and 

● Information about markets. 

Table 33 summarizes the primary areas where institutional capacity needs to be strengthened, which 

institutions would benefit from capacity building in each area, and resource organizations that can build 

capacity in each area. 

TABLE 33: PLEL CAPACITY BUILDING AREAS AND RELATED INSTITUTIONS 

Proposed capacity needs Target groups Resource persons 

Laws and rights of the community related 

to NRM and NTFP harvest 
CPA, CF, PLCN, CFi, NTFP groups GDANCP, FA, RECOFTC 

Decentralization and Deconcentration 

approach  

Local authorities (provincial, 

district, and with specific focus on 

commune councils)  

NCDD, GDANCP, FA, FiA 
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Proposed capacity needs Target groups Resource persons 

NRM Monitoring and Reporting  
CPA, CF, PLCN, CFi, NTFP 

groups, and local authorities 
GDANCP 

Zoning, demarcation, and land 

registration methodology/approaches  

PDoE, PDAFF, local authorities 

(provincial, district, and commune 

level), representative of CPA and 

CF 

MLMUPC and PDLMUPC 

Information knowledge management for 

NRM (GPS, smart phone app, drone 

camera application), crack down and 

wildlife rescue knowledge, and recording 

and transferring illegal cases for urgent 

intervention 

Rangers, CPA, CF, PLCN, CFi, 

police, and military police  
GIS specialist and GDANCP 

Climate Smart Agriculture (including how 

to plant and take care of planted tree and 

flowers in the CPA and CF areas) 

Farmers, ACs, savings groups, 

women’s groups, CPA, CF, PLCN, 

CFi, NTFP groups  

General Directorate of 

Agriculture of MAFF  

Contract farming management, market 

strategies, and administration 

management   

Farmers, ACs, savings groups, 

women’s groups, CPA, CF, PLCN, 

CFi, commune authorities  

MAFF, experts 

Coordination and communication skills, 

specifically, how to work together for 

effective NRM  

Local authorities (particularly 

district governors and commune 

council), and CBOs  

NGOs or any agency 

working in this area (e.g., CI) 

Integrated Watershed Management  
PDoWRM, PDAFF, PDoE, PDoRD, 

local authorities  

Watershed expert/ 

hydrologist/ecologist   

Tourism and ecotourism concepts and 

development  

Ecotourism communities, CPA, 

CF, PLCN, CFi, NTFP groups, and 

local authorities 

CRDT and tourism experts  

2.4.3 SUMMARY OF INSTITUTIONAL ANALYSIS KEY FINDINGS 

● Climate change, biodiversity, and natural resource management related strategies, policies, and 

action plans exist at both national and subnational levels, but implementation is hindered by a 

lack of government capacity, commitment, resources, and monitoring.  

● Decentralization of decision-making, resources, and action has not been effectively 

implemented from national, to provincial, district, and commune levels. The process is 

ongoing.  

● Most budgetary allocations for subnational expenditure are still concentrated in central 

government agencies. Additionally, local governments (i.e., district and commune councils) 

lack the capacity to generate local revenue. For example, the budget for PDoE to undertake 

forest patrols and law enforcement in protected areas is very low. The annual district budget 

average is USD $150,000 to $200,000 and commune budget USD $35,000 in 2019 (1% to 2% 

for NRM and environment related activities). However, the RGC has committed to increase 

commune development budgets from USD $35,000 in 2019 to $73,000 in 2020 (Phnom Penh 

Post, 2019).  
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● The number of rangers and community members to undertake forest and wildlife patrols is 

insufficient. For example, in Preah Vihear province, one ranger manages 500 to 600 ha of 

forest. 

● Coordination and cooperation with relevant institutions at both national and subnational 

levels is often problematic. For example, if there is illegal logging or forestland encroachment 

in a commune, it is challenging to coordinate with district governors, police, and military 

police (who have rights to hold weapons) to take prompt, effective action.  

● Local authorities and villagers do not fully understand their rights related to NRM and are 

afraid of intervention from top officials.  

● The capacity of commune councils and citizens to respond to the climate change impacts and 

ecological and biodiversity threats requires capacity building in climate-smart agriculture, 

NRM, and coordination between relevant institutions for effective law enforcement.  
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3.0 CONCLUSIONS 

The PLEL Assessment Team conducted a cross-analysis of findings from each of the component analyses 

to identify major conclusions that include key findings and recommendations. The key findings are in 

response to the primary research questions: 

• How do the ecological and biodiversity threats (global climate change, habitat loss and 

destruction, exploitation of natural resources, and pollution/contamination) affect ecosystems 

and ecosystem services/products, especially forests and water resources in the PLEL?  What 

impacts may occur in the future? 

• How have livelihoods and people living in the PLEL been affected by these impacts and how have 

they responded?  

• What is the capacity of institutions to prevent or mitigate negative impacts and help households 

adapt to the negative impacts of the threats? 

Detailed findings in response to these broader questions are found at the end of each analytical 

component. The key findings are as follows:  

1. In 2018, the PLEL still contained significant forest cover at 60.26% of the total land area. This 

remaining forest plays several critical functions not only for the PLEL but for the country of 

Cambodia. This includes the storage of carbon, maintenance of hydrologic function, regulation of 

climate, and the conservation of biodiversity.  

2. Forest cover has diminished over the last decade. The rate of forest degradation in the PLEL  

• During the 4-year period of 2006 to 2010 was 0.45%  

• During the next 4-year period, 2010 to 2014, increased significantly to 9.74%, and  

• During the 4-year period of 2014 to 2018, a slight decline to 5.35% has been noted so 

far.   

3. Over this same 12-year period, carbon storage per hectare of forest (excluding soil carbon) in 

the PLEL has been reduced from 120 Mg C/ha to 95 Mg C/ha. The thickness and density of 

evergreen, semi-evergreen, and deciduous natural forests have the greatest capacity of all 

forestland and non-forestland types to store carbon in the PLEL. Currently, three protected 

areas contain healthy natural evergreen, semi-evergreen, and deciduous forests that contribute 

most of the carbon – estimated to be in the area of 63.13% in the upper watershed of the PLEL 

(Prey Lang and Kulen Promtep wildlife sanctuaries and the Northwest Biodiversity Conservation 

Corridor).   

4. Also, the habitat quality in these three protected areas is the highest. These healthy habitats are 

effective in maintaining biodiversity, species population and diversity, and ecosystem functions. 

Maintaining natural forestland protects biodiversity richness and mitigates climate change 

(reduces greenhouse gas emissions and the negative impacts of increasing temperatures and 

more erratic rain patterns). 

5. A functioning ecosystem is vital for hydrological regulation (quantity and quality of water).  

Forestland clearance due to conversion to agriculture and timber extraction has put pressure on 

watershed functions. Changes in surface water run-off and groundwater recharge have depleted 
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dry season flow and soil has eroded into streams and rivers making them shallower and 

polluted. 

6. The least vulnerable watersheds within the PLEL are those that maintain hydrological function 

throughout the watersheds: the Stung Sen and Stung Chinit watersheds. Their upper watersheds 

have the highest percentages of intact forest habitats and are also the location of the three 

protected areas mentioned above. 

7. The Stung Stoung watershed is the most vulnerable of the three watersheds in the PLEL to 

water run-off, soil erosion, and declining water quality. This is attributable to having the smallest 

percentage of intact forest habitat throughout the watershed. The lower watersheds of the 

Stung Sen and the Stung Chinit are also relatively vulnerable due to smaller percentages of forest 

cover. However, overall, they are healthier watersheds due to the very good condition of their 

upper watersheds and greater percentages of forest cover.   

8. The lower watersheds will become increasingly water stressed, susceptible to natural disaster, 

and have negative impacts on the current livelihoods due to the combined impacts of the 

projected increasing temperatures, more erratic rainfall patterns, and the degradation of the 

forest cover in the upper watersheds. 

9. Livelihoods in the PLEL are highly dependent on rice farming, chamkar (activities related to 

clearing natural forest to plant crops such as cassava, cashew, and rice), NTFPs collection, and 

migration. Most households are dependent on the natural resources in the PLEL (forests, water, 

and soil) for their livelihoods and are already suffering the negative consequences of a declining 

natural resource base (soil erosion and diminishing water quantity and quality), which is 

increasing household debt and the migration of family members. Households have become less 

dependent on fishing as fish populations and the quality of rivers and wetlands have declined.    

10. Resources and skills are limited to enable diversification into environmentally friendly and 

economically viable livelihood options. 

11. Threats such as land encroachment, forest fire, and inadequate or exploitation of natural 

resources in the PLEL continue at an alarming rate, chipping away at the 19 protected areas in 

the PLEL (53% of the PLEL) and stressing water and soil resources. The existing protected areas 

contain much of what is left in the PLEL in terms of forestland cover (carbon and quality habitat) 

and if not effectively protected will continue to diminish ecosystem function (carbon, 

biodiversity, and water) and the natural resources sources (forests, soil, and water) necessary to 

maintain livelihoods in the PLEL.  

12. The consolidation of protected area management is nascent and requires significant support 

from stakeholders and development partners to establish effective management as soon as 

possible. Enforcement of environmental regulations in protected areas is weak and 

decentralization is progressing slowly, making it difficult for government at all levels (particularly 

at the community-level) to be more pro-active about conserving resources.  

The PLEL Assessment Team presented the findings to a broad representation of stakeholders from 

throughout the PLEL in a workshop setting to create a common evidence-based understanding of how 

threats to ecosystems and biodiversity impact the ecology, natural resources, and socio-economic well-

being of the people living within the PLEL. The Team then facilitated a process in which the stakeholders 

agreed on recommendations for addressing the threats based on this improved understanding. Five high-

level recommendations provided the framework for defining a detailed plan of interventions presented 

in Section 4 and are as follows: 
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1. Consolidate the management of the protected areas to conserve the PLEL’s remaining natural 

forests and biodiversity. 

2. Improve effectiveness of land use policies and practices in support of protected area 

consolidation, to maintain ecosystem services and to maximize the sustainable use of natural 

resources.  

3. Increase awareness regarding the state of the environment and laws and rights related to natural 

resource management use for citizens and stakeholders to work in partnership with institutions, 

development partners, and subnational administrations to consolidate protected areas, 

sustainably manage natural resources, and improve socio-economic well-being. 

4. Develop and support environmentally sustainable and economically viable livelihood options to 

reduce vulnerability to climate change, the declining state of the PLEL’s natural resources, and 

back sliding into poverty. 

5. Strengthen natural resource management (water, forests, wetlands, and soil) to ensure 

ecosystem services and a decent quality of life for people living within the PLEL. 
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4.0 RECOMMENDATIONS 

4.1 STRATEGIC APPROACHES 

As presented in Section 3, the PLEL Assessment Team identified five high-level recommendations, or 

strategic approaches, that serve as a framework for defining activities that will prevent, mitigate, and/or 

address the PLEL’s ecological and biodiversity threats. The strategic approaches are to:  

1. Consolidate the management of the protected areas,  

2. Improve effectiveness of land use policies and practices,  

3. Increase awareness regarding the state of the environment and legislation and rights related to 

natural resource management and use,  

4. Develop and support environmentally sustainable and economically viable livelihood options to 

reduce vulnerability, and  

5. Strengthen natural resource management (water, forests, wetlands, and soil).  

The PLEL Assessment Team facilitated a process in which stakeholders defined practical 

activities/interventions that can be implemented within each strategic area. These activities are 

presented in the left-hand column of the following tables, with one table for each strategic approach. 

The goal of effectively managing and addressing the threats to the PLEL’s ecosystems and biodiversity is 

an ambitious undertaking that requires the collective action and resources of a wide variety of 

institutions. For this reason, stakeholders representing institutions (private sector, civil society, and 

government) were encouraged to identify the activities that fall within their mandates and that they are 

willing to take responsibility for. The institutional actors are defined in the right-hand column of each 

table.     

4.2 ACTIVITIES AND INSTITUTIONAL ACTORS 

4.2.1 STRATEGY 1– CONSOLIDATE THE MANAGEMENT OF THE PROTECTED AREAS 

Activities Institutional actors 

Protected area land registration and boundary 

demarcation. 

PDoE, PDLMUPC, local authorities, and 

communities 

Formulation of short-term, medium-term, and long-term 

management plans and land registration for the PLEL 

protected areas. 

PDoE, relevant/responsible institutions, and 

communities 

Promotion, dissemination, and awareness raising related 

to protected area laws, policies, and regulations, as well 

as other relevant legal frameworks. 

PDoE, local authorities, and communities 

Strengthen law enforcement in the PLEL protected areas , 

including implementation of  the Protected Area 

Monitoring Platform. 

PDoE and other law enforcement bodies 

Provide patrolling and Protected Area Monitoring 

Platform implementation support (organization, 

resources, and capacity building). 

PDoE, MoE, and partner institutions/NGOs 
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Activities Institutional actors 

Hold regular quarter, bi-annual, and annual follow-up 

meetings with relevant stakeholders. 

PDoE, local authorities, and communities 

Introduction of more sophisticated and modern 

technologies (i.e., smart phone, drone, etc.) to support 

and enhance patrolling capacity. 

