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Abstract 

Any system to compensate countries for reduced emissions from deforestation and forest degradation 

(REDD+) requires a historical reference level against which future performance can be measured. 

Here we examine the possibilities Sri Lanka, a small forest country with limited data on forest carbon 

stocks, has to get ready for REDD+. We construct a historical reference level using available forest 

inventory data combined with updated 2008 and 2009 in situ carbon density data for Sri Lankan 

forests. Furthermore, we use a combination of qualitative and quantitative data to attribute the clearing 

of Sri Lankan forests in the latest years for which national forest inventory data are available, 1992–

1996, to various proximate drivers and to estimate the opportunity cost of forest conservation. We 

estimate that baseline deforestation emissions in Sri Lanka amounted to 17 MtCO2 year
–1

 in the 1992–

1996 period, but conclude that it is challenging for Sri Lanka to produce a robust and accurate 

reference level due to the lack of nationally based inventories. We find that the majority of forest 

clearing (87%) is due to small-scale, rainfed farming, with the two other major drivers being rice and 

tea cultivation. Further, Sri Lankan revenues from REDD+ participation could be substantial, but they 

are sensitive to REDD+ policy transaction cost, highly uncertain timber revenues, and particularly the 

carbon price paid for emission reductions. The latter needs to be higher than $5-10/tCO2 if there are to 

be substantial incentives for Sri Lanka to participate in REDD+. There is, however, a large gap in the 

knowledge of deforestation drivers that needs to be filled if Sri Lanka is to formulate an effective 

policy response to forest degradation in REDD+. For successful REDD+ implementation in Sri Lanka 

to happen, technological assistance, readiness assistance, and continued political momentum are 

crucial. 
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1. Introduction 

 

In recent years, reducing emissions from deforestation and forest degradation, conservation, 

enhancement of forest carbon stocks and sustainable management of forests (REDD+) has been one of 

the key issues in international climate negotiations within the United Framework Convention on 

Climate Change (UNFCCC). As multilateral negotiations have progressed, interest among countries to 

prepare for hosting REDD+ projects and in testing the potential mechanism has increased 

significantly.  

 

One REDD+ issue that will be tested in these initiatives is the development of national historical forest 

carbon reference levels
1
 (Griscom et al., 2009). Any system that intends to compensate countries for 

avoided deforestation requires a reference level for recent forest carbon stocks against which future 

performance can be measured. The choice of reference level will determine not only the effectiveness 

of REDD+ in terms of climate impact, but also the potential financial benefits to recipients of REDD+ 

funding and hence the incentives for tropical countries to participate in the scheme (Angelsen et al., 

2009). Agreeing on a methodology for establishing national reference levels is therefore fundamental 

to any REDD+ system. 

 

As international deliberations on REDD+ have proceeded, proposals for establishing national 

reference levels have become more advanced and numerous (e.g., Mollicone et al., 2007; Strassburg et 

al., 2009). Most such proposals deal with how to reward performance and create incentives for 

REDD+ actions to nations with different historical forest records, to deal with the facts that (1) using 

historical emission levels as a benchmark for future performance may be problematic, since the past 

may not perfectly foretell the future,
2
 and (2) historical reference levels may disadvantage nations with 

low deforestation rates, giving them little incentive to participate in a REDD+ system and hence may 

create leakage. 

 

A global REDD+ mechanism will require broad country participation to avoid cross-country leakage, 

ensure equity and substantive emission reductions, thus also including smaller countries with various 

forest cover, deforestation rates and high biodiversity values (Miles, 2007; Strassburg et al., 2009). 

Countries that due to their size and their historical emissions level have contributed marginally to 

increased levels of greenhouse gases (GHG) in the atmosphere have received less attention in the 

REDD+ literature than the major players (Brazil, Indonesia, DR Congo). It will however be important 

to include smaller, low emission countries like Sri Lanka into a REDD+ system. In addition to the risk 

of creating leakage, the total deforestation in all low emission countries combined might produce and 

add significant emissions to the atmosphere without a REDD+ system. For equity concerns it is also 

justified to include Sri Lanka and similar countries to ensure distribution of possible REDD+ benefits. 

 

The methodological guidance related to REDD+ adopted at Conference of the Parties (COP) 15 in 

Copenhagen (UNFCCC, 2009) states that “developing country Parties in establishing forest reference 

                                                           
1
 Reference levels are suggested to include all emissions and removals associated with REDD+ activities 

whereas reference emission levels are suggested to refer to emissions from deforestation and degradation only 

(UNFCCC,2011a). We hereafter use the term reference levels since no official definition is adopted within 

UNFCCC between the two terms (UNFCCC, 2011b). 
2
 For example, for countries with high historical deforestation rates but low forest cover, historical reference 

levels may overestimate future deforestation, while for countries with low historical deforestation and high forest 

cover, the opposite holds (e.g., Angelsen et al., 2009). 
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emission levels and forest reference levels should do so transparently taking into account historic data, 

and adjust for national circumstances”, which was reiterated at COP 16 in Cancùn (UNFCCC, 2010). 

Even though credited REDD+ reference levels will ultimately be determined in a political setting 

through negotiations (Angelsen et al., 2009), regardless of the final modalities of this process, 

historical emission levels will likely serve as a natural starting point. Together with identifying 

proximate causes of forest carbon stock changes (i.e., deforestation, forest degradation, and 

regeneration), establishing historical reference levels is a thus fundamental activity in preparing for 

REDD+ (UNFCCC, 2009). 

 

This paper offers an analysis of these aspects for Sri Lanka, a forest nation possessing limited forest 

status data, high mitigation potential in the national forestry sector and low overall contribution to 

emissions. Specifically, the objectives are to investigate the extent to which available data on forest 

cover and carbon stocks, changes in these, and drivers of these changes can be used to: 

 

(1) create a historical reference level for carbon dioxide (CO2) emissions from deforestation in Sri 

Lanka; 

(2) identify proximate causes of deforestation in Sri Lanka and associated opportunity costs of 

forest conservation; and 

(3) estimate the economic gains to Sri Lanka of becoming a REDD+ nation and the possible 

climate benefits that could be expected.  

  

Based on the results of this analysis, we aim to identify crucial knowledge gaps to be filled if Sri 

Lanka is eventually to become part of a formal REDD+ system. 

