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A B S T R A C T   

This study aimed to propose a set of decision support tools to allocate Cambodia’s REDD+ national baseline or 
initial forest reference level (FRL) to local REDD+ projects, based on their forest cover and forest carbon stocks, 
and the historical deforestation trends in their reference regions. Our samples included 77 hypothetical REDD+
projects and five actual REDD+ projects. To identify reference regions for our samples, a cluster analysis of 127 
districts in Cambodia was conducted using the Partitioning Around Medoids (PAM) algorithm (or k-medoids 
method). To calculate the baseline amount to be allocated to projects, four allocation methods were proposed. 
Two methods used ‘snapshot’ variables (i.e., [1] existing forest area or [2] forest carbon stock) and two used 
‘change’ variables (i.e., [3] historical forest area change or [4] historical forest carbon stock change from 2006 to 
2014). We weighted the baseline by the deforestation risk in 2014. We found that ‘snapshot’ methods tended to 
allocate more baseline if the project had more forest cover or forest carbon stocks. In contrast, ‘change’ methods 
tended to allocate more baseline if the project has more forest area loss or forest carbon stock loss between 2006 
and 2014 in its reference region. These differences suggest that the ‘snapshot’ methods do not consider the 
inequity in the amount of baseline allocated to the projects. This inequity stems from the different degree of 
effort made by project stakeholders to protect their forests. The degree of effort varies depending on the historical 
deforestation trend in a project’s reference region. However, the ‘change’ methods explicitly incorporate the 
trend into their calculations of baseline allocations. Technically, the ‘change’ method [4] seems to be the desired 
choice for allocating FRL to local projects; this is because it fits best with the idea of counter-factual thinking 
using a ‘reference period’ that a national baseline must have under the United Nations Framework Convention on 
Climate Change (UNFCCC). The ‘change’ methods are less likely to stimulate further deforestation, in a juris-
diction with high forest cover or forest carbon stocks that does not have a REDD+ project, compared with the 
‘snapshot’ methods. However, the ‘change’ methods are more likely to face the challenge of political adjustment 
to balance the reduced emissions from some jurisdictions/projects with increased emissions from the other ju-
risdictions/projects, compared with the ‘snapshot’ methods. The findings are applicable not only in Cambodia 
but also in other REDD+ countries that include deforestation as one of the five REDD+ activities, within the 
scope of their national baseline submission to the UNFCCC. The study’s outcomes will facilitate stakeholder 
dialogue on the proportions of national baseline allocated to sub-national programs/projects by showing the 
technical and political implications of the proposed allocation methods.   
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1. Introduction 

The evaluation of greenhouse gas (GHG) emission reductions by 
REDD+ (Reducing Emissions from Deforestation and forest Degrada-
tion, plus the role of conservation, sustainable management of forests 
and enhancement of forest carbon stocks in developing countries) under 
the United Nations Framework Convention on Climate Change 
(UNFCCC) is, in principle, conducted at the national level (UNFCCC, 
2014a)1. However, since REDD+ was adopted as an agenda at the 13th 
Conference of the Parties in Bali in 2007 (UNFCCC, 2008), sub-national 
demonstration REDD+ activities have burgeoned, with the intention of 
using voluntary initiatives in particular areas (Cerbu et al., 2011; Wertz- 
Kanounnikoff and Kongphan-apirak, 2009). These sub-national pro-
grams or projects are often referred to as ‘early actions’ (WWF, 2011) or 
‘REDD+ pilots’ (Madeira et al., 2010) because they precede REDD+
activities at a national-level. 

In recent years, rules have been formulated for developing countries 
to apply for REDD+ results-based payments for emission reductions 
and/or enhanced carbon stocks at national level (or sub-national level as 
an interim measure) from the Green Climate Fund and Forest Carbon 
Partnership Facility’s Carbon Fund. Both the REDD+ pilots (promoted 
mainly by private sector and government agencies) and future private 
sector investment in the form of local REDD+ projects may be incor-
porated into national REDD+ GHG accounting frameworks. However, a 
REDD+ implementing country may seek result-based payments at a 
national scale for emission reductions derived against its national 
baseline (a benchmark of what would have happened without the 
intervention). The country may incorporate reductions from sub- 
national REDD+ projects, which construct their own independent 
baselines using a variety of methodologies. This presents a challenge for 
incorporating existing or future sub-national REDD+ programs and 
projects into a national REDD+ program (Streck, 2020; Lee et al., 2018). 
Furthermore, there are concerns that voluntary REDD+ projects base-
lines might be intentionally inflated by stakeholders seeking to profit 
from selling superfluous credits or ‘hot air’ (West et al., 2020; Mertz 
et al., 2018; Rifai et al., 2015; Seyller et al., 2016). 

Sub-national baselines can be aligned with higher programs by 
adopting an allocation determined by the government, or another 
agreed method (Global Forest Observations Initiative, 2020). The pro-
cess of alignment is broadly divided into a bottom-up approach and top- 
down approach. In the bottom-up approach, proponents of sub-national 
programs and projects use their own baselines to evaluate their perfor-
mance. When a baseline at higher jurisdictional level is subsequently set, 
any discrepancy is addressed by measures such as adjusting the amount 
of emission reductions approved at the higher level during a transition 
phase (see examples of such bottom-up approach in Lee et al., 2018; 
Goehler et al., 2018; Seifert-Granzin, 2014). In the top-down approach, 
sub-national programs and projects are required to use a baseline allo-
cated from a higher-level program. Peru is considering this approach by 
applying Verra (formerly Verified Carbon Standard)’s Jurisdictional and 
Nested REDD+ (JNR) Requirements (Seifert-Granzin, 2014). Our case 
study country, Cambodia, is also shifting toward a top-down approach 
and is seeking ways to allocate the national baseline to projects (see 
Section 3.2 for more detail). 

However, few studies have examined concrete decision support tools 
for comparing and deciding the value of sub-national baselines allocated 
from a national baseline. The allocation method enables a national 
government to clarify the contribution of projects to national results, by 
ensuring that sub-national baselines are not inflated and by providing 
transparent calculation of the extent of emissions from deforestation and 
forest degradation. The transparent allocation also makes visible the 
contribution of emission reductions/increases to national results from 
not only REDD+ projects but also from non-REDD+ jurisdictions. This 

increases the comparability of performance or results from sub-national 
jurisdictions and REDD+ projects. 

When deciding the proportions of the allocation to sub-national 
projects, it would facilitate decision making to have a common under-
standing on the plausible range of each baseline. The range of individual 
baselines may differ because each project has unique circumstances in 
the field for setting their baseline. These include differences in carbon 
stocks associated with forest types, the risk of deforestation, and his-
torical deforestation trends (Lee et al., 2018; Romijn et al., 2013; Sasaki 
et al., 2016). 

This study aimed to propose a set of decision support tools to allocate 
Cambodia’s REDD+ national baseline or Initial Forest Reference Level 
(FRL) to sub-national REDD+ projects by considering the differences in 
the forest types and carbon stocks, the historical deforestation trends at 
the relevant scale of projects’ reference regions, and the deforestation 
risk faced by each project (see Section 3.5 for the definition of a REDD+
project in this study). To our knowledge, this is the first attempt to 
propose such a set of tools. Therefore, although we use Cambodia as a 
case study, the study’s outcomes will also contribute to other REDD+
countries that include deforestation as one of the five REDD+ activities 
within the scope of national baseline submissions to the UNFCCC. 

2. Theoretical background and hypothesis setting 

We used a forest transition (FT) hypothesis as the theoretical back-
ground for our study. Forest transition refers to ‘the change from 
contraction to expansion of national forest area’ (Mather and Needle, 
1998). It hypothesizes that forest recovery is a consequence of aban-
donment of marginal agricultural land followed by forest regeneration 
and tree plantations (Mather, 2007; Grainger, 1995; Barbier et al., 
2010). In Southeast Asia, forest area stopped declining in Malaysia and 
the Philippines by 2010 and has increased since then (Fig. 1; FAO, 
2020). These countries, plus Viet Nam and Thailand, are considered to 
have entered an FT phase. However, Cambodia, Indonesia, Laos, and 
Myanmar experienced continual forest loss between 1990 and 2020 and 
have yet to show positive trends in forest area (Fig. 1). 

Cambodia has a negative trend in forest area, and therefore we hy-
pothesized that a baseline allocated to a project would vary depending 
on the influence of driving forces of deforestation in the allocation 
method. More specifically, we first hypothesized that an allocation 
method that did not consider a negative trend in forest area would 
allocate more baseline if the project had more forest cover or forest 
carbon stocks at the time of allocation. Second, we hypothesized that an 
allocation method that considered a negative trend in forest area would 
allocate more baseline if the project had more forest area loss or forest 
carbon stock loss in its ‘reference region’ during the reference period for 
constructing Cambodia’s FRL. 