PDoE, MoE, and partner institutions/NGOs 

Introduction of Cambodian Environmental 

Malmanagement Information System (CEMIS) and 

Protected Area Monitoring Platform (PAMP) to support 

law enforcement through: 

• Establishing PAMP National Working Group to 

manage SMART implementation 

• Training rangers in running PAMP Monitoring 

Station that combines new technology and freely 

available environmental datasets 

• Training rangers to use SMART Mobile and 

SMART Connect 

• Setting up PAMP Monitoring Station at PDoE and 

MoE 

MoE, PDoE, and partner institutions/NGOs 

Establish necessary infrastructure (i.e., stations and sub-

stations, etc.) to manage key entrances to protected 

areas.  

PDoE, MoE, and partner institutions/NGOs 

Improve communication system (network, radio, etc.). PDoE, MoE, and partner institutions/NGOs 

Establish additional CPAs. PDoE, MoE, and partner institutions/NGOs 

Train law enforcement officials, protected area 

authorities, and local communities. 
PDoE, MoE, and partner institutions/NGOs 

Strengthen collaboration and cooperation with and 

among all relevant stakeholders. 
PDoE, MoE, and partner institutions/NGOs 

 Fully implement decentralization of authority to local 

authorities to improve management of natural resources.  
MoE and MoI 

Promote biodiversity research and research on other key 

issues related to natural resources and biodiversity 

management and conservation within the PLEL. 

PDoE, MoE, and partner institutions/NGOs 

Strengthen and expand collaboration and cooperation 

between international institutions, communities, 

international conventions, etc. 

PDoE, MoE, and partner institutions/NGOs 

Increase and sustain financial resources for the protected 

areas (budgets). 

MoE, partner institutions/NGOs, and the private 

sector 

Develop and maintain monitoring and evaluation system 

for protected areas and biodiversity conservation 

corridors. 

PDoE, MoE, and partner institutions/NGOs 

Increase the number of rangers per protected area. MoE 
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Activities Institutional actors 

Promote and strengthen joint or collaborative patrolling. 
PDoE, local communities, and responsible 

authorities/institutions 

Reforestation where natural forests are degraded. PDoE, MoE, and local authorities 

4.2.2 STRATEGY 2 – IMPROVE EFFECTIVENESS OF LAND USE POLICIES AND PRACTICES 

Activities Institutional actors 

Formulate management plans and land use 

planning/zoning and land registration for protected 

areas. 

Integrated or multi-institutional mechanism (PDLMUPC, 

local authorities, PDoE, and protected area/wildlife 

sanctuary management) with support from relevant 

national authorities, development partners, and partner 

NGOs 

Register and title communal lands (CPAs, CFs, and 

CFis) and develop community-based management 

plans in agreement with responsible institution(s). 

CPAs/CFs in close collaboration with and support from 

responsible institutions (environment, agriculture, land 

management, etc.) 

Establish integrated, multi-sectoral committee for 

monitoring and addressing land encroachment in 

protected areas/wildlife sanctuaries. 

Relevant national and subnational institutions (land 

management, environment, agriculture, and subnational 

and local administrations) with participation and support 

from the private sector and civil society  

Coordinate with provincial administrations to 

identify reserve lands for SLCs for people living 

within and around protected areas/wildlife 

sanctuaries. 

MLMUPC / PDLMUPC, Provincial and District State Land 

Management Committees, and MoE/PDoE, MAFF/PDAFF 

Develop and implement systematic communal and 

private land registration and titling. 

MLMUPC / PDLMUPC, Provincial and District State Land 

Management Committees, MoE/PDoE, MAFF/PDAFF and 

the private sector 

Strengthen local administrations’ capacity to 

manage in-migration from other places. 

Commune/sangkat and district authorities of both in-

migration generating and receiving regions/places 

Accelerate and strengthen IP’s land registration and 

titling with sound and precise IP land use planning 

and management plan. 

MoRD/PDoRD, MoI, MLMUPC/PDLMUPC, Provincial 

and District State Land Management Committees, and 

partner NGOs 

Enable and encourage effective land use planning 

and zoning at commune/sangkat level through the 

identification of land use potential and benefits.  

Commune/sangkat and district authorities and councils, 

MLMUPC/PDLMUPC, MoE/PDoE, MAFF/PDAFF, and 

CBOs 

Build capacity of concerned commune/sangkat and 

district authorities/councils as well as relevant 

CBOs on land and natural resource use and 

management related legal, policy, and regulatory 

frameworks. 

Relevant ministries and provincial line departments 

(environment, agriculture, land management, water 

resources, etc.) in close collaboration with partner 

NGOs 
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4.2.3 STRATEGY 3 – INCREASE AWARENESS REGARDING THE STATE OF THE ENVIRONMENT 

AND LAWS AND RIGHTS RELATED TO NATURAL RESOURCE MANAGEMENT AND USE  

Activities Institutional actors 

Produce and disseminate communications materials (i.e., 

short video clips, posters, banners, TV, radio, etc.) and 

conduct short informative meetings/fora to improve 

understanding of biodiversity and natural resource 

conservation issues. 

PDoE, Provincial Department of Information, and 

relevant/partner NGOs, PDAFF, and village, 

commune and district authorities 

Produce and disseminate communications materials and 

conduct short informative meetings/events to improve 

understanding of relevant laws and regulations. 

Relevant ministries, NGO partners, etc. 

Design and implement an environmental education 

campaign to create awareness of environmental and 

natural resource issues and action.   

PDoE, PDAFF, and village, commune, and district 

authorities 

Produce and disseminate related environmental and 

natural resource campaign materials for adults and 

children (i.e., eco-clubs in schools, curriculum, etc.).   

MoE, Ministry of Education, Youth, and Sport, and 

partner NGOs 

Train citizens on rights to natural resources, NTFP 

access, and sustainable use/extraction. 

PDoE, PDAFF, PDLMUPC, PDoRD, and village, 

commune, and, district authorities 

Select and train environmental and natural resource 

education advocates at village level. 

PDoE, PDoRD, PDAFF, PDLMUPC, and village, 

commune, and, district authorities 

Organize and conduct study tours to learn about positive 

environmental and natural resource campaigns and 

experience (communications, advocacy, and action). 

Village, commune, and district authorities, 

development partners, and partner NGOs 

Establish youth groups or youth development groups. Relevant authorities 

4.2.4 STRATEGY 4 – DEVELOP AND SUPPORT ENVIRONMENTALLY SUSTAINABLE AND 

ECONOMICALLY VIABLE LIVELIHOOD OPTIONS TO REDUCE VULNERABILITY 

Activities Institutional actors 

Establish saving groups and micro credit programs. PDoRD, PDoWA, and local authorities 

Provide training in relevant vocational and business skills 

to enable the diversification of livelihoods and/or value-

added processing of products (i.e., liquid resin processing 

and marketing, ecotourism tour guides, etc.). 

Partner NGOs and relevant provincial line 

departments 

Train farmers in climate-smart agriculture interventions 

and natural disaster risk management. 

Technical and Vocational Education and Training 

related institutions, MoE, and MAFF 

Develop and promote ecotourism to generate additional 

income to improve livelihoods. 

PDoE, Provincial Department of Tourism, FA, 

PDLMUPC, local authorities, and partner NGOs 

Provision of necessary techniques and capitals for 

beekeeping and NTFPs. 

PDAFF 
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Activities Institutional actors 

Study village-specific livelihood options and conduct 

feasibility studies. 

Local authorities and partner NGOs 

Support MAFF and private sector to identify, produce, 

and introduce climate-smart seeds and other improved 

inputs.  

MAFF/PDAFF 

Continue to replicate IBIS Rice and SRP activities in 

interested communities with potential. 

PDAFF, PDoWRM, private investors, and partner 

NGOs 

Promote improved health, sanitation, hygiene, and 

nutrition.  

Provincial Department of Health, PDoRD, PDoWA, 

and partner NGOs 

Protect and manage water sources, including the planned 

development of irrigation systems by studying model 

locations in other areas. 

PDAFF, PDoE, PDoWRM, PDoRD, and partner 

NGOs 

Promote improved aquaculture methods and 

technologies and effective market mechanisms. 

PDAFF, FiA, and the private sector (especially fish 

raising companies/enterprises) 

Improve NTFP processing (i.e., resin, honey, bamboo, 

etc.) and marketing. 

PDAFF, partner NGOs, and the private sector 

Introduce, where appropriate, small-scale sustainable 

animal raising techniques and practices (i.e., chickens, 
cattle, goats) to diversify livelihoods and supplement 

income. 

PDAFF, partner NGOs, and the private sector 

Promote agro-forestry and reforestation on already 

degraded lands. Target existing CFs.  

PDAFF, especially FA  

4.2.5 STRATEGY 5 – STRENGTHEN NATURAL RESOURCE MANAGEMENT (WATER, FORESTS, 

WETLANDS, AND SOIL) 

Activities Institutional actors 

Water resources 

Promote and enforce Sub-Decree on River Basin 

Management.  

PDoWRM  

Protect forests (cover) along canals, streams, and 

reservoirs. 

Local authorities and PDAFF in close collaboration 

with responsible institutions 

Establish and maintain hydrology and meteorology 

stations to manage reservoirs where there are data gaps. 

MoWRM and PDoWRM 

Assess the environmental feasibility of constructing water 

reservoirs to supplement water supply during dry periods 

for people, livestock, and wildlife facing climate change 

impacts.   

MoWRM 

Monitor water quality flowing into canals, streams, and 

reservoirs and take corrective action to control pollution. 

PDoWRM, Provincial Department of Mines and 

Energy, and PDoE  

Forestry sector 
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Activities Institutional actors 

Promote and enforce forestry and land use laws and 

improve understanding of the benefits of forestry 

resources and land management. 

FA, partner NGOs, local authorities, responsible 

institutions, and CBOs  

Demarcate CF and CPA boundaries. Local authorities, responsible institutions, CBOs, 

and partner NGOs 

Strengthen CF and CPA management through: 

• Legal and legitimate rights (communal land 

registration and titling); 

• Cooperation with partner NGOs; 

• Management plans and actual implementation;  

• Capacity building, both technically and financially, 

for CF and CPA management committees;  

• Capacity building for CF management 

committees to collaborate with key partners and 

implement activities supported with commune 

and district investment funds; 

• NTFP processing for additional income 

generation; and  

• Strengthening coordination mechanisms to 

address community needs. 

MoE, MAFF, PDoE, PDAFF, FA, local authorities at 

village/commune/district levels, responsible 

institutions, CBOs, and partner NGOs 

Wetlands 

Establish wetland boundaries. MoE and PDoE 

Promote and enforce laws and regulations related to 

wetlands and improve understanding of the benefits of 

wetlands and how to conserve them.  

MoE and PDoE 

Soil fertility 

Restore degraded areas through reforestation to control 

erosion and conserve soil.  

MAFF and PDAFF, MoE and PDoE 

Promote crop rotation with cultivation techniques. MAFF and PDAFF 

Promote sustainable agriculture (i.e., no-till, integrated 

pest management, etc.) and prevent the use of 

agrochemicals.  

MAFF and PDAFF 

Promote agro-forestry on agricultural and degraded lands. MAFF and PDAFF 
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ANNEX I: ECOLOGICAL ANALYSES 

1.1 ECOSYSTEMS ANALYSIS 

1.1.1 FOREST COVER AND CHANGE 

TABLE 34: DATASET INPUTS USED FOR ECOSYSTEM SERVICES COMPONENT 

ANALYSES 

No. Dataset Data format19 Data coverage Data source 

1 Greater Mekong Main River Vector-Line International GMS (2016) 

2 Water Body Vector-Polygon National JICA (2003) 

3 Mekong River Sub-Basin  Vector-Polygon International GMS (2016) 

4 Key Biodiversity Area  Vector-Polygon National ODC (2015a) 

5 Mountain Name Vector-Point National JICA (2003) 

6 Contour Line Vector-Line National JICA (2003) 

7 Mining License Company  Vector-Polygon National ODC (2015b), FGDs 

8 ELC Vector-Polygon National LICADHO (2019), FGDs 

9 Protected Area  Vector-Polygon National ODC (2019) 

10 Forest Cover 2006 Vector-Polygon 
ទេសភាពព្រពឡង់ និងតបំន់ជ ំវិញ 

Buffer 15 km 
MoE (n.d.) 

11 Forest Cover 2010 Vector-Polygon 
ទេសភាពព្រពឡង់ និងតបំន់ជ ំវិញ 

Buffer 15 km 
MoE (n.d.) 

12 Forest Cover 2014 Vector-Polygon 
ទេសភាពព្រពឡង់ និងតបំន់ជ ំវិញ 

Buffer 15 km 
MoE (n.d.) 

13 Forest Cover 2018 Vector-Polygon 
ទេសភាពព្រពឡង់ និងតបំន់ជ ំវិញ 

Buffer 10 km 
MoE (n.d.) 