 

The data used in the carbon stock analysis come from national inventories used for reporting to the 

FAO Forest Resource Assessments (FRA) (FAO, 2005; FAO, 2010a) and from data we collected 

when conducting in situ forest inventories in Sri Lanka from 2008 to 2009. The historical carbon stock 

change approach has been used (Penman et al., 2003) covering the 1992–2010 period, adopting a Tier 

2 approach
3
 according to the IPCC Good Practice Guidance (GPG) (IPCC, 2006). For costs and 

earnings, we use a combination of qualitative and quantitative data to attribute the clearing of Sri 

Lankan forests in 1992–1996 to various proximate drivers and to estimate the opportunity cost of 

conservation. We focus here on the issue of deforestation rather than the full spectrum of possible 

REDD+ activities, as the former is the issue where negotiations and pilot activities have proceeded the 

furthest and where methodological challenges seems easiest to overcome. 

 

This paper proceeds as follows: section 2 offers a brief background to the status of forests and forest 

protection in Sri Lanka, including the country’s stance in REDD+ deliberations. Section 3 introduces 

the methodology used in estimating forest carbon stocks in Sri Lanka and presents a REDD+ baseline 

for Sri Lanka. Based on the carbon stock and reference level results, section 4 then proceeds to present 

estimates of the opportunity costs of forest conservation and the potential gains to Sri Lanka from 

participating in an international REDD+ scheme. In the light of these findings from the previous 

sections, section 5 concludes with a discussion on the challenges Sri Lanka faces in terms of getting 

ready for REDD+.  

 

                                                           
3
 The different tiers is a set of guidelines for estimating GHG inventories at different levels of quality, from Tier 

1 (simplest to use; globally available data), to Tier 2 (nationally-derived data which allow for more precise 

estimates where changes in carbon stock are calculated), and Tier 3 (high resolution methods specific for each 

country and repeated through time) (IPCC, 2006). 
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2. Background on Sri Lankan forests and REDD+ activities  

 

Sri Lanka has a total land area of 65,610 km
2
 and an estimated population of 20.5 million (Department 

of Census and Statistics, 2010). GHG emission levels are low in both absolute and per capita terms, 

amounting to 26.1 MtCO2e and 1.3 tCO2e, respectively, in 2005—excluding land use change (CAIT, 

2010). Emissions from land use change and forestry constituted nearly 50% of national emissions in 

1994. Although this proportion has decreased due to large increases in fossil fuel emissions, the 

mitigation potential in the forestry sector is still large relative to that in other sectors in the country. 

However, the rate and extent of land use change is not properly documented, according to the first Sri 

Lankan National Communication to UNFCCC (Government of Sri Lanka, 2000).  

2.1. Forests and forest area change in Sri Lanka  

Eight national categories of natural forests, defined according to elevation and rainfall, have been used 

historically for inventory purposes and are also adopted in this study (see Table 1). Lowland 

rainforest, sub-montane forest, and montane forest are found in the wet zone located in the southern 

and central parts of the island, while the dry zone is home to most dry monsoon forests, riverine dry 

forest, mangroves, and sparse forest (Fig. 1).  

 

 
Fig. 1. Forest cover of Sri Lanka in 1999 and climatic zones. Area (1) indicates the dry zone, (2) the 

intermediate zone, and (3) the wet zone. Modified from GOSL (2000). 
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Table 1. National forest classification and definitions (FAO, 2005) and trends in extent of natural 

forest cover for the eight natural forest categories in Sri Lanka, 1992–1996. Data are modified from 

Legg and Jewell (1995) and GOSL (2000). 

 

National category Definition Forest area (ha) 

 

Annual change, 

1992–1996 

1992 1996 (%) ha yr–1 

Closed-canopy 

forests 

All forested land with canopy density of 70% 

or above 

    

Montane  1500–2500 m.a.s.l., annual rainfall 2500–5000 

mm, no dry months 

3108 3099 –0.1 –2 

Sub-montane 1000–1500 m.a.s.l., annual rainfall 2500–5000 

mm, no dry months 

68,839 65,792 –1.1 –762 

Lowland rainforest 

(evergreen ) 

0–1000 m.a.s.l., annual rainfall 2500–5000 mm, 

no dry months 

141,550 124,341 –3.2 –4302 

Moist monsoon forest 

(evergreen) 

0–1000 m.a.s.l., annual rainfall 1900–2500 mm, 

fewer than 3 dry months 

243,863 221,977 –2.3 –5472 

Dry monsoon 

(dry mixed 

evergreen) 

0–500 m.a.s.l., annual rainfall 1250–1900 mm, 4–

5 dry months 

1,094,289 1,027,544 –1.6 –16,886 

Mangrove forest Area covered by mangrove vegetation 22,534 18,352 –5.0 –1046 

Riverine dry  Forests found along rivers and streams 8688 9531 +2.3 +211 

Open-canopy forests 

 

 

All forested land with canopy density of less 

than 70% 

    

Sparse  463,848 471,583 +0.4 +1934 

Total  2,046,719 1 ,942,219 –1.3 –26,125 

 

 

For many decades, Sri Lankan forests have been cleared both legally and illegally due to rapidly 

increasing demand for land for settlement schemes, economic purposes, timber production, and 

agricultural development and weak enforcement of land use policies (Gunatilake, 1998; Government 

of Sri Lanka, 2000; Bandaratillake and Sarath Fernando, 2003). As of 1997, approximately 14% of the 

total land area was conserved. The management of conservation areas, however, is largely ineffective 

and suffers from insufficient scientific direction and weak enforcement (FAO, 1997) that results in 

forest-dependent people encroaching on the margins of forest reserves, partly because many 

boundaries have not been adequately demarcated (Bandaratillake and Sarath Fernando, 2003). The 

recently ended war between the government and the Liberation Tigers of Tamil Eelam (LTTE) also 

contributed to deforestation by increasing the demand for timber construction and displacing 

settlements (White, 2006; Suthakar and Bui, 2008). Natural forests covered almost the whole island a 

few centuries ago, and the closed-canopy forest cover has dwindled from 84% in 1884 to 

approximately 19% in 2005 (Fig. 2) (Nanayakkara, 1996; FAO, 2005). As can be seen in Table 1, 

deforestation in 1992–1996 was most severe in riverine dry forest, lowland rainforest, and moist 

monsoon forest, whereas cover of mangrove and sparse forests has increased. 
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Fig. 2. Decline in forest cover in Sri Lanka, 1884–2005. Note that the table refers to closed-canopy 

forests only (>70% crown cover) and excludes open forests and forest plantations. The 2000–2005 

figures are based on linear extrapolation from the 1992–1996 values found in FAO (2005), since no 

national inventories have been conducted since 1996. 

