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1 Introduction 
 

In accordance with the contract for this assignment, Appendix A - Terms of Reference (Outputs 
and Deliverables, No.7), the consultant is required to submit along with the final report and other 
specified deliverables, an “eight-page summary, highlighting the approach followed, the 
work undertaken, key findings, and implications for REDD+ readiness in Nepal.” This 
summary report is submitted in fulfilment of that requirement. 

2 Summary of the approach 
 
The REDD+ forest Reference Level for Nepal was developed based on the “FCPF 
Methodological Framework for Developing Reference Levels” while applying key 
UNFCCC/IPCC Concepts and Guidelines for estimating emissions and removals of greenhouse 
gases from anthropogenic origin. Adherence to these concepts is important in order to apply the 
same principles in REDD+, guaranteeing consistency with the National Forest Monitoring 
System for REDD+ and the National Communications to the UNFCCC. The most recent IPCC 
Good Practice Guidelines were applied throughout the assignment. Other Guidance documents 
(e.g. “FCPF Decision Support Tool for Integrated REDD+ Accounting Frameworks”; the “GOFC-
GOLD sourcebook of methods and procedures for monitoring and reporting anthropogenic 
greenhouse gas emissions and removals caused by deforestation, gains and losses of carbon 
stocks in forests remaining forests, and forestation”) were also be used to the extent that they 
were consistent with the UNFCCC framework. 
 

2.1 Key inputs into construction of the forest reference level 
 
The construction of the forest reference level for reducing emissions from deforestation and 
forest degradation and quantification of emissions removals from enhancement of carbon stocks 
in the forest ecosystem of Nepal was based on the average emissions and removals of the 
historical time period 2000 – 2010. The RL was constructed based on remote sensing 
approach, complemented with statistical data relating to timber/roundwood and fuelwood 
extraction, and forest fires.  
 
Two key inputs were used to develop the reference level: 
 

I. Activity Data (AD) based on area changes; 
II. Emission Factors (EFs) 

 
The combination of AD and EF enables estimation of the emissions associated with changes in 
forest cover over specified time periods. 
 

2.1.1 Analysis of land cover and forest cover change to create Activity 
Data 
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Land use/ land cover change analysis was used as a tool to generate Activity Data for 
deforestation, forest degradation and enhancement of forest carbon stocks (2000 – 2010) 
employing a Land Use Change Transition matrix. These are presented for each of Nepal’s five 
physiographic regions of Terai, Siwaliks, Hills, Mid Mountain and High Mountain. From the 
change analysis matrices, Activity Data for the change period were flagged out and presented in 
a table, separately in the form of MS Excel spreadsheets.  
 
The AD was estimated at the national scale following the decision to develop a national level 
RL.  The other decision relates to the use of historical approach in establishing the reference 
levels, entailing the use of historical data, including remotely sensed data and land cover/forest 
cover maps. For the purpose of creating historical AD the period 2000 – 2010 was selected. The 
period 1990 – 2000 was used as essential ancillary data to inform and corroborate data from the 
period 2000 – 2010 and to assist with improved land use classification. According to the latest 
guidance from the UNFCCC the historical reference period should extend for a period of 
between 10 to 15 years. It was therefore agreed with the World Bank and REDD Cell that for the 
purposes of calculating Nepal’s RL the calculations would exclude the 1990 time point as there 
is no value in going back 30 years. The RL is therefore based upon the historical period 2000 – 
2010 however the time period 1990 – 2000 provides very useful ancillary data. Time series 
Landsat images were used to quantify deforestation, forest degradation, enhancement and 
forest conservation. 
 
Emissions/removals resulting from land-use conversion are presented consistent with the IPCC 
Guidelines in units of metric tons of carbon dioxide per hectare (tCO2 ha-1), to express carbon-
stock-changes for deforestation, enhancement and forest degradation. The development of 
emission/removal factors was undertaken following two major steps: 
 

A. Estimating the Carbon stocks in selected pools for each Land Use Category  

The starting point for developing Emission and Removal Factors was to establish the carbon 
stocks for each selected pool in each Land Use Category and stratum.  The land use categories 
include forestland, crop land, grassland, wetlands, settlements and other lands (i.e. bare rock, 
soil, ice, snow, etc.). Carbon stocks in the selected pools (above ground and below-ground 
biomass) were used to quantify carbon fluxes as a result of transitions between categories. A 
combination of Tier 1, 2 and 3 approaches were used to come up with emission factors, 
depending on the availability of data: 

1. For Terai, FRA data generated from work in the Terai were used to calculate the 
carbon stocks in each land use category (corroborated by WWF data generated in 
the development of the sub-national RL for the Terai Arc Landscape). 

2. For the Siwaliks, Hills, Mid Mountain and High Mountain, a combination of IPCC 
defaults and other research data were used to estimate the stocks in each LU 
category. The principal IPCC source documents consulted in preparing this report 
are: 
 

 IPCC 2000 Good Practice Guidance and Uncertainty Management 

 IPCC 2003 Good Practice Guidance for Land Use, Land-Use Change and 
Forestry (GPG LULUCF) 

 IPCC 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

 2013 Revised Supplementary Methods and Good Practice Guidance Arising from 
the Kyoto Protocol 
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Other sources of data for quantifying forest carbon stocks include: 

 Forest Resource Assessment Project 2010 -2013 (for Terai)  

 DFRS 1999, Publication No 74. 

 Peter Branney and K P Yadav 2008: Community Forest Resource Assessment 
between 1994-2008 (unpublished) 

 Forest Carbon Stock Measurement Guidelines for measuring carbon stocks in 
community-managed forests by Asia Network for Sustainable Agriculture and 
Bioresources (ANSAB), Federation of Community Forest Users, Nepal (FECOFUN), 
International Centre for Integrated Mountain Development (ICIMOD), ISBN: 978-
9937-2-2612-7. First edition: July 2010 
 

B. Calculating Emission/Removal Factors 

Following the estimation of forest carbon stocks, the next step is to develop Emission/Removal 
Factors for each detectable transition between the different LU categories. The 
Emission/Removal Factor for the selected pools for a LU transition from A to B is the difference 
in the carbon stocks between the two LU categories (i.e. B-A).  

With respect to forest enhancement (including AR activities) carbon removals were estimated 
using the Biomass Gain-Loss Method (detailed in section 3.4 of the RL report: Methodological 
Steps and Presentation of the Forest Reference Level ) whereby the annual increase in 
biomass carbon stock was estimated following Volume 4 of the IPCC Guidelines for GHG 
Assessment using Equation 2.9 of the IPCC Guidelines on AFOLU, where the area under each 
forest sub-category is multiplied by the mean annual increment in tonnes of dry matter per 
hectare per year. Below-ground biomass was estimated using appropriate nationally specific 
expansion factors derived from a report by ANSAB on Forest Carbon Stock Measurement 
Guidelines for measuring carbon stocks in community-managed forests (2010). This is detailed 
in the accompanying excel workbook: Nepal RL - Workbook 4 - AR and enhancement statistical 
data 
 

2.2 The step-wise approach 
 
Understanding the challenges of the data environment in Nepal, development of the RL followed 
a stepwise approach which facilitates broad participation, early start-up and the motivation for 
improvements over time, alongside efforts to enhance measurement and monitoring capacities. 

Decision 12/CP.172 of the parties to the UNFCCC in Durban establishes the basis for forest 
REL/RLs for REDD+ and recommends a Step-Wise Approach to the Development of REDD+ 
REL/RLs. The rationale is that a stepwise approach to national RLs will help countries to 
improve their benchmark over time; it also recommends that countries should periodically 
update their RLs to take into account new knowledge and new trends. The stepwise approach 
aims to better structure and deal with the variety of REL/RL methods that exist, the variability in 
data and their quality, uncertainties and country circumstances. 
 
The stepwise approach therefore is designed to lead to more comprehensive and accurate RLs 
for higher steps: 
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Step 1: Use available data (even if uncertain) to provide a starting point for RL 
establishment with simple projections, based on historical data. It is the starting point for 
countries to engage in RL setting and can be based on coarse national-level data only. 
 
Step 2: Build more robust national datasets for country-appropriate extrapolations and 
adjustments, including data for key drivers. Step 2 makes a first attempt to include 
national circumstances quantitatively, i.e. by undertaking evidence or driver-based 
assessments to adjust historical rates, and by using better country data (e.g. Tier 2 for 
carbon stocks) than can be gained by relying on Step 1. 
 
Step 3: Integrate spatially explicit assessments and modelling, using reliable data on 
activities and drivers. Step 3 develops the Step 2 approach further, using higher quality 
data that allow a wider choice of modelling methods. It therefore uses more spatially 
explicit activity data and driver-specific information support, e.g., the use of more 
complex spatially explicit regression or simulation models that should allow for a more 
robust and forward looking estimate. 
 

Nepal national RL includes components of both Step 2 (for Terai through the use of FRA 
inventory data) and Step 1 (for the rest of the country). 

 

3 Key results 
 

3.1 Area changes for 2000 to 2010 (activtiy data) 
 

Table 1 below summarizes the area changes (i.e. activity data) from the wall-to-wall analysis 

between 2000 and 2010 which is the historical reference period for which the RL has been 

reported.  

Table 1: Summary of activity data 2000 - 2010 

 WALL-TO-WALL 
CHANGE MATRIX 
2000 to 2010 

Forest land Crop land Settlements Grassland Wetlands Other lands 

Forest land 4,491,093 608,837 1,459 209,685 938 26,697 

Crop land 906,246 2,872,378 16,782 170,032 0 73,070 

Settlement 775 23,072 23,479 383 0 1,032 

Grassland 348,807 251,554 1,180 1,842,372 0 75,083 

Wetlands 16 1,176 21 66 70,938 124 

Other lands 39,515 100,263 356 56,052 4,188 2,526,066 

 
Between 2000 and 2010, again there was large national-scale land cover transitions that 
occurred with respect to forest conversion to crop cover (608,837 ha) as well as conversion to 
grass cover (209,685 ha) and to other lands (26,697 ha). Conversely, there was also substantial 
gain in forest cover related to conversion from crop cover (906, 246 ha), from grass cover 
(348,807 ha) and from other lands (39,515 ha). 
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3.2 Estimating Forest Carbon stocks 
The estimation of forest carbon stocks for each selected pool in each Land Use Category was 
implemented using a combination of Tier 1, 2 and 3 data sources as described in section 2.1.1 
above.  

The results are as shown in Table 2 below. Please note the unit for above ground biomass in 
Terai is tonnes of carbon which has been derived directly from FRA data whilst a unit of tonnes 
of dry matter has been applied for all other physiographic regions. The tonnes dry matter values 
have all been derived directly from the IPCC (2006). All subsequent calculations (for Terai and 
other regions) take account of the different units used to measure above ground biomass whilst 
the final output is presented using the same units for all regions i.e. tCO2/ha. 
 
Table 2: Estimates of forest carbon stocks by physiographic region (above ground and below-ground 
biomass) 

Terai Forest carbon Value 

  

Above ground biomass (Average tC / ha) 90 

Root to shoot ratio 1.2 

C02/C Ratio: 3.666666667 

tCO2/ha 397.3623519 

   
Siwalik Forest carbon Value 

  

Above ground biomass (t dry matter per ha) 180 

Root to shoot ratio 1.2 

Carbon Fraction: 0.47 

C02/C Ratio: 3.666666667 

tCO2/ha 372.24 

   
Hills Forest carbon Value 

  

Above ground biomass (t dry matter per ha) 180 

Root to shoot ratio 1.2 

Carbon Fraction: 0.47 

C02/C Ratio: 3.666666667 

tCO2/ha 372.24 

   
Mid Mountain Forest carbon Value 

  

Above ground biomass (t dry matter per ha) 135 

Root to shoot ratio 1.2 

Carbon Fraction: 0.47 

C02/C Ratio: 3.666666667 

tCO2/ha 279.18 

High Mountain Forest carbon Value 

  

Above ground biomass (t dry matter per ha) 130 

Root to shoot ratio 1.2 
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Carbon Fraction: 0.47 

C02/C Ratio: 3.666666667 

tCO2/ha 268.84 

 

The carbon density values used to measure carbon stocks in degraded forest areas of each of 
the physiographic regions are presented in Table 3. 
 
Table 3: Forest carbon density values for estimating degradation 

Region Canopy cover class Fraction applied tCO2/ha 

Terai More than 70% 1 397.4 

  40% to 70% 55% 218.5 

  10% to 40% 30% 119.2 

Siwalik More than 70% 1 372.2 

  40% to 70% 55% 204.7 

  10% to 40% 30% 111.7 

Hills More than 70% 1 372.2 

  40% to 70% 55% 204.7 

  10% to 40% 30% 111.7 

Mid Mountain More than 70% 1 279.2 

  40% to 70% 55% 153.5 

  10% to 40% 30% 83.8 

High Mountain More than 70% 1 268.8 

  40% to 70% 55% 147.9 

  10% to 40% 30% 80.7 

 
3.3 Emission and Removal Factors 
 

Emission/Removal Factors are calculated for each detectable transition between the different 
LU categories. The Emission/Removal Factor for a LU transition from A to B is the difference in 
the removal factors used to quantify increases in forest carbon due to enhancement are detailed 
in Table 4. 

Table 4: Removal factors used to quantify increases in forest carbon due to enhancement 

Terai and Siwalik Mid Hills and Middle Mountain High Mountain 

Main Species: 

Sal dominated 
by 
shorearobusta Main Species: 

Mixed (includes all 
broadleaved forest, 
conifer and mixed) Main Species: 

Mixed (includes all 
broadleaved forest, 
conifer and mixed) 

Average Dry 
Wood Density 
(tons/m

3
): 0.5 

Average Dry 
Wood Density 
(tons/m

3
): 0.5 

Average Dry 
Wood Density 
(tons/m

3
): 0.5 

Root-to-shoot 
ratio: 1.2 

Root-to-shoot 
ratio: 1.2 

Root-to-shoot 
ratio: 1.2 

Crown-to-stem 
ratio: 1.2 

Crown-to-stem 
ratio: 1.27 

Crown-to-stem 
ratio: 1.24 

Carbon 0.47 Carbon 0.47 Carbon 0.47 



Summary of the methodological approach and results 
 

 

Camco Advisory Services - Kenya 
 

Fraction: Fraction: Fraction: 

C02/C Ratio: 3.666666667 C02/C Ratio: 3.666666667 C02/C Ratio: 3.666666667 

MAI (m
3
/ha/yr): 1.35 MAI (m

3
/ha/yr): 2 MAI (m

3
/ha/yr): 1.47 

Annual 
increment 
(tCO2/ha/yr

-1
) 1.67508 

Annual 
increment 
(tCO2/ha/yr

-1
) 2.62636 

Annual 
increment 
(tCO2/ha/yr

-1
) 1.8847752 

 
3.4 Nepal’s REDD+ Forest Reference Level 
 
Because of the limited and unreliable data (low resolution Landsat, long time intervals of 10 
years)  a scenario approach has been adopted in construction of Nepal’s RL. The scenario 
presented in this summary report is considered to be the most plausible under the present 
circumstances, i.e. the availability and nature of the data used (see table 5 below). Alternative 
scenarios are presented and explained in the detailed final report of the RL. 
 
The scenario presented here used net AD values rather than gross values for deforestation and 
AR. Carbon stock changes are measured using emission factors for deforestation and 
degradation whilst all removals (reforestation and enhancement) are measured using annual 
incremental data. The reference period only covers the period 2000 - 2010. No projections have 
been made. The data from this period has been used to calculate average emissions during the 
2000 – 2010 period. AD for removals (enhancement including AR) are based on area data 
gathered from the historic period 1990 – 2000 in addition to the period 2000 – 2010 i.e. in this 
scenario we include forest carbon stock enhancement (increments) on land areas identified as 
undergoing enhancement during the preceding period (1990 –2000) as well as the 2000 – 2010 
period.  
 
Table 5: Estimation of average emissions (tCO2) during the 2000 – 2010 period 

  

 Gross 
defor 
emission  

 Gross 
degradation 
emission  

 Gross 
emissions  

 Gross 
non-forest 
to forest  

 Gross 
enhancem
ent  

 Gross 
removals  

 Net 
emissions  Average 

Terai 
         

12,188,709  
          

5,522,341  
      

17,711,050  
                 

166,911  
    

7,392,258  
                  

7,559,169  
            

10,151,880  
        

922,898  

 
Siwalik  

           
1,274,870  

        
37,995,890  

      
39,270,760  

                 
161,936  

  
19,804,644  

                
19,966,580  

            
19,304,180  

     
1,754,925  

 Hills  
                        

-    

      
153,772,34

4  

    
153,772,34

4  
              

5,773,567  
  

30,719,030  
                

36,492,597  
          

117,279,747  
   

10,661,795  

Mid 
Mount

ain 
                        

-    
        

63,289,531  
      

63,289,531  
              

2,273,627  
  

17,930,672  
                

20,204,299  
            

43,085,232  
     

3,916,839  

 High 
Mount

ain  
           

9,389,287  
          

9,798,674  
      

19,187,960  
                          

-    
    

1,741,966  
                  

1,741,966  
            

17,445,994  
     

1,585,999  

 Total  
         

22,852,865  

      
270,378,77

9  

    
293,231,64

5  
              

8,376,041  
  

77,588,571  
                

85,964,612  
          

207,267,033  
   

18,842,458  

 

3.5 Forest Risk Assessment  
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An assessment of forest risk was undertaken to understand potential forest areas that are 
vulnerable to degradation and even deforestation. In determining forest areas under risk versus 
those not under risk, biophysical and human factors that influence the distribution of biomass or 
carbon stock were considered. These include elevation, slope, roads, rivers, 
towns/villages/settlement, logging concessions, post land-use change, pattern of historical 
deforestation, etc. For each of the determining factors analyzed above, the Heuristic method 
was employed on raw maps, while Model Builder in ArcGIS 10.2 was used to prepare raster 
surfaces for the respective factors. 
 
The Heuristic method assumes that with increasing distance from a determinant feature (e.g. 
roads, settlement, river, etc.) forest degradation and/or deforestation decreases. Thus, each 
causal factor, prepared as a raster surface, was analyzed in terms of indexing that related 
location with probability to trigger deforestation/degradation. Weighted summation then yielded 
a wholesome view of the levels of susceptibility as influenced by the multiple causal factors. 
 
The findings of the forest risk analysis showed that significant forest areas are still at risk; 15% 
of forests are considered to be moderately at risk whilst a further 10% are considered to be at 
high risk of deforestation and forest degradation. These findings broadly corroborate with the 
data on the historical trends of deforestation and forest degradation i.e. if we assume a 
timeframe of 10 years in the high risk forest areas, then 1% of the remaining forest would be 
impacted by deforestation and forest degradation each year during this ten year period, which is 
line with current trends and would create GHG emission similar to the average from the 
reference period. 
 

4 Way Forward 
The RL report concluded that the RL reported should only be considered as a first iteration of 
the long-term RL on which performance based payments will be made. This essentially means 
that it is necessary to update the RL as new and better data becomes available under the 
principles of the step-wise approach. Updating Nepal’s RL also depends on a proper capacity 
building framework. Generally, four key things need to borne in mind while considering updates 
to the RL: 
 

i. Establish a protocol (for updating the RL) 
ii. Document control procedures including who can make updates and who takes custody 

of data generated. 
iii. Ensure procedures to avoid (1) erroneous changes and (2) loss of information 
iv. Establish links with partner organizations that will provide data to improve future 

iterations of RL 
 
The lack of field plots and ground truth data is a significant impediment to accurate carbon 
assessment in Nepal.  In order to achieve acceptable levels of accuracy to support carbon 
transactions with eligible entities, there is need for extensive data collection in addition to 
satellite data 

 

4.1 Implementing the stepwise approach 
 
As already explained, the step-wise approach recommended by the UNFCCC Decision 
12/CP.17 Guidance on systems for providing information on how safeguards are addressed and 
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respected and modalities relating to forest reference emission levels and forest reference levels 
as referred to in decision 1/CP.16.  allows the use of available data (even if uncertain) to provide 
a starting point for RL establishment with simple projections, based on historical data (Step 1), 
progressively updating the RL based on more robust national datasets for country-appropriate 
extrapolations and adjustments (Step 2) and ultimately basing the RL on more spatially explicit 
activity data and driver-specific information support (Step 3). This improvement is necessary in 
order to achieve acceptable levels of accuracy to allow Nepal to get performance-based 
payment for REDD activities.  
 
It is therefore recommended to proceed with a step-wise approach towards the National 
Reference Levels, starting with the large-scale jurisdictional projects at sub-national level. The 
SMF-Based Emission Reduction Program in Nepal’s Terai Arc Landscape is an important step 
towards that direction. It is possible to improve national reference levels with the LiDAR-
Assisted Multi-source Program (LAMP) approach, as it has been implemented for establishing 
Reference Levels (RLs) in the Terai Arc Landscape (TAL) comprising 12 districts. This 
approach was welcomed and endorsed by the Forest Carbon Partnership Facility (FCPF) of the 
World Bank.  
 
If the entire country is covered by a reliable and easily updatable methodology for setting up 
RLs and subsequent Monitoring, Reporting and Verification (MRV) then domestic leakage will 
have been addressed at the same time. In case of LAMP only a small sample (less than 2 % 
coverage) of airborne LiDAR data needs to be acquired once. Then, the reference level can be 
updated as new satellite data and field surveys (for verification) become available. 
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SUMMARY PAGE  
 
Assignment Title: Development of a REDD+ National Forest Reference Level for Nepal 
Objective: To develop a REDD+ Reference Level for Nepal 
 
Approach followed: Step-wise approach for RL development 
 
Scale: National Level 
Activities included: Deforestation, Forest Degradation, and Enhancement of Forest Carbon Stocks  
 
Pools included: Above Ground Biomass (AGB), Below Ground Biomass (BGB) 
Gases included: Carbon dioxide (CO2) 
 
Sources of data/information: Remote sensing image analysis (Landsat), IPCC defaults, expert 
consultation, forest inventory data (FRA, Terai) 

 
Key inputs: National scale activity data (AD), emission factors (EFs) 
 
Approach for estimation of emissions/removals: Average of period 2000 – 2010 

 Gross Emissions: AD*EFs 
 Gross Removals: AD*Incremental data 
 Net Emissions: Gross Emissions – Gross Removals 

 
Projection: Long term average (10 years) 
Financial Support: Forest Carbon Partnership Facility  
Beneficiary: Government of Nepal/REDD Forestry and Climate Change Cell 
Consultancy Services: Camco Advisory Services (Kenya)  

 
Key results: 
 
 

 

 

 

 

 

 

 

 

 

NARRATIVE SUMMARY 
 

Problem Statement 

Gross Historical Removals – Enhancement (tCO2): 

Region 2000-2010 

Terai            7,392,258 

Siwalik          19,804,644 

Hills          30,719,030 

Mid Mountain          17,930,672 

High Mountain            1,741,966 

National          77,588,571 

 

Gross Historical Removals - Non Forest to Forest 
(tCO2): 

Region 2000-2010 

Terai            166,911 

Siwalik            161,936 

Hills        5,773,567 

Mid Mountain        2,273,627 

High Mountain                       -    

National        8,376,041 

 

Average Projection of Emissions - 2010 – 2020 
(tCO2/yr): 

Region Projected Emissions (tCO2) 

Terai         922,898 

Siwalik      1,754,925 

Hills    10,661,795 

Mid Mountain      3,916,839 

High Mountain      1,585,999 

National    18,842,458 

 

Net Historical Emissions (tCO2): 

Region 2000-2010 

Terai             10,151,880 

Siwalik             19,304,180 

Hills           117,279,747 

Mid Mountain             43,085,232 

High Mountain             17,445,994 

National           207,267,033 

 
 

Gross Historical Emissions - Degradation (tCO2): 

Region 2000-2010 

Terai             5,522,341 

Siwalik          37,995,890 

Hills        153,772,344 

Mid Mountain          63,289,531 

High Mountain             9,798,674 

National        270,378,779 

 

Gross Historical Emissions – Deforestation (tCO2): 

Region 2000-2010 

Terai    12,188,708 

Siwalik             1,274,870 

Hills                            -    

Mid Mountain                            -    

High Mountain             9,389,287 

National          22,852,865 
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According to Nepal’s (REDD+) Readiness Preparation Proposal (R-PP), population growth 
and forest product and land demands are likely to aggravate deforestation and degradation 
in the years to come, affecting the livelihoods of a large number of forest-dependent people 
and Nepal’s environmental sustainability (Government of Nepal, 2010). The Government of 
Nepal is therefore committed to REDD+ through reversing deforestation and forest 
degradation, conservation of existing forest and enhancing forest carbon stocks, while 
addressing livelihoods concerns at the same time. 
 
Nepal’s REDD+ strategic goals include reversing deforestation and forest degradation, 
conservation of existing forest and enhancing forest carbon stocks, while addressing 
livelihoods concerns at the same time. 
 
Direct and Underlying Causes of the Problem 
Preliminary analysis conducted during the preparation of Nepal’s R-PP indicated that the 
drivers of deforestation and forest degradation in Nepal are diverse, complex and different in 
the various physiographic regions. The preliminary analysis identified nine direct drivers and 
several indirect drivers including socio-economic factors such as population increase and its 
distribution, poverty, land scarcity and the status of Nepal’s level of economic growth and 
commercial development.  
 
Goal and Objective 
The key objective of the assignment is to determine Nepal’s Forest Reference Level with the 
goal of informing the development and implementation of REDD+ policies in Nepal, underpin 
the credibility of REDD+, and inform assessment of performance of results-based REDD+ 
activities. 
 
Outcomes  
A key outcome of this assignment is a quantification of changes in forest carbon stocks and 
a projection of future carbon stock trends in Nepal. A secondary outcome is increased 
capacity within the REDD Cell to understand the implications of REDD+ interventions in 
terms of carbon emissions/fluxes that enables an informed assessment of the strategic 
options. Although the historical reference period for Nepal is 2000 – 2010, the data analysis 
undertaken as part of this assignment also included the period 1990 – 2000. The results 
from the period 1990 – 2000 are presented in some parts of this report in order to help 
illustrate trends and highlight where there are either consistencies or inconsistencies with the 
reference period (2000 – 2010). 
 
Key Results: 
 
The main outputs from this assignment show that: 
 

I. Gross historical emissions from deforestation and forest degradation totalled 
132,742,895 tCO2ebetween 1990 to 2000, increasing to 293,231,645 tCO2e in 
the period between 2000 and 2010. The overall trend shows an increase in 
emissions within the period 1990-2010. 

II. In the period 2000 – 2010, forest degradation accounted for more emissions from 
the forest sector, totaling 279,378,779 tCO2e, whilst deforestation accounted for 
only 22,852,865tCO2e during the same period. 

III. There has been an increase in GHG removals, estimated at 33,608,560 
tCO2ebetween 1990 – 2000, which increased to 85,964,612 tCO2e between 2000 
– 2000.  
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IV. Going forward to 2020, net emissions are projected to continue in line with the 
reference period average at 18,842,458 tCO2e / year,with deforestation 
accounting for  2,077,533 tCO2e / yearwhile forest degradation will account for 
24,579,889 tCO2e / year. During the same period, enhancement of forest carbon 
stocks is predicted to result in the removal of 7,814,964tCO2e / year based on a 
continuation of the average removals achieved during the period 2000 - 2010. 
 

Recommendations for updating Nepal’s reference level 
 

The RL presented was developed following the stepwise approach, which allows the use of 
available data (even if uncertain) to provide a starting point for RL establishment with simple 
projections, based on historical data (Step 1), progressively updating the RL based on more 
robust national datasets for country-appropriate extrapolations and adjustments (Step 2) and 
ultimately basing the RL on more spatially explicit activity data and driver-specific information 
support (Step 3). To assist this progression from Step 1 to Step 3, this report recommends: 
 

1) including more historical datasets and pools,  
2) including more historical reference data points 
3) improving the compilation of activity data through the use of higher resolution 

data and ground truthing, and mapping of community forests,  
4) improving collection of more robust drivers data,  
5) develop better EFs through improved forest inventory data (spatially linked, 

permanent sampling, consistent, accessible) and obtain incremental data for 
reforestation and enhance in order to develop more complex growth curves, 
and  

6) focus training on select members of staff in the REDD Cell (through one- to-
one training sessions) who would develop the required skills to actually make 
RL updates when needed 

 
  



Final RL Report  
 

ix 

 

Camco Advisory Services - Kenya 
 

LIST OF TABLES  
Table 1: Summary of emissions and removals .................................................................... 24 

Table 2: Relative contribution of emissions and removals (tCO2) ....................................... 24 

Table 3: Legend for 1990 and 2010 land cover maps produced by ICIMOD ....................... 27 

Table 4: Comparison of original 2010 land cover map generated by ICIMOD against the FRA 

dataset over Terai ............................................................................................................... 27 

Table 5: Generalized seasonality regime in Nepal .............................................................. 28 

Table 6: Landsat scenes applied in generating land cover map for year 2000 .................... 28 

Table 7: Canopy density stratification criteria ...................................................................... 33 

Table 8: Final classification scheme for land cover maps .................................................... 33 

Table 9: Table 9: Summary of activity data 2000 - 2010 ...................................................... 33 

Table 10: Estimates of forest carbon stocks by physiographic region (above ground and 

below-ground biomass) ....................................................................................................... 34 

Table 11: Forest carbon density values for estimating degradation ..................................... 36 

Table 12: Removal factors used to quantify increases in forest carbon due to enhancement

 ........................................................................................................................................... 38 

Table 13: Estimation of average emissions during the 2000 – 2010 period ......................... 39 

Table 14: Parameters used to generate MSAVI on scene-by-scene basis for 2000 nominal 

year ..................................................................................................................................... 46 

Table 15: Comparative analysis of the extent of land-cover distribution between FRA dataset 

and ICIMOD 2010 dataset .................................................................................................. 60 

Table 16: Comparative analysis of the extent of forest cover between WWF dataset and 

ICIMOD 2010 dataset ......................................................................................................... 61 

Table 17: Estimates of FRA dataset over Rupandehi and Kapilbastu districts (only within the 

forest mask previously defined by Topographic Base Maps (1998)) .................................... 61 

Table 18: Accuracy assessment of ICIMOD 2010 dataset (over Sub-National Jurisdiction - 

Terai zone) using FRA dataset as reference data and based on three main land cover 

classes ................................................................................................................................ 62 

Table 19: No. of observations in the in the FRA reference data among the three main land 

cover classes ...................................................................................................................... 62 

Table 20: No. of observations in the in the FRA reference data among the six IPCC land 

cover/land use classes ........................................................................................................ 62 

Table 21: National-scale accuracy assessment of ICIMOD 2010 dataset using FRA dataset 

as reference data and based on the three main classes (forest, shrubs, non-forest) ........... 63 

Table 22: National-scale accuracy assessment of ICIMOD 2010 dataset using FRA dataset 

as reference data and based on the six IPCC land cover classes ....................................... 64 

Table 23: Confidence intervals of accuracies estimates related to ICIMOD 2010 data based 

on the six IPCC land cover classes. .................................................................................... 65 

Table 24: Comparison of the forest mask defined by Topographic Base Maps of 1998 and 

the by RL Team Product for 2000 ....................................................................................... 65 

Table 25: Comparison of forest mask (over High Mountain Region) estimated by RL Team 

for 2000 reference period against estimates reported in the report “Study on Drivers of 

Deforestation and Degradation of Forests in High Mountain Region of Nepal, 2012, Table 2.

 ........................................................................................................................................... 66 

Table 26: Accuracy assessment of 2000 RL Team Product (land cover map) ..................... 67 



Final RL Report  
 

x 

 

Camco Advisory Services - Kenya 
 

Table 27: Confidence intervals of accuracies estimates related to 2000 RL Team Product 

based on the six IPCC land cover classes. ......................................................................... 67 

Table 28: Comparison of forest mask (over High Mountain Region) estimated by ICIMOD for 

1990 against estimates reported in the report “Study on Drivers of Deforestation and 

Degradation of Forests in High Mountain Region of Nepal, 2012, Table 2.1” ...................... 68 

Table 29: Accuracy assessment of 1990 ICIMOD land cover map ...................................... 69 

Table 30: Historical reference period for AD: 1990 - 2010 ................................................... 73 

Table 31: Projection of emissions for Scenario 1 (2010 - 2020 ............................................ 74 

Table 32: Historical reference period for AD: 1990 - 2010 ................................................... 75 

Table 33: Projection of emissions for Scenario 2 (2010 - 2020 ............................................ 76 

Table 34: Historical reference period for AD: 1990 - 2010 ................................................... 77 

Table 35: Projection of emissions for Scenario 3 (2010 - 2020 ............................................ 78 

Table 36: Historical reference period for AD: 2000 - 2010 ................................................... 79 

Table 37: Historical reference period for AD: 1990 - 2010 ................................................... 80 

Table 38: Uncertainty analysis for scenario 1 of the RL presentation .................................. 83 

Table 39: Uncertainty analysis for scenario 2 of the RL presentation .................................. 84 

Table 40: Uncertainty analysis for scenario 3 of the RL presentation .................................. 85 

Table 41: Uncertainty analysis for scenario 4 of the RL presentation .................................. 86 

Table 42: Uncertainty analysis for scenario 5 of the RL presentation .................................. 87 

Table 43: Uncertainty analysis for scenario 6 of the RL presentation .................................. 87 

 

  



Final RL Report  
 

xi 

 

Camco Advisory Services - Kenya 
 

LIST OF FIGURES  
Figure 1: Physiographic regions of Nepal (Source: fao.org) ................................................ 14 

Figure 2: Land Cover Map for 1990 ..................................................................................... 48 

Figure 3: Land Cover Map for 2000 ..................................................................................... 49 

Figure 4: Land Cover Map for 2010 ..................................................................................... 50 

Figure 5: Forest Canopy Density Map for 1990 ................................................................... 51 

Figure 6: Forest Canopy Density Map for 2000 ................................................................... 52 

Figure 7: Forest Canopy Density Map for 2010 ................................................................... 53 

Figure 8: Overall Land Cover Transition (1990-2000).......................................................... 54 

Figure 9: Overall Land Cover Transition Map (2000-2010) .................................................. 55 

Figure 10: Overall Land Cover Transition Map(1990-2010) ................................................. 56 

Figure 11: Land Cover Transition across Canopy Classes (1990-2000) .............................. 57 

Figure 12: Land Cover Transition across Canopy Classes (2000-2010) .............................. 58 

Figure 13: Projected emissions in Scenario 1 ..................................................................... 73 

Figure 14: Projected emissions in Scenario 2 ..................................................................... 75 

Figure 15: Projected emissions in Scenario 3 ..................................................................... 77 

  



Final RL Report  
 

xii 

 

Camco Advisory Services - Kenya 
 

LIST OF ANNEXES 
 

ANNEX 1: APPLICATION OF VEGETATION INDICES TO GENERATE FRACTIONAL 

VEGETATION COVER USED TO MAP DEGRADATION AND STRATIFY CARBON 

DENSITY ............................................................................................................................ 46 

ANNEX 2: LAND COVER MAPS FOR THREE REFERENCE TIME POINTS (1990, 2000 

AND 2010) .......................................................................................................................... 48 

ANNEX 3: FOREST CANOPY DENSITY MAPS FOR THREE REFERENCE TIME POINTS 

(1990, 2000 AND 2010) ...................................................................................................... 51 

ANNEX 4: LAND COVER CHANGE OR TRANSITION MAPS ASSOCIATED WITH THE 

SPATIAL CHANGE MATRICES .......................................................................................... 54 

ANNEX 5: ACCURACY ASSESSMENT OF LAND COVER/FOREST COVER CHANGE 

ANALYSIS .......................................................................................................................... 59 

ANNEX 6: SCENARIO 1 FOR CONSTRUCTING THE RL .................................................. 73 

ANNEX 7: SCENARIO 2 FOR CONSTRUCTING THE RL .................................................. 75 

ANNEX 8: SCENARIO 3 FOR CONSTRUCTING THE RL .................................................. 77 

ANNEX 9: SCENARIO 4 FOR CONSTRUCTING THE RL .................................................. 79 

ANNEX 10: SCENARIO 5 FOR CONSTRUCTING THE RL ................................................ 80 

ANNEX 11: UNCERTAINTY ANALYSIS ............................................................................. 81 

 

 

 

 

   



Final RL Report  
 

13 

 

Camco Advisory Services - Kenya 
 

 INTRODUCTION  1

 Context of development of Nepal’s forest reference level (RL) 1.1
 
Decision 12/CP.171 and its Annex establish the basis for REDD+ forest reference 
levels/reference emission levels (RLs) and contains guidance on the content of REDD+ RL 
submissions. This decision also calls for a process to enable the technical assessment of 
proposed RLs once they have been submitted.  
 
Within the context of the UNFCCC, the reduction of emissions from deforestation and forest 
degradation, or increase in sequestration through improved forest management or 
enhancement of forest carbon stocks is measured against forest Reference Levels or forest 
Reference Emissions Levels (RLs). RLs thus set a performance benchmark for mitigation 
activities by providing a reference point to which current and actual efforts can be compared 
throughout a pre-determined timeframe and are strongly linked to measurement, reporting, and 
verification (MRV) of mitigation efforts.  
 
Nepal therefore welcomes the opportunity to submit a forest reference level (RL) for a technical 
assessment in the context of results-based payments for reducing emissions from deforestation 
and forest degradation and the role of conservation, sustainable management of forests and 
enhancement of forest carbon stocks in developing countries (REDD+) under the United 
Nations Framework Convention on Climate Change (UNFCCC). 
 
Nepal underlines that the submission of the RL and subsequent Technical Annexes and 
Working Papers with results are voluntary and exclusively for the purpose of obtaining and 
receiving payments for REDD+ actions, pursuant to decisions 13/CP.19, paragraph 2, and 
14/CP.19, paragraphs 7 and 8.   
 
The step-wise approach followed in this submission reflects Nepal’s national circumstances by 
enabling the development of a relatively simple forest reference levels that will be improved over 
time. These levels will be set alongside efforts to improve measurement and monitoring 
capacities and reduce uncertainties conducted as part of the three REDD+ implementation 
phases. The RL is constructed following a combination of national scale (using IPCC defaults 
and other local research findings) and a sub-national approach based on related work through 
the Forest Resources Assessment Project in the Terai Arc Landscape as well as other 
initiatives. The development of the RL was undertaken alongside some other related initiatives 
which provided valuable technical contributions to the implementation of REDD+ in Nepal 
through enrichment of the methodological approach as well as data sharing. The Government of 
Nepal through the 5-year Forest Resource Assessment (FRA) Project, the World Wildlife Fund, 
and Arbonaut Ltd. have made significant investments in extensive ground surveys, aerial LiDAR 
data collection, and other data collection and analysis in the Terai. Completion of the FRA 
project will present the first significant opportunity to update the RL. Details of these past and 
ongoing initiatives are provided in Working Paper 1 on the Context, Background and 
Methodological Approach to developing the RL.  

 

 Area covered by this reference level 1.2
 
The approach adopted in creating an updated land cover map was to generate an estimate of 
RL at national scale. The land cover maps (for the defined time points) generated for 
development of this RL are wall-to-wall and therefore the approach is consistent for the entire 
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country. The RL presented here therefore relates to the entire forest land contained within the 
borders of Nepal, comprising the five physiographic regions: Terai, Siwaliks, Hills, Middle 
Mountain and High Mountain. The RL has been calculated following the step-wise approach, 
where spatially explicitly data has been used to construct the subnational RL for Terai while 
IPCC default values have been used for the rest of the country. 
 
This submission of the forest reference level focuses only on net CO2 emissions and removals 
and includes emissions from the above and below-ground biomass carbon pools. Sections 2.3 -
2.5 in this submission (Pools, gases and activities included in the construction of the forest 
reference level) provide more detailed information regarding activities, carbon pools and gases. 
 

 
Figure 1: Physiographic regions of Nepal (Source: fao.org

1
) 

 Sources of information and steps in constructing the reference level 1.3
 
Pursuant to the guidelines for submission of information on reference levels as contained in the 
Annex to Decision 12/CP.17, this submission includes  a) Information that was used in 
constructing a forest reference level;  b) Transparent, complete, consistent, and accurate 
information, including methodological information used at the time of construction of forest 
reference levels; c) Pools and gases, and activities which have been included in forest 
reference emission level; and d) The definition of forest used. 
 

1.3.1 Sources of information  
 
The construction of the forest reference level for reducing emissions from deforestation and 
forest degradation and quantification of emissions removals from enhancement of carbon stocks 
in the forest ecosystem of Nepal was based on the average emissions and removals of the 
historical time period 2000 – 2010. The RL was constructed based on remote sensing 
approach, which has been complemented with statistical data relating to timber/roundwood and 
fuelwood extraction, and forest fires.  
 
Besides emissions from deforestation, the RL includes an estimate of emissions from forest 
degradation (from various sources) as well as emissions removals resulting from forest 
enhancement. Time series Landsat images were used to quantify deforestation, forest 
degradation, enhancement and forest conservation. 

                                                
1
http://www.fao.org/countryprofiles/maps/map/en/?iso3=NPL&mapID=609 

http://www.fao.org/countryprofiles/maps/map/en/?iso3=NPL&mapID=609
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The REDD+ forest Reference Level presented is informed by the “FCPF Methodological 
Framework for Developing Reference Levels” while applying key UNFCCC/IPCC principles and 
guidance for estimating emissions and removals of greenhouse gases from anthropogenic 
origin. 
 

Land use/ land cover change analysis was used as a tool to generate Activity Data for 
deforestation, forest degradation and enhancement of forest carbon stocks (2000 – 2010) 
employing a Land Use Transition matrix. These are presented for each of Nepal’s five 
physiographic regions of Terai, Siwaliks, Hills, Mid Mountain and High Mountain. From the 
change analysis matrices, Activity Data for the change period were flagged out and presented in 
a table, separately in the form of MS Excel spreadsheets.  
 
Emissions/removals resulting from land-use conversion are presented consistent with the IPCC 
Guidelines in units of metric tons of carbon dioxide per hectare (tCO2 ha-1), to express carbon-
stock-changes for deforestation, enhancement and forest degradation. The development of 
emission/removal factors was undertaken following two major steps: 
 

A. Estimating the Carbon stocks in selected pools for each Land Use Category  

The starting point for developing Emission and Removal Factors was to establish the carbon 
stocks for each selected pool in each Land Use Category (and stratum, if possible).  The land 
use categories include forestland, crop land, grassland, wetlands, settlements and other lands 
(i.e. bare rock, soil, ice, snow, etc.). Carbon stocks in the selected pools (above ground and 
below-ground biomass) were used to quantify carbon fluxes as a result of transitions between 
categories. A combination of Tier 1, 2 and 3 approaches were used to come up with emission 
factors, depending on the availability of data: 

1. For Terai, FRA and WWF data generated from work in the TAL were used to 
calculate the carbon stocks in each land use category. 

2. For the Siwaliks, Hills, Mid Mountain and High Mountain, a combination of IPCC 
defaults and other research data were used estimate the stocks in each LU category. 
The principal IPCC source documents consulted in preparing this report are: 
 

 IPCC 2000 Good Practice Guidance and Uncertainty Management 

 IPCC 2003 Good Practice Guidance for Land Use, Land-Use Change and 
Forestry (GPG LULUCF) 

 IPCC 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

 2013 Revised Supplementary Methods and Good Practice Guidance Arising from 
the Kyoto Protocol 

Other Guidance documents including the “FCPF Decision Support Tool for Integrated REDD+ 
Accounting Frameworks” and the “GOFC-GOLD sourcebook of methods and procedures for 
monitoring and reporting anthropogenic greenhouse gas emissions and removals caused by 
deforestation, gains and losses of carbon stocks in forests remaining forests, and forestation” 
were also used to the extent that they were consistent with the UNFCCC framework. 

Other sources of data for quantifying forest carbon stocks include: 

 Forest Resource Assessment Project 2010 -2013 (for Terai Arc Landscape)  

 DFRS 1999, Publication No 74. 

 Peter Branney and K P Yadav 2008: Community Forest Resource Assessment 
between 1994-2008 (unpublished) 
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 Forest Carbon Stock Measurement Guidelines for measuring carbon stocks in 
community-managed forests by Asia Network for Sustainable Agriculture and 
Bioresources (ANSAB), Federation of Community Forest Users, Nepal (FECOFUN), 
International Centre for Integrated Mountain Development (ICIMOD), ISBN: 978-
9937-2-2612-7. First edition: July 2010 
 

B. Calculating Emission/Removal Factors 

Following the estimation of forest carbon stocks, the next step is to develop Emission/Removal 
Factors for each detectable transition between the different LU categories. The 
Emission/Removal Factor for the selected pools for a LU transition from A to B is the difference 
in the carbon stocks between the two LU categories (i.e. B-A).  

With respect to forest enhancement (including AR activities) carbon removals were estimated 
using the Biomass Gain-Loss Method whereby the annual increase in biomass carbon stock 
was estimated following Volume 4 of the IPCC Guidelines for GHG Assessment using Equation 
2.9 of the IPCC Guidelines on AFOLU, where the area under each forest sub-category is 
multiplied by the mean annual increment in tonnes of dry matter per hectare per year. Below-
ground biomass was estimated using appropriate nationally specific expansion factors derived 
from report by ANSAB on Forest Carbon Stock Measurement Guidelines for measuring carbon 
stocks in community-managed forests (2010).  
 

 Compliance with the principles of RL development: Transparent, 1.4
complete, consistent and accurate information used in the 
construction of the forest reference level 

 

1.4.1 Complete information  
 
Complete information for developing the forest reference level for each of the three time points 
for which emissions/removals have been estimated is provided including: 
 

i. All the satellite images used for  1990, 2000 and 2010 to map deforestation, forest 
degradation and enhancement of forest carbon stocks; 

ii. Forest cover changes through the use of change matrices for the three time points; 
iii. Default values used; 
iv. The calculation of emission/removal factors for each of the physiographic regions.  

 
The information is provided in form of GIS/Remote Sensing data and excels files in the custody 
of the Nepal REDD and Climate Change Cell and which will be made available through a yet-to-
be established data sharing platform. A detailed explanation of the analysis of land cover and 
forest cover change is provided in section 3.1.  
 