14 Habitat Quality 2006 Raster-100 m Grid 
ទេសភាពព្រពឡង់ និងតបំន់ជ ំវិញ 

Buffer 15 km 

Processing from Forest 

Cover 2006 

 

19 The Map Coordination of the GIS dataset used in this study is:   
Projected Coordinate System: WGS_1984_UTM_Zone_48N  
Projection: Transverse Mercator 

False Easting: 500000.00000000 
False Northing: 0.00000000 
Central Meridian: 105.00000000 

Scale Factor: 0.99960000 
Latitude of Origin: 0.00000000 
Linear Unit: Meter (1.000000) 
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No. Dataset Data format19 Data coverage Data source 

15 Habitat Quality 2010 Raster-100 m Grid 
 PLEL 

Buffer 15 km 

Processing from Forest 

Cover 2010 

16 Habitat Quality 2014 Raster-100 m Grid 
 PLEL 

Buffer 15 km 

Processing from Forest 

Cover 2014 

17 Habitat Quality 2018 Raster-100 m Grid 
 PLEL 

Buffer 10 km 

Processing from Forest 

Cover 2018 

18 Biomass Carbon 2006 Raster-100 m Grid 
 PLEL 

Buffer 15 km 

Processing from Forest 

Cover 2006 

19 Biomass Carbon 2010 Raster-100 m Grid 
PLEL 

Buffer 15 km 

Processing from Forest 

Cover 2010 

20 Biomass Carbon 2014 Raster-100 m Grid 
 PLEL 

Buffer 15 km 

Processing from Forest 

Cover 2014 

21 Biomass Carbon 2018  Raster-100 m Grid 
 PLEL 

Buffer 10 km 

Processing from Forest 

Cover 2018 

22 Commune Boundary-2014 Vector-Polygon National ODC (2015c) 

23 District Boundary-2014 Vector-Polygon National ODC (2015c) 

24 Provincial Boundary-2014 Vector-Polygon National ODC (2015c) 

25 Slope 
Raster-1.160 m 

Grid 

 PLEL 

Buffer 20 km 

Processing from Contour 

(JICA, 2003) 

26 Digital Elevation  DEM 
 PLEL 

Buffer 20km 

Processing from Contour 

(JICA, 2003) 

27 Road Network Vector-Line National OpenStreetMap (2019) 

28 ទេសភាពព្រពឡង់ និងតបំន់ជ ំវិញ Boundary Vector-Polygon 
 PLEL 

 
USAID GPL (2019) 

29 
Modis Collection 6.2 Fire 

Detection 
Vector-Point National 

NASA EarthData EOSDIS 

(n.d.) 

 

TABLE 35: DESCRIPTIVE STATISTIC OF NATIONAL FOREST COVER AND LAND 

COVER 2018 IN ទេសភាពព្រពឡង ់នងិតបំនជ់ វំញិ BOUNDARY 

No. 
Forest Area Coverage (2018) 

Forestland Land cover Ha % 

1 Forestland Cover Bamboo  14,325 0.43% 
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No. 
Forest Area Coverage (2018) 

Forestland Land cover Ha % 

2 Deciduous forest  884,498 26.66% 

3 Evergreen forest  522,524 15.75% 

4 Flooded forest  76,050 2.29% 

5 Forest regrowth 63,287 1.91% 

6 Pine plantation 8 0.00% 

7 Rubber plantation  130,332 3.93% 

8 Semi-evergreen forest  301,310 9.08% 

9 Tree plantation 6,663 0.20% 

  Sub Total 1,998,997 60.26% 

10 

Non-forestland 

Village 39,116 1.18% 

11 Built-up area 1,317 0.04% 

12 Grassland 57,041 1.72% 

13 Crop Land 553,683 16.69% 

14 Paddy field 460,960 13.90% 

15 Rock  833 0.03% 

16 Sand 9,134 0.28% 

17 Water 82,129 2.48% 

18 Wood shrub  114,141 3.44% 

  Sub Total 1,318,355 39.74% 

Total 3,317,352 100% 
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TABLE 36: FORESTLAND IN EACH PROTECTED AREA IN ទេសភាពព្រពឡង ់នងិតបំនជ់ វំញិ BOUNDARY 

No 

Protected area Forestland 

Name Type Ha 
% in each 

individual PA 

% in total 

PA 

% in total 
ទេសភាពព្រពឡង ់នងិតបំន់

ជ វំញិ 

1 Beng Per Wildlife Sanctuary Wildlife Sanctuary 153,289 72.09% 8.78% 4.62% 

2 Boeng Chhmar Ramsar Site Multiple Use Area (Ramsar Site) 6,973 47.90% 0.40% 0.21% 

3 Chhaeb Wildlife Sanctuary Wildlife Sanctuary 163,631 86.14% 9.37% 4.93% 

4 
Northeast Biodiversity Conservation 

Corridor 
Biodiversity Conservation Corridor 1,627 17.45% 0.09% 0.05% 

5 Koh Kae Protected Resort Protected Landscape 3,172 88.11% 0.18% 0.10% 

6 Kulen Promtep Wildlife Sanctuary Wildlife Sanctuary 191,313 79.62% 10.95% 5.77% 

7 Stung Treng Ramsar Site Ramsar Site 4,436 29.80% 0.25% 0.13% 

8 
Northwest Biodiversity Conservation 

Corridor 
Biodiversity Conservation Corridor 299,865 90.25% 17.17% 9.04% 

9 North Tonle Sap Protected Landscape Protected Landscape 10,864 41.05% 0.62% 0.33% 

10 Phnom Tbaeng Natural Heritage Park Protected Natural Heritage 22,961 93.13% 1.31% 0.69% 

11 
Phnom Thnout-Phnom Pok Wildlife 

Sanctuary 
Wildlife Sanctuary 23,193 93.03% 1.33% 0.70% 

12 
Prasat Bakan (Preah Khan Kampong 

Svay) Protected Landscape 
Protected Landscape 1,459 69.15% 0.08% 0.04% 

13 Preah Vihear Protected Landscape Protected Landscape 2,846 88.55% 0.16% 0.09% 

14 Preah Roka Wildlife Sanctuary Wildlife Sanctuary 88,608 98.06% 5.07% 2.67% 

15 Preak Prasab Wildlife Sanctuary Wildlife Sanctuary 6,227 48.76% 0.36% 0.19% 

16 Prey Lang Wildlife Sanctuary Wildlife Sanctuary 406,172 94.09% 23.26% 12.24% 

17 Sambour Prey Kok Protected Landscape Protected Landscape 380 86.76% 0.02% 0.01% 

18 Sambour Wildlife Sanctuary Wildlife Sanctuary 36,488 72.84% 2.09% 1.10% 

19 Stung Sen Ramsar Site Multiple Use Area (Ramsar Site) 5,174 81.42% 0.30% 0.16% 

20 
Techo Sen Russey Treb Cambodian 

Royal Academy National Park 
National Park 10,938 95.71% 0.63% 0.33% 

21 Tonle Sap Multiple Use Area Multiple Use Area 31,632 71.19% 1.81% 0.95% 
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No 

Protected area Forestland 

Name Type Ha 
% in each 

individual PA 

% in total 

PA 

% in total 
ទេសភាពព្រពឡង ់នងិតបំន់

ជ វំញិ 

 Total 1,471,248 73.58% 84.24% 44.34% 

 

TABLE 37: NON-FORESTLAND IN EACH PROTECTED AREA IN ទេសភាពព្រពឡង ់នងិតបំនជ់ វំញិ BOUNDARY 

No 

Protected area Forestland 

Name Type Ha 
% in each 

individual PA 

% in total 

PA 

% in total 
ទេសភាពព្រពឡង ់នងិតបំន់

ជ វំញិ 

1 Beng Per Wildlife Sanctuary Wildlife Sanctuary 59,378  27.92% 3.40% 1.79% 

2 Boeng Chhmar Ramsar Site Multiple Use Area (Ramsar Site) 7,593  52.16% 0.43% 0.23% 

3 Chhaeb Wildlife Sanctuary Wildlife Sanctuary 26,335  13.86% 1.51% 0.79% 

4 
Northeast Biodiversity Conservation 

Corridor 
Biodiversity Conservation Corridor 

7,694  82.50% 0.44% 0.23% 

5 Koh Kae Protected Resort Protected Landscape 428  11.89% 0.02% 0.01% 

6 Kulen Promtep Wildlife Sanctuary Wildlife Sanctuary 48,948  20.37% 2.80% 1.48% 

7 Stung Treng Ramsar Site Ramsar Site 10,434  70.08% 0.60% 0.31% 

8 
Northwest Biodiversity Conservation 

Corridor 
Biodiversity Conservation Corridor 

32,389  9.75% 1.85% 0.98% 

9 North Tonle Sap Protected Landscape Protected Landscape 15,615  59.00% 0.89% 0.47% 

10 Phnom Tbaeng Natural Heritage Park Protected Natural Heritage 1,676  6.80% 0.10% 0.05% 

11 
Phnom Thnout-Phnom Pok Wildlife 

Sanctuary 
Wildlife Sanctuary 

1,733  6.95% 0.10% 0.05% 

12 
Prasat Bakan (Preah Khan Kampong 

Svay) Protected Landscape 
Protected Landscape 

655  31.04% 0.04% 0.02% 

13 Preah Vihear Protected Landscape Protected Landscape 353  10.98% 0.02% 0.01% 

14 Preah Roka Wildlife Sanctuary Wildlife Sanctuary 1,755  1.94% 0.10% 0.05% 

15 Preak Prasab Wildlife Sanctuary Wildlife Sanctuary 6,555  51.33% 0.38% 0.20% 

16 Prey Lang Wildlife Sanctuary Wildlife Sanctuary 25,505  5.91% 1.46% 0.77% 
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No 

Protected area Forestland 

Name Type Ha 
% in each 

individual PA 

% in total 

PA 

% in total 
ទេសភាពព្រពឡង ់នងិតបំន់

ជ វំញិ 

17 Sambour Prey Kok Protected Landscape Protected Landscape 57  13.01% 0.003% 0.00% 

18 Sambour Wildlife Sanctuary Wildlife Sanctuary 13,540  27.03% 0.78% 0.41% 

19 Stung Sen Ramsar Site Multiple Use Area (Ramsar Site) 1,175  18.49% 0.07% 0.04% 

20 
Techo Sen Russey Treb Cambodian 

Royal Academy National Park 
National Park 

497  4.35% 0.03% 0.01% 

21 Tonle Sap Multiple Use Area Multiple Use Area 12,808  28.82% 0.73% 0.39% 

 Total 275,123  26.39% 15.75% 8.29% 

 

TABLE 38: TOTAL FOREST AND NON-FOREST IN EACH PROTECTED AREA IN ទេសភាពព្រពឡង ់នងិតបំនជ់ វំញិ BOUNDARY 

No 

Protected area Total 

Name Type Ha 
% in each 

individual PA 

% in total 

PA 

% in total 
ទេសភាពព្រពឡង ់នងិតបំន់

ជ វំញិ 

1 Beng Per Wildlife Sanctuary Wildlife Sanctuary 212,643 100% 12.18% 6.41% 

2 Boeng Chhmar Ramsar Site Multiple Use Area (Ramsar Site) 14,556 100% 0.83% 0.44% 

3 Chhaeb Wildlife Sanctuary Wildlife Sanctuary 189,969 100% 10.88% 5.73% 

4 
Northeast Biodiversity Conservation 

Corridor 
Biodiversity Conservation Corridor 9,326 100% 0.53% 0.28% 

5 Koh Kae Protected Resort Protected Landscape 3,600 100% 0.21% 0.11% 

6 Kulen Promtep Wildlife Sanctuary Wildlife Sanctuary 240,276 100% 13.76% 7.24% 

7 Stung Treng Ramsar Site Ramsar Site 14,888 100% 0.85% 0.45% 

8 
Northwest Biodiversity Conservation 

Corridor 
Biodiversity Conservation Corridor 332,260 100% 19.02% 10.01% 

9 North Tonle Sap Protected Landscape Protected Landscape 26,468 100% 1.52% 0.80% 

10 Phnom Tbaeng Natural Heritage Park Protected Natural Heritage 24,654 100% 1.41% 0.74% 

11 
Phnom Thnout-Phnom Pok Wildlife 

Sanctuary 
Wildlife Sanctuary 24,930 100% 1.43% 0.75% 
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No 

Protected area Total 

Name Type Ha 
% in each 

individual PA 

% in total 

PA 

% in total 
ទេសភាពព្រពឡង ់នងិតបំន់

ជ វំញិ 

12 
Prasat Bakan (Preah Khan Kampong 

Svay) Protected Landscape 
Protected Landscape 2,110 100% 0.12% 0.06% 

13 Preah Vihear Protected Landscape Protected Landscape 3,214 100% 0.18% 0.10% 

14 Preah Roka Wildlife Sanctuary Wildlife Sanctuary 90,362 100% 5.17% 2.72% 

15 Preak Prasab Wildlife Sanctuary Wildlife Sanctuary 12,770 100% 0.73% 0.39% 

16 Prey Lang Wildlife Sanctuary Wildlife Sanctuary 431,684 100% 24.72% 13.01% 

17 Sambour Prey Kok Protected Landscape Protected Landscape 438 100% 0.03% 0.01% 

18 Sambour Wildlife Sanctuary Wildlife Sanctuary 50,093 100% 2.86% 1.51% 

19 Stung Sen Ramsar Site Multiple Use Area (Ramsar Site) 6,355 100% 0.36% 0.19% 

20 
Techo Sen Russey Treb Cambodian 

Royal Academy National Park 
National Park 11,428 100% 0.65% 0.34% 

21 Tonle Sap Multiple Use Area Multiple Use Area 44,435 100% 2.54% 1.34% 

 Total 1,746,459 100% 100% 53% 
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1.1.2 CARBON STORAGE 