To consider the difference in the extent of historical deforestation 
trends during the reference period and its deforestation drivers at a sub- 
national level in the allocation, we used the concept of a ‘reference re-
gion’. A reference region is ‘the analytical domain from which historical 
deforestation is extracted and projected into the future to spatially locate 
the area that will be considered deforested in the baseline scenario’ 
(Estrada and Joseph, 2012). In other words, REDD+ project evaluations 
using baselines that are allocated by the central government without 
careful consideration of the local circumstances of each project could 
impair the reliability of evaluations. 

3. Materials and methods 

3.1. Drivers of deforestation and forest degradation in Cambodia 

The Southeast Asian country of Cambodia is still experiencing forest 
loss (Fig. 1). There are a number of direct and indirect drivers of 
deforestation and forest degradation in Cambodia, according to the 
literature (Fig. 2). In an official document titled ‘The Initial Forest 1 Sub-national level evaluation is accepted as an interim measure. 
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Reference Level for Cambodia under the UNFCCC Framework’, the 
Cambodian government analyzed the drivers of deforestation and forest 
degradation in Cambodia between 2006 and 2014, which is the refer-
ence period for constructing the national FRL (Royal Government of 
Cambodia, 2017a). The document states that deforestation and forest 
degradation in Cambodia are the results of a complex set of interrelated 
factors related to a pattern of economic development and associated 
land-use change, in a context where there is limited governance capacity 
for land management by state institutions (Royal Government of 
Cambodia, 2017a). Although the document admits that a lack of reliable 
primary data limits the accuracy of analysis, it concludes that the 
dominant drivers of deforestation since 2010 have been: 1) the timber 
harvesting and conversion of forestland to large-scale agro-industrial 
plantations by private investors under Economic Land Concessions 
(ELCs), and 2) other agricultural expansion for cash crops. The ELCs are 
concessions with a long-term lease that allow the beneficiaries to clear 
land to develop industrial agriculture (Delux, 2015). 

The deforestation drivers in Cambodia were also analyzed in another 
official document ‘Cambodia REDD+ Roadmap’ (Royal Government of 
Cambodia, 2010). The roadmap identified general indirect drivers of 
deforestation and forest degradation such as population increase, 
poverty, and large-scale agro-industrial developments. Specific chal-
lenges included ELCs, regional demand for resources, lower perceived 
economic benefits from sustainable management of forests at the na-
tional level compared with alternative land uses, low awareness of the 
environmental roles of forests, and inadequate forest law enforcement 
and forest sector governance. These challenges are also recognized in the 
National Forest Programme 2010–2029 of Cambodia (Ministry of 

Agriculture, Forestry and Fisheries Cambodia, 2010). 
In the academic literature, large-scale plantations including ELCs 

and small-scale agricultural land development are generally cited as 
direct deforestation drivers. Michinaka et al. (2013) and Michinaka et al. 
(2015) confirmed that ELCs had statistically significant negative impacts 
on forest cover between 2002 and 2010 using panel data analysis that 
takes ELC as a dummy variable. Davis et al. (2015) combined ELC 
concession locations with a high-resolution data set of changes in forest 
cover and found that, within ELC concessions, the annual rate of forest 
loss was between 29% and 105% higher than in comparable areas 
outside concessions between 2000 and 2012. Other studies indicate that 
the difference in forest types also explains the difference in historical 
deforestation trends. Evergreen, semi-evergreen, and deciduous forest-
s—the three main forest types in Cambodia—decreased by 1.6% per 
year (23,114.3 ha); 0.7% per year (35,258.7 ha); and 0.3% per year 
(12,903.6 ha), respectively, between 2002 and 2006 (Sasaki et al., 
2016). While semi-evergreen forests were most likely to be subjected to 
both logging and land clearing, deciduous forest was the particular focus 
of ELC developments (Sasaki et al., 2016). Kapos et al. (2010)’s carbon 
overlay analysis using the official forest cover map in 2005/2006 
showed that while 0.32 Gt (10.7% of Cambodia’s total carbon) is stored 
within ELCs, only 4% of ELCs are of high carbon density. Furthermore, 
Ehara et al. (2018)’s study in Kompong Thom Province, which is 
dominated by evergreen and semi-evergreen forests, reported that the 
forest within a 10-km radius of the sampled villages was exposed to the 
deforestation pressure between 2009 and 2013 by local residents with 
relatively less farmland to improve their income. Imai et al. (2018), who 
analyzed factors affecting forest area change in Southeast Asia between 
1980 and 2010 using the FT hypothesis, added societal transition from 
closed to open societies as an indirect driver of deforestation in 
Cambodia. A detailed analysis of deforestation trends in Cambodia will 
be discussed in Sections 3.3.2 and 3.3.3. 

3.2. Overview of REDD+ in Cambodia 

The Royal Government of Cambodia recognizes the challenges set by 
climate change and has made explicit efforts to develop and implement a 
series of national policies, strategies and action plans. In the forest 
sector, Cambodia has used the REDD+ mechanism as the central miti-
gation policy since 2012 (Royal Government of Cambodia, 2017b). To 
manage the national readiness process effectively, the government has 
created enabling institutional frameworks for REDD+ implementation 
and effective stakeholder engagement. These frameworks include the 
REDD+ Taskforce, REDD+ Taskforce Secretariat and four technical 
teams. In relation to the implementation of the Warsaw Framework 
(UNFCCC, 2014a; UNFCCC, 2014b), the government endorsed the Na-
tional REDD+ Strategy in 2017 (Royal Government of Cambodia, 
2017b). This strategy aims to reduce deforestation and forest degrada-
tion by half by 2026 (compared to the 2006–2014 reference period) 
while promoting sustainable management of forests, conservation of 
natural resources, and poverty alleviation. The government launched 
the National Forest Monitoring System in 2017 and is continuously 
working to improve methodologies for estimating emissions (i.e., data 
on forest carbon stocks) and activity data (i.e., data on forest cover 
change). 

In November 2016, the Royal Government of Cambodia submitted its 
national baseline or Initial Forest Reference Level (FRL) to the UNFCCC. 
This was technically assessed by two land use, land-use change and 
forestry experts from the UNFCCC roster of experts (UNFCCC, 2018). 
The FRL, for the 2006–2014 reference period, corresponds to 
78,953,951 tCO2 yr− 1, and is ‘the annual average of the net carbon di-
oxide (CO2) emissions associated with deforestation, which in this 
context includes degradation and the enhancement of carbon stocks in 
forest land remaining forest land (with changes only in forest 

Fig. 1. Changes in percentage of forest area in the eight Southeast Asian 
countries, 1990–2020. Countries with a gray line have entered a forest transi-
tion (FT) phase, while those with a black line, and Cambodia with a red line 
(our case study country), have not. 
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subcategories), and the removals of CO2 from the atmosphere through 
afforestation when other land uses are converted to forest land’ 
(UNFCCC, 2018)2. 

However, Cambodia faces challenges in the domestic management 
and accounting of diverse REDD+ actions implemented by various ac-
tors at multiple scales, such as the national and local (e.g., project) 
levels. In particular, various REDD+ projects that seek results-based 
payments for emission reductions from avoided deforestation are 
being implemented independently with different methodologies. The 
Appendix 1 shows the differences in information and methods used to 
set a baseline between projects: project A and project B approved by the 
Ministry of Environment (MoE) use the Verra (formerly Verified Carbon 
Standard) methodologies; project C approved by the MoE uses the Joint 
Crediting Mechanism (JCM)3 methodology; and project D and project E 
approved by the Ministry of Agriculture, Forestry and Fisheries (MAFF) 
use Verra methodologies (because of commercial sensitivity, we have 
omitted the name of the projects). Differences were found in the forest 
types used for emissions and emission reductions calculation, selected 
carbon pools, the reference period of the baseline, and the baseline 
construction approach. In the context of a shift in Cambodia from a 

bottom-up toward top-down approach (see Section 1), the Ministry of 
Environment is currently developing a policy of allocating the national 
baseline to projects, by which the Royal Government of Cambodia can 
consolidate the current and future mitigation actions that are developed 
and implemented by stakeholders at multiple levels/scales4 (Authors’ 
communication with government staff). 

3.3. Variables used for baseline allocation 

3.3.1. Forest cover maps and emission factors 
The official national forest land use/cover maps for 2006, 2010, 

2014 and 2016 provided by the Ministry of Environment and the 
Forestry Administration, were used to estimate the relevant variables 
(Forestry Administration, 2008; Forestry Administration, 2011; Forestry 
Administration, 2016; Ministry of Environment, 2018). Forest under the 
REDD+ programme refers to ‘a unit of an ecosystem in the form of 
wetland and dry land covered by natural or planted vegetation with a 
height from 5 metres on an area of at least 0.5 hectares, and canopy 
crown cover of more than 10%’ (Royal Government of Cambodia, 
2017a). 