1.4.2 Transparent information  
 
A detailed explanation of all assumptions, data sources, equations, land cover/forest cover 
change analysis methodological approach and tools, default equations and derivation of 
emission/removal factors is provided with each relevant product.  
 
1.4.3 Consistency 
 
Paragraph 8 in Decision 12/CP.17 requires that the forest reference levels shall maintain 
consistency with anthropogenic forest related greenhouse gas emissions by sources and 
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removals by sinks as contained in the country’s national greenhouse gas inventory. The 
estimation of emissions by sources and removals by sinks  followed the methodological 
guidance in the IPCC Good Practice Guidance for Land Use, Land-use Change and Forestry 
(IPCC, 2003). Moreover, Nepal adopted approach 3 for land representation, meaning that all the 
land conversions and lands remaining in the same land category between inventories are 
spatially explicit. The basis for all activity data as well as the assessment of deforestation for the 
purposes of this submission rely on the use of remotely sensed data of similar spatial resolution 
(Landsat-class, up to 30 meters). 

1.4.4 Accuracy 
 
Following the post-classification operations described in section 3.1, the land cover /land-use 
maps of 1990, 2000 and 2010 were assessed of their respective accuracy and/or suitability for 
use in other subsequent tasks in the process of developing national reference scenario for 
Nepal. The accuracy assessment was carried out both qualitatively and quantitatively. 

 Qualitatively, the products have been compared with existing maps/spatial data. This 
check forms a general control on the spatial distribution and class labels of the maps.  

 Quantitatively, available reference data (including biomass-plot data over Terai sourced 
from FRA Project; sample data across the whole country sourced from FRA Project; and 
data over Terai Arc landscape sourced from WWF) was used to evaluate the accuracy 
of the land cover maps.  

With respect to the quantitative accuracy assessment, confidence intervals were constructed for 
the key accuracy measures as an indicator of accuracy estimates. 
 
For the purpose of the accuracy assessment of ICIMOD generated land cover map (2010), the 
available FRA dataset was used as a reference, since it had been prepared using very high 
resolution satellite images (Rapid Eye) and complimented by extensive field survey. This 
dataset was a land cover map showing the distribution of the three major land cover types, 
namely forest, other wooded land, and non-forest as well as ground-based reference data. 
Subsequent accuracy assessment followed three approaches described below with their 
respective results. The fourth approach used the WWF field survey data as the reference data. 
Quality assessment of the 2000 land cover map was accomplished in two ways. First, the forest 
extent estimated by the RL Team was compared with the forest mask defined in the 
Topographic Base Maps of 1998. The second approach entailed comparing the forest extent in 
High Mountain Regions of Nepal estimated by the RL Team against those corresponding 
estimates recorded in the report “Study on Drivers of Deforestation and Degradation of Forests 
in High Mountain Region of Nepal, 2012”. Quality assessment of the 2000 land cover map was 
accomplished in two ways. First, the forest extent estimated by the RL Team was compared 
with the forest mask defined in the Topographic Base Maps of 1998. The second approach 
entailed comparing the forest extent in High Mountain Regions of Nepal estimated by the RL 
Team against those corresponding estimates recorded in the report “Study on Drivers of 
Deforestation and Degradation of Forests in High Mountain Region of Nepal, 2012”. FRA 
inventory-plots data (spread across the country) was also used as reference data, in particular 
the 1,949 data-plots that had been re-organized. 
 

With respect to 2010 data, comparison of FRA data with ICIMOD data over Terai showed a 
good correspondence between data generated by ICIMOD and the final map generated by 
FRA. For Siwalik, the reference dataset provided by FRA was then provisional and therefore not 
much could be inferred regarding the accuracy of the data. Comparing the ICIMOD dataset with 
WWF dataset over Terai Arc-Landscape showed that apart from the district of Rautahat where 
estimates of the two datasets were closely matching (27,667 ha versus 25,659 ha respectively), 
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the estimates for the other districts exhibited great variation between ICIMOD 2010 dataset and 
WWF dataset by over 25% difference, the former yielding higher estimates than the latter. Using 
FRA biomass-plot data (over Terai) as reference to assess the accuracy the ICIMOD 2010 data 
yielded an overall accuracy of about 90% of ICIMOD 2010,  with both forest and non-forest 
yielding high user’s and producer’s accuracies. However, the accuracies of ‘Shrubs’ was very 
poor, perhaps because of the low coverage of this category in Terai as well as the proportion of 
reference data representing this category. Generally, the result of the accuracy assessment 
over Terai was consistent with the results based on comparative statistics that had indicated 
good match between the reference FRA dataset and the corresponding ICIMOD 2010 dataset. 
Accuracy assessment of ICIMOD 2010 dataset using the FRA sample plots as reference data 
yielded and the overall accuracy is about 76%. 
 
For 2000 land cover map, comparison of the forest mask with corresponding estimate captured 
in the Topographic Base Maps of 1998 showed a close match. Similar comparison between the 
forest mask (over High Mountain Region) estimated by the RL Team for the 2000 reference 
period against estimates reported in the report “Study on Drivers of Deforestation and 
Degradation of Forests in High Mountain Region of Nepal, 2012, Table 2.4”, indicated that forest 
estimates based on the two products were fairly similar. For quantitative accuracy assessment 
of the 2000 land cover map, use of the FRA inventory-plots data (spread across the country) as 
reference data yielded an overall accuracy of 68.5%, with forest land having the highest 
producer’s accuracy (84%) followed by crop land (63%).   
 
For the 1990 land cover data (used as an ancillary dataset to the RL), comparison of the 
estimated extent of land cover distribution sourced from Master Plan for Forestry Sector (MPFS, 
1988) and cited in the report “Study on Drivers of Deforestation and Degradation of Forests in 
High Mountain Region of Nepal, 2012” against similar estimates generated by ICIMOD for 1990 
showed a good match between the two datasets. The quantitative accuracy assessment of the 
ICIMOD 1990 land cover map based on the use of the FRA inventory-plots data (spread across 
the country) as reference data yielded an overall accuracy of 69.8%, with forest land having the 
highest producer’s accuracy (82%) followed by crop land (57%).   
 
Other uncertainties associated with the carbon map may arise from other sources, including the 
following:  
 

(i) data collection, sampling design;  
(ii) allometric equation;  
(iii) aggregated forest type;  
(iv) emission factors  

 
It is difficult to associate uncertainties to most of these elements. However, a simple 
propagation of error approach has been adopted for estimating the uncertainty associated 
with the emissions/removals reported in the RL. Nevertheless, the overall accuracy and 
uncertainty analysis associated with the reported emissions/removals is presented in section 3.5 
while a detailed accuracy assessment of the analysis of land cover/forest cover change (for 
which relatively better analysis was possible) is presented in Annex 5. 
 

 Limitations of the reference level reported 1.5
  
Developing an accurate RL is a data-driven process relying on accurate spatially-explicit data 

that allows adjusting for national circumstances in the quantification of the pools and gases that 

have been included. Although considerable effort was invested in developing a national level 

RL, the quality of data with regard to activity data, emission factors and drivers of forest change 
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limited the team’s ability to make use of complex analysis and modelling, as this would multiply 

the already existing uncertainties. To partially mitigate these limitations, the RL team undertook 

a detailed analysis of census data to relate emissions to specific drivers. While it may be difficult 

to reconcile this analysis with satellite-based land cover change analysis, the census data helps 

to provide at least a qualitative understanding of the magnitude of two of the major drivers (fuel 

wood and roundwood/timber harvesting) as well as fires.  

On the analysis of forest cover change, It should also be borne in mind that the temporal interval 

of 10-years adopted for this exercise is quite coarse to allow discrimination of subtle changes. 

For example, it is very likely that over the 10-year period, a forest patch may have been 

harvested and re-established/regenerated, and may never be detected. The decision of the 10-

year interval was only arrived at in view of the limited time allocated to the assignment. Being 

aware of this limitation, the RL Team made efforts to incorporate the use of statistical 

data/records for the development the reference level, to complement and corroborate the use of 

satellite data.  



Final RL Report  
 

20 

 

Camco Advisory Services - Kenya 
 

 SCOPE AND SCALE OF NEPAL’S REFERENCE LEVEL 2
 

 Scope of RL development  2.1

The approach adopted in creating an updated land cover map was to generate an estimate of 
the RL at national scale. The updated land cover maps (1990 – 2000 - 2010) are wall-to-wall 
and therefore the approach is consistent for the entire country. Establishing a set of national 
standards for data collection and analyses is essential for a national scale RL and this was the 
approach implemented. 

 

2.1.1 Compatibility between subnational and national scale reference level efforts 

 
Sub-national REDD+ activities can either apply the national RL or develop a more situation 

specific sub-national RL. While the former approach ensures consistency at the national scale, it 

will also most likely underestimate deforestation and forest degradation in the without-project 

scenario. Sub-national RLs require transparent development protocols and a standardized 

approach to reconcile and harmonize the sub-national RL with the national RL. Sub-national 

REDD+ activities will typically be located in REDD+ hotspot areas that have medium to high 

carbon stocks, high deforestation and forest degradation threats and medium-high biodiversity 

or other co-benefits. Careful consideration of these factors is therefore needed in making a 

decision. This is illustrated in the work by FRA, WWF and Arbonaut in the Terai as a sub-

national component of the reference level.  This is especially important in the Terai because of 

the significant difference in carbon/biomass values between sal forests and all other forest 

types. 

In a joint effort, WWF, the REDD-cell, and Arbonaut, developed a sub-national Reference Level 

(RL) for the Terai Arc Landscape of Nepal which  covers the period from 1999-2011 and 

encompasses the geographic area of 12 lowland districts in Nepal with total land area of 2.3 

million hectares (Gautam et al., 2013). The  parameters for the development of the sub-national  

RL are consistent with the FCPF CF Methodological Framework and the RL accounts for all of 

the activities included in the ER program, including deforestation, degradation, regeneration, 

and enhancement.  Three important outputs are of relevance to the current National RL 

development: 

i. Development of Activity Data based on landcover/forest cover change analysis; 

ii. Development of Emission Factors based on modeling of LiDAR data, field plot data, 

allometric equations, and classifications of forest type and structure. Considering that the 

National RL is based on Landsat imagery, this provides a useful comparison between 

different techniques and satellite imagery; 

iii. Assessment of accuracy and uncertainty of carbon estimates. 

In this exercise, a landscape-level forest carbon inventory in Terai Arc Landscape (TAL) of 
Nepal was conducted. Aboveground forest carbon was estimated using a novel LAMP 
approach. A Sparse-Bayesian method was used to calibrate data from well-measured 738 
ground-truth plots with airborne discrete-return LiDAR data in selected sample areas from the 
same season. In the second step, the LiDAR estimates were used as simulated ground truth 
and regressed with variables derived from satellite imagery to cover the whole study area with 
continuous AGB values. The resulting carbon/biomass map was validated against highly 
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accurate LiDAR-based carbon estimates. The accuracy of the LiDAR model was verified against 
46 independent field plots. The LAMP combines LiDAR information with field plots and satellite 
data to develop a forest carbon map of one hectare resolution that will be useful for the 
Nepalese REDD+ process, in particular to derive subnational reference levels and support 
future forest monitoring activities in the country. 
 

 Definition of ‘forest’ 2.2
 
The UNFCCC Guidelines provide that Parties should include “the definition of forest used in the 
construction of forest reference emission levels and/or forest reference levels and, if 
appropriate, in case there is a difference with the definition of forest used in the national 
greenhouse gas inventory or in reporting to other international organizations, an explanation of 
why and how the definition used in the construction of forest reference emission levels and/or 
forest reference levels was chosen”. This is reiterated in the Durban SBSTA text (2011). 
 
In respect to the definition of forest, the Guidelines identify three broad categories of forest 
definition: administrative, land use, and land cover. Under the Kyoto Protocol, “forest” is defined 
as: 

• Minimum area: 0.05 – 1.00 ha 
• Minimum crown cover 10 – 30% 
• Minimum potential height 2 – 5m 
• Young forests with the potential to meet the above 3 criteria 

 
In accordance with the thresholds set by the UNFCCC, the definition of forest used in the FRA 
project which is consistent with the FAO definition has been adopted for REDD+ in Nepal: the 
definition is consistent and has been similarly adopted for institutionalizing the monitoring, 
reporting and verification (MRV) system for REDD+. 
 
The definition adopted for developing the RL therefore is:  
 

“Land with tree crown cover of more that 10 percent and area covering more than 0.5 
ha, with minimum height of the trees to be 5 m at maturity and in-situ conditions. The 
land may consist either of closed forest formations where trees of various storeys and 
undergrowth cover a high proportion of the ground, or of open forest formations with a 
continuous vegetation cover in which tree crown cover exceeds 10 percent. Young 
natural stands and all plantations established for forestry purposes which have yet to 
reach a crown density of 10 percent or tree height of 5 m are included under forest, as 
are areas normally forming part of the forest area which are temporarily unstocked as a 
result of human intervention or natural causes but which are expected to revert to forest. 
This includes forest nurseries and seed orchards that constitute an integral part of the 
forest; forest roads, cleared tracts, firebreaks and other small open areas within the 
forest; forest in national parks, nature reserves and other protected areas such as those 
of special environmental, scientific, historical, cultural or spiritual interest; windbreaks 
and shelterbelts of trees with an area of more than 0.5 ha and a width of more than 20 
m. Land predominantly used for agricultural practices are excluded”. 
 

This definition was subsequently used to inform all the forest cover maps developed for the 
three time periods. 

 

  



Final RL Report  
 

22 

 

Camco Advisory Services - Kenya 
 

 Activities included in the RL 2.3
 
Nepal’s R-PP states that the country’s REDD+ strategic options aim to contribute to reducing 
GHG emissions, through the conservation of existing forests and enhancing forest carbon 
stocks in line with the Bali Action Plan which in paragraph 70 of the AWG/LCA outcome 
“Encourages developing country Parties to contribute to mitigation actions in the forest sector by 
undertaking the following activities, as deemed appropriate by each Party and in accordance 
with their respective capabilities and national circumstances: 
 
a) Reducing emissions from deforestation; 

b) Reducing emissions from forest degradation; 

c) Enhancement of forest carbon stocks;” 

 
Deforestation: Deforestation is the long term or permanent conversion of forest to other 
(non-forest) land. In remote sensing terms, when a pixel that in Y1 was forest changes to 
other land uses in Y2, then the pixel is said to have undergone deforestation. The reported 
value for deforestation relates to net deforestation. During the historical reference period 
some areas that have been converted from forest to non-forest may have been reconverted 
to forest and all these have been taken in to account. 
 
Degradation: the IPCC (2003) defines forest degradation as “a direct human-induced loss 
of forest values (particularly carbon), likely to be characterized by a reduction of tree cover. 
Routine management from which crown cover will recover within the normal cycle of forest 
management operations is not included”. Degradation was detected through a decrease in 
carbon stocks, based on the assumption that transition from one forest stratum to another is 
accompanied by a proportional (percentage) change in carbon stocks. 
 
Forest Enhancement: Enhancing the carbon stock in the context of this assignment is 
viewed as the positive complement of forest degradation, i.e. improving the quality of forest 
through natural regeneration or by planting trees to increase the already existing carbon 
stock therein. Enhancement was detected through an increase in canopy cover and/or 
carbon stocks. Quantification of enhancement was implemented using LUC time series 
analysis. Maps for canopy cover classes and related matrixes were generated from which 
degradation and forest enhancement were quantified.  

 

 Pools included 2.4
 
As per the Durban SBSTA text, significant pools and gases should be included. Parties are 
required to give reasons for omitting a pool or a gas from the construction of forest RL/RELs. It 
is recommended that countries perform a key category analysis to determine which pools are 
significant, i.e., is a given pool <5% of the total or <10% of the total.  Excluding pools that 
represent a very small proportion of the total can save time and resources. Similarly, where 
costs of data collection and analysis exceed the benefit of including the specific pool or gas in 
the RL/REL, such may be excluded, even if such pools are significant. Alternatively, 
conservative defaults can be considered for insignificant pools if they must be included. Further 
guidance on selection of pools is provided in the “2013 Revised Supplementary Methods and 
Good Practice Guidance Arising from the Kyoto Protocol” (IPCC, 2014). 
 

The Marrakech Accord (COP 7 2001) in Decision 11/CP.7 provides that “A Party may choose 
not to account for a given pool in a commitment period, if transparent and verifiable information 
is provided that the pool is not a source”. The import of this is that project participants may 
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choose not to account for one or more carbon pools if they provide transparent and verifiable 
information that indicates that the choice will not increase the expected net anthropogenic GHG 
removals by sinks.  
 
Decision 11 also directs that “good practice guidance, and methods to estimate, measure, 
monitor and report changes in carbon stocks and anthropogenic greenhouse gas emissions by 
sources and removals by sinks resulting from land use, land-use change and forestry activities, 
as developed by the Intergovernmental Panel on Climate Change, shall be applied by Parties...” 

i. A given carbon pool can be excluded: 
 
a.  If it represents a very small proportion of the total (<5% of total or <10% of 

the total) to save time and resources; 
b. Where costs of data collection and analysis exceed the benefit of including 

the specific pool or gas in the RL/REL, even if such pools are significant; 
c. If no credible data is available/can be collected for that pool; 
d. If data available suggests that despite being significant, the given pool is not 

expected to significantly change during the monitoring period. 
 

ii. Include emissions of N2O and CH4 if fire constitutes a major cause of forest 
degradation; 

iii. Conservative defaults can be considered for insignificant pools if they must be 
included; 

iv. Both the reference level and subsequent estimations based on the MRV system 
established must include exactly the same pools. 

In addition to these general guidelines, the CDM “Tool for testing significance of GHG 
emissions in A/R CDM project activities” was used in the determination of which GHG 
emissions by sources, possible decreases in carbon pools, and leakage emissions are 
insignificant for a particular CDM A/R project activity as follows: 
 

I. Estimate the GHG emissions by sources (per each source) and possible decreases 
in carbon pools  based on site/project specific data, scientific literature, or the most 
recent default emission factors provided by IPCC. 

II. Recalculate all GHG emissions into CO2 equivalents using the GWP impact factors 
as decided by COP3 or as amended later. 

III. Calculate the relative contributions of the project GHG emissions by sources and 
possible decreases in carbon pools and emissions by leakage activities according to 
the following equation (IPCC 2003, Eq. 5.4.1): 

 

     
  

∑   
 
   

 

 
Where:  
REi  = Relative contribution of each source i to the sum of project and leakage 
GHG emissions; 
Ei = GHG emissions by sources of project and possible decreases in carbon 
pools and leakage emissions i as estimated under; 
i = Index for individual sources of project and leakage GHG emissions (I = 
total number of sources considered). 

IV. Rank the source emissions in descending order of their relative contributions RCEi 
and order them according to their ranks (i.e. the lowest emission shall get the highest 
rank and shall occupy the last position in the ordered sequence of emissions). 
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V. Start calculating the cumulative sum of the relative contributions RCEi (ordered 
according to the step IV) beginning with the lowest rank.  Mark each individual 
source of emissions as it is included in the summation. Cease the summation when 
the cumulative sum reaches the lowest value not less than the threshold of 0.95. 

 

The GHG emissions by sources and possible decreases in carbon pools not marked in the step 
V are considered insignificant if their sum is lower than 5% of net anthropogenic removals by 
sinks.  Otherwise, the procedure described in the step V shall be continued beyond the 
threshold of 0.95 until the above condition is met. 
 
Application of this process yielded the following results (much simplified because of the small 
number of the sources of emission and removals) as shown in tables 1and 2: 

 
Table 1: Summary of emissions and removals 

Gross emissions (tCO2)                293,231,645 

Gross removals (tCO2) 85,964,612 

Net emissions / removals (tCO2) 207,267,033 

 
The sources of emissions considered are deforestation and forest degradation. The sources of 
removals are enhancement through CFUGs, CFM and AR with the support of the Department of 
Forests. 
 
Table 2: Relative contribution of emissions and removals (tCO2) 

Source 
Emission (tCO2) - 
sum from 2000 to 
2010 

Proportion of gross 
emissions / 
removals 

Proportion of 
net emissions 

Deforestation 22,852,865 8% 11% 

Degradation (total) 270,378,779 92% 130% 

 Sub total 100%  

    

Enhancement (CFUGs/CFM) 77,588,571 90% -37% 

Afforestation / reforestation 8,376,041 10% -4% 

 Sub total 100%  

 
Based on these guidelines as well as stakeholder consultations only Above Ground (Tree) 
Biomass and Below Ground Biomass carbon pools are included in the RL. The excluded 
pools are: 

 DOM because in line with the IPCC Guidelines we assume as a default that changes in 
carbon stocks in these pools are not significant and can therefore be assumed zero; 

 Soil Organic Carbon (SOC) because no credible data is available for SOC whilst the cost 
of data collection is likely to exceed the benefit of including SOC. 

 HWP because they are not considered under REDD+. 
 

 Gases included 2.5
 

Only the major GHG, i.e. CO2 was considered in the construction of the RL.  
 
Flooded lands may emit CO2, CH4 and N2O in significant quantities, depending on a variety of 
characteristic such as age, land-use prior to flooding, climate, and management practices 
(IPCC, 2006).  Emissions of CO2, N2O and CH4 are known to occur in mangrove areas as well 
as seasonally or permanently flooded areas. Nepal has no coastline hence no mangroves are 
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present; thus there are no CO2, CH4 or N2O emissions associated with organic and mineral soils 
for the management activities of extraction (including  construction of aquaculture and salt 
production ponds), drainage and rewetting and vegetation as provided in the 2013 Wetlands 
Supplement to the 2006 IPCC Guidelines. 
 
Experience under the Kyoto Protocol’s CDM also suggests that emissions from burning fossil 
fuels, from using fertilizer and planting leguminous plants and trees will not be significant (FCPF 
Decision Support Tool Part 1). 
 
A major chunk of methane emissions in Nepal comes from enteric fermentation, solid waste 
disposal and waste water treatment as well as from the rice fields as reported by the Initial 
National Communication (2004). 
 
According to the IPCC Guidelines (2006), nitrous oxide (N2O) emissions from Flooded Lands 
are typically very low, unless there is a significant input of organic or inorganic nitrogen from the 
watershed. The guidelines point out that it is likely that such inputs would result from 
anthropogenic activities such as land-use change, wastewater treatment or fertilizer application 
in the watershed. In order to avoid double-counting N2O emissions already captured in the 
greenhouse gas budget of these anthropogenic sources, these emissions were therefore left out 
in constructing Nepal’s REDD+ RL. 
 
The excluded GHGs therefore are: 
 

 CH4  and N2O because: 
  

 There are no mangroves in Nepal 

 There are no seasonally or permanently flooded forest areas in Nepal 

 Fires are not a significant cause of deforestation or forest degradation. 
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 NEPAL’S FOREST REFERENCE LEVEL 3
 

 Analysis of land cover and forest cover change 3.1
 

Creation of Activity Data (AD) is a key element of the overall procedure of determining forest 
Reference Level (RLs). The AD was estimated at the national scale following the decision to 
develop a national level RL.  The other decision relates to the use of historical approach in 
establishing the reference levels, entailing the use of historical data, including remotely sensed 
data and land cover/forest cover maps. 
 
For the purpose of creating historical AD the period 2000 – 2010 was selected (although 
originally three reference periods were selected, namely 1990, 2000 and 2010. The period 1990 
– 2000 was therefore used as essential ancillary data to inform and corroborate data from the 
period 2000 – 2010 and to assist with improved land use classification).  
 
In preparation of thematic land cover maps to be used in creating AD, the first step entailed 
cataloguing and examining the existing maps and/data. Actual assembling involved different 
approaches, depending on availability of supporting data.  For the 1990 and 2010 time points, 
respective International Centre for Integrated Mountain Development (ICIMOD) land cover 
products were used as the key inputs as a time saving measure, subjecting them to minimal 
‘data cleaning’ procedures, while for the 2000 reference period, raw Landsat-based imagery 
data was processed as a step towards generating land cover maps. Finally, post-classification 
‘data cleaning’ operations were implemented following a similar process, employing the use of a 
key ancillary data, ‘Land Resource Mapping Project dataset, 1979’ to aid the ‘cleaning’ as well 
as stratification operations. 

Based on the assessment of these datasets, the following key conclusions were drawn: 
 

 The  land use/land cover map based on the Land Resource Mapping Project (LRMP), 
being an authentic product of the government and a comprehensive database, could be 
used to create updated products for subsequent target years/reference periods; 

 The 1996 Topographical map, equally being an authentic government product, could 
also be used to cross-check quality of other generated products; 

 The  Forest Cover Change Analysis of the Terai Districts based on analysis of Landsat 
images of 1990/91 and 2000/01 was used to complement similar Landsat-based 
products that were generated to cover the rest of Nepal territory; 

 The FRA dataset (2010) covering Terai/Siwalik, would be used to cross-check the 
accuracy of Landsat-based products that would be generated for the same nominal year 
covering the whole of Nepal territory; 

 
The Landsat-based land cover maps generated by ICIMOD for 1990 and 2010 nominal year are 
the only datasets available covering the whole territory of Nepal and falling within the reference 
period considered.  

 

3.1.1 Cleaning the Land Cover maps generated by ICIMOD for 1990 and 2010 time 

points 

 
The land cover maps of 1990 and 2010 time point initially produced by ICIMOD had the 
following legend shown in Table 3. 
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Table 3: Legend for 1990 and 2010 land cover maps produced by ICIMOD 

Legend 

Needle-leaved closed forest 

Needle-leaved open forest 

Broad-leaved closed forest 

Broadleaved open forest 

Lake 

Snow/glacier 

Shrubland 

Grassland 

Agriculture 

Bare area 

Built-up area 

River 

Unclassified 

 
Some datasets were available for comparison with the 2010 reference point at least for Terai; 
thus preliminary analysis was only performed on the 2010 dataset obtained from ICIMOD (see 
Table 4 below), which pointed to the need for minimum correction before being used for deriving 
activity data. For example, the estimate of forest extent over Terai was underestimated by the 
original ICIMOD 2010 land cover map in comparison to FRA reference dataset. 
 
Table 4: Comparison of original 2010 land cover map generated by ICIMOD against the FRA dataset over 
Terai 

 
FRA Reference dataset over Terai 

Corresponding ICIMOD 2010 Mask 
Dataset 

Forest 411,580 385,779 

Shrub 9,502 24,396 

Non-forest 1,595,916 1,603,713 

 
For the two datasets produced by ICIMOD (i.e. for 1990 and 2010reference periods), 
improvement was rendered by use of the LRMP (1979) dataset. As noted, the LRMP dataset 
was generated using aerial photos and field survey and subsequently authenticated by 
government. The improvement process was accomplished using GIS techniques including 
combine, join and overlay operations implemented in ArcGIS 10.2 and entailed the following 
steps: 
 

• The forest mask had to be cleaned of erroneously misclassified non-forest materials, 
which had a similar spectral signature as forest materials, accomplished by flagging out 
those ‘stable’ non-forest areas. These ‘stable’ materials were identified based on the 
1979 dataset and co-located to the target forest mask, thus aiding erasure of such 
materials from the target forest mask.  The result was “refined” forest mask map, for 
2010 reference period.  
 

• Stratifying the forest mask into forest types as well the non-forest mask into various land 
cover categories. Since ICIMOD products had provided stratification for forest cover, 
these categories were adopted and renamed to hardwoods, coniferous and mixed 
forests classes and superimposed onto the respective forest mask. The results were 
forest mask stratified by forest types, for each reference period. 
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• Similarly, the non-forest masks (1990 and 2010 reference periods, their delineation into 
specific land cover categories also employed the delineation captured by original 
ICIMOD products. The overall non-forest mask was thus split into the various likely 
classes captured by the original ICIMOD datasets.  
 

• Finally, mosaicking the stratified forest and non-forest mask generated detailed 
classified maps for 1990 and 2010 reference periods. 
 

3.1.2 Implementation steps for generating benchmark thematic land cover/land use map 

for 2000 time point 

 

Generating the 2000 land cover map followed a purely remote sensing approach, with minimum 
to no ground-based data. The tools used included ENVI, ERDAS Imagine, ArcGIS 10.2 and 
Microsoft Excel.  
 

3.1.2.1 Assembling Landsat images for 200 time point 

 
Assembling satellite images for the purpose of generating benchmark thematic land cover maps 
based on existing base maps entails consideration of the weather seasons in Nepal but also the 
quality of the available images (see Table 5 below). Since the objective is to delineate land 
cover categories especially forest materials, Landsat data acquired during the season most 
likely to have on-leaf woody vegetation and ideally drying or senescing herbaceous vegetation. 
Images acquired during the last two quarters of the year (possibly up to early February) are the 
most eligible, as the woody vegetation are still leafed while herbaceous plants are drying out.  
 
Table 5: Generalized seasonality regime in Nepal 

Months J F M A M J J A S O N D 

Weather Seasons Mild 
Wet  
Short 
Winter 
Rain 

  Dry  Very Wet 
 
Intense 
monsoon rain 
 

  Mild Dry  

 
With respect to USGS WRS 2, 14 Landsat scenes straddle across Nepal territory.  Most of 
these images were already available with Nepal REDD Cell and were shared with the RL Team 
while a few were downloaded from Landsat.org website which provides ortho-rectified including 
those from circa 2000(see Table 6). 
 
Table 6: Landsat scenes applied in generating land cover map for year 2000 

Path/row  2000 Nominal Year/Date of acquisition 

139/041  2001/Dec/26  

139/042  2001/Oct/26  

140/041  2000/Oct/30  

140/042  1999/Oct/28  

141/040  2000/Nov/22  

141/041  2001/Dec/27  

141/042  2001/Oct/24  

142/040  1999/Dec/13  

142/041  1999/Dec/13  

143/039  2000/Oct/03  

143/040  2001/Dec/25  
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Path/row  2000 Nominal Year/Date of acquisition 

143/041  1999/Oct/17  

144/039  2001/Oct/13  

144/040  1999/Nov/09  

 

3.1.2.2 General approach for generating landcover map for 2000 time point 

 
The general methodology followed several steps. 
 

 Data preparation and pre-processing of satellite images, 

 Application of classification technique/method that would adequately distinguish forest 
areas from non-forest areas 

 Post-classification operations and production of a final land-cover map and undertaking 
an accuracy assessment. 
 

3.1.2.3 Satellite image pre- processing 
 
Pre-processing of the Landsat images (Table 5) was implemented for purpose of: 
 

– Cloud removal whenever necessary, 
– Dark object subtraction  to minimize atmospheric effects 

 
Relative atmospheric correction using dark object subtract method was implemented in ENVI, 
which required masking off the “NoData” bracket round the image and subsequent 
determination of the minimum pixel value per band.  
 

3.1.2.3.1 Application of classification techniques /methods 
 

Processing of products followed suit, being implemented on a scene-by-scene basis and based 
on standard procedure. Decision tree classifier (DTC) technique was employed as a first level 
method. DTC is based on decision-rules approach of flagging out materials of interest based on 
the application of threshold values to the input variable(s). A combination of variables was 
explored including key reflectance bands, vegetation index (e.g. MSAVI), fractional images 
generated by matched-filtering technique (ENVI). On a scene-by-scene basis, the combination 
that yielded the best result was adopted. The products from respective scenes were mosaicked. 
The DTC procedure yielded country-wide first level preliminary maps of forest/ non-forest map 
for the 2000 reference point. 
 
The following sub-sections describe the production of some of the above key inputs employed 
by the DTC and the actual implementation of the DTC. 
 

 
 
The use of vegetation indices to characterize temporal and spatial vegetation patterns have 
been demonstrated by many researchers (Qi et al. 1994; Matricardi et al. 2010). Vegetation 
indices improve vegetation sensitivity by accounting for atmosphere and soil effects. According 
to Qi et al. (1994), soil adjusted vegetation index (SAVI) was developed to minimize soil 
influences on canopy spectra by incorporating a soil adjustment factor L into the denominator of 
the normalized difference vegetation index (NDVI) equation.  A modified SAVI is an 

Creation of Vegetation Index Product  
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improvement over SAVI where the constant L in SAVI equation is replaced with a factor L that 
varies inversely with the amount of vegetation present. MSAVI effectively increases the dynamic 
range of the vegetation signal while further minimizing the soil background influences, resulting 
in greater sensitivity.  
 
In view of the above, modified soil adjusted vegetation index (MSAVI) was employed in this 
assignment, calculated as:  

      
(         )

(           )
 (   ) 

 
Where ρ is reflectance in NIR or red band and L is a soil adjustment factor. MSAVI products 
generated were used to generate fractional vegetation cover, the procedure elaborated in 
Annex 1. 
 

 
 
Matched filtering technique is based on the principle of spectral un-mixing of pixel-based 
values into sub-pixel values corresponding to constituent endmembers. The basic assumption is 
that a pixel value is assigned on the basis of the weighted summation of the reflectances of the 
different materials (endmembers) in the pixel, based on their proportional abundance. Using 
linear spectral un-mixing algorithm, the pixel value can be disaggregated to their proportional 
endmember as long as the spectral profile of selected endmembers are provided. ENVI has an 
inbuilt module to implement this algorithm, allowing the endmember spectra to be defined from 
the image as regions of interest (ROIs). The result of matched filtering appears as a series of 
gray scale images (fractional images), one for each selected endmember. Floating-point results 
provide a means of estimating the relative degree of match to the reference spectrum and 
approximate sub-pixel abundance, where 1.0 is a perfect match. Subsequent 
classification/delineation of the extent of the target endmember employs these fractional images 
using decision-tree classifier in ENVI which operates on the logical application of threshold 
values. Utilizing expert knowledge, the analyst chooses the most appropriate range of values for 
a particular fractional image which would allow the best delineation of the target material. By 
using a series of such fractional images and logical rules organized as a decision-tree, a 
preliminary map delineating the extent of the target material(s) (e.g. forest) would be generated. 
 
Collection of endmember spectra entailed exploring the image to determine the different land 
cover categories/materials. It required that, prior to this process, the image be enhanced 
through appropriate band-compositing as well as stretching to enhance contrast of such 
endmembers materials. Since the main material of interest was forest, every effort was made to 
collect endmember spectra from the varied tones or appearance of forest material. The regions 
of interest (ROI) tool were used to delineate specific pure pixels representative of a particular 
endmember. For every scene, a ‘matched filtering’ algorithm was then run over the Landsat 
image, employing the respective endmember spectra, eventually yielding sets of fractional 
images for the selected endmembers. 
 

 
 
Implementation of this method followed a scene-by-scene approach to generate a preliminary 
land cover map delineating forest and non-forest surfaces.  Scene-based outputs would then be 
mosaicked and clipped to the extent of Nepal’s sovereign territory.  
 

Fractional images generated by matched filter technique 
 

Implementation of the decision-tree classifier to generate land cover map 
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Where a matched filtering technique was applied to generate fractional images as an input into 
the decision-tree classifier, the collection of endmember spectra entailed exploring the image to 
determine the different land cover categories/materials. It required that, prior to this process, the 
image be enhanced through appropriate band-compositing as well as stretching to enhance the 
contrast of such endmembers materials. Since the main material of interest was forest, every 
effort was made to collect endmember spectra from the varied tones or appearance of forest 
material. The regions of interest (ROI) tool were used to delineate specific pure pixels 
representative of a particular endmember. For every scene, a matched filtering algorithm was 
then run over the Landsat image, employing the respective endmember spectra, eventually 
yielding sets of fractional images for the selected endmembers.  
 
Classification based on decision-tree classifier was then implemented, involving building a new 
decision-tree for each scene, using as inputs a combination of selected reflectance bands, 
modified soil-adjusted vegetation index (MSAVI) or fractional images generated by matched 
filtering technique. Implementation of the decision-tree classifier entailed the application of 
respective thresholds, carefully determined by visually examining the enhanced color-composite 
image. The output of this classification process was a preliminary land cover map delineating 
forest and non-forest surfaces. 
 

3.1.2.4 Applying key thresholds based on the definition of forest 

 

The forest mask output from DTC was subjected to further processing operations meant to 
qualify forest areas. Two criteria were implemented, namely the >10% or higher canopy cover 
and the ‘contiguous-area’ threshold, where neighboring or adjacent pixels must sum-up to 0.5 
ha or more to qualify as forest, otherwise they are rendered as non-forest category.  
 
Implementation of the first criterion employed the Landsat-based fractional vegetation map that 
was generated following the procedure outlined in annex 1. Since the fractional vegetation map 
is the index map providing the abundance of vegetation materials as a percentage, then it was 
easy to assign pixels (within the initial forest mask) that met the criterion of forest or non-forest. 
The ‘contiguous-area’ criterion was met by further clumping the ‘qualified’ pixels that were 
adjacent or neighboring, and then subjecting these clumps to a sieve, such that groups 
composed of less than a certain number of pixels (usually amounting to 0.5 ha) were sieved out.  
The final result was a preliminary forest mask product meeting the forest definition criteria. 
 

3.1.2.5 Refining the preliminary product and stratification 

 

The first level product generated above had to be cleaned. In particular, the forest mask had to 
be cleaned of erroneously misclassified non-forest materials, likely to have had similar spectral 
signature as forest materials. Based on the 1979 dataset, pixels having “stable” non-forest 
materials and co-located to the target forest mask were identified, thus aiding erasure of such 
materials from the target forest mask. Such materials included lakes, rocks, boulders and sand. 
The result was a “refined” forest mask map, for 2000 reference period.  This approach was 
similar to the one employed while cleaning the original datasets sourced from ICIMOD for the 
1990 and 2010 reference points. 
 
For stratification of the refined forest mask, the 1979 dataset was employed. This dataset had 
stratified forest into three categories; hardwood, coniferous, and mixed forests. The delineations 
captured by 1979 dataset was superimposed onto the respective forest mask and combine and 
join operations were applied. The results were forest mask stratified by forest types, for 2000 
reference period.  In the same manner, for the non-forest mask generated through DTC, 
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respective delineation into specific land cover categories also employed the 1979 LRMP dataset 
and the overall non-forest mask was thus split into the various likely classes captured by the 
1979 LRMP dataset. Finally, mosaicking the stratified forest and non-forest mask generated 
detailed classified map for 2000 reference period. 
 

3.1.3 Generating the final benchmark thematic land cover/land use maps with IPCC land 
classification scheme for target time points (1990, 2000, and 2010) 

 

Reclassification of land cover types was implemented in order to have legend that is consistent 
with the classification scheme adopted by IPCC used the description provided in IPCC Good 
Practice Guidelines (2006) as described in sub-section below.  
 

3.1.3.1 IPCC classification scheme 

 

According to the IPCC Guidelines, the top-level land categories for greenhouse gas (GHG) 
inventory reporting are: 
 

(i) Forest land 
This category includes all land with woody vegetation consistent with thresholds used to define 
forest land in the national GHG inventory, sub-divided into managed and unmanaged, and also 
by ecosystem type as specified in the IPCC Guidelines 3. It also includes systems with 
vegetation that currently fall below, but are expected to exceed, the threshold of the forest land 
category. 
 

(ii) Cropland 
This category includes arable and tillage land, and agro-forestry systems where vegetation falls 
below the thresholds used for the forest land category, consistent with the selection of national 
definitions. 
 

(iii) Grassland 
This category includes rangelands and pasture land that is not considered as cropland. It also 
includes systems with vegetation that fall below the threshold used in the forest land category 
and are not expected to exceed, without human intervention, the threshold used in the forest 
land category. The category also includes all grassland from wild lands to recreational areas as 
well as agricultural and silvo-pastoral systems, subdivided into managed and unmanaged 
consistent with national definitions. 
 

(iv) Wetlands 
This category includes land that is covered or saturated by water for all or part of the year (e.g., 
peatland) and that does not fall into the forest land, cropland, and grassland or settlements 
categories. The category can be subdivided into managed and unmanaged according to 
national definitions. It includes reservoirs as a managed sub-division and natural rivers and 
lakes as unmanaged sub-divisions. 
 

(v) Settlements 
This category includes all developed land, including transportation infrastructure and human 
settlements of any size, unless they are already included under other categories. This should be 
consistent with the selection of national definitions. 
 

(vi) Other land 
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This category includes bare soil, rock, ice, and all unmanaged land areas that do not fall into 
any of the other five categories. It allows the total of identified land areas to match the national 
area, where data are available. 
 
Following the reclassification, separate land use/land cover maps consistent with IPCC 
classification scheme (for each target reference time point -1990, 2000 and 2010) were 
generated.  These maps are presented in Annex 2. Separate PDF files and geo-referenced 
TIFF files are also available. 
 

3.1.3.2 Stratifying canopy density for the purpose of determining forest degradation and 

carbon density 

 
Wang et al (2005) had successfully assessed fractional vegetation cover from Landsat 
imageries as one way of measuring forest degradation caused by selective logging in the 
Amazon. This approach was employed to assess lumped forest degradation for Nepal, using 
the fractional vegetation cover map previously generated. In each reference period, the 
respective fractional vegetation cover (clipped to the extent of forest cover only) was used to 
delineate three forest density classes based on thresholds implemented in ArcGIS raster 
calculator. The threshold values used are summarized in Table 7below. As applied by Wang et 
al (ibid), all pixels whose fc values were below 0.4 were relegated to degraded forest mask. For 
each of the reference periods, the respective forest cover map showing the distribution of 
density classes are shown in Annex 3. 
 
Table 7: Canopy density stratification criteria 

fc- value range Description 

10% - 39%  Open canopy 

40% - 69% Moderate canopy 

>70% Closed canopy 

 

Scheme rendered to the land cover maps is summarized in Table 8below. It is notable that land 
cover instead of land use is the actual designation of classification categories. 
 
Table 8: Final classification scheme for land cover maps 

Forest, closed canopy 

Forest, moderate canopy 

Forest, open canopy 

Crop cover 

Grass cover 

Settlement 

Wetland 

Other lands 

 Area changes for 2000 to 2010 (activtiy data) 3.2

 

Table 9 below summarizes the area changes (i.e. activity data) form the wall-to-wall analysis 

between 2000 and 2010 which is the historical reference period for which the RL has been 

reported.  

Table 9: Table 9: Summary of activity data 2000 - 2010 

 WALL-TO-WALL 
CHANGE MATRIX 
2000 to 2010 

Forest land Crop land Settlements Grassland Wetlands Other lands 
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Forest land 4,491,093 608,837 1,459 209,685 938 26,697 

Crop land 906,246 2,872,378 16,782 170,032 0 73,070 

Settlement 775 23,072 23,479 383 0 1,032 

Grassland 348,807 251,554 1,180 1,842,372 0 75,083 

Wetlands 16 1,176 21 66 70,938 124 

Other lands 39,515 100,263 356 56,052 4,188 2,526,066 

 
Between 2000 and 2010, again there was large national-scale land cover transitions that 
occurred with respect to forest conversion to crop cover (608,837 ha) as well as conversion to 
grass cover (209,685 ha) and to other lands (26,697 ha). Conversely, there was also substantial 
gain in forest cover related to conversion from crop cover (906, 246 ha), from grass cover 
(348,807 ha) and from other lands (39,515 ha). 

 Estimating Forest Carbon stocks 3.3

The estimation of forest carbon stocks for each selected pool in each Land Use Category was 
implemented using a combination of Tier 1, 2 and 3 data sources as described in section 1.2.  

The results are as shown in Table 10 below: 
 
Table 10: Estimates of forest carbon stocks by physiographic region (above ground and below-ground 
biomass) 

Terai Forest carbon Value Source of data 

  

Above ground 
biomass 
(average tC / ha) 90 

FRA data for Terai (Camco analysis) to quantify carbon pool in 
above ground tree biomass. 

Root to shoot 
ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring 
carbon stocks in community-managed forests by  Asia Network 
for Sustainable Agriculture and Bioresources (ANSAB), 
Federation of Community Forest Users, Nepal (FECOFUN), 
International Centre for Integrated Mountain Development 
(ICIMOD), ISBN: 978-9937-2-2612-7 
First edition: July 2010 
Norwegian Agency for Development Cooperation (NORAD) 

C02/C Ratio: 3.666666667   

tCO2/ha 397.3623519   

    
Siwalik Forest carbon Value Source of data 

  

Above ground 
biomass (t dry 
matter per ha) 180 

2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.7 

Root to shoot 
ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring 
carbon stocks in community-managed forests by  Asia Network 
for Sustainable Agriculture and Bioresources (ANSAB), 
Federation of Community Forest Users, Nepal (FECOFUN), 
International Centre for Integrated Mountain Development 
(ICIMOD), ISBN: 978-9937-2-2612-7 
First edition: July 2010 
Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 
2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 372.24   
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Hills Forest carbon Value Source of data 

  

Above ground 
biomass (t dry 
matter per ha) 180 

2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.7 

Root to shoot 
ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring 
carbon stocks in community-managed forests by  Asia Network 
for Sustainable Agriculture and Bioresources (ANSAB), 
Federation of Community Forest Users, Nepal (FECOFUN), 
International Centre for Integrated Mountain Development 
(ICIMOD), ISBN: 978-9937-2-2612-7 
First edition: July 2010 
Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 
2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 372.24   

    Mid 
Mountain Forest carbon Value Source of data 

  

Above ground 
biomass (t dry 
matter per ha) 135 

2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.7. Tropical mountain system, Asia 
continental mid-point between range of 50 - 270 

Root to shoot 
ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring 
carbon stocks in community-managed forests by  Asia Network 
for Sustainable Agriculture and Bioresources (ANSAB), 
Federation of Community Forest Users, Nepal (FECOFUN), 
International Centre for Integrated Mountain Development 
(ICIMOD), ISBN: 978-9937-2-2612-7 
First edition: July 2010 
Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 
2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 279.18   
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    High 
Mountain Forest carbon Value Source of data 

  

Above ground 
biomass (t dry 
matter per ha) 130 

2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.7. Temperate mountain system, Asia 
continental value 130 

Root to shoot 
ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring 
carbon stocks in community-managed forests by  Asia Network 
for Sustainable Agriculture and Bioresources (ANSAB), 
Federation of Community Forest Users, Nepal (FECOFUN), 
International Centre for Integrated Mountain Development 
(ICIMOD), ISBN: 978-9937-2-2612-7 
First edition: July 2010 
Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 
2006 IPCC Guidelines for National Greenhouse Gas 
Inventories. Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 268.84   

 

The carbon density values used to measure carbon stocks in degraded forest areas of each of 
the physiographic regions are presented in Table 11. 
 
