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Abstract 
Billions of dollars in climate finance are available annually, but developing 

countries, including Cambodia, continue their struggle of accessing these funds to 
support national climate actions. The United Nations Framework Convention on 
Climate Change (UNFCCC) REDD+ program is suitable for forested countries. It 
provides carbon credits for reducing the net emission of greenhouse gasses owing to 
deforestation and degradation. This study seeks the potential carbon storage forest 
hotspots in Virachey National Park and assesses their economic value, using a land 
cover dataset from 1987, 1997, 2007, 2010, and 2017 to investigate changes in the 
Servir Mekong Regional Land Cover. Carbon storage was estimated using four 
carbon pools (above-ground biomass, soil carbon, below-ground biomass, and litter 
and deadwood); default data at the forest reference level that Cambodia submitted to 
the UNFCCC and a previous study of WWF-Cambodia was used. InVEST V.3.3.3 
was used to quantify and map the carbon storage. Carbon cost estimation was 
obtained using the REDD+ project in Keo Seima Wildlife Sanctuary. Primary data 
were also collected via key informants, literature review, and on-site observation for 
information verification. This study found that Virachey National Park contains highly 
potential carbon storage of approximately 115,034,194 Mg.C (102,026790 Mg.C from 
forest cover and 13,007,404 Mg.C from non-forest area). Most of this carbon storage 
is processed in evergreen broadleaf (evergreen forests) that comprise 46.41% of total 
carbon storage, 42.27% in forests (semi-evergreen forests), and 11.23% in orchards 
or plantation forests. Four communes are potential hotspots for voluntary carbon 
markets, including Taveng Leu, Santepheaph, Taveng Kroam, and Kok Lak. The total 
economic value of carbon storage in Virachey National Park is approximately one 
billion USD; nevertheless, the potential value of carbon finance for REDD+ through 
the voluntary carbon market requires further analysis of the annual carbon sink. 
 

Keywords 
Voluntary carbon market, REDD+, Carbon finance, Virachey National Park, 
Cambodia 
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1. Introduction 
Climate finance flows have steadily increased, from USD 349.5 billion in 2013 

to USD 612 billion in 2017, only lowering slightly to USD 546 billion in 2018. While 
climate finance has reached a record level to address the 1.50 C global warming 
scenario meaningfully, developing countries still fall far short of accessing those funds 
to support national climate actions. “Reducing emission from deforestation and 
degradation in developing countries” (REDD+) is a UNFCCC-led carbon finance 
mechanism that provides incentives to developing countries to reduce the net 
emission of greenhouse gasses from forests. REDD+ is an inexpensive and effective 
mitigation strategy compared to other options because it contributes a large portion 
of revenue directly to stewardship communities (Ehara et al., 2021; Nantongo & Vatn, 
2019). REDD+ can also stimulate private sector action and strengthen cooperation 
with businesses to reduce deforestation associated with the production of key global 
commodities and investments in land-use governance, land tenure, land-use planning, 
and forest-monitoring capacity enhancement (FAO, 2012; GCF, 2019). 

Cambodia has tremendous potential for carbon storage service, but it also has 
a high level of deforestation and limited capacity and finance to reduce the emission 
of CO2 (Cambodia REDD+, 2017a). According to the forest reference level (FRL) 
submission to the United Nations Framework Convention on Climate Change 
(UNFCCC), Cambodia can claim the production of around 10 million tons of carbon 
credits per year to obtain funds for results-based payment (MoE, 2020). Cambodia 
has approximately 8.5 million ha of forest, the constitution of 47% of the total land 
area. In 2010–2014 Cambodia’s net total annual CO2 emissions averaged 
130,905,048t CO2 per year (Cambodia REDD+, 2017a). The development and 
implementation of the REDD+ initiative in Cambodia should generate a significant 
new source of funding toward the effective implementation of sustainable forest 
management and the enhancement of forest carbon stocks, biodiversity, and forest 
conservation, ecosystem protection services, and improving the rights and livelihoods 
of forest people. 