Fig. 3 shows the forest cover map for 2016. The overall accuracy of 
the forest cover data in 2006, 2010 and 2014 is 74%, 73.97% and 
81.23%, respectively (Royal Government of Cambodia, 2017a) and that 
of 2016 is 87.48% (Ministry of Environment, 2018). The accuracy 
assessment of land use/cover change data for 2014–2016 is 90% (Min-
istry of Environment, 2018) but those of the other two maps are 

Fig. 2. Direct and indirect drivers of deforestation and forest degradation in Cambodia based on literature introduced in Section 3.1 and referring diagrams shown 
earlier literature (e.g., Geist and Lambin, 2002; Nansikombi et al., 2020). Arrow thickness from direct drivers indicates their contribution to deforestation and forest 
degradation pressures. 

2 Since the forest definition adopted by Cambodia for REDD+ explicitly ex-
cludes rubber plantations, oil palm plantations and perennial crops, the FRL 
includes emissions from the conversion of forests to those land-use categories 
and the conversion of forests to other non-forest land-use categories (UNFCCC, 
2018).  

3 See Yamanoshita et al. (2017) and Ehara et al. (2019) for more details about 
the JCM-REDD+ context. 4 At the time of writing, no sub-national pilot program has been defined. 
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unpublished. The main forest types included in the estimation were 
evergreen, semi-evergreen, and deciduous forests. These three forest 
types collectively comprised about 90% of Cambodia’s forests between 
2006 and 2014: 34.2–34.9% (3,710,271–2,973,903 ha) evergreen, 
13.4–13.0% (1,453,441–1,108,320 ha) semi-evergreen and 42.6–40.9% 
(4,613,417–3,480,532 ha) deciduous forest (Royal Government of 
Cambodia, 2017a). 

The emission factors of the three forest types followed the FRL sub-
mitted by the Cambodian government to the UNFCCC (Royal Govern-
ment of Cambodia, 2017a)5. In the context of Cambodia, the carbon 
stocks of the three forest types were 76.60C ton/ha in evergreen, 
114.21C ton/ha in semi-evergreen, and 39.95C ton/ha deciduous for-
ests, and their emission factors were 280.90 CO2 ton/ha, 418.77 CO2 
ton/ha, 146.48 CO2 ton/ha, respectively (Royal Government of 
Cambodia, 2017a). 

3.3.2. Deforestation risk map 
The reference period for constructing Cambodia’s FRL was set as a 

period between 2006 and 2014 (Royal Government of Cambodia, 
2017a). Thus, to understand the difference in deforestation risks that 
projects faced in 2014, we developed a deforestation risk map for that 
year (Fig. 4). We defined the deforestation risk as the distance from 
deforestation that occurred over a certain period. In other words, the 
closer to a recent deforestation area or forest edge, the higher the risk of 
deforestation is. For the 2014 forests, the area within 2 km of the 
deforested areas in 2010–2014 was designated as forest with a high risk 
of deforestation. A geographical information system (GIS) software, 
ArcGIS 10.6 (ESRI Co., Ltd., Redlands, CA) was used in the analysis. 

This deforestation risk was based on the results of the data analysis 
shown in Fig. 5. It compared the deforested area in first period 
(2010–2014) and in second period (2014–2016) and showed that 

approximately 80% and 95% of the deforestation in the second period 
occurred within 800 m and 1600 m of the deforested area in the first 
period, respectively. It also revealed that the frequency of deforestation 
in the second period was lower as the distance from the deforestation in 
the first period increased. On the basis of this result, the distance from 
deforestation in the first period was calculated for each pixel in the area 
that was forested as of 2014. The risk of deforestation in forests within 2 
km of the deforestation in the first period was calculated for the period 
after 2014. 

It was not possible to identify exactly why deforested areas in the 
second period (2014–2016) were concentrated within, but not outside, 
the 2 km buffer from the deforested areas in the first period 
(2010–2014). However, earlier studies indicate some likely causes. 
Directive 001 (also known as Order 01BB) entered into force in January 
2014, which stopped the granting of new ELCs and allowed communities 
to live alongside the concessions (Delux, 2015). Davis et al. (2015), who 
analyzed the impact of ELCs on deforestation between 2000 and 2012, 
found that deforestation ‘spillage’ occurred in the areas immediately 
surrounding ELCs, through investing companies exceeding their con-
tract areas, illegal logging and/or the displacement of local communities 
to surrounding areas. In Kompong Thom Province, where Project D is 
located, Ehara et al. (2018) reported that out of a sample of 161 
households, 29 households (18%) had clear cut the forest between 2009 
and 2013 and most of the forest loss took place within 10 km from their 
villages. They found that six households, who were affected by loss of 
access to non-timber forest products (NTFPs) because of deforestation, 
had to clear cut the remaining forest within 1–10 km from their 
households (mean: 1.9 km) to compensate for the income loss from the 
NTFPs, which were collected within the range of 2- to 12-km distance 
from their households (mean: 8.0 km) (Ehara et al., 2018). 

3.3.3. Identifying reference regions for projects 
To identify the reference region (see Section 2) for a project, it is 

important to identify a region where the conditions were originally 
similar to those of the target area of a REDD+ project. To identify the 
region, we focused on the district to which each project belonged and 
conducted cluster analysis at the district level. After removing districts 

Fig. 3. Forest cover map for Cambodia, 
2016. This map is derived from the official 
national forest land use/cover map for 
2016. The main cover types used for forest 
estimation in this study were evergreen, 
semi-evergreen, and deciduous forests. 
Landsat 8 imagery was used to assess and 
classify forest cover in 2016. Sentinel-2 
(2016), SPOT5 (2016) and RapidEye 
(2015 and 2016) were used to support ac-
curacy assessment of forest cover in 2016 
and forest cover change in 2014–2016. 
Segmentation was conducted using eCog-
nition software to generate segments (or 
polygons) that grouped pixels with homo-
geneous characteristics of shape, color, 
compactness and smoothness. Principal 
component analysis (PCA) was used to 
extract the potential land cover change 
2014–2016. The accuracy assessment of 
land use/cover data was carried out in two 
separate steps through ground truth and 
verification of data from RapidEye, SPOT5, 
and Sentinel-2 with images from Google 
Earth. A total of 1651 points covering 25 
capital-provinces nationwide were used for 
verification of land use/cover classification. 
Overall accuracy of the forest cover data is 
87.48%. See Ministry of Environment 
(2018) for more detailed methodology.   

5 The technical assessment of the submission of Cambodia on its proposed 
FRL noted that ‘the data and information used by Cambodia in constructing its 
FRL are transparent, complete and in overall accordance with the guidelines 
contained in the annex to decision 12/CP.17’(UNFCCC, 2018). 
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Fig. 4. Deforestation risk map in 2014. Analysis of the deforestation trends in 2010, 2014 and 2016 showed that 98% of the deforestation in 2014–2016 occurred 
within 2 km of the area that was deforested in 2010–2014. For this reason, the area within 2 km of the deforested areas in 2010–2014 was designated as forest with 
high risk of deforestation. 

Fig. 5. Relationships between distance from 
deforestation occurring from 2010 to 2014 
(first period), and frequency of deforestation 
occurred from 2014 to 2016 (second period). 
The data used for Fig. 5 were 2010, 2014 and 
2016 forest cover maps provided by the 
Cambodian Ministry of Environment. We 
converted the maps to raster images so that 
each pixel was 100 m by 100 m in size and 
performed the following processing. 
Focusing only the evergreen, semi- 
evergreen, and deciduous forests that make 
up most of Cambodia’s forests, the 2010 
forest cover map was superimposed on the 
2014 map (first period) and the 2014 forest 
cover map was superimposed on the 2016 
map (second period). Pixels that changed 
from forest to other land use during the first 
period and those that changed from forest to 
other land use during the second period were 
defined as deforested area in first period and 
deforested area in second period, 
respectively.   
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with forest area less than 0.5 ha in 2006, we implemented a cluster 
analysis in 127 districts (including Khans and cities). 

To select the reference region, it is necessary to group districts with 
similar characteristics, but it is not necessary to examine the relation-
ships between those similarities at different levels or extents in the hi-
erarchy. Each district needs to be put into a cluster and only one cluster; 
i.e., clusters cannot overlap, and no district should be omitted. There-
fore, the Partitioning Around Medoids (PAM) algorithm, or k-medoids 
method (Kaufmann and Rousseeuw, 1987) was considered suitable for 
this study. The PAM method originated from operations research to 
select the best facility locations (Steinley, 2015). It partitions all the 
individuals into k clusters in which a cluster center is not the mean 
(centroid) of the cluster, as in the k-means method, but the actual in-
dividual (medoid) in the cluster. Medoids are less sensitive to outliers 
within clusters than centroids are, in part because PAM uses the stan-
dard Euclidean distance while the k-means clustering uses the squared 
Euclidean distance. Of course, the outliers need to be somewhat similar 
to other members of the same cluster; otherwise, they should not be put 
into any clusters; regardless of the clustering approach. By using parti-
tioning methods, the districts could be grouped comprehensively based 
on the dissimilarity in districts within and between all the clusters. The 
PAM method has been used in previous research in forest sciences 
(Michinaka et al., 2011; Michinaka and Miyamoto, 2013). 