TABLE 39: CARBON POOLS TABLE USED FOR THE MODEL SIMULATION WITH INVEST20 V.3.7.0 IN តបំនទ់េសភាពព្រពឡង ់នងិតបំនជ់ វំញិ 

No. Land use class name 
C 

above21 

C 

below22 
C dead23 C soil24 Adopted sources 

1 Bamboo 36.4 11.1 10 0 Value of "Bamboo" adopted from Sasaki et al., 2016 

2 Built-up area 0 0 0 0 Value of "Town" used by Bhagabati et al., 2012 

3 Crop Land 26.32 6.11 1 0 Value of "Mixed Agriculture" used by Bhagabati et al. 2012 

4 Deciduous forest 95.1 28.9 26.1 0 Value of "Deciduous forest" adopted from Sasaki et al., 2016 

5 Evergreen forest 96.2 27.8 40.8 0 Value of "Evergreen forest" adopted from Sasaki et al., 2016 

6 Flooded forest 30 9.1 8.2 0 Value of "Evergreen woody shrubland" adopted from Sasaki et al., 2016 

7 Forest regrowth 87.6 26.6 24 0 Value of "Other forest" adopted from Sasaki et al., 2016 

8 Grassland 6.11 1.41 0 0 Value of "Grassland" used by Bhagabati et al., 2012 

9 Oil palm 39.01 9.4 1 0 
Value of "Small Holder Young Oil Palm Plantation" used by Bhagabati et al., 

2012 

10 Paddy field 4.35 0.94 1 0 Value of "Paddy Field" used by Bhagabati et al., 2012 

11 Rock 0 0 0 0 Value of "Bare land" used by Bhagabati et al., 2012 

12 Rubber plantation 50.29 12.07 1 0 Value of "Plantation" used by Bhagabati et al., 2012 

13 Sand 0 0 0 0 Value of "Bare land" used by Bhagabati et al., 2012 

14 Semi-evergreen forest 98.1 29.8 26.9 0 Value of "Semi evergreen forest" adopted from Sasaki et al., 2016 

 

20 Integrated Valuation of Ecosystem Services and Trade-offs (InVEST) are open-source software models for mapping and valuing ecosystem services. 

21 c above: Carbon density in aboveground biomass [units: mega grams/hectare]. 

22 c_below: Carbon density in belowground biomass [units: mega grams/hectare]. 

23 c_soil: Carbon density in soil [units: mega grams/hectare]. 

24 c_dead: Carbon density in dead matter [units: mega grams/hectare]. 
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No. Land use class name 
C 

above21 

C 

below22 
C dead23 C soil24 Adopted sources 

15 Tree plantation 50.29 12.07 1 0 Value of "Plantation" used by Bhagabati et al., 2012 

16 Village 0 0 0 0 Value of "Town" used by Bhagabati et al., 2012 

17 Water 0 0 0 0 Value of "Water body" used by Bhagabati et al., 2012 

18 Wood shrub 30 9.1 8.2 0 Value of "Evergreen woody shrubland" adopted from Sasaki et al., 2016 

19 Pine plantation 50.29 12.07 1 0 Value of "Plantation" used by Bhagabati et al., 2012 
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TABLE 40: ESTIMATED CARBON STORAGE (MG C) BY SELECTED WATERSHEDS IN 

តបំនទ់េសភាពព្រពឡង ់នងិតបំនជ់ វំញិ IN 2018 

No. Name Area (ha)25 

Mean carbon 

storage per ha 

(Mg C/ha) 

Standard 

deviation 
Total carbon storage (Mg C) 

1 Prasat Ballangk 101,939  51 59 5,247,641  

2 Stoung 144,178  29 37 4,221,652  

3 Sangkum Thmei 164,684  114 59 18,823,716  

4 Baray 105,600  12 15 1,269,613  

5 Santuk 278,024  55 47 15,242,989  

6 East Sandan 211,388  140 49 29,692,998  

7 West Sandan 432,172  55 57 23,601,726  

8 Rovieng 400,066  112 61 44,819,606  

9 Kuleaen 612,224  115 60 70,699,610  

Total 2,450,275   76   49  213,619,550  

 

TABLE 41: CARBON POOLS TABLE USED FOR THE MODEL SIMULATION WITH 

INVEST V.3.7.0 IN តបំនទ់េសភាពព្រពឡង ់នងិតបំនជ់ វំញិ 

No. 
Land use class 

name 

C 

above26 

C 

below27 

C 

dead28 
C soil29 Adopted sources 

1 Bamboo 36.4 11.1 10 0 
Value of "Bamboo" adopted from 

Sasaki et al., 2016 

2 Built-up area 0 0 0 0 
Value of "Town" used by Bhagabati et 

al., 2014 

3 Crop Land 26.32 6.11 1 0 
Value of "Mixed Agriculture" used by 

Bhagabati et al., 2014 

4 Deciduous forest 95.1 28.9 26.1 0 
Value of "Deciduous forest" adopted 

from Sasaki et al., 2016 

5 Evergreen forest 96.2 27.8 40.8 0 
Value of "Evergreen forest" adopted 

from Sasaki et al., 2016 

6 Flooded forest 30 9.1 8.2 0 

Value of "Evergreen woody 

shrubland" adopted from Sasaki et al., 

2016 

7 Forest regrowth 87.6 26.6 24 0 
Value of "Other forest" adopted from 

Sasaki et al., 2016 

 

25 The computation is completed by calculating sub-watersheds boundary inside ទេសភាពព្រពឡង់ និងតំបន់ជ ំវិញ only, not including the area outside.  

26 c_above: Carbon density in aboveground biomass [units: mega grams/hectare]. 

27 c_below: Carbon density in belowground biomass [units: mega grams/hectare]. 

28 c_soil: Carbon density in soil [units: mega grams/hectare]. 

29 c_dead: Carbon density in dead matter [units: mega grams/hectare]. 
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No. 
Land use class 

name 

C 

above26 

C 

below27 

C 

dead28 
C soil29 Adopted sources 

8 Grassland 6.11 1.41 0 0 
Value of "Grassland" used by 

Bhagabati et al., 2014 

9 Oil palm 39.01 9.4 1 0 

Value of "small holder young oil palm 

plantation" used by Bhagabati et al., 

2014 

10 Paddy field 4.35 0.94 1 0 
Value of "Paddy Field" used by 

Bhagabati et al., 2014 

11 Rock 0 0 0 0 
Value of "Bare land" used by 

Bhagabati et al., 2014 

12 Rubber plantation 50.29 12.07 1 0 
Value of "Plantation" used by 

Bhagabati et al., 2014 

13 Sand 0 0 0 0 
Value of "Bare land" used by 

Bhagabati et al., 2014 

14 
Semi-evergreen 

forest 
98.1 29.8 26.9 0 

Value of "Semi evergreen forest" 

adopted from Sasaki et al., 2016 

15 Tree plantation 50.29 12.07 1 0 
Value of "Plantation" used by 

Bhagabati et al., 2014 

16 Village 0 0 0 0 
Value of “Town" used by Bhagabati et 

al., 2014 

17 Water 0 0 0 0 
Value of “Water body" used by 

Bhagabati et al., 2014 

18 Wood shrub 30 9.1 8.2 0 

Value of “Evergreen woody 

shrubland" adopted from Sasaki et al., 

2016 

19 Pine plantation 50.29 12.07 1 0 
Value of "Plantation" used by 

Bhagabati et al., 2014 
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TABLE 42: ESTIMATED CARBON STORAGE (MG C) BY PROTECTED AREA IN តបំនទ់េសភាពព្រពឡង ់នងិតបំនជ់ វំញិ ក្នងុឆ្ន  ំ2018 

No. Name Category Area (ha) 

Mean carbon 

storage per ha 

(Mg C/ha) 

Standard 

deviation 

Total carbon 

storage (Mg C) 

1 Beng Per Wildlife Sanctuary Wildlife Sanctuary 212,654  102 59 21,638,022  

2 
Boeng Chhmar Ramsar Site 

Multiple Use Area 

(Ramsar Site) 

14,554  23 24 330,206  

3 Chhaeb Wildlife Sanctuary Wildlife Sanctuary 189,972  134 47 25,515,264  

4 
Northeast Biodiversity Conservation Corridor 

Biodiversity 

Conservation Corridor 

9,321  27 57 250,069  

5 Koh Kae Protected Resort Protected Landscape 3,600  135 44 484,797  

6 Kulen Promtep Wildlife Sanctuary Wildlife Sanctuary 240,272  123 54 29,665,001  

7 Stung Treng Ramsar Site Ramsar Site 14,892  42 61 628,017  

8 
Northwest Biodiversity Conservation Corridor 

Biodiversity 

Conservation Corridor 

332,278  140 39 46,667,635  

9 North Tonle Sap Protected Landscape Protected Landscape 26,471  68 66 1,794,302  

10 
Phnom Tbaeng Natural Heritage Park 

Protected Natural 

Heritage 

24,650  152 40 3,735,393  

11 Phnom Thnout-Phnom Pok Wildlife Sanctuary Wildlife Sanctuary 24,938  144 34 3,599,505  

12 
Prasat Bakan (Preah Khan Kampong Svay) Protected 

Landscape 
Protected Landscape 

2,112  105 67 222,408  

13 Preah Vihear Protected Landscape Protected Landscape 3,211  137 49 440,607  

14 Preah Roka Wildlife Sanctuary Wildlife Sanctuary 90,359  155 20 13,962,639  

15 Preak Prasab Wildlife Sanctuary Wildlife Sanctuary 12,790  81 69 1,037,994  

16 Prey Lang Wildlife Sanctuary Wildlife Sanctuary 431,676  152 32 65,507,157  

17 Sambour Prey Kok Protected Landscape Protected Landscape 437  139 52 60,709  

18 Sambour Wildlife Sanctuary Wildlife Sanctuary 50,112  113 62 5,651,101  

19 
Stung Sen Ramsar Site 

Multiple Use Area 

(Ramsar Site) 

6,347  39 18 245,269  

20 
Techo Sen Russey Treb Cambodian Royal Academy 

National Park 
National Park 

11,425  137 36 1,569,777  

21 Tonle Sap Multiple Use Area Multiple Use Area 44,434  35 21 1,546,503  

Total 1,746,505 104 45 224,552,373  
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TABLE 43: SENSITIVITY SCORE OF FOREST COVER AND LAND COVER CLASSES BY 

THREAT CATEGORIES30 

No. Name 
Habitat 

suitability31 

Sensitivity to 

agricultural 

sources of 

threats32 

Sensitivity to 

urban sources 

of threats 

Sensitivity 

to paved 

road 

threats 

Sensitivity 

to dirt 

road 

threats 

1 Crop Land 0.2 0.3 0.5 0.3 0.1 

2 
Rubber 

plantation 
0.5 0.3 0.5 0.3 0.1 

3 Village 0 0 0 0 0 

4 Paddy field 0.2 0.3 0.5 0.3 0.1 

5 Grassland 0.3 0.3 0.5 0.3 0.1 

6 Oil palm 0.2 0.3 0.5 0.3 0.1 

7 Bamboo 0.5 1 1 1 1 

8 Evergreen forest 1 0.3 0.5 0.3 0.1 

9 
Deciduous 

forest 
1 0.3 0.5 0.3 0.1 

10 Water 1 0 0 0 0 

12 Tree plantation 0.85 0.3 0.5 0.3 0.1 

13 Sand 0 0 0 0 0 

14 Built-up area 0 0 0 0 0 

15 Wood shrub 0.3 1 1 1 1 

16 Flooded forest 0.5 1 1 1 1 

17 
Semi-evergreen 

forest 
1 1 1 1 1 

18 Forest regrowth 0.85 0.8 0.9 0.9 0.7 

19 Rock 0 0 0 0 0 

20 Paved road 0 0 0 0 0 

21 Dirt road 0 0 0 0 0 

22 
Rubber 

plantation 
0.5 0.3 0.5 0.3 0.1 

 

 

30 This input data derived from Sunsanee et al. (2016). 

31 Greater values indicate higher suitability for biodiversity habitat. 

32 Greater value indicates higher sensitivity of land use to threats. 
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TABLE 44: PERCENTAGE OF ECOSYSTEM SERVICES FOR EACH LAND USE CLASS 

(2006-2018) 

No. Year 

Forest cover33 
Percentage of ecosystem  

services in land use class 

Forestland Forest classification 

Habitat  

quality 

(%) 

Carbon  

storage  

(%) 

1 2018 

Forestland 

cover 

(1,999,355 

ha, 

60.27%) 