Table 11: Forest carbon density values for estimating degradation 

Region Canopy cover class Fraction applied tCO2/ha 

Terai More than 70% 1 397.4 

  40% to 70% 55% 218.5 

  10% to 40% 30% 119.2 

Siwalik More than 70% 1 372.2 

  40% to 70% 55% 204.7 

  10% to 40% 30% 111.7 

Hills More than 70% 1 372.2 

  40% to 70% 55% 204.7 

  10% to 40% 30% 111.7 

Mid Mountain More than 70% 1 279.2 

  40% to 70% 55% 153.5 

  10% to 40% 30% 83.8 

High Mountain More than 70% 1 268.8 

  40% to 70% 55% 147.9 

  10% to 40% 30% 80.7 

 Emission and Removal Factors 3.4

Emission/Removal Factors are calculated for each detectable transition between the different 
LU categories. The Emission/Removal Factor for a LU transition from A to B is the difference in 
the carbon stocks between the two LU categories (i.e. B-A).  

With respect to forest enhancement (including AR activities) carbon removals were estimated 
using the Biomass Gain-Loss Method whereby: 

1. The annual increase in biomass carbon stock is estimated following Volume 4 of the 
IPCC Guidelines for GHG Assessment using Equation 2.9, where area under each 
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forest sub-category is multiplied by mean annual increment in tonnes of dry matter per 
hectare per year. 

 

 

 

 

 

 

 

 

 

2. Since the biomass growth is given in terms of merchantable volume or above-ground 
biomass, the belowground biomass is estimated with a below-ground biomass to above-
ground biomass ratio (Equation 2.10). Alternatively, merchantable volume (m3) can be 
converted directly to total biomass using biomass conversion and expansion factors 
(BCEF), (Equation 2.10).   

 

 

 

 

 

 

 

 

 

 

 

GTOTAL is the total biomass growth expanded from the above-ground biomass growth 
(GW) to include belowground biomass growth. 

  

𝐶𝑛𝑒𝑡_𝑒𝑚  𝐶𝑔𝑟_𝑒𝑚−𝐶𝑟𝑒𝑚_𝑒𝑛ℎ  

𝐶𝑟𝑒𝑚_𝑒𝑛ℎ   (𝐴𝑒𝑛ℎ(𝑖).

𝑚

𝑖  

𝐶𝑟𝑒𝑚_𝑒𝑛ℎ(𝑖))⬚  

And     

Where: 
Cnet_em  = Net Carbon Emissions 
Crem_enh  = Emissions removals from forest Enhancement  
Aenh(i) = Forest Area under Enhancement (ha) for    forest type (i) 
Crem_enh(i) = Emissions removals from Enhancement in forest type (i)  

∆𝐶𝐺    (𝐴𝑖,𝑗
𝑖,𝑗

∙ 𝐺𝑇𝑂𝑇𝐴𝐿𝑖,𝑗 ∙ 𝐶𝐹𝑖,𝑗) 

Equation 2.9 
ANNUAL INCREASE IN BIOMASS CARBON STOCKS DUE TO BIOMASS INCREMENT IN 

LAND REMAINING IN THE SAME LAND USE CATEGORY 

Where:  
∆CG  = annual increase in biomass carbon stocks due to biomass growth in land remaining 

in the same land-use category by vegetation type and climatic zone, tonnes C yr
-1 

A  = area of land remaining in the same land-use category, ha
-1

 yr
-1 

GTOTAL = mean annual biomass growth, tonnes d. m. ha 
i  = ecological zone (i = 1 to n) 
j = climate domain (j = 1 to m) 
CF = carbon fraction of dry matter, tonne C (tonne d.m.)

-1
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The removal factors used to quantify increases in forest carbon due to enhancement are 

detailed in Table 12. 

Table 12: Removal factors used to quantify increases in forest carbon due to enhancement 

Terai and Siwalik Mid Hills and Middle Mountain High Mountain 

Main Species: 

Sal dominated 
by shorea 
robusta Main Species: 

Mixed (includes all 
broadleaved forest, 
conifer and mixed) Main Species: 

Mixed (includes all 
broadleaved forest, 
conifer and mixed) 

Average Dry 
Wood Density 
(tons/m

3
): 0.5 

Average Dry 
Wood Density 
(tons/m

3
): 0.5 

Average Dry 
Wood Density 
(tons/m

3
): 0.5 

Root-to-shoot 
ratio: 1.2 

Root-to-shoot 
ratio: 1.2 

Root-to-shoot 
ratio: 1.2 

Crown-to-stem 
ratio: 1.2 

Crown-to-stem 
ratio: 1.27 

Crown-to-stem 
ratio: 1.24 

Carbon 
Fraction: 0.47 

Carbon 
Fraction: 0.47 

Carbon 
Fraction: 0.47 

C02/C Ratio: 3.666666667 C02/C Ratio: 3.666666667 C02/C Ratio: 3.666666667 

MAI (m
3
/ha/yr): 1.35 MAI (m

3
/ha/yr): 2 MAI (m

3
/ha/yr): 1.47 

Annual 
increment 
(tCO2/ha/yr

-1
) 1.67508 

Annual 
increment 
(tCO2/ha/yr

-1
) 2.62636 

Annual 
increment 
(tCO2/ha/yr

-1
) 1.8847752 

 Nepal’s REDD+ Forest Reference Level 3.5

Because of the data challenges, a scenario approach has been adopted in construction of 
Nepal’s RL. The scenario presented in this section is considered to be the most plausible under 
the present circumstances, i.e. the availability and nature of the data used (see table 13 below). 
Alternative scenarios are presented and explained in Annexes 6 -10. 
 
In this scenario we have used net AD values rather than gross values for deforestation and AR. 
Carbon stock changes are measured using emission factors for deforestation and degradation 
whilst all removals (reforestation and enhancement) are measured using annual incremental 
data. The reference period only covers the period 2000 - 2010. No projections have been made. 
The data from this period has been used to calculate average emissions during the 2000 – 2010 

Equation 2.10 
Tier 1 

𝐺𝑇𝑂𝑇𝐴𝐿  ∑ 𝐺𝑊∙( +𝑅)   Biomass increment data (dry matter) are used directly 

Tiers 2 and 3 

𝐺𝑇𝑂𝑇𝐴𝐿  ∑ 𝐼𝑉 ∙𝐵𝐶𝐸𝐹1 ∙( +𝑅)  Net annual increment data are used to estimate GW by applying a 

biomass conversion and expansion factor 
Where: 
GTOTAL  = average annual biomass growth above and below-ground, tonnes d. m. ha

-1
 yr

-1 

GW = average annual above-ground biomass growth for a specific woody vegetation type, 
tonnes d. m. ha

-1
yr

-1
 

R  = ratio of below-ground biomass to above-ground biomass for a specific vegetation type, 
in tonne d.m. below-ground biomass (tonne d.m. above-ground biomass)

-1
 

IV  = average net annual increment for specific vegetation type, m
3
 ha

-1
 yr

-1
 

BCEF1 = biomass conversion and expansion factor for conversion of net annual 
increment in volume (including bark) to above-ground biomass growth for specific 
vegetation type, tonnes above-ground biomass growth (m

3
 net annual increment)

-1
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period. AD for removals (enhancement including AR) are based on area data gathered from the 
historic period 1990 – 2000 in addition to the period 2000 – 2010 i.e. in this scenario we include 
forest carbon stock enhancement (increments) on land areas identified as undergoing 
enhancement during the preceding period (1990 –2000) as well as the 2000 – 2010 period.  
 
Table 13: Estimation of average emissions during the 2000 – 2010 period 

  

 Gross 
defor 
emission  

 Gross 
degradation 
emission  

 Gross 
emissions  

 Gross 
non-forest 
to forest  

 Gross 
enhancem
ent  

 Gross 
removals  

 Net 
emissions  Average 

Terai 
         

12,188,709 
          

5,522,341  
      

17,711,050  
                 

166,911  
    

7,392,258  
                  

7,559,169  
            

10,151,880  
        

922,898  

 
Siwalik  

           
1,274,870  

        
37,995,890  

      
39,270,760  

                 
161,936  

  
19,804,644  

                
19,966,580  

            
19,304,180  

     
1,754,925  

 Hills  
                        

-    

      
153,772,34

4  

    
153,772,34

4  
              

5,773,567  
  

30,719,030  
                

36,492,597  
          

117,279,747  
   

10,661,795  

Mid 
Mount

ain 
                        

-    
        

63,289,531  
      

63,289,531  
              

2,273,627  
  

17,930,672  
                

20,204,299  
            

43,085,232  
     

3,916,839  

 High 
Mount

ain  
           

9,389,287  
          

9,798,674  
      

19,187,960  
                          

-    
    

1,741,966  
                  

1,741,966  
            

17,445,994  
     

1,585,999  

 Total  
         

22,852,865  

      
270,378,77

9  

    
293,231,64

5  
              

8,376,041  
  

77,588,571  
                

85,964,612  
          

207,267,033  
   

18,842,458  

 Adjustment for national circumstances 3.6

Paragraph 9 of Decision 12/CP.17 invites Parties to submit information and rationale on the 
development of their forest reference emission levels and/or forest reference levels, including 
details of national circumstances and if adjusted include details on how the national 
circumstances were considered, in accordance with the guidelines contained in the annex to 
this decision and any future decision by the Conference of the Parties. 
 
Consideration of the need for adjustment was done on the premise that the most likely approach 
for the projection of Nepal’s RL is that future emissions are either the same as those recorded 
historically or expected to increase or decrease on the same trajectory. A historic average 
approach needs to be applied if no statistically significant relationship can be established 
between historic emissions (i.e. those estimated from 1990, 2000 and 2010). A continuation of 
an existing trajectory on the other hand could be applied where a significant relationship exists 
with time. An acceptable fit would be a p value of ≤0.05 combined with an r2 value of ≥0.70. 
 
In order to apply a suitable adjustment for national circumstances it was necessary to assess 
whether a statistically significant relationship between emissions and specified indirect factors 
related to national circumstances such as policies, human population, Gross Domestic Product 
(GDP), or some other development indicator.  
 
The conclusion reached was that there is no sufficient data to enable this kind of analysis in 
order to arrive at a suitable adjustment.  
 

• There are no migration policies which may either increase or decrease pressure on 
forest resources. There have been no resettlement plans since before 1990 (prior to 
reference period). The occurrence of any migration since then has occurred in an 
informal way. 
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• There are no plans for the development of a specific economic sector such as biofuels, 
tea, rubber etc. which may increase deforestation. The Forest Regulation of 1995 states 
that it is prohibited to clear any forest for agricultural purposes. 

• There are no plans for development of a particular region with, for example road 
building, electrification which would be likely to deviate rates of deforestation from those 
during the reference period. 

 
Following the above conclusion, the  conclusion was reached that there is no compelling policy 
or socio-economic factors to indicate deviation of future emissions from the historical trend; 
however, as part of the iterative process for the development of RL Nepal may wish to 
undertake a more detailed study of the key socio-economic factors to improve future 
projections. For this reason, the projection of future emissions is based on an assumed 
continuation of the historical average as calculated from the period 2000 - 2010. A detailed 
description of the review process is presented in Working Paper 4 (Adjustment for National 
Circumstances).  
 
Furthermore, Working Paper 3 (Forest Risk Assessment) shows that if we assume a timeframe 
of 10 years in the high risk forest areas, then 1% of the remaining forest would be impacted by 
deforestation and forest degradation each year during this ten year period, which is line with 
current trends and would create GHG emission similar to the average from the reference period. 
These findings broadly corroborate with the data on the historical trends of deforestation and 
forest degradation indicating that no adjustment is required.  
 

 Overall Uncertainity Analysis 3.7
 

The calculation of the overall uncertainty is demonstrated in the workbook: “Nepal RL - 
Workbook 11 - Uncertainty Analysis.xlsx” 
 
The uncertainties in this assignment were computed using the IPCC Approach 1 Model where 
simple combinations of uncertainties by category are combined to estimate overall uncertainty 
for one year and the uncertainty in the trend. 
 
The model requires as input the base year net emissions, a given years net emissions, activity 
data uncertainty and emission factor parameter uncertainty.  
 
The following assumptions and considerations were made when calculating the uncertainties: 
 

 Emission factor and activity data uncertainties were combined 

 Correlations occur between some of the activity data sets, emission factors, or both 

 The distributions of the uncertainties are Gaussian 

 The relative ranges of uncertainty in the emission and activity factors are the same in the 
base year and in year t. 

 
The combined uncertainties were taken to be the mean square error for scenario 1, 2 and 3 and 
are computed as follows. 
 

        
 .   ̂  √ 

     
     

 
The error is based on the 95 % confidence level. 
 

  
   is estimated using the Mean Square Error 

 



Final RL Report  
 

41 

 

Camco Advisory Services - Kenya 
 

 ̂ 
  

  
 

 
 

 
For scenario 4, 5 and 6 a 95 % confidence in the data was assumed hence the uncertainties in 
each case was taken to be 5% (see description of alternative scenarios in Annexes 6 – 10)  
 
The percentage uncertainty in the average emissions (Scenario 4) presented in Table 13 above 
is 1.51%. 
 
Detailed description of the uncertainty analysis is presented in Annex 11.  
 

 Forest Risk Assessment 3.8
 
For the purpose of RL development, it is important to analyze forest risk to understand potential 
forest areas that are vulnerable to degradation and even deforestation. The basic principle 
behind forest risk analysis is that not all forests are under threat of being degraded or 
deforested. Indeed, two categories are recognized: mosaic-type forests, defined as highly 
accessible forests with high potential for degradation and/or deforestation; and frontier-type 
forests, defined as inaccessible forests, with low potential for degradation or deforestation, 
except near transport corridors. Thus, in determining forest areas under risk versus those not 
under risk, biophysical and human factors that influence the distribution of biomass or carbon 
stock are considered. These include elevation/slope, roads, rivers, towns/villages/settlement, 
logging concessions, post land-use change, pattern of historical deforestation, etc.  
 
In the case of Nepal, the actual procedure employed in risk assessment is elaborated in a 
separate Working Paper no. 3. As a first step, several documents were reviewed, including 
Baral et al (2012), Mandal et al (2012), MoFSC (2009), Paudel et al (2013), aiding in 
contextualizing the application of target factors. Preparation of factor maps was then 
undertaken.  Factors seen to be determining the risk-level of Nepal’s forest cover are better 
contextualized as surface maps, and this may employ different techniques. Heuristic methods 
assumes that with increasing distance from a determinant feature (e.g. road, settlement, river, 
etc.), forest degradation and/or deforestation decreases. Empirical methods on the other hand, 
uses historical evidence (e.g. deforested areas in the first year) to identify whether or not people 
prefer to deforest.  
 
For each of the determining factors analyzed above, the Heuristic method was employed on raw 
maps mostly sourced from ICIMOD, while Model Builder in ArcGIS 10.2 was used to prepare 
raster surfaces for the respective factors.  

The working paper presents detailed results of the risk assessment, including maps showing the 
actual forested areas that are potentially vulnerable to deforestation or forest degradation risk 
presenting a summary the forest risk level in terms of areal extent (Ha). Generally, moderate 
and high risk areas (totaling 1,431, 282 Ha) can indeed be considered as vulnerable to forest 
degradation and /or deforestation. Of these, 555,828 Ha can be assumed to be in critical or 
perhaps ongoing danger.  
 
The findings of the forest risk analysis highlight that significant forest areas are still at risk; 15% 
of forests are moderately at risk whilst a further 10% are at high risk of deforestation and forest 
degradation. These findings broadly corroborate with the data on the historical trends of 
deforestation and forest degradation i.e. if we assume a timeframe of 10 years in the high risk 
forest areas, then 1% of the remaining forest would be impacted by deforestation and forest 
degradation each year during this ten year period, which is line with current trends and would 
create GHG emission similar to the average from the reference period. 
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 HOW NEPAL’S REFERENCE LEVEL MAY BE UPDATED  4
 

 Improving data collection, processing and handling 4.1
 
Developing REDD+ forest reference level for REDD+ as a pre-requisite for a payment- based 
system is an urgent and a challenging task, given the lack of quality data in many participating 
countries, genuine uncertainties about future rates of deforestation and forest degradation and 
potential incentives for biasing the estimates. To improve confidence in the RLs presented, 
countries will need to improve the quality and processes of data collection. This is the case with 
Nepal at the moment 
 
This is also the basis for a stepwise approach to developing reference levels, which reflects 

different country circumstances and capacities and will facilitate broad participation, early 

startup and the motivation for improvements over time, alongside efforts to enhance 

measurement and monitoring capacities. Hence, as the first iteration of Nepal’s RL, proper 

updates will need to be made as better data becomes available. This section presents 

recommendations on how the country’s RL may be updated. Four key things need to be borne 

in mind while considering updates to the RL: 

i. Establish a protocol (for updating the RL) 
ii. Document control procedures including who can make updates and who takes custody 

of data generated. 
iii. Ensure procedures to avoid (1) erroneous changes and (2) loss of information 
iv. Establish links with partner organizations that will provide data to improve future 

iterations of RL 
 
The lack of field plots and ground truth data in the analysis presented in this report is a 
significant impediment to accurate carbon assessment in Nepal.  In order to achieve acceptable 
levels of accuracy to support carbon transactions with the World Bank and other entities, there 
is need for extensive data collection in addition to satellite data. As mentioned in the introduction 
section, some data collection activities that will serve to improve the accuracy of the RL have 
already been undertaken albeit at small scale. Specifically, in the Terai and a portion of 
Siwaliks, a cooperative effort of Nepal FRA, WWF, and Arbonaut resulted in the collection of 
LiDAR data for 5% of the program area and the collection of field data of 738 plots of 12.6-meter 
radius in 2011 and 46 plots of 30-meter radius in 2013. This process needs to be rolled out 
gradually to collect national level data.    
 
The following are therefore considered to be the most important areas requiring attention for 
more accurate updates: 
 
1. Framework 

 
i. More historical time points to improve the trend analysis. 
ii. Include other pools  such as soil carbon 

 
2. Activity data 

 
i. Higher resolution data 
ii. Ground truthing and verification of mapping products 
iii. Improved techniques to detect changes in forest carbon stocks (degrade and 

enhancement) 
iv. Resolve issue of apparent discrepancy between gross and net deforestation 
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v. Mapping of Community Forests 
 

3. Drivers 
 

i. Co-ordinated data collection (feeding up from community to district to national level) 
ii. More accurate fire data 
iii. Timber data has huge inconsistencies 

 
4. Emission factors 

 
i. Improved forest inventory data (spatially linked, permanent sampling, consistent, 

accessible) 
ii. Obtain incremental data for reforestation and enhancement / develop more complex 

growth curves 
 

5. Capacity building 
 

i. Focus training on 2 – 4 members of staff (through 1 to 1 training sessions) who would 
develop the required skills to actually make RL updates 

 
6. Recommendation for processing satellite images and improving accuracy of generated 

products 
 
Two general approaches to constructing change maps may be considered: direct classification 
which entails the construction of the map directly from a set of change training data and two or 
more sets of remotely sensed data, and post-classification which entails the construction of the 
map by comparing two or more separate land cover maps, each constructed using single sets of 
land cover training data and remotely sensed data. Although direct classification is often 
preferred, post-classification may be the only option because of factors such as the inability to 
observe the same sample locations on two occasions, insufficient numbers of change training 
observations, or a requirement to use an historical baseline map. The post classification 
approach of creating activity data is marred by inconsistency of the available spatial datasets 
and scarcity of reference data.  
 
In Nepal, while much effort has gone into harmonizing of these datasets, the propagated error 
resulting from inconsistencies is potentially large, implying the need for improvement of the 
approach applied to generate activity data. 
 
The recommended improvement is based on the use of the envisaged FRA dataset. The FRA 
Project, once complete will generate a comprehensive dataset for 2010 nominal year, yielding a 
land cover map with detailed land cover categories stratified along physiognomic zones and 
development regions, forest types based on dominant species, forest management regimes and 
reachability. Moreover, the data will have rich reference data in addition to plot-level inventory of 
key variables necessary for quantification of main biomass/carbon pools. This dataset will 
potentially serve as a key base dataset and would ideally be used to constrain pre-processed 
satellite data of historical and future reference periods for purpose of generating fairly accurate 
activity data for any period of interest. The RL was developed with this clear intention in mind. 
 
For a particular historical or future change period, say between 2005 and 2010, a manual 
procedure of interpretation of satellite data and delineation of change is recommended. The 
reference data will be the base data (in this case the 2010 FRA dataset). The base dataset 
(preferably in vector form) together with multi-date comparative images representing the change 
period, enhanced by appropriate band combination and stretching, are displayed in a good 
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geospatial application software package that allows visual comparison by swiping and flickering. 
Using swipe and flicker tools, the two images are visually compared, moving systematically over 
the pixels and making interpretation based on expertise knowledge of the area. Where there is 
obvious difference between the two images, the base dataset will be activated to qualify the 
difference in terms of positive or negative land cover change and to allow the change areas to 
be digitized on-screen. The output of this exercise is a general map highlighting change areas 
and non-change areas. In reference to the forest cover of the base dataset, the change areas 
can be positive or negative, and can conveniently be interpreted in terms of the key REDD+ 
activities. Definition of activity data can be improved when the procedure is implemented over 
short interval period or time series, enabling clear discrimination of activities such as 
deforestation, forest harvesting, reforestation/afforestation. 
 

 The step-wise approach to developing an improved reference level 4.2
 
The analysis presented in this and other accompanying reports can be further improved 
following the step-wise approach as recommended by the UNFCCC Decision 12/CP.17 
Guidance on systems for providing information on how  safeguards are addressed and 
respected and modalities relating to forest reference emission levels and forest reference levels 
as referred to in decision 1/CP.16. This allows the use of available data (even if uncertain) to 
provide a starting point for RL establishment with simple projections, based on historical data 
(Step 1), progressively updating the RL based on more robust national datasets for country-
appropriate extrapolations and adjustments (Step 2) and ultimately basing the RL on more 
spatially explicit activity data and driver-specific information support (Step 3). This improvement 
is necessary in order to achieve acceptable levels of accuracy to allow Nepal to get 
performance-based payment for REDD activities.  
 
It is therefore recommended to proceed with a step-wise approach towards the National 
Reference Levels, starting with the large-scale jurisdictional projects at sub-national level. The 
SMF-Based Emission Reduction Program in Nepal’s Terai Arc Landscape is an important step 
towards that direction. It is possible to improve national reference levels with the LiDAR-
Assisted Multi-source Program (LAMP) approach, as it has been implemented for establishing 
Reference Levels (RLs) in the Terai Arc Landscape (TAL) comprising 12 districts. This 
approach was welcomed and endorsed by the Forest Carbon Partnership Facility (FCPF) of the 
World Bank.  
 
If the entire country is covered by a reliable and easily updatable methodology for setting up 
RLs and subsequent Monitoring, Reporting and Verification (MRV) then domestic leakage will 
have been addressed at the same time. In case of LAMP only a small sample (less than 2 % 
coverage) of airborne LiDAR data needs to be acquired once. Then, the reference level can be 
updated as new satellite data and field surveys (for verification) become available.  
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ANNEX 1: APPLICATION OF VEGETATION INDICES TO GENERATE 

FRACTIONAL VEGETATION COVER USED TO MAP DEGRADATION 

AND STRATIFY CARBON DENSITY 
 
Fractional cover (FC) is the percentage of vegetative cover on the ground. In the context of a 
remotely-sensed image, the FC values represent the percentage of vegetative cover present in 
each pixel. The Landsat vegetation index-based approach of generating fractional vegetation 
cover as applied by Xiao and Moody (2005) and Wang et al (2005) was followed. According to 
Wang et al (ibid), using multiple Landsat reflectance images to assess forest degradation is on 
one hand time consuming as it requires intensive computation, but also prone to some external 
factors such as sun-target-sensor geometry on the other hand.  When vegetation indices are 
used, they can suppress the spectral variation of reflectances resulting from these external 
influences and   make the mixture model less sensitive to those factors. Mixture model based on 
vegetation index (VI) is based on the assumption that the vegetation index value of a given pixel 
is the linear combination of the VI value of green vegetation and bare soil, weighed by their 
relative proportions, (Xiao and Moody, 2005).  The following formulation was thus followed to 
generate surface map of fractional vegetation cover (fc) (Wang et al, 2005): 
 

 
 
Where VIcanopy and VIopen are two end members empirically obtained from the ETM+ image using 
a statistical analysis. VIopen is the VI value of a pixel containing 0% vegetative cover, and VI canopy 
is the VI value of a pixel containing 100% vegetative cover. A modified soil adjusted vegetation 
index (MSAVI) was employed to make mixture model that would be run to generate fractional 
vegetation cover. Wang et al (2005) had demonstrated that MSAVI, in comparison to other 
indices, is more sensitive and thus suitable for tropical forests with high vegetation abundance.  
 
Once a value had been determined for each of the two variables, the fc formula was then 
applied to the MSAVI image on a scene-by-scene to generate a preliminary fc image (fcprelim). 
The table below summarizes these values for each target scene. This preliminary image was 
then modified, to have values ranging from 0 to 1. Due to the well-documented nature of 
vegetation indices saturating at the upper end in tropical environments, it is quite common to 
end up with fcprelim values greater than 1. It is also common to have fcprelim values below 0, as the 
vegetation index value of water can be less than bare soil. Therefore, we were working under 
the assumption that our VIopen and VI canopy values were accurate. So rather than stretching the 
values to fit between 0 and 1, we simply changed all negative fcprelim values to 0 and all fcprelim 
values greater than 1 to 1. This way, fractional cover was generated for every target Landsat 
scene.  
 
Table 14: Parameters used to generate MSAVI on scene-by-scene basis for 2000 nominal year 

Path/row Date of 
acquisition 

MSAVI: VI canopy MSAVI: VI open 

139/041 2001/Dec/26 0.79 -0.53 

139/042 2001/Oct/26 0.74 -1.30 

140/041 2000/Oct/30 0.84 -0.42 
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Path/row Date of 
acquisition 

MSAVI: VI canopy MSAVI: VI open 

140/042 1999/Oct/28 0.83 -0.32 

141/040 2000/Nov/22 0.77 -0.28 

141/041 2001/Dec/27 0.76 -0.28 

141/042 2001/Oct/24 0.86 -1.33 

142/040 1999/Dec/13 0.80 -0.45 

142/041 1999/Dec/13 0.84 -0.24 

143/039 2000/Oct/03 0.70 -0.73 

143/040 2001/Dec/25 0.82 -0.23 

143/041 1999/Oct/17 0.83 -0.22 

144/039 2001/Oct/13 0.82 -0.30 

144/040 1999/Nov/09 0.81 -0.19 
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ANNEX 2: LAND COVER MAPS FOR THREE REFERENCE TIME 

POINTS (1990, 2000 AND 2010) 
 

 
Figure 2: Land Cover Map for 1990 
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Figure 3: Land Cover Map for 2000 
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Figure 4: Land Cover Map for 2010 
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ANNEX 3: FOREST CANOPY DENSITY MAPS FOR THREE 

REFERENCE TIME POINTS (1990, 2000 AND 2010) 
 

 
Figure 5: Forest Canopy Density Map for 1990 
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Figure 6: Forest Canopy Density Map for 2000 
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Figure 7: Forest Canopy Density Map for 2010 
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ANNEX 4: LAND COVER CHANGE OR TRANSITION MAPS 

ASSOCIATED WITH THE SPATIAL CHANGE MATRICES 
 

1990-2000 Overall Land Cover Transition Map 

 
Figure 8: Overall Land Cover Transition (1990-2000) 
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2000-2010 Overall Land Cover Transition Map 

 
Figure 9: Overall Land Cover Transition Map (2000-2010) 
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1990-2010 Overall Land Cover Transition Map  

 
Figure 10: Overall Land Cover Transition Map(1990-2010) 
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1990-2000 FOREST TRANSITION (ACROSS CANOPY CLASSES) 

 
Figure 11: Land Cover Transition across Canopy Classes (1990-2000) 
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2000-2010 FOREST TRANSITION (ACROSS CANOPY CLASSES) 

 
Figure 12: Land Cover Transition across Canopy Classes (2000-2010) 
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ANNEX 5: ACCURACY ASSESSMENT OF LAND COVER/FOREST 

COVER CHANGE ANALYSIS 
 

 
 

Before advancing the data processing to ‘Land-cover change analysis and generation of activity 
data’ stage, it is critical to assess the quality of geographical datasets that goes into the 
process. In this case, quality of the benchmark land-cover maps corresponding to the three 
reference periods were assessed, using different approaches depending on the availability of 
ancillary data for the respective reference period. Accuracy assessment was carried out in both 
qualitative and quantitative. 
 

 Qualitatively, the products have been compared with existing maps/spatial data. This 
check forms a general control on the spatial distribution and class labels of the maps.  
 

 Quantitatively, available reference data was used to evaluate the accuracy of the land 
cover maps.  
 
With respect to quantitative accuracy assessment, effort was made to construct the confidence 
intervals for the key accuracy measures. This was meant to give an idea of these accuracies 
estimates. The following sub-sections elaborate on the procedure applied and the results 
generated. 
 

 
 
For the purpose of accuracy assessment of ICIMOD generated land cover map (2010), 
available FRA dataset was used as a reference, since it has been prepared using very high 
resolution satellite images (Rapid Eye) and complimented by extensive field survey. This 
dataset was a land cover map showing distribution of three major land cover types, namely 
forest, other wooded land, and non-forest as well as ground-based reference data. Subsequent 
accuracy assessment followed three approaches described below with their respective results. 
The fourth approach used the WWF field survey data as the reference data. 
 

a) In the first approach, a mask of the 2010 land cover map generated by ICIMOD was 
extracted over Terai and Siwalik, corresponding to the extent of the reference data.  For 
comparison, the mask was reclassified for purpose of matching the classified categories 
with those of reference FRA dataset. Comparative analysis was implemented, where the 
extent of the three major land cover types (forest, other wooded land, and non-forest) 
were compared between the reference FRA dataset and the corresponding ICIMOD 
2010 dataset. Comparison was only performed over Terai and Siwalik physiognomic 
zones, as summarized in Table 15 below. 
 

  

INTRODUCTION   

1. Accuracy assessment of land cover map for 2010 time point 
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Table 15: Comparative analysis of the extent of land-cover distribution between FRA dataset and ICIMOD 
2010 dataset 

  FRA Reference dataset  
Corresponding FINAL 2010 Mask 
Dataset 

Comparison over Terai physiognomic zone 

Forest 411,580 401,384 

Shrub 9,502 9,166 

Non-forest 1,595,916 1,592,221 

Comparison over Siwalik physiognomic zone 

  
FRA Reference dataset over 
Siwalik Corresponding FINAL 2010 Mask Dataset 

Forest 1,315,532 1,369,778 

Shrub 52,566 7,579 

Non-forest 533,657 517,456 

 

In Terai, there is a good match between data generated by ICIMOD compared to the 
final map generated by FRA. For Siwalik, the reference dataset provided by FRA was 
then provisional and therefore not much could be inferred regarding accuracy of the 
data. Nonetheless, the ICIMOD dataset underestimated the shrub cover and 
overestimated the forest cover in Siwalik. The non-forest cover was comparable 
between the two datasets. 

 
b) The second approach was a comparative analysis similar to the first approach. Here, 

forest cover estimated by WWF in Terai Arc Landscape and the corresponding ICIMOD 
2010 dataset were compared. Initial estimate of forest cover by WWF was only within 
the boundary of the forest mask defined by the Topographic Base Maps (1998) of the 
Department of Survey. Therefore, for comparison purpose, the 2010 ICIMOD dataset 
had to be clipped to the extent of the Topographic Base Maps (1998), especially the 
estimated forest cover, to allow comparison with WWF dataset. For this reason, the 
comparison was only possible between the forest estimates. The summary in Table 7 
below shows that apart from the district of Rautahat where estimates of the two datasets 
are closely matching (27,667 ha versus 25,659 ha respectively), the estimates for the 
other districts exhibit great variation existing between ICIMOD 2010 dataset and WWF 
dataset by over 25% difference, the former yielding higher estimates that the latter. This 
difference is highest in Kapilbastu (134%), Dang (78%), Rupandehi (-56%), Bardiya 
(44%), Bara (43%), Nawalparasi (42%), Kailali (41%), Parsa (31%), Kanchanpur (26%), 
Banke (25%), and Chitawan (23%). 
 
To check the divergence observed between the two datasets in Rupandehi and 
Kapilbastu districts, FRA dataset for Terai and Siwalik (provisional) were used. The 
forest cover estimated by FRA was clipped to the extent of the forest mask defined by 
Topographic Base Maps (1998) in order to allow for comparison with the above two 
datasets since both had the same constraint. As shown in Table 16 below, in 
Rupandehi district, the forest cover within the forest mask previously defined by 
Topographic Base Maps (1998) was 21,716 ha, while that of Kapilbastu district was 
53,430 ha. These estimates were closely matching those by estimated by ICIMOD 
2010, further validating the plausibility of the latter dataset.  
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Table 16: Comparative analysis of the extent of forest cover between WWF dataset and ICIMOD 2010 dataset 
 

 
Table 17: Estimates of FRA dataset over Rupandehi and Kapilbastu districts (only within the forest mask 
previously defined by Topographic Base Maps (1998)) 

  
Terai 
Forest Siwalik Forest Total 

RUPANDEHI 4,702 17,014 21,716 

KAPILBASTU 34,966 18,464 53,430 

 

c) In the third approach, the FRA biomass-plot data (over Terai) was used as reference to 
assess the accuracy the ICIMOD 2010 data (over Terai and corresponding to the 
reference data). The 355 biomass plots buffered by 20 m linear distance round the point, 
this corresponding to the largest concentric circular plot laid by FRA. The attributed 
dataset (LRMP-based attributes) was first reclassified into three main land cover classes 
namely ‘forest land’, ‘shrubs’ and ‘non forestland’ and the cross-tabulated with the 
ICIMOD 2010 data yielding a confusion matrix (showing producer’s, user’s and overall 
accuracy) of summarized in Table 18 below. 
 
For Terai zone, the overall accuracy of ICIMOD 2010  is about 90%, with both forest 
and non-forest yielding high user’s and producer’s accuracies. However, the accuracies 
of ‘Shrubs’ is very poor, perhaps because of the low coverage of this category in Terai 
as well as the proportion of reference data representing this category. Generally, the 
result of the accuracy assessment over Terai was consistent with the results based on 
comparative statistics that had indicated good match between the reference FRA 
dataset and the corresponding ICIMOD 2010 dataset. 
 

  

District Name 2010 ICIMOD forest 
cover estimate 
over 
corresponding 
area 

WWF 2011 estimate 
(within forest mask 
delineated by 
Topographic Base 
Maps) 

Variation 
between 
ICIMOD map 
and WWF map 

% variation 

RAUTAHAT 27,667 25,659 2,008 8 

BARA 46,961 32,933 14,028 43 

PARSA 74,436 56,891 17,545 31 

CHITAWAN 143,182 115,969 27,213 23 

NAWALPARASI 100,962 71,280 29,682 42 

RUPANDEHI 22,477 50,544 -
28,067 

-56 

KAPILBASTU 56,349 24,040 32,309 134 

DANG 181,022 101,711 79,311 78 

BANKE 117,293 93,979 23,314 25 

BARDIYA 117,720 81,544 36,176 44 

KAILALI 185,799 131,845 53,954 41 

KANCHANPUR 71,282 56,360 14,922 26 

Total Forest 
Cover (Ha) 

1,145,150 842,755 302,39
5 

36 
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Table 18: Accuracy assessment of ICIMOD 2010 dataset (over Sub-National Jurisdiction - Terai zone) using 
FRA dataset as reference data and based on three main land cover classes 

 REFERENCE DATA   

   Forest land Shrubs Non-forest Total 
Classified 
areas 

User's 
accuracy 
(percent 
correct) 

C
L

A
S

S
IF

IE
D

 

IN
 

S
A

T
E

L
L

IT
E

 

IM
A

G
E

 A
S

: 

Forest land 18.1 0.18 0.9 19.89 94.6 

Shrubs 0 0 0.27 0.27 0.0 

Non-forest 

1.8 0.09 9.36 11.25 83.2 

 Total Reference 
Areas 

20.61 0.27 10.53 31.41   

 Producer's 
accuracy (percent 
correct) 

91.3 0.0 88.9     

 Overall accuracy         89.7 

 

d) The fourth approach was applied at national scale, assessing the accuracy of ICIMOD 
generated land cover (2010) using the FRA sample plots as reference data. Over 2000 
sample plots were systematically distributed across Nepal as part of FRA Project. Of this 
plots, 1949 had information regarding land cover types where key attributes namely 
‘FAO-Land use Class 2’ and ‘LRMP Land use Class’ had been populated. 
 
For purpose of accuracy assessment, the ‘LRMP Land use Class’ attribute of the sample 
plots was first re-classified into three corresponding sub-categories, namely ‘Forest’, 
‘Shrubs’ and ‘Non-forestland’. Further reclassification matched the records in the ‘LRMP 
Land use Class’ attribute into the corresponding six ‘IPCC Classes’ namely ‘Forest land’, 
‘Cropland’, ‘Settlement’, ‘Grassland’, ‘Wetland’, and ‘Other lands’. Tables 19 and 20 
below show the proportion of observations corresponding to each reclassified land cover 
category. 
 

Table 19: No. of observations in the in the FRA reference data among the three main land cover classes 

Classes No. of observations 

Forests 1374 

Shrubs 100 

Non-forest 475 
 

Table 20: No. of observations in the in the FRA reference data among the six IPCC land cover/land use 
classes 

IPCC Classes No. of observations 

Forest land 1374 

Crop land 368 

Settlement 22 

Grassland 129 

Wetlands 25 

Other lands 31 
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Since each sample plot was represented by coordinates of the cluster-point, then each 
point was buffered by 20m linear distance round the point, this corresponding to the 
largest concentric circular plot laid by FRA. Implementation of the national-scale 
accuracy assessment proceeded, first based on the three land use/land cover categories 
(forest land, shrubs and non-forest) similar to (b) above. Subsequent accuracy 
assessment was based on the six IPCC classes. For each of these accuracy 
assessment, the corresponding confusion matrices representing the measures of 
accuracy is summarized in Tables 21 and 22 below.  

 
Table 21: National-scale accuracy assessment of ICIMOD 2010 dataset using FRA dataset as reference data 
and based on the three main classes (forest, shrubs, non-forest) 

 REFERENCE DATA   

   Forest 
land 

Shrubs Non-forest Total 
Classifi
ed areas 

User's accuracy 
(% correct) 

C
L

A
S

S
IF

IE
D

 

IN
 

S
A

T
E

L
L

IT
E

 

IM
A

G
E

 A
S

: 

Forest land 139.32 6.03 16.83 162.18 85.9 

Shrubs 3.24 0.27 1.53 5.04 5.4 

Non-forest 
23.04 5.31 37.26 65.61 56.8 

 Total Reference 
Areas 

165.6 11.61 55.62   148.1 

 Producer's 
accuracy 
(percent 
correct) 

84.1 2.3 67.0 232.83   

 Overall 
accuracy 

        76.0 
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Table 22: National-scale accuracy assessment of ICIMOD 2010 dataset using FRA dataset as reference data 
and based on the six IPCC land cover classes 

 REFERENCE DATA   

   Forest 
land 

Crop 
land 

Settle- 
ment 

Grass
- 
land 

Wet- 
land 

Other 
lands 

Total 
Classifie
d areas 

User's 
accuracy 
(percent 
correct) 

 Forest land 139.32 13.68 0.54 7.2 0.63 0.81 162 85.9 

C
L

A
S

S
IF

IE
D

 
IN

 

S
A

T
E

L
L

IT
E

 
IM

A
G

E
 

A
S

: 

Crop land 21.42 26.82 1.89 6.39 1.53 2.16 60 44.5 

Settlement 0.09 0.81 0 0 0 0 1 0.0 

Grassland 3.69 1.17 0 0.9 0.18 0.18 6 14.7 

Wetlands 0.27 0 0 0 0.81 0 1 75.0 

Other lands 0.81 0.45 0 0.36 0.18 0.54 2 23.1 

 Total 
Reference 
Areas 

165.6 42.93 2.43 14.85 3.33 3.69 232.83   

 Producer's 
accuracy 
(percent 
correct) 

84.1 62.5 0.0 6.1 24.3 14.6     

 Overall 
accuracy 

              72.3 

 

In the first instance where accuracy of ICIMOD 2010 data is assessed based on the 
three main classes (forest, shrubs, and non-forest), the overall accuracy is about 76%. 
Forest has the highest producer’s and user’s accuracies (84% and 86% respectively) 
while corresponding accuracies for non-forest is moderate (67% and 57% respectively). 
‘Shrubs’ has the lowest accuracy level. In the second instance where accuracy of 
ICIMOD 2010 data is based on the six IPCC land-use classes, the pattern is similar to 
the first instance as noted in Table 6, with slightly lower overall accuracy of about 72%. 
Again, forest land has the highest accuracy level while that of crop land is moderate.  
 

Analysis of confidence intervals of the key measures of accuracies related to ICIMOD 
2010 data based on the six IPCC land-cover classes (summarized in Table 23) is 
corresponding with measured values of accuracies, with forest class trailed by crop land 
class yielding the highest confidence interval, a pattern that can be explained by the 
theory confidence interval. The width of these confidence intervals is influenced by the 
sample size and by the size of the accuracy measures themselves, explaining the 
reason why forest class has high confidence interval (74.8% to 97%), given that it has 
large sample size (1374) and high user’s accuracy measure (85.9%). By extension, this 
implies higher precision of the estimated accuracy measure of the forest class in 
comparison to other classes. 
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Table 23: Confidence intervals of accuracies estimates related to ICIMOD 2010 data based on the six IPCC 
land cover classes. 

Land cover category 
Confidence interval of user’s 

accuracy measure 

Forest 74.77%  to 97.03%  

    

Crop land 34.98% to 54.10% 

    

Grassland 2.06% to 27.34% 

    

Other lands -100.03% to 146.19% 

  

 

 
 

Quality assessment of the 2000 land cover map was accomplished in two ways. First, the forest 
extent estimated by RL Team was compared with forest mask defined in the Topographic Base 
Maps of 1998. The second approach entailed comparing forest extent in High Mountain Regions 
of Nepal estimated by RL Team  against those corresponding estimates recorded in the report 
“Study on Drivers of Deforestation and Degradation of Forests in High Mountain Region of 
Nepal, 2012”.  

 
a. The GoN Survey Department employed the criterion of 10% as the minimum 

canopy cover in defining the forest mask, captured in the Topographic Base Maps 
of 1998. This forest  mask was compared with corresponding estimate generated by 
RL Team for 2000 and the result shown in Table 24 indicate a close match, both on 
wall-to-wall basis but also per physiognomic zone.  

 
Table 24: Comparison of the forest mask defined by Topographic Base Maps of 1998 and the by RL Team 
Product for 2000 

 Product 2000 RL Team Product (Ha) 
Survey Department 1998 
Topographic Base Maps (Ha) 

Wall-to-wall 

Nepal  5,356,414 5,583,878 

      

Physiographic zones 

Terai 435,857 427,997 

Siwalik 1,373,700 1,341,806 

Hills 1,936,241 1,930,956 

Mid Mountain 1,462,309 1,675,151 

High Mountain 147,739 181,574 

 
b. In the second approach, the estimated extent of land cover distribution sourced 

from Department of Survey, TIPS/DoF, Ecological Maps 2002 and cited in the 
report “Study on Drivers of Deforestation and Degradation of Forests in High 
Mountain Region of Nepal, 2012” were considered for comparison  with 
corresponding estimates generated by RL Team for 2000. Table 2.4 of the former 
study summarized the land cover distribution of 25 district considered as High 
Mountain Region. The estimates from that table was re-coded into 3 categories 

2. Land Cover Map for 2000 



Final RL Report  
 

66 

 

Camco Advisory Services - Kenya 
 

namely forest, other wooded land and non-forests and then compared with 
corresponding estimates generated by RL Team for 2000 reference period. The 
results are shown in Table 25 below. 

 
NB: The list of exact 25 districts considered as High Mountain Region is needed for 
accurate comparison and subsequent interpretation. 

 
Table 25: Comparison of forest mask (over High Mountain Region) estimated by RL Team for 2000 reference 
period against estimates reported in the report “Study on Drivers of Deforestation and Degradation of 
Forests in High Mountain Region of Nepal, 2012, Table 2. 

 2002 Ecological Maps, 
Department of Survey, 
TIPS/DoF (Ha) 

2000 RL Team Product (Ha) 

High Himal 

Forest 178,200 147,245 

Shrubs 102,410 53,308 

Non Forest 3,222,720 3,341,669 

Total 3,503,330 3,542,222 

High 
Mountain 

    

Forest 1,383,370 1,462,270 

Shrubs 236,370 147,748 

Non Forest 709,270 1,407,652 

Total 2,329,010 3,017,669 

 

In the High Himal zone, forest and non-forest estimates by the RL Team are closely 
matching the estimates by the 2002 Ecological Maps, Department of Survey, 
TIPS/DoF. 2000 RL Team product, however, seem to underestimate the shrubs 
cover. In the High Mountain zone, the 2000 RL Team seems to over-estimate the 
non-forest cover and underestimate the shrubs cover in comparison to the estimate 
recorded by 2002 Ecological Maps, Department of Survey, TIPS/DoF. Nonetheless, 
forest estimates based on the two products are fairly corresponding. 

 
c. The FRA inventory-plots data (spread across the country) were also used as 

reference data, (in particular the 1,949 data-plots that had been re-organized and 
applied for accuracy assessment of 2010 ICIMOD land cover map).  For accuracy 
assessment, the 2000 data (based on the six IPCC land-use classes) was cross-
tabulated with the buffered dataset (of the 1,949 data-plots) which was based on the 
field bearing the aggregated “Forest land” class. The result is summarized in Table 
10 below. The overall accuracy is 68.5%. Forest land has the highest producer’s 
accuracy (84%) followed by crop land (63%).  Again, forest land has the highest 
user’s accuracy (84%) at a confidence interval of 73% to 95% while crop land has 
42% user’s accuracy at 32% to 51% confidence interval. The other classes have 
very low producer’s and user’s accuracies and equally low confidence intervals. 
Similar to the analysis undertaken to support accuracy assessment of ICIMOD 2010 
data based on the six IPCC land-cover classes, confidence intervals of the key 
measures of accuracies related to 2000 RL Team Product based on the six IPCC 
land-cover classes was also implemented, (results summarized in Table 26).  
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Table 26: Accuracy assessment of 2000 RL Team Product (land cover map) 

 REFERENCE DATA   

   Forest 
land 

Crop 
land 

Settle- 
ment 

Grass- 
land 

Wet- 
land 

Other 
lands 

Total 
Classified 
areas 

User's 
accuracy 
(percent 
correct) 

 Forest land 132.8 14.9 0.99 6.57 0.99 1.17 157 84.3 

C
L

A
S

S
IF
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D
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S
A

T
E

L
L
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E
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A

G
E
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S

: 

Crop land 23.31 24.0 1.35 6.39 0.45 1.44 57 42.2 

Settlement 0 0.81 0 0 0 0 1 0.0 

Grassland 8.37 2.61 0.09 1.71 0.54 0.81 14 12.1 

Wetlands 0.27 0 0 0 0.72 0 1 72.7 

Other lands 0.99 0.54 0 0.18 0.63 0.27 3 10.3 

 Total 
Reference 
Areas 

165.7 42.9 2.43 14.85 3.33 3.69 232.9   

 Producer's 
accuracy 
(percent 
correct) 

84.1 62.5 0.0 6.1 24.3 14.6     

 Overall 
accuracy 

              68.5 

 
Table 27: Confidence intervals of accuracies estimates related to 2000 RL Team Product based on the six 
IPCC land cover classes. 