 

 

The two latest national forest inventories, from Legg and Jewell (1995) conducted in 1992 and GOSL 

(2000) conducted in 1996, have been used to estimate the forest area needed for reporting to the FAO-

FRA (FAO, 2010b). These figures will be used in this assessment since these two inventories are the 

most recent containing district-wise estimates of forest cover. However, we note the fact that a pilot 

study using 2008 satellite images suggest a drastic reduction in annual deforestation rates—in the 

order of 50%—though these results are preliminary (FAO, 2010a).    

 

2.2. Sri Lankan views of REDD+ 

In UNFCCC deliberations, Sri Lanka has been one of the nations supporting the expanded focus of 

REDD+, highlighting the need to compensate for conservation and sustainable management of forest 

resources (Sri Lanka, 2008). Sri Lanka also views remote sensing and satellite imaging as appropriate 

monitoring methodologies, while stressing the lack of resources for implementing such high-tech 

methodologies. Determining the national reference level requires technological and financial 

assistance. Sri Lanka also suggests that any future REDD+ mechanism should include a one-time 

payment for “Baseline Stocks” as an incentive to keep these important sinks intact. 

 

In October 2009, Sri Lanka was granted observer status on the Policy Board of the UN-REDD 

program (UN-REDD, 2009). This status means they have access to networking and knowledge sharing 

The UN-REDD program is supporting Sri Lanka with 4 million USD in its initial readiness activities 

and a REDD+ National Joint Program was set up in 2011 to assist in the development of an effective 

REDD regime and to contribute to reduction of emissions from deforestation and forest degradation 

from 2011–2014 (Bandaratillake, 2011).  
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3. Estimating a historical reference level for carbon emissions from 

deforestation in Sri Lanka 

 

Above-ground biomass (AGB) was estimated for each tree in 193 single sample plots (each 0.09 ha, 

i.e., 30 × 30 meters, following Ravindranath and Ostwald (2008)) in six natural forest ecosystems in 

Sri Lanka, in an inventory campaign in 2008 and 2009. Measurements were made in lowland 

rainforests (n = 96), sub-montane forests (n = 10), montane forests (n = 24), moist monsoon forests (n 

= 10), dry monsoon forests (n = 16), and open and sparse forests (n = 36). A stratified random sample 

approach was applied based on the national classification of forest ecosystems defined by precipitation 

and elevation (Table 1) used in the two latest national forest inventories (Legg and Jewell, 1995; 

GOSL, 2000). Through visual selection of sample plots, within randomly chosen areas for each 

ecosystem, all plots were laid in primary and secondary natural forests to capture the variability of 

status existing under the areas defined as forests. Secondary forests (including open canopy forests) 

measured in the present study have been subject to human interference in the past but as a result of  

many years of natural regeneration these forests often resemble primary forest characteristics. 

Including secondary forests in the analysis also yield a conservative estimate of carbon stock. The 

sampling size in each forest stratum was calculated based on the suggestions of Penman et al. (2003) 

using a 10% level of error and a 95% confidence level. By applying Winrock Terrestrial Sampling 

Calculator (Walker et al., 2007), taking into account different variables of each stratum, it was shown 

that the number of samples were sufficient to reach this precision level for all forest classes except dry 

monsoon forests. However, due to security reasons tracts of dry monsoon forests in the northern and 

eastern districts could not be sampled. Consequently, all sample plots were located in the southern and 

central districts of the country, where all forest categories except mangrove and riverine dry forests 

were represented. For mangrove forests, we use the AGB estimates of Amarasinghe and 

Balasubramaniam (1992), and for riverine dry forests, for which no estimates of biomass carbon could 

be found in the literature, we assumed the same AGB as for dry monsoon forests based on similarity 

of forest characteristics.  

 

In each sample plot, diameter at breast height (DBH) (>3 cm), tree height, as well as species or genus 

information were recorded for each tree. Only above-ground live biomass was measured. Ratios of 

below-ground biomass to AGB of 0.24 were added for all forest categories except dry monsoon and 

open forests, which were assigned a ratio of 0.28 (IPCC, 2006, Table 4.4).  

 

Since no allometric relationships could be found for the Sri Lankan context, two allometric models 

(Winrock and Luckman) developed for tropical forests, including DBH, height, and wood density 

parameters following Ponce-Hernandez (2004: 19), were first applied to each tree to estimate the 

AGB. In addition to these two allometric models, we also estimated AGB using a modified tree 

volume formula to account for tree shape and wood density (Ravindranath and Ostwald, 2008); this 

formula assumes a constant form factor of 0.648, which is representative of the tropical broadleaf 

forests where most of our measurements were made (Chave et al., 2005). 

 

 

Winrock:
  SHDM 

2ln9522.0409.2exp     (1) 

 

Luckman:   9522.020899.0 SHDM      (2) 
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Modified from Ravindranath & Ostwald: 648.02  SHrM    (3) 

 

where M is biomass (in kg), r is radius (in cm), D is diameter at breast height (in cm), H is tree height 

(in m), S is wood density (in g cm
–3

), and 0.648 is a constant form factor.  

 

To estimate carbon stock, we assumed that carbon accounts for 50% of dry biomass based on Brown 

and Lugo (1982) and IPCC (1997). Wood densities for all tree species were taken from Worthington 

(1959), Reyes et al. (1992), Zanne et al. (2009) and ICRAF (2010), using genus level averages where 

species specific data was not available (following Chave et al., 2006 and Bryan et al., 2010) and plot 

level averages for the cases where species could not be identified. 

 

Our measurements were extrapolated up from tree and sample plot scale to hectare scale and 

subsequently to the national level using the area information for each forest category reported in the 

two latest national forest inventories (Legg and Jewell, 1995; GOSL, 2000). To estimate the carbon 

stock values for 2005 and 2010, a historical reference level was constructed by linearly extrapolating 

the trend from 1992–1996 to 2005, whereas between 2005 and 2010, the district-wise annual 

deforestation rates were halved, following the latest national estimates reported to the FAO (FAO, 

2010a). 