Four variables were chosen to reflect the characteristics of the dis-
tricts: forest cover rate in 2006 (FC), forest cover change between 2006 
and 2014 (FCC), economic land concession in 2016 (ELC), and semi- 
evergreen forest cover in 2006 (SE). Because forest land in 2006 was 
the start point for deforestation, based on the FRL’s reference period 
(Royal Government of Cambodia, 2017a), FC was defined as the per-
centage of 2006 forested area in a district. It was calculated as follows: 
FC = forest area / land area × 100. The forested area in this study 
consists of the three main forest types in Cambodia: evergreen, semi- 
evergreen and deciduous forest (see Section 3.3.1). The degree of 
deforestation since 2006 varied from district to district. To reflect the 
trend, FCC was considered. FCC refers to the percentage point change in 
forest coverage from 2006 to 2014. It was calculated as follows: FCC =
FC (2006) – FC (2014). For example, if the forest cover rates were 40% 
and 30% in 2006 and 2014, respectively, FCC will be 10 percentage 
points. The data for forest cover and forest cover changes of evergreen, 
semi-evergreen and total forest cover were sourced from the Royal 
Government of Cambodia. Because ELCs were an important deforesta-
tion driver during the period (see Section 3.1), ELC was taken as a 
variable in the cluster analysis. It was defined as the area in hectares of 
all ELCs that once existed or were confirmed to exist as of 2016 in a 
district. We used the ELC dataset available at Open Development 
Cambodia (Open Development Cambodia, 2016). The ELCs are useful 
for explaining the drivers of planned deforestation, particularly in de-
ciduous forest, according to Sasaki et al. (2016)’s analysis on Cambo-
dia’s forest cover and carbon stock changes between 2002 and 2006. SE 
refers to the area in hectare of semi-evergreen forest in a district in 2006. 
The data for SE were also sourced from the Royal Government of 
Cambodia. The SE was chosen as the fourth variable in the cluster 
analysis based on the relationship between semi-evergreen forests and 
deforestation (see Section 3.1). Sasaki et al. (2016) found that semi- 
evergreen forest was most affected by deforestation between 2002 and 
2006. They argued that semi-evergreen forest was most likely subject to 
both logging and land clearing (unplanned deforestation) because it 
contained several commercial timber species and it was located close to 
populated areas (Sasaki et al., 2016). Thus, SE is useful as a proxy of both 
a direct driver (unplanned deforestation), and an indirect driver (pop-
ulation), in the reference region. 

By assuming that the four variables were equally important and 
considering the different measurement scales among variables, we 
standardized the measurements for all four variables by subtracting the 
respective mean value and dividing by the respective mean absolute 
deviation (Rousseeuw, 1987). Histograms of original variables and the 

respective standardized variables were compared. Only slight structural 
changes were found that were thought to be acceptable. The package 
cluster in software R was used for the analysis (Maechler et al., 2019; R 
Development Core Team, 2020). 

Deciding the appropriate number of clusters in the data is a key issue 
in cluster analysis. Theoretical research has not provided a unique 
optimal solution for the best number of clusters. Optimal cluster analysis 
maximizes the similarity between individuals within clusters and their 
dissimilarity to individuals in other clusters. To obtain this aim, Rous-
seeuw (1987) provided a procedure for choosing k, the number of 
clusters, by considering dissimilarity and calculating the average 
silhouette width (ASW). The ASW is also useful for validating the results 
in clustering approaches other than PAM. As the ASW increases, the 
distinct grouping of individuals increases. ASW was adopted to choose 
the number of clusters in this research. 

3.4. Sample REDD+ projects for this study 

We selected the five existing REDD+ projects that seek results-based 
payments for emission reductions from avoided deforestation (see Sec-
tion 3.2) as our sample. This sample size, however, is insufficient to 
draw generalized conclusions. To address this issue, we selected all 77 
districts that belonged to all the clusters, except cluster 2, which had 
significantly lower median of FC in 2006 (the starting year of the 
reference period of the FRL) compared with the other clusters (Table 1), 
as hypothetical REDD+ projects that seek results-based payments for 
emission reductions from avoided deforestation. The total of 82 samples 
is sufficient to compare the allocated baselines considering the differ-
ences in forest types and carbon stocks, the historical deforestation 
trends at the relevant scale of the reference region(s), and the defores-
tation risk faced in each sample. 

3.5. Methods for allocating national baseline to projects using four 
variables 

To calculate the amount of national baseline to be allocated to pro-
jects, we propose methods using four types of variables: allocation ac-
cording to the [1] forest area variable of the project at any one time; [2] 
forest carbon stock variable of the project; [3] historical forest area 
change variable; [4] historical forest carbon stock change variable. The 
baselines allocated to the projects were further weighted or apportioned 
by the forest area at risk of deforestation in the project area or in the 
reference region as discussed in Section 3.3.2. 

Table 1 
Summary of clusters by the median of the variables.  

Cluster Size FC (%) FCC (% 
point) 

ELC (ha) SE (ha) 

6 9 88.56 6.26 35,674 58,119 
8 2 87.23 5.06 165,083 99,793 
1 7 79.15 30.13 80,243 21,141 
3 8 75.32 45.01 13,763 16,352 
5 17 71.55 8.69 9,835 4,789 
7 15 70.47 19.57 38,633 7,810 
4 19 37.89 27.07 170 4,058 
2 50 6.57 2.90 0 47   

Q(1/4): 
8.820 

Q(1/4): 
2.895 

Q(1/4): 0.0 Q(1/4): 78.0 

Q(2/4): 
46.150 

Q(2/4): 
9.440 

Q(2/4): 
2,290.0 

Q(2/4): 
2,308.0 

Q(3/4): 
77.965 

Q(3/4): 
22.325 

Q(3/4): 
21,380.5 

Q(3/4): 
14,075.5 

Note: Size means the number of districts in the cluster. FC: forest cover rate in 
2006, FCC: forest cover change between 2006 and 2014, ELC: Economic Land 
Concession in 2016, and SE: semi-evergreen forest in 2006. Q(1/4), Q(2/4) and 
Q(3/4) indicates first, second and third quartile of each variable, respectively. 
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3.5.1. Allocation using ‘snapshot’ methods 
The allocation method used [1] the forest area variable of the project 

or [2] the forest carbon stock variable of the project at any one time 
(hereafter referred to as ‘snapshot’ methods). The ‘snapshot’ methods 
were used as a policy option because they could provide incentives for 
current and potential REDD+ proponents in the future to conserve more 
forests, by guiding them into forests with a large area or high carbon 
stocks. This approach does not fully fit with the concept or ‘philosophy’ 
contained in the national REDD+ baseline, which is the prediction of 
future emission trajectories of deforestation across the country based on 
the analysis of historical deforestation trends. However, it enables the 
governments of developing countries that have limited human resources 
for data collection and analysis, to set the allocation using only a 
‘snapshot’ of the forest cover or forest carbon stock data at any one time. 

The baseline (tCO2 yr− 1) to be allocated to a project was obtained by 
multiplying the national baseline or FRL (78,953,951 tCO2 yr− 1) (Royal 
Government of Cambodia, 2017a) by the ratio of the project’s variable 
to the country’s variable. The variable used was either [1] forest area 
(expressed in ha) as of 2014 or [2] forest carbon stock (tCO2) as of 2014 
(Formula 1). 

(Formula 1) 
Calculating baseline to be allocated to a project using ‘snapshot’ 

methods 
‘Snapshot’ variables 
[1] Forest area as of 2014 
[2] Forest carbon stock as of 2014 

Bpjsnapshot(i) = FRL×
Vpjsnapshot(i)

Vnatsnapshot 

Bpjsnapshot(i): project(i)’s baseline (tCO2 yr− 1) when the ‘snapshot’ 
variable is used (i=1, 2, 3, 4, 5 for the actual five REDD+ projects and i =
1–77 for the 77 hypothetical projects) 

FRL: National Forest Reference Level (78,953,951 tCO2 yr− 1) 
Vpjsnapshot(i): value of the ‘snapshot’ variable in the project area of 

project(i) (i = 1, 2, 3, 4, 5 for the actual five REDD+ projects and i = 1–77 
for the 77 hypothetical projects). 

Vnatsnapshot: value of the ‘snapshot’ variable in the entire country. 

Formula 1, however, does not consider the inequity in the amount of 
baseline allocated to the projects, which stems from the difference in the 
level of the latest deforestation risk for projects (see Section 3.3.2). To 
address this issue, Formula 2 weights or apportions the baseline allo-
cated to the project according to the forest area at risk. 