Land cover category 
Confidence interval of user’s 

accuracy measure 

Forest 73.24%  to 95.42%  

    

Crop land 32.87% to 51.48% 

    

Grassland 5.65% to 18.54% 

    

Other lands -38.58% to 59.27% 

 

As observed in Table 26 and 27, the measured values of accuracies are corresponding with the 
derived confidence intervals. For example, with forest class trailed by crop land class have the 
highest confidence interval (73% to 95% for forest and 32.9% to 51.5% for crop land) while 
grassland and other lands have the lowest. This pattern is matching with pattern of accuracies 
assessment, implying higher precision of the estimated accuracy measure of the forest class in 
comparison to other classes. 

 

 
 

For purpose of assessment of quality of the 1990 land cover data, the estimated extent of land 
cover distribution sourced from Master Plan for Forestry Sector (MPFS, 1988) and cited in the 
report “Study on Drivers of Deforestation and Degradation of Forests in High Mountain Region 
of Nepal, 2012” were considered for comparison with corresponding estimates generated by 
ICIMOD for 1990. Table 2.1 of the former study summarized the land cover distribution of 25 
districts considered as High Mountain Region. The estimates from that table was re-coded into 
3 categories namely forest, other wooded land and non-forests and then compared with 

3. Accuracy assessment of land cover map for 1990 time point 
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corresponding estimates generated by ICIMOD for. The results are summarized in Table 28 
below and show good correspondence between the two datasets. 

 
NB: The list of exact 25 districts considered as High Mountain Region is needed for 
accurate comparison and subsequent interpretation. 

 
Table 28: Comparison of forest mask (over High Mountain Region) estimated by ICIMOD for 1990 against 
estimates reported in the report “Study on Drivers of Deforestation and Degradation of Forests in High 
Mountain Region of Nepal, 2012, Table 2.1” 

  MPFS, 1988 (Ha) 1990 ICIMOD Product 
(Ha) 

High Himal 

Forest 155,000 152,763 

Shrubs 67,000 93,624 

Non Forest 3,128,000 3,280,836 

Total 3,350,000 3,527,223 

High Mountain 

Forest 1,639,000 1,562,584 

Shrubs 176,000 194,447 

Non Forest 1,145,000 1,217,728 

Total 2,960,000 2,974,758 

 

In both High Himal and High Mountain, the estimates are fairly corresponding. However, RL 
Team product seems to have over-estimated the shrubs cover in High Himal.  

 
Like the other two land cover maps (i.e. maps representing 2010 and 2000), FRA inventory-
plots data (spread across the country) was used as reference data, in particular the 1,949 data-
plots that had been re-organized.  For accuracy assessment, the 1990 data (based on the six 
IPCC land-use classes) was cross-tabulated with the buffered dataset (of the 1,949 data-plots) 
which was based on the field bearing the aggregated “Forest” class. The results are 
summarized in Table 29 below. The overall accuracy is 69.8%. Forest land has the highest 
producer’s accuracy (82%) followed by crop land (57%).  Again, forest land has the highest 
user’s accuracy (85%) at a confidence interval of 73% to 95% while crop land has 43% user’s 
accuracy at 33% to 52% confidence interval. The other classes have very low producer’s and 
user’s accuracies and equally low confidence intervals. 
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Table 29: Accuracy assessment of 1990 ICIMOD land cover map 
 REFERENCE DATA   

   Forest 
land 

Crop 
land 

Settlement Grass- 
land 

Wet- 
land 

Other 
lands 

Total 
Classified 
areas 

User's 
accuracy 
(percent 
correct) 

 Forest land 133.02 14.94 0.72 7.11 0.54 1.17 158 84.5 
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Crop land 21.42 23.76 1.62 5.76 0.81 1.71 55 43.1 

Settlement 0 0.81 0 0 0 0 1 0.0 

Grassland 7.2 1.71 0.09 1.71 0.18 0.27 11 15.3 

Wetlands 0 0 0 0.09 0.63 0 1 87.5 

Other lands 0.99 0.63 0 0 1.17 0.54 3 16.2 

 Total Reference 
Areas 

162.63 41.85 2.43 14.67 3.33 3.69 228.6   

 Producer's 
accuracy 
(percent 
correct) 

81.8 56.8 0.0 11.7 18.9 14.6 

    

 Overall 
accuracy 

              69.8 

 

 
 

Uncertainty analysis is important for purpose of assessing the quality of the activity data, 
providing opportunity of quantifying and correcting possible errors. Availability or lack of 
reference data dictates the level as to which uncertainty analysis can be performed. Where 
reference data is not available, then consistency assessment would be recommended. On the 
other hand, where reference data is available, comprehensive uncertainty analysis is 
recommended.  

 

 
 

Consistency assessment is recommended to be employed to qualify and quantify errors related 
to the activity data. The procedure elaborated in this section heavily borrows from the work by 
the TREES-II Research Programme of European Union in 2002 about determination of 
deforestation rates for the world’s humid tropical forests (European Commission, 2002). The 
method employed in that work can potentially be adapted for the case of historical change-
periods in Nepal where availability of reference data is very limited. 
 
According to the report, consistency assessment was based on the re-interpretation of spatial 
subsets (blocks) extracted from original datasets. From each full Landsat scene two blocks of 
30km by 30km were systematically selected and extracted. From each Landsat sub-scene, 1 
block of 20km by 20km was also extracted. A systematic dot grid was used for re-interpretation 
within the blocks. Each block (30km by 30km) contained 225 (15 *15) dots and the 20km by 
20km block contained 100 (10*10) dots. The input data sets for each blocks included: i) the 
digital sub-sets (blocks) of pairs of geometrically corrected satellite images, and ii) the digital 
sub-sets of land cover interpretation maps (one historical and one recent) produced from the 
respective satellite images. 
 

Recommendations for uncertainty analysis of activity data 

1. Consistency Assessment 
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The main task was to interpret the sub-sets (blocks) based on the dot grids and on a simplified 
legend. For each subset, the dots were re-interpreted in an independent and consistent way. 
Each block was analyzed in its specific geographic, ecological and floristic context systematic 
references (pan-tropical vegetation, maps, etc.) as well as location-specific references available 
were used to understand the characteristics of the study sites. 
 
Re-interpretation was done in two steps as follows. 

 
i. Assessing the vegetation class covered by specific dot 
 
For each dot of the grids, a point interpretation was done on-screen, applying the 
simplified TREES classification scheme. In order to classify the land cover at point 
location below the minimum mapping level defined by the study, the scale of 
interpretation was generally larger than the standard 1: 100000. Being point 
classification, composite classes were not used. 
 

ii. Assessing the whole polygon a dot would fall in 
 
For all grid dots, the polygons (of respective previous interpretation/ land cover maps) 
that contained the dots were assessed thematically and geometrically. The assessment 
was done on-screen, using a 1:100000 equivalent scales and applying the simplified 
TREES classification scheme. Being an area classification, composite classes were 
also used. The original class label and geometric accuracy of the ‘dot polygon’ (i.e. 
polygon containing the dot) were assessed and these “accuracy” codes were assigned 
per ‘dot polygon’: agreement/debatable/disagreement. 
The result of consistency assessment with respect to the land cover map was 
measured as the fraction of agreed dot interpretation to the total number of dots. 
 

For consistency assessment of change estimation, change matrices were produced by simple 
aggregation of the blocks studied. It follows that for every dot location, the class legend/value 
from the original interpretation/land cover maps – historical/date 1 and recent/date 2 – are 
extracted and used to construct a change matrix. Similarly, again for every dot location, the 
values got from re-interpretation of historical/date 1 and recent/date 2 images are used to 
construct re-interpretation based change matrix. The two matrices are differenced, case-by-
case and the difference value for each respective transition (or potential activity data reported 
as the error measure. 

 

 
 

For key activity data (e.g. deforestation), comprehensive uncertainty analysis is recommended. 
Here, the procedure elaborated in Methods and Guidance from the Global Forests Observations 
Initiative (GFOI, 2013). 
 
Estimating uncertainty is via comparisons of map classifications and reference observations for 
an accuracy assessment sample. Factors that affect satisfaction of the two criteria are the 
sampling design and sample size for the accuracy assessment sample and map accuracy. The 
sampling design selected should yield sample size for each activity that is large enough to 
produce sufficiently precise estimates of the area of the activity. Given the likely rarity of some 
activities and the large costs associated with large samples, serious consideration should be 
given to stratified sampling for which the strata correspond to map activity classes. Map 
accuracy assessments are often summarized in the form of error or confusion matrices that 

2. Implementing comprehensive analysis of uncertainty and statistical 
inference of activity data 
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summarize results and facilitate estimation of accuracies, activity areas, and uncertainties. 
Although an error matrix does not directly provide estimates of activity areas or their 
uncertainties, the information in an error matrix can be used to do so. 
 
An error matrix was constructed based on a pixel-by-pixel comparison of the map and reference 
classifications for the accuracy assessment sample. The cell entries of the error matrix are all 
based on the accuracy assessment sample. The sample-based estimator (statistical formula) for 
the area proportion     is denoted as  ̂  , where i denote the row and j denotes the column in the 

error matrix. Once  ̂   is estimated for each element of the error matrix, accuracies, activity 

areas and standard errors of estimated areas can be estimated. The procedure to implement 
uncertainty analysis and statistical inference of activity data is elaborated in Methods and 
Guidance from the Global Forests Observations Initiative (GFOI, 2013). 
 

 
 

Generally, land cover maps for the three reference periods (1990, 2000 and 2010) have 
provided fairly accurate forest cover estimates as implied by the respective high user’s and 
producer’s as well as high confidence intervals at both national scale and sub-national 
jurisdictions that were assessed either quantitatively. On the other hand, estimates of non-forest 
cover types are associated with low measures of accuracies/confidence intervals especially at 
national scale. Quality of the land cover mapping from one physiognomic zone to another can 
only be scantly discussed, given that accuracy assessment was only conducted over limited 
zones depending on available comparative datasets. For Terai zone, the results of the 
assessment implies that the ICIMOD 2010 product discriminated forest from non-forest cover 
types fairly well over Terai but a bit poorer  over Siwalik, when compared  with similar estimates 
generated by FRA Project. Perhaps the flat terrain over Terai may explain the discrimination 
between cover types, apparently better than in Siwalik. This notwithstanding, comparison with 
WWF estimates over Terai Arc Landscape shows large divergence from corresponding 
estimates generated by ICIMOD 2010 dataset. With respect to forest cover generated by 2000 
RL Team Product, qualitative comparison with 1998 Topographic base map sourced from 
Survey Department yield good correspondence over the five physiognomic zones. However, 
estimates of non-forest cover types over High Mountain Regions generated by RL Team 
Product shows divergence from similar estimates recorded in 2002 Ecological Maps, 
Department of Survey. As for the ICIMOD 1990 land cover map, the forest cover estimates over 
High Mountain Region are fairly corresponding with similar estimates sourced from Master Plan 
for Forestry Sector (MPFS, 1988) and cited in the report “Study on Drivers of Deforestation and 
Degradation of Forests in High Mountain Region of Nepal, 2012. However, there is an apparent 
over-estimation of the shrubs cover in High Himal in this exercise.  
 
The observed pattern above may partially be attributed to the proportion of reference data 
associated with respective cover type besides the inherent accuracy of the particular cover type. 
The sample size (per stratum) has great influence to the level of accuracy and the related 
confidence interval and this may explain the high level of accuracy recorded for forest cover 
category while other classes recorded very low accuracies measures. The sample reference 
data is large for forest class where out of the 1949 reference data used for quantitative accuracy 
assessment at national scale, 1,374 were collected over forest cover category. Thus in future, 
the envisaged Measurement, Reporting and Verification (MRV) System should aim to be 
collecting adequate reference data for each of the land cover category. For historical land cover 
maps, the FRA dataset will form a critical base reference data as well as the WWF field survey 
data. RL Team also recommends that effort be put towards reconstructing the historical 
reference data that have been collected in the past. In particular, the current form and /or 
organization of the 1994 NFI sample plot-data limits its use for purpose of assessing the quality 

Conclusions 
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of land cover map for 1990 reference period. The use of 1994 NFI sample plot-data as 
reference data need sufficient assurance that the original location of the plot center have been 
reconstructed and respective coordinates provided. While MRV Team has made progress 
towards this objective, further effort is needed from government agencies to reconstruct the data 
and validate it for use. 
 
In conclusion, in light of the preceding quality analysis of the land cover maps meant to enable 
creation of activity data, it is the considered opinion of the RL Team that the land cover maps for 
the respective three reference periods are adequate to be used subsequent processing stage of 
activity data creation. Within the framework of step-wise approach of developing Nepal National 
Reference Scenario, it is expected that iterative implementation of the recommendations set 
forth along with efforts to improve the land cover maps will yield improved versions of the 
reference scenario. 
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ANNEX 6: SCENARIO 1 FOR CONSTRUCTING THE RL 
 

File name: Nepal RL – Workbook 9a – Scenario 1. 

 

Historical reference period for AD: 1990 - 2010 

 

Table 30: Historical reference period for AD: 1990 - 2010 

Scenario Description Camco comments Impact on RL 

1 In this scenario we use the 

gross area figures for defor 

and refor. Carbon stock 

changes are measured using 

emission factors for all 

transitions except refor where 

carbon increases are 

measured using annual 

increment data 

Although this is the approach that most closely 

follows good practice guidance, there are two 

reasons why we don’t think it best represents 

Nepal’s RL (1) using emission factors to measure 

enhancement clearly overestimates C stock 

increases in period 1 and provides no incremental 

data in following periods and (2) although the 

overall (NET) forest cover data appears to be 

accurate it reports significant deforestation and 

reforestation transitions which are not supported by 

other data sources 

This approach to the RL (1) 

overestimates gross emissions and (2) 

overestimates removals in period 1 

and underestimates removals in 

period 2. The result of this is that the 

projection overestimates net 

emissions and the projection shows 

an increase in annual emissions 

beyond expectations 

 

Gross historical emissions from deforestation (tCO2): 620,473,428 

Gross historical emissions from degradation (tCO2): 349,983,750 

Gross historical emissions (tCO2) = 970,457,179 

 

Gross historical removals due to enhancement (tCO2): 726,216,210 

Gross historical removals due to AR (tCO2): 52,788,103 

Gross historical removals (tCO2) = 191,452,866 

 

 
Figure 13: Projected emissions in Scenario 1 
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Table 31: Projection of emissions for Scenario 1 (2010 - 2020 

Projection of emissions        

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Projected 
emission
s (tCO2) 

          
38,277,
748  

         
40,928,
743  

        
43,579,
738  

                        
46,230,7
33  

      
48,881,
728  

                 
51,532,
723  

     
54,183,
718  

         
56,834,
713  

      
59,485,
708  

    
62,136,
703  
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ANNEX 7: SCENARIO 2 FOR CONSTRUCTING THE RL 
 

File name: Nepal RL – Workbook 9b – Scenario 2. 

 

Historical reference period for AD: 1990 - 2010 

 

Table 32: Historical reference period for AD: 1990 - 2010 

Scenario Description Camco comments Impact on RL 

2 In this scenario we use 

the gross area figures for 

defor and refor. Carbon 

stock changes are 

measured using 

emission factors for 

deforestation and 

degradation whilst all 

removals (refor and 

enhancement)  are 

measured using annual 

increment data 

Although this method of 

quantifying net GHG 

emissions / removals appears 

logical the result does not 

corroborate with other 

sources. The reason for this is 

that the activity data reports 

very significant levels of defor 

and refor during both 

historical periods. 

This approach 

to the RL 

grossly 

overestimates 

GHG emissions 

 

Gross historical emissions from deforestation (tCO2): 620,473,428 

Gross historical emissions from degradation (tCO2): 349,983,750 

Gross historical emissions (tCO2) = 970,457,179 

 

Gross historical removals due to enhancement (tCO2):113,089,199 

Gross historical removals due to AR (tCO2):52,788,103 

Gross historical removals (tCO2) = 804,579,877 

 

 
Figure 14: Projected emissions in Scenario 2 
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Table 33: Projection of emissions for Scenario 2 (2010 - 2020 

Projection of emissions        

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Project
ed 
emissio
ns 
(tCO2) 

          
40,230,0
18  

    
40,404,2
62  

        
40,578,5
07  

                        
40,752,7
52  

      
40,926,9
96  

                 
41,101,2
41  

     
41,275,4
85  

    
41,449,7
30  

      
41,623,9
74  

    
41,798,2
19  
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ANNEX 8: SCENARIO 3 FOR CONSTRUCTING THE RL 
 

File name: Nepal RL – Workbook 9c – Scenario 3. 

 

Historical reference period for AD: 1990 - 2010 

 

Table 34: Historical reference period for AD: 1990 - 2010 

Scenario Description Camco comments Impact on RL 

3 In this scenario we have modelled 

defor and refor based on NET 

values rather than GROSS values. 

Carbon stock changes are 

measured using emission factors 

for deforestation and degradation 

whilst all removals (refor and 

enhancement)  are measured using 

annual increment data 

Although this method does not follow 

the prescribed methods for developing 

RLs we think it is the most accurate 

measure of the RL. If we include the 

very high rates of deforestation and 

reforestation (as indicated by the 

activity data) net GHGs are most likely 

over estimated.  

This approach to the RL avoids 

the inclusion of defor and refor 

data which does not corroborate 

with other sources. The RL is 

therefore based on inputs that 

are largely corroborated and the 

projection is therefore more in 

line with expectations,  

 

Gross historical emissions from deforestation (tCO2):97,289,516 

Gross historical emissions from degradation (tCO2):349,983,750 

Gross historical emissions (tCO2) = 447,273,266 

 

Gross historical removals due to enhancement (tCO2):113,089,199 

Gross historical removals due to AR (tCO2):10,790,533 

Gross historical removals (tCO2) = 323,393,535 

 

 
Figure 15: Projected emissions in Scenario 3 
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Table 35: Projection of emissions for Scenario 3 (2010 - 2020 

Projection of emissions        

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Project
ed 
emissio
ns 
(tCO2) 

   
19,019,
237  

   
19,348,
286  

     
19,677,
336  

                         
20,006,38
5  

      
20,335,
435  

                    
20,664,4
84  

     
20,993,
534  

    
21,322,
583  

  
21,651,
633  

   
21,980,
682  
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ANNEX 9: SCENARIO 4 FOR CONSTRUCTING THE RL 
 

File name: Nepal RL – Workbook 9d – Scenario 4. 

 

Historical reference period for AD: 2000 - 2010 

 

Table 36: Historical reference period for AD: 2000 - 2010 

Scenario Description Camco comments Impact on RL 

4 In this scenario we have modeled for and refor 

based on NET values rather than GROSS values. 

Carbon stock changes are measured using 

emission factors for deforestation and degradation 

whilst all removals (refor and enhancement) are 

measured using annual increment data. The 

reference period only covers 2000 - 2010. No 

projections have been made - only used to 

calculate average emissions during this period. 

This scenario was 

introduced to calculate 

average emissions over 

the period 2000 - 2010. 

The result of this scenario is 

dominated by degradation 

emissions. The average for 

this period is even higher than 

emissions based on a 

projection of historical trends 

from 1990 - 2010 periods. 

 

Gross historical emissions from deforestation (tCO2):22,852,865 

Gross historical emissions from degradation (tCO2):270,378,779 

Gross historical emissions (tCO2) = 293,231,645 

 

Gross historical removals due to enhancement (tCO2):11,345,746 

Gross historical removals due to AR (tCO2):8,047,194 

Gross historical removals (tCO2) = 273,838,705 

 

Annual average during the period 2000 – 2010 (tCO2): 24,894,428 
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ANNEX 10: SCENARIO 5 FOR CONSTRUCTING THE RL 
 

File name: Nepal RL – Workbook 9e – Scenario 5. 

 

Historical reference period for AD: 1990 - 2010 

 

Table 37: Historical reference period for AD: 1990 - 2010 

Scenario Description Camco comments Impact on RL 

5 In this scenario we have modelled defor and 

refor based on NET values rather than GROSS 

values. Carbon stock changes are measured 

using emission factors for deforestation and 

degradation whilst all removals (refor and 

enhancement) are measured using annual 

increment data. The reference period AD 

covers the period 1990 - 2010. No projections 

have been made - only used to calculate 

average emissions during this period. 

This scenario introduced to 

calculate average emissions 

over the period 1990 - 2010 

(in order to compare with the 

outputs from other scenarios) 

The average for the period 

1990 - 2010 is slightly lower 

than for the period 2000 - 

2010 as would be expected in 

a situation where the impact 

of degradation is estimated to 

have increased significantly. 

 

Gross historical emissions from deforestation (tCO2):92,656,682 

Gross historical emissions from degradation (tCO2):333,317,857 

Gross historical emissions (tCO2) = 425,974,539 

 

Gross historical removals due to enhancement (tCO2):110,880,886 

Gross historical removals due to AR (tCO2):8,692,286 

Gross historical removals (tCO2) = 119,573,172 

 

Annual average during the period 1990 – 2010 (tCO2): 14,590,541 
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ANNEX 11: UNCERTAINTY ANALYSIS 
 

Uncertainty estimates are an essential element of a complete inventory of greenhouse gas 
emission and removals (IPCC, 2006). The estimates of emissions and removals from each 
source are based on an assumption about the relationship between a certain activity and 
emissions generated. Uncertainties in emission inventories may have various origins. Many 
emission-generating processes are, by nature, variable in space and time, and it is difficult to 
develop appropriate estimation models and estimation data. Some processes may also be 
poorly understood, and perhaps not even recognised as an important emission source. For 
other sources, good models may be available, but appropriate data is missing to fill the models 
and the estimates rely on approximations. Finally, there may be human errors in data 
processing of the inventory or in the data used (Rypdal and Winiwarter, 2001) 
 
In this assignment the propagation of error technique was used to compute the uncertainties by 
category to estimate overall uncertainty for one year and the uncertainty in the trend. The 
uncertainties for the activity data and emission factors were combined and obtained as half the 
95 percent confidence interval divided by the mean and expressed as a percentage.  The 
computations followed the “2006 Guidelines for Gas National Greenhouse Gas Inventories- 
General Guidance and Reporting” 
 
The following assumptions and considerations were made when calculating the uncertainties: 
 

 Emission factor and activity data uncertainties were combined 

 Correlations occur between some of the activity data sets, emission factors, or both 

 The distributions of the uncertainties are Gaussian 

 The relative ranges of uncertainty in the emission and activity factors are the same in the 
base year and in year t. 

 
The results are as follows: 
 
Scenario 1: 
The result indicates that the percentage uncertainty in the total inventory is 3.67%. It also shows 
that the trend uncertainty is 796.86%. Although the uncertainty in the total inventory is small, the 
one of trend is extremely large. This arises from the emission data that ranges from -
17,627,799.9 tCO2 in 1990 to 35,392,099.65 tCO2 in 2010 (See table 38). 
 
Scenario 2: 
The result indicates that the percentage uncertainty in the total inventory is 0.06%. It also shows 
that the trend uncertainty is 0.00%. The data indicates that there are low variations in the data 
from 37,063,368.51 in 1990 to 40,548,260.19 in 2010 (See table 39). 
 

Scenario 3:  
The result indicates that the percentage uncertainty in the total inventory is 0.27%. It also shows 
that the trend uncertainty is 0.23%. In 1990 the net emission was 12,628,654.19 while in 2010 it 
was 19,209,644.22 (See table 40 
 
  



Final RL Report  
 

82 

 

Camco Advisory Services - Kenya 
 

Scenario 4: 
The net emission is a constant value of 27,560,169.96 between 2000 and 2010.  The 
percentage uncertainty in the total inventory is 1.51% (See table 41). 
 
Scenario 5: 
The net emission is 14,590,541. The uncertainty level is 5% (See table 42). 
 
Scenario 6:  
The net emissions are computed by region for 2010. The percentage uncertainty in the total 
inventory is 3.09% (See table 43). 
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Table 38: Uncertainty analysis for scenario 1 of the RL presentation 

 
Year 

Base year 
emissions or 
removals 

Year t 
emissions or 
removals 

Activity 
data 
uncertainty 

Emission 
factor / 
estimation 
parameter 
uncertainty 

Combined 
uncertainty 

Contribution 
to Variance 
by Category 
in Year t 

Type A 
sensitivity 

Type B 
sensitivity 

Uncertainty 
in trend in 
national 
emissions 
introduced 
by 
emission 
factor / 
estimation 
parameter 
v 

Uncertainty 
in trend 
introduced 
by activity 
data 
uncertainty 

Uncertainty 
introduced 
into the 
trend in 
total 
emissions  

  1990 -17627799.9 -17627799.9 0.00% 8.71% 8.71% 0.01% 445.34% 4.76% 38.79% 0.00% 15.04% 

  1991 -17627799.9 -14906408.94 0.00% 10.30% 10.30% 0.01% 445.36% 4.03% 45.87% 0.00% 21.04% 

  1992 -17627799.9 -12192428.08 0.00% 12.59% 12.59% 0.01% 445.37% 3.29% 56.08% 0.00% 31.45% 

  1993 -17627799.9 -9485857.332 0.00% 16.18% 16.18% 0.01% 445.39% 2.56% 72.09% 0.00% 51.96% 

  1994 -17627799.9 -6786696.684 0.00% 22.62% 22.62% 0.01% 445.40% 1.83% 100.76% 0.00% 101.52% 

  1995 -17627799.9 -4094946.139 0.00% 37.49% 37.49% 0.01% 445.41% 1.11% 167.00% 0.00% 278.87% 

  1996 -17627799.9 -1410605.697 0.00% 108.84% 108.84% 0.01% 445.43% 0.38% 484.80% 0.00% 2350.29% 

  1997 -17627799.9 1266324.642 0.00% 121.24% 121.24% 0.01% 445.44% -0.34% 540.05% 0.00% 2916.55% 

  1998 -17627799.9 3935844.877 0.00% 39.01% 39.01% 0.01% 445.46% -1.06% 173.76% 0.00% 301.93% 

  1999 -17627799.9 6597955.01 0.00% 23.27% 23.27% 0.01% 445.47% -1.78% 103.66% 0.00% 107.45% 

  2000 -17627799.9 9252655.039 0.00% 16.59% 16.59% 0.01% 445.48% -2.50% 73.92% 0.00% 54.64% 

  2001 -17627799.9 11899944.96 0.00% 12.90% 12.90% 0.01% 445.50% -3.21% 57.48% 0.00% 33.04% 

  2002 -17627799.9 14539824.79 0.00% 10.56% 10.56% 0.01% 445.51% -3.93% 47.04% 0.00% 22.13% 

  2003 -17627799.9 17172294.51 0.00% 8.94% 8.94% 0.01% 445.53% -4.64% 39.83% 0.00% 15.87% 

  2004 -17627799.9 19797354.12 0.00% 7.75% 7.75% 0.01% 445.54% -5.35% 34.55% 0.00% 11.94% 

  2005 -17627799.9 22415003.64 0.00% 6.85% 6.85% 0.01% 445.55% -6.06% 30.52% 0.00% 9.31% 

  2006 -17627799.9 25025243.05 0.00% 6.13% 6.13% 0.01% 445.57% -6.76% 27.34% 0.00% 7.47% 

  2007 -17627799.9 27628072.35 0.00% 5.56% 5.56% 0.01% 445.58% -7.46% 24.76% 0.00% 6.13% 

  2008 -17627799.9 30223491.56 0.00% 5.08% 5.08% 0.01% 445.59% -8.16% 22.64% 0.00% 5.12% 

  2009 -17627799.9 32811500.66 0.00% 4.68% 4.68% 0.01% 445.61% -8.86% 20.85% 0.00% 4.35% 

  2010 -17627799.9 35392099.65 0.00% 4.34% 4.34% 0.01% 445.62% -9.56% 19.33% 0.00% 3.74% 

Total   -370183797.8 191452866.1       0.14%         6349.85% 

Percentage uncertainty in total inventory: 
  
  

3.67% Trend uncertainty: 796.86% 
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Table 39: Uncertainty analysis for scenario 2 of the RL presentation 

 
Year 

Base year 
emissions 
or removals 

Year t 
emissions or 
removals 

Activity data 
uncertainty 

Emission 
factor / 
estimation 
parameter 
uncertainty 

Combined 
uncertainty 

Contribution 
to Variance by 
Category in 
Year t 

Type A 
sensitivity 

Type B 
sensitivity 

Uncertainty 
in trend in 
national 
emissions 
introduced 
by emission 
factor / 
estimation 
parameter v 

Uncertainty 
in trend 
introduced 
by activity 
data 
uncertainty 

Uncertainty 
introduced 
into the 
trend in total 
emissions  

  1990 37063368.51 37063368.51 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.76% 0.000312% 0.000000% 0.000000% 

  1991 37063368.51 37089867.03 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.77% 0.000312% 0.000000% 0.000000% 

  1992 37063368.51 37131917.78 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.77% 0.000312% 0.000000% 0.000000% 

  1993 37063368.51 37189520.74 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.78% 0.000311% 0.000000% 0.000000% 

  1994 37063368.51 37262675.91 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.79% 0.000310% 0.000000% 0.000000% 

  1995 37063368.51 37351383.3 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.80% 0.000309% 0.000000% 0.000000% 

  1996 37063368.51 37455642.91 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.81% 0.000308% 0.000000% 0.000000% 

  1997 37063368.51 37575454.74 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.83% 0.000306% 0.000000% 0.000000% 

  1998 37063368.51 37710818.78 0.00% 0.28% 0.28% 0.00000166% 0.11% 4.85% 0.000305% 0.000000% 0.000000% 

  1999 37063368.51 37861735.04 0.00% 0.27% 0.27% 0.00000166% 0.11% 4.86% 0.000303% 0.000000% 0.000000% 

  2000 37063368.51 38028203.52 0.00% 0.27% 0.27% 0.00000166% 0.11% 4.89% 0.000301% 0.000000% 0.000000% 

  2001 37063368.51 38210224.21 0.00% 0.27% 0.27% 0.00000166% 0.11% 4.91% 0.000299% 0.000000% 0.000000% 

  2002 37063368.51 38407797.12 0.00% 0.27% 0.27% 0.00000166% 0.11% 4.93% 0.000297% 0.000000% 0.000000% 

  2003 37063368.51 38620922.24 0.00% 0.27% 0.27% 0.00000166% 0.11% 4.96% 0.000295% 0.000000% 0.000000% 

  2004 37063368.51 38849599.59 0.00% 0.27% 0.27% 0.00000166% 0.11% 4.99% 0.000292% 0.000000% 0.000000% 

  2005 37063368.51 39093829.14 0.00% 0.27% 0.27% 0.00000166% 0.11% 5.02% 0.000289% 0.000000% 0.000000% 

  2006 37063368.51 39353610.92 0.00% 0.26% 0.26% 0.00000166% 0.11% 5.06% 0.000287% 0.000000% 0.000000% 

  2007 37063368.51 39628944.91 0.00% 0.26% 0.26% 0.00000166% 0.11% 5.09% 0.000284% 0.000000% 0.000000% 

  2008 37063368.51 39919831.12 0.00% 0.26% 0.26% 0.00000166% 0.11% 5.13% 0.000281% 0.000000% 0.000000% 

  2009 37063368.51 40226269.55 0.00% 0.26% 0.26% 0.00000166% 0.11% 5.17% 0.000278% 0.000000% 0.000000% 

  2010 37063368.51 40548260.19 0.00% 0.26% 0.26% 0.00000166% 0.11% 5.21% 0.000274% 0.000000% 0.000000% 

Total   778330738.7 804579877.3       0.00003495%         0.000000% 

Percentage uncertainty in total inventory: 
  
  

0.06% Trend uncertainty: 0.00% 
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Table 40: Uncertainty analysis for scenario 3 of the RL presentation 

 
Year 

Base year 
emissions or 
removals 

Year t 
emissions 
or removals 

Activity 
data 
uncertainty 

Emission 
factor / 
estimation 
parameter 
uncertainty 

Combined 
uncertainty 

Contribution 
to Variance 
by Category 
in Year t 

Type A 
sensitivity 

Type B 
sensitivity 

Uncertainty 
in trend in 
national 
emissions 
introduced 
by emission 
factor / 
estimation 
parameter v 

Uncertainty 
in trend 
introduced 
by activity 
data 
uncertainty 

Uncertainty 
introduced 
into the 
trend in 
total 
emissions  

  1990 12628654.19 12628654.19 0.00% 1.52% 1.52% 0.000035% 3.96% 4.76% 0.0602% 0.000000% 0.000036% 

  1991 12628654.19 12801866.57 0.00% 1.50% 1.50% 0.000035% 3.95% 4.83% 0.0594% 0.000000% 0.000035% 

  1992 12628654.19 12991482.85 0.00% 1.48% 1.48% 0.000035% 3.95% 4.90% 0.0585% 0.000000% 0.000034% 

  1993 12628654.19 13197503.05 0.00% 1.46% 1.46% 0.000035% 3.95% 4.98% 0.0576% 0.000000% 0.000033% 

  1994 12628654.19 13419927.15 0.00% 1.43% 1.43% 0.000035% 3.95% 5.06% 0.0566% 0.000000% 0.000032% 

  1995 12628654.19 13658755.16 0.00% 1.41% 1.41% 0.000035% 3.95% 5.15% 0.0556% 0.000000% 0.000031% 

  1996 12628654.19 13913987.07 0.00% 1.38% 1.38% 0.000035% 3.95% 5.25% 0.0546% 0.000000% 0.000030% 

  1997 12628654.19 14185622.9 0.00% 1.36% 1.36% 0.000035% 3.95% 5.35% 0.0535% 0.000000% 0.000029% 

  1998 12628654.19 14473662.63 0.00% 1.33% 1.33% 0.000035% 3.95% 5.46% 0.0525% 0.000000% 0.000028% 

  1999 12628654.19 14778106.27 0.00% 1.30% 1.30% 0.000035% 3.95% 5.57% 0.0514% 0.000000% 0.000026% 

  2000 12628654.19 15098953.82 0.00% 1.27% 1.27% 0.000035% 3.95% 5.69% 0.0503% 0.000000% 0.000025% 

  2001 12628654.19 15436205.27 0.00% 1.25% 1.25% 0.000035% 3.95% 5.82% 0.0492% 0.000000% 0.000024% 

  2002 12628654.19 15789860.64 0.00% 1.22% 1.22% 0.000035% 3.95% 5.95% 0.0480% 0.000000% 0.000023% 

  2003 12628654.19 16159919.91 0.00% 1.19% 1.19% 0.000035% 3.94% 6.09% 0.0469% 0.000000% 0.000022% 

  2004 12628654.19 16546383.09 0.00% 1.16% 1.16% 0.000035% 3.94% 6.24% 0.0458% 0.000000% 0.000021% 

  2005 12628654.19 16949250.17 0.00% 1.13% 1.13% 0.000035% 3.94% 6.39% 0.0447% 0.000000% 0.000020% 

  2006 12628654.19 17368521.17 0.00% 1.11% 1.11% 0.000035% 3.94% 6.55% 0.0436% 0.000000% 0.000019% 

  2007 12628654.19 17804196.07 0.00% 1.08% 1.08% 0.000035% 3.94% 6.71% 0.0425% 0.000000% 0.000018% 

  2008 12628654.19 18256274.88 0.00% 1.05% 1.05% 0.000035% 3.94% 6.88% 0.0415% 0.000000% 0.000017% 

  2009 12628654.19 18724757.59 0.00% 1.03% 1.03% 0.000035% 3.94% 7.06% 0.0404% 0.000000% 0.000016% 

  2010 12628654.19 19209644.22 0.00% 1.00% 1.00% 0.000035% 3.94% 7.24% 0.0394% 0.000000% 0.000016% 

Total   265201738 323393534.7       0.000742%         0.000536% 

Percentage uncertainty in total inventory: 
  
  

0.27% Trend uncertainty: 0.23% 
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Table 41: Uncertainty analysis for scenario 4 of the RL presentation

  

 
Year 

Base year 
emissions or 
removals 

Year t 
emissions 
or removals 

Activity data 
uncertainty 

Emission 
factor / 
estimation 
parameter 
uncertainty 

Combined 
uncertainty 

Contribution 
to Variance 
by Category 
in Year t 

Type A 
sensitivity 

Type B 
sensitivity 

Uncertainty 
in trend in 
national 
emissions 
introduced 
by emission 
factor / 
estimation 
parameter v 

Uncertainty 
in trend 
introduced 
by activity 
data 
uncertainty 

Uncertainty 
introduced 
into the 
trend in total 
emissions  

  2000 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2001 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2002 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2003 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2004 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2005 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2006 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2007 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2008 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2009 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

  2010 27560169.96 27560169.96 0.00% 5.00% 5.0000% 0.0021% 0.0000% 9.0909% 0.0000% 0.0000% 0.0000% 

Total   303161869.6 303161869.6       0.02%         0.00% 

Percentage uncertainty in total inventory: 
  
  

1.51% Trend uncertainty: 0.00% 
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Table 42: Uncertainty analysis for scenario 5 of the RL presentation 

 
Table 43: Uncertainty analysis for scenario 6 of the RL presentation 

 
Year 

Base year 
emissions 
or 
removals 

Year t 
emissions 
or 
removals 

Activity data 
uncertainty 

Emission 
factor / 
estimation 
parameter 
uncertainty 

Combined 
uncertainty 

Contribution 
to Variance 
by Category 
in Year t 

Type A 
sensitivity 

Type B 
sensitivity 

Uncertainty 
in trend in 
national 
emissions 
introduced 
by emission 
factor / 
estimation 
parameter v 

Uncertainty 
in trend 
introduced 
by activity 
data 
uncertainty 

Uncertainty 
introduced 
into the 
trend in total 
emissions  

  2010 14590541 14590541 0.00% 5.00% 5.0000% 0.2500% 0.0000% 100.0000% 0.0000% 0.0000% 0.0000% 

Total   14590541 14590541       0.25%         0.00% 

Percentage uncertainty in total inventory: 
  
  

5.00% Trend uncertainty: 0.00% 

Physiogr
aphic 
Region 

Year 
Base year 
emissions 
or removals 

Year t 
emissions 
or 
removals 

Activity 
data 
uncertainty 

Emission 
factor / 
estimation 
parameter 
uncertainty 

Combined 
uncertainty 

Contribution 
to Variance 
by Category 
in Year t 

Type A 
sensitivity 

Type B 
sensitivity 

Uncertainty 
in trend in 
national 
emissions 
introduced 
by emission 
factor / 
estimation 
parameter v 

Uncertainty 
in trend 
introduced 
by activity 
data 
uncertainty 

Uncertainty 
introduced 
into the 
trend in 
total 
emissions  

Terai 2010 
10151880.4

4 
10151880.4

4 0.00% 5.00% 5.0000% 0.0006% 0.0000% 4.8980% 0.0000% 0.0000% 0.0000% 

Siwalik 2010 
19304179.8

2 
19304179.8

2 0.00% 5.00% 5.0000% 0.0022% 0.0000% 9.3137% 0.0000% 0.0000% 0.0000% 

Hills 2010 
117279747.

1 
117279747.

1 0.00% 5.00% 5.0000% 0.0800% 0.0000% 56.5839% 0.0000% 0.0000% 0.0000% 

Mid 
Mountain 2010 

43085231.7
3 

43085231.7
3 0.00% 5.00% 5.0000% 0.0108% 0.0000% 20.7873% 0.0000% 0.0000% 0.0000% 

High 
Mountain 2010 

17445993.8
3 

17445993.8
3 0.00% 5.00% 5.0000% 0.0018% 0.0000% 8.4172% 0.0000% 0.0000% 0.0000% 

Total   
207267032.

9 
207267032.

9       0.10%         0.00% 

Percentage uncertainty in total inventory: 
  
  

3.09% Trend uncertainty: 0.00% 
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SUMMARY 

 

This paper provides the context, background, conceptual framework and methodological approach for the 

assignment “Development of a National REDD+ Reference Level for Nepal” which is a key step required for 

attaining Nepal’s vision for the REDD+ Strategy. The paper examines the institutional set up for REDD+ in Nepal, 

the capacity and data environment relevant to REDD+ implementation and provides suggestions for addressing the 

key challenges identified. The implementation approach involves integrating the Forest Carbon Partnership Facility 

of the World Bank approach – which is supporting the work – and the United Nations Framework Convention 

approach which provides the technical guidance for implementation. The step-wise approach is followed.  

 

Another key output presented in this paper are the decisions relating to the scale, scope and categories of REDD+ 

activities to be included, carbon pools and gases included in quantifying the RL, the historical reference period as 

well as finalizing the definition of forest. These decisions must first be made as they provide the basis for all the 

other technical and strategic decisions relating to REDD+ implementation in the country. In summary, the decisions 

reached include: 

 

 Historical reference period: analysis from 1990 – 2010 but the reference level is based on 2000-2010 

 Scale: National level reference level 

 Scope: CO2 emissions from deforestation, forest degradation as well as CO2 removals resulting from 

forest enhancement.  

 Definition of forest: FAO definition, i.e., “Land with tree crown cover of more that 10 percent and area 

covering more than 0.5 ha, with minimum height of the trees to be 5 m at maturity and in-situ conditions”. 

 Carbon pools included: Above ground and belowground biomass 

 Green House Gases included: CO2 

Context of REDD+ in Nepal 

Nepal’s REDD+ Strategy seeks to reduce GHG emissions from deforestation and forest degradation significantly 

through activities such as conservation, addressing livelihood issues and establishing an effective policy, regulatory 

and institutional framework and has subsequently set up the relevant institutions to oversee its implementation.  

 

The data environment 
The available data, though inadequate, can with modification be used as a first step in developing the RL. The RL 

can then be updated as better data becomes available in line with the step-wise approach. It is important however to 

highlight where the data gaps are, where improvements are needed, and how such improvements may be done.  

Institutional set up and capacity  

The REDD Multi-sectoral and Multi-stakeholder Coordinating and Monitoring Committee have been established as 

the apex body for REDD policy in Nepal culminating in the establishment of the REDD Cell in the Ministry of 

Forestry and Soil Conservation as well as a functional REDD Working Group (RWG). These institutions are 

constrained by limited capacity. This challenge can partially be addressed through enhancing institutional synergies. 

Way forward 

The approach adopted is to develop the reference level using the existing limited data, which will then be updated 

when more reliable data becomes available. It is therefore important that simultaneously with implementation, 

decisions be made regarding the targeting and content of the capacity development phase to ensure that updates can 

be done easily, correctly and at minimum cost.  
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1 INTRODUCTION 

 

1.1 Background of the assignment 
 

This working paper has been written by Camco to provide the context, background, conceptual framework and 

methodological approach for the assignment “Development of a National REDD+ Reference Level for Nepal”. As 

outlined in Nepal’s REDD+ Preparation Proposal (R-PP), developing a National Reference Level is one of the key 

steps required for attaining Nepal’s vision for the REDD+ Strategy. Implementation of the assignment also involves  

building the capacities of Nepal’s REDD Cell and that of other key stakeholders to identify and quantify decreases 

and increases in forest carbon stocks as well as to project future trends. The overall outcome is that at the conclusion 

of the assignment,  the REDD Cell and REDD+ stakeholders in Nepal will better understand the potential of various 

REDD+ interventions in terms of carbon emissions and carbon fluxes to assess the related strategic options. The 

Forest Carbon Partnership Facility (FCPF) of the World Bank, which is supporting this initiative, is clear that the 

outcomes must be consistent with the requirements of the United Nations Framework Convention on Climate 

Change (UNFCCC). 

 

Under the UNFCCC, RLs are used to demonstrate Green House Gas (GHG) emission reductions. RLs therefore 

refer to the quantity of GHG emissions and removals that are projected to take place in the absence of a REDD+ 

program, and are needed to establish business-as-usual (BAU) benchmarks against which actual emissions and/or 

removals are compared. The RL developed will inform the development and implementation of REDD+ policies in 

Nepal, underpin the credibility of REDD+, and inform performance of results-based payments for REDD+.  

 

The critical role of RLs in actualizing the benefits of the REDD+ imply a requirement for relevant country data that 

relates not only to  the forest sector but also many other sectors whose interactions  with the forest sector may 

combine to either increase or decrease emissions from deforestation and forest degradation. Consequently, the 

preparation of this report has relied on many data sources. The required data is not always available, or even when 

available, may not be in a form that would be useful to the development of the forest RL. This makes developing 

forest reference levels for REDD+ a challenging task, given the lack of quality data, genuine uncertainties about 

future rates of deforestation and forest degradation and potential incentives for biasing the estimates.  