 

3.1. Results for biomass carbon stocks in Sri Lanka 

In Table 2 we present a Tier 2 estimate of above- and below-ground biomass carbon based on our 

inventory campaign measurements for eight different natural forest ecosystems according to the 

national forest classification. Mean biomass carbon stocks range from 29 tC ha
–1

 for open forest to 218 

tC ha
–1

 in lowland rainforest. Based on these estimates, we construct a historical baseline for total 

biomass carbon and average forest carbon content in all Sri Lankan forest categories between 1992 

and 2010, (see Table 2 and Fig. 3), presenting the average results of the two allometric equations and 

the volume formula.  

 

Despite uncertainties in allometric assessments and extrapolation to estimated forest area, the resulting 

average carbon stock value per hectare from 1992 to 2010 lies within a narrow range of 120–130 tC 

ha
–1 

for all forests using all three methods (Table 2). The total carbon loss for Sri Lankan natural 

forests amounted to 18 MtC between 1992 and 1996. For the 1996–2010 period, the loss was 45 MtC, 

assuming a business-as-usual (BAU) scenario based on the forest cover change rates provided in the 

two latest FAO assessments (FAO, 2005; FAO, 2010a). In terms of annual emissions from 

deforestation, this translates to 17 MtCO2 yr
–1

 between 1992 and 1996 and 12 MtCO2 yr
–1

 between 

1996 and 2010, which both are around half of the 27.9 MtCO2 in total Sri Lankan CO2 emissions from 

forest and other land-use systems in 1994 (UNFCCC, 2005).  

 

It must be stressed that the error range and uncertainty for estimating a historical reference level are 

high for several reasons. First, the two forest inventories from 1992 and 1996 use two different 

inventory designs including area estimates that are not clearly comparable. Second, the error range 

includes natural variations depending regionally on tree species composition, forest disturbance, 

temperature, precipitation, elevation, and soil fertility. Third, more sample plots in dry monsoon 

forests would be needed to reach the desired precision level. The literature also indicates that the 

choice of allometric equation can result in errors exceeding 20% of above-ground biomass and even 

more when large trees are abundant (Chave et al., 2004; Kirby and Potvin, 2007).  

 

http://www.datadryad.org/repo/handle/10255/dryad.235
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Table 2. Carbon stock estimates in above- and below-ground biomass carbon showing total (MtC), per 

hectare (tC ha
–1

), forested area (1000 ha)  and range (tC/ha
–1

) of different Sri Lankan forest ecosystems 

from 1992 to 2010 using Tier 2 data from our inventory campaign and forested area estimates from 

earlier inventories. Tier 1 estimates of above- and below-ground biomass carbon applied to Sri Lankan 

and Asian forests are shown from several sources. 
     

Tier 2 estimates – inventory campaign 

2008–2009 

 

  
  

Forest 

ecosystem 

1992 1996 2005 2010 range             

(tC ha
–1

) MtC Ha MtC Ha MtC Ha MtC Ha 

Lowland rainf. 31 142 

 

27 124 

 

20 93 

 

19 86 203–225
 

Sub-montane 12 69 

 

11 66 

 

10 59 

 

10 58 159–172 

Montane 0.1 3 

 

0.1 3 0.1 3 

 

0.1 3 43–50 

Moist monsoon 33 244 

 

30 222 

 

24 180 

 

23 170 125–139 

Dry monsoon 173 1094 

 

163 1028 

 

141 892 136 858 153–162 

Open forests 13 464 

 

14 472 

 

14 489 

 

14 500 26–31 

Mangrove 0.7 9 0.8 10 1.0 12 1.1 13 35–149 

Riverine 4 23 3 18 2 12 1 10 153–162 

 

Total  

MtC tC ha
–1

 Ha MtC tC ha
–1

 Ha MtC tC ha
–1

 Ha MtC tC ha
–1

 Ha  

120–130 
267 130 2048 249

 
128 1943

 
210 122 1740 204 120 1698 

 

Tier 1 estimates – Sri Lanka 

 

 

 

 

 

 

range             

(tC ha
-1

) Source 

1990 2000 2005 2010 

MtC tC ha
–1

 Ha1 MtC tC ha
–1

 Ha1 MtC tC ha
–1

 Ha1 MtC tC ha
–1

 Ha1 

FAO (2005) 53 23 2350 45 22 2082 40 21 1933 N/A N/A N/A 21–33 

FAO (2010a)
 

90 38 2350 74 36 2082 66 34 1933
 

61 33 1860 33–38 

Gibbs et al. (2007)  138–

509 

158 2082   66–244 

Brown (1997); 

FAO/UNDP 

(1969) 

 153–290 

 

Tier 1 estimates –Asian specific 
range        

(tC ha
–1

) Source  

 

     IPCC (2006)  30–210  

Achard et al. 

(2004) 

 121–181  

Houghton (1999)  150–290 

Brown (1997) 
      46–164

2
  

      
1 Forest areas here also include forest plantations. 
2 Combined estimated range for continental and insular tropical Asia. 

  

 

3.2. Comparison with other forest biomass carbon data 

Table 2 also compares our results with those of four other surveys, which should be regarded as Tier 1 

information estimates of biomass carbon specifically for Sri Lankan forests. All surveys indicate larger 

variations in carbon content than those arrived at here; however—except for national forest cover and 

total forest ecosystem carbon figures reported to FAO-FRA, which are well below most other 

estimates—our results are within the range of previous estimates. 
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Fig. 3. Historical reference level for 1992–2010, obtained via linear extrapolation and assuming a 

business-as-usual scenario for 2005 and a 50% decline in 2010 of the 1992–1996–2005 trend, hence 

the striped background. Total gross biomass carbon stocks for Sri Lankan natural forests 1992–1996–

2005–2010 are shown for the three methods used. 