Cambodia has received payments of USD 11.6 million from the sale of carbon 
credits through two REDD+ projects. The first project is Keo Seima REDD+, a sale 
agreement with Disney, signed on August 11, 2016, for 105,000 carbon credits worth 
USD 2.9 million (WCS, 2018). The second REDD+ project is in Southern Cardamom 
National Park with Shell and Gucci. Furthermore, Korea’s Forest Services and the 
Forestry Administration of the Cambodian government have completed a project 
document for Tumring REDD+ in Preylang, and this project has reached the 
verification and price negotiation stage. The Oddar Meanchey Community Forestry 
REDD+ project was the first pilot project in Cambodia, and it continues to have great 
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potential for full operation (Yeang et al., 2018). Also, a Joint Crediting Mechanism 
(JCM) REDD+ with support from the government of Japan also completed production 
development and is currently preparing for validation. All of the current REDD+ 
projects in Cambodia have operated within the voluntary carbon market, which 
follows the Verified Carbon Standard (VCS) and Climate, Community and Biodiversity 
Alliance (CCBA) standard (Yeang et al., 2018). The royal government of Cambodia 
has dedicated explicit efforts to developing a national REDD+ strategy and submitting 
the nation’s FRL (Ehara et al., 2021; GCF, 2019). In addition, the safeguard 
information system (SIS) and national forest monitoring system (NFMS) is already 
finalized and ready to submit to receive the results-based payment (MoE, 2020). 
Unfortunately, other large forest areas of Cambodia are still unable to benefit from 
REDD+. 

The REDD+ process requires extensive initial time and effort to establish the 
necessary framework. The study must identify potential areas for REDD+ project 
development by measuring carbon stock and its potential economic value in forest 
areas under threat. 

This study examines Virachey National Park, one of the largest protected 
areas (PA) in Cambodia and one of the only two ASEAN Heritage Parks in Cambodia. 
It is Southeast Asia’s most precious wilderness area. This study seeks to address two 
questions to achieve the goal of REDD+ project feasibility in Virachey National Park 
(see Figure 1): 
1) What are the potential forest hotspots of carbon storage service in Virachey 

National Park? 
2) What is the economic value of carbon storage service in each identified forest 

hotspot? 

2. The Current Status of REDD+ in Cambodia 
2.1 Forest cover in Cambodia 

In 2016, Cambodia’s forest cover was approximately 8,742,401 ha, equivalent 
to 48.14% of the nation’s total area. In the context of the National Forest Program 
and for use under Cambodia REDD+, forests are classified as evergreen forests, 
semi-evergreen forests, deciduous forests, flooded forests, mangrove forests, rear 
mangrove, pine forests, and bamboo forests. Different types of forests are unevenly 
distributed in all provinces. Provinces with the highest forest coverage in 2016 were 
in hilly districts, such as Preach Vihear (1,403,087 ha), Mondul Kiri (1,366,892 ha), 
and Kampong Thom (1,244,763 ha). Areas with the lowest forest coverage were Kep 
(15,173 ha) and the capital, Phnom Penh (37,374 ha). 
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2.2 Overview of REDD+ in Cambodia through the voluntary carbon market 
The Cambodian government recognizes REDD+ as a crucial strategy to fight 

the country’s rapid and complicated deforestation and degradation. Cambodia started 
its first pilot and verified VCS REDD+ project in Oddar Meanchey, from 2008 until the 
verification period in 2013, with 63,831 hectares of evergreen and dry deciduous 
forest. The Oddar Meanchey REDD+ project will generate approximately 8.2 million 
tons of verified emission reduction over 30 years (FA-Cambodia, 2014; Terra, 2014). 
Cambodia then implemented the Keo Seima Wildlife Sanctuary REDD+ (KSWS 
REDD+) in 2010 (WCS-Cambodia, 2020). KSWS REDD+ became the first large-scale 
private sector collaboration for carbon credits in 2016, when the Walt Disney 
Company officially purchased USD 2.6 million in carbon credits from a climate change 
mitigation project in KSWS. The project covered 300,000 hectares in Mondulkiri 
province to offset its global footprint (Phak & Kali, 2016). KSWS REDD+ is also 
verified by verfied carbon standard (VCS) and climate, community and biodiversity 
standard (CCB). Regarding the REDD+ program, Cambodia could sell some carbon, 
but the carbon market remains rather weak. During the reporting period, Cambodia 
started two new REDD+ projects: (i) the Southern Cardamom REDD+ Project, 
implemented by the Wildlife Alliance and Stand for Trees, for potentially 497,000 
hectares of lowland tropical rainforest and annual avoided emissions of around 
4,000,000 tons of CO2 (Stand for Trees, 2020), and (ii) the Tumring REDD+ Project 
(TRP), implemented by Cambodia’s Forestry Administration and Korea’s Forest 
Services with a potential 67,791 hectares and a net emission reduction of 645,410 
tons of CO2e (FA, 2020). In early 2018, following a critical report by the forestry NGO 
Fern, Virgin Atlantic Airways announced it had removed the Oddar Meanchey REDD+ 
project from its carbon offset portfolio. To date, the total funding generated by carbon 
sales in Cambodia is around USD 12 million. In addition, the JCM, which is supported 
by Mitsui company and coordinated by the Japan International Cooperation Agency, 
completed phase 1 in 2021 and is preparing for registration to sell the carbon at Prey 
Lang as well. All the existing and developing REDD+ projects in Cambodia follow only 
VCS and CCB standards. With these standards, the payment for carbon credit 
currently ranges from USD 5 to USD 13 per ton of carbon dioxide on carbon markets. 
This price is relatively low, but it is expected that REDD+ will widely generate greater 
new sources of funding for the implementation of forest management to reduce 
greenhouse emissions from deforestation, as well as improving local livelihoods, and 
protecting biodiversity. 