 

The availability and quality of data therefore determines the methods used to develop reference levels. For this 

reason, both the UNFCCC and FCPF recommend a step-wise approach to developing reference levels, which in 

practical terms reflects different country circumstances and capacities and thus facilitates broad participation, early 

startup and the motivation for improvements over time, alongside efforts to enhance measurement and monitoring 

capacities (UNFCCC, 2012; Winrock International, Part 2). This is the approach that has been followed for 

implementing this assignment. As will be seen in later sections, the availability of spatially explicit data is crucial to 

the development of accurate RLs. In the absence of spatially explicit data, use can be made of ancillary data 

including statistical data, published research data, default data from the UNFCCC through the Intergovernmental 

Panel on Climate Change (IPCC), and other validated sources.  

 

For example, at the beginning of this assignment, the Forest Resource Assessment Project (2010 – 2014), which 

aims to collect national level forest resources information, which in turn could support development of the national 

level baseline for REDD+, was ongoing. From this process, the completed forest inventory for the Terai ARC 

Landscape (TAL) provided spatially explicit data for developing a reference level for the TAL.  On the other hand, 

data for the rest of the country was based on IPCC Tier 1 and 2 default values as well as secondary sources. In 

accordance with the Step-Wise Approach employed for the development of the RL, the resulting Reference Level 

will require updating upon completion of the Forest Resource Assessment Project later on in December 2014, as 

well as any other more accurate data becomes available.  

 



    

2 

 

1.1.1 Objectives of the assignment 
 

The key objective of the assignment is to determine Nepal’s National Forest Reference Level with the goal of 

enabling Nepal to attain its vision for the REDD+ Strategy that seeks to reduce GHG emissions from deforestation 

and forest degradation starting from 2013 going forward significantly through activities such as conservation, 

addressing livelihood issues and establishing an effective policy, regulatory and institutional framework.  

 

1.1.2 Description of key activities 
 

The following tasks/activities have been undertaken as part of the assignment: 

 

Task 1: Defining the Scope of REL/RL 

 

This task involved a thorough situational analysis of the country, including relevant data availability and sources, a 

review of current global approaches to the development of REL/RL, presenting the merits and demerits of each 

approach and informed by the country situational analysis, recommend a suitable approach to defining REL/RL in 

Nepal. Five main activities were undertaken for this task: 

 

i. Defining the general approach to be followed, i.e. the setting of Reference Emission Levels or Reference 

Levels and explaining the strategic options that the two approaches imply; 

ii. Defining the pools and gases to be included in the REL/RL assessment and justifying their inclusion/ 

exclusion; 

iii. Defining the scope of REDD+ categories, compliant with the IPCC Good Practice Guidance Framework; 

iv. Justifying the historic reference period for which emissions and removals were to be estimated; and 

v. Defining and justifying the selected level and scale of REL/RL (sub‐national vs. national). 

 

Task 2: Compilation and analysis of activity data and emission factors 

 

This task was undertaken to enable the determination of Nepal’s emissions and carbon removals related to 

deforestation and forest degradation as well as reforestation/carbon stock enhancement. It involved an assessment of 

the data availability, making decisions as to its suitability for the analysis required, establishing the correlations 

between different data sets and finally analyzing the data to provide the required outcome. Two main outputs were: 

 

i. Estimation of land use and forest cover change (activity data); 

ii. Estimation of forest carbon density (emission factors); 

 

The sub activities for implementing each of these tasks included: 

 

 Sub Task 2a: Estimate land use and forest cover change (activity data): 

 

2a.i Compile and catalogue existing GIS and remote sensing data and ground‐based data, and assess their 

applicability for the development of sub‐national and national REL/RL; 

2a.ii Define accuracy targets and quality assurance/quality control (QA/QC) protocols for the interpretation 

of remote sensing data; 

2a.iii Determine data gaps and required additional information needed for accurate REL/RL development; 

2a.iv Compile and catalogue existing data for activities related to forest degradation and carbon stock 

enhancement and identify data gaps, and collect data to fill the gaps. 

2a.v Interpret activity data in the reference period and create benchmark land cover maps. Land cover maps 

shall be interpreted for at least four points in time; 

2a.vi Determine data gaps and additional images incorporated in the analysis and fill the data gaps with 

additional RS data. 
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Subtask 2b: Estimate forest carbon density (emission factors): 

 

2b.i Compile existing relevant data, develop stratification factors and stratify the landscapes; 

2b.ii Define accuracy and precision targets and QA/QC protocols; 

2b.iii Compile and evaluate existing allometric equations, biomass expansion factors, inventory data, 

logging impacts, data on fuel-wood collection impacts, re-growth rates and information related to 

degradation; 

2b.iv validate their applicability to national forest assessment and identify gaps to be filled, including data 

on gross deforestation/reforestation/C stock enhancement and forest degradation; 

2b.v Undertake an uncertainty assessment for the determined emissions factors. 

 

Task 3: Adjustment for national circumstances 

 

This task was undertaken to ensure that the REL/RL is country-specific and relevant to Nepal. In order to achieve 

this, the initial REL/RL must therefore, be reliable and accurate to enable accurate and reliable projections of 

emissions and carbon reductions into the future. 

 

Risk maps and spatially explicit sub-area baselines were developed to indicate which areas are expected to be at 

high risk from deforestation during the future accounting period and which are at threat from degradation (including 

any spatial overlaps between these). 

 

Task 4: Development of a capacity building strategy 

 

The Capacity Building Component of the assignment aimed to enhance the capacities of the REDD Cell and other 

key stakeholders to identify and quantify decreases and increases in forest carbon stocks and to project future trends; 

help the REDD Cell understand the potential of the various REDD+ interventions in terms of carbon 

emissions/fluxes and to assess the related strategic options. 

 

The Capacity Building Component also aims to ensure that the REDD Cell is adequately empowered to undertake 

updates to the Reference Level when necessary (e.g. on completion of the FRA Project). Finally, as a party to the 

UNFCCC, Nepal has national GHG reporting obligations to the international community. As the key agency in 

charge of Climate Change in Nepal, the REDD Cell is therefore instrumental in communicating to the in-country 

policymakers the process of REDD+ RL development. The capacity building effort therefore involved working in 

tandem with the REDD Cell throughout the RL development process to enable such communication to be made to 

the policymakers, who in turn will communicate the same to the international community in a manner that 

demonstrates the integrity of the GHG emissions reported by Nepal.  

 

A key outcome of this approach is a legacy that focuses on an interactive process of continual measurement and 

analysis to ensure that the data associated with RL/REL in Nepal will continue to be enriched by an ever-increasing 

audience of stakeholders.  

 

1.2 General country profile 

Nepal is a landlocked country situated between India and China covering 147,181 Sq. Kms, from 26022’ to 300 27’ 

North Latitude and 8004’ to 880 12’ East Longitude. Nepal is approximately rectangular in shape and stretches 885 

km in length (east to west) and 193 km in width (north to south) (MOHP et al, 2011). Administratively, Nepal is 

divided into 5 development regions (Far West, Mid-Western, Western, Central and Eastern), 14 zones, 75 districts, 

58 municipalities and 3,913 village development committees (Mishra, 2009). 
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Figure 1: Map showing location and key zones of Nepal 
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Nepal occupies the largest part of the Central Himalaya and its foothills ranging from about 57m to 8,848m at the 

highest point on the surface of the earth (Amatya et al, 2002). Topographically Nepal can be divided into six parallel 

zones from south to north which are: 1. Terai; 2. Siwaliks (Churia) Hills; 3. Mahabharata Range; 4. Middle Hills; 5. 

Himalayan Range; 6. Trans Himalayan valley and Hills. 

 

Figure 2: Map showing key physical parameters of Nepal 

Terai is a flat area lying between the Siwalik Hills and the southern frontier of Nepal forming almost a continuous 

belt along the border with India having an altitudinal range from 57 m.a.s.l.  to 300 m.a.s.l.  (Amatya, et al, 2002). 

The Terai zone includes the Bhabar zone located immediately at the foot of the Siwalik Hills having boulder and 

gravelly areas derived from alluvial fans at the base of the hills. Streams flowing from the hills disappear into the 

well-drained soil of this area, which reappears again in the proper Terai often in a line of springs (Jackson, 1994). 

Water is scarce in this part throughout the year except during the monsoon (Amatya et al, 2002). As a result, the 

land is poor for crops and the area is relatively sparsely inhabited and still contains adequate forest cover. South to 

Bhabar zone is the southern Terai, which is an extension of the Gangetic plain which is nearly all cultivated 

(Jackson, 1994). Rivers in Terai have very broad and flat boulder beds, especially in Bhabar Zone. The rivers here 

change course frequently as they erode laterally rather than deepening their beds.  

The Siwaliks hills rise steeply from the Terai to the north from east to west with an average altitude of 1,500 m.a.s.l . 

The hills vary in width being narrowest in the east, where they are reduced to a narrow fringe, and broaden in the 

west. In some areas it is also associated with Inner Terai (bhitri madhes) and in some places Siwaliks is divided into 

two ranges with a dune and a valley of big rivers between them. The Big rivers include; The Karnali,  Babai,  Rapti 

and the Rapti [west] which flow parallel to the hills ranges before entering to the south (Jackson, 1994). Apart from 

these rivers the streams rising on the slopes of the Siwaliks themselves flow either north or south, and are seasonal. 

Characteristically, Siwaliks are formed from soft, very erodible sediments, so that gullies form easily and 

degradation is frequent. Water scarcity has also led the area to be sparsely inhabited. The duns (inner valleys) are 
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however highly populated and cultivated because of the fertile alluvial deposits. The Siwaliks mainly consists of 

mudstone, sandstone, siltstones and conglomerates (Pariyar, 2008).  

The Mahabharat range extends from the west-northwest to east-southeast across the whole of southern Nepal with 

the highest peak at 2,960 m.a.s.l. This range is formed from much older and harder rocks than the Siwaliks and 

hence is much less eroded. In some places the topography is very rugged, with very steep rocky slopes. In eastern 

and central Nepal the Mahabharat range is bounded to the north by valleys running approximately east and west, 

such as those of Tamor, Sun koshi, the Trishuli and the lower Kali gandaki (Jackson, 1994). The geology consists of 

a phyllite, schist, quartzite, granites and limestone (Pariyar, 2008). 

The middle hills and valleys occupy the center of the country between the Mahabharat and the Himalaya. These hills 

are intersected by both north-south and east-west valleys, and form a rather irregular deeply dissected plateau rising 

gradually to the north with the altitudinal variations from 500 m.a.s.l.  to 2000 m.a.s.l.  even more to the 3000 

m.a.s.l.  which is supposed to be the line of Himalaya, giving rise to climatic variations as well (Jackson, 1994). This 

region has more metamorphosed and structurally consolidated rocks. Gneisses and garnetiferous mica shists are 

common (Pariyar, 2008). Most of the hill slopes are under intensive, terraced cultivation. Above 2,400m cultivation 

and settlement become scarcer.  

The Main Himalayan Range roughly follows the northern frontier of Nepal which is sparsely populated and of 

which about 21,000 km
2
 is under permanent ice and snow. Most of the other land is used for grazing usable only in 

summer. There are seven peaks more than 8,000m and many over 7,000m. Within it, the deepest gorge of the world 

formed by Annapurna (8,091 m.a.s.l.) and Dhaulagiri (8,167 m.a.s.l.) peaks is also situated (Jackson, 1999). The 

geology consists of gneisss, schist, limestone and shale from different ages (Pariyar, 2008). Most of the snow fed 

rivers get recharge/flow from this main Himalayan range. A study carried out by ICIMOD in 2001 indicates that 

there are 2,323 Glacier Lakes in the Himalayan range of Nepal (Kayastha, 2010). Characteristic landforms are 

glaciers, cirque basins, moraines, U-shaped valleys and avalanche slopes. Bedrock in most of the areas is exposed at 

or near the surface where less than 1% of the region has the soil and climate suited for crop production (Pariyar, 

2008). 

The Trans-Himalayan Valleys and Mountains are located further north of the Main Himalayan Range having greater 

affinities with Tibet than with the rest of Nepal. This area is situated at a high elevation of above 3,000 m.a.s.l. and 

is in rain shadow of the Himalaya. The area receives considerably lower rainfall than the rest of Nepal and is often 

semi-desert.   

In Nepal there are about 6,000 rivers having a drainage area of 191,000 km
2
, 74% of which lies in Nepal only. There 

are 33 rivers having drainage areas exceeding 1,000sq km, the drainage density in closeness of channel is about 

0.3km/km
2
. The drainage system (river system) of Nepal can be classified into 3 types depending on the source and 

discharge. Mahakali, Karnali, Gandaki and Kosi are four major river systems which originate from Himalaya and 

carry snow-fed flows with significant discharge even in the dry season. Babai, West Rapti, Bagmati, Kamala, 

Kankai and Mechi are medium rivers which originate from Mahabharat range that is fed by precipitation as well as 

ground water regeneration having wide seasonal fluctuations in discharge. Likewise, there are a larger number of 

small rivers in the Terai, most of which originate from Siwalik range which has little flow during the dry season. 

About 80% of total flow occurs during five months (June to October) especially during the monsoon (Shakya, 

2012). 

 

Nepal, though not big in size, has a wide range of climatic conditions, largely determined by variation in altitude. In 

general, the climate ranges from hot tropical in Terai to moderate subtropical in the hills and high mountains (D0F, 

1999) which can be manifested in 4 different climatic seasons (a) Spring : March-May (b) Summer: June-August (c) 

Autumn : September-November (d) Winter : December-February (ICIMOD, 2013). 

Climatic characteristics 
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The climate of Nepal is dominated by the monsoon circulation system, i.e. southeasterly from June to September, 

which gives around 80% of the annual precipitation. Summer monsoon, which arrives in early June, is characterized 

by violent lightning and thunderstorm and lasts through September (Sigdel et al 2012). There are strong spatial and 

temporal variations in the rainfall distribution of Nepal. July is the wettest month receiving 26% of the total rainfall 

and November is the driest receiving 1% of the annual total rainfall. The seasonal mean rainfall is highest during the 

summer monsoon season and lowest during winter (Kandel, 2012).  

Temperature is influenced by the topography of Nepal. For an altitudinal rise of 100m, the mean annual temperature 

drops by 0.5
0
C Likewise the latitude also affects the temperature. For every 3

0
 north, the mean temperature 

decreases by 1
0
C. January is the coldest month and June and July are the hottest months. Temperature tends to rise 

from east to west. The highest temperature recorded is 46
0
C at Bardiya district and the lowest -26

0
C in Mustang 

district (Pariyar, 2008) 

Summer and late spring temperatures range from 28ºC in the hilly regions to more than 40ºC in the Terai. In winter, 

the average maximum and minimum temperatures in the Terai range from a 7ºC to a mild 23ºC. The central valley 

experiences’ minimum temperatures often falling below freezing point and a chilly 12ºC maximum. Much colder 

temperatures prevail at higher elevations. The Kathmandu Valley, at an altitude of 1300m (4297ft), has a mild 

climate, ranging from 19-27ºC in summer, to 2-20ºC in winter (ICIMOD, 2013). 

 

Although the soils of Nepal are not classified in detail, a Land Resource Mapping Project (LRMP) reported 14 

different soil groups covering 4 soil orders found in Nepal. They are Entisols, Inceptsols, Mollisols and Alfisols. 

There are other soils orders e.g. Spodosols, Histosls, Ultisols and Aridosols also found occasionally (Pariyar, 2008). 

Entisols are the youngest and least developed soils, generally found on hill sides and adjacent to the river courses 

which are formed through deposition of colluvium and alluvium and are present throughout the country (Amatya et 

al. 2002). Inceptsols cover the largest area in Nepal and are the most important soils. They occur on more stable 

slopes and varieties of Inceptsols are developed from a vast difference in landscape, climate, geology and parent 

materials. Mollisols usually occur under thick grass or forest and have high organic matter and are dark in color and 

have high base saturation. These are developed on basic parent materials at higher elevations. Alfisols are found on 

the river terraces with accumulation of a leached layer of lattice of silicate clays and are available on stable slopes of 

the Middle and High Hill regions where the climate helps the development of mature pedogenetic argillic horizons 

(Pariyar, 2008)  

 

Nepal is divided into three agro-ecological zones, Mountain, Hills and Terai based on the altitude, crop and 

livestock production systems.  

 

1 Population: 

The total population of Nepal is 26,494,504 with an annual growth rate of 1.35% and 5,427302 households. The 

Terai region accounts for the highest portion of the total population at 50.27% followed by Hill and Mountain 

regions with 43% and 6.73% respectively. Of the five development regions, the central development region has the 

highest population (36.45%) and far western region records the lowest (9.63%). Population density at national level 

is 180 persons / km
2
. The highest is in Kathmandu district which is 4,416 persons per square km and lowest in 

Soil Characteristics 

Agro-ecological zones 

Socioeconomic characteristics 
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Manang which is 3 persons per square km. The urban population (population residing in 58 municipalities) 

constitute 17% of the total population. The working age population is about 57% (CBS, 2012) 

About two third of the total households (64%) use firewood as their main source of fuel for cooking followed by 

LPG (21.03%) and cow dung (10.38%). Biogas and kerosene is used for cooking by 2.43% and 1.03% of all 

households. Very few households (0.08%) use electricity as fuel for cooking. In urban areas, more than two thirds 

(67.68%) of the total households use LPG as their usual fuel for cooking (CBS, 2012) 

2 Gross Domestic Product: 

Nepal has a low Human Development Index (HDI) of 0.428 (UNDP, 2010) and a per capita nominal GDP of USD 

642. More than one third of the GDP is derived from agriculture (NPC 2011). Although agriculture remains the 

major contributor to and a mainstay of Nepal’s economy as a source of rural employment and raw materials for agro 

industries, there has been a marked decline in agricultural activities over the past years. The population engaged in 

the agricultural sector has decreased from 78% to 64% by 2009/10 and the GDP contribution has also declined to 

33% from 38%. The main reason behind this decline has been attributed to rural- urban migration of labor especially 

men in search of jobs and opportunities abroad (Pant et al, 2012). This has largely increased the relative proportion 

of women in agriculture and forestry related activities in all parts of the country.    

3 Main Economic Activities: 

Agriculture is one of the major sectors that provide employment to a large portion of the population. The National 

Labor Force Survey indicates that 67% of currently employed people are from the agricultural sector. The total 

population currently employed during the study was 11.2 million. After agriculture, the ‘elementary occupations’ are 

the second major group engaging 1.2 million people, 8.7 million (73.9%) people work in the agriculture and forestry 

sector, manufacturing 773,000, wholesale and retail trade 692,000, construction  over 367,000 persons, education 

sector over 285,000, hotel and restaurant 197,000 and in transport storage and communication 198,000 people are 

employed (NLFS, 2008)  

4 Road Network: 

Nepal’s national road network comprises of national highways, feeder roads, urban roads, and district and village 

roads. At present the national road network is totals 24,000 km (30% black top, 27% gravel, 43% earthen) in length 

(Sitaula, 2008). 71 districts out of 75 districts are connected with the strategic road networks. 39% of the population 

from the Hills and Mountain zones are more than a four-hour walk away from the nearest all-weather road. In Terai, 

about 13% are located within a two-hour walk from the nearest all-weather road, 10% of the Terai population is still 

beyond the two-hour limit. In extreme cases in the High Himalaya and Mountains, people even have to walk 13days 

walk to the nearest road-head (NPC, 2011).  

 

 
 

Nepal has a unique faunal and floristic diversity as it lies in the transitional region between Indo-Malayan and 

Palearctic bio-geographical realms. Likewise, Nepal’s unique geographical position coupled with altitudinal and 

climatic variations resulted in nine bio-climatic zones, from tropical to alpine within its north south vertical span.  

Nepal includes four of the global 200 eco-regions – critical landscapes of international biological importance – and 

ranks 25th in biodiversity with about 118 ecosystems, 75 vegetation types and 35 forest types (NPC, 2011) 

Broadly, Nepal’s vegetation can be divided into 6 different types which are tropical, sub-tropical, lower temperate, 

upper temperate, subalpine and alpine) while moving from south to north and from lowland to highlands (DoF, 

1999). 

Vegetation types and forest management  
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Figure 3: Map showing key vegetation types of Nepal 

Tropical vegetation extends up to 1000m where there are the following vegetation formations: 

1. Shorea robusta forest with the association of Terminalia alata, Adina cordifolia, Anogeissus latifolia, 

Largestromia parviflora, Dillenia pentagyna, Syzygium cumini and Semicarpus anacardium.  

2. Acacia catechu-Dalbergia sissoo forest is often found in riverside where there is newly deposited 

alluvium. Likewise, the riverain forest exists in strip in moist localities whereas grassland is found on 

poorly drained clays.  

3. There is Terminalia-anogeissus deciduous hill forest in the upper altitude confined to dry south facing 

slopes where Anogeissus latifolia and Terminalia alata are the major (Jackson, 1994, Amatya et al, 2002) 

The sub-tropical forest which extends from 1000 m.a.s.l to 2000 m.a.s.l constituting Pinus roxburghii 

forest, Schima-Castanopsis forest, Alnus Nepalensis forest and also has the riverain forest constituting 

Toona and Albizia.  

4. Lower Temperate Forest occurs in the altitude from 2000-2700 m.a.s.l constituting forest of different 

Quercus species (Quercus leucotrichophora, Quercus lanata, Quercus floribunda, Quercus lemillosa), 

mixed broad leaved forest with Lauracea and Pinus wallichina.  

5. Upper Temperate forest occurs at the altitude from 2700-3100 m.a.s.l with Quercus semicarpifolia, mixed 

broad-leaved forest, Rhododendron forest and upper coniferous forest. Likewise, the subalpine forest 

forms between 3000-4200 m.a.s.l with Abies, Betula and Rhododendron species and steppe of Juniperus 
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and Carangana. The Alpine zone lies between the tree line and the perpetual snow where there are no trees 

but shrubby Rhododendron, Junipers and others up to 4500 m.a.s.l (Jackson, 1994, Amatya et al, 2002). 

In Nepal, forests are being managed in different management systems, such as a) directly administered and protected 

by government forest-known as government managed forest b) those managed by community or user groups such as 

community, leasehold, religious and collaborative (where government is also a joint manager). Among these, 

community forestry covers 31.62% of forest area (4.27 million ha.) and are the most decentralized and relatively 

more successful in terms of social development. Other community managed forests-buffer zone and leasehold are 

slowly becoming pro-poor and people centered (NPC, 2011).  

 

1.3 Overview of the policy environment for the forest sector and REDD+ in Nepal 
 

Nepal has taken significant steps to promote community based forest management, a programme which is embedded 

within the national forest policy and regulations and is quite in line with the development of the national REDD+ 

Programme. The forests under community based management are undergoing gradual enhancement, thus 

contributing to a steady increase in carbon stocks. The Government of Nepal (GoN) approved a REDD+ Readiness 

Preparation Proposal (R-PP) and submitted it to FCPF on 19th April 2010 which was endorsed by the participants 

committee (PC) meeting in June 2010. The implementation of the R-PP officially commenced in September 2010 

after the Government of Nepal and the World Bank signed an agreement. Implementation of Nepal's R-PP is 

supported by the FCPF and other donors. Following this development, various piloting activities are currently being 

implemented in Nepal through various non-governmental institutions on different aspects of REDD+. Learning from 

these existing pilot projects (e.g. NORAD funded pilot projects) is a crucial asset for deciding REDD+ strategy 

development of a multi-year historic reference scenario for Nepal, MRV and Institutional Arrangement
1
. The 

following is an overview of the policy and legal framework within which REDD+ is being implemented in Nepal. 

 

Master Plan for the Forestry Sector (MPFS 1989): The Master Plan was envisioned to manage all forms of forest 

sustainably. On community forestry, the Master Plan focused primarily on some key issues such as decentralisation 

in decision making. This helped to achieve more user-oriented decisions that are functional and make better use of 

the forest. Secondly, the MPFS addresses issues of equity and basic needs which focus on the survival needs of 

forest products expressed in the statement: “the resources of Nepal will be managed and utilised with the priority to 

the production which is supportive for the basic needs of the people”. Thirdly, the MPFS emphasises the 

sustainability, independence and self-reliance so that “the haphazard use of forest will be gradually controlled with 

the establishment of enduring user as the managers of the forest resources”. The strategy that was planned has been 

embodied in the statement: "phase wise handing over of all accessible hills forest to communities to the extent that 

they are able and willing to manage them" (MPFS, 1989, p14). The Master Plan is currently under revision.  

 

Forest Act 1993 and Forest Regulation 1995: These laws were enacted to help meet the basic needs of the public 

in general, to attain social and economic development and to promote a healthy environment and to ensure the 

development and conservation of forest and the proper utilization of forest products and extend cooperation in the 

conservation and development of private forest by managing the national forest in the form of government managed 

forest, protected forest, community forest, leasehold forest and religious forest. Both have provisions favorable to 

the needs of different forest users in order to conserve and develop forests and sustain its utilization for generating 

products.  

 

                                                                 

1
 Nepal's REDD R-PP 2010 
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Nepal Environmental Policy and Action Plan (1993): Nepal Environmental Policy and Action Plan (NEPAP) 

analyzes the country's environmental issues in a multi-sectoral framework and sets forth a strategy for maintaining 

the country's natural environment, the health and safety of its population and its cultural heritage as economic 

development occurs. NEPAP was prepared in response to growing awareness about the importance of maintaining a 

balance between economic development and environmental conservation which culminated in the United Nations 

Conference on Environment and Development in 1992. This policy stipulates among other things, that important but 

fragile and sensitive ecosystems such as the Churia Hills should be conserved. 

 

Tenth five-year plan: The main aim of the tenth five year plan is to increase the employment of poor people for 

poverty reduction through increasing people participation for sustainable management of forest and watersheds for 

the contribution of national objectives the forestry sector. 

  
Nepal’s Forestry Sector Policy 2000 opens the door for the collaborative management of forests in the Terai. The 

policy envisioned the management of large forest blocks in Terai with the active participation of local communities. 

This is considered as an important milestone in Nepal’s Terai forest management which has mostly been under the 

control of the state.  

 

Revised Forestry Policy (2000): This policy deals with the management of forests located in Terai, Inner-Terai, 

and Churia hills. The MPFS is not explicit enough on how to manage the forests of these three regions. The policy 

states that a big proportion of Terai forests will be managed as government-managed forest with the broader 

partnership of local people and local level political bodies. It recommends barren land and small patches of forests in 

Terai are handed over to local users as Community Forests. According to the policy, the Churia Forest will be fully 

conserved as a protected forest to serve as a water recharge area for the Terai. The policy led to the design and 

implementation of collaborative forest management in the Terai. This policy provides an option for the innovative 

management of the “Government managed” block forests of the Terai and inner Terai. The collaborative mode 

proposes to involve different stakeholders (the government, local government and users) in management and benefit 

sharing. The policy aimed to protect land from degradation by soil conservation, floods, landslides, desertification, 

and other ecological disturbances. 

 

Land use Policy (2002): The Land use policy (2002) requires that all the lands of Nepal should be used based on a 

land capability classification. Though the policy is theoretically robust, it is very difficult and challenging to 

implement in the field. The policy suggests that forests of Churia hills, considering their fragility in nature, be 

allocated as "Protection Forests" as their over-exploitation and degradation would lead to a loss of biodiversity and 

soil erosion. 

 

The Water Resources Strategy, Nepal (2002) and Water Plan (2005) guide water sector activities towards 

sustainable use of these resources through 5-year, 15-year and 25-year strategies under which Management of 

Watershed and Aquatic Ecosystems is considered as one of the key strategy outputs. The strategy and the Plan calls 

for conserving watersheds of Nepal based on a water basin approach. Linking sustainable supply of water with 

watershed management is one of the key recommendations of the Plan. The Department of Soil Conservation and 

Watershed Management is planning to reorganize its structure based on the water basin approach. This approach 

could help in better coordination between water and watershed management. 

 

Three Year Approach Paper (2067/68-2069/70 BS): The present 3 year approach paper aims to maintain at least 

40 per cent forest coverage and prioritized block forest management as a means of contributing towards poverty 

reduction. This approach paper also aims to apply sustainable management practices and principles in all forms of 

forests area. 
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Collaborative Forest Management Directive 2003/04: The Government of Nepal endorsed the Collaborative 

Forest Management Directive in 2003/2004 BS within the framework of National Forest Policy 2000. This directive 

is used for managing “government managed forests” of the Terai and inner Terai. CFM is simply a management 

model for “Government managed model”, an approach which is catered for in the 1993 Forest Act. 

 

1.4 Overview of historical deforestation and forest degradation in Nepal 

From literature, forest and shrub together covers about 5.83 million hectares of Nepal’s total land cover. In relative 

terms, forest covers about 29.0% of Nepal’s area and shrub-land (mainly located in the hills and the Terai) about 

10.6% giving a total of 39.6% forest cover for Nepal. 

Forest constitutes Nepal's largest natural resource in terms of coverage. Historically, the forest area was on a 

declining trend. For example, forest cover was 45 % of the total land area in 1966, but declined considerably while 

the shrub land area doubled from 4.8 % in mid 1980s to 10.6 % in mid 1990s. The average annual deforestation rate 

was estimated to be 1.7 % with 2.3 % in the hills and 1.3 % in the Terai (FRIS, 1999). Similarly, the growing stocks 

of forest declined from 522 million m
3
 in mid-1980s to 387.5 million m

3 
in 1999

2
. 

Environment Statistics of Nepal (CBS, 2008) shows that forest land has been converted to other land use categories, 

especially shrub-land, agriculture land and other land uses. The change from forest to shrub-land indicates forest 

degradation over the 10-year time period covered by the study. It is estimated that about 84,000 hectare of forest 

land becomes deforested annually. The annual deforestation rate in the Terai is estimated to be 2.7 %. In the past 30 

years, it is estimated that Nepal lost forest cover at rate of nearly 2% per annum
3
 cumulatively.  

 

The drivers of deforestation and degradation are diverse, complex and different in the physiographic regions. 

Preliminary analysis for preparation of Nepal’s R-PP identified a total of nine drivers: High dependency on forest 

and forest products (timber, firewood and other NTFPs), illegal harvest of forest products, Unsustainable harvesting 

practices, Forest fire, Encroachment, Overgrazing, Infrastructure development, Resettlement, and Expansion of 

invasive species
4
. 

 
Table 1: Summary of some drivers and causes of deforestation and degradation in Nepal 

Drivers Causes: 

1 High Dependence on forest 

products 

Inefficient use of forest products, No alternative for fire wood, Less 

opportunities of livelihoods 

2 Illegal cutting of timber Failure of Market, High demand of forest products in Terai and boarder, No 

Governance, No implementation of forest law, No management of forest 

product distribution 

 3. Unsustainable harvesting No governance, No research and development for sustainable harvesting 

 4. Forest Fire No awareness, No management for Forest fire 

                                                                 

2 Convention on Climate Change, Ministry of Population and environment, July 2004 

3 Nepal's REDD R-PP 2010 

4 Feasibility Study of REDD Plus in Collaborative Forest Management  2011,  Study on Drivers of Deforestation and 

Degradation of Forests in High Mountain Regions of Nepal  July 2012, Government of Nepal Ministry of Forests and Soil 

Conservation REDD – Forestry and Climate Change Cell, Babarmahal, Kathmandu 
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Drivers Causes: 

 

 5. Encroachment 

Expansion of agricultural land, Poverty, Political reason, No clear Land 

ownership policy and plan 

 6. Over Grazing No alternative for fodder, Unproductive livestock rearing, No alternative 

income 

7. Development 

Infrastructure 

 

Conflict between Forest policy and other policies, No clear provision of IEE 

and EIA, No proper planning for development structure 

8. Resettlement Increasing demand for settlement,  New infrastructure development 

9. Expansion of Invasive 

species 

No technology for removal of invasive species, Forest fire, Over grazing, 

Plantation of new species,  

Strategic Options: Promotion of native species, Alternative use of invasive 

species, Alternative use of invasive species like bio-briquette, Plantation of 

carbon stock species 

Source: Nepal R-PP (2010) 

 

1.1 Preparation for REDD+ Readiness in Nepal 

 

Nepal’s REDD+ Readiness Preparation Proposal (R-PP) was approved by the Government of Nepal (GoN) and 

submitted to the World Bank’s FCPF in April 2010 and thereafter endorsed by the participants committee (PC) 

meeting in June of the same year. Official implementation of the R-PP then commenced from September 2010 on 

the signing of an agreement between the Government of Nepal and the World Bank. 

 

The Readiness programme comprises 6 key components: 

 

Component 1: Organize and Consult  

 

Component 2: Prepare the REDD Strategy 

 

Component 3: Develop a Reference Scenario 

 

Component 4: Design a Monitoring System  

 

Component 5: Schedule and Budget  

 

Component 6: Design a Program Monitoring and Evaluation Framework 

 

Sub-component 2b of the R-PP makes reference to the development of strategic options for REDD+ under which a 

total of nine drivers of deforestation and forest degradation, including their underlying root causes were identified 

during the R-PP development process. The section also lists strategic options to address these drivers. The R-PP 

implementation phase is supposed to screen and prioritize these strategic options based on analytical assessments 

and consultations with a wide range of key stakeholders from various sectors including forestry, agriculture, local 

development, environment management, and energy. 

 

A number of outreach activities on four of the six components had been undertaken prior to commencement of this 

assignment as shown in the table (2) below.  

Table 2: Summary of REDD+ Consultation and Outreach Activities in the period leading to the development of Nepal’s RL 

No.  
Name of 

Component 
Consultation & outreach activities Participants 
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No.  
Name of 

Component 
Consultation & outreach activities Participants 

1. Organize and 

Consult 

43 awareness and consultation 

workshops, 25 expert consultations,  

5 piloting of FM program,  

4 newspaper articles, 

Brochures, leaflets, posters, video 

documentary, flipchart 

A total of 2,547 individuals participated in the 

workshops, including representatives from forest-

dependent communities, indigenous peoples, 

women, Dalits, civil society groups, government 

officials from various sectors, politicians, 

journalists, academics, and the private sector 

2. Prepare the 

REDD 

Strategy 

9 workshops, 51 individual 

consultations 

  

A total of 405 people participated in the 

workshops including forest-dependent 

communities, indigenous peoples, women, Dalits, 

civil society representatives, government officials 

from various sectors, politicians, journalists, 

academics, and the private sector 

3. Develop a 

Reference 

Scenario 

2 workshops, 12 individual 

consultations 

Workshop participants - 45 people from various 

sectors including government, academia, 

community federations, women’s and other civil 

society groups.  

4. Design a 

Monitoring 

System 

2 workshops and 17 individual 

consultations. 

Workshop participants-45 people from various 

sectors including government, academia, 

community federations, women’s and civil 

society groups. This was carried out in 

conjunction with workshops for Component 3. 

 

1.5 Overview of REDD+ related work in Nepal 
 

The development of the REDD+ Reference Level for Nepal was undertaken alongside other related and/or 

complementary activities aimed at bolstering REDD+ Readiness in the country. Some of these initiatives provide 

valuable technical contributions to the implementation of REDD+, as well as significantly help to influence the 

National forest sector policy. Some of these activities also contributed to the development of the REDD+ Reference 

Level through enrichment of the methodological approach as well as data sharing. A summary of these activities is 

provided below: 

 

1.5.1 REDD+ management arrangements 
 

Nepal’s approved R-PP identifies the setting up of management arrangements for REDD+ as key to the 

implementation of other readiness activities and success of the overall REDD+ Programme going forward. 

Following from this, the REDD Multi-sectoral, Multi-stakeholder Coordinating and Monitoring Committee have 

been established as the apex body for REDD policy in Nepal culminating in the establishment of a REDD Cell in the 

Ministry of Forestry and Soil Conservation and a REDD Working Group (RWG.  

 

1.5.2 Forest Resource Assessment Project 
 

The Project “Forest Resource Assessment in Nepal” (FRA) is a bilateral five-year project financed by the 

governments of Finland and Nepal and is expected to be completed in December 2014. The purpose of the project is 

to improve the provision of adequate forestry data and its processing for national forest policy development and for 

national level forestry sector decision making in Nepal. National level information is especially required to assess 

regionally sustainable utilization potentials of forest-based resources. Such data are not available for the whole of 

Nepal at the moment. National-level information on forest resources and their development is also needed for 

committing the country to new international initiatives and processes in relation to climate change mitigation with a 
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focus on deforestation and forest degradation. Spatially explicit data from the FRA project was used to develop 

emission factors for the Terai Arc Landscape.  

 

1.5.3 Development of a Monitoring, Reporting and Verification System for REDD+ 

Work on developing a Monitoring and Reporting system that allows for frequent monitoring of emissions and 

removals of GHGs, and other benefits was undertaken simultaneously with the development of the RL. Since there 

are a lot of overlaps between the two components of REDD+ readiness, close consultation between Agriconsult 

(responsible for developing the REDD+MRV System) and Camco. Such areas of overlap include but are not limited 

to: 1) the Definition of forest, 2) definition of Land Use/Land Cover classes (LU/LC) including forest stratification, 

3) Selection of Carbon Pools and GHGs to include, 4) the drivers of deforestation and forest degradation, and 5) 

Activity Data for developing GHG emissions and/or removals. Both components were in agreement that Above 

Ground Biomass and Below Ground Biomass were key carbon pools. 

1.5.4 Strategic Environmental and Social Assessment (SESA) and Development of an 

Environmental and Social Management Framework (ESMF) for Nepal’s REDD+ Strategy 

The overall objective of the SESA/ESMF is “to identify opportunities to mitigate environmental and socioeconomic 

risks during the implementation of a REDD+ mechanism in Nepal. The SESA may also identify where REDD+ can 

improve development activities and other environmental measures adopted to combat climate change”. This 

component of REDD+ Readiness was undertaken by a consortium of three organizations including: International 

Centre for Environmental Management (ICEM), the International Institute for Environment and Development 

(IIED), the School of Environmental Science and Management (SchEMS), affiliated to Pokhara University. The 

main challenge cited during development of the SESA/ESMF was that there is no actual draft REDD+ Strategy with 

clear proposals on which the SESA process can focus in place.  

1.5.5 Establishment of a sub-national RL in Nepal (WWF and Arbonaut) 

In a joint effort, WWF, REDD-cell, and Arbonaut, are preparing a sub-national Reference Level (RL) for the Terai 

Arc Landscape of Nepal which  covers the period from 1999-2011 and encompasses the geographic area of 12 

lowland districts in Nepal with total land area of 2.3 million hectares. The  parameters for the development of the 

sub-national  RL are consistent with the FCPF CF Methodological Framework and the RL accounts for all of the 

activities included in the ER program, including deforestation, degradation, regeneration, and enhancement.  Three 

important outputs are of relevance to the current National RL development: 

 

i. Development of Activity Data based on landcover/forest cover change analysis; 

ii. Development of Emission Factors based on modeling of LiDAR data, field plot data, allometric equations, 

and classifications of forest type and structure. Considering that the National RL is based on Landsat 

imagery, this provides a useful comparison between different techniques and satellite imagery; 

iii. Assessment of accuracy and uncertainty of carbon estimates. 

1.5.6 Preparation of the ER-PIN 

Nepal is one of the ten countries globally that have so far presented ideas for ER-PIN development, and for which 

implementation is ongoing. The ER-PIN presents a number of ideas including reducing forest degradation through 

community based forest management. The program activities are informed by early piloting including benefit-

sharing in community-managed forests and subnational Reference Level design by WWF (see 1.5.5 above). 

Government-led committees on RL/MRV, SESA and strategy development are currently steering the ER-PIN 

development. The subnational RL development effort in the TAL helped to provide credible preliminary estimates 
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of emissions in the TAL in support of NEPAL’S ER-PIN and is laying the foundation for development of a RL 

meeting all of the requirements for Tier 3 over the next two years. 

1.5.7 Catalogue of recent and currently ongoing REDD+ activities 

In addition to the five efforts above, Forest Action Nepal has provided a catalogue of ongoing REDD+ related 

activities in Nepal during the RL development process including: 

 

i. Learning From REDD: a global Comparative Analysis (Feb 2011 - Dec 2013). This project received 

financial support from CIFOR. The goal of this project is to provide REDD policy makers and practitioner 

communities with the information, analysis and tools they need to ensure effective and cost-efficient 

reduction of carbon emissions with equitable impacts and co-benefits. The project consists of four 

components i) national REDD initiations (Policy Process and strategies); ii) demonstration activities; iii) 

monitoring and reference level; and iv) knowledge sharing.  

 

ii. Forest and Soil Restoration and Land Use Change Impacts on Carbon Pools and Fluxes in the 

Himalaya: Research and capacity Building in Nepal (March 2011- Dec 2014). This ongoing project has 

Financial Support from NORAD/KU. The aim of this project is to analyze the effects of forest restoration 

and alternative land uses on forest and soil carbon pools, fluxes and sequestrations as well as the potential 

to support climate change adaptive strategies of rural communities in Nepal. 

 

iii. Nepal Community Forestry Program and the United Nations Collaborative Programme on REDD+: 

Making Community Forestry Pro-Poor Carbon Sequestration Policy (March 1, 2012 - June 30, 

2014). Financial Support for this project came from the World Bank/Portland State University. The goal of 

the project is to support the Bank efforts on poverty alleviation in low-income countries and climate change 

mitigation within the context of the UN collaborative programme on REDD+. Specifically, the project 

seeks to influence the national and international policy dialogue related to community-based forest 

management (CBFM) and REDD+.   

 

iv. Paying for ecosystem services: Consequences and alternatives (PECA) in Nepal (September 2012 - 

December 2014). The project is supported by the Swedish University of Agricultural Sciences and seeks to 

understand whether the concept of environmental services and the practices associated with it address both 

the global public good as well as the wellbeing of those who are entrusted to ensure its provision. 

  

v. REDD+ readiness /REDD+ finance in Nepal (Feb 2013 to 31 July 2013). This UNDP/UNREDD – 

supported project was formulated to 1) Evaluate in detail a number of policies and measures that can be 

implemented to address priority drivers of deforestation in Nepal, building from existing studies on the 

drivers of deforestation and degradation; 2) Identify where and how gaps between the REDD+ policy 

process and strategies to address drivers can be addressed; 3) Propose recommendations that can be used to 

elaborate the priority policies and measures as part of the REDD+ strategy process; 4) Support the REDD 

cell in the preparation of an efficient, effective and equitable national REDD+ strategy by providing 

targeted support in a key area of the strategy development process and 5) Assess options for the design of 

an effective, efficient, equitable and results based fund management system for REDD+ finance in Nepal, 

make recommendations and communicate these in a way that ensures constructive integration into the 

REDD+ strategy process. 

 

Other related activities are as summarized in the table (3) below: 
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Table 3 Some REDD+ related activities and pilots in Nepal 

Institutions: ICIMOD, ANSAB and FECOFUN  

Projects: Design and establishment of a Governance and Payment System for Community Forest Management under REDD++ (2009-2013)  

Funded: NORAD 

Activities Conducted Relevant  Collaboration with REDD+ Cell 

 Developed Forest Carbon Stock  Measurement Guideline 4a.  Drafting team member  

 1 national level and 3 local level Trainings on carbon measurement for 

government staffs and CFUG members in project areas  

2c  Resource Person 

 Developed Operational Guidelines of Forest Carbon Trust Fund (2011) 2c Working as a member of Advisory Body of FCTF  

 Developed Sub-national Framework for REDD+ MRV  2c &4  As a MRV extended team member provided 

feedback  

 Produced 1 Leaflet on REDD+ readiness and 1 posters on introduction of 

REDD++ 

1b   REDD+ Cell has reviewed all material to maintain 

consistency in awareness message   

Institutions: RECOFTC and FECOFUN  

Projects: Grass roots level capacity building on REDD++ in Asia and the Pacific (2009-2013) 

Funded: NORAD 

 TOT at national level-2 and regional level-4; sensitization at district 

level-83 and community level-665 

1b.  Training manual and resource material were 

jointly published with REDD+ Cell   

 Articles on climate change and REDD++ in national newspaper-10  1b N/A  

Institutions: WWF Nepal   

Projects: Reducing poverty in Nepal through REDD+ Phase II  

Funded: Ministry of Foreign Affairs, Finland, WWF Finland, and WWF US 

Forest carbon inventory training-2, workshops-11 

Field based training on forest carbon inventory  

1b Staffs of REDD+ Cell participated in the training  

Revised academic curriculum-1 

 

1b N/A 

Institutions: NEFIN   

Projects: Climate Change and REDD++ Partnership Programme  

Funded: NORAD, DANIDA and WB 

National level TOT on REDD+ and FPIC-2,  regional level TOT on 

REDD++ and FPIC-5 

1b Human resource of REDD+ Cell facilitated the 

TOT  

Conducted TV and community radio program on REDD+  1b N/A  

Published booklet, training manuals, case study, posters, newsletter (total 9 

publication)   

1b N/A 

Institutions: Forest Action  

Projects: Various  

Funded: Various 

Nepal Community Forestry Program and the United Nations Collaborative 

Programme on REDD+ in Developing Countries: Making Community 

Forestry Pro-Poor Carbon Sequestration Policy 

2c &4b Aware 

Community Based Forestry and Livelihoods in the Context of CC 

Adaptation 

no N/A 

Study on REDD+ National Financing Mechanism 2c N/A 

Study on Drivers of Deforestation and Forest Degradation: Understanding 

in deeper level 

2b N/A 

Development of discussion papers on safe-guards and forest governance 2c & 2d N/A 

Institution: The Mountain Institute 

Project: Feasibility Study on REDD 

Funding WWC 

  

Feasibility Study of REDD+ Project in Eastern Hill District PDD N/A 

1.6 A review of REDD+ related data environment in Nepal 
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Subtask 2a.i required the consultants to “compile and catalogue existing GIS and remote sensing data and ground‐
based data, and assess their applicability for the development of sub‐national and national REL/RL”.  

Consequently, a review of studies and projects related to land cover assessment, land resources use and biomass 

inventory in Nepal was conducted. The general conclusion was that the data environment during the RL 

development was not sufficient to support the process, implying a need to develop strategies for filling in the data 

gaps.  This is supported by a review of Nepal’s REDD-Readiness Preparation Proposal (R-PP) Implementation 

(Dangal et al, 2012) which concluded that the current data on deforestation and forest degradation and their drivers 

are insufficient and recommended the need to conduct a number of follow up studies to complement the existing 

data. 