 

 

Gibbs et al. (2007) estimate the total forest carbon stock for Sri Lanka by applying biome-average 

forest carbon values (compilations of several sources published from 1983 to 2007) to a satellite-based 

global land-cover map for the year 2000 stratified by the FAO forest ecological zone map, resulting in 

Tier 1 estimates. By dividing the total carbon stock by total forest area, we arrive at an average carbon 

density estimate in the range of 66–244 tC ha
–1 

using original figures by Gibbs et al. (2007). Brown 

(1997) reports figures originally published by FAO/UNDP (1969) of 153–290 tC ha
–1

. Measurements 

were originally made in evergreen (i.e., high-, medium-, low-yield, and logged) forests and secondary 

forests in Sri Lanka, a different classification system from the national forest classification system 

used in our biomass carbon assessment.  

 

For the Asian region as a whole, combined above and below-ground carbon values range from 30 to 

210 tC ha
–1

 according to IPCC (2006), very much in line with the range from open forests to lowland 

rainforests reported here. These estimates are derived from the above-ground biomass dry matter of 

forests from various ecological zones in Asia. Achard et al. (2004) use a mean above- and below-

ground biomass value of 151 tC ha
–1

 based on Brown (1997). Houghton (1999) estimates a figure of 

150 tC ha
–1

 to 250 tC ha
–1

 over a longer time period from 1850 to 1990, while Brown (1997) estimates 

values of 46 tC ha
–1

 and 135 tC ha
–1

 for lowland and montane forests of continental tropical Asia, 

respectively, and 104 tC ha
–1

 and 164 tC ha
–1

 for montane and lowland forests of insular tropical Asia, 

respectively. Notably, the IPCC (2006) range for the whole Asian region is smaller than the reported 

carbon stock estimates for Sri Lanka alone. 

 

4. Estimating the costs and benefits to Sri Lanka of participating in REDD+ 

 

We estimate the cost of reducing the future GHG emissions from deforestation in Sri Lanka to assess 

the possible benefit to Sri Lanka of participating in REDD+. Two main determinants of the cost are 

the drivers of deforestation—determining the opportunity cost of forest conservation—and the carbon 

content of the forest. Given the considerable variability in forest carbon densities in Sri Lanka, the fact 

that the causes of deforestation vary widely across both time and space (White, 2006), and that 
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detailed accounts of deforestation processes in Sri Lanka—especially for recent years—are scarce, 

estimating the cost of reducing deforestation in Sri Lanka is very challenging. 

 

4.1. Identifying the drivers of deforestation 

A combination of qualitative and quantitative data (Table 3) was used to attribute the clearing of Sri 

Lankan forests in 1992–1996 to a limited set of proximate drivers and to estimate the opportunity cost 

of conservation. The qualitative data come from the scientific literature, mainly White (2006) and 

UNEP (2001), on the proximate causes of deforestation in the various districts and agro–ecological 

zones of Sri Lanka. Quantitative data on annual changes in the area of land in paddy (rainfed and 

irrigated) and tea in the period for which we have detailed data on deforestation rates, 1992–1996 

(Table 3), were gathered. By combining this with the qualitative data on how drivers of deforestation 

vary across ecological zones and forest types, we constructed the following rules for apportioning the 

deforestation in each district to either rice or tea cultivation, prawn farming, or rainfed agriculture (in 

Sri Lanka commonly denoted chena): 

 

(1) in each district where there was a net increase in rice paddy (asweddumized
4
) area, this was 

assumed to be associated with any clearing of dry monsoon, dry riverine, and moist monsoon 

forests in the district; 

 

(2) in each district where there was an net increase in the extent of tea cultivation, this was 

assumed to be associated primarily with any clearing of lowland rainforest, and secondarily of 

montane and sub-montane forest in the district; 

 

(3) in coastal districts where there was a net clearing of mangrove forest from 1992 to 1996, we 

     assumed that this was due to the expansion of prawn farms; and 

 

(4) the balance of forest clearing in each district was assumed to be due to rainfed agriculture.  

 

Following this, we estimated that of the total clearing of approximately 28,800 ha yr
–1

 from 1992 to 

1996, 87% was due to rainfed agriculture, 7% to rice cultivation, 6% to tea cultivation, and 0.2% to 

prawn farming (Table 3). To summarize, rice cultivation has encroached on forest mainly through 

large-scale irrigation and settlement schemes in the dry zone and cash crops through the expansion of 

smallholder tea in lowland rainforests. Rainfed agriculture has driven deforestation in all agro–

ecological zones, though it is most prevalent in the dry lowland zone of the southeast and north, where 

approximately 80% of the population is dependent on rainfed farming for subsistence. 

 

4.2 Results for the opportunity cost of forest conservation 

The opportunity cost of forest conservation is calculated as the net present value (NPV) for each land 

use replacing forests, assuming a constant stream of future revenues and a discount rate of 10%. The 

latter is in line with most other estimates of REDD opportunity costs in the literature (e.g., Grieg-Gran 

2008). 

                                                           
4
 Asweddumized land denotes land prepared for rice cultivation. As such, change in asweddumized extent is a 

better proxy for land use change due to rice cultivation than areas sown or harvested, as these will vary from year 

to year due to economic and climatic factors. 
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Table 3. Gross deforestation in the 1992–1996 period, annual changes in the cultivated extent of rice 

paddy (asweddumized land) (1992–1996), tea (1992–2002), agro–ecological zones, and the assumed 

allocation of deforestation among drivers for each district. Chena denotes rainfed agriculture.  

 

 

Deforest

-ation, 

1992–

1996
a
 

Rice paddy extent 
b
 

Tea 
b
 Main agro–

ecological 

zones 
c
 

Assigned drivers: share of gross 

deforestation in % 

Irrigated Rainfed 

Ir
. 

ri
ce

 

R
.f

. 

ri
ce

 

C
h

en
a 

T
ea

 

P
ra

w
n

 

District: (ha yr
–1

) (ha yr
–1

) (ha yr
–1

) (ha yr
–1

) 