In the past four years, Cambodia’s progress on REDD+ readiness activities 
and activities supported by the Forest Carbon Partnership Facility have been on track 
to achieve long-term goals. The government endorsed the national REDD+ strategy 
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(NRS) 2017–2026 in December 2017 and the National Protected Area Strategic 
Management Plan (NPASMP) 2017–2031. The government has also endorsed the 
national FRL, and the NFMS and SIS have been finalized (MoE, 2020). Some 
challenges being addressed include (i) the lack of a system for data collection on 
safeguards and data sharing; (ii) the need to address the drivers of forest 
loss/degradation from outside the forest, bearing in mind that REDD+ in Cambodia 
has focused only on interventions in the forest sector thus far; (iii) need for adequate 
financial and human resources for effective regulatory enforcement, and (iv) 
incentivization of local and indigenous ethnic minorities. 

3. Methods
3.1 Study site selection 

Virachey National Park was established as a PA in Cambodia by Royal Decree 
on November 01, 1993. Virachey was named an ASEAN Heritage Park in 2003. It is 
located in north-east Cambodia and covers 3,325 Km2 (332,500 ha) in Ratanakiri and 
Stung Treng. It is one of the top priority areas for conservation in Cambodia and all 
of southeast Asia, with being the largest PA in Cambodia. Virachey is bordered to the 
north by Laos and to the east by Vietnam. This national park spans two provinces 
and includes four districts and eight communes (Figure 1). 

Virachey National Park has tremendous potential for carbon credit through its 
rich semi-evergreen and deciduous forests. Virachey National Park has been 
severely threatened by illegal logging and wildlife hunting. It has lost a considerable 
amount of forest, particularly valuable timber, and land use and forest conversion 
have accelerated over the last two decades. Virachey’s forest and biodiversity 
experience increased pressure because the rangers and community lack technical 
and financial support to protect their natural resources from poachers and illegal 
loggers. This pressure has resulted in the loss of biodiversity and increasing 
community vulnerability for locals who depend on forest resources for subsistence. 
Through carbon credit, forest areas will be maintained or expanded along with 
collaborative community development and improved law enforcement. At the 
provincial and park level, there is a strong commitment to protection. All rangers and 
provincial officers are devoted to protecting and maintaining the forest in Virachey 
National Park. Virachey continues to have excellent potential areas in Cambodia and 
ASEAN countries for global biodiversity value. 

Hence, this study chose Virachey National Park due to its potential for carbon 
sequestration and its urgent need for the intervention of innovative carbon finance to 
properly manage the forest and its biodiversity and reduce further loss. Due to time 
constraints and travel restrictions from COVID-19, Virachey National Park on the side 
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of Ratanakiri (mostly consisting of the park area), with two community-protected 
areas (CPA) among five were observed. O Tung CPA, located on the north side, and 
Mondul Yorn CPA in the south, located between another two CPAs. These two 
selected CPAs represent the overall landscape of the entire national park. 

3.2 Data collection 
This study collected data from key informants, focused group discussions, 

literature review, and site observations to understand the current status of biodiversity 
and ecosystem services in Virachey and the existing driving forces and pressures. 
This study used an institutional framework analysis, including the UNFCCC 
international framework, program coordination, implementation of REDD+ in 
Cambodia, and local institutions. This institutional arrangement can strengthen 
REDD+ management in weak local institutions to obtain incentives for cooperation 
and forest protection by following FAO guidelines regarding ‘on-the-ground partners’ 
(FAO, 2012). 

The key informants included the chief, vice-chief, CPA residents, the Virachey 
National Park director, rangers, and other NGO officers with experience in Virachey, 
such as Fauna & Flora International, the United Nations Development Program, Bird 
Life, and Conservation International. In addition, four focused group discussions were 
conducted with a group of rangers in Veun Sai outpost, a group of rangers at Taveng 
outpost, a group of O Tong CPA residents, and a group of Mondol Yorn CPA residents. 
These groups analyzed the capacities for forest management, the drivers of forest 
cover changes, forest hotspots where REDD+ can be implemented, and perceptions 
of overall willingness to participate should a REDD+ project be implemented. 

