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Methods for Estimating Carbon Emissions from Deforestation and Forest Degradation
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Developing countries are required to establish the forest reference emission
level (FREL) before they can participate in the implementation of the REDD+ scheme of the UNFCCC. This
project was designed to estimate forest carbon stock changes, FREL and emission reductions that are
useful for developing monitoring, reporting and verification system.

Forest cover data in all communes in Cambodia in 2002 and 2006 were based to establish the past trend of
forest cover change. Seven categories of forest were classified while primary and secondary data of
forest inventory along with allometric equations were used to derive carbon stocks for all

seven categories. Accordingly, FRELs were estimated at subnational and national levels in Cambodia. Over
a 30-year cycle, national FREL was estimated to be 42.6 million tCO2 per year. Introducing effective
policy interventions to reduce drivers could reduce about 28.3 million tCO2 per year over the same
period.
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Since the adoption of the Bali Action
Plan in 2007, discussions on the inclusion
of reducing emissions from deforestation
and forest degradation Plus forest
conservation, sustainable management of
forests, and enhancement of forest carbon
stocks (REDD+) have been intensified. The
adoption of the Copenhagen Accord in 2009
and the Cancun Accord in 2010 strengthens
the recognition of the REDD+ scheme and its
ability to reducing emissions while
achieving sustainable development in the
developing countries. Although the REDD+
scheme is cost effective (Kindermann et al.
2008, Sasaki and Yoshimoto 2010), it is a
result-based compensation scheme
requiring the known amount of emission
reductions through the establishment of
forest reference emission level (FREL) and
policy interventions introduced to lower
the emissions below the FREL. In addition
to FREL, Measuring, Reporting, and
Verifying (MRV) system is also needed to
verify and report the performance.

Despite increasing interests and
discussions on the FREL and appropriate
policy interventions, no approach was
agreed until recently. It is critically
urgent to establish FREL and MRV system for
tropical forests. This project was aimed
to 1) discuss and propose the approaches
to estimating forest carbon stocks, FREL
and emission reductions; and 2) to propose
MRV for forests in Cambodia.

To achieve the project objectives, the
following methods were undertaken:
(1) Forest Cover Change: Change of forest
area in seven categories was analyzed up
to commune level using forest cover
statistics in 2002 and 2006. Trend of past
change or retrospective approach was used
to predict future deforestation, which was
based for setting the FREL at subnational
and national levels in Cambodia
(2) Determination of Carbon Pools: Four
carbon pools were considered in evergreen,
semi-evergreen and deciduous forests,
wood shrub dry, wood shrub evergreen,
bamboo, and other forest. Other forest
includes mangrove, flooded, and
plantation forests. Forest inventory data
from evergreen, semi-evergreen, deciduous,
and other forests throughout Cambodia were
analyzed to obtain standing stocks of
respective forests. Biomass expansion

factor (BEF) and wood density (WD) were
obtained by analyzing the samples of the
felled trees. With BEF, WD, inventory data,
and allometric equations, carbon stocks in
four carbon pools were obtained and used
for estimating FREL. Where data were not

available, assumptions were based on
literatures.
3) Model Development: Using

retrospective approach (trend of area
change between 2002 and 2006), models were
developed to predict forest area and
carbon stock changes for a 30-year
timeframe. Accordingly, FREL and removals
by forest category at provincial and
country levels could be estimated.

(4) ldentification of Drivers of
Deforestation and Forest Degradation:
Socio-economic surveys were carried out
mainly in Kampong Thom and Preah Vihear
provinces to identify the drivers. Policy
interventions were then proposed to
address these drivers.

Analysis of forest cover change in 1618
communes (30,021 data points for all seven
categories) suggests that forest cover in
Cambodia declined 1.2% annually between
2002 and 2006. Banteay Meanchey and Pailin
provinces had highest rates of
deforestation, suggesting that Iland
clearing along the western and
north-western border was intensified.