 

1.6.1 Data requirements for RL development in the context of Nepal 
 

i. Activity Data  

In general terms, the main activity dataset on land use changes is derived from National Forest Inventories 

(NFIs) or their equivalent.  From NFIs, historic deforestation and forest degradation activity data and 

emissions can be extracted. Considering that a minimum of three data points over time are recommended 

(GOFC-GOLD Sourcebook, 2012), and the fact that for some sample points, inventory data does not exist, 

additional remote sensing data may be required. Implementation of land cover change analysis therefore 

involved assessing the accuracy level of the past remote sensing and the biomass field inventory.  The 

quality of existing sub-national datasets was also assessed for possible integration into a national database, 

as will be reported in later chapters. 

 

ii. Emission data 

Emission data is derived directly from NFIs. Within the framework of the NFIs, trees from dominant 

species are sampled destructively for green and dry weight measurements so as to obtain single tree 

biomass functions. Permanent sample plots need to be established to estimate woody biomass for different 

forest types. This is the approach adopted by the FRA project in Nepal for which results are available for 

the TAL region and the rest of which will be completed in December 2014. Data on living above ground 

carbon (only) is available from past inventories for Nepal most notably the 1994 National Forest Inventory; 

however, there was limited compatibility with the requirements of RL development  hence the need to 

complement it with UNFCCC defaults for regions where no current data exists. 

 

iii. Emission factors 

Emission data is used to develop emission factors or carbon content for each land use class by combining  

the two components of the NFIs (activity data and emission factors) which have to be merged in order to 

assign carbon content to each land use class and to quantify the emissions due to land use change. In the 

absence of NFIs, Tier 1 (default values) are used to determine emission factors. This is the approach 

adopted for implementation of this assignment. Where NFI is available (i.e. Terai Arc Landscape) IPCC 

Tier 2 and 3 emission factors were used for below and above ground carbon pools and land use changes.  

 

iv. Historical emissions 

The first stage of a REDD+ project is to understand the historical trends in land use change which if 

accurately measured over a sufficient duration of time can act as a rough indicator of future emissions, even 

when current prevailing circumstances are factored in. The assessment of the data available again revealed 

gaps in terms of sufficiency or compatibility in historical data. As will be demonstrated in the later sections, 

the calculation of the historical emission level was achieved following the IPCC Good Practice Guidelines 

(2003) and the IPCC Guidelines for National GHG Inventories, Volume 4 AFOLU (2006), using suitable 

and available Tier 1, 2 and 3 data according to availability and assessment of reliability.   

1.6.2 The data environment vis-à-vis Nepal’s R-PP 
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Component 2 of Nepal’s R-PP is “to prepare a National REDD Strategy”. Under this, sub-component 2a addresses 

three key areas which feed directly into Component 3: “Develop a Reference Scenario”. The three key areas include: 

 

 Current situation of Land Use,  

 Deforestation and Forest Degradation,  

 Drivers of Deforestation and Forest Degradation.   

 

Component 3 relates to the development of a reference scenario (Reference Level) for deforestation and forest 

degradation in Nepal and involves three major activities: 1) determining the historical rates of deforestation, forest 

degradation and enhancement of carbon stocks; 2) projection of future rates of deforestation, forest degradation, 

conservation and enhancement of forest carbon stock; and, 3) capacity building.   

 

In the R-PP, the Land Resource Mapping Project (LRMP) 1978 would be used for creating a provisional biomass 

surface for Nepal and use data generated by the ongoing Forest Resource Assessment (FRA) Project. To accurately 

capture the trends between LRMP and the FRA data, some interpolation is required but the process for doing this is 

not specified in the R-PP. To determine the historical rates therefore required developing a process for bridging this 

data gap. Consequently, three main activities were carried out: i) creation of a biomass surface from LRMP data; ii) 

creation of a current biomass surface that is compatible with the LRMP classification using high resolution and that 

could also make use of the ongoing FRA activities; and, iii) develop a multi-year historic reference scenario. Details 

for this process are provided in the relevant chapter.  

 

A review of forest resource assessments reveals that most of the historic forest inventories of Nepal have been 

geared towards assessing forests and understanding the extent of forest cover. Below is a list of major inventories 

conducted to date as listed by the R-PP:  

Table 4: Major historic forest inventories in Nepal 

Project Relevant Institution Year 
Geographical 

coverage 
Methods applied 

1963/64 Forest Resources 

Survey  

Government of 

Nepal (Forest 

Resources Survey 

Office) with the 

technical 

collaboration of 

USAID 

1963-67  Terai and Mid-

Hills 

Interpretation of aerial 

photography (combination of 

1953-58 Indian photography 

and 1963-64 aerial 

photography), combined 

with field inventory for 

commercial forests 

Land Resource Mapping 

Project (LRMP) 

Government with 

support from the 

Government of 

Canada  

1978/79 Whole of Nepal Analysis of aerial 

photographs from the period 

1977-1979, complemented 

by ground truthing, land 

surveys and topographic 

maps 

Master Plan for the Forest 

Sector 

Government of 

Nepal 

1989 Whole of Nepal LRMP information with 

updating 

National Forest Inventory  Government of 

Nepal with support 

from  

the Government of 

Finland 

1994 Whole of Nepal  Combination of 1990 

Landsat image analysis, 

aerial photographs and field 

measurements collected 

between 1990 – 1994 

Japan Forest Technical 

Association Information 

Japan Forest 

Technical  

2000 Whole of Nepal Indian Remote Sensing (IRS) 

data from 1999-2000 
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System Development Project Association (JAFTA) 

– Technical support 

Forest Cover Change 

Analysis of the Terai Districts 

Government of 

Nepal (Department 

of Forests) 

2005 Terai Analyzing satellite images 

(Landsat 1990/91 and 

2000/01), supported by 

ground verification 

FAO Global Land Cover 

Network (GLCN) LCCS for 

Nepal  

FAO Global Land 

Cover Network 

(GLCN) 

2009 Whole of Nepal Segmentation of Land sat 

2000 imagery  

DFRS: FRA project  Bilateral cooperation 

between 

Governments of 

Nepal and Finland 

2010-

2014 

Whole of Nepal A new Forest Resource 

Assessment (FRA) project 

going on funded by the 

Government of Finland. To 

be completed in December 

2014.Assessment complete 

for the Terai, Churya and 

Mid-Hills regions. 

REDD/MFSC/COMFORTC 

2012 

 2012 High Mountain 

Region 

Study on Drivers of 

Deforestation and 

Degradation of Forest in 

High Mountain Region of 

Nepal. Volume 1:  Main 

Report 

 

In addition, FAO lists 11 other regional assessments undertaken variously between 1992 and 1999 (FAO, 2007).  

 

Expert consensus is that the 1978/79 Land Resource Mapping Project is the most comprehensive and extensive 

forest assessment available. A similar one, under the Forest Resource Assessment (FRA) Project (2010-2014) 

supported by Finland, is being conducted for the entire country and will generate national-level baseline data. It is 

expected to provide the most reliable dataset once completed because:  

 

 it is a wall-to-wall assessment using a consistent methodology; 

 forest and scrub  are mapped separately; 

 within the forest, canopy density is categorized into three classes: 10-40%, 40-70% and 70-100%; 

 Each forest zone was classified according to dominant forest type and the presence of dominant species. 

 

By contrast, the 1994 National Forest Inventory has been adjudged less useful for the purpose of determining a 

reference level for REDD+ in Nepal. One of the major flaws cited is that it was a low resolution sampling exercise 

that used different survey types, from different dates, and in different regions. Furthermore, the inventory only made 

a distinction between forest and shrubs where ‘forests’ were defined as having a crown cover of >10% and an area 

>1 hectare. Hence ‘forest’ is the same (statistically) if it has a 100% crown cover as an 11% crown cover.  

 

Reconciling these data sets for the purpose of an accurate presentation of historic trends is therefore a major 

challenge because of: 

 

i. Different regional coverage and reporting basis used (e.g. forest type vs. eco-regions vs. development 

region); 

ii. Different sampling systems; 

iii. Different Remote Sensing Techniques (Aerial Imagery vs. Landsat vs. RapidEye); 
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iv. Except for the ongoing FRA, the accuracy level of the remote sensing and the biomass field inventory is 

unclear and needs to be analyzed; 

v. Based on different definitions of ‘forest’. 

 

The datasets from these studies can therefore only be made useful through a ‘standardization’ process, which limits 

their application.  For example, although a digital version of the LRMP map data is now available and accessible 

through the National Land Use Project, the data set itself (especially land utilization map and statistics including 

forest, forest types and canopy) was based on limited field data.  

1.7 REDD+ capacity analysis 

i. Public institutional capacity  

 

In the extensive consultation process that took place as part of this assignment, the institutional capacity for REDD+ 

inventory and monitoring of different governmental and non-governmental organizations at national level was 

assessed. The REDD-Forestry and Climate Change Cell (REDD Cell) of the Ministry of Forests and Soil 

Conservations (MoFSC) is the default institution overseeing the development of the Reference Level with 

responsibility to design and maintain the REDD+ monitoring system at the national level. Nevertheless, it requires 

substantial investment to upscale existing capacity. Opportunities to partner with other institutions have already been 

exploited but this could be enhanced further. 

 

With regards to sub-national REDD+ activities a number of organizations have relevant analytical and field capacity 

already (e.g. WWF, ICIMOD). For the development of REDD+ reference levels, a national framework should be 

established with the option to integrate higher resolution data or additional variables to be monitored at the sub-

national level. Below is a summary of the existing capacities in the key institutions, while a detailed SWOT analysis 

is found in Annex 1. 

 

 REDD Forestry and Climate Change Cell: The REDD-Forestry and Climate Change Cell (REDD Cell in 

short) under the Ministry of Forests and Soil Conservation (MoFSC) is the lead institution to undertake 

REDD readiness activities in Nepal. The REDD Cell is the lead institution charged with implementation of 

Nepal’s Readiness Preparation Proposal (R-PP) which is supported by the Forest Carbon Partnership 

Facility (FCPF) of the World Bank. A three-tiered institutional mechanism for implementing REDD plus is 

in place, consisting of the REDD+ multi-sectoral, multi-stakeholder coordinating and monitoring 

committee as the apex body; the REDD Working Group (RWG) at the operational level and the REDD-

Forestry and Climate Change Cell as the coordinating entity. The RWG has inclusive representation from 

various stakeholders which helps in maintaining a high level of transparency and public engagement in the 

REDD process. Besides these mechanisms, a stakeholder forum has been established to engage a wide 

range of stakeholders in the entire REDD+ process. The Stakeholders’ Forum serves as the principal 

outreach and communication platform. The REDD Cell Communication and Outreach Section is 

responsible for designing and disseminating REDD information, including REDD-related pilot projects 

outcomes. By its multi-stakeholder nature and the legal mandate conferred upon it, the REDD Cell is 

capacitated to play effectively its technical and outreach roles.  

 

 Department of Forests (DoF): The DoF has jurisdiction over national forests, Community Forests (CFs), 

Lease Hold Forests (LHFs) and forests under other management regimes. The measurement and monitoring 

of forests under its jurisdiction are coordinated by the DoF. These functions of the DoF are vital for 

national REDD+ accounting and have also been proposed as a "nested approach" by the MRV study. 

According to the DoF Organogram, the department comprises four divisions (National Forest Division, 

Planning and Monitoring Division, Community Forest Division and Forest Silviculture Division). Each 

division in turn has five sections (details in http://dof.gov.np/image/data/dof/egrganogram.pdf). The four 

divisions of the DoF provide the technical capacity required to address all the aspects of REDD+ 

http://dof.gov.np/image/data/dof/egrganogram.pdf
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implementation as outlined in the R-PP, i.e. deforestation, degradation and enhancement since all three 

contribute significantly to emissions and/or removals. While the contribution of deforestation and forest 

degradation is fairly obvious by the very nature of REDD, the contribution of forest enhancement to GHG 

removals through plantation establishment, sustainable management and community participation make it 

an important component of the RL development process. 

 

As the R-PP states:  

 

“Forests in the Mid-hills are better managed and deforestation and forest degradation have been 

largely reversed mainly due to the community based forestry program, where local communities 

are directly involved in management and utilization of their local forests … records a mean 21% 

biomass increase across community forests of all types and conditions measured over a 14 years 

period (1.5% per year)”.  

 

 DFRS: the Department of Forest Research and Survey (DFRS) is the designated forestry research and 

survey organization in Nepal and works in close collaboration with various national stakeholders and 

international agencies. The Department has two divisions: Forest Research Division (FRD) and Forest 

Survey Division (FSD). The Forestry Research Division is engaged to develop and demonstrate appropriate 

technologies related to natural and manmade forest management, determining forest growth to maximize 

forest productivity, identify suitable tree species for different site conditions and develop their nursery and 

silvicultural technologies. The Forest Survey Division generates valuable statistics and information 

necessary to plan overall forestry development at national, regional and district levels. The DFRS works to 

contribute to the conservation, management and sustainable utilization of forest resources through 

improved technologies and an updated forest resource information base. Hence the DFRS is a key 

institution in undertaking assessments for the purpose of verification and monitoring of REDD+ activities 

in Nepal.  

 

 FRA: The FRA Nepal Project began in 2010 and is expected to reach completion at the end of 2014. The 

FRA project is being implemented under the Ministry of Forests and Soil Conservation (MFSC), whilst the 

Department of Forest Research and Survey (DFRS) is the executing organization. It is a 5-year Project and 

is a bilateral co-operation between the Governments of Nepal and Finland to conduct forest resource 

assessment over the entire country. The objectives include: strengthening institutional capacity building, 

maintaining forestry sector information systems, collecting data of all forest based resources and data 

sharing among forestry organizations. This project aims to collect national level baseline information that is 

in turn expected to be useful for developing a national level baseline for REDD+ and to institutionalize the 

monitoring, reporting and verification (MRV) system on completion. The FRA project is therefore 

important in setting standards for future forest resource assessment both as part of general forest 

management and specifically as part of REDD+ implementation. The project will also strengthen 

institutional capacity in undertaking forest resource assessment. The forestry database being set up as part 

of FRA project implementation will strengthen data availability and quality for the purposes of REDD+ 

monitoring and future baseline setting.    

 

 The Central Bureau of Statistics (CBS) under the National Planning Commission Secretariat (NPCS) of 

Nepal serves as a national statistical organization of the Government of Nepal. It generates socio-economic 

statistics mainly through the operation of censuses and surveys. The main objective of setting up CBS is to 

make data available to NPCS and other Government agencies for the formulation of national plans, policies 

and also produce national account estimates to measure the economic growth of the country. It carries out 

different household surveys and censuses regularly to assess the socio- economic condition of the country. 

It has a prominent role in developing statistical systems and maintaining statistical standards in the country. 

Aggregated data from CBS is freely available.  The Statistical Act of 1958 mandates CBS and no other 

agency of the government, person or organization to collect data for professional purposes. The major 
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functions relevant to REDD+ include the Environment Statistics and Satellite Account, Data Processing 

and GIS, and Social Statistics sections. CBS has maintained the Meta data since 1993. 

 

Some specific provisions contained in the Statistics Act of 1958 place CBS in a unique position to 

contribute to REDD+ monitoring in Nepal. For example: 

 

“Any person or organization, desiring to obtain permission for the purposes of collecting …, shall 

provide detailed information to the Central Bureau of Statistics regarding the purpose of 

collection of data, the area in which the collection is to be made, the methodology for the 

collection of data and the programme for carrying out such activities….. If the request to collect 

data …. appears to be reasonable, the Central Bureau of Statistics shall give its permission. The 

Bureau may specify in its permission the methodology and other conditions deemed to be essential 

for such collection”. 

 

The import of this provision is that if the data collection is aligned with the REDD+ framework, then it is 

possible for reliable and standardized data relevant to REDD+ to be made available freely or at modest cost 

which will significantly reduce the cost of implementing or monitoring REDD+ projects. The question is 

whether CBS as currently constituted has the capacity to collect and process data relevant to REDD+.  

 

ii. Non-governmental institutions: 

 

 WWF Nepal: WWF works closely with the Ministry of Forests and Soil Conservation through the 

Department of National Parks and Wildlife Conservation (DNPWC) and Department of Forests (DoF), 

Ministry of Environment, Water and Energy Commission Secretariat (WECS) and National Trust for 

Nature Conservation (NTNC). WWF-Nepal works to conserve flagship and priority key species, forests, 

freshwater, and to mitigate the pervasive threat of climate change to communities, species and their 

habitats. Besides the national priority areas, WWF-Nepal also works in conservation issues of regional and 

trans-boundary importance. WWF Nepal is involved in developing a subnational REDD+ RL in the Terai 

Arc Landscape (TAL). The significance of the WWF efforts in strengthening REDD+ capacity in Nepal 

relates to the fact that: 

 

 It is a collaborative effort with the Government;  

 It involves ground based inventory; 

 It incorporates capacity building for all stakeholders (government, local communities, students and 

Civil Society Organizations) on the whole REDD+ process; 

  It involves the design of safeguards, so that REDD+ implementation benefits the nation, local 

communities and environment; 

 It involves the use of cutting edge technologies like LiDAR to help establish tier III level database 

and strengthen the national forest monitoring system; 

 It is addressing the drivers of deforestation and forest degradation through restoration activities, 

and by providing access to renewable energy options to reduce pressure from the forests. WWF is 

also developing community based forest fire fighters, and providing alternative livelihood options 

towards sustainable management of forest programs; and  

 It is working to support the government to access finance from REDD under different 

mechanisms. The lessons learnt from this will be useful when Nepal reaches the full scale REDD+ 

implementation.   

 

 ICIMOD: The International Centre for Integrated Mountain Development (ICIMOD) is a regional 

intergovernmental learning and knowledge sharing centre serving the eight regional member countries of 

the Hindu Kush Himalayas. ICIMOD serves eight regional member countries (RMCs) of the Hindu Kush 

Himalayan region – Afghanistan, Bangladesh, Bhutan, China, India, Myanmar, Nepal, and Pakistan. 



    

24 

 

ICIMOD is based in Kathmandu, Nepal, and brings together a partnership of its regional member countries, 

partner institutions, and donors. ICIMOD undertakes activities relevant to REDD+ including remote 

sensing and GIS support, mapping of forest change, alternative livelihood activities, sustainable agriculture, 

etc. ICIMOD is involved in the Asia Network for Sustainable Agriculture and Bio-resources (ANSAB) 

project launched in Kathmandu in 2010 for reducing emissions from deforestation and forest degradation 

(REDD) in community forests. ICIMOD is involved together with ANSAB and the Federation of 

Community Forestry Users, Nepal (FECOFUN). ICIMOD coordinates the overall project and provides 

technical guidance to ANSAB and FECOFUN. Lessons learned from this pilot project will enable local 

communities dependent on forest resources to make rational and informed decisions on whether to take part 

in the REDD programme. 

 

iii. Research and analytical capacity 

 

Anecdotal evidence indicates that there is a strong interest in REDD+ related topics among research institutions in 

Nepal, but limited capacity exists, and there are not enough pilot projects that can be used to add research 

components.  A REDD+ dedicated training programme, organized by the different institutions with student 

attachments in international organizations working on REDD+, would help to build capacity. Existing regional 

research networks like ICIMOD are important partners to share experiences with regard to land cover change 

analysis and measuring and monitoring of carbon fluxes.  Researchers from the University of Tribhuvan and 

Kathmandu University are reported to be involved in REDD+ related research for example in the field of indigenous 

knowledge, customary law and practices in the forest, land and resource management along with policy and 

programs on forest, land tenure issues in relation to indigenous people’s rights in REDD+ in Nepal. The Institute of 

Forestry (IoF) offers middle and high level professional training in forestry and natural resource management 

(NRM). Paudel et al (2010) report that the IoF offers training and research in technical forestry monitoring and 

management as well as participatory forestry, all of which are key to the successful implementation of REDD+ in 

Nepal.  

 

iv. Capacity gaps 

Major gaps exist with regard to the know-how and technology required to carry out the statistical design and 

analysis of forest inventories in line with the IPCC and UNFCCC guidelines and evolving international REDD+ 

rules. 

 

The major capacity gaps identified include the need for more experimenting, piloting, developing, disseminating, 

applying and modifying technical instruments related to REDD+, as well as governances and even carbon trading 

under different forest management and /or ownership regimes. The capacity of government agencies as well as of 

research institutions can be strengthened by supporting close cooperation with international organizations such as 

FAO. Training and guidance by external experts will be needed to close the existing knowledge gaps and ensure the 

establishment of a sound reference level. 

 

Paudel et al (2010) describe the overall REDD stakeholder landscape in Nepal as being characterized by the 

domination of techno-centric and market-focused approach. They point out that despite some deliberate attempts to 

reach out to the local communities, the REDD and carbon forestry debate is still confined to the circle of 

professional experts, a few NGOs and some government officials. Jha and Paudel (2010) also argued that under the 

existing arrangements, co-benefits in the REDD MRV system cannot be correctly quantified, since some of the 

drivers of deforestation and forest degradation originate from outside the forest and that little effort has been 

invested to integrate a multi-sectoral approach to REDD+. A further argument by Paudel et al (2010) is that 

researchers, consultants, negotiators and rights activists and carbon business in Nepal tend to focus too much on 

exploring ideas on how to comply with emerging options rather than exploring and advocating their own 

expectations. Whereas this last argument appears logical, it is also important to understand that for Nepal to 

participate in the global REDD+ arena, it is important to be seen to be complying with global requirements to all the 

practical levels attainable.  
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Some of these arguments have also been overtaken by events (i.e. new developments in the REDD+ framework). A 

number of these gaps are gradually being addressed through initiatives described in section 1.3 above and the work 

by WWF, ICIMOD and other stakeholders described in this section. However, attaining the critical mass of human 

and institutional capacity needed to develop REDD+ takes time and a lot of resources. The cost can be lowered by 

building on synergies between institutions. 
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2 METHODOLOGY AND APPROACH 

 

This section summarizes the general approaches and methodology applied in executing the assignment. However, 

for clarity purposes, detailed descriptions of specific activities for each task are provided in relevant sections.  

2.1 General approach for integrating the FCPF framework and UNFCC methodology 

As the principal body responsible for stabilizing greenhouse gas concentrations, the United Nations Framework 

Convention on Climate Change (UNFCCC) has developed principles negotiated and agreed to by member countries. 

For this reason, the UNFCCC through its scientific arm the Intergovernmental Panel on Climate Change (IPCC) is 

the primary methodological reference for this assignment. As a step towards operationalizing the REDD mechanism, 

the UNFCCC has generated a range of principles that should be adhered to, the steps that must be taken, the data 

that will be required, and how the data can be analyzed to produce scientifically credible estimates of historic GHG 

emissions and removals from forests, which can then be used to project forest Reference Emission Levels/Reference 

Levels (REL/RLs). Implementation of assignment has therefore largely followed the guidelines for developing 

REDD+ reference levels (RLs) under the UNFCCC to the extent practically possible and in line with decisions taken 

by the conference of the Parties.  

 

As countries continue negotiating the final architecture of REDD, other international organizations including the 

Forest Carbon Partnership Facility of the World Bank (FCPF) and the United Nations REDD Programme (UN-

REDD) have also developed programmes complementary to the UNFCCC process in order to speed up REDD 

implementation by supporting the piloting of suggested approaches so as to see what works and what needs 

modification. The key requirement from these complementary programmes however is that implementation should 

follow the UNFCCC guidelines. Since this assignment is supported by the FCPF, the approach adopted is to 

integrate the FCPF and UNFCCC approaches during implementation.  

 

The FCPF methodological framework for developing forest Reference Levels and Reference Levels is meant to 

guide countries in understanding what methods and data should be used, over what timeframe, how to adjust historic 

emissions for national circumstances and what approaches are already available for developing REL/RLs. The FCPF 

Framework document should be used in partnership with the separate document Decision Support Tool. The 

Framework stipulates that the general approach used to establish a REL/RL should also be reflected in the 

information presented in the respective country’s R-Package including compilation and analysis of relevant data, 

capacity building in the application of proven methods and fundamental techniques (e.g., mapping, field sampling), 

and assessment of different methodologies.  The FCPF process is not a replacement for the UNFCCC but is flexible, 

non-prescriptive in its approaches (as long as a selected approach can be justified), provides for high accuracy and 

equity with regard to REDD+ payments (through adjusting for national circumstances), while maintaining 

international relevance by requiring that information and reporting systems be consistent with UNFCCC guidance. 

 

The REDD+ forest Reference Level presented in this report was developed based on the “FCPF Methodological 

Framework for Developing Reference Levels” while applying key UNFCCC/IPCC Concepts and Guidelines for 

estimating emissions and removals of greenhouse gases from anthropogenic origin. Adherence to these concepts is 

important in order to apply the same principles in REDD+, guaranteeing consistency with the National Forest 

Monitoring System for REDD+ and the National Communications to the UNFCCC. The most recent IPCC 

Guidelines were applied throughout the assignment. Other Guidance documents (e.g. “FCPF Decision Support Tool 

for Integrated REDD+ Accounting Frameworks”; the “GOFC-GOLD sourcebook of methods and procedures for 

monitoring and reporting anthropogenic greenhouse gas emissions and removals caused by deforestation, gains and 

losses of carbon stocks in forests remaining forests, and forestation”) were also be used to the extent that they were 

consistent with the UNFCCC framework.  
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Box 1 summarizes the UNFCCC and FCPF processes in the development of RLs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key highlights of the UNFCCC and FCPF processes 

 

1 The UNFCCC Process: 

 The REL/RL should be expressed in tons of carbon dioxide equivalent per year; 

 The rationale for the approach to the REL/RL should be provided; 

 The information used in the construction of the REL/RL should be transparent, complete, consistent and 

accurate, allowing for the reconstruction of the REL/RL; 

 The REL/RL should be established transparently, taking into account historical data and, if adjusted for 

national circumstances, should include rationale for making adjustments including details on these 

national circumstances and how they were considered; 

 The REL/RL should maintain consistency with anthropogenic forest-related GHG emissions by sources 

and removals by sinks as contained in each country’s GHG inventories:- 

 The definition of forest used should be clearly provided; 

 The pools and gases included should be clearly provided, along with a rationale for the exclusion of any 

pools or gases; 

 The activities included should be clearly provided, along with a rationale for the exclusion of any 

activities. 

 

2 The FCPF Process: 

 Countries should draw upon supporting documentation produced during the readiness preparation phase; 

 Information should be consistent with UNFCCC guidance and the most recent IPCC guidance and 

guidelines; 

 Countries can pursue reference level work in a stepwise and iterative approach, as appropriate, with 

further refinement as improved data, methodologies, and UNFCCC guidelines become available; 

 Countries are encouraged to draw upon peer reviewed technical guidance including the Global 

Observation of Forest and Land Cover Dynamics (GOFC-GOLD) REDD Sourcebook, Winrock 

International for Forest Carbon Partnership Facility Draft Methodological Framework for Developing 

Reference Levels for REDD+, etc.; 

 Countries may also wish to provide information identifying current gaps and additional needs, such as 

data, resource and technical capacity needs. 
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The complete general FCPF approach is as illustrated in the flow diagram below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 The step-wise approach 

The discussion on the data environment in Nepal outlined the challenges in the development of the Reference Level 

for REDD+. Surmounting these challenges involved application of the Step-Wise Approach. The stepwise approach 

facilitates broad participation, early start-up and the motivation for improvements over time, alongside efforts to 

enhance measurement and monitoring capacities. 

 

Decision 12/CP.172 of the parties to the UNFCCC in Durban establishes the basis for forest REL/RLs for REDD+ 

and recommends a Step-Wise Approach to the Development of REDD+ REL/RLs. The rationale is that a stepwise 

approach to national RLs will help countries to improve their benchmark over time; it also recommends that 

countries should periodically update their RLs to take into account new knowledge and new trends. The stepwise 

approach aims to better structure and deal with the variety of REL/RL methods that exists, the variability in data and 

their quality, uncertainties and country circumstances. 

 

The stepwise approach therefore is designed to lead to more comprehensive and accurate RLs for higher steps: 
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Step 1: Use available data (even if uncertain) to provide a starting point for RL establishment with simple 

projections, based on historical data. It is the starting point for countries to engage in RL setting and can be 

based on coarse national-level data only. 

 

Step 2: Build more robust national datasets for country-appropriate extrapolations and adjustments, 

including data for key drivers. Step 2 makes a first attempt to include national circumstances quantitatively, 

i.e. by undertaking evidence or driver-based assessments to adjust historical rates, and by using better 

country data (e.g. Tier 2 for carbon stocks) than can be gained by relying on Step 1. 

 

Step 3: Integrate spatially explicit assessments and modelling, using reliable data on activities and drivers. 

Step 3 develops the Step 2 approach further, using higher quality data that allow a wider choice of 

modelling methods. It therefore uses more spatially explicit activity data and driver-specific information 

support, e.g., the use of more complex spatially explicit regression or simulation models that should allow 

for a more robust and forward looking estimate. 

2.3 Other general tools and methods 

i. Literature review: understanding the historical and current trends in forest cover change and forest policy 

for the Nepal RL was accomplished through literature review. Research findings helped to identify the 

major driving forces behind changes in land use practices: 1) government policy; 2) population growth and 

3) commercialization of agriculture, all of which are likely to have a significant effect on forest cover and 

quality. The literature was from both published an unpublished but credible sources, in the form of printed 

material or internet sources. Internet links are provided wherever internet sources were used.  

ii. Government and stakeholder meetings: The purpose of these meetings was to supplement the 

information gathered during the literature review with more specific information. These meetings were at 

both technical and non-technical level. Stakeholder meetings were an opportunity to better understand the 

livelihoods and land-use practices of communities living in and around the forest areas and how these could 

impact on the RL.  

iii. Spatially explicit data analysis: spatial data from various sources including FRA inventory data, LRMP 

land cover maps, and ICIMOD map products were processed and analyzed to understand land cover 

changes and quantify carbon fluxes as will be described in relevant sections.  

iv. Ancillary data analysis: statistical and other ancillary data were analyzed to estimate the GHG impact of 

key drivers of deforestation and forest degradation. Such sources include FAOSTAT and CBS data.  

v. Default IPCC values: in the absence of primary data, default values from the IPCC Guidelines on AFOLU 

were used to derive emission factors and other parameters necessary for development of the RL. Details are 

also provided in relevant sections.  
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3 DEFINING THE SCOPE OF RL FOR NEPAL 

 

3.1 General approach for developing the RL 

A recent decision of the UNFCCC encouraged parties “to use the most recent Intergovernmental Panel on Climate 

Change guidance and guidelines, as adopted or encouraged by the Conference of the Parties”, which is the “2006 

IPCC Guidelines for National Greenhouse Gas Emissions”. Generally, relevant Decisions from the Conference of 

the Parties to the UNFCCC provide the conceptual basis for REDD+, i.e., these Decisions provide the framework 

under which National REDD+ Programs are established. On the other hand, the IPCC publishes guidelines and 

guidance for the reporting of anthropogenic greenhouse gas emissions and removals. The relevant areas that are 

specific to REDD+ are essential in establishing a foundation for monitoring and reporting on REDD+ activities and 

achievements. These Guidelines provide the standard for reporting on greenhouse gas emissions as endorsed by the 

Conference of the Parties to the UNFCCC, therefore providing the technical basis for REDD+ activity monitoring 

and reporting. In other words, all reports on greenhouse gas emissions and removals that countries submit to the 

UNFCCC have to follow the methodology adopted by the IPCC.  

 

Consequently, four principal source documents provide the tools needed for the development of REL/RL in 

compliance with UNFCCC requirements and have been extensively consulted in preparing this report: 

 

i. IPCC Revised 1996 Guidelines on Land-Use Change and Forestry (LUCF) 

ii. IPCC 2000 Good Practice Guidance and Uncertainty Management 

iii. IPCC Good Practice Guidance for Land Use, Land-Use Change and Forestry (GPG LULUCF) 

iv. IPCC 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

Within the context of the UNFCCC, the reduction of emissions from deforestation and forest degradation, or 

increase in sequestration through improved forest management or enhancement of forest carbon stocks is measured 

against forest Reference Levels or forest Reference Emissions Levels (RLs). RLs thus set a performance benchmark 

for mitigation activities by providing a reference point to which current and actual efforts can be compared 

throughout a pre-determined timeframe and are strongly linked to measurement, reporting, and verification (MRV) 

of mitigation efforts. RL therefore relate to REDD+ as they enable the estimation of the amount of emission 

reductions from deforestation and forest degradation, as well as the amount of removals from sustainable forest 

management and enhancement of forest carbon stocks in a geographical area. Reference emissions level (REL) on 

the other hand relates to REDD – in reference to the amount of emissions from deforestation and forest degradation 

from a geographical area.  

 

In summary: 

 

 REDD Reference Emission Level (REL) is the amount of gross emissions from a geographical areas 

estimated within a reference time period (in terms of CO2 equivalent); 

 REDD+ Reference Level (RL) is the amount of net/gross emissions and removals from a geographical area 

estimated within a reference time period (eqCO2). 

The conclusion as to the functionality of Reference Levels therefore is that they are needed for two purposes: 

 

 RLs establish business-as-usual (BAU) baseline, against which actual emissions are compared, thus 

emission reductions are estimated as the difference between RLs and actual emissions. I.e., RLs depict 

what the emissions scenario would be in the absence of REDD+ implementation, and thus provide the basis 

for measuring its success.  
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 RLs are needed to determine the eligibility of UNFCCC Parties for international, results-based support for 

REDD+, and to calculate that support on the basis of measured, reported, and verified emission reductions. 

Nepal’s R-PP is clear that the country’s REDD strategic options aim to contribute to reducing GHG emissions, 

conservation of existing forests and enhancing forest carbon stocks in line with the Bali Action Plan which in 

paragraph 70 of the AWG/LCA outcome “Encourages developing country Parties to contribute to mitigation actions 

in the forest sector by undertaking the following activities, as deemed appropriate by each Party and in accordance 

with their respective capabilities and national circumstances: 

 

a) Reducing emissions from deforestation; 

b) Reducing emissions from forest degradation; 

c) Conservation of forest carbon stocks; 

d) Sustainable management of forest; 

e) Enhancement of forest carbon stocks;” 

 

Nepal has a number of programmes as reported in the R-PP and other study reports, aimed at sustainable forest 

management so as to significantly contribute to reducing deforestation and forest degradation and ultimately 

contribute to forest conservation and the enhancement of carbon stocks. 

 

Conclusion: the general approach elected involved the setting up of Reference Levels to enable the quantification of 

both GHG emissions (from Deforestation and Forest Degradation) and GHG removals (i.e. accounting for the ‘plus’ 

aspect of REDD). This position was reinforced during stakeholder consultation throughout implementation of the 

assignment. 

3.2 Pools and gases included in the RL 

The IPCC defines six carbon pools applicable to LU-LUCF project activities: 

 

i. Aboveground biomass (both tree and non-tree); 

ii. Belowground biomass (roots); 

iii. Forest floor (or litter);  

iv. Dead wood;  

v. Soil organic matter; and 

vi. Harvested Wood Products 

3.2.1 Guidance on inclusion or non-inclusion of certain pools 

As per the Durban SBSTA text, significant pools and gases should be included. Parties are required to give reasons 

for omitting a pool or a gas from the construction of forest RL/RELs. It is recommended that countries perform a 

key category analysis to determine which pools are significant, i.e., is a given pool <5% of total or <10% of the 

total.  Excluding pools that represent a very small proportion of the total can save time and resources. Similarly, 

where costs of data collection and analysis exceed the benefit of including the specific pool or gas in the RL/REL, 

such may be excluded, even if such pools are significant. Alternatively, conservative defaults can be considered for 

insignificant pools if they must be included. 

 

Guidance from the GOFC-GOLD Sourcebook (2012) is that the decision on which carbon pools to monitor as part 

of a REDD+ accounting scheme will be governed by the following factors:  

 

 Available financial resources 

 Availability of existing data 

 Ease and cost of measurement 
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 The magnitude of potential change in the pool 

 The principle of conservativeness 

The GOFC-GOLD Sourcebook further suggests that assessment of whether carbon pools other than AGB and BGB 

represent key sources can be conducted via a literature review, discussions with universities or field measurements 

from a few pilot plots following recognized methodological guidance.   

 

Most important to bear in mind is that both the reference level and subsequent estimations based on the MRV 

system established must include exactly the same pools.  

 

The Marrakech Accord (COP 7 2001) in Decision 11/CP.7 provides that “A Party may choose not to account for a 

given pool in a commitment period, if transparent and verifiable information is provided that the pool is not a 

source”. The import of this is that project participants may choose not to account for one or more carbon pools if 

they provide transparent and verifiable information that indicates that the choice will not increase the expected net 

anthropogenic GHG removals by sinks.  

 

Decision 11 also directs that “good practice guidance, and methods to estimate, measure, monitor and report 

changes in carbon stocks and anthropogenic greenhouse gas emissions by sources and removals by sinks resulting 

from land use, land-use change and forestry activities, as developed by the Intergovernmental Panel on Climate 

Change, shall be applied by Parties...” 

 

According to the IPCC Guidelines: 

  

 Harvested Wood Products: Countries may report on HWP pools if they can document that existing stocks 

of forest products are in fact increasing. However, this is no longer under consideration for REDD+ and 

therefore was not considered in estimating the RL; 

 Dead Organic Matter: The IPCC Guidelines assume as a default that changes in carbon stocks in these 

pools are not significant and can be assumed zero, i.e. that inputs balance losses so that net dead organic 

matter carbon stock changes are zero, hence can be excluded; 

 If fire constitutes a cause of forest degradation, emissions of N2O and CH4 result and may therefore need to 

be reported. 

3.2.2 Testing significance of GHG emissions 

A more structured way of testing the significance of various GHG emissions involves an iterative procedure such as 

one based on the CDM “Tool for testing significance of GHG emissions in A/R CDM project activities”. The 

tool facilitates the determination of which GHG emissions by sources, possible decreases in carbon pools, and 

leakage emissions are insignificant for a particular CDM A/R project activity. As provided in the tool, the sum of 

decreases in carbon pools and increases in emissions that may be neglected shall be less than 5% of the total 

decreases in carbon pools and increases in emissions, or less than 5% of net anthropogenic removals by sink, 

whichever is lower.  

 

The process involves the following 5 steps (two steps relating to leakage and ex ante /ex post emissions are omitted 

as they are relevant to A/R activities which is not the case for this assignment): 
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I. Estimate the GHG emissions by sources (per each source) and possible decreases in carbon pools  

based on site/project specific data, scientific literature, or the most recent default emission factors 

provided by IPCC. 

II. Recalculate all GHG emissions into CO2 equivalents using the GWP impact factors as decided by 

COP3 or as amended later. 

III. Calculate the relative contributions of the project GHG emissions by sources and possible decreases in 

carbon pools and emissions by leakage activities according to the following equation (IPCC 2003, Eq. 

5.4.1): 

     
  

∑   
 
   

 

 

Where:  

REi          = Relative contribution of each source i to the sum of project and leakage GHG emissions;  

Ei = GHG emissions by sources of project and possible decreases in carbon pools and leakage 

emissions i as estimated under; 

i  = Index for individual sources of project and leakage GHG emissions (I = total number of 

sources considered). 

IV. Rank the source emissions in descending order of their relative contributions RCEi and order them 

according to their ranks (i.e. the lowest emission shall get the highest rank and shall occupy the last 

position in the ordered sequence of emissions). 

V. Start calculating the cumulative sum of the relative contributions RCEi (ordered according to the step 

IV) beginning with the lowest rank.  Mark each individual source of emissions as it is included in the 

summation. Cease the summation when the cumulative sum reaches the lowest value not less than the 

threshold of 0.95. 

 

The GHG emissions by sources and possible decreases in carbon pools not marked in the step V are considered 

insignificant if their sum is lower than 5% of net anthropogenic removals by sinks.  Otherwise, the procedure 

described in the step V shall be continued beyond the threshold of 0.95 until the above condition is met. 

 

Application of this process yielded the following results (much simplified because of the small number of the 

sources of emission and removals) as shown in tables 5 and 6: 

 
Table 5: Summary of emissions and removals 

Gross emissions (tCO2)                293,231,645                1,266,840,171 

Gross removals (tCO2)                         85,964,612                          281,748,741  

Net emissions / removals (tCO2)                         207,267,033                          985,091,430  

 

The sources of emissions considered are deforestation and forest degradation. The sources of removals are 

enhancement through CFUGs, CFM and AR with the support of the Department of Forests. 
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Table 6: Relative contribution of emissions and removals (tCO2) 

Source 
Emission (tCO2) - sum 

from 1990 to 2010 

Proportion of 

gross emissions  

Proportion of net 

emissions  

Deforestation 22,852,865 8% 11% 

Degradation (total) 270,378,779 92% 130% 

 

Sub total 100% 

 

    Enhancement (CFUGs/CFM) 77,588,571 90% -37% 

Afforestation / reforestation 8,376,041 10% -4% 

 

3.2.3 Mangroves and flooded areas in Nepal 
 

Flooded lands may emit CO2, CH4 and N2O in significant quantities, depending on a variety of characteristic such as 

age, land-use prior to flooding, climate, and management practices (IPCC, 2006).  Emissions of CO2, N2O and CH4 

are known to occur in mangrove areas as well as seasonally or permanently flooded areas. Nepal has no coastline 

hence no mangroves are present; thus there are no CO2, CH4 or N2O emissions associated with organic and mineral 

soils for the management activities of extraction (including  construction of aquaculture and salt production ponds), 

drainage and rewetting and revegetation as provided in the 2013 Wetlands Supplement to the 2006 IPCC Guidelines. 

Experience under the Kyoto Protocol’s CDM also suggests that emissions from burning fossil fuels, from using 

fertilizer and planting leguminous plants and trees will not be significant (FCPF Decision Support Tool Part 1). 

A major chunk of methane emissions in Nepal comes from enteric fermentation, solid waste disposal and waste 

water treatment as well as from the rice fields as reported by the Initial National Communication (2004). 

According to the IPCC Guidelines (2006), nitrous oxide (N2O) emissions from Flooded Lands are typically very 

low, unless there is a significant input of organic or inorganic nitrogen from the watershed. The guidelines point out 

that it is likely that such inputs would result from anthropogenic activities such as land-use change, wastewater 

treatment or fertilizer application in the watershed. In order to avoid double-counting N2O emissions already 

captured in the greenhouse gas budget of these anthropogenic sources, and in light of the very limited contribution 

of N2O emissions from Flooded Lands reported in the literature, these emissions are therefore best left out in 

constructing Nepal’s REDD+ RL. 

 

In Summary: 

 

i. A given carbon pool can be excluded: 

 

a.  If it represents a very small proportion of the total (<5% of total or <10% of the total) to save time and 

resources; 

b. Where costs of data collection and analysis exceed the benefit of including the specific pool or gas in 

the RL/REL, even if such pools are significant; 

c. If no credible data is available/can be collected for that pool; 

d. If data available suggests that despite being significant, the given pool is not expected to significantly 

change during the monitoring period. 
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ii. Include emissions of N2O and CH4 if fire constitutes a major cause of forest degradation; 

iii. Conservative defaults can be considered for insignificant pools if they must be included; 

iv. Both the reference level and subsequent estimations based on the MRV system established must include 

exactly the same pools. 

Conclusion: 

The foregoing discussions, as well as consultations with the REDD Cell, World Bank FCPF Team and the REL/RL 

Technical Committee lead to the conclusion that for development of the REDD+ Reference Level for Nepal, only 

Above Ground (Tree) Biomass and Below Ground Biomass carbon pools will be included, and following a similar 

logical process, only CO2 will be considered, i.e. the major GHG. The excluded pools are: 

 

 DOM because in line with the IPCC Guidelines we assume as a default that changes in carbon stocks in 

these pools are not significant and can therefore be assumed zero; 

 Soil Organic Carbon (SOC) 

 HWP because it is not possible to document conclusively that existing stocks of forest products are in fact 

increasing; furthermore, HWP are no longer considered for REDD+ monitoring.  

 

The excluded GHGs are: 

 

 CH4  and N2O because: 

 

 There are no mangroves in Nepal 

 There are no seasonally or permanently flooded forest areas in Nepal 

 Fires are not a significant cause of forest degradation 

 

3.3 Defining the scope of REDD+ categories and activities to include 

The scope of REDD+ categories for the RL is: 

 

1. Forests converted to other lands (covering deforestation);  

2. Other lands converted to forest (covering expansion of forest carbon stocks by afforestation or 

reforestation); and  

3. Forests remaining as forest (covering forest degradation, sustainable management of forests, and 

conservation of forest carbon stocks). 

 

Besides emissions from deforestation, the RL 

presented includes an estimate of emissions from 

forest degradation (from various sources) as well 

as emissions removals resulting from forest 

enhancement. Time series of Landsat images 

were used to quantify deforestation, degradation, 

enhancement and forest conservation. 

 

Deforestation: Deforestation is the long term or 

permanent conversion of forest to other (non-

forest) land. In remote sensing terms, when a pixel 

that in a time point Y1 was forest changes to other 

land uses in another time point Y2, then the pixel 
Image 1: Deforestation in Chitwan, Mid-Hills 
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is said to have undergone deforestation. The reported value for deforestation relates to net deforestation. During the 

historical reference period some areas that have been converted from forest to non-forest may have been reconverted 

to forest and all these have been taken in to account.  
`    

Degradation: degradation has been defined variously by different sources but whatever definition is adopted, a 

reduction in the quality of a forest ecosystem is implied. FAO (2000) defines degradation as “a reduction of canopy 

cover or stocking within the forest”. IPCC (2003) on the other hand defines it as “a direct human-induced loss of 

forest values (particularly carbon), likely to be characterized by a reduction of tree cover. Routine management 

from which crown cover will recover within the normal cycle of forest management operations is not included”. 