(Formula 2) 
Calculating weighted baseline to be allocated to project using 

‘snapshot’ methods 
‘Snapshot’ variables 
[1] Forest area as of 2014 
[2] Forest carbon stock as of 2014 

WBpjsnapshot(i) = Spj(i) ×

∑

i
Bpjsnapshot(i)

∑

i
Spj(i)

Spj(i) = Bpjsnapshot(i) ×ForestAtRiskpj(i)

WBpjsnapshot(i): project(i)’s weighted baseline (tCO2 yr− 1) when the 
‘snapshot’ variable is used (i = 1, 2, 3, 4, 5 for the actual five REDD+
projects and i = 1–77 for the 77 hypothetical projects). 

Bpjsnapshot(i): project(i)’s baseline (tCO2 yr− 1) when the ‘snapshot’ 
variable is used (i = 1, 2, 3, 4, 5 for the actual five REDD+ projects and i =
1–77 for the 77 hypothetical projects). 

ForestAtRiskpj(i): Forest area in hectares at risk in the project(i) (i = 1, 
2, 3, 4, 5 for the actual five REDD+ projects and i = 1–77 for the 77 hy-
pothetical projects). 

3.5.2. Allocation using ‘change’ methods 
Formula 2 can partially address the inequity in the amount of 

baseline allocated to the projects, which stems from the difference in the 
level of the latest deforestation risk for projects. However, not only the 
degree of the latest deforestation risk but also the historical deforesta-
tion trend in the reference region differs from project to project. The 
difference is due to variations in deforestation drivers, and leads to a 
difference in the level of effort made by project stakeholders to protect 
their forests. To consider this in the allocation, we propose using [3] the 
historical forest area change variable or [4] the historical forest carbon 
stock change variable (hereafter referred to as ‘change’ methods). The 
‘change’ methods fit the concept in REDD+ better than the ‘snapshot’ 
methods. Allocation based on [3] historical forest area change or [4] the 
historical forest carbon stock change in the project’s reference region 
can be considered as allocation based on future deforestation, assuming 
that forest change trajectory in the relevant reference region would 
happen in the project area if we had no REDD+ (Estrada and Joseph, 
2012). 

To calculate a baseline that used either [3] historical forest area 
change (ha) or [4] historical forest carbon stock change (tCO2) from 
2006 to 20146, the baseline should reflect the effects of the forest area or 
forest carbon stock changes that took place in the reference region 
during that period. Thus, a reference region should serve as the region 
from which historical deforestation is extracted and projected into the 
future to spatially locate areas that will be considered deforested in the 
baseline scenario. The reference region for each project was set based on 
the results of the cluster analysis (see Section 4.1). The baseline (tCO2 
yr− 1) to be allocated to the project’s reference region or cluster, using 
the ‘change’ variable (ha or tCO2), was obtained by multiplying the FRL 
(78,953,951 tCO2 yr− 1) by the ratio of the reference region’s change to 
the country’s change (Formula 3). Then, the baseline (tCO2 yr− 1) to be 
allocated to the project was obtained by multiplying the value of the per 
hectare baseline of project’s reference region or cluster by the project 
area (ha) (Formula 4). To consider the difference in the level of the 
latest deforestation risk for projects (see Section 3.3.2), Formula 5 
weighted or apportioned the baseline allocated to the project’s reference 
region. 

(Formula 3) 
Calculating baseline to be allocated to the project’s reference 

region or Cluster 1–8 using ‘change’ methods 
‘Change’ variables 
[3] Historical forest area change, 2006–2014 
[4] Historical forest carbon stock change, 2006–2014 

Bcl(i) = FRL ×
Vcl(i)

Vnat 

Bcl(i): Baseline (tCO2 yr− 1) of the project’s reference region(i) or 
cluster(i) when the ‘change’ variable is used (i = 1, 2, 3, 4, 5, 6, 7, 8) 

FRL: National Forest Reference Level (78,953,951 tCO2 yr− 1) 
Vcl(i): value of the ‘change’ variable in the project’s reference region 

(i) or cluster(i) (i = 1, 2, 3, 4, 5, 6, 7, 8) 
Vnat: value of the ‘change’ variable in the entire country 

(Formula 4) 
Calculating baseline to be allocated to a project using ‘change’ 

methods 

6 Following the reference period of the FRL that is from 2006 to 2014. 
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‘Change’ variables 
[3] Historical forest area change, 2006–2014 
[4] Historical forest carbon stock change, 2006–2014 

Bpj(i) =
Bcl(i)

Cluster(i)
× Project(i)

Bpj(i): Project(i)’s baseline (tCO2 yr− 1) when the ‘change’ variable is 
used (i = 1, 2, 3, 4, 5 for the actual five REDD+ projects and i = 1–77 for the 
77 hypothetical projects) 

Bcl(i): Baseline (tCO2 yr− 1) of the project’s reference region(i) or 
cluster(i) when the ‘change’ method is used (i = 1, 2, 3, 4, 5, 6, 7, 8) 

Cluster(i): the area in hectares of project’s reference region(i) or 
cluster(i) (i = 1, 2, 3, 4, 5, 6, 7, 8) 

Project(i): Project (i)’s project area in hectares which is subjected to 
emission reduction accounting (i = 1, 2, 3, 4, 5 for the actual five REDD+
projects and i = 1–77 for the 77 hypothetical projects) 

(Formula 5) 
Calculating weighted baseline to be allocated to reference re-

gion or cluster using ‘change’ methods 
Change’ variables 
[3] Historical forest area change, 2006–2014 
[4] Historical forest carbon stock change, 2006–2014 

WBcl(i) = Scl(i) ×

∑

i
Bcl(i)

∑

i
Scl(i)

Scl(i) = Bcl(i) × ForestAtRiskcl(i)

WBcl(i): Weighted baseline (tCO2 yr− 1) of the project’s reference re-
gion(i) or cluster(i) when the ‘change’ variable is used (i = 1, 2, 3, 4, 5, 
6, 7, 8) 

Bcl(i): Baseline (tCO2 yr− 1) of the project’s reference region(i) or 
cluster(i) when the ‘change’ method is used (i = 1, 2, 3, 4, 5, 6, 7, 8) 

ForestAtRiskcl(i): Forest area in hectares at risk in the project’s refer-
ence region(i) or cluster(i) (i = 1, 2, 3, 4, 5, 6, 7, 8) 

4. Results 

4.1. Reference regions for projects 

The projects’ reference regions were identified by cluster analysis. 
Results of cluster analysis from PAM showed that the highest ASW of 
0.49 was obtained when the number k was set to eight or nine (the 
difference between ASW values at k = 8 and 9 was only 0.0016, and the 
latter was slightly higher). Under the rule of thumb method (Mardia 
et al., 1979), k =

̅̅̅̅̅̅̅̅
n/2

√
=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
127/2

√
= 7.96, which implies that seven or 

eight clusters may be suitable. Therefore, the 127 districts were grouped 

Fig. 6. Scatter plots of four variables in eight clusters: forest cover rate in 2006 (FC, %), forest cover change between 2006 and 2014 (FCC, percentage point), 
Economic Land Concession in 2016 (ELC, ha), and semi-evergreen forest in 2006 (SE, ha). Note: CL in legends means cluster. 
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into eight clusters by combining these two results. We recognize that 
0.49 is not a high ASW but it is still acceptable. 

The paired scatter plot of the four variables in eight clusters is shown 
in Fig. 6 and a summary of the clusters using the median of the variables 
is shown in Table 1 (Detailed results for the eight clusters with the names 
of the districts are shown in Appendix 2). Fig. 6 shows that most of 
points in the same cluster are closely grouped. On the top right of Fig. 6 
(c), it can be seen that between the two districts in Cluster 8, there is 
another district with very high-level forest cover and semi-evergreen 
forest. This district belongs to Cluster 6, which has a low ELC value. 
Fig. 6 (e) shows a similar pattern; however, the other plots in Fig. 6 
confirm that the two districts in Cluster 8 are close to each other but not 
similar to other districts. Because four variables were used, the condi-
tions of these four variables were considered comprehensively. 

To test the differences among the means in different clusters, one- 
way analysis of means while not assuming equal variance was tested 
with an F test. The results showed that for FC, F = 372.09 (p-value <
0.001); for FCC, F = 54.24 (p-value < 0.001); for ELC, F = 46.30 (p- 
value < 0.001); and for SE, F = 33.31 (p-value < 0.001). This implies 
that some clusters had different means from others for all four variables. 
The Tukey HSD, that is, Tukey’s honestly significant difference test, a 
single-step multiple comparison procedure, was also implemented. For 
eight clusters and any one variable, 28 pairs of combinations were ob-
tained. For any one variable among the four, the differences in means in 
some pairs of clusters were not significant at 5% level. After checking all 
the pairs for all the variables, it was found that between any pair of 
clusters, a significant difference was detected at least for one variable. 
For example, Clusters 6 and 8 had non-significant differences in means 
for FC and FCC, but significant differences in ELC and SE. 