Ampara 436 292 56  Dl 56 11 33 - - 

Anuradhapura 3802 –167 0  Dl - - 100 - - 

Badulla 919 97 46 221 Il / Im / Iu 10 5 62 23 - 

Batticaloa 382 59 –48  Dl - - 100 - - 

Colombo 118 24 –2 12 Wl - - 90 10 - 

Galle 34 0 24 278 Wl - - - 39 61 

Gampaha 13 4 33  Wl - - 100 - - 

Hambantota 295 3 7 12 Dl / Il - - 95 1 4 

Jaffna 11 0 –64  Dl - - 62 - 38 

Kalutara 1572 4 8 341 Wl - - 77 22 1 

Kandy 16 67 –11 –346 Wm / Im - - 100 - - 

Kegalle 428 0 1 82 Wl - - 82 18 - 

Kilinochchi 28 22 0  Dl 39 - 61 - - 

Kurunegala 614 195 362 –10 Il / Dl 32 59 9 - - 

Mannar 1626 0 0  Dl - - 100 - - 

Matale 4571 17 49 98 Im / Il / Iu 0.4 1 96 2 - 

Matara 358 26 –71 262 Wl - - 33 67 0.3 

Moneragala 4993 20 21 36 Dl / Il 0.4 0.4 98 1 - 

Mullativu 1270 0 0  Dl - - 99 - 1 

Nuwaraeliya 1141 8 1 –199 Wu 1 - 99 - - 

Polonnaruwa 385 758 –20  Dl 100 - - - - 

Puttalam 3362 193 29  Dl / Il 6 1 93 - - 

Ratnapura 858 216 19 994 Wm /Il / Dl 20 2 27 51 - 

Trincomalee 378 0 0  Dl - - 100 - - 

Vavuniya 425 –6 –1  Dl - - 100 - - 
a 
From Legg and Jewell (1995) and GOSL (2000).  

b 
Agriculture and Environment Statistics Division (2010). 

c 
D = dry, I = intermediate, W = wet, l = lowland, m = mid-elevation, u = upland. 

 

Reported net revenues from small-scale, rainfed agriculture are in the range of USD 120–700 ha
–1 

yr
–1

 

depending on location, crops cultivated, and farming practices (Bogahawatte, 1999; Illukpitiya, 2005; 

Molle and Renwick, 2005; Premakantha, pers. comm., 2010; Socio–Economics and Planning Centre, 

2010). Here NPV of rainfed agriculture of USD 1400 ha
–1

 and USD 5000 ha
–1

 in the dry/intermediate 

and wet zones, respectively, are assumed. The former stems from an assumed income of USD 300 ha
–1

 

yr
–1

 and a rotation period of three years of cultivation followed by a five-year fallow, while the latter 

assumes a USD 600 ha
–1

 yr
–1

 net income and a four plus one year cultivation–fallow rotation. 

 

However, assigning a single opportunity cost of avoided forest clearing for rainfed agriculture must be 

viewed with some caution, as rainfed agriculture represents a wide range of agricultural practices in 

terms of inputs, yields, and fallow requirements. It should be noted that rainfed agriculture is far from 

being only a subsistence activity; rainfed agriculture farming today often involves hired labor, 

cultivation of a wide variety of crops, responsiveness to market signals, and incomes that may be as 

high as those of settlers in large-scale paddy irrigation schemes (Peiris, 2006). 
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For rainfed and irrigated rice cultivation, official statistics on net revenues across districts are used 

(Socio–Economics and Planning Centre of the Department of Agriculture, 2010).
5
 For those districts 

for which no net revenue data are available, average Sri Lankan net revenues per kg of rice multiplied 

by district-averaged yields per hectare are used (Agriculture and Environment Statistics Division, 

2010). The resulting land rents vary between USD 300 and USD 840 ha
–1

 yr
–1

 under rainfed conditions 

and between USD 650 and USD 1450 ha
–1

 yr
–1

 under irrigated conditions, depending mainly on 

district-specific yields.  

 

For tea cultivation, we assume a land rent of USD 530 ha
–1

 yr
–1

, representing an average between the 

figures of Peiris (2006) and Sri Lanka Equity Analytics (2010). For prawn farming, we assume a land 

rent of USD 13,600 ha
–1

 yr
–1

, following Rohitha (2008). 

 

In addition to agricultural incomes, foregone timber revenues constitute an opportunity cost of forest 

conservation. Little information is available on the extent to which timber is harvested before 

preparing land for agriculture in Sri Lanka and on associated timber revenues (Premakantha, pers. 

comm., 2010). Here, net timber revenues are assumed to range from just over USD 11,000 ha
–1

 in 

lowland rainforests to just under USD 1900 ha
–1

 in dry monsoon and riverine forest (and zero in 

montane and mangrove forests), based on average harvested wood volumes across forest types from 

Sri Lanka Forestry Sector Master Plan (MFE, 1995; cited in Gunatilake and Gunaratne, 2002), a 

roundwood price in the lower end of the range for various species of plantation wood (Premakantha, 

pers. comm., 2010), and harvest and transport costs amounting to 10% of the timber value (Gunatilake 

and Gunaratne, 2002). However, these estimates should be viewed as highly speculative. 

 

We do not account for incomes from produce charcoal from mangrove wood (though this does not 

affect the results, since the opportunity cost of mangrove conservation is already very high). Nor do 

we assume any forgone income from non-timber forest products (NTFPs) as forest is cleared (i.e., the 

only revenue from forest conservation is that from REDD+-credits), since data on the utilization of 

this resource is scarce and in any case these revenues—though not insignificant (Bogahawatte, 

1999)—are small compared to those from agriculture or potential REDD+ incomes. 

 

Fig. 4 presents the marginal cost of reducing deforestation in Sri Lanka, based on the assumed drivers 

of deforestation across districts and forest types, the associated biomass carbon contents, and the 

opportunity costs of conservation presented above, with and without the highly uncertain timber 

revenues. The inclusion of timber revenues roughly doubles the opportunity costs of reducing 

deforestation, so it is obviously an important factor to study in greater depth. 

 

In addition to the opportunity cost of forest conservation, the real cost of reducing deforestation will 

also depend on (1) transaction costs arising from negotiating, designing, implementing, monitoring, 

and enforcing national REDD+ policies, and (2) downstream economic value added from the land uses 

replacing forests (Ghazoul et al., 2010). While the administrative costs associated with policy 

implementation are in most cases not prohibitive (Wertz-Kanounikoff, 2008), the costs arising from 

policy imperfections (e.g., non-additionality and leakage) can be substantial (Blackman, 2010; Fisher 

et al., 2011). For example, the real cost of forest conservation in for example payments for 

environmental services (PES) or protected areas (PA) systems may be many times higher than the cost 

                                                           
5
 The estimates of net revenues include the implicit cost of own farm labor. In the case of high unemployment 

rates, this may overestimate the opportunity cost of own labor, so the present estimates could be seen as 

conservative. Annual net revenues are calculated assuming that district-wise net revenues per kg of rice 

produced in each of the two growing periods (maha and yala) are equal. 
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per hectare due to the fact that a large share of payments or land conserved where not threatened by 

clearing (Blackman, 2010). Similarly, Fisher et al. (2011) show that implementation cost of REDD+ in 

Tanzania—through increased agricultural yields and charcoal production efficiency—exceed 

opportunity costs of forest conservation.  