3.3 Data analysis 
The land cover data for the years 1987, 1997, 2007, 2010, and 2017 used for 

this study were downloaded on August 07, 2020, from the Servir Mekong regional 
land cover dataset available at https://www.landcovermapping.org/en/landcover/. 
The dataset classifies land cover classes into 18. Table 1 describes the class names 
and typologies. However, only 11 land cover classes were found in our study area of 
Virachey National Park. . Technical details regarding development of the dataset can 
be found in Saah et al. (2020). 

The original spatial resolution of the downloaded land cover dataset was 
approximately 30 m (29.71945682 m) and stored in GCS WGS 1984. For analytical 
purposes, the original coordinate system of the data was transformed to project 
coordinate system WGS 1984 UTM Zone 48 N and spatially downscaled to 10 m to 
reduce large area bias during area calculation between raster and vector datasets, 
which normally happens at the edges of the polygons (commune and PA polygons). 

ASSIA Working Paper Series 21-03

https://www.landcovermapping.org/en/landcover/


 

8 

The Virachey National Park shapefiles and Cambodia’s Commune Boundary 
shapefile were retrieved from https://opendevelopmentcambodia.net/ on August 07, 
2020. The land cover statistics in 1987, 1997, 2007, and 2017 by each commune 
and Virachey National Park were computed and reported in this study to elucidate the 
circumstances of land cover in each year. The land cover class transitions from 1987, 
1997, 2007, 2010, and 2017, respectively were analyzed and reported by each 
commune in addition to all PAs. Spatial data preparation and analysis were done 
using ArcGIS Desktop V.10.7.1. 

This study estimated the carbon storage for four carbon pools (above-ground 
biomass, soil carbon, below-ground biomass, and litter and deadwood) using default 
data from FRL that Cambodia submitted to the UNFCCC. Geo-spatial analysis 
through GIS was applied to estimate carbon storage. 

This study estimates the potential forest hotspot for possible carbon storage 
using the following equation. 

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑻𝑻𝑬𝑬 𝑬𝑬𝑬𝑬𝑻𝑻𝑬𝑬𝑬𝑬𝑻𝑻𝑻𝑻𝑬𝑬 (𝑬𝑬𝑬𝑬) = 𝑨𝑨𝑨𝑨𝑻𝑻𝑬𝑬𝑨𝑨𝑬𝑬𝑻𝑻𝑨𝑨 (𝑨𝑨) ×  𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑻𝑻𝑬𝑬 𝑭𝑭𝑻𝑻𝑨𝑨𝑻𝑻𝑻𝑻𝑭𝑭 (𝑬𝑬𝑭𝑭) 
Activity (A) refers to land use and land cover change (LULC) or forest cover change, 
and Emission Factor (EF) refers to forest inventory by each forest type. LULC data 
was obtained using Landsat data to identify land use and land cover and forest cover 
change as described below. 

The InVEST model V.3.3.3 was used to quantify and map the carbon storage 
in the PAs. This model is used worldwide and has become a very popular tool for 
quantifying several ecosystem series, particularly for a study area with data scarcity 
(Brandera & Memiadzee, 2018; Nelson et al., 2009; Pandeya et al., 2016; Yang et al., 
2020). For this study, the estimated carbon storage for 1987, 1997, 2007, and 2017 
was calculated and explicitly spatially defined for the PA. This study estimated the 
amount of carbon storage for four carbon pools, including the above-ground biomass, 
below-ground biomass, soil carbon, litter, and deadwood, with reference to Cambodia 
REDD+ (2017b) and Spoann et al. (2015). 

The benefit transfer function was used to calculate the economic value (four 
carbon pools with multiple functions of cost/ton). The price was obtained from the Tier 
2 of the Cambodia national project at Keo Seima Wildlife Sanctuary. Net carbon 
storage was estimated by scoping in Virachey National Park and its surroundings to 
calculate the potential value of carbon offset or voluntary carbon markets of other 
international buyers/programs. 
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4. Results 
4.1 The current status of forest biodiversity and ecosystem services 

Virachey National Park has unique terrestrial landscapes, including mountains, 
rivers, grasslands, forests, and extensive biodiversity. It contains dense semi-
evergreen forest, bamboo, mixed deciduous forest, montane forests, wildlife, 
waterfalls, and mountains (Baird & Dearden, 2003). 

According to biodiversity and its ecosystem function, many ecosystem 
services benefit people, as seen in Figure 2. Virachey’s vast forests provide excellent 
habitat for many endangered species, such as elephants, wild cattle, and several 
spectacular, globally threatened primate and bird species (Chanrith et al., 2016). 
According to the Virachey National Park Authority reports, the recorded wildlife 
includes 11 species of amphibians, 15 species of mammals, 100 species of birds, 26 
species of reptiles, 37 species of fish, 19 species of fish katydid, and 30 species of 
ants. The current flagship species in Virachey include the cloud leopard, gaur, 
banteng, bear, elephant, and vulture. 