Fig. 7 shows the spatial distribution of reference regions or clusters 
set for the 77 hypothetical projects (districts) and the five actual projects 
(A–E) in this study. Project A had three (Clusters 2, 5 and 7), Project B 
had four (Clusters 1, 5, 6 and 7), Project C had two (Clusters 5 and 6), 
Project D had one (Cluster 7) and Project E had three (Clusters 3, 4 and 
7) reference regions. Sub-national programs and their boundaries have 
not yet been defined in Cambodia. 

4.2. Baselines allocated to projects 

Fig. 8 shows the baselines allocated to each of the 77 hypothetical 
projects (districts) using the four methods. In most cases, differences 
were found between the baselines with the ‘snapshot’ methods ([1] 
forest area or [2] forest carbon stock), and those with the ‘change’ 
methods ([3] forest area change or [4] forest carbon stock change). In 11 
hypothetical projects that belonged to Clusters 6 or 8, baselines calcu-
lated using method [2] were higher than those calculated using method 
[4]. In contrast, in 49 hypothetical projects that belong to Clusters 1, 3, 4 
or 7, baselines calculated using method [4] exceeded those calculated 
using method [2]. Such clear tendencies were not observed in hypo-
thetical projects that belonged to Cluster 5; that is, baselines calculated 
using method [4] were higher in some projects and lower in others than 
baselines calculated using method [2]. 

Fig. 9 shows the baselines allocated to each of the five real projects 
and compares them with the baseline published by each project in its 
project design document (PDD)7. There were differences in the baselines 
between the ‘snapshot’ methods and the ‘change’ methods. Differences 
were also observed between the baselines calculated by this study for 
Project A, B, D and E, and those published in these projects’ PDDs. 

5. Discussion 

5.1. Comparison of allocated baselines to hypothetical projects 

In most cases of the baseline allocations to the 77 hypothetical 
projects (districts), confirming our hypothesis, we found differences 
between the baselines allocated on the consideration of multiple driving 
forces of deforestation, that is, allocated by the ‘change’ methods ([3] 
forest area change or [4] forest carbon stock change), and those allo-
cated by the ‘snapshot’ methods ([1] forest area or [2] forest carbon 
stock). This was because the ‘snapshot’ methods allocated more baseline 
if the hypothetical project had more forest cover or forest carbon stocks, 
weighted by deforestation risk, compared with other hypothetical pro-
jects in 2014. In contrast, the ‘change’ methods allocated more baseline 
if the hypothetical project had more forest area loss or forest carbon 
stock loss between 2006 and 2014 in their reference region weighted by 
deforestation risk in 2014. 

Greater values of baselines calculated using the ‘snapshot’ methods 
for hypothetical projects (districts) in Cluster 6 or 8 can be explained by 
the combination of a higher forest cover rate in 2006 (FC) and a lower 
forest cover change between 2006 and 2014 (FCC) compared with hy-
pothetical projects (districts) in other clusters (see Table 1). The districts 
in Clusters 6 and 8 maintained relatively high forest cover between 2006 
and 2014 compared with districts in other clusters. In contrast, the 
greater values of baselines calculated using the ‘change’ methods to 
districts in Clusters 1, 3, 4 or 7 stemmed from the higher FCC compared 
with districts in other clusters. The ‘change’ methods allocated baselines 
to districts where deforestation had already taken place. These districts 
experienced severe deforestation between 2006 and 2014. These dis-
tributions of forest cover and deforestation area were supported by 
Davis et al. (2015) who analyzed spatial patterns of deforestation in 
Cambodia between 2000 and 2012. 

While there were clear tendencies in the differences in calculated 
baselines using different methods for hypothetical projects (districts) in 
Clusters 1, 3, 4, 6, 7 and 8, such tendencies were not observed in Cluster 
5 (Fig. 8). Some districts in Cluster 5 such as Chey Saen, Koun Mom, 
Thma Bang and Veal Veaeng had higher baselines when calculated using 
the ‘snapshot’ methods, while the other districts had higher baselines 
when calculated using the ‘change’ methods. This was because the four 
districts had relatively larger forests in terms of area or carbon stocks 
that were less affected by deforestation compared with other districts. 
This was also supported by Davis et al. (2015). 

5.2. Comparison of allocated baselines to actual projects 

In the baseline allocations to actual projects, we also observed dif-
ferences between the baselines allocated by the ‘snapshot’ methods and 
those allocated by the ‘change’ methods (Fig. 9). This is because the 
‘snapshot’ methods allocated more baseline to a project with relatively 
greater forest cover or forest carbon stocks weighted by deforestation 
risk in 2014 (such as Project A and B), whereas the ‘change’ methods 
allocated more baselines to a project if the project had more forest area 
loss or forest carbon stock loss between 2006 and 2014, in their refer-
ence region or cluster weighted by deforestation risk in 2014 (such as 
Project C, D and E). 

There were differences between the baselines calculated by this 
study for Project A, B, D and E, and those published in these projects’ 
PDDs. This discrepancy stemmed, first, from the difference in the size of 
the reference regions in our study and those used in their PDDs. For 
example, the size of reference regions used for Project B in their PDD 
(996,951 ha) was much smaller than the reference regions of this study 
(9,260,487 ha), and the reference region of Project A and D in their 
PDDs was the country of Cambodia (18,160,674 ha), which is larger 
than those of this study (8,079,955 ha and 2,293,198 ha, respectively). 
The size difference arose because our method for defining the reference 
regions was different from those in the PDDs. Second, it should be noted 

7 Project C’s PDD is not published at the time of writing (October, 2020). The 
PDDs are available from Vera Project Database. https://www. 
vcsprojectdatabase.org/#/home (Accessed October, 2020). 

M. Ehara et al.                                                                                                                                                                                                                                  

https://www.vcsprojectdatabase.org/#/home
https://www.vcsprojectdatabase.org/#/home


Forest Policy and Economics 129 (2021) 102474

11

that the reference period used in our study was different from those in 
the PDDs of Project B and E (i.e., the deforestation trend would vary 
depending on when the reference period was set). Therefore, the relative 
value of the allocated baseline for the five REDD+ projects would vary 
depending on when the reference period was set. This point is supported 
by the findings of Mertz et al. (2018), who established baselines in 
northern Laos for different reference periods and found that the base-
lines differed considerably depending on the reference period chosen. 

5.3. Technical challenges 

In the following sections, we have separated the challenges into 
technical and political challenges to facilitate our discussion, although 
we recognize they are not easy to separate in reality. Some challenges 
are specific to Cambodia, but others are applicable to other countries. 

5.3.1. Diversity in carbon stocks and forest types considered 
We chose a single emission factor for evergreen, semi-evergreen, and 

deciduous forests for the calculation, following the FRL (Royal Gov-
ernment of Cambodia, 2017a). However, if multiple emission factors in 
the forest type had been considered, the relative value of allocated 
baseline may well have been different for both the 77 hypothetical 
projects (districts) and five REDD+ projects, particularly those located 

in areas where forest carbon stocks were higher or lower relative to 
those in the FRL. Another technical challenge for FRL construction and 
allocation in Cambodia is accounting for emissions from forest degra-
dation. Although Cambodia’s forest degradation (defined as biomass 
stock changes within forest land without changes in forest sub- 
categories) is believed to make a significant contribution to emissions 
in Cambodia, this is not included in the FRL because of limited capacity 
to monitor biomass stock changes within forest land without changes in 
forest sub-categories (Royal Government of Cambodia, 2017a)8. The 
relative value of the allocated baseline would differ if this forest 
degradation was considered. This might also be the case for other 
countries. In fact, less than half of REDD+ implementing countries that 
have submitted their baselines to the UNFCCC have included forest 
degradation as a scoped activity (FAO, 2018). 

Forest-type selections with similar forest carbon stocks are also an 
issue for other REDD+ implementing countries. Gibbs et al. (2007) 
suggest that a ‘stratification matrix’ is developed for REDD+ imple-
menting countries to stratify forests by forest types (e.g., evergreen 

Fig. 7. Reference regions set for the ‘change’ methods. The clusters correspond to reference regions, which means there are eight reference regions in total for the 77 
hypothetical projects and five actual projects (A–E). 