Bamboo (14,277 ha, 0.43%) 0.32% 0.00% 

Deciduous forest (884,435 ha, 26.66%) 39.86% 0.13% 

Evergreen forest (522,631 ha, 15.75%) 23.85% 0.26% 

Flooded forest (76,092 ha, 2.29%) 1.74% 1.14% 

Forest regrowth (63,242 ha, 1.91%) 2.44% 2.63% 

Pine plantation (8 ha, 0.00%) 0.00% 2.78% 

Rubber plantation (130,706 ha, 3.94%) 2.95% 14.82% 

Semi-evergreen forest (301,296 ha, 9.08%) 13.69% 27.37% 

Tree plantation (6,668 ha, 0.20%) 0.26% 42.19% 

Non-

forest 

(1,318,002 

ha, 

39.73%) 

Built-up area (1,323 ha, 0.04%) 0.00% 0.00% 

Crop Land (553,818 ha, 16.69%) 4.88% 0.00% 

Grassland (56,963 ha, 1.72%) 0.77% 0.00% 

Paddy field (461,270 ha, 13.90%) 4.01% 0.00% 

Rock (834 ha, 0.03%) 0.00% 0.00% 

Sand (8,521 ha, 0.26%) 0.00% 0.14% 

Village (39,081 ha, 1.18%) 0.00% 0.92% 

Water (81,976 ha, 2.47%) 3.70% 1.72% 

Wood shrub (114,216 ha, 3.44%) 1.52% 5.88% 

2 2014 

Forestland 

cover 

(2,177,228 

ha, 

65.63%) 

Bamboo (14,243 ha, 0.43%) 0.30% 0.24% 

Deciduous forest (973,543 ha, 29.35%) 40.87% 42.95% 

Evergreen forest (594,798 ha, 17.93%) 25.32% 28.81% 

Flooded forest (77,187 ha, 2.33%) 1.65% 1.07% 

Forest regrowth (85,115 ha, 2.57%) 3.06% 3.46% 

Rubber plantation (96,297 ha, 2.90%) 2.03% 1.79% 

Semi-evergreen forest (328,354 ha, 9.90%) 13.91% 14.94% 

Tree plantation (7,700 ha, 0.23%) 0.28% 0.14% 

Non-

forestland 

(1 140,134 

ha, 

34.37%) 

Built-up area (1,396 ha, 0.04%) 0.00% 0.00% 

Crop Land (405,163 ha, 12.21%) 3.31% 3.98% 

Grassland (67,496 ha, 2.03%) 0.85% 0.15% 

Paddy field (421,752 ha, 12.71%) 3.41% 0.78% 

Rock (207 ha, 0.01%) 0.00% 0.00% 

Sand (8,678 ha, 0.26%) 0.00% 0.00% 

 

33 Percent (%) shared for water  body for each year is ~ 2.5% 
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No. Year 

Forest cover33 
Percentage of ecosystem  

services in land use class 

Forestland Forest classification 

Habitat  

quality 

(%) 

Carbon  

storage  

(%) 

Village (31,161 ha, 0.94%) 0.00% 0.00% 

Water (82,969 ha, 2.50%) 3.50% 0.00% 

Wood shrub (121,312 ha, 3.66%) 1.51% 1.69% 

3 2010 

Forestland 

cover 

(2,499,524 

ha, 

75.35%) 

Bamboo (12,925 ha, 0.39%) 0.24% 0.19% 

Deciduous forest (1,160,156 ha, 34.97%) 43.21% 44.25% 

Evergreen forest (784,901 ha, 23.66%) 29.79% 32.87% 

Flooded forest (71,231 ha, 2.15%) 1.36% 0.86% 

Forest regrowth (90,686 ha, 2.73%) 2.90% 3.18% 

Rubber plantation (11,935 ha, 0.36%) 0.22% 0.19% 

Semi-evergreen forest (363,646 ha, 10.96%) 13.70% 14.30% 

Tree plantation (4,044 ha, 0.12%) 0.13% 0.07% 

Non-

forestland 

(817,838 

ha, 

24.65%) 

Built-up area (2,153 ha, 0.06%) 0.00% 0.00% 

Crop Land (137,825 ha, 4.15%) 0.97% 1.17% 

Grassland (101,458 ha, 3.06%) 1.14% 0.19% 

Paddy field (321,037 ha, 9.68%) 2.30% 0.51% 

Sand (2,416 ha, 0.07%) 0.00% 0.00% 

Village (15,988 ha, 0.48%) 0.00% 0.00% 

Water (52,340 ha, 1.58%) 1.97% 0.00% 

Wood shrub (184,621 ha, 5.57%) 2.06% 2.22% 

4 2006 

Forestland 

cover 

(2,514,628 

ha, 

75.80%) 

Bamboo (12,893 ha, 0.39%) 0.24% 0.19% 

Deciduous forest (1,173,651 ha, 35.38%) 43.18% 44.24% 

Evergreen forest (804,860 ha, 24.26%) 30.21% 33.31% 

Flooded forest (56,714 ha, 1.71%) 1.07% 0.67% 

Forest regrowth (91,792 ha, 2.77%) 2.90% 3.19% 

Rubber plantation (162 ha, 0.00%) 0.00% 0.00% 

Semi-evergreen forest (368,024 ha, 11.09%) 13.70% 14.31% 

Tree plantation (6,532 ha, 0.20%) 0.20% 0.10% 

Non-

forestland 

(802,734 

ha, 

24.20%) 

Built-up area (1,546 ha, 0.05%) 0.00% 0.00% 

Crop Land (116,711 ha, 3.52%) 0.80% 0.98% 

Grassland (133,839 ha, 4.03%) 1.49% 0.25% 

Paddy field (294,892 ha, 8.89%) 2.09% 0.47% 

Sand (1,961 ha, 0.06%) 0.00% 0.00% 

Village (8,044 ha, 0.24%) 0.00% 0.00% 

Water (53,644 ha, 1.62%) 2.00% 0.00% 
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No. Year 

Forest cover33 
Percentage of ecosystem  

services in land use class 

Forestland Forest classification 

Habitat  

quality 

(%) 

Carbon  

storage  

(%) 

Wood shrub (192,097 ha, 5.79%) 2.12% 2.28% 

 

1.1.3 PROTECTED AREA ANALYSIS 

TABLE 45: TERMINOLOGY  

Term Definition 

Protected Area 

(National Definition) 

An area of the State's public properties in land or water territories, including coasts and sea, 

located in the area established by a Royal Decree or a new area established in the jurisdiction of 

the Ministry of Environment (MoE). These areas are of physical and biological importance, which 

requires management by law with the purpose of protecting and maintaining biological, natural 

and cultural resources, and shall be sustainably managed in every generation for environmental, 

social and economic benefits. 

Protected Area (IUCN 

Definition) 

A clearly defined geographical space, recognized, dedicated, and managed, through legal or other 

effective means, to achieve the long-term conservation of nature with associated ecosystem 

services and cultural values. 

Wildlife Sanctuary An area in land and/or water territories, which requires active interventions for management 

purposes to ensure maintenance of habitats and/or to meet necessary conditions for any species of 

animals or plants. 

Protected Landscape An area in land and/or water territories, in which human interactions with nature create 

uniqueness in natural beauty or ecology or culture, and generally abundant in biological resources. 

Maintaining the interaction that is traditional is important to age and life for defense, maintain and 

development of such area. 

Multiple Use Area An area in land and/or water territories, which is rich in natural resources that are intact and 

require management activities to ensure long-term protection and maintenance of biological 

resources and ecosystem. In the meantime, it provides natural products and services for use to 

meet the community needs. 

National Park A natural area in land and/or water territories, which is established to: (1) protect the area's role 

or roles in the ecosystem for the benefits of people of all generations, (2) limit the use that may 

harm or destroy biological resources, natural resources, cultural resources, and functions/roles of 

the area in relation to the objectives of the established area, and (3) serve as bases for recreation, 

visits, education, research, and belief, provided that these activities do not cause threats to the 

natural environment and local culture. 

Ramsar Site Wetland that is considered as an area of ecological or biological importance of international 

nature. 

Natural Heritage Site An area in land and/or water territories, in which there is natural or semi-natural uniqueness and 

has outstanding or extraordinary value because that area is rare, of a quality that represents the 

ecosystem, or of beauty or cultural importance. 

Biosphere Reserve An area representing an ecosystem that is important and not severely damaged, and surrounded 

by sustainable development zones, allowed for limited human activities. 
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Term Definition 

Marine Park A coastal area that is affected by marine tides mixed with water from mountain forests, including 

islands, covered by forests, plants, wildlife and fish of all kinds, with historical and cultural value 

and this area is recognized by law to be managed effectively.   

Biodiversity 

Conservation Corridor 

The areas that connect natural protected areas in Cambodia such as National Parks, Wildlife 

Sanctuaries, Protected Landscapes, Multiple Use Area, Ramsar Sites, Natural Heritage Sites, 

Biosphere Reserves, Marine Parks in order to sustain natural significance and biodiversity value of 

that area’s ecological system.     

Zonation Division of protected areas into four management zoning systems: core zone, conservation zone, 

sustainable use zone, and community zone. 

Core Zone Management area(s) of high conservation values containing threatened and critically endangered 

species, and fragile ecosystems. 

Conservation Zone Management area(s) of high conservation values containing natural resources, ecosystems, 

watershed areas, and natural landscape located adjacent to the core zone. 

Sustainable Use Zone Management area(s) of high economic values for national economic development and 

management, and conservation of the protected area(s) itself thus contributing to the local 

community, and indigenous ethnic minorities’ livelihood improvement. 

Community Zone Management area(s) for socio-economic development of the local communities and indigenous 

ethnic minorities and may contain existing residential lands, paddy field and field garden or 

swidden (chamkar). 

World Database on 

Protected Areas 

(WDPA) 

A comprehensive global database on terrestrial and marine protected areas. 

Key Biodiversity Areas Approach helps to identify and designate areas of international importance in terms of biodiversity 

conservation using globally standardized criteria. 

International Bird and 

Biodiversity Areas 

Areas identified as internationally important for conservation of bird populations, as decided by 

internationally agreed set of criteria. 

Zero Extinction Sites Areas established for conservation, safeguarding, and preventing of species from extinctions. 

IUCN Protected Area 

Categories System 

Division into seven sub-management categories, namely: Category Ia, Category Ib, Category II, 

Category III, Category IV, Category V, and Category VI. 

IUCN Category Ia—

Strict Nature Reserve 

Protected areas that are strictly set aside to protect biodiversity and also possibly geological/ 

geomorphological features, where human visitation, use and impacts are strictly controlled and 

limited to ensure protection of the conservation values. Such protected areas can serve as 

indispensable reference areas for scientific research and monitoring. 

IUCN Category Ib—

Wilderness Area 

Protected areas that are usually large unmodified or slightly modified areas, retaining their natural 

character and influence, without permanent or significant human habitation, which are protected 

and managed so as to preserve their natural condition. 

IUCN Category II—

National Park 

Large natural or near natural areas set aside to protect large-scale ecological processes, along with 

the complement of species and ecosystems characteristic of the area, which also provide a 

foundation for environmentally and culturally compatible spiritual, scientific, educational, 

recreational and visitor opportunities. 
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Term Definition 

IUCN Category III—

Natural Monument or 

Feature 

Protected areas set aside to protect a specific natural monument, which can be a landform, sea 

mount, submarine cavern, geological feature such as a cave or even a living feature such as an 

ancient grove. They are generally quite small protected areas and often have high visitor value. 

IUCN Category IV—

Habitat/Species 

Management Area 

Protected areas aiming to protect particular species or habitats and management reflects this 

priority. Many category IV protected areas will need regular, active interventions to address the 

requirements of particular species or to maintain habitats, but this is not a requirement of the 

category. 

IUCN Category V—

Protected 

Landscape/Seascape 

A protected area where the interaction of people and nature over time has produced an area of 

distinct character with significant ecological, biological, cultural and scenic value: and where 

safeguarding the integrity of this interaction is vital to protecting and sustaining the area and its 

associated nature conservation and other values 

IUCN Category VI—

Protected Area with 

Sustainable Use of 

Natural Resources 

Protected areas that conserve ecosystems and habitats, together with associated cultural values 

and traditional natural resource management systems. They are generally large, with most of the 

area in a natural condition, where a proportion is under sustainable natural resource management 

and where low-level non-industrial use of natural resources compatible with nature conservation is 

seen as one of the main aims of the area. 
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TABLE 46: DETAILS OF PROTECTED AREAS INSIDE តបំនទ់េសភាពព្រពឡង ់នងិតបំនជ់ វំញិ 

No. Name Category 

Area in 

sub-

decree 

(ha) 

GIS 

calculation 

(ha)34 

Difference 

area (ha)35 

Area in 
ទេសភាពព្រពឡង ់នងិ
តបំនជ់ វំញិ (ha) 

References 
WDPA 

ID 

IUCN 

category 

Boundary 

demarcation 

status 

1 

Kulen 

Promtep 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
402,500 409,618 -7,118 240,276 

Royal Decree 

on Protected 

Areas 

01.11.1993 

61943 
Category 

IV 

Well-defined on 

map, but 

demarcation 

boundary on 

actual location is 

not yet 

completed (100 

points of 

coordinates 

were marked, 

but still need 50 

more markers) 

[Notification 

Letter 0091] 

2 
Stung Treng 

Ramsar Site 
Ramsar Site 14,600 14,888 -288 14,888 

National 

Report on 

Protected 

Areas and 

Development 

198316 
Not 

reported 

Well-defined on 

map, but 

information on 

boundary 

demarcation on 

actual location is 

not available. 