Virachey has been home to indigenous and hill tribe people for centuries and 
remains a center of cultural diversity in Cambodia and the region; 85% of the 
population is indigenous people (Kavet and Brau). Chamkar (agriculture), 
shifting/swidden (“slash-and-burn”) cultivation, and non-timber forest product (NTFP) 
extraction are the main livelihood activities (Ironside & Baird, 2003). Virachey 
National Park collaborated with local communities and the Ministry of Environment to 
organize five CPAs, which were established at the same time on June 21, 2006, in 
the park to protect the forests and enhance local livelihoods; they are 1). O Toung, 
covering 9,862 ha in four villages (Rok, La Lai, La Meuy, and Trak), Kok Lak 
commune, and Veun Sai district, Ratanakiri; 2). O Kampha, covering 2,383 ha in four 
villages (Sonh, Pang Kit, Ki Kuong, Reang Vinh), Taveng Leu commune, and Taveng 
district, Ratanakiri; 3). O Tabok, covering 2,800 ha in Tabok village, Tavelng Leu 
commune, and Taveng district, Ratankiri; 4). Mondul Yon, covering 550 ha in Tabok 
village, Taveng Leu commune, and Taveng district, Ratanakiri; and 5). O Chai, 
covering 2,801 ha in Santipheap and Thmor Keo communes and Siem Pang district, 
Stung Treng province. 
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4.2 Drivers and pressures of forest cover changes in Virachey National Park 
The forests in Virachey National Park and their rich biodiversity are decreasing 

at an alarming rate. Deforestation in Virachey has destroyed the local population’s 
livelihood, causing social injustice, cultural identity loss, and conflict. Most importantly, 
the spreading story of the perils of the “Dragon Tail” 1 area of Virachey has negatively 
affected its name internationally, leading to international funding and support from 
development agencies. Currently, very few NGOs work for community development 
programs on a small scale. These situations reflect a lack of national and international 
intervention in rural land management, law enforcement, and livelihood improvement 
programs. 

LULC analysis from satellite images from 1987 to 2017, the most recent data 
available, clearly shows that human disturbance owing to logging and forest–land 
conversion to agricultural plantation is a critical pressure. The worst period of 
deforestation occurred from 1997 to 2007 when several economic land concessions 
were granted, while many illegal logging activities rapidly took place along the border 
of Vietnam in the Dragon’s Tail area and Siem Pang district in Stung Treng province 
near Lao border. The area shown in brown in Figure 3 is the area where forests and 
evergreen broad-leaved trees have been transformed into crop lands or plantations. 

According to the drivers, pressures, state, impact, and response model 
framework analysis, at least four main drivers negatively affect the natural 
environment and social development in Virachey National Park (Figure 4). Increasing 
demand for timber for both domestic and neighboring countries has been an extreme 
driving force of illegal logging in the park. The timber has been logged illegally and 
transported directly to neighboring countries. Poachers are very active, although park 
rangers have started to engage in increased patrols in recent years (McCann, 2016). 
The second driver is economic land concessions (ELC), wherein local people cannot 
identify any positive correlation between ELC and improvements in environmental 
governance, enhanced environmental education programs, better conservation, or 
increased funding for environmental protection, preservation, and restoration. Instead, 
ELC investment has diminished the quality and quantity of land and natural resources, 
habitats, NTFPs, and a loss of ecosystem (Chanrith et al., 2016). Climate change is 
the third driver and has induced ecosystem degradation and triggered more disasters, 
including more frequent, unusual, intense rain, drought, and extreme temperatures 
(Chou & Sovann, 2019). Virachey National Park has been impacted by these extreme 

 
1 The Dragon’s Tail area (top right in Figure 1) is an area with numerous economic land 

concessions problems related to logging. More details can be found here: 

https://thediplomat.com/2016/05/hope-and-horror-in-cambodias-virachey-national-park/ 
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events recently, according to interviews with the provincial officer, park manager, and 
CPA representative. The fourth driver is minimal economic activities due to being 
located in a wilderness area. Economic activities, including the collection of NTFPs, 
swidden agriculture, fishing, hunting, and ecotourism (trivial contribution) have been 
practiced conventionally. Thus, local people’s rural livelihoods are highly dependent 
on natural resources for survival, according to the interviewees of this study and 
Hoeurn and Sopheak (2017). 
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The above-mentioned drivers lead directly to pressures on Virachey’s 
wilderness and cultural landscape, such as logging, poaching, unsustainable NTFP 
extraction, and agricultural land expansion. These pressures directly influence the 
ecosystem value of Virachey, including forests, wildlife, aesthetics and landscape, 
water, and NTFPs. Indeed, many critical challenges occur in Virachey, such as CO2 
emission from deforestation, loss of biodiversity, loss of aesthetic value, water supply 
shortage, NTFP degradation, and decreased agriculture yield. 