Figure 1 shows carbon stocks in four
pools by seven categories of forests in
Cambodia. These stocks were used for
estimating C stocks changes, emissions,
FRELs, and removals.

180 - = Litters

160 - .

Dead Wood

[
N
o

= Below ground
||

-
N
o

m Aboveground

Carbon Stocks (MgC/ha)
B (2] o ] 8
S & & o

N
o
L

o
4

Fig. 1 Forest carbon stocks in four carbon
pools by forest category in Cambodia

Deforestation between 2002 and 2006 was
responsible for carbon emissions of about
77.6 TgCO, yr but increase in forest area



in some provinces sequestered about 20.5
TgCO, yr?. Further analysis by forest
category at provincial level was performed
to obtain the trend parameters, which were
used to estimate FREL and carbon removals.
The latter was due to increase in forest
area. Subnational FREL (provincial) was
analyzed and adjusted every five-year
interval (0-5, 6-10, 11-15, 16-20, 21-25,
and 26-30). The FRELs by interval allow
necessary adjustment of FREL every 5 to 10
years to reflect the change in government
policies and availability of forest area.

Figure 2 shows subnational FREL in all
provinces in Cambodia. Battambang, Odor
Meanchey, Preah Vihear, Siem Reap, and
Banteay Meanchey provinces have higher
FREL, suggesting that more reductions may
be achieved if appropriate policies are
introduced to address the drivers of
deforestation such as unplanned clearing
of forests and land economy concessions.
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Fig. 2 Subnational FRELs over a 30-year
timeframe in Cambodia

National FRELsS were estimated at
69.2, 51.9, 42.1, 35.4, 30.5, and 26.8
TgCO, yr* for 0-5, 6-10, 11-15, 16-20,
21-25, and 26-30 year intervals,
respectively.

Removals (carbon sequestration) due to
increase in forest area varied depending
on the assumed harvesting of the newly
established forests. Using a clear-cut and
re-planting of 10-year interval, total
removals in all forests ranged from 16.1
TgCO, in the first year and increased to
58.3 TgCO, in the 30" year of the timeframe
(Figure 3). If the current rate of forest
increase is maintained, future carbon
emissions can be compensated by carbon
sequestration.
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Fig. 3 Carbon removals due to increase of
forest area over a 30-yr timeframe

Although  understanding FREL and
removal can provide a basis for
implementing the REDD+ projects,
identification of drivers of
deforestation and forest degradation

allow appropriate introduction of
effective policy interventions that will
lower  emissions below the  FREL
(subnational and national level). The more
emission reductions are achieved, the more
financial compensation 1is provided to
developing countries.

Based on analysis of socio-economic
data, the following drivers were
identified, namely the uncontrolled
practices of land concession, forest
clearing for agricultural plantation and
settlement, illegal logging,  wood
collection for commercial purposes such as
charcoal producing and household woodfuel
consumption. Depending on effectiveness
of policy interventions introduced to
reduce drivers, emission reductions for
all forest categories were estimated to be
17.5, 43.1, 35.6, 29.1, 24.0, and 20.3
TgCo, yr*, for 0-5, 6-10, 11-15, 16-20,

21-25, and 26-30 year intervals,
respectively.
This project provides useful

information such as change in forest cover,
carbon stocks, FREL, removals, and drivers
of deforestation and forest degradation
for development of MRV system for tropical
countries. Creating publicly accessible
platform for the purpose of MRV of the
implementation and result-based
performance can ensure transparency of the
REDD+ projects.

Deciding FREL for any country needs to
be carefully made taking into
consideration data availability, economic



and population growth and with support of
scientific research because failing to
lower emissions below the FREL will
disqualified the concerned country from
receiving financial compensation. In
worse case, that country would be fined for
their failure. Recent data on forest cover
change 1is important for retrospective
approach because deciding FREL is affected
by the past trend of forest cover.
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