3 

Beng Per 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
249,694 248,723 971 212,643 

Royal Decree 

on Protected 

Areas 

01.11.1993 

68867 
Category 

IV 

Well-defined on 

map, but there 

is still yet 

boundary 

demarcation on 

actual location. 

 

34 GIS calculation area = area of each protected area as calculated from GIS shapefile. 

35 Different area = the different area of each protected area from sub-decree area and GIS calculation area. 
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No. Name Category 

Area in 

sub-

decree 

(ha) 

GIS 

calculation 

(ha)34 

Difference 

area (ha)35 

Area in 
ទេសភាពព្រពឡង ់នងិ
តបំនជ់ វំញិ (ha) 

References 
WDPA 

ID 

IUCN 

category 

Boundary 

demarcation 

status 

4 

Boeng 

Chhmar 

Ramsar Site 

Multiple Use 

Area (Ramsar 

Site) 

14,560 14,560 0 14,556 

Boeng 

Chhmar and 

Associated 

River System 

and Flood 

313448 
Category 

IV 

14,560 hectares 

of core zone 

were demarked 

with 6 markers 

– B1, B2, B3, B4, 

B5 and B6 – in 

2007, supported 

by Tonle Sap 

Conservation 

Project. 

5 
Stung Sen 

Ramsar Site 

Multiple Use 

Area (Ramsar 

Site) 

6,355 6,356 -1 6,355 

Royal Decree 

on Ramsar 

1296/34 

24.12.1996 

313449 
Category 

IV 

Well-defined on 

map and 

classified into 3 

zones. Yet, 

information on 

boundary 

demarcation on 

actual location is 

not available for 

study. 

6 

Preah Vihear 

Protected 

Landscape 

Protected 

Landscape 
5,000 3,251 1,749 3,214 

Royal Decree 

on Protected 

Landscape 

24.12.1997 

12249 Category V 

Not well-

defined and the 

information on 

boundary 

demarcation on 

actual location is 

not available for 

study. 

7 

Chhaeb 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
190,027 190,029 -2 189,969 

Sub-decree 

No 79 

09.05.2016 

313443 
Category 

IV 

Well-defined on 

map, but no 

demarcation 

boundary on 

actual location 

(15 points of 

coordinates and 
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No. Name Category 

Area in 

sub-

decree 

(ha) 

GIS 

calculation 

(ha)34 

Difference 

area (ha)35 

Area in 
ទេសភាពព្រពឡង ់នងិ
តបំនជ់ វំញិ (ha) 

References 
WDPA 

ID 

IUCN 

category 

Boundary 

demarcation 

status 

in need of 50 

markers, all of 

which not 

existed yet) 

[Notification 

Letter 0091] 

8 

North Tonle 

Sap Protected 

Landscape 

Protected 

Landscape 
31,159 31,108 51 26,468 

Sub-decree 

No 88 

09.05.2016 

Not 

reported 

Not 

reported 

Well-defined on 

map, but 

information on 

boundary 

demarcation on 

actual location is 

not available. 

9 

Prey Lang 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
431,683 431,684 -1 431,684 

Sub-decree 

No 74 

09.05.2016 

Not 

reported 

Not 

reported 

Well-defined on 

map, but no 

demarcation 

boundary on 

actual location 

(33 points of 

coordinates and 

in need of 100 

markers, all of 

which not 

existed yet), 

according to 

Notification 

Letter 0091 បស្ថ
.ពហ dated 

February 15, 

2019. 

10 

Phnom 

Tbaeng 

Natural 

Heritage Park 

Natural 

Heritage Park 
24,654 24,654 0 24,654 

Sub-decree 

No.189 

13.09.2016 

Not 

reported 

Not 

reported 

Well-defined on 

map, but 

demarcation 

boundary on 

actual location is 
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No. Name Category 

Area in 

sub-

decree 

(ha) 

GIS 

calculation 

(ha)34 

Difference 

area (ha)35 

Area in 
ទេសភាពព្រពឡង ់នងិ
តបំនជ់ វំញិ (ha) 

References 
WDPA 

ID 

IUCN 

category 

Boundary 

demarcation 

status 

not yet 

complete (only 

40 points of 

coordinates 

were marked, 

still need 12 

more points of 

coordinates) 

[Notification 

Letter 0091] 

11 

Preah Roka 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
90,361 90,362 -1 90,362 

Sub-decree 

No 75 

09.05.2016 

Not 

reported 

Not 

reported 

Well-defined on 

map, but no 

demarcation 

boundary on 

actual location 

(09 points of 

coordinates and 

in need of 20 

markers, all of 

which not 

existed yet) 

[Notification 

Letter 0091] 

12 

Tonle Sap 

Multiple Use 

Area 

Multiple Use 

Area 
316,250 289,172 27,078 44,435 

Royal Decree 

on Protected 

Areas 

01.11.1993 

Not 

reported 

Not 

reported 

Information not 

available for 

study. 

13 

Phnom 

Thnout-

Phnom Pok 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
42,097 42,097 0 24,930 

Sub-decree 

No 143 

31.08.2017 

Not 

reported 

Not 

reported 

Well-defined on 

map, but 

demarcation 

boundary on 

actual location is 

not yet available 

(32 points of 

coordinates. All 
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No. Name Category 

Area in 

sub-

decree 

(ha) 

GIS 

calculation 

(ha)34 

Difference 

area (ha)35 

Area in 
ទេសភាពព្រពឡង ់នងិ
តបំនជ់ វំញិ (ha) 

References 
WDPA 

ID 

IUCN 

category 

Boundary 

demarcation 

status 

were not 

marked, still 

need 30 

markers) 

[Notification 

Letter 0091] 

14 

Preak Prasab 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
12,770 12,770 0 12,770 

Sub-decree 

No 128 

05.10.2018 

Not 

reported 

Not 

reported 

Well-defined on 

map, but 

information on 

boundary 

demarcation on 

actual location is 

not available. 

15 

Sambour 

Wildlife 

Sanctuary 

Wildlife 

Sanctuary 
50,093 50,093 0 50,093 

Sub-decree 

No 129 

05.10.2018 

Not 

reported 

Not 

reported 

Well-defined on 

map, but 

information on 

boundary 

demarcation on 

actual location is 

not available. 

16 

Sambour Prey 

Kok 

Protected 

Landscape 

Protected 

Landscape 
438 438 0 438 

Royal Decree 

No 116 

13.03.2003 

Not 

reported 

Not 

reported 

Well-defined on 

map, but 

information on 

boundary 

demarcation on 

actual location is 

not available. 

17 

Northeast 

Biodiversity 

Conservation 

Corridor 

Biodiversity 

Conservation 

Corridor 

757,661 713,669 43,992 9,326 

Sub-decree 

No 07 

26.01.2017 

Not 

reported 

Not 

reported 

Well-defined on 

map, but no 

information on 

boundary 

demarcation on 

actual location is 
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No. Name Category 

Area in 

sub-

decree 

(ha) 

GIS 

calculation 

(ha)34 

Difference 

area (ha)35 

Area in 
ទេសភាពព្រពឡង ់នងិ
តបំនជ់ វំញិ (ha) 

References 
WDPA 

ID 

IUCN 

category 

Boundary 

demarcation 

status 

available for 

study. 

18 

Northwest 

Biodiversity 

Conservation 

Corridor 

Biodiversity 

Conservation 

Corridor 

500,810 414,370 86,440 332,260 

Sub-decree 

No 07 

26.01.2017 

Not 

reported 

Not 

reported 

Cambodia’

s 

legislation. 

Well-defined on 

map, but no 

information on 

boundary 

demarcation on 

actual location is 

available for 

study. 

19 

Koh Kae 

Protected 

Resort 

Protected 

Resort 
3,508 3,600 -92 3,600 

Royal Decree 

No 70 

28.05.2004 

Not 

reported 

Not 

reported 

Well-defined on 

map and 

classified into 3 

zones. Yet, 

information on 

boundary 

demarcation on 

actual location is 

not available for 

study. 

20 

Techo Sen 

Russey Treb 

Cambodian 

Royal 

Academy 

National Park 

National Park 11,435 11,428 7 11,428 

Royal Decree 

No 0418 436 

08.04.2014 

Not 

reported 

Not 

reported 

Well-defined on 

map, but no 

information 

available for 

boundary 

demarcation. 

21 

Prasat Bakan 

Protected 

Landscape 

Protected 

Landscape 
2,124 2,110 14 2,110 

Sub-decree 

No 144 

31.08.2017 

Not 

reported 

Not 

reported 

Well-defined on 

map, but 

demarcation 

boundary on 

actual location is 

not yet available 

(17 points of 

coordinates; all 
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No. Name Category 

Area in 

sub-

decree 

(ha) 

GIS 

calculation 

(ha)34 

Difference 

area (ha)35 

Area in 
ទេសភាពព្រពឡង ់នងិ
តបំនជ់ វំញិ (ha) 

References 
WDPA 

ID 

IUCN 

category 

Boundary 

demarcation 

status 

were not 

marked, still 

need 20 

markers) 

[Notification 

Letter 0091]. 

Total 3,157,779 3,004,980 152,799 1,746,459     
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1.1.4 FIRE DETECTION ANALYSIS 

 

Figure 52: Frequency of monthly detected by MODIS sensor on Tera and Aqua satellite in 2010 

 

Figure 53: Frequency of monthly detected by MODIS sensor on Tera and Aqua satellite in 2014 

Figure 51: Frequency of monthly detected by MODIS sensor on Tera and Aqua satellite in 2006 
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Figure 54: Frequency of monthly detected by MODIS sensor on Tera and Aqua satellite in 2016 

1.1.5 HYDROLOGY ANALYSIS 

 

Figure 55: Water discharge recorded at Kampong Thma, Stung Treng province (1997-2018) 

 

Figure 56: Water level recorded at Kampong Thma, Stung Chinit (1997-2018) 
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Figure 57: Water discharge recorded at Kampong Thom, Stung Sen (1995-2018) 

 

Figure 58: Water level recorded at Kampong Thom, Stung Sen (1995-2018) 

 

Figure 59: Water discharge recorded at Kampong Chen, Stung Stoung (1995-2018) 
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Figure 60: Water level recorded at Kampong Chen, Stung Stoung (1995 to 2018) 

 

TABLE 47: ANNUAL MAXIMUM FLOW FROM 1997 TO 2018 OBSERVED IN THE 

THREE WATERSHEDS (STUNG CHINIT, STUNG SEN, AND STUNG STOUNG) 

Year 

Annual maximum flow in 

Stung Chinit 

(m3/s) 

Annual maximum flow in Stung 

Sen 

(m3/s) 

Annual maximum 

flow in Stung Stoung 

(m3/s) 

1997 194 1,119 163 

1998 244 756 192 

1999 241 1,024  NA 

2000 282 1,108 209 

2001 313 958 158 

2002 292 1,020 195 

2003 192 822 202 

2004 232 1,011 163 

2005 153 799 249 

2006 337 941 277 

2007 367 1,476 190 

2008 126 1,012 244 

2009 601 1,443  NA 

2010 168 1,080  NA 

2011 422 1,275 168 

2012 273 1,148 205 

2013 268 1,375 253 

2014 220 1,503 186 

2015 111 813 235 

2016 319 1,122 221 

2017 282 1,665 269 

2018 172 834 219 
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1.2 FACT FINDINGS FROM FGDS AND KIIS  

1.2.1 UPPER WATERSHEDS  

Kuleaen Cheung Commune  

• The community has reported a significant decrease of dry season flow compared with the last 10 to 

15 years. The river has never run out of water before the last 4 to 5 years.  

• Flash floods in the river have been observed in the last 4 to 5 years. The water level in the river 

changes rapidly before and after rainfall events compared with past experiences (10 to 15 years ago).  

• Groundwater has been significantly depleted; as a result, the community observed that access to 

shallow groundwater is harder than before via drilling wells. 

 
 

Figure 61: Discontinuity of river flow observed in upstream Stung Sen 

Chhaeb Commune  

• Significant forestland conversion to agricultural plantation has increased over the last 10 years.  

• Land degradation has reduced soil fertility, increasing soil erosion and soil loss in the watershed. 

This has resulted in sediment deposition along the stream and river networks in the watershed.     

• Flash floods occur along the streams and recede quickly after the end of the rainfall event.  

• Groundwater level has decreased as a result of community needs to drill deeper wells for dry 

season use.  

  

Figure 62: Sediment deposition and bank erosion in tributaries of upstream Stung Sen 
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1.2.2 MIDDLE WATERSHEDS 

Mean Rith Commune 

• Over the past 10 years, communities have been dependent on logging forests as their main 

livelihood option. Additionally, land clearance has been expanded for plantations. Both have resulted 

in increased watershed runoff.   