To counter these circumstances, the Cambodian government at national, 
provincial, and park levels and communities, together with partner NGOs have put 
forth strong efforts to respond to those problems, including increased law 
enforcement to crack down on illegal loggers, cooperation with development agencies 
(INGOs/NGOs), support for CPA patrolling and resources extraction, organization of 
ecotourism sites, development of adventure tour programs, and database 
management. Nevertheless, it is not enough to address all the problems mentioned. 
Current conservation activities in Virachey cannot effectively save forests and 
biodiversity; therefore, innovative conservation financing is strongly needed to design 
for improved and more impactful funding and implementation. 

4.3 Carbon storage and net gain or loss from forest cover changes in Virachey 
National Park 

The terrestrial ecosystem, which stores a large amount of carbon than the 
atmosphere, is vital for alleviating carbon dioxide emission-driven climate change. 
Carbon storage is one of the most crucial regulation services functions provided by 
the ecosystem to mitigate climate change. Trees remove carbon dioxide from the 
atmosphere through the process of photosynthesis, storing the carbon in their leaves, 
branches, stems, bark, and roots. Carbon storage is lost amid deforestation and 
degradation. Most importantly, greenhouse gasses are immediately emitted on a 
massive scale from logging or burning activities. 

This study seeks to preliminarily assess the carbon storage in Virachey 
National Park as a potential area for REDD+ projects in the future. This study 
assessed the carbon storage from land cover classes of surface water, forest (semi-
evergreen), orchard or plantation, evergreen broadleaf, mixed forest (mixed 
deciduous forest), urban and built up, cropland, mining, barren, wetlands (flooded 
shrub), grassland, and shrubland. 

ASSIA Working Paper Series 21-03



16 

Table 1: Potential Carbon Storage at Virachey National Park 

Land Cover Class COUNT 
(pixel) 

AREA 
(1000m2) MIN MAX MEAN Sum Carbon 

(1000 Mg.C) 
Forest 11,720,694 1,172,069.4 4.15 4.15 4.15 48,636.2 
Evergreen Broadleaf 15,938,776 1,593,877.6 3.35 3.35 3.35 53,388.5 
Mixed Forest 1,307 130.7 1.59 1.59 1.59 2.1 
Total (Forest) 27,660,777 2,766,077.7 102,026.8 
Surface Water 19,552 1,955.2 0.00 0.00 0.00 0.0 
Orchard or Plantation 
Forest 5,522,818 552,281.8 2.34 2.34 2.34 12,923.4 

Urban and Built Up 123 12.3 0.00 0.00 0.00 0.0 
Cropland 67,867 6,786.7 0.41 0.41 0.41 28.0 
Wetlands 779 77.9 0.97 0.97 0.97 0.8 
Grassland 145,906 14,590.6 0.34 0.34 0.34 50.0 
Shrubland 9,301 930.1 0.57 0.57 0.57 5.3 
Aquaculture 191 19.1 0.00 0.00 0.00 0.0 
Total (Non-forest) 5,766,537 576,653.7 13,007.4 
Total 33,427,314 3,342,731.4 115,034.2 

Source: Created by the author  
Note: Descriptive statistics of carbon storage in 2017 by land cover in 2017 (analysis based 
on pixel size 10 m) 

The results indicate that Virachey National Park contains very high potential 
carbon storage. In total, Virachey National Park’s forests can store a total carbon 
amount of 115,034,194 Mg.C (102,026790 Mg.C from forest cover and 13,007,404 
Mg.C from non-forest area). Most carbon storage is processed in evergreen broadleaf 
(evergreen forests), which comprise approximately 46.41% of total carbon storage, 
42.27% forest (semi-evergreen forests), and 11.23% orchard or plantation forests. 
(See Table 1 and Figure 5) 
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Figure 5: C
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Indeed, examining the carbon storage potential of hotspots by communes 
located in Virachey National Park, the Ta Veng Leu commune has the highest carbon 
storage. This commune alone occupied 43.43%. Additionally, Santepheap, Kaoh 
Pang, Kok Lak, and Veun Sai are also potential communes for further REDD+ 
development projects, as shown in Table 2. 