Other sources include loss of biodiversity in the definition.  For the purpose of this assignment, the IPCC definition 

is the most appropriate because it recognizes that although canopy cover may be an indicator of degradation 

(particularly during the process of land use change) it should not be assumed that there is a direct correlation 

between canopy cover and carbon stocks per hectare e.g. a degraded forest dominated by recent natural regeneration 

may have 100% canopy cover but low carbon stocks whilst another degraded forest area with 50% canopy cover 

from mature trees would have relatively higher carbon stocks per hectare. Three sources of degradation are included 

in the complementary analysis presented: 

 

 Logging 

 Fuelwood 

 Fires  

 

 

Image 2: Degradation due to harvesting for timber and 

fuelwood 

 

Image 3: Degradation due to harvesting and overgrazing 
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Image 4: Degradation due to encroachment 

 

Image 5: View of degraded landscape 
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Forest Enhancement: Enhancing the carbon stock in the context of this assignment is viewed as the positive 

complement of forest degradation, i.e. improving the quality of forest through natural regeneration or by planting 

trees to increase the already existing carbon stock therein. Quantification of enhancement was done using LUC time 

series analysis. Analysis of land cover changes was complemented with statistical data on CFUGs managed forests 

where significant enhancement of existing forest areas has occurred since the 1980’s through natural regeneration as 

reported in literature.  

 

 

Image 6: Enhancement in community managed forest (on hill in background) 
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3.4 Historical reference period 

Initial consultations at technical level resulted in the decision to define the reference period as covering the period 

from 1990 to 2010, at intervals of 10 years. A key justification for this decision was that there is no reliable Landsat 

data for the period 1990 -2000 but there are reliable images for 1990/91, 1999/2000 and 2010. However, this was 

later modified so that the historical reference period is 2000-2010.  

 

Although the historical reference period eventually used to report the RL for Nepal is 2000 – 2010, the data analysis 

undertaken as part of this assignment also included the period 1990 – 2000. The results from the period 1990 – 2000 

are presented in some parts of this report in order to help illustrate trends and highlight where there are either 

consistencies or inconsistencies with the reference period (2000 – 2010). The decision to use the 2000-2010 decade 

is justified by the reasoning that going back 20 years might not give a realistic presentation of the emissions trends.  

3.5 Level and scale of RL development 

Sub-national REDD+ activities can either apply the national RL or develop a more situation specific sub-national 

RL. While the former approach ensures consistency at the national scale, it will also most likely underestimate 

deforestation and forest degradation in the without-project scenario. Sub-national RLs require transparent 

development protocols and a standardized approach to reconcile and harmonize the sub-national RL with the 

national RL. Sub-national REDD+ activities will typically be located in REDD+ hotspot areas that have medium to 

high carbon stocks, high deforestation and forest degradation threats and medium-high biodiversity or other co-

benefits. Careful consideration of these factors is therefore needed in making a decision. 

 

The approach adopted in creating an updated land cover map was to generate an estimate of RL at national scale. 

The updated land cover maps (for the defined time points) are wall-to-wall and therefore the approach is consistent 

for the entire country. Establishing a set of national standards for data collection and analyses is essential for a 

national scale RL and this was the approach implemented. 

 

 

Image 7:  Example of degradation5  

                                                                 

5 Note that although this area may record a relatively high canopy cover density (>50%), this forest area is highly degraded and 

supports low carbon stocks 
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3.6 Finalizing Nepal’s definition of  “forest” 

"Reducing emissions from deforestation and forest degradation" implies a distinction between the two activities. 

In the context of REDD+ therefore, this necessitates a clear, unambiguous and consistent definition of what a 

forest is as a starting point. 

3.6.1 Significance of the definition of  “forest” in REDD+ design 

The UNFCCC Guidelines provide that Parties should include “the definition of forest used in the construction of 

forest reference emission levels and/or forest reference levels and, if appropriate, in case there is a difference with 

the definition of forest used in the national greenhouse gas inventory or in reporting to other international 

organizations, an explanation of why and how the definition used in the construction of forest reference emission 

levels and/or forest reference levels was chosen”. This is reiterated in the Durban SBSTA text (2011). 

 

In respect to the definition of forest, the Guidelines identify three broad categories of forest definition: 

administrative, land use, and land cover. Under the Kyoto Protocol, “forest” is defined as: 

 

 Minimum area: 0.05 – 1.00 ha 

 Minimum crown cover 10 – 30% 

 Minimum potential height 2 – 5m 

 Young forests with the potential to meet the above 3 criteria 

 Areas which were forested before 1990 

 

FAO (2010) on the other hand defines forest as “Land spanning more than 0.5 hectares with trees higher than 5 

meters and a canopy cover of more than 10 percent, or trees able to reach these thresholds in situ. It does not include 

land that is predominantly under agricultural or urban land use”. 

 

The import of this is that countries can choose a specific threshold value from the above range of minimum area, 

tree height and crown cover to define their forests (Decision 16/CMP.1). This enables countries that would 

otherwise be excluded from the REDD+ mechanism if a single rigid definition was used, to participate.  

 

The FCPF Decision Support Tool for Developing Reference Levels for REDD+ sums the question of forest 

definition thus: “How a country sets up its forest definition will affect the total area of the country that is considered 

forest (and therefore eligible for REDD+ financing); using a very inclusive or broad definition will maximize forest 

area within the country by including both lands that have high tree cover as well as lands that are more open, 

degraded, marginal, or with trees of shorter stature”. 

 

As a corollary to this discussion, different definitions of forest are required for different purposes and at different 

scales. An assessment focusing on the availability of timber for commercial or industrial purposes may exclude 

small wooded areas and types of forest not considered to be of commercial value. A definition based on physical 

characteristics, such as the canopy cover, would most appropriately be used for an assessment of the forest extent; 

whilst a definition based on botanical characteristics, i.e. variety of tree species, would be appropriate for assessing 

various classes or types of forest. An overall assessment carried out on a regional or global level is unlikely to 

satisfy more detailed national level requirements. It follows therefore that a definition developed to suit the needs of 

any given country is unlikely to be applicable at a global level. 

 

Ultimately, defining forests is necessary to identify which areas are eligible for REDD+ activities. However, the 

choice made can raise new issues. For example, if potential height is set at 2 meters then bush and scrublands would 

count as forest. Individual countries may define forests differently, and may even have multiple definitions for 
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different ecosystems, or at various jurisdictions (national or subnational).  The most important principle for the 

purpose of REDD+ therefore is that a country’s definition is consistent over time. 

 

The FCPF Decision Support Tool presents advantages and disadvantages of various approaches for defining forest. 

Countries could choose to use a national forest definition for CDM A/R activities, national greenhouse gas and other 

international reporting requirements (e.g., the FAO Forest Resource Assessments), or for other purposes. 

Alternatively, countries could choose to change the forest for the purpose of REDD+ definition. The advantages of 

opting for a REDD+-specific definition relate to flexibility, ability to choose a definition based on parameters that 

make sense for monitoring and verification using remote sensing technology, and ability to maximize the potential 

benefits of REDD+ in their country cost-effectively. The disadvantages relate to the extra time needed for 

consultation as well as the added step justifying to the UNFCCC the need to change the definition. Similarly there 

are advantages and disadvantages of using different sub-national forest definitions (vs. One National Definition), the 

advantage being flexibility while the advantages include complexity and cost of future MRV and overall REDD+ 

design. The advantages and disadvantages of using a broad (vs. Narrow) Forest Definition relate to how much forest 

area can be included in REDD+. The deciding factor then is: is the extra cost and effort needed for a broad definition 

commensurate with the extra GHG benefits thereof? 

3.6.2 Definitions of  “forest” previously used in Nepal and their applicability to REDD+ design 

Nepal’s Forest Act simply defines forest as “an area fully or partly covered by trees”. This definition would present 

difficulties if it were to be adopted for REDD+ activities as it is very ambiguous and would make carbon monitoring 

and accounting very difficult as according to this definition, any area could potentially be considered forest. It would 

not be possible to practically set forest boundaries.  

 

Nepal’s R-PP, in reference to the 1994 National Forest Inventory, notes that the inventory only made a distinction 

between forest and shrubs where ‘forests’ were defined as having a crown cover of >10% and an area >1 hectare. 

Hence, ‘forest’ is the same (statistically) if it has a 100% crown cover as an 11% crown cover.  This too therefore, 

gives an inadequate definition.  

 

The Land Resource Mapping Project carried out in 1978/79 is considered the most extensive forest assessment ever 

done before the ongoing FRA project. During this project, forest classification of canopy density was divided into 

three classes: 10-40%, 40-70% and 70-100%; furthermore each forest zone was classified according to dominant 

forest type and the presence of dominant species. However, this definition too, although more refined than the 1994 

NFI definition, is still deficient for the purposes of REDD+. 

 

FRA Nepal is a 5-year project with bilateral co-operation between the Governments of Nepal and Finland to conduct 

forest resource assessment over the entire country. The key objectives of FRA Nepal project are: strengthening 

institutional capacity building, maintaining forestry sector information systems, collecting data of all forest based 

resources and data sharing among forestry organizations. This project also aims to collect national level baseline 

information required for REDD+ and institutionalize the monitoring, reporting and verification (MRV) system. The 

FRA Nepal Project is implemented under the Ministry of Forests and Soil Conservation (MFSC), and the 

Department of Forest Research and Survey (DFRS) is the executing organization.   

 

The definition of forest used for the FRA Nepal Project is consistent with FAO defined as “Land with tree crown 

cover of more that 10 percent and area covering more than 0.5 ha, with minimum height of the trees to be 5 m at 

maturity and in-situ conditions. The land may consist either of closed forest formations where trees of various 

storeys and undergrowth cover a high proportion of the ground, or of open forest formations with a continuous 

vegetation cover in which tree crown cover exceeds 10 percent. Young natural stands and all plantations established 

for forestry purposes which have yet to reach a crown density of 10 percent or tree height of 5 m are included under 

forest, as are areas normally forming part of the forest area which are temporarily unstocked as a result of human 

intervention or natural causes but which are expected to revert to forest. This includes forest nurseries and seed 
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orchards that constitute an integral part of the forest; forest roads, cleared tracts, firebreaks and other small open 

areas within the forest; forest in national parks, nature reserves and other protected areas such as those of special 

environmental, scientific, historical, cultural or spiritual interest; windbreaks and shelterbelts of trees with an area 

of more than 0.5 ha and a width of more than 20 m. Land predominantly used for agricultural practices are 

excluded”. 

 

It is therefore clear that prior to FRA, there did not exist one consistent definition of forest that had been applied to 

forest management and/or monitoring and that could be adopted for REDD+. There is no record of an agreed CDM 

A/R definition of forest.  

 

3.6.3 Decision process for finalizing the definition of “forest” 

The discussions towards finalizing Nepal’s Definition of Forest commenced during the REDD+ Multi-Stakeholder 

Meeting held at the REDD Cell in Kathmandu on 18
th

 June 2013. Participants emphasized that in finalizing the 

definition of forest, there was need to consider whether this would be: 

 

 A legal definition (which already exists in the Forest Act); 

 A technical definition, or 

 An operational definition (which is relevant to REDD+ design).  

 

It was suggested that an operational definition could be found in Nepal’s Initial Communication (NIC) to the 

UNFCCC. However, the implied definition in the document is inconsistent as it is not clear whether shrubland 

should be considered forest or not. Page 9 -10 of NIC describe forest in the following terms: 

 

“In Nepal, major land use categories are: forest including shrub 39.6 %; agriculture including non- cultivated land 

27 %; grassland 11.8 %; and others 21.6 %. Land categorized as forest also includes shrub-land with less than 10 

% crown cover. Of the total forestland, 35 % is in the hills and one-third in the mountain region…” 

 

In accordance with the thresholds set by the UNFCCC, this definition is considered inadequate for application in 

REDD+. Further discussions were therefore needed to arrive at an operational definition. The following process 

outlined by FCPF was used in arriving at the final definition (involving consultation).  

 
Table 7: Key Questions to consider in finalizing the definition of forest 

Key Question Decision in the Context of Nepal 

1. Does a national definition 

already exist? 

There had been no single consistent definition prior to this 

2. Should it be changed for 

REDD+ purposes? 

There has been no definition before so none exists to be changed  

3. Is there need for one national 

definition or can it vary sub-

nationally? 

There could be compelling reasons for using varying definitions but the 

underlying principles for this assignment were to develop a Reference Level 

that is consistent for both national and subnational scales.  

4. What parameters should be 

used to define forests? 

In accordance with FAO Definition, the parameters should include tree 

height, extent and canopy cover 

5. Select definition that maximizes 

forest in the country? 

Integrated LUC analysis and field inventory  were used to generate adequate 

data to inform this decision 

6. How does the selection of 

REDD+ activities affect the 

forest definition? 

Integrated LUC analysis and field inventory should be adequate to 

distinguish between the activities included – deforestation, forest 

degradation, enhancement of forest carbon stocks 
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Based on answers to the above questions and consultation, it was agreed that a reliable starting point for finalizing 

Nepal’s definition of forest should be the ongoing Forest Resources Assessment. Not only does FRA Nepal have the 

most consistent definition, this project also specifically aims to collect national level baseline information required 

for REDD+ and institutionalize the monitoring, reporting and verification (MRV) system and therefore a definition 

consistent with FRA is most advisable. The agreed definition therefore, is the FRA which ultimately is the FAO 

definition of forest. 
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4 CONCLUSIONS AND WAY FORWARD FOR DEVELOPING THE 

NATIONL RL  

 

4.1 Conclusions  

This paper began with a review of the background and context for REDD+ in Nepal, including the institutional set-

up for REDD+. The conceptual framework and methodology for REDD+ implementation were then presented 

highlighting the process leading to key decisions that must be made as part of the initial steps in developing the 

country’s RL. These decisions relate to the scale and scope of REDD+ including the categories of activities, carbon 

pools and gases included in quantifying the RL, the historical reference period as well as finalizing the definition of 

forest. Reaching agreement on the key issues is a prerequisite to the development of the RL as it enables selection of 

appropriate tools and methods, taking into account the realities on the ground.  

4.1.1 Context of REDD+ in Nepal 

The key conclusion reached in this respect is that Nepal has followed the requisite activities towards REDD 

readiness that meet the globally set thresholds. Furthermore, there are a number of ongoing REDD+ pilots and other 

activities aimed at establishing technical capacity at different levels and among different stakeholders.  Nepal’s 

REDD+ Strategy seeks to reduce GHG emissions from deforestation and forest degradation significantly through 

activities like conservation, addressing livelihood issues and establishing an effective policy, regulatory and 

institutional framework. This therefore is the context within which the RL has been developed.  

4.1.2 The data environment 

The review of available data including forest resource mapping, historical forest inventories and assessments 

revealed gaps, inconsistencies of approaches and therefore outcomes that cannot directly be used in developing the 

RL without modification. However, the conclusion was also reached that the available data, such as outputs of the 

Land Resource Mapping Project can with modification be used as a first step in developing the RL and which can 

then be updated once improved data becomes available. It is important however to highlight where the data gaps are, 

where improvements are needed, and how such improvements may be done.  

4.1.3 Institutional set up and capacity  

In line with the country’s REDD+ Strategy, a number of institutions including the REDD Multi-sectoral and Multi-

stakeholder Coordinating and Monitoring Committee have been established as the apex body for REDD policy in 

Nepal culminating in the establishment of the REDD Cell in the Ministry of Forestry and Soil Conservation and the 

REDD Working Group (RWG). These institutions are supported in their role by other statutory institutions such as 

DoF, DFRS, and CBS as well as other stakeholders notably the development partners and NGOs in taking forward 

the REDD+ programme. Existing evidence indicates a strong interest in REDD+ related topics among research 

institutions as well. 

 

However, limited capacity exists, and there are not enough pilot projects that can be used to add research 

components. Major gaps exist with regard to the know-how and the technology required to carry out the statistical 

design and analysis of forest inventories in line with the IPCC and UNFCCC guidelines and evolving international 

REDD+ rules. The major capacity gaps identified include the need for more experimenting, piloting, developing, 

disseminating, applying and modifying technical instruments related to REDD+, as well as governance and even 

carbon trading under different forest management and /or ownership regimes.  
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The recommendation for addressing this is that the capacity of government agencies as well as of research 

institutions can be strengthened by supporting close cooperation with international organizations such as FAO. 

Training and guidance by external experts can also be used in the short term to close the existing knowledge gaps 

and ensure the establishment of a sound reference level. 

4.2 Implications for RL development 

The most significant challenge arising from the gaps and inconsistencies in data relate to Task 2: Analysis of Land 

cover and forest cover change including development of activity data and emission factors. For this reason, a major 

preparatory stage prior to undertaking this task is the assembling of all available data, examining it for suitability, 

and making decisions that will aid their application in the development of the RL. 

 

At the outset, this paper also highlighted the stepwise approach which was followed during implementation of the 

assignment. A major factor is that of necessity, the RL will need updating. It is therefore important that 

simultaneously with implementation, decisions be made regarding the targeting and content of the capacity 

development phase to ensure that updates can be done easily, correctly and at minimum cost. The strategies for 

addressing these are presented in detail in subsequent working papers that have also been developed as part of the 

implementation of this assignment.  
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ANNEX1: KEY REDD+ INSTITUTIONAL SWOT ANALYSIS 

 

Institutional SWOT Analysis for REDD Working Group 

 STRENGTHS:  

 It has institutional representation of different forestry 

stakeholders during the process 

 It offers technical and institutional support and  

advise to the REDD Cell 

 It can more easily influence policy at all levels 

 It has representation of donor groups, whose support 

is crucial to implementation of Nepal’s REDD 

Strategy 

 RWG can make decision on fund allocation of 

different components – hence priority areas can 

easily receive support 

 The current number of representation (9) can speed 

communication and hence decision making 

 WEAKNESSES: 

 Multi-institutional representation, consisting of 

government, indigenous peoples groups, community 

forest user groups, private sector, and development 

partners could delay decision making 

 There is no established link to National GHG 

inventories 

 It is not clear whether its establishment is grounded 

in law 

 OPPORTUNITIES:  

 With full support can proactively provide innovative 

ideas, monitor program activities, prepare and 

oversee implementation of a comprehensive REDD 

Strategy 

 Ability to publicize its activities and achievements 

through web site will galvanize community support 

which is crucial to successful implementation of 

REDD+ programme 

 THREATS: 

 Retention of Expertise: Well-trained technical 

experts can easily get employment in the private 

sector 

 Current data environment inhibits its work 

 

Institutional SWOT Analysis for the REDD Forestry and Climate Change Cell 

 STRENGTHS:  

 It is lean and can therefore achieve great efficiency 

 Composed of technocrats – can therefore quickly 

make decisions of technical nature 

 Multidisciplinary team membership enhances 

synergies 

 It has full mandate on REDD+ and Climate change 

issues 

 The  three-tiered institutional mechanism for 

implementation of REDD+ provides high-level  and 

multi-sectoral input to the REDD+ Programme 

 Inclusive representation from various stakeholders 

helps in maintaining a high level of transparency and 

public engagement in the REDD+ process 

 Benefits from the most up-to-date developments in 

REDD+, being the direct link to the UNFCCC  

 Benefits from global links with peers  

 WEAKNESSES: 

 It lacks the financial resources and independence to 

oversee implementation of REDD programmes 

 As the link to the UNFCCC there is the risk that it 

focuses too much on compliance  with UNFCCC 

requirements rather than developing domestic 

approaches more suitable to  national circumstances 

 As an entity under a political ministry there is the 

risk that political interests could override technical 

considerations 

 Staff seconded from other departments may have 

other allegiances or commitments that may not 

always be in tandem with the mission of the REDD 

Cell 

 Difficult task of balancing competing interests from 

various stakeholder groups 
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 OPPORTUNITIES:  

 Regular contact with global peers can ensure 

adherence to best practices that have been proven 

elsewhere, as well as sharing domestic innovations 

for validation 

 As the coordinating entity has the legal mandate to 

influence technical and policy options especially 

with regards to obtaining ministerial/political 

approval based on sound technical advice 

 Can use its mandate to liaise with cross-sectoral 

agencies such as CBS to set up REDD+ relevant data 

collection systems  

 It can provide a one-stop shop for REDD+, Climate 

Change and forestry related information 

 THREATS: 

 Retention of Expertise: Well-trained technical 

experts can easily get employment in the private 

sector 

 Current data environment inhibit its work 

 Reliance on seconded staff could reduce momentum 

on implementation of agreed programmes 

 

Institutional SWOT Analysis for DFRS 

 STRENGTHS:  

 Composed of highly specialized technocrats with 

clear mandates 

 As the custodian of all forest resource assessment 

data, can learn from past assessments to improve its 

future work 

 Its links with international agencies ensure  high 

quality outputs 

 WEAKNESSES: 

 Being a ministerial department lacks financial 

independence to undertake its programmes 

 OPPORTUNITIES:  

 Through synergies with CBS, DFRS can  help set up 

a forest sector database that is freely available as per 

the policy of CBS 

 THREATS: 

 As the agency responsible for collecting information 

relevant to overall conservation, management and 

sustainable utilization of forest resources may not 

consider REDD+ a specific  priority area 

 

Institutional SWOT Analysis for FRA 

 STRENGTHS:  

 Composed of technocrats – can therefore quickly 

make decisions of technical nature 

 Its mandate is very clear and attainable 

 WEAKNESSES: 

 Being a project, it lacks the financial resources and 

independence to oversee implementation of REDD 

programmes 

 OPPORTUNITIES:  

 Through FRA, Nepal can set up and easily maintain 

up-to-date  forestry sector information system 

 THREATS: 

 It is not clear whether the momentum currently 

achieved in data collection and management can be 

sustained once the project ends 

 

Institutional SWOT Analysis for Central Bureau of Statistics 

 STRENGTHS:  

 It serves as the national statistical organization of the 

Government of Nepal  

 Data generated has high credibility 

 Its data is used for overall national development 

planning 

 WEAKNESSES: 

 The data generated may not always be tailored for 

REDD+ activities   

 At the moment detailed information on sources of 

forest products is not available 

 CBS provides data in aggregated format only while 
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in some cases the underlying original data can be 

important. In such cases the original data provider 

has to be contacted (and only if they can be traced!).   

 There are many data gaps especially from the 90’s 

and before 

 OPPORTUNITIES:  

 It can provide ancillary data through its surveys that 

can be used to improve REDD+ programme design 

and monitoring  

 The environmental statistics department can work in 

close cooperation with international organizations 

such as FAO on indicators for valuation of the 

environment, as well as local agencies like DFRS. 

 THREATS: 

 Collection of data relevant to REDD+ may not be 

prioritized at institutional level 

 

Institutional SWOT Analysis for WWF 

 STRENGTHS:  

 Strong community approach to programmes 

 Community focus is important for prioritization and 

focus 

 Professional teams 

 Has global presence and can benefit from lessons 

learnt both from other WWF offices and from similar 

organizations 

 WEAKNESSES: 

 WWF projects have pilot character. It cannot be said 

with security that they will be maintained and 

implemented over long time and on larger scale once 

the pilot project is finished.  

 Programmes and projects tend to be localized 

 OPPORTUNITIES:  

 WWF works in close cooperation with government 

institutions as well as international organizations 

 It has many years of conservation experience  

 THREATS: 

 WWF is donor dependent.   

 The organization has no explicit mandate to 

participate in REDD+.  

 

Institutional SWOT Analysis for ICIMOD 

 STRENGTHS:  

 ICIMOD has extensive experience of mapping of 

ecosystems and ecosystem services across the region 

and has mapped forests and other land uses across 

Nepal  

 An extensive analytical expert network is available 

for specialized tasks in particular remote sensing and 

data analysis and mapping. 

 Has regional presence and global reach and can 

benefit from lessons learnt around the world 

 Has donor confidence 

 WEAKNESSES: 

 The biggest office is based in Kathmandu with little 

coverage in other areas where monitoring is essential 

 OPPORTUNITIES:  

 ICIMOD can be a vast data bank on remote sensing, 

mapping and monitoring of carbon fluxes in Nepal’s 

forests  

 THREATS: 

 ICIMOD is donor dependent.   

 The organization has no explicit mandate to 

participate in REDD+.  
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SUMMARY 

 

The compilation of activity data and analysis of emission factors are requirements for the development of REDD+ 

reference levels since they enable the determination of a participating country’s emissions and carbon removals 

related to deforestation, forest degradation and reforestation/carbon stock enhancement.  

 

This working paper addresses Task 2 of the assignment: “Development of a National REDD+ Reference Level for 

Nepal” relating to the compilation and analysis of activity data and emission factors. The key objective of the overall 

assignment is to determine Nepal’s National Forest Reference Level with the goal of enabling Nepal to attain its 

vision for the REDD+ Strategy that seeks to reduce GHG emissions from deforestation and forest degradation 

starting from 2013 through activities such as conservation, addressing livelihood issues and establishing an effective 

policy, regulatory and institutional framework. 

 

Implementation of Task 2 involved an assessment of data availability, data suitability, establishing the correlations 

between different data sets and finally analyzing the data to provide the required outcome.  

 

For the purpose of creating AD based on an historical approach, originally three reference time points were selected; 

1990, 2000 and 2010. Based on the analysis of land cover and forest cover  change, the  transitions between different 

land cover/forest cover types was estimated for the period between each successive time points, i.e. 1990 – 2000 and 

2000 – 2010. In the final iteration the RL was determined from data collected during the period 2000 – 2010 

supported by data from the earlier (1990 – 2000) period.  

 

Two main outputs of the process are: 

 

(i) Estimation of land use and forest cover change (activity data) 

(ii) Estimation of forest carbon density (emission factors) 

 

Integrating spatially linked forest inventory data and IPCC default emission factor values enabled the estimation of 

the emissions or removals associated each of the transitions detected.  

 

This assignment required that a detailed analysis of the geographic datasets meant for the creation of activity data 

was undertaken, explaining the approaches used and the respective results.  The conclusion from this accuracy 

analysis was that the land cover maps for the respective three time-points (1990, 2000 and 2010) are plausible for 

the subsequent processing stage. 
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1 INTRODUCTION 

 

1.1 Background of the assignment 
 

This working paper addresses Task 2 of the assignment: “Development of a National REDD+ Reference Level for 

Nepal” relating to the compilation and analysis of activity data and emission factors. The key objective of the 

overall assignment is to determine Nepal’s National Forest Reference Level with the goal of enabling Nepal to attain 

its vision for the REDD+ Strategy that seeks to reduce GHG emissions from deforestation and forest degradation 

starting from 2013 through activities such as conservation, addressing livelihood issues and establishing an effective 

policy, regulatory and institutional framework.  

 

The compilation of activity data and analysis of emission factors are important in the implementation of the overall 

assignment since they enable the determination of Nepal’s emissions and carbon removals related to deforestation 

and forest degradation as well as reforestation/carbon stock enhancement. Implementation involved an assessment 

of the data availability, data suitability, establishing the correlations between different data sets and analyzing the 

data to provide the required outcome. Two main outputs were expected implementation of this task: 

 

i. Estimation of land use and forest cover change (activity data); 

ii. Estimation of forest carbon density (emission factors); 

 

The sub activities for implementing this task include: 

 

 Sub Task 2a: Estimate land use and forest cover change (activity data): 

 

2a.i - Compile and catalogue existing GIS and remote sensing data and ground‐based data, and assess their 

applicability for the development of sub‐national and national REL/RL; 

2a.ii - Define accuracy targets and quality assurance/quality control (QA/QC) protocols for the 

interpretation of remote sensing data; 

2a.iii - Determine data gaps and required additional information needed for accurate REL/RL development; 

2a.iv - Compile and catalogue existing data for activities related to forest degradation and carbon stock 

enhancement and identify data gaps, and collect data to fill the gaps. 

2a.v - Interpret activity data in the reference period and create benchmark land cover maps. Land cover 

maps shall be interpreted for at least four points in time; 

2a.vi - Determine data gaps and additional images incorporated in the analysis and fill the data gaps with 

additional RS data. 

 

Subtask 2b: Estimate forest carbon density (emission factors): 

 

2b.i - Compile existing relevant data, develop stratification factors and stratify the landscapes; 

2b.ii - Define accuracy and precision targets and QA/QC protocols; 

2b.iii - Compile and evaluate existing allometric equations, biomass expansion factors, inventory data, 

logging impacts, data on fuel-wood collection impacts, re-growth rates and information related to 

degradation; 

2b.iv – Validate their applicability to national forest assessment and identify gaps to be filled, including 

data on gross deforestation/reforestation/C stock enhancement and forest degradation; 

2b.v - Undertake an uncertainty assessment for the determined emissions factors. 

 

1.2 Compilation of activity data 
 

Creation of Activity Data (AD) is a key element of the overall procedure of determining Reference Level (RLs) or 

Reference Emission Levels (RELs). For the purpose of creating AD based on historical approach, originally three 

reference time points were selected, namely 1990, 2000 and 2010. These reference periods were arrived at, partially 
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based on consultation with the client, given the need for the generated dataset to match with the then ongoing FRA 

exercise that had taken 2010 as the baseline year and partially because of the limitations of available remote sensing 

data. Extensive use was made of data from the International Centre for Integrated Mountain Development 

(ICIMOD) namely land cover map products for 1990 and 2010, proving to be a significant time and cost-saving 

approach.   

 

In preparation of the thematic land cover maps used to create AD, the first step entailed cataloguing and examining 

the existing maps and/data. Actual assembling took different routes, depending on the availability of ancillary data.  

Indeed, for 1990 and 2010 reference points, the respective ICIMOD land cover products were used as the key inputs, 

subjecting them to minimal ‘data cleaning’ procedures, while for the 2000 reference point, raw Landsat-based 

imagery data was processed towards generating land cover maps. Similar to the other two reference points, post-

classification ‘data cleaning’ operations were implemented, employing the use of key ancillary data, ‘Land Resource 

Mapping Project dataset, 1979’ to aid the ‘cleaning’ as well as stratification operations. 
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2 ASSESSMENT OF EXISITNG SPATIAL DATASETS RELEVANT TO THE 

TASK 

 

2.1 Cataloguing of existing land cover maps 

The cataloguing of existing land cover /land use maps was based on an examination of digital as well as analogue 

information. Some of the products were only available in print form, lacking the actual digital dataset that rendered 

them useless for manipulation. Table 1 summarizes the catalogue of spatial data/information.  

Table 1: Catalogue of spatial data/information 

Project Relevant Institution Year 
Geographical 

coverage 
Methods applied 

1. 1963/64 Forest 

Resources Survey  

Government of Nepal 

(Forest Resources 

Survey Office) with the 

technical collaboration 

of USAID 

1963-67  Terai and Mid-

Hills 

Interpretation of aerial 

photography (combination of 

1953-58 Indian photography 

and 1963-64 aerial 

photography), combined with 

field inventory for 

commercial forests 

2. Land Resource 

Mapping Project 

(LRMP) 

Government with 

support from the 

Government of Canada  

1978/79 Whole of Nepal Analysis of aerial 

photographs from the period 

1977-1979, complemented by 

ground truthing, land surveys 

and topographic maps 

3. Master Plan for the 

Forest Sector 

Government of Nepal 1989 Whole of Nepal LRMP information with 

updating 

4. National Forest 

Inventory  

Government of Nepal 

with support from  

the Government of 

Finland 

1994 Whole of Nepal  Combination of 1990 Landsat 

image analysis, aerial 

photographs and field 

measurements collected 

between 1990 – 1994 

5. Japan Forest 

Technical 

Association 

Information System 

Development 

Project 

Japan Forest Technical  

Association (JAFTA) – 

Technical support 

2000 Whole of Nepal Indian Remote Sensing (IRS) 

data from 1999-2000 

6. Forest Cover 

Change Analysis of 

the Terai Districts 

Government of Nepal 

(Department of Forests) 

2005 Terai Analyzing satellite images 

(Landsat 1990/91 and 

2000/01), supported by 

ground verification 

7. FAO Global Land 

Cover Network 

(GLCN) LCCS for 

Nepal  

FAO Global Land 

Cover Network 

(GLCN) 

2009 Whole of Nepal Segmentation of Land sat 

2000 imagery  

8. ICIMOD Land 

cover/ Land use 

Maps  

1990 & 2010 Whole of 

Nepal 

Analyzing 

satellite images 

(Landsat 1990 

and 2010 

nominal years), 
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Project Relevant Institution Year 
Geographical 

coverage 
Methods applied 

supported by 

Google Earth 

aided 

verification. 

9. DFRS: FRA project  Bilateral cooperation 

between Governments 

of Nepal and Finland 

2010-

2014 

Whole of Nepal A new Forest Resource 

Assessment (FRA) project 

going on funded by the 

Government of Finland. To 

be completed in December 

2014.  

10. REDD/MFSC/CO

MFORTC 2012 

 2012 High Mountain 

Region 

Study on Drivers of 

Deforestation and 

Degradation of Forest in High 

Mountain Region of Nepal. 

Volume 1:  Main Report 

 
2.2 Key observations 

Based on the assessment of these datasets, the following key observations were drawn: 

 

 The  land use/land cover map based on the Land Resource Mapping Project, being an authentic product of the 

government and a comprehensive database, could be used to create updated products for subsequent target 

years/reference periods; 

 The 1996 Topographical map, equally being an authentic government product, could also be used to cross-

check the accuracy of other generated map products; 

 The  Forest Cover Change Analysis of the Terai Districts based on analysis of Landsat images of 1990/91 and 

2000/01 could be used to complement similar Landsat-based products that would be generated to cover the rest 

of Nepal territory; 

 The FRA dataset (2010) covering Terai/Siwalik, could be used to check the validity of Landsat-based products 

that would be generated for the same nominal year covering the whole of Nepal territory; 

 The Landsat-based land cover maps generated by ICIMOD for 1990 and 2010 nominal year are probably the 

only datasets available covering the whole territory of Nepal and falling within the reference period considered.  

 

These observations informed the procedure for generating historical land cover maps for Nepal and the associated 

accuracy assessment. 

 

 

 

  



5 

 

3 CLEANING THE LAND COVER MAPS GENERATED BY ICIMOD FOR 

1990 AND 2010  

 

3.1 Preliminary analysis 

 

The land cover maps of 1990 and 2010 initially produced by ICIMOD had the following legend shown in Table 2. 

Table 2: Legend for 1990 and 2010 land cover maps produced by ICIMOD 

Legend 

Needle-leaved closed forest 

Needle-leaved open forest 

Broad-leaved closed forest 

Broad-leaved open forest 

Lake 

Snow/glacier 

Shrubland 

Grassland 

Agriculture 

Bare area 

Built-up area 

River 

Unclassified 

FRA data from the Terai zone for 2010 was compared with the 2010 dataset produced by ICIMOD (see Table 3 

below). This analysis pointed to the need for minimal correction before being used for deriving activity data. The 

estimate of forest extent over Terai was underestimated by the original ICIMOD 2010 land cover map in comparison 

to FRA reference dataset. 

3.2 Comparison of ICIMOD map against FRA over Terai 

Table 3: Comparison of original 2010 land cover map generated by ICIMOD against the FRA dataset over Terai. 

  FRA Reference dataset over Terai Corresponding ICIMOD 2010 Mask Dataset 

Forest 411,580 385,779 

Shrub 9,502 24,396 

Non-forest 1,595,916 1,603,713 

 

For the two datasets produced by ICIMOD (for 1990 and 2010), improvement was rendered by using the LRMP 

(1979) dataset. As noted in Table 1, the LRMP dataset had been generated using aerial photos and field survey. The 

LRMP was authenticated by government. The improvement process was accomplished using GIS techniques 

including combine, join and overlay operations implemented in ArcGIS 10.2 which entailed the following steps: 
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1. The forest mask was cleaned of misclassified non-forest materials which had a similar spectral signature as 

forest materials by flagging out those ‘stable’ non-forest areas. These ‘stable’ materials were identified 

based on the 1979 dataset and co-located to the target forest mask, thus aiding the erasure of such materials 

from the target forest mask.  The result was the “refined” forest mask map, for 2010 reference point.  

2. The forest mask was stratified into different forest types and the non-forest mask was stratified into 

different non forest land cover categories. Since the ICIMOD products had provided stratification for forest 

cover, these categories were adopted and renamed to hardwoods, coniferous and mixed forests classes and 

superimposed onto the respective forest mask. The results were forest mask stratified by forest types, for 

each reference point.  

3. Similarly, the non-forest masks of the 1990 and the 2010 reference points were delineated into the land 

cover categories captured by the original ICIMOD products. The overall non-forest mask was thus split 

into the various likely classes captured by the original ICIMOD datasets.  

4. Finally, mosaicking the stratified forest and non-forest mask generated detailed classified maps for the 

1990 and 2010 reference points. 
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4 IMPLEMENTATION STEPS FOR GENERATING BENCHMARK 

THEMATIC LAND COVER/LAND USE MAP FOR 2000 

 

Generating the 2000 land cover map employed a purely remote sensing approach, with minimum to no ground-

based data. The tools used included ENVI, ERDAS Imagine, ArcGIS 10.2 and Microsoft Excel.  

 

4.1 Assembling Landsat images for 2000 

Assembling the satellite images used to generate the benchmark thematic land cover map entailed consideration of 

both the weather seasons in Nepal and the quality of the available images (see Table 4). Since the objective is to 

delineate the land cover categories (with particular emphasis on forest materials) Landsat data should be acquired 

from the season most likely to have on-leaf woody vegetation and drying or senescing herbaceous vegetation. The 

images acquired during the last two quarters of the year possibly to early February were considered to be the most 

suitable because the trees still have their leaves whilst the herbaceous plants are drying out.  

Table 4: Generalized seasonality regime in Nepal 

Months J F M A M J J A S O N D 

Weather Seasons Mild 

Wet  

Short 

Winter 

Rain 

  Dry  Very Wet 

 

Intense monsoon 

rain 

 

  Mild Dry  

 

With respect to USGS WRS 2, 14 Landsat scenes straddle across Nepal territory.  Most of these images were 

already available with Nepal REDD Cell and were shared with the RL Team. Other images were downloaded from 

Landsat.org website which provides ortho-rectified including 2000 circa, (see Table 5). 

Table 5: Landsat scenes applied in generating land cover map for year 2000 

Path/row  2000 Nominal Year  

Date of acquisition 

139/041  2001/Dec/26  

139/042  2001/Oct/26  

140/041  2000/Oct/30  

140/042  1999/Oct/28  

141/040  2000/Nov/22  

141/041  2001/Dec/27  

141/042  2001/Oct/24  

142/040  1999/Dec/13  

142/041  1999/Dec/13  

143/039  2000/Oct/03  

143/040  2001/Dec/25  

143/041  1999/Oct/17  

144/039  2001/Oct/13  

144/040  1999/Nov/09  
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4.2 General approach for generating land cover map for 2000 

The general methodology follows several steps. 

 

1. Data preparation and pre-processing of satellite images, 

2. Application of classification technique/method that would adequately distinguish forest areas from non-

forest areas 

3. Post-classification operations and production of a final land-cover map and  

4. Accuracy assessment. 

 

4.3 Satellite image pre-processing 

Pre-processing of the Landsat images (Table 5) was implemented for purpose of: 

 

– Cloud removal whenever necessary, 

– Dark object subtraction to minimize atmospheric effects 

 

Relative atmospheric correction using the dark object subtract method was implemented in ENVI, which required 

the masking off of the “NoData” bracket around the image and subsequent determination of the minimum pixel 

value per band.  

 

4.4 Application of classification techniques/methods 

This was followed by processing of the products on a scene-by-scene basis and based on standard procedure. A 

decision tree classifier (DTC) technique was employed as a first level method. DTC is based on decision-rules 

which flag out materials of interest by applying threshold values to the input variable(s). A combination of variables 

were explored including key reflectance bands, vegetation index (e.g. MSAVI) and fractional images generated by 

matched-filtering technique (ENVI). On a scene-by-scene basis, the combination that yielded the best result was 

adopted. The products from respective scenes were mosaicked. The DTC procedure yielded a country-wide first 

level preliminary map of forest/ non-forest map for 2000 reference point.  

 

The following sub-sections describe the production of some of the above key inputs employed by the DTC and the 

actual implementation of the DTC. 

 

4.4.1 Creation of Vegetation Index product 

The use of vegetation indices to characterize temporal and spatial vegetation patterns have been demonstrated by 

many researchers (Qi et al. 1994; Matricardi et al. 2010). Vegetation indices improve vegetation sensitivity by 

accounting for atmosphere and soil effects. According to Qi et al. (1994), soil adjusted vegetation index (SAVI) was 

developed to minimize soil influences on canopy spectra by incorporating a soil adjustment factor L into the 

denominator of the normalized difference vegetation index (NDVI) equation.  A modified SAVI is an improvement 

over SAVI where the constant L in SAVI equation is replaced with a factor L that varies inversely with the amount 

of vegetation present. MSAVI effectively increases the dynamic range of the vegetation signal while further 

minimizing the soil background influences, resulting in greater sensitivity.  

 

In view of the above, modified soil adjusted vegetation index (MSAVI) was opted for use in this assignment, 

calculated as:  

 

      
(         )

(           )
 (   ) 

 

where ρ is reflectance in NIR or red band and L is a soil adjustment factor. MSAVI products generated were used to 

generate fractional vegetation cover, the procedure elaborated in Annex 1.      
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4.4.2 Fractional images generated by matched filtering technique 

The matched filtering technique is based on the principle of spectral un-mixing of pixel-based values into sub-pixel 

values corresponding to constituent endmembers. The basic assumption is that a pixel value is assigned on the basis 

of the weighted summation of the reflectances of the different materials (endmembers) in the pixel, based on their 

proportional abundance. Using a linear spectral un-mixing algorithm, the pixel value can be disaggregated to their 

proportional endmember as long as the spectral profile of selected endmembers are provided. ENVI has an inbuilt 

module to implement this algorithm, allowing the endmember spectra to be defined from the image as regions of 

interest (ROIs). The result of matched filtering appears as a series of gray scale images (fractional images), one for 

each selected endmember. Floating-point results provide a means of estimating the relative degree of match to the 

reference spectrum and approximate sub-pixel abundance, where 1.0 is a perfect match. Subsequent 

classification/delineation of the extent of the target endmember employs these fractional images using decision-tree 

classifier in ENVI which operates on the logical application of threshold values. Utilizing expert knowledge, the 

analyst chooses the most appropriate range of values for a particular fractional image which would allow the best 

delineation of the target material. By using a series of such fractional images and logical rules organized as a 

decision-tree, a preliminary map delineating the extent of the target material(s) (e.g. forest) would be generated. 

 

The collection of endmember spectra entailed exploring the image to determine the different land cover 

categories/materials. It required that, prior to this process, the image is enhanced through appropriate band-

compositing as well as stretching to enhance contrast of such endmembers materials. Since the main material of 

interest was forest, every effort was made to collect endmember spectra from the varied tones or appearance of 

forest material. The regions of interest (ROI) tool was used to delineate specific pure pixels representative of a 

particular endmember. For every scene, a ‘matched filtering’ algorithm was then run over the Landsat image, 

employing the respective endmember spectra, eventually yielding sets of fractional images for the selected 

endmembers. 

 

4.4.3 Implementation of the decision-tree classifier to generate preliminary land cover map  

The implementation of this method followed a scene-by-scene approach to generate preliminary land cover maps to 

delineate forest and non-forest surfaces.  Scene-based outputs would then be mosaiced and clipped to the extent of 

Nepal territory.  

 

Where the matched filtering technique was used to generate fractional images as an input into the decision-tree 

classifier, the collection of endmember spectra entailed exploring the image to determine the different land cover 

categories/materials. Prior to this process, the image was enhanced through appropriate band-compositing as well as 

stretching to enhance contrast of such endmembers materials. Since the main material of interest was forest, every 

effort was made to collect endmember spectra from the varied tones or appearance of forest material. The regions of 

interest (ROI) tool was used to delineate specific pure pixels representative of a particular endmember. For every 

scene, a matched filtering algorithm was then run over the Landsat image, employing the respective endmember 

spectra, eventually yielding sets of fractional images for the selected endmembers.  

 

Classification based on the decision-tree classifier was then implemented, which involved building a new decision-

tree for each scene, and employing as inputs a combined set of selected reflectance bands, modified soil-adjusted 

vegetation index (MSAVI) or fractional images generated by the matched filtering technique. The implementation of 

decision-tree classifier entailed the application of respective thresholds carefully determined by visually examining 

the enhanced color-composite image. The output of this classification process was a preliminary land cover map 

delineating forest and non-forest surfaces. 

 

4.5 Applying key thresholds based on agreed definition of “forest” 
 

The forest mask output from DTC was subjected to further processing operations meant to qualify forest areas. Two 

criteria were used to differentiate forest from non-forest areas. By definition any forest area must: 

1. have >10% or higher canopy cover and  
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2. cover an area of more than 0.5 ha.  

 

The first criterion was implemented using the Landsat-based fractional vegetation map that was generated following 

the procedure outlined in annex 1. Since the fractional vegetation map is index map providing the abundance of 

vegetation materials as percentage, then it was easy to assign pixels (within the initial forest mask) that met the 

criterion as qualified, and others as non-forest.  

The second criteria was implemented through a ‘contiguous-area’ rule which clumped the ‘qualified’ pixels that 

were adjacent or neighboring, and then subjecting these clumps to a sieve, such that groups composed of less than a 

certain number of pixels (usually amounting to 0.5 ha) were sieved out.  

 

The final result was preliminary forest mask product meeting the forest definition criteria. 

 

4.6 Refining the preliminary product and stratification 

The first level product generated required further ‘cleaning’. The forest mask had to be cleaned of misclassified non-

forest materials which had similar spectral signature to forest materials. Based on the 1979 dataset, pixels having 

“stable” non-forest materials and co-located in the target forest mask were identified, thus aiding the erasure of such 

materials from the target forest mask. Such materials included water bodies, rocks, boulders and sand. The result 

was a “refined” forest mask map, for the 2000 reference point.  This approach was similar to the one employed 

while cleaning the original datasets sourced from ICIMOD for 1990 & 2010. 

 

Further stratification of the refined forest mask using the 1979 LRMP dataset was possible to stratify the forest into 

three categories; hardwoods, coniferous, and mixed forests. The delineations captured by the 1979 dataset was 

superimposed onto the respective forest mask and combine and join operations were applied. The result was a forest 

mask stratified by forest type for the 2000 reference point.  In the same manner, the non-forest mask generated 

through DTC, also employed the 1979 LRMP dataset and the overall non-forest mask was thus split into the various 

likely classes captured by the 1979 LRMP dataset. Finally, mosaicking the stratified forest and non-forest mask 

generated detailed classified map for the 2000 reference point. 
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5 GENERATING FINAL BENCHMARK THEMATIC LAND COVER/LAND 

USE MAPS WITH IPCC CLASSIFICATION SCHEME  

 

Reclassification of land cover types was implemented in order to land classes consistent with the classification 

scheme adopted by IPCC as described in the IPCC Good Practice Guidelines (2006).  