• Change in rainfall patterns to shorter duration and high intensity rainfall has affected runoff 

characteristics and soil erosion within the watershed. 

• Most small streams have flash floods during wet season rainfall events, while there is less water flow 

in streams during the dry season.  

• Watershed degradation from soil loss affects soil fertility and has increased stress on crop 

productivity.   

Ngan Commune  

• Forestland clearance and forest cutting have affected watershed functions and have put pressure on 

water availability. As a result, there is disconnected water flow in some river reaches. The 

community has observed this as a significant change over the last 10 years.   

• Water level during dry season is very low compared with 10 to 15 years ago.  

• River water level is shallower due to soil erosion/soil loss along the river networks. 

• Flash flooding occurs unpredictably as a result of rainfall with high intensity and short duration.   

• In Stung Sen River, unseasonal flooding occurred in April, which is late dry season. The community 

noted this as abnormal for this time of year.  

  

Figure 63: Shallow river water observed at middle stream of Stung Sen 

1.2.3 LOWER WATERSHEDS 

Phat Sanday Commune  

• The community reported strong hydrological change of the lake system between the Tonle Sap and 

Mekong, compared with 10 to 15 years ago.  

• Water level has been decreasing and has reduced inundated forest.  

• Due to low water level in dry season that is exacerbated by increasing high temperatures, water 

quality within the area has been degraded, resulting in turbid and acidic water.  



 

USAID GREENING PREY LANG: PLEL ASSESSMENT        142 

• Moreover, excessive irrigation pumping for dry season rice cultivation downstream of Stung Sen has 

increased pressure on flow regime change. This has resulted in some river crossings running dry, 

significantly affecting the river ecosystem.    

Msa Krang Commune 

• The community in Msa Krang commune, downstream of Stung Stoung watershed, noted water 

shortages, which is the main threat to their livelihoods.  

• During the dry season, particularly in 2016 and 2019, the river ran out of water at some locations.  

• This challenge puts more pressure on their daily life and agriculture-based livelihoods.  

• They reported that water from the river is mainly pumped for dry season rice cultivation. According 

to FGD, Stung Stoung River has run out of water since there has been increasing dry season rice 

cultivation and forest degradation at the headwater source.   

• Due to a shortage of water during the drought periods in 2019, ponds were dug in the Stung Stoung 

River and drilling of wells more than 100 m deep to cope with the shortage.  

 

  

Figure 64: River running out of water observed at lower watershed of Stung Stoung 

1.2.4 PLEL WATERSHEDS IN THE MEKONG  

Siem Bouk Commune 

• Over the past 10 years, communities were dependent on forest cutting for livelihoods.  

• Forest clearance, even along the stream networks.  

• Water flows in streams have been affected by land cover change in the watershed, reducing dry 

season flow, and increasing sediment siltation along the streams making rivers shallower. 

• Flash flooding is increasing due to fast watershed runoff.    

• Pollution from pesticides have accumulated in streams during the early wet season, which affects 

water quality and has led to fish deaths.  
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Decreasing dry season flow in Stream (O) Siem Bok  

 

 

 

 

 

 

 

Along Phe Commune  

• Significant land conversion from forest to plantation has affected watershed runoff functions. 

• Noticeable forest clearance, even along the stream networks. 

• Streams have been much shallower compared with the last 10 to 15 years due to more deposited 

sediment from severe soil erosion along the stream networks.  

• Less water or almost no water in dry season, which is totally different from 10 to 15 years ago 

when water flow was still available in the dry season.  

  

  

Figure 65: Stream in Siem Bouk with shallow water level 
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Figure 66: Examples of land conversion to agricultural lands, dry season flow depletion, and community member 
informants 

 

Kampong Cham Commune  

• Kampong Cham commune has relied on logging forests for livelihoods over the last 10 years. This 

has resulted in increased watershed runoff and flash flooding along streams.   

• Due to forest clearance, soil erosion has been increased. This has reduced soil fertility and makes 

streams shallower from soil runoff into stream networks.  

• Change in rainfall patterns, especially with increasing intensity, has put more pressure on soil 

erosion in the watershed. 

• Streams have become shallower due to soil loss from watershed as a result of forest degradation. 

• Community members noted less fish in streams due to some chemical and pesticide use.  

 

Figure 67: Stream in Kampong Cham commune 

  



 

USAID GREENING PREY LANG: PLEL ASSESSMENT        145 

1.3 INSTITUTIONS INTERVIEWED 

TABLE 48: INSTITUTIONS INTERVIEWED FOR KII 

No. Institution names Province/Location Interviewee  
Date of 

interview  

1 Stoung district Kampong Thom Mr. Keo Sopheak March 12, 2019 

2 Siem Bouk district  Stung Treng Mr. Prom Phal No Date 

3 
Provincial Department of 

Environment  
Kratie 

Mr. Chay Doung 

Savuth 
March 14, 2019 

4 Prek Prasab district Kratie  
Mr. Choeurn 

Tauleang 
March 15, 2019 

5 
Provincial Department of Water 

Resources and Meteorology  
Kratie  

Mrs. Heng 

Rathmonyda 
No Date 

6 
Provincial Department of Water 

Resources and Meteorology 
Kratie  Mrs. Lorn Makilin No Date 

7 
Provincial Department of Water 

Resources and Meteorology 
Kratie Mr. Sakun Bodiwat No Date 

8 
Provincial Department of Water 

Resources and Meteorology 
Kratie Mrs. Im Barapov No Date 

9 
Provincial Department of Rural 

Development  
Kratie Mr. Lim Cheavhaov March 14, 2019 

10 
Provincial Department of Rural 

Development 
Kratie Mr. Thorn Sary March 14, 2019 

11 
Provincial Department of Rural 

Development 
Kratie Mr. Mao Sokchea March 14, 2019 

12 
Provincial Department of Rural 

Development 
Kratie Mr. Sorm Chun March 14, 2019 

13 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom Mr. Mel Samai March 12, 2019 

14 
Provincial Department of 

Agriculture, Forestry, and Fisheries  
Kampong Thom Mrs. Jeoug Kimhy March 12, 2019 

15 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom Mrs. Kong Sophea March 12, 2019 

16 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Preah Vihear  Mr. Chhenh Seng March 12, 2019 

17 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Preah Vihear  Mrs. Eng Kimleng March 12, 2019 

18 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Preah Vihear Mr. Sem Ngea March 12, 2019 

19 Provincial Hall, Thala Barivat  Stung Treng Mrs. Nin Pisey March 13, 2019 
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No. Institution names Province/Location Interviewee  
Date of 

interview  

20 Provincial Hall, Thala Barivat  Stung Treng Mr. Hiv Chen  March 13, 2019 

21 Provincial Hall, Thala Barivat  Stung Treng Mr. Chea Sokhoeun March 13, 2019 

22 Provincial Hall, Thala Barivat  Stung Treng Mr. Yen Run March 13, 2019 

23 Provincial Hall, Sambour  Kratie Mrs. Em Tyvin March 14, 2019 

24 Provincial Hall, Sambour  Kratie Mrs. Sak Sinin March 14, 2019 

25 

Provincial Department of Land 

Management, Urban Planning, and 

Construction 

Kampong Thom Mrs. Im Sodina March 12, 2019 

26 Action for Development  Kampong Thom • Mrs. Som Sopheak March 11, 2019 

27 Action for Development  Kampong Thom • Mr. Kroch Kinin March 11, 2019 

28 Action for Development  Kampong Thom  • Mr. Sin Chrorn March 11, 2019 

29 Action for Development  Kampong Thom  Mr. Lim Vey March 11, 2019 

30 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom • Mr. Term Seng No Date 

31 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom  • Mr. Voeun Somak No Date 

32 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom • Mr. Hong Senghak No Date 

33 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom • Mr. Ly Prajtit No Date 

34 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom • Mr. Bao Menghong No Date 

35 
Provincial Department of 

Agriculture, Forestry, and Fisheries 
Kampong Thom 

• Mr. Chhor 

Beangkong 
No Date 
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No. Institution names Province/Location Interviewee  
Date of 

interview  

36 
Provincial Department of 

Agriculture, Forestry, and Fisheries  
Kampong Thom Mr. Kao Vutha No Date 
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ANNEX II: CLIMATE ANALYSIS 

2.1 RAINFALL 

2.1.2 MONSOON ONSET 

Predicting when monsoon onset will occur is critical for many agricultural activities in Cambodia. To 

determine monsoon onset, this study used long-term average daily rainfall as the threshold (±10% of 

observed rainfall) for monsoon onset. Number of days were also considered. Based on literature, 

Cambodia typically experiences the onset of monsoon on May 15 (±7 days). Traditional rice cultivation 

occurs on May 25 and coincides with the Royal Ploughing Ceremony, when predictions are made 

regarding the amount of rainfall and expected yield. Based on an analysis of rainfall patterns in May from 

1985 to 2018, it was possible to assess onset patterns in the four provinces. In Sandan district, Kampong 

Thom province, during the first half of the month there are several days above and below the daily 

rainfall average of 7 mm (refer to Figure 68 below). Based on observed data, there were tendencies of 

late onset in 2013 and 2014 when no rain fell in the Sandan district area. In 1988 and 2005, late onset 

was associated with ENSO, but not in 2013.  

  

Figure 68: Wet season average rainfall onset in May, Sandan district, Kampong Thom province (1985 to 2018) 

For Preah Vihear province, based on daily rainfall from 2002 to 2018, onset is expected to be the same 

as Sandan district as is it is close in distance. However, the late onset in Preah Vihear province is not 

evident except in 2018, but it is not significantly late. It is also noted that the amount of rainfall in Preah 

Vihear province during early monsoon season is greater compared to Sandan district. The forest area in 

the upper section of the Stung Sen River was less disturbed, contributing to this difference.  

The onset of rainfall in Stung Treng province is the same as Sandan district at May 15 and the onset of 

rainfall is not generally related to the ENSO phenomenon. It was observed that there were no major 

disturbances of onset issues during the early period (1980 to 2018). Despite that, there were tendencies 

of late onset in the area since 2009 and in 2015 to 2016.  

Kratie province rainfall onset is also on May 15. The monsoon is earlier than the other three provinces, 

with heavy rainfall. Kratie province experienced greater early onset, which contrasts with the other 

three provinces, which experience more erratic rainfall onset. The tendencies were observed since 

2000.   
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2.1.2 DRY SPELL IN THE ទេសភាពព្រពឡង់ និងតំបន់ជ ំវិញ 

Dry spells (dry period in the middle of wet season) are different from one year to another. There is a 

gap in literature about Cambodia’s dry spell periods. However, KIIs and FGDs revealed that dry spells 

were observed between late July to August, lasting between 2 weeks to 2 months (July and August). 

Based on observed rainfall data in the four provinces from 1980 to 2018 as demonstrated in Figure 69 

below (excluding Preah Vihear province from 2002 to 2018), regular dry spells tend to begin in the 

second week of August (August 14) until the last week of August (August 25). Rainfall data also suggests 

that this period may have more rainy days, but not necessarily a higher amount of rainfall. It should be 

noted that not all years in the study period experienced a dry spell.    

Based on observed rainfall data, between 2013 to 2015 rainfall intensity increased and there were fewer 

rainy days, but there was a greater amount of rainfall. In other words, the rainfall intensity increased 

mainly between 2013 to 2015, with longer dry spell towards the end of August since 2001. For example, 

on August 25 there was rainfall of 105 mm/day, but there were many days without rainfall in early 

periods following the second week of July. 

 

Figure 69: Number of days and amount of rainfall in Sandan district for August (1985 to 2018) 

The dry spell in Stung Treng province occurred more erratically during the last period of the study, 

from 2014. Although there were days with heavy rainfall; for example, August 25 in 2017 had 56 

millimeters of rain. For Preah Vihear province, the dry spell averages centrally on August 14, but the 

likelihood is for this to move early to the beginning of August. Once again, more heaving rainfall occurs 

in late August. Kratie province experienced more erratic dry spells towards the end of the study period, 

as well, but the period lasts longer compared to the other four provinces and heavy rainfall during the 

end of August; for example, August 27 in 2015 and 2017 had 105mm of rainfall.  