Table 2: Potential Carbon Storage at Virachey National Park by Communes 

COM_NAME COUNT 
(pixel) 

AREA 
(1000 m2) MIN MAX MEAN STD Sum Carbon 

(1000 Mg.C) 
Ta Veaeng Leu 14,346,107 1,434,610.7 0.00 4.15 3.48 0.69 49,960.9 
Santepheap 9,921,290 992,129.0 0.00 4.15 3.33 0.61 33,010.6 
Ta Veaeng Kraom 2,907,920 290,792.0 0.00 4.15 3.57 0.68 10,372.7 
Veun Sai 1,352,838 135,283.8 0.00 4.15 3.49 0.62 4,715.3 
Kaoh Pang 2,319,374 231,937.4 0.34 4.15 3.54 0.73 8,202.5 
Kok Lak 2,053,756 205,375.6 0.00 4.15 3.47 0.70 7,119.7 
Nhang 525,055 52,505.5 0.41 4.15 3.14 0.50 1,649.3 

Sum 33,426,340 3,342,634.0 115,031.0 

Source: Created by the author 

4.4 Economic value of carbon storage in Virachey National Park 
The benefit transfer function was used to calculate the economic value (four 

carbon pools with the function of cost/ton). The price was obtained from the Tier 2 
Cambodian national project at Keo Seima Wildlife Sanctuary. Net carbon storage was 
estimated by scoping in Virachey National Park and its surroundings to calculate the 
potential value of carbon offset or voluntary carbon markets of other international 
buyers/programs. 

As seen in Table 2 above, the value of carbon storage is extremely high. This 
study obtained price data from REDD+ project implementation at Keo Seima Wildlife 
Sanctuary. The average total price for KSWS REDD+ is USD 10/tC, and is the 
voluntary carbon market. Therefore, if we used this proxy price to estimate the 
economic value of carbon storage in Virachey National Park, it has a value of 1 billion 
USD for the whole area. Taveng Leu (USD 500 million), Santipheap (USD 330 million), 
and Taveng Kroam (USD 103 million) elicit the highest economic value from carbon 
storage. In addition, the O Tong CPA located in Kok Lak commune, which has an 
approximate economic value of USD 71 million, would be the most suitable hotspot. 
According to the rangers and NGO officers interviewed, the community has the 
strongest capacity for managing their forest. This economic value does not reflect the 
prospective economic returns from REDD+ through VCS until the annual carbon sink 
is estimated; instead, it reflects the costs of avoided deforestation that humans will 
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allocate climate finance to offset carbon emission. Indeed, this preliminary economic 
value represents the economic potential that Virachey National Park can develop 
further, particularly as identified in the four communes within the landscape of 
Virachey. 

5. Conclusion 
This study is the first step in interpreting the gain and loss of carbon stock 

based on the forest cover change. This study reveals a unique example of 
approximately USD one billion costs of carbon emission owing to deforestation in 
Virachey National Park alone. If the forest cover changed without proper management 
of the identified drivers and pressures, the carbon stock would also be influenced, 
and carbon emission would be compromised. More importantly, this study clearly 
highlights the high potential of carbon credits from the voluntary carbon market 
resulting from REDD+ projects. Although Virachey has an extremely high amount of 
carbon storage, REDD+ project development must consider additional aspects, such 
as technical prospects (adequate data to estimate and verify forest cover change, 
annual carbon sink, and response capacity to reduce deforestation), institutional 
management, on-the-ground partners (stakeholder engagement and local project 
implementers or facilitators), prospects for fair and equitable agreement (benefit-
sharing mechanism), and Cost-benefit analysis (cost-effectiveness and economic 
return from carbon finance) to meet VCS and CCB standards and obtain results-
based payment. Therefore, more in-depth research should be conducted to verify 
forest cover, biodiversity inventory, institutional management, operational costs of 
REDD+ development under varying scenarios, community capacity assessment, and 
community sentiment regarding benefit sharing. 
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Annex 

Table 3: Types of Forests in Cambodia 
Forest type Characteristics 

Deciduous forest This type of forest is similar to the dry season forest found 
in the dryer climate in Indochina. Trees are relatively short 
(3–12 m) drought-tolerant species with small leaves and 
thick bark. This is a dry, deciduous forest from a transition 
to the natural grassland found on very sandy sites. 

Evergreen short 
forest 

This is a transition type to tall evergreen forest and often 
with similar species composition, yet trees are significantly 
smaller. 

Lagerstroemia 
forest 

Stands are distinguished by their white bark and high, erect, 
fluted stems. They often dominate patches of forests. 

Short riparian 
forest/melaleuca 
forest 

This forest type occurs near rivers and streams on land that 
is periodically inundated and retains moisture during the dry 
season. 