 

Transaction costs are notoriously difficult to assess (especially ex-ante) and will in the end depend on 

the policies chosen to implement REDD+ nationally. However, the fact that most of the emission 

reductions will need to come from a myriad of small farmers, practicing small-scale, rainfed 

agriculture, indicates that transaction costs in Sri Lanka could be relatively high. We therefore chose to 

test the sensitivity of Sri Lankan revenues from REDD+ to the level of transaction costs in a wide 

range, raising opportunity costs between zero and 200%. 

 

Finally, estimates of the opportunity cost of forest conservation as this here underestimates the true 

costs due to the omission of value added in downstream economic activities (e.g., revenue and 

employment in food processing and service industries) (Ghazoul et al., 2010). In the analysis 

presented here these costs are most likely small, however, as over 90% of the estimated revenues from 

REDD+ are due to reduction in clearing for rainfed farming for subsistence or local markets where 

there is no downstream processing industries. The social cost of restricting land use options for these 

farmers may however be far from negligible, as in some areas of Sri Lanka approximately 80% of the 

population is dependent on rainfed farming for subsistence. This needs to be reflected in national 

REDD+ policies if they are to be politically and socially tenable, as well as effective.  
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Fig. 4. The estimated marginal abatement cost (MAC) curve for reducing CO2 emissions from 

deforestation in Sri Lanka, based on historical (1992–1996) data on deforestation rates across districts 

and forest types, estimates of biomass carbon contents of various forest types and net revenues from 

the displayed drivers of deforestation. 
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4.3 Potential revenue from forest conservation 

Figure 5 displays how the revenues to Sri Lanka from participating in REDD+, and associated 

reductions in annual carbon emissions from deforestation, depend on three key variables: (1) the 

carbon price on avoided emissions, (2) whether timber revenues are realized or not, and (3) the level of 

the costs for implementing conservation policies and actually realizing REDD+. Potential annual 

revenues span a wide range, from zero to over USD 400 million. In the latter case, gross revenues 

would equal roughly 10% of Sri Lanka’s annual export earnings (CIA, 2010) — a not insubstantial 

increase in national income.  
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Fig. 5. Potential revenues to Sri Lanka from REDD+ (left) and associated emission reductions (right), 

for different levels of carbon payments, different levels of transaction costs, and for the cases when 

timber revenues in connection with deforestation are either excluded (continuous lines) or included 

(dashed lines). 

 

 

As can be seen in Figure 5, revenues and emission reductions are highly dependent on the level of the 

compensation for reduced emissions. At a carbon price of USD 5/tCO2—the current price for forestry 

offsets in the voluntary market (Diaz et al., 2011), as well as the price stipulated in the bilateral 

REDD+ agreement between the governments of Guyana and Norway (Guyana and Norway, 2009) and 

in the Brazilian Amazon Fund (MMA, 2008)—net revenues are close to or at zero, especially if 

implementation costs or timber revenues are not negligible. Thus, a realistic estimate of the potential 

revenues is most likely in the lower end of the range presented here and, most importantly, it takes a 

higher carbon price than what is currently used in many REDD+ pilot projects to make it worth for Sri 

Lanka to participate in a REDD+ regime at all. 

 

The costs associated with implementing REDD+ in Sri Lanka of course affects the resulting revenues, 

though not to the same extent as the carbon price; as long as the carbon price is higher than $10/tCO2 

Sri Lanka will have a strong economic incentive to participate in a REDD+ regime, even if 

implementation costs triple the total cost of emission reductions. Similarly, the level of timber 

revenues associated with deforestation in Sri Lanka has a large, but not critical, impact on economic 

incentives for participation in REDD+.  
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Note, finally, that the cost of reducing deforestation in Sri Lanka and associated estimated gains from 

REDD+ participation are based on deforestation rates and drivers prevailing in the 1992–1996 period. 

If the lower deforestation rate recently reported to FAO-FRA (FAO, 2010a) is reflected in the REDD+ 

reference level, Sri Lanka would stand to gain less from participating in a REDD+ scheme, since 

fewer possible reductions in deforestation are left to be compensated for. This is especially the case if 

the remaining deforestation is mainly due to highly profitable agriculture
6
 (i.e., the right half of the 

MAC displayed in Fig. 4), reducing net revenues by 55–90% (the lower the carbon price, the higher 

the decrease in revenues). 

 

5. Discussion  

 

This study is a first step to address carbon stock variations, drivers, costs, earnings and knowledge 

gaps that need to be filled in order to achieve REDD+ readiness in Sri Lanka, a country so far lacking 

such an assessment. Our analysis show that using empirically based, nationally derived data on forest 

carbon stocks can substantially reduce uncertainties compared to preexisting Tier 1 estimates.  

 

Still, while the present analysis has substantially reduced the uncertainty around average carbon stocks 

in different forest ecosystems, Sri Lanka currently have difficulties producing a robust Tier 2 reference 

level for deforestation (even more so for degradation, carbon enhancement and reforestation) due to 

lack of consistent and repeated national inventories of the extent of forest cover. Our estimated 

reference level have taken into account the new national forest area estimates reported to FAO-FRA in 

2010 (FAO, 2010a), indicating a 50% decline in the rate of forest cover loss since 2005. However, this 

data is not based on new national inventories but is solely a trend based on secondary reports, 

consultancy reports, and pilot studies using satellite imaging in 2008 (FAO, 2010a). 

 

In order to produce a robust reference level for Sri Lanka it is thus imperative to carry out new 

analyses of the extent and changes in forest area, using recent and historic data on forest cover and 

forest cover change that is consistent. This calls for technical advice, training, and capacity building to 

develop and use high-tech methods, such as satellite remote sensing, in Sri Lanka, underpinned by 

financial support, something that have been stressed by Sri Lanka in the latest UNFCCC submission 

on the issue (Sri Lanka, 2008). Local expertise also needs to be used to account for national 

circumstances and validate the outcomes of methodological assessments. Measuring forest 

degradation is secondary; it would require more resources and technical expertise and could be 

implemented using existing and evolving remote sensing technologies. 