2.1.3 CESSATION IN ទេសភាពព្រពឡង់ និងតបំន់ជ ំវិញ 

October marks the end of wet season in Cambodia but it is not necessary that rainfall cessation occurs 

then. It is more likely to be in November as it is linked to the ripening of rice cultivation (rich moisture 

soil leads to healthy crops and better yields). Therefore, it is also necessary to understand rainfall 

distribution in November as shown in Figure 70. The first week of November, or up to November 10, 

should be considered as an extension of the wet season and cessation begins from the second week 

onward. For Sandan district station, the rainfall cessation occurs regularly within first week of 

November. It appears that the cessation is highly associated with ENSO phenomenon. For example, 

rainfall in 2018, 2014, 2010, 2006, 2002, 1994, 1992, and 1988 all lead to early rainfall cessation. 
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Figure 70: Number of days and amount of rainfall in Sandan district for November (1985 to 2018) 

A similar trend in rainfall cessation is found in Preah Vihear province, yet the province is not highly 

influenced by ENSO. For example, a very strong El Niño in 2015 did not change the date of rainfall 

cessation in Preah Vihear province. This could be explained by micro-climate and/or forest cover 

maintaining the climate resilience of the region (it should be noted that there was less observed rainfall 

data in the province from 2002 to 2018 during very strong ENSO). Stung Treng province rainfall 

cessation has a different pattern. Firstly, the rainfall appears to extend until late November and the 

province receives heavy rainfall in early November. This could be associated with plateau climate and 

the remaining active forest cover in the northern part, which could maintain a healthy micro-climate. It 

appears that the rainfall cessation of this province is highly related to the ENSO episode, especially 

during 1987, 1991, 1997, 2002, 2004, 2006, 2014, and 2018. The rainfall cessation in Kratie province 

extended well beyond the typical wet season; in other words, there is no clear pattern of rainfall 

cessation. In Kratie province, the November rainfall is weakly linked with ENSO phenomenon as the 

very strong El Niño in 1997 and 2015 had moderate impact on rainfall in November.    

2.1.4 ENSO AND THE RELATIONSHIP WITH ទេសភាពព្រពឡង់ និងតំបន់ជ ំវិញ RAINFALL 

While Cambodia is highly influenced by the modulation of ENSO, Indian Ocean Dipole, and Tibet 

Plateau, there is little literature exploring these linkages. Chhinh and Millington (2015) have argued that 

ENSO has some association with rainfall in Kampong Speu province. Linking ENSO and other regional 

climate influence factors would enable us to provide early warning. Establishing the relationship between 

ENSO (for instance) with climate of the ទេសភាពព្រពឡង់ និងតបំនជ់ ំវិញ would help us to mitigate risk and/or provide 

intervention in a timely manner, for example for rice production. ENSO value is measured as an index; 

the amount of rainfall is converted into the index based on the Standardized Precipitation Index (SPI),36 

which is used by World Meteorology Organization and US government agencies to monitor drought. 

The SPI has different timescales from weeks to years, which are used for different purposes. In this 

study, we used a 2-month timescale to identify flood and drought episodes.  

Figure 71 graphically shows the 2-month SPI for Sandan district and highlights drought and flooding. 

When SPI is negative, this means that there was drought, whereas a positive SPI relates to flooding (the 

higher the number, the more severe).  

 

36 For Methods see Thom, H.C.S. (1966). Some methods of climatological analysis. Secretariat of the World Meteorological Organization. 
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Figure 71: Two-month SPI for Sandan district (1985-2018) 

SPI lower than -1.5, which represents experiences of extreme drought, were noted in Sandan district in 

1987, 1997 to 1998, 2013, and 2018, years that were also associated with ENSO episodes (except 

2013). Some moderate drought events were also related to El Niño events, such as in 2004 to 2006 and 

2014 to 2016. Based on the SPI 2-month timescale, there is 70% accuracy of predictability of ENSO 

onset.  

SPI in Stung Treng province was also examined to establish the relationship with ENSO episodes. It 

appears there is a similar predictability capacity. Drought events that were not associated with ENSO 

occurred only in 2008. Kratie province is exceptionally different from the two provinces in terms of 

ENSO influence. It appears that the province has less climate variability and that the predictability of 

ENSO is diminishing or less than 50% accurate. The case of Kratie province could also be related to 

microclimate. Also, on first glance, it appears that the daily rainfall (related to onset, dry spell, and 

cessation) does not link with ENSO but the 2-month timescale demonstrates a strong relationship.  

Table 49 demonstrates ENSO occurrence measured in Zone 3.437 in the middle of the Pacific Ocean 

between 1979 and 2019 (over a 40-year period). During the first two decades, the 1980s and 1990s, the 

swings between El Niño and La Niña were less frequent when compared to the last two decades, the 

2000s and 2010s. Also, it appears that there are increasing occurrences of La Niña over the last two 

decades. This persistence means that La Niña will last longer from onset to cessation. For countries in 

the western Pacific, there will be more rainfall if the strength of Li Niña is stronger, for example in 2007 

to 2008, 2010 to 2011, and 2011 to 2012. It has been argued that ENSO has behaved abnormally due to 

global warming. Table 49 also suggests that once there is the occurrence of El Niño, this will be followed 

by La Niña and there is strong likelihood of longer period of La Niña event. 

TABLE 49: ENSO EVENTS IN ZONE 3.4, 1987 TO 201838 

Year 
El 

Niño 

La 

Niña 
Notes Year 

El 

Niño 

La 

Niña 
Notes 

1979-1980 1 -  2002-2003 2 -  

1982-1983 4 -  2004-2005 1 -  

 

37 For the discussion of El Nino definition see Trenberth, K.E. (1997) The definition of El Nino. Bulletin of the American Meteorological Society. 

78(12), p. 2771-2778. 

38 Scale: 1: Weak, 2: Moderate, 3: Strong, 4: Very Strong (+ for El Niño and – La Niña). 
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Year 
El 

Niño 

La 

Niña 
Notes Year 

El 

Niño 

La 

Niña 
Notes 

1983-1984 - -1 
Swing to La 

Niña 
2005-2006 - -1 

Swing to La 

Niña 

1984-1985 - -1 
Persistent La 

Niña 
2006-2007 1 - 

Swing to El 

Niño 

1986-1987 2 -  2007-2008 - -3  

1987-1988 3 - 
Persistent El 

Niño 
2008-2009 - -1 

Persistent La 

Niña 

1988-1989 - -3 
Swing to La 

Niña 
2009-2010 2 - 

Swing to El 

Niño 

1991-1992 3 -  2010-2011 - -3 
Swing to La 

Niña 

1994-1995 2 -  2011-2012 - -2 
Persistent La 

Niña 

1995-1996 - -2 
Swing to La 

Niña 
2014-2015 1 -  

1997-1998 4 -  2015-2016 4 - 
Persistent El 

Niño 

1998-1999 - -3 
Swing to La 

Niña 
2016-2017 - -1 

Swing to La 

Niña 

1999-2000 - -3  2017-2018 - -1 
Persistent La 

Niña 

2000-2001 - -1 
Persistent La 

Niña 
2018-2019 1 - 

Swing to El 

Niño 

 

2.2 INSTITUTION ANALYSIS FOR CLIMATE CHANGE 

2.2.1 LOCAL AUTHORITIES 

Administratively, local governments such as communes and villages are known as local authorities. In 

order to enhance household adaptive capacity for drought, specifically related to agricultural production, 

engaging with local authorities is an effective first step. These authorities work directly with farmers and 

external agencies, including private sector and non-governmental organizations. Local government is the 

central node between people and subnational authorities, with the purpose of serving people at a 

grassroots level. Integrating development plans at this local level with consideration of drought risks (if 

seen as significant in the commune or village) is critically important and links local government to 

households. Drought cannot be viewed in isolation from other hazards. Therefore, risk assessments 

based on both household and village scale require local government to take into account all possible 

hazards and assess them based on locality and consider each household’s physical, social, and economic 

risk factors. Moreover, focusing on different timescales within risk assessments is vital for long-term 
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development. It is the role of local authorities to integrate all these aspects when assessing risk and 

creating and implementing development plans at the local level.  

As drought is a natural hazard impacting agricultural production, local government can play a very 

significant role in improving physical capital among rural communities through road and electricity 

infrastructure, both of which enhance adaptive capacity to drought. Roads enable farmers to access 

goods and services from a wider geography, whereas access to electricity can enable farmers to improve 

their production processes and access education through multi-media. Moreover, local government can 

provide technical assistance to farmers through coordination and facilitation, such as through facilitating 

water management among farmer water user communities.  

Commune councils are important leaders within communities and when they have sufficient capacity, 

can become role models for adaptation to drought, promoting paddy rice production and through 

general imparting of knowledge amongst their communities. Commune councils may be an effective link 

to farmers and are therefore best suited for receiving training in farming techniques adapted to drought. 

Lastly, local government plays an integral role in coordinating and facilitating activities related to 

economics, such as activities related to credit, markets, rice banks, and livestock banks. These programs 

can increase farmer resilience. For example, through providing credit to farmers at a lower interest rate, 

farmers can access goods and services, reducing vulnerability during drought. Market, moreover, may 

not be seen as directly linked to some risks such as drought, but it is a mechanism that ensures that 

farmers have incentives to produce more for their cash when they have surplus. Some rural 

communities will not produce or invest in their farms, only producing enough for their household 

consumption. In this regard, they are likely to experience yield loss when there is an induced drought 

spell. Rice banks and livestock banks are very critical to ensure resilience for farmers after disasters, 

acting as a safety net. These mechanisms enable access to resources even after crop failure.   

2.2.2 SUBNATIONAL GOVERNMENT 

There are two distinctive bodies of subnational government: district and province. Development within 

the district is not dissimilar to that at a local level. However, scale and resource allocation within their 

development agenda differs greatly (larger scale and resources at a subnational level).  

The subnational government often leads economic aspects related to climate change adaption. Resource 

allocation, for example, requires being well informed about the goods and services within their 

administrative boundary and knowledge of how to move those goods and services within provincial 

boundary. Often, the subnational government is able to support local government when resources are 

already at capacity.   

2.2.3 NATIONAL GOVERNMENT 

Nationally, climate change related roles and responsibilities are led by the MoE given that MoE is more 

active on the ground related to protected areas. Management of all environmental risk, such as flood 

and drought, will be led by the National Committee for Disaster Management (NCDM). The structure 

of NCDM is stronger than other agencies in terms of disaster risk reduction (DRR) as shown in Figure 

72. 
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Figure 72: NCDM management structure 

The NCDM has access to both horizontal and vertical authorities (Figure 72), meaning that the 

committees could enforce the disaster management law as well as help other government agencies and 

other stakeholders to implement the law. At the same time, the NCDM also has its subnational 

structure to carry out DRR and climate change adaptation tasks accordingly. It should be noted that 

NCDM has a general secretariat body at the national level with members from all government 

institutions and this arrangement is the same all the way to the local level.  

2.3 CLIMATE CHANGE IMPACTS ON FORESTRY ECOSYSTEMS 

Multiple studies show that a changing climate is harming tropical forests. Forests and biodiversity are 

already vulnerable because of human threats and may be more quickly and severely affected by such 

change. Forests perform an essential function for the climate through their capacity to absorb and store 

carbon; therefore, forests provide the landscape’s climate with critical stability. Cutting down forests 

means releasing carbon back into the atmosphere, which drives the earth’s temperature to increase. 

Environmental Defense Fund (2019) has stated that deforestation causes 15% of all human-induced 

carbon emissions. 

Based on the National Council for Sustainable Development’s (2015) Second National Communication 

submitted by Cambodia to United Nations Framework Convention on Climate Change, soil-climate 

zone, functioning as soil water index and altitude, was modelled in order to assess the impact of climate 

change on forests. Changes in soil-climate zone due to climate change will allow the model to obtain 

data on direct impacts on forest productivity. A study conducted by Achanta and Kanetkar (1996), as 

cited by the national communication above, showed the net primary productivity of teak plantations in 

India is significantly related to the precipitation effectiveness index, and a projected depletion of soil 

moisture due to climate change would most likely cause teak productivity to decline by about 6%, while 

the productivity of moist deciduous forests could decline by about 17%. By 2050, under emission 

scenarios SRES-B1 and SRES-A2, most lowland forests (<500 m above sea level) in Cambodia will be 

exposed to a longer dry period, particularly forest areas located in the northeast and southwest. 

According to the same communication, more than 4,000,000 ha of lowland forest, which currently has a 

water deficit period of between 4 and 6 months, will become exposed to a water deficit period of 

between 6 and 8 months or more. 
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This indicates impact would be on forest productivity in areas located in the northeast and southwest of 

Cambodia, leaving the middle segment of the country (តំបន់ទេសភាពព្រពឡង់ និងតំបន់ជ ំវញិ) slightly safer for 

now, despite its status as a lowland forested landscape with a mean elevation (altitude) value at 78 m 

(SD=60) above sea level. Nevertheless, the impacts of a changing climate on the ទេសភាពព្រពឡង់ នងិតបំនជ់ ំវិញ have 

already started as informed by KIIs and FGDs. Firstly, changing climate leads to degradation of forests. 

Local people voiced their concerns about intense drought seasons, which cause more fires in dry 

deciduous forests, spreading to areas of evergreen and semi-evergreen forests, as the ground becomes 

unusually dry. This only intensifies as the amount of rainfall is also greatly reduced (more drought events 

over the last 10 years). Secondly, as the forest degrades, food shortages increase. There were several 

instances described during FGDs when locals struggled to extract food sources for family-scale 

subsistence as natural resources become hard to find. Certain trees and plants produce fruit much 

earlier or later than before, throwing off species that feed on them, including human beings. Thirdly, wild 

species become extinct or threatened as a result of decreased forest coverage and food shortages. Local 

knowledge has identified the extinction of several large mammals because of decreased forest coverage 

as a result of increased temperature. Most land animals are believed to be unable to adapt quickly to the 

changing climate. 
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