Deciduous swamp 
forest 

A quite unique forest type occurring around Pes Lake in the 
northern part of Prey Long. Several unique species and 
growth forms can be found. 

Tall evergreen 
Dipterocarp forest 

Found on moist but not waterlogged areas. It includes a 
large diversity of species with canopy closure at 30–50 m. 

Evergreen swamp 
forest 

This occurs on wet sites with permanent or long-term 
inundation. The forest type is rare and endemic to central 
Cambodia. 

Table 4: Global Definition of Land Cover Classes Used for Estimating Carbon Stock 
Land cover Definitions 

Aquaculture Is the farming of aquatic organisms, including fish, mollusks, 
crustaceans, and aquatic plants. It includes man-made pond 
systems within fresh and saltwater bodies or temporarily 
flooded regions. 

Barren areas Are natural and semi-natural lands comprised of exposed soil, 
sand, and rocks. 

Cropland Includes lands with herbaceous and shrubby crops followed by 
harvest and a bare soil period. This category includes single, 
mixed, multiple, and seasonal cropping systems. Examples 
include cereals, oils, seeds, vegetables, root crops, and 
forages. Tea and coffee plantations are included in this layer, 
but orchards, forest croplands, and forest plantations are not. 
It also excludes irrigated or flooded rice fields and low-land 
paddy fields, where rice is intensively planted for more than one 
cycle per year. 

Deciduous 
forest 

Lands are dominated by trees >60% canopy cover with a tree 
height above 5 m. Deciduous tree species make up >60% of 
the total tree cover. 
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Land cover Definitions 
Evergreen 
Broadleaf lands 

Dominated by trees >60% canopy cover with a tree above 5 m. 
Dominant tree species are evergreen broadleaf, and make up 
>60% of the total tree cover.

Flooded forests Having freshwater inland habitats with >10% tree canopy 
cover, a tree height above 2 m, and seasonal or permanent 
flooding. 

Grassland areas Lands with herbaceous cover, where obligate wetland species 
are scarce. 

Shrublands Lands where the majority of woody vegetation cover is less 
than 5  m in height and >10% canopy cover. Shrub species can 
be evergreen or deciduous. 

Mining lands Comprised mostly of exposed soil, sand, or rocks originating 
from mining, gravel production, or other human activity. 

Mixed forests Areas have >60% tree canopy cover, tree height is greater than 
5  m, and the forest composition is mixed such that no single 
forest type makes up >60% of the total tree cover. 

Orchard and 
plantation 

Forests include lands cultivated with perennial crops that reach 
heights above 5 m and occupy the land for long periods. 
Commercial tree crops in the region are mainly rubber, palm 
oil, cashew nut, and coconut plantations. 

Rice paddies Including irrigated or flooded rice fields and low land paddy 
fields where rice is intensively planted for more than one cycle 
per year (can be 2 or 3 cycles). Rice makes up the majority of 
vegetation cover. 

Surface water Open water larger than 30 m by 30 m that is open to the sky, 
including fresh and saltwater. 

Urban and built-
up areas 

Cultural lands covered by buildings, roads, and other built 
structures. 

Wetlands Areas seasonally flooded regions dominated by herbaceous or 
shrub vegetation. Wetland obligates are common. 

Table 5: Economic Value of Carbon Storage at Virachey National Park by Communes 
COM_NAME Sum Carbon (Mg.C) KSW REDD+ (10$/ton C) 

Ta Veng Leu 49,960,866.26 499,608,660 
Santepheap 33,010,605.53 330,106,050 
Ta Veng Kraom 10,372,665.84 103,726,650 
Veun Sai 4,715,290.41 47,152,900 
Kaoh Pang 8,202,530.24 82,025,300 
Kok Lak 7,119,743.66 71,197,430 
Nhang 1,649,268.56 16,492,680 
Total 115,030,970.50 1,150,309,700 

ASSIA Working Paper Series 21-03


	20210801_ASSIA WP 21-03 Cover
	20210801_Carbon Storage and REDD+ in Virachey
	Abstract
	Keywords
	1. Introduction
	2. The Current Status of REDD+ in Cambodia
	2.1 Forest cover in Cambodia
	2.2 Overview of REDD+ in Cambodia through the voluntary carbon market

	3. Methods
	3.1 Study site selection
	3.2 Data collection
	3.3 Data analysis

	4. Results
	4.1 The current status of forest biodiversity and ecosystem services
	4.2 Drivers and pressures of forest cover changes in Virachey National Park
	4.3 Carbon storage and net gain or loss from forest cover changes in Virachey National Park
	4.4 Economic value of carbon storage in Virachey National Park

	5. Conclusion
	Acknowledgment
	References
	Annex