 

Our analysis of the cost of reducing deforestation in Sri Lanka indicated relatively low costs for 

reducing the bulk of the emissions and potentially large gains for Sri Lanka from REDD+ 

participation. However, uncertainties abound and one should not confuse the possibly low cost of 

reducing emissions from deforestation and forest degradation with the ease of doing so. The success of 

REDD+ in arresting deforestation and forest degradation will in the end depend on the policies 

adopted nationally to implement REDD+ and finding effective policy responses will require a more 

profound understanding of the primary and underlying drivers of deforestation on a sub-national scale. 

Also, as already noted, estimated revenues from REDD+ are most likely in the lower end of the 

                                                           
6
 One piece of evidence pointing in this direction would be that rice paddy (asweddumized) extent increased 

rapidly—by approximately 13,000 ha yr
–1

—in the 2005–2010 period. 
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presented range since implementation costs and timber revenues are likely to increase the cost of 

reduced deforestation and current carbon prices for REDD+ projects and agreements are very low. 

 

Recent successful attempts to reduce deforestation rates through governmental interventions in Sri 

Lanka have been observed (Lindström, 2011) and drawing lessons from these experiences may help 

inform REDD+ policies. Where forest protection was most effective, it was coupled with migration 

from forest dense areas, due to urbanization and increases in off-farm employment—but also with 

negative livelihood impacts the remaining households who saw their access to forest resources being 

prohibited (Lindström, 2011). The former gives some indication of the occurrence of a forest transition 

(Mather, 2007) in Sri Lanka, where declining population growth rate along with increased economic 

development are contributing to a decline in deforestation rates (this is also in line with trends 

presented in Ratnayake et al. (2002) and Gunawardane et al. (2010)). This also means that part of the 

policies needed to realize REDD+ may lie outside the agriculture and forestry sector (i.e., increasing 

the pull factors in the forest transition). 

 

The reported negative livelihood impacts from forest protection initiatives also point to hard trade-offs 

and the need to balance development and environmental aspirations. The fact that our economic 

analysis shows that the major share (>90%) of potential emission reduction comes from decreases in 

the expansion of small-scale, rain-fed agriculture, clearly underscores this point. Formulating effective 

and equitable REDD+ policies therefore needs to be an inclusive process, involving local stakeholders 

(e.g., through community forestry management), and in the end some of the mitigation options 

identified as low cost here—i.e., reducing clearing for subsistence farming—may be less desirable 

than some identified as high cost—i.e., reduced clearing of mangroves for shrimp farming, which 

increases the economic vulnerability of coastal societies (Mattsson et al., 2009). 

 

Though our analysis show that the opportunity cost of REDD+ is relatively low in Sri Lanka today, in 

the longer run REDD+ will also have to compete with an increasing global demand for agricultural 

land, induced by population increase, rising incomes, and climate-policy-driven demand for 

bioenergy. The effect of this became evident during the recent world food price spike, with, e.g., 

revenues from rice cultivation roughly tripling between 2001 and 2009 (Peiris, 2006; Socio-

Economics and Planning Centre, 2009). If food prices and biofuel demand continue to rise, REDD+ 

may find it increasingly difficult to compete with alternative uses of good agricultural land and the 

REDD+ policies formulated today need to be resilient to such changes in the incentives for 

agricultural expansion (Persson, 2011).  

 

Since 2008, Sri Lanka has been actively engaged in the international REDD+ discussions and is 

currently in a dynamic process where issues relating to natural resource management is promoted 

within ministries, organizations and academia. The National Joint Program initiated in 2011 within the 

UN-REDD National Program seeks to establish a forest inventory program in the country. This will 

include reviewing available methodologies and developing methodologies combining satellite imagery 

and field sampling of natural forests, forest plantations and other tree resources (Bandaratillake, 2011; 

Chokkalingam and Vanniarachchy, 2011). This information can facilitate detailed follow up studies on 

this topic in a few years time as more consistent data will become available to allow more accurate 

estimates on Tier 3 level to estimate reference levels and the associated costs and earnings for REDD+ 

in Sri Lanka.  
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Finally, this assessment considers only deforestation, excluding the “+” in REDD+. Further 

assessments, including of carbon enhancement, conservation, and sustainable management of forests 

are matters for future research. 

 

Conclusions 

 

The following conclusions can be drawn from our analysis: 

 

 According to our in situ estimates (Tier 2), the forest, above and below ground, in Sri Lanka 

holds an average carbon stock of 120–130 tC ha
–1

, substantially reducing the uncertainty span 

from earlier Tier 1 assessments.  

 

 Still, there is a large range in carbon stock (26–225 tC ha
-1

) between forest types, due to the 

heterogeneity of forest ecosystems as well as different forest usage in the recent past causing 

variations in successions.  

 

 Reference level development in Sri Lanka is hampered by erratic, few, and often incompatible 

forest inventories that lower the potential to describe forest carbon content in a creditable way. 

 

 The potential monetary gains to Sri Lanka from participating in REDD+ could be 

considerable, but it requires carbon compensation levels to exceed those currently applied in 

REDD+ pilot projects and agreements (i.e., >5 $/tCO2) and that implementation costs are kept 

low through effective REDD+ policies. The latter requires a deeper understanding of the 

various drivers of deforestation and forest degradation in Sri Lanka. 

 

 A major share (>90%) of the potential emission reductions under REDD+ comes at the 

expense of small-scale, rain-fed agriculture, which raises concerns about the livelihood 

impacts of REDD+ interventions in Sri Lanka. The implementation of REDD+ policies need 

to be sensitive to these concerns if they are to be effective and equitable. 

 

 Apart from sustaining strong political will, for Sri Lanka to achieve readiness to participate in 

REDD+, the nation needs assistance in the form of technical advice, training, and capacity-

building for monitoring the nation’s forest resource (highlighted in the National 

Communication to UNFCCC) and the drivers of deforestation. The process also likely 

includes synergies with other national development and environmental goals. 
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