8 Forest degradation and enhancement (forest land remaining forest land 
with changes in forest sub-categories), and removal of CO2 from the atmosphere 
through afforestation (other land uses converted to forest land) are included in 
the national FRL (Royal Government of Cambodia, 2017a). 
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Fig. 8. Baselines allocated to each of the 77 hypothetical projects (districts) using the four methods. The cluster number is shown in brackets.  
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broadleaf, palm forest) and forest conditions in terms of drainage (e.g., 
flooded or dry), slope (e.g., steep or flat), level of degradation (e.g., 
logged, pristine) and age (e.g., young fallow, mature). If REDD+
implementing countries do not consider the variety of forest types and 
forest conditions in enough detail to cover their diversity in forest car-
bon stocks, then estimations may be inaccurate. For example, in 
Myanmar, only one national level emission factor was used for its na-
tional baseline submitted to the UNFCCC in 2018, because of the limited 
availability of national data sources for stratification by forest type 
(Ministry of Natural Resources and Environmental Conservation 
Myanmar, 2018). This was noted as an area for future technical 
improvement with Technical Assessment coordinated by the UNFCCC 
secretariat (UNFCCC, 2019). 

5.3.2. Period for which deforestation risk and deforestation trends are 
analyzed 

The evaluation of deforestation risk and historical deforestation 
trends for Cambodia that we used in the baseline allocation are ex-post 
evaluations, and we do not provide an ex-ante assessment of future 
deforestation risk and trends. This means that the findings from these 
evaluations can be referred to but cannot address future deforestation 
risk and drivers as they stand. To predict future deforestation risks posed 
by deforestation drivers at a local level in Cambodia, some of the 
deforestation prediction models developed by REDD+ projects in 
Cambodia can be used (See Appendix 1). Variables such as population, 
GDP, topography, vegetation specific to their reference regions, cities, 
villages, roads and distance from development sites are often used in 

Fig. 10. General process of allocating the national baseline to sub-national individual jurisdictions and/or local REDD+ projects in the top-down approach. Each sub- 
national jurisdiction would include not only forest areas but also all other land use categories such as farmland and urban areas. 

Fig. 9. Comparison of allocated baselines to actual projects (A–E) with their own baselines shown in their Project Design Documents (PDDs). Project C’s PDD and 
baseline are not published at the time of writing (October 2020). 
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these models. However, they might not be applicable at a national scale 
in Cambodia because such statistical data are often limited at this scale. 

Another technical (and potentially political) challenge for Cambodia 
is the choice of reference period. One of the reasons for the differences 
between the baselines calculated by this study for Project B and E and 
those published in their respective PDDs may arise from the different 
reference periods used in this study and in the PDDs. The relative value 
of the allocated baseline for the five REDD+ projects and the 77 hypo-
thetical projects would vary depending on when the reference period 
was set. A similar argument applies to the deforestation risk. The relative 
value of the allocated baseline would change depending on the length of 
the two periods used for the ex-post evaluation of the deforestation risk, 
explained in Section 3.3.2. 

5.3.3. Challenges in grouping districts and in developing allocation methods 
using FT hypothesis 

Our study in Cambodia had some technical limitations. The variables 
that we chose to group the 127 districts were FC, FCC, ELC and SE. 
Although other variables, such as the opportunity cost of converting 
forest to agricultural land and the natural condition of land suitability 
for crop production, are also important because they may affect the 
extent of deforestation (Barbier et al., 2010; Leblois et al., 2017; Busch 
and Ferretti-Gallon, 2017; Ferrer Velasco et al., 2020), these could not 
be used owing to constraints on data collection and analysis at a district 
level. Our cluster analysis did not consider the effect of distance to 
polygons such as existing national parks, wildlife sanctuaries, protected 
areas and areas of community forestry because of a lack of data. These 
might affect both the trend of historical forest cover change and the level 
of the latest deforestation risk/pressure (Andam et al., 2008; Cropper 
et al., 2001). 

Cambodia as a whole experienced a decline in its forests between 
1990 and 2020 and the forest cover rate as of 2020 was less than 50% 
(see Section 2.). None of the district groups where the 77 hypothetical 
projects were located showed positive trends in forest area during our 
study period. This particular situation in Cambodia allowed us to 
develop the ‘change’ methods without considering ‘change’ of forest 
area toward net increase. An issue may arise in applying the single 
‘change’ method, if Cambodia enters what earlier literature calls a 
‘trough’ of forest depletion and forest replenishment periods (Barbier 
et al., 2010). Cambodia’s nationally determined contribution submitted 
to UNFCCC includes mitigation targets for reducing deforestation and 
adaptation targets to implement agroforestry systems toward 2030 
(Ministry of Environment Cambodia, 2020). This implies that in the near 
future there might be a mixture of groups of districts: some groups may 
continue to experience net forest loss and some may experience net 
forest gain. For Cambodian national and sub-national governments 
wishing to evaluate the performance of the latter groups, allocation 
methods are required from a national baseline developed for evaluating 
the enhancement of forest carbon stocks (‘+’ of REDD+), which may 
differ from the ones developed in this study. The development of such 
methods is the next problems to be tackled. 

5.4. Political challenges 

5.4.1. Balancing emission reductions with increased emissions 
In the top-down approach (see Section 1.), in principle, sub-national 

programs and projects are required to use a baseline allocated from a 
higher-level program. When a national government allocates its national 
baseline to sub-national programs and/or projects, the national gov-
ernment needs to decide on the proportion of baseline allocated to each 
of them (Fig. 10). This jurisdictional level boundary could be either a 
jurisdiction (such as a province) or a landscape. Since the REDD+ results 
under the UNFCCC are ultimately evaluated at the national level 
(UNFCCC, 2014a), not only do the results of local REDD+ projects (e.g., 
type A-1, A-2, B-1) need to be appropriately measured and expressed in 
tCO2, but so do those of other areas in the country concerned (e.g., type 
A-3, B-2 and C in Fig. 10). For example, the type C jurisdiction might not 
be focused on REDD+ because of different preferences in achieving 
political, economic and conservation outcomes. In fact, forest conser-
vation and restoration projects that share many goals with REDD+
sometimes do not include the establishment of reference levels or carbon 
monitoring in their activities owing to the managers’ reluctance to 
divert resources from their main activities for establishment or moni-
toring (Verchot et al., 2018; Ehara et al., 2019). 

In the real world, the national government needs to adjust or balance 
the increased emissions from some jurisdictions with the decreased 
emissions from others. For example, if local level B-1 REDD+ project 
achieved its emission reductions but B-2 area emitted more than its 
allocated baseline, the overrun would need to be balanced by a reduc-
tion elsewhere. In the hypothetical Cambodian case in our study, Project 
B and C were neighbors of a district (hereafter District X) in Cluster 8, 
where high forest cover with high forest carbon stocks were maintained 
until 2014 but there were also large ELCs (see Table 1). If the Cambodian 
government applied the ‘change’ methods to allocate baselines, and 
Project B and C and District X were grouped into same jurisdiction, 
project B and C may eventually achieve their emission reduction, but 
District X may emit more than its allocated baseline because ELCs could 
convert the remaining forests into agricultural lands in the district. It is 
challenging to know how the jurisdictional- and national-level govern-
ments would adjust the increased emissions from District X with emis-
sion reductions from Project B and C. Similar challenges also apply at a 
national level. A country may not achieve emission reductions on a 
national scale but sub-national jurisdictions may meet their own emis-
sion reduction targets, compared with a baseline allocated from the 
national level. In these cases, should the country compensate those ju-
risdictions/projects that fulfill the requirements or not? These issues of 
adjustment and ex-post emission reduction allocation are beyond the 
scope of the present study. However, they need to be addressed because 
otherwise they may disincentivize projects that are nested in higher 
jurisdictions (Lee et al., 2018) and currently being discussed in the JNR 
initiative (Verra, 2020). 

Table 2 
Political pros and cons of using the four methods for allocating a national baseline to individual projects.  

Allocation methods Pros Cons 

‘Snapshot’ methods 
[1] Forest Area 
[2] Forest Carbon 
Stock  

• Easier in data collection and analyses because no need to consider the 
difference in the historical deforestation trends of the projects’ 
reference regions  

• Guide future REDD+ projects to larger forest area or those richer in 
carbon stocks (this could also be a con)  

• Do not consider the extent of forest area/carbon stock changes that took place 
in its reference region so that the risk of over-rewarding forest conservation 
efforts is higher than applying the ‘change’ methods  

• Could stimulate further deforestation in a jurisdiction that has large forest 
cover or high forest carbon stocks at the time of allocation  

• Do not fit with the idea of counter-factual thinking using a reference period 
‘Change’ methods 

[3] Forest Area 
Changes 
[4] Forest Carbon 
Stock Changes  

• Fit with the idea of counter-factual thinking using a reference period 
and consider the difference in historical deforestation trends of the 
projects’ reference regions  

• Have less risk of over-rewarding forest conservation efforts than 
applying the ‘snapshot’ methods.  

• Difficult to collect data for the entire country  
• Following decisions are required:  

➢ The appropriate timeframe of the reference period to cover the diversity of 
the historical trends of deforestation in the projects’ reference regions  

➢ The appropriate reference region boundaries  
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5.4.2. General political pros and cons of using the four methods to allocate 
a national baseline to individual projects 

Table 2 summarizes the general political pros and cons, with some 
related technical issues, of using the four methods to allocate the na-
tional baseline to all the sub-national jurisdictions and individual pro-
jects (here after, subnational proponents). Data collection and analysis 
using the ‘snapshot’ methods are easier than using ‘change’ methods 
because the ‘snapshot’ methods do not require analysis of the difference 
in the historical deforestation trends of the reference regions. The 
‘snapshot’ methods could provide incentives for current and potential 
REDD+ project proponents in the future to conserve more forests by 
guiding them to forests with a large area or high carbon stocks. How-
ever, these could be political cons because policies overemphasizing the 
cost-efficiency of REDD+ emissions reductions may not prioritize car-
bon–biodiversity synergies in REDD+ site selection or project design 
(Phelps et al., 2012) and/or may allow the leakage (displacement of 
deforestation and forest degradation pressures) to areas not prioritized 
based on carbon criteria (Grainger et al., 2009; Harvey et al., 2010; 
Ehara et al., 2014). The ‘snapshot’ methods are politically advantageous 
for sub-national proponents that are successfully conserving forest that 
is larger in area or with higher carbon stocks at the time of allocation. 
This is because their calculation approach does not consider the extent 
of historical forest area/carbon stock changes that took place in the 
reference region. The larger the forest area or the higher the forest 
carbon stocks, the higher a baseline a sub-national proponent can get. 
However, this means that the ‘snapshot’ methods could over-reward 
forest conservation efforts compared with the ‘change’ methods. If a 
large volume of baseline is given to high-forest cover subnational pro-
ponents via the ‘snapshot’ methods, only a small volume of baseline 
remains to be distributed among the other sub-national proponents who 
are suffering dynamic deforestation; that is, they would receive such 
small baselines that they would have little chance to generate results. 

More importantly, the application of the ‘snapshot’ methods could 
also incentivize further deforestation in a sub-national jurisdiction 
without a REDD+ project that has large forest cover or high forest car-
bon stocks. For example, in the hypothetical Cambodian case in our 
study, two districts in Cluster 8 not only have high forest cover with high 
forest carbon stocks but also have large ELCs (see Table 1). The appli-
cation of the ‘snapshot’ methods could provide land-development 
stakeholders in such jurisdictions with an excuse to develop more for-
est area compared with the ‘change’ methods. This is because the 
‘snapshot’ methods technically allow more deforestation by allocating a 
higher baseline than the ‘change’ methods. Here, a similar argument can 
be made for using weighted or deforestation risk approaches for allo-
cations. It should be noted that using a weighted risk approach could 
stimulate future development in areas close to the existing deforestation 
frontier. 

The ‘snapshot’ methods also do not encompass the idea of counter- 
factual thinking (what would have happened without the interven-
tion) using a reference period that a national baseline must have (i.e., 
the ‘snapshot’ methods do not consider the extent of forest area 
‘changes’ or forest carbon ‘changes’ that would have happened during a 
reference period in the project area without the intervention in the 
allocation). Because the national baseline needs to be developed based 
on the analysis of historical forest land use/cover changes with their 
forest carbon stocks during a reference period, and the national baseline 
represents CO2 emissions per year, that is, carbon stock changes per 
year, it seems logical to apply the forest carbon stock changes for the 
allocation (method [4]). 

The ‘change’ methods have less risk of over-rewarding forest con-
servation efforts than applying the ‘snapshot’ methods, as discussed 
above. The ‘change’ methods—particularly method [4]—however, cost 
more compared with using other methods, which might be a political 
challenge. This is, first, because the national government needs to collect 
current and historical carbon stock data, activity data and emission 
factors for the entire country that are robust enough to be agreed by 

project proponents for the project scale applications. For a number of 
countries that do not already collect such data (Romijn et al., 2012) (see 
also Section 5.3.1), applying the method could cause significant uncer-
tainty in the baselines allocated to projects. Second, in applying the 
‘change’ methods, the government needs to determine a common 
reference period to be used for allocating the baseline to each individual 
project. The more diversity in terms of the historical trends of defores-
tation that the projects have experienced (e.g., long or short, increasing 
or decreasing), the more difficult the alignment or negotiation between 
governments and project proponents would be. Third, defining appro-
priate reference region boundaries is also required and is subject to both 
political and technical issues as discussed in Sections 3.3.3 and 5.3. In 
addition, the ‘change’ methods are more likely to face the challenge of 
political adjustment to balance the reduced emissions from some juris-
dictions with increased emissions from the other jurisdictions, compared 
with the ‘snapshot’ methods as discussed in Section 5.4.1. 

6. Conclusions 

We proposed a set of decision support tools to allocate Cambodia’s 
REDD+ national baseline or FRL to sub-national REDD+ projects ac-
cording to [1] their forest cover or [2] their forest carbon stocks in 2014 
(‘snapshot’ methods), or to [3] their forest area change or [4] their forest 
carbon stock change between 2006 and 2014 (‘change’ methods), which 
incorporate the historical deforestation trends of their reference regions. 
Using the four methods, we allocated the baseline to 77 districts 
(assumed to be hypothetical REDD+ projects) and all five actual REDD+
projects. The ‘snapshot’ methods tended to allocate more baseline to a 
project if the project had more forest cover or forest carbon stocks, 
weighted by deforestation risk, compared with other projects in 2014. In 
contrast, the ‘change’ methods tended to allocate more baselines to a 
project if the project had more forest area loss or forest carbon stock loss 
between 2006 and 2014 in its reference region, weighted by deforesta-
tion risk in 2014. 

We identified a number of issues for the baseline allocation using the 
four methods in terms of technical and political challenges for 
Cambodia. These issues are also applicable to other REDD+ imple-
menting counties that are considering a top-down approach where, in 
principle, sub-national programs and projects are required to use a 
baseline allocated from a higher-level program. 

A common technical challenge for REDD+ implementing countries is 
the insufficient capacity to reflect the diversity of carbon stocks and 
forest types in the allocation. If the variety of forest types and forest 
conditions are not considered in enough detail to cover the diversity in 
forest carbon stocks that countries have in the national baseline con-
struction, there will be a significant uncertainty in the baseline 
allocations. 

The choices of reference period and reference region boundaries pose 
technical, and possibly political, challenge for Cambodia when applying 
the ‘change’ methods. The relative value of the baseline to projects will 
change depending on when the reference period is set and what refer-
ence region boundaries are used. Thus, the more diverse the historical 
trends of deforestation that the projects have experienced, the more 
difficult the alignment or negotiation between governments and project 
proponents will be. The development of allocation methods from a na-
tional baseline for evaluating the enhancement of forest carbon stocks 
will be necessary if Cambodia enters a hypothesized ‘trough’ of forest 
depletion and forest replenishment periods of FT in the future. 

A common political challenge in applying the ‘snapshot’ methods is 
that, while they allow a REDD+ project with a large forest area or high 
forest carbon stocks to get a higher baseline, it could also incentivize 
further deforestation in a jurisdiction without a REDD+ project that has 
high forest cover or high forest carbon stocks. Similarly, although the 
inequity in the amount of baseline allocated to a REDD+ project, which 
stems from the difference in the latest deforestation risk for the project, 
can be addressed using a method that weights or apportions the baseline 
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according to the forest area at risk, this could stimulate future use in 
forests close to the existing deforestation frontier in a jurisdiction 
without a REDD+ project. 

The ‘change’ methods consider the difference in the degree of effort 
made by project stakeholders to protect their forests in the allocation. 
The degree varies depending on the historical deforestation trend in a 
project’s reference region. The ‘change’ methods reward a REDD+
project if its reference region has experienced deforestation in the 
reference period and if the deforestation process in the project area is 
slowed by addressing the drivers of deforestation and forest degradation 
after the time of allocation. The ‘change’ methods are less likely to 
stimulate further deforestation, in a jurisdiction with high forest cover 
or forest carbon stocks that does not have a REDD+ project, compared 
with the ‘snapshot’ methods. However, the ‘change’ methods are more 
likely to cause a political problem in adjusting or balancing the reduced 
emissions by REDD+ projects with the increased emissions from non- 
REDD+ jurisdictions; this is because the ‘change’ methods provide a 
lower baseline for jurisdictions with low deforestation and high forest 
cover/forest carbon stocks at the time of allocation. 

In the future, in countries applying a top-down approach, national 
governments should consider how to allocate their baseline to sub- 
national programs and projects. In this regard, the findings of this 
study identify several policy implications for reaching agreement on the 
allocation. Our research also provides guidance for how to deal with 
leakage due to project activities. Because the leakage is likely to occur in 
areas where the environmental and social conditions of the project/ 
program area are similar, the information of identified reference regions 
can be used for developing a strategy to address the leakage. This may 
constitute the object of future studies. 
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