 

5.1 IPCC classification scheme 
 

According to the guideline, the top-level land categories for greenhouse gas (GHG) inventory reporting are: 

 

(i) Forest land 

This category includes all land with woody vegetation consistent with thresholds used to define forest land in 

the national GHG inventory, sub-divided into managed and unmanaged, and also by ecosystem type as 

specified in the IPCC Guidelines 3. It also includes systems with vegetation that currently fall below, but are 

expected to exceed, the threshold of the forest land category. 

(ii) Cropland 

This category includes arable and tillage land, and agro-forestry systems where vegetation falls below the 

thresholds used for the forest land category, consistent with the selection of national definitions. 

(iii) Grassland 

This category includes rangelands and pasture land that is not considered as cropland. It also includes systems 

with vegetation that fall below the threshold used in the forest land category and are not expected to exceed, 

without human intervention, the threshold used in the forest land category. The category also includes all 

grassland from wild lands to recreational areas as well as agricultural and silvo-pastoral systems, subdivided 

into managed and unmanaged consistent with national definitions. 

(iv) Wetlands 

This category includes land that is covered or saturated by water for all or part of the year (e.g., peatland) and 

that does not fall into the forest land, cropland, and grassland or settlements categories. The category can be 

subdivided into managed and unmanaged according to national definitions. It includes reservoirs as a managed 

sub-division and natural rivers and lakes as unmanaged sub-divisions. 

(v) Settlements 

This category includes all developed land, including transportation infrastructure and human settlements of any 

size, unless they are already included under other categories. This should be consistent with the selection of 

national definitions. 

(vi) Other land 
This category includes bare soil, rock, ice, and all unmanaged land areas that do not fall into any of the other 

five categories. It allows the total of identified land areas to match the national area, where data are available. 

 

Following the reclassification, separate land use/land cover maps consistent with IPCC classification scheme (for 

each target reference point in 1990, 2000 and 2010) were generated.  These maps are presented in Annex 2. Separate 

PDF files and geo-referenced TIFF files are also available. 

 

5.2 Stratifying canopy density for purpose of determining forest degradation 
 

Wang et al (2005) successfully assessed fractional vegetation cover from Landsat imageries as one way of 

measuring forest degradation caused by selective logging in the Amazon. This approach was employed to assess 

lumped forest degradation for Nepal, using the fractional vegetation cover map previously generated. In each 

reference period, the respective fractional vegetation cover (clipped to the extent of forest cover only) was used to 

delineate three forest density classes using a thresholding operation implemented in ArcGIS raster calculator. The 

threshold values used are summarized in Table 6 below. As applied by Wang et al (ibid), all pixels whose fc values 

were below 0.4 were relegated to degraded forest mask. For each of the reference periods, the respective forest cover 

map showing the distribution of density classes are shown in Annex 3. 
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Table 6: Canopy density stratification criteria 

fc- value range Description 

10% - 39%  Open canopy 

40% - 69% Moderate canopy 

>70% Closed canopy 

 

5.3 Accuracy assessment of the map products 
 

Following the post-classification operations above, the land cover /land-use maps of 1990, 2000 and 2010 were 

assessed of their respective accuracy by use of various means. Before progressing to data processing to ‘creation of 

Activity Data’ stage, it is critical to assess the quality of geographical datasets that goes into the process. In this case, 

the quality of the benchmark land-cover maps corresponding to the three time-points was assessed, using different 

approaches depending on the availability of ancillary data for the respective time-point. The following sub-sections 

elaborate on the procedure applied and the results generated. 

 

5.3.1 Accuracy assessment of the cover map for 2010 
 

The final FRA dataset over Terai (in vector form) shared with the RL team is a land cover map showing the 

distribution of the three major land cover types, namely forest, other wooded land, and non-forest land, which had 

been prepared using very high resolution satellite images (Rapid Eye) and complimented by extensive field survey. 

As such, it was taken as the reference dataset. 

 

To employ the reference dataset for assessing the accuracy of the 2010 land cover map generated by ICIMOD, a 

mask of the latter was extracted, corresponding to the extent of the reference data.  For comparison, the mask was 

reclassified to match the classified categories with those of the reference FRA dataset. Subsequent accuracy 

assessment followed the two approaches described below with their respective results. 

 

a) Comparative analysis was implemented, where the extent of the three major land cover types (forest, other 

wooded land, and non-forest) were compared between the reference FRA dataset and the corresponding 

ICIMOD 2010 dataset. Since FRA reference data were provided for Terai (final map, February 2014) and for 

Siwalik (provisional map, October 2013), the comparison was only performed over those physiognomic zones, 

as summarized in Table 7 below. 

Table 7: Comparative analysis of the extent of land-cover distribution between FRA dataset and ICIMOD 2010 DATSET 

  FRA Reference dataset  Corresponding FINAL 2010 Mask Dataset 

Comparison over Terai physiognomic zone 

Forest 411,580 403,368 

Shrub 9,502 9,056 

Non-forest 1,595,916 1,593,725 

Comparison over Siwalik physiognomic zone 

  FRA Reference dataset over Siwalik Corresponding FINAL 2010 Mask Dataset 

Forest 1,315,532 1,370,333 

Shrub 52,566 7,633 

Non-forest 533,657 515,922 
 

In Terai, there is a good match between the data generated by ICIMOD and the final map generated by FRA. For 

Siwalik, the reference dataset provided by FRA was then provisional and therefore not much could be inferred 
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regarding accuracy of the data. Nonetheless, the two datasets gave different estimates of the key cover types, 

especially forest and shrub. 

 

b) The FRA biomass-plot data (over Terai) was used as a reference to assess the accuracy (producer’s, user’s and 

over accuracy) of the ICIMOD 2010 data (over Terai corresponding to the reference data). A total of 1248 

random points were first generated over the reference data, and then buffered by a radius of 12.62 m (same 

measurement used by WWF Nepal in calibrating LIDAR data). The resulting circular polygons were intersected 

with the reference data so as to populate them with their respective attributes. The attributed dataset was cross-

tabulated with the ICIMOD 2010 data which was then analyzed to generate a confusion matrix as shown in Table 

8 below. 

 

The overall accuracy was 91%, with both forest and non-forest yielding high user’s and producer’s accuracies. 

However, the accuracies of ‘Other wooded land’ were very poor, perhaps because of the low coverage of this 

category in Terai. Generally, the result of the accuracy assessment over Terai was consistent with the results 

based on comparative statistics that had indicated a good match between the reference FRA dataset and the 

corresponding ICIMOD 2010 dataset. 

 
Table 8: Accuracy assessment of ICIMOD 2010 dataset based on FRA dataset (Terai zone) 

Reference Data 

(FRA Terai Map) 

FINAL 2010 map over Terai (corresponding to reference 

data) 
Total 

Producer's 

accuracy (percent 

correct) FOREST NON_FOREST OTHER_WOODED_LAND 

Forest 261900 35100 2700 299700 87 

Non Forest 3600 282600 900 287100 98 

Other Wooded 

Land 6300 4500 0 10800 0 

            

Total 271800 322200 3600 597600   

            

User's accuracy 

(percent correct) 96 88 0     

            

Overall accuracy 91         

 
c) The FRA inventory plots data (spread across the country), were used as a reference to assess the accuracy 

(producer’s and user’s) of the ICIMOD 2010 data. Of the 2,077 data-plots, 301 points did not have attribute 

information about the actual land cover/forest types recorded on the ground. Therefore, only 1,476 data-

plots that had such information were eventually used. These were organized to match the stratification of 

the forest mask adopted in the land cover maps. In the end, we had hardwoods and coniferous forest type 

classes (i.e. 1230 and 114 data-plots respectively). This classification was later aggregated to a general 

class ‘Forest’.   In a second step, these point-data were buffered, by a radius of 150m.  

 

For the accuracy assessment, ICIMOD 2010 data (based on the six IPCC land-use classes) was cross-tabulated 

with the buffered dataset which was based on the field bearing the aggregated “Forest” class. The result was 

analyzed to generate both producers’ (79%) and users’ (96%) accuracies. 

 

ICIMOD 2010 data was cross-tabulated with the buffered dataset to assess the accuracy of the forest mask. 

Based on the resulting producer’s and users’ accuracies, the 2010 ICIMOD land cover had apparently classified 

the hardwoods satisfactorily (with 63% producers’ and 91% users’ accuracies), while coniferous forests were 
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poorly classified, (with 08% producers’ and 08% users’ accuracies). The results may be attributed to the small 

sample of data-plots having coniferous forest (114), compared to 1,230 data-plots having hardwoods recorded.  

 

d) Similar to the first approach, we undertook a comparative analysis of the forest cover estimated by WWF in 

Terai Arc Landscape and the corresponding ICIMOD 2010 dataset. The initial estimate of forest cover by WWF 

was only within the boundary of the forest mask defined by the Topographic Base Maps (1998) of the 

Department of Survey. Therefore, in order to do the comparison, the 2010 ICIMOD dataset was clipped to the 

extent of the Topographic Base Maps (1998). The comparison was therefore only possible between the forest 

estimates. As summarized in Table 9 below, the estimates are closely matching in most districts, apart from 

Rupandehi and Kapilbastu districts where there is substantial divergence.  

Table 9: Comparative analysis of the extent of forest cover between WWF dataset and ICIMOD 2010 dataset 

District Name 2010 ICIMOD forest cover estimate 

over corresponding area 

WWF 2011 estimate (within forest mask 

delineated by Topographic Base Maps) 

RAUTAHAT 24,909 25,659 

BARA 40,755 32,933 

PARSA 68,847 56,891 

CHITAWAN 112,065 115,969 

NAWALPARASI 82,369 71,280 

RUPANDEHI 20,594 50,544 

KAPILBASTU 52,644 24,040 

DANG 132,563 101,711 

BANKE 101,588 93,979 

BARDIYA 100,707 81,544 

KAILALI 165,822 131,845 

KANCHANPUR 62,214 56,360 

Total Forest Cover (Ha) 965,075 842,755 

 
To check the divergence observed between the two datasets in Rupandehi and Kapilbastu districts, FRA dataset for 

Terai and Siwalik (provisional) were used. The forest cover estimated by FRA was clipped to the extent of the forest 

mask defined by the Topographic Base Maps (1998) in order to allow for comparison with the above two datasets 

since both had the same constraint. As shown in Table 10, in Rupandehi district, the forest cover within the forest 

mask previously defined by Topographic Base Maps (1998) was 21,716 ha, while that of Kapilbastu district was 

53,430 ha. These estimates were closely matching those by estimated by ICIMOD 2010, further validating the 

accuracy of the latter dataset.  

Table 10: Estimates of FRA dataset over Rupandehi and Kapilbastu districts (only within the forest mask previously defined by Topographic 

Base Maps (1998)) 

  Terai Forest Siwalik Forest Total 

RUPANDEHI 4,702 17,014 21,716 

KAPILBASTU 34,966 18,464 53,430 

 

5.3.2 Accuracy assessment of the cover map for 2000 
 

The quality assessment of the 2000 land cover map was accomplished in two ways. First, the forest extent that was 

estimated by RL Team was compared with the forest mask defined in the Topographic Base Maps of 1998. The 

second approach entailed comparing the forest extent in High Mountain Regions of Nepal estimated by RL Team for 
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the 2000 time-point against those corresponding estimates recorded in the report “Study on Drivers of Deforestation 

and Degradation of Forests in High Mountain Region of Nepal, 2012”.  

 

a) The GoN Survey Department employed the criterion of 10% as the minimum canopy cover in defining the 

forest mask, which was captured in the Topographic Base Maps of 1998. This forest mask was compared with 

the corresponding estimate generated by the RL Team for the 2000 time-point and the results shown in Table 11 

indicate a close match, both nationally and per physiognomic zone.  

Table 11: Comparison of the forest mask defined by Topographic Base Maps of 1998 and RL Team for 2000 time-point 

 Product 
2000 RL Team Product 

(Ha) 
Survey Department 1998 Topographic Base Maps (Ha) 

National total 

Nepal  5,419,820 5,583,878 

      

Physiographic zones 

Terai 432,353 427,997 

Siwalik 1,328,205 1,341,806 

Hills 1,763,720 1,930,956 

Mid Mountain 1,731,681 1,675,151 

High Mountain 163,862 181,574 

 
b) In the second approach, the estimated extent of land cover distribution sourced from the Department of Survey, 

TIPS/DoF, Ecological Maps 2002 and cited in the report “Study on Drivers of Deforestation and Degradation of 

Forests in High Mountain Region of Nepal, 2012” were considered for comparison with the corresponding 

estimates generated by the RL Team for the 2000 time point. Table 2.4 of the former study summarized the land 

cover distribution of 25 districts that make up the High Mountain Region. The estimates from that table were re-

coded into 3 categories namely forest, other wooded land and non-forests and then compared with the 

corresponding estimates generated by the RL Team for the 2000 time point. The results are shown in Table 12 

below. 

 

NB: The list of exact 25 districts considered as High Mountain Region is needed for accurate comparison 

and subsequent interpretation. 
 

Table 12: Comparison of forest mask (over High Mountain Region) estimated by RL Team for 2000 time-point against estimates reported in 

the report “Study on Drivers of Deforestation and Degradation of Forests in High Mountain Region of Nepal, 2012, Table 2.4” 

 2002 Ecological Maps, Department of Survey, 

TIPS/DoF (Ha 
2000 RL Team Product (Ha) 

High Himal 

Forest 178,200 164,048 

Shrubs 102,410 65,919 

Non Forest 3,222,720 3,313,174 

Total 3,503,330 3,543,142 

High Mountain 

Forest 1,383,370 1,731,229 
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Shrubs 236,370 317,355 

Non Forest 709,270 969,104 

Total 2,329,010 3,017,688 

 
c) We also used the FRA inventory-plots data (spread across the country) as reference data, in particular the 1,476 

data-plots that had been re-organized and applied for accuracy assessment of 2010 ICIMOD land cover map.  

For the accuracy assessment, the 2000 data (based on the six IPCC land-use classes) was cross-tabulated with 

the buffered dataset (of the 1,476 data-plots) which was based on the field bearing the aggregated “Forest” 

class. The result was analyzed to generate both producers’ (74%) and users’ (96%) accuracies. 

 

5.3.3 Accuracy assessment of the cover map for 1990 
 

The quality assessment of the ICIMOD 1990 land cover data was undertaken through comparison with the Master 

Plan for Forestry Sector (MPFS, 1988) which was also cited in the report “Study on Drivers of Deforestation and 

Degradation of Forests in High Mountain Region of Nepal, 2012”. The study summarized the land cover distribution 

of 25 district considered as High Mountain Region. The estimates from that report were re-coded into 3 categories 

namely forest, other wooded land and non-forests and then compared with corresponding estimates generated by 

ICIMOD for 1990 time-point. The results are shown in Table 13 below. 

 

NB: The list of exact 25 districts considered as High Mountain Region is needed for accurate comparison and 

subsequent interpretation. 

Table 13: Comparison of forest mask (over High Mountain Region) estimated by RL Team for 2000 time-point against estimates reported in 

the report “Study on Drivers of Deforestation and Degradation of Forests in High Mountain Region of Nepal, 2012, Table 2.1” 

  MPFS, 1988 (Ha) 1990 ICIMOD Product (Ha) 

High Himal 

Forest 155,000 163,550 

Shrubs 67,000 165,088 

Non Forest 3,128,000 3,083,212 

Total 3,350,000 3,411,850 

High Mountain 

Forest 1,639,000 1,865,112 

Shrubs 176,000 367,568 

Non Forest 1,145,000 771,251 

Total 2,960,000 3,003,931 
 

Like the other two land cover maps (i.e. maps representing 2010 and 2000 time-points), we also used the FRA 

inventory-plots data (spread across the country) as reference data, in particular the 1,476 data-plots that had been re-

organized.  For the accuracy assessment, the 1990 data (based on the six IPCC land-use classes) was cross-tabulated 

with the buffered dataset (of the 1,476 data-plots) which was based on the field bearing the aggregated “Forest” 

class. The result was analyzed to generate both producers’ (78%) and users’ (96%) accuracies. 

 

5.3.4 Other recommended approaches of quality assessment 
 

The following approaches of quality assessment are practically feasible and recommended to be implemented 

subject to clarification of some salient issues from data providers. 
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i. Compare the sample biomass plot-data collected by FRA in Terai, Siwalik, Hills and Mid Mountain to test the 

accuracy of 2010 ICIMOD land cover map. The FRA plot-data considered as reference data needs to be 

sufficiently organized with clear legend showing which attribute represents the actual land cover types recorded 

on the ground during the field campaign. 

ii. Compare the sample plot-data collected by WWF over the Terai Arc Landscape (TAL) to test the accuracy of 

2010 ICIMOD land cover map. The WWF plot-data should be organized with clear legend showing which 

attribute represent the actual land cover types recorded on the ground during the field campaign. 

iii. Compare the land cover distribution estimates tabulated in the report “Study on Drivers of Deforestation and 

Degradation of Forests in High Mountain Region of Nepal, 2012” (Table 2.1 and 2.4 respectively) with 

corresponding estimates of 1990 and 2000 time-points. For comparison purposes, the 25 districts considered as 

High Mountain Region need to be sufficiently clarified to enable delineation of corresponding areas for 1990 

and 2000 time-points.  

iv. Use of the 1994 NFI sample plot-data to assess the quality of land cover map for 1990 time-point. The use of 

1994 NFI sample plot-data as reference data requires further assurance given that the original location of the 

plot centers have been reconstructed and the respective coordinates provided. The MRV Team has been 

working towards this objective. 

 

5.3.5 Conclusion  
 
This section has provided a detailed analysis of the geographic datasets used in the creation of activity data, 

explaining the approaches applied and the results achieved, It is the considered opinion of the RL Team that the land 

cover maps for the respective three time-points are adequate for the subsequent processing stage. 

 

5.4 Recommendations for processing satellite images and improving accuracy of generated products 
 

Two general approaches to constructing change maps may be considered:  

1. direct classification which entails the construction of the map directly from a set of change training data 

and two or more sets of remotely sensed data, and 

2. post-classification which entails the construction of the map by comparing two or more separate land cover 

maps, each constructed using single sets of land cover training data and remotely sensed data.  

Although direct classification is often preferred, post-classification may be the preferred option because of factors 

such as the inability to observe the same sample locations on two occasions, insufficient numbers of change training 

observations, or a requirement to use an historical baseline map. The post classification method is however marred 

by the inconsistency of the available spatial datasets and scarcity of reference data.  

 

In Nepal, while much effort has gone into harmonizing these datasets, the propagated error resulting from 

inconsistencies is potentially large, which demonstrates the need for improvement of the approach applied to 

generate activity data. 

The recommended improvement is based on the use of the FRA dataset. The FRA Project, once complete will 

generate a comprehensive dataset for the 2010 nominal year, yielding a land cover map with detailed land cover 

categories stratified along physiognomic zones and development regions, forest types based on dominant species, 

forest management regimes and accessibility. Moreover, the data will have rich reference data in addition to plot-

level inventory of key variables necessary for quantification of biomass/carbon pools. This dataset will serve as key 

base data and would ideally be used to constrain pre-processed satellite data of historical and future reference 

periods for the purpose of generating more accurate activity data for any period of interest. 

 

For a particular historical or future change period, say between 2005 and 2010, a manual procedure of interpretation 

of satellite data and delineation of change is recommended. The reference data will be the base data (in this case the 

2010 FRA dataset). The base dataset (preferably in vector form) together with multi-date comparative images 

representing the change period, enhanced by appropriate band combination and stretching, are displayed in a good 

geospatial application software package that allows visual comparison by swiping and flickering. Using swipe and 

flicker tools, the two images are visually compared, moving systematically over the pixels and making interpretation 

based on expert knowledge of the area. Where there is an obvious difference between the two images, the base 
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dataset will be activated to qualify the difference in terms of positive or negative land cover change and to allow the 

change areas to be digitized on-screen. The output of this exercise is a general map highlighting change areas and 

non-change areas. In reference to the forest cover of the base dataset, the change areas can be positive or negative, 

and can conveniently be interpreted in terms of the key REDD+ activities. The activity data may be improved when 

the procedure is implemented over short interval period or time series, enabling clear discrimination of activities 

such as deforestation, forest harvesting, reforestation/afforestation. 
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6 LAND COVER CHANGE ANALYSIS AND GENERATING ACTIVITY DATA 

 

The benchmark thematic land cover map for target reference period 1 was cross-tabulated with the respective 

benchmark thematic land cover map for target reference period 2. Such analysis was implemented separately for the 

two change periods: 1990 - 2000 and 2000 - 2010. The resulting land cover changes are presented as matrices in line 

with the IPCC Good Practice Guidelines (2006), ‘Representing land areas’. 

 

The land cover change analysis was done to generate Activity Data (AD). From the change analysis matrices, the 

AD for respective change period was flagged out and presented in a tabular form.  

 

6.1 Land cover trend 
 

Figure 1 shows the trend of the three main land cover classes across the three time points (1990, 2000 and 2010) at 

national level. Forest occupied 38% of the land area in 1990, declined to 37% in 2000 and then recovered again by 

2010 to 39%. Non-forest cover depicted a similar trend, transiting from 59% (1990), to 56% (2000) to 57 % (2010). 

Shrubs increased from 3% in 1990 to 7% in 2000 and then declined to 4% by 2010. This trend is presented in Table 

14. 

 

The period between 1990 and 2000 was associated with deforestation (a loss of 2.91%), while the following period 

between 2000 and 2010 was associated with increase in forest cover (7.03 %). Mean annual forest cover change 

over the 20 year period was thus 0.0021 % on the positive side. 

 

 

Figure 1: Trend of forest cover at national level 
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Table 14: Trend of forest cover at national level 

WALL-TO-WALL 

CHANGE OF 

FOREST, NON-

FOREST AND 

SHRUBS 

      % Cover Change 

1990 2000 2010 
1990 - 

2000 
2000 - 2010 

Mean Annual 

change 

Forest 5,582,158 5,356,414 5,800,573 -0.040 0.083 0.0021 

Non forest 8,564,217 9,086,682 8,466,299 0.061 -0.068 -0.0004 

Shrub 466,678 359,583 565,274 -0.229 0.572 0.0171 

 

The trend at the level of physiognomic zone is unique to each zone. Table 15 summarizes the trend of land cover 

changes at the zonal level. The forest cover trend in the Hills and Siwalik zones matches the national trend. 

However, the other zones show different trends with a gradual decline in forest cover in High Mountain; and an 

increase followed by decrease in Mid Mountain, similar to Terai but at a smaller scale as shown in figure 2 below.  

Table 15: Trend of land covers summarized at zonal level 

1990 FOREST NON_FOREST SHRUBS 

High Mountain 153,559 3,280,643 93,847 

Middle Mountain 1,562,642 1,217,825 194,379 

Hill 2,072,606 2,062,084 96,516 

Siwalik 1,364,911 462,416 47,283 

Terai 426,798 1,539,676 34,571 

    2000 FOREST NON_FOREST SHRUBS 

High Mountain 147,739 3,342,009 53,393 

Middle Mountain 1,462,309 1,407,687 147,692 

Hill 1,936,241 2,309,409 69,441 

Siwalik 1,373,700 484,833 43,209 

Terai 435,857 1,541,900 45,789 

    2010 FOREST NON_FOREST SHRUBS 

High Mountain 106,085 3,349,731 68,719 

Middle Mountain 1,606,592 1,130,667 271,779 

Hill 2,302,627 1,803,151 207,032 

Siwalik 1,369,822 517,457 7,573 

Terai 401,384 1,592,221 9,166 

 



21 

 

 

Figure 2: Trend of forest cover physiognomic zone level 

6.2 Land cover/land use change matrix 
 

Tables 16 and 17  below present the results of land use/cover change transitions at the national level. This data was 

meant to feed into the estimation of carbon emissions/removals. The maps associated with these change matrices are 

shown in Annex 3. 

Table 16: Overall LU transitions (national coverage) from 1990 to 2000 

NATIONAL TOTAL: 1990 TO 

2000 

       Forest land Crop land  Settlements  Grassland Wetlands  Other lands  

Forest land 4,543,227 858,034 84 110,258 4,000 64,819 

Cropland 686,239 3,137,592 4,271 0 14,547 0 

Settlement 870 0 44,004 0 155 0 

Grassland 17,624 0 79 1,718,266 3,979 456,668 

Wetland 6,775 6,728 45 9,669 27,580 20,693 

Other Lands 5,821 0 278 663,575 18,819 2,185,664 
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Table 17: Overall LU transitions (national coverage) from 2000 to 2010 

 WALL-TO-

WALL 

CHANGE 

MATRIX 2000 

to 2010 

Forest land Crop land Settlements Grassland Wetlands Other lands 

Forest land 4,491,093 608,837 1,459 209,685 938 26,697 

Crop land 906,246 2,872,378 16,782 170,032 0 73,070 

Settlement 775 23,072 23,479 383 0 1,032 

Grassland 348,807 251,554 1,180 1,842,372 0 75,083 

Wetlands 16 1,176 21 66 70,938 124 

Other lands 39,515 100,263 356 56,052 4,188 2,526,066 

 

Between 1990 and 2000, large national-scale land cover transitions occurred with respect to forest cover conversion 

to crop cover (858,034 ha) as well conversion to grass cover (110,258 ha) and to other lands (64,819 ha).  Yet there 

was substantial gain in forest cover related to conversion from crop cover (686,239 ha) and from grass cover (17,624 

ha). 

 

Between 2000 and 2010, again there was large national-scale land cover transitions that occurred with respect to 

forest conversion to crop cover (608,837 ha) as well as conversion to grass cover (209,685 ha) and to other lands 

(26,697 ha). Conversely, there was also substantial gain in forest cover related to conversion from crop cover (906, 

246 ha), from grass cover (348,807 ha) and from other lands (39,515 ha). Full details are elaborated in the workbook 

“Corrected_land cover trend and change analysis_August2014”. 

 

6.3 Conclusion and recommendation 
 

The authors of this report are aware of the limitations of the activity data, with particular reference to the accuracy 

and confidence intervals related to land cover maps. Bearing in mind that the development of an RL is an iterative 

process, it is strongly recommended that future improvement are made. An earlier recommendation pointed to the 

possibility of using the 2010 FRA dataset upon its completion. Application of a manual procedure to create change 

maps across historical and future change-periods, employing the comprehensive FRA dataset as the base, is highly 

recommended. It is envisaged that this method will not only be able to flag out change and unchanged areas, but it 

will conveniently improve accuracy of these delineated areas. Application of this approach is especially critical for 

those historical change-periods where reference data is not readily available. 
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7 EMISSION FACTORS 

“Emission/removal factors” refer to emissions/removals of greenhouse gases per unit area, e.g. tons carbon dioxide 

emitted per hectare (tCO2) of deforestation. Emissions/removals resulting from land-use conversion are manifested 

in changes in ecosystem carbon stocks, and for consistency with the IPCC Guidelines, units of carbon are used, 

namely metric tons of carbon dioxide per hectare (t CO2 ha
-1

), to express carbon-stock-change factors for 

deforestation, enhancement  and forest degradation.  

 

7.1 Methodological steps for developing emission factors 
 

The development of emission/removal factors was undertaken following two major steps: 

 

(i) Estimating the Carbon stocks in selected  pools for each Land Use Category  
 

The starting point for developing Emission and Removal Factors was to establish the carbon stocks for each selected 

pool in each Land Use Category (and stratum, if possible). A combination of Tier 1, 2 and 3 approaches were used 

to come up with emission factors, depending on the availability of data: 

 

 For Terai, FRA and WWF generated from work in the TAL were used to calculate the carbon stocks in 

each land use category. 

 For the rest of the country (Siwaliks, Hills, Mid Mountain and High Mountain), a combination of IPCC 

defaults and other research data were used estimate the stocks in each LU category.  

 

(ii) Calculating Emission/Removal Factors 
 

Once the carbon stocks have been estimated, the next step is to develop Emission Removal Factors for each 

detectable transition between the different LU categories. The Emission/Removal Factor for a LU transition from A 

to B is the difference in the carbon stocks between the two LU categories (i.e. B-A). In this way, an Emission Factor 

for deforestation will have a negative sign because the carbon stocks in the non-forest category will be lower than 

that in the forest category. If the transition is to a higher category (i.e. enhancement) then the removal factor is 

positive.  

 

With respect to forest enhancement (including AR activities) carbon removals were estimated using the Biomass 

Gain-Loss Method whereby: 

 

1. The annual increase in biomass carbon stock is estimated following Volume 4 of the IPCC Guidelines for 

GHG Assessment using Equation 2.9, where area under each forest sub-category is multiplied by mean 

annual increment in tonnes of dry matter per hectare per year. 

2.  Since the biomass growth is given in terms of merchantable volume or above-ground biomass, the 

belowground biomass is estimated with a below-ground biomass to above-ground biomass ratio (Equation 

2.10). Alternatively, merchantable volume (m3) can be converted directly to total biomass using biomass 

conversion and expansion factors (BCEF), (IPCC Guidelines on AFOLU Equation 2.10).   

 

 

 

 

 

 

 

 

 

 

𝐶𝑟𝑒𝑚_𝑒𝑛ℎ   (𝐴𝑒𝑛ℎ(𝑖).

𝑚

𝑖=1

𝐶𝑟𝑒𝑚_𝑒𝑛ℎ(𝑖)) 

𝐶𝑛𝑒𝑡_𝑒𝑚 =𝐶𝑔𝑟_𝑒𝑚−𝐶𝑟𝑒𝑚_𝑒𝑛ℎ    

And     

Where: 

Cnet_em   = Net Carbon Emissions 

Crem_enh   = Emissions removals from forest Enhancement  

Aenh(i) = Forest Area under Enhancement (ha) for    forest type (i) 

Crem_enh(i) = Emissions removals from Enhancement in forest type (i)  
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7.2 Estimate of forest carbon stocks 

The estimation of forest carbon stocks for each selected pool in each Land Use Category was implemented using a 

combination of Tier 1, 2 and 3 data sources as described in section 1.2.  

The results are as shown in Table 18 below: 

Table 18: Estimates of forest carbon stocks by physiographic region  

Terai Forest carbon Value Source of data 

  

Average tC / ha 90 FRA data for Terai (Camco analysis) 

Root to shoot ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring carbon 

stocks in community-managed forests by  Asia Network for 

Sustainable Agriculture and Bioresources (ANSAB), Federation of 

Community Forest Users, Nepal (FECOFUN), International Centre 

for Integrated Mountain Development (ICIMOD), ISBN: 978-9937-

2-2612-7 

First edition: July 2010 

Norwegian Agency for Development Cooperation (NORAD) 

C02/C Ratio: 3.666666667   

tCO2/ha 397.3623519   

    

    
Siwalik Forest carbon Value Source of data 

  

Above ground 

biomass (t dry 

matter per ha) 180 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.7 

Root to shoot ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring carbon 

stocks in community-managed forests by  Asia Network for 

Sustainable Agriculture and Bioresources (ANSAB), Federation of 

Community Forest Users, Nepal (FECOFUN), International Centre 

for Integrated Mountain Development (ICIMOD), ISBN: 978-9937-

2-2612-7 

First edition: July 2010 

Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 372.24   

    
Hills Forest carbon Value Source of data 

  

Above ground 

biomass (t dry 

matter per ha) 180 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.7 
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Root to shoot ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring carbon 

stocks in community-managed forests by  Asia Network for 

Sustainable Agriculture and Bioresources (ANSAB), Federation of 

Community Forest Users, Nepal (FECOFUN), International Centre 

for Integrated Mountain Development (ICIMOD), ISBN: 978-9937-

2-2612-7 

First edition: July 2010 

Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 372.24   

    Mid 

Mountain  Forest carbon Value Source of data 

  

Above ground 

biomass (t dry 

matter per ha) 135 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.7. Tropical mountain system, Asia continental mid point 

between range of 50 - 270 

Root to shoot ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring carbon 

stocks in community-managed forests by  Asia Network for 

Sustainable Agriculture and Bioresources (ANSAB), Federation of 

Community Forest Users, Nepal (FECOFUN), International Centre 

for Integrated Mountain Development (ICIMOD), ISBN: 978-9937-

2-2612-7 

First edition: July 2010 

Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 279.18   
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    High 

Mountain Forest carbon Value Source of data 

  

Above ground 

biomass (t dry 

matter per ha) 130 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.7. Temperate mountain system, Asia continental value 130 

Root to shoot ratio 1.2 

Forest Carbon Stock Measurement Guidelines for measuring carbon 

stocks in community-managed forests by  Asia Network for 

Sustainable Agriculture and Bioresources (ANSAB), Federation of 

Community Forest Users, Nepal (FECOFUN), International Centre 

for Integrated Mountain Development (ICIMOD), ISBN: 978-9937-

2-2612-7 

First edition: July 2010 

Norwegian Agency for Development Cooperation (NORAD) 

Carbon Fraction: 0.47 

2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

Table 4.3 

C02/C Ratio: 3.666666667   

tCO2/ha 268.84   

 

The carbon density values used to measure carbon stocks in degraded forest areas of each of the physiographic 

regions are presented in Table 19. 

Table 19: Forest carbon density values for estimating degradation  

Region Canopy cover class Fraction applied tCO2/ha 

Terai More than 70% 1 397.4 

  40% to 70% 55% 218.5 

  10% to 40% 30% 119.2 

Siwalik More than 70% 1 372.2 

  40% to 70% 55% 204.7 

  10% to 40% 30% 111.7 

Hills More than 70% 1 372.2 

  40% to 70% 55% 204.7 

  10% to 40% 30% 111.7 

Mid Mountain More than 70% 1 279.2 

  40% to 70% 55% 153.5 

  10% to 40% 30% 83.8 

High Mountain More than 70% 1 268.8 

  40% to 70% 55% 147.9 

  10% to 40% 30% 80.7 
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7.3 Estimate of emission and removal factors 

Emission/Removal Factors are calculated for each detectable transition between the different LU categories. The 

Emission/Removal Factor for a LU transition from A to B is the difference in the carbon stocks between the two LU 

categories (i.e. B-A).  

With respect to forest enhancement (including AR activities) carbon removals were estimated using the Biomass 

Gain-Loss Method whereby: 

1. The annual increase in biomass carbon stock is estimated following Volume 4 of the IPCC Guidelines for 

GHG Assessment using Equation 2.9, where area under each forest sub-category is multiplied by mean 

annual increment in tonnes of dry matter per hectare per year. 

 

 

 

 

 

 

 

 

 

2. Since the biomass growth is given in terms of merchantable volume or above-ground biomass, the 

belowground biomass is estimated with a below-ground biomass to above-ground biomass ratio (Equation 

2.10). Alternatively, merchantable volume (m
3
) can be converted directly to total biomass using biomass 

conversion and expansion factors (BCEF), (Equation 2.10).   

 

 

 

 

 

 

GTOTAL is the total biomass growth expanded from the above-ground biomass growth (GW) to include 

belowground biomass growth. 

  

𝐶𝑟𝑒𝑚_𝑒𝑛ℎ   (𝐴𝑒𝑛ℎ(𝑖).

𝑚

𝑖=1

𝐶𝑟𝑒𝑚_𝑒𝑛ℎ(𝑖))⬚ 

𝐶𝑛𝑒𝑡_𝑒𝑚 =𝐶𝑔𝑟_𝑒𝑚−𝐶𝑟𝑒𝑚_𝑒𝑛ℎ    

And     

Where: 

Cnet_em   = Net Carbon Emissions 

Crem_enh   = Emissions removals from forest Enhancement  

Aenh(i) = Forest Area under Enhancement (ha) for    forest type (i) 

Crem_enh(i) = Emissions removals from Enhancement in forest type (i)  

∆𝐶𝐺    (𝐴𝑖,𝑗
𝑖,𝑗

∙ 𝐺𝑇𝑂𝑇𝐴𝐿𝑖,𝑗 ∙ 𝐶𝐹𝑖,𝑗) 

Equation 2.9 

ANNUAL INCREASE IN BIOMASS CARBON STOCKS DUE TO BIOMASS INCREMENT IN 

LAND REMAINING IN THE SAME LAND USE CATEGORY 

Where:  

∆CG  = annual increase in biomass carbon stocks due to biomass growth in land remaining in the 

same land-use category by vegetation type and climatic zone, tonnes C yr
-1 

A  = area of land remaining in the same land-use category, ha
-1

 yr
-1 

GTOTAL = mean annual biomass growth, tonnes d. m. ha 

i  = ecological zone (i = 1 to n) 

j = climate domain (j = 1 to m) 

CF = carbon fraction of dry matter, tonne C (tonne d.m.)
-1
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The removal factors used to quantify increases in forest carbon due to enhancement are detailed in Table 20. 

 
Table 20: Removal factors used to quantify increases in forest carbon due to enhancement 

Terai and Siwalik Mid Hills and Middle Mountain High Mountain 

Main Species: 

Sal dominated 

by shorea 

robusta Main Species: 

Mixed (includes all 

broadleaved forest, 

conifer and mixed) Main Species: 

Mixed (includes all 

broadleaved forest, 

conifer and mixed) 

Average Dry 

Wood Density 

(tons/m3): 0.5 

Average Dry 

Wood Density 

(tons/m3): 0.5 

Average Dry 

Wood Density 

(tons/m3): 0.5 

Root-to-shoot 

ratio: 1.2 

Root-to-shoot 

ratio: 1.2 

Root-to-shoot 

ratio: 1.2 

Crown-to-stem 

ratio: 1.2 

Crown-to-stem 

ratio: 1.27 

Crown-to-stem 

ratio: 1.24 

Carbon Fraction: 0.47 Carbon Fraction: 0.47 Carbon Fraction: 0.47 

C02/C Ratio: 3.666666667 C02/C Ratio: 3.666666667 C02/C Ratio: 3.666666667 

Standing stock of 

degraded forest:  

Stem Vol (m3/ha)  160 

Standing stock of 

degraded forest:  

Stem Vol (m3/ha)  83 

Standing stock of 

degraded forest:  

Stem Vol (m3/ha)  50 

MAI (m3/ha/yr): 1.35 MAI (m3/ha/yr): 2 MAI (m3/ha/yr): 1.47 

Proportion of CF 

area 0.138 

Proportion of CF 

area 0.676 

Proportion of CF 

area 0.186 

Annual increment 

(tCO2/ha/yr-1) 1.67508 

Annual increment 

(tCO2/ha/yr-1) 2.62636 

Annual increment 

(tCO2/ha/yr-1) 1.8847752 

 

  

Equation 2.10 

Tier 1 

𝐺𝑇𝑂𝑇𝐴𝐿 =  𝐺𝑊∙(1+𝑅)   Biomass increment data (dry matter) are used directly 

Tiers 2 and 3 

𝐺𝑇𝑂𝑇𝐴𝐿 =  𝐼𝑉 ∙𝐵𝐶𝐸𝐹1 ∙(1+𝑅)  Net annual increment data are used to estimate GW by applying a biomass 

conversion and expansion factor 

Where: 

GTOTAL  = average annual biomass growth above and below-ground, tonnes d. m. ha
-1

 yr
-1 

GW = average annual above-ground biomass growth for a specific woody vegetation type, tonnes d. m. 

ha
-1

yr
-1

 

R  = ratio of below-ground biomass to above-ground biomass for a specific vegetation type, in tonne 

d.m. below-ground biomass (tonne d.m. above-ground biomass)
-1

 

IV  = average net annual increment for specific vegetation type, m
3
 ha

-1
 yr

-1
 

BCEF1 = biomass conversion and expansion factor for conversion of net annual increment in 

volume (including bark) to above-ground biomass growth for specific vegetation type, tonnes 

above-ground biomass growth (m
3
 net annual increment)

-1
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ANNEX 1: APPLICATION OF VEGETATION INDICES TO GENERATE 

FRACTIONAL VEGETAITON COVER 

 

Fractional cover (FC) is the percentage of vegetative cover on the ground. In the context of a remotely-sensed 

image, the FC values represent the percentage of vegetative cover present in each pixel. The Landsat vegetation 

index-based approach of generating fractional vegetation cover as applied by Xiao and Moody (2005) and Wang et 

al (2005) was followed. According to Wang et al (ibid), using multiple Landsat reflectance images to assess forest 

degradation is on one hand time consuming as it requires intensive computation, but also prone to some external 

factors such as sun-target-sensor geometry on the other hand.  When vegetation indices are used, they can suppress 

the spectral variation of reflectances resulting from these external influences and   make the mixture model less 

sensitive to those factors. Mixture model based on vegetation index (VI) is based on the assumption that the 

vegetation index value of a given pixel is the linear combination of the VI value of green vegetation and bare soil, 

weighed by their relative proportions, (Xiao and Moody, 2005).  The following formulation was thus followed to 

generate surface map of fractional vegetation cover (fc) (Wang et al, 2005): 

 
Where VIcanopy and VIopen are two end members empirically obtained from the ETM+ image using a statistical 

analysis. VIopen is the VI value of a pixel containing 0% vegetative cover, and VI canopy is the VI value of a pixel 

containing 100% vegetative cover.  

 

A modified soil adjusted vegetation index (MSAVI) was employed to make mixture model that would be run to 

generate fractional vegetation cover. Wang et al (2005) had demonstrated that MSAVI, in comparison to other 

indices, is more sensitive and thus suitable for tropical forests with high vegetation abundance.  

 

Once a value had been determined for each of the two variables, the fc formula was then applied to the MSAVI 

image on a scene-by-scene to generate a preliminary fc image (fcprelim ). The table below summarizes these values for 

each target scene. This preliminary image was then modified, to have values ranging from 0 to 1. Due to the well-

documented nature of vegetation indices saturating at the upper end in tropical environments, it is quite common to 

end up with fcprelim values greater than 1. It is also common to have fcprelim values below 0, as the vegetation index 

value of water can be less than bare soil. Therefore, we were working under the assumption that our VIopen and VI 

canopy values were accurate. So rather than stretching the values to fit between 0 and 1, we simply changed all 

negative fcprelim values to 0 and all fcprelim values greater than 1 to 1. This way, fractional cover was generated for 

every target Landsat scene.  

 
Table 21: Parameters used to generate MSAVI on scene-by-scene basis for 2000 nominal year 

Path/row Date of acquisition MSAVI: VI canopy MSAVI: VI open 

139/041 2001/Dec/26 0.79 -0.53 

139/042 2001/Oct/26 0.74 -1.30 

140/041 2000/Oct/30 0.84 -0.42 

140/042 1999/Oct/28 0.83 -0.32 

141/040 2000/Nov/22 0.77 -0.28 

141/041 2001/Dec/27 0.76 -0.28 

141/042 2001/Oct/24 0.86 -1.33 

142/040 1999/Dec/13 0.80 -0.45 

142/041 1999/Dec/13 0.84 -0.24 

143/039 2000/Oct/03 0.70 -0.73 

143/040 2001/Dec/25 0.82 -0.23 

143/041 1999/Oct/17 0.83 -0.22 

144/039 2001/Oct/13 0.82 -0.30 

144/040 1999/Nov/09 0.81 -0.19 
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ANNEX 2: LAND COVER MAPS FOR 1990, 2000 AND 2000 

 

Figure 3: Land cover map for 1990 
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Figure 4: Land cover map for 2000 
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Figure 5: Land cover map for 2010 
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ANNEX 3: FOREST CANOPY DENSITY MAPS FOR 1990, 2000 AND 2010 

 

Figure 6: Forest canopy density map for 1990 
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Figure 7: Forest canopy density map for  2000 
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Figure 8: Forest canopy density map for 2010 
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ANNEX 4: LAND COVER CHANGE OR TRANSITION MAPS ASSOCIATED 

WITH THE SPATIAL CHANGE MATRICES 

 

Figure 9: 1990-2000 Landcover Transition Map 
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Figure 10: 2000-2010 Land cover Transition 
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Figure 11: 1990-2010 Landcover map 

 

 

 

 

 

 

  



40 

 

 

Figure 12: 1990-2000 forest transition (across canopy density classes) 
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Figure 13: 2000-2010 forest transition (across canopy density classes) 

 

 

 

 

 

 

 



 

DEVELOPMENT OF A NATIONAL REDD+ 

REFERENCE LEVEL FOR NEPAL 
 

WORKING PAPER 3 

 

   

 

 

FOREST RISK ANALYSIS – A CASE OF NEPAL’S FORESTS 
 

 

 

 

 

Project Title Development of a REDD+ National Reference Scenario for Nepal 

Version Final 

Date of Issue November 2014 

Prepared By Camco Advisory Services Kenya Limited 

Contacts 

Stephen.mutimba@camcocleanenergy.com / 

emmanuel.ekakoro@camcocleanenergy.com  

http://www.camcocleanenergy.com  

mailto:Stephen.mutimba@camcocleanenergy.com
mailto:emmanuel.ekakoro@camcocleanenergy.com
http://www.camcocleanenergy.com/


ii 

 

Document type:  Report 

Client:  REDD Forestry and Climate Change Cell 

Client contact:  Resham Bahadur Dangi info@mofsc-redd.gov.np  

 

File name: Working Paper 3_Forest Risk Analysis_Final 

Report: Working Paper 

Draft: Final 

 

 

Author: Camco Advisory Services (Kenya) Limited 

Signature  

(Hard Copy only):  

Date: 

  

 

QA:  William Garrett and Stephen Mutimba 

 

 

Signature: 

  

Date: 

  

Contact details:  

   

Email: stephen.mutimba@camcocleanenergy.com / 

emmanuel.ekakoro@camcocleanenergy.com  

 

Telephone: + 254 20 235 6 978 

 

  

Disclaimer: This report has been prepared for the above named client for the purpose agreed in Camco's terms of 

engagement. Whilst every effort has been made to ensure the accuracy and suitability of the information contained in this 

report, the results and recommendations presented should not be used as the basis of design, management or implementation 

of decisions unless the client has first discussed with Camco their suitability for these purposes and Camco has confirmed 

their suitability in writing to the client. Camco does not warrant, in any way whatsoever, the use of information contained in 

this report by parties other than the above named client. 

 

© Camco 2014. All rights reserved. 

mailto:info@mofsc-redd.gov.np
mailto:stephen.mutimba@camcocleanenergy.com
mailto:emmanuel.ekakoro@camcocleanenergy.com


iii 

 

SUMMARY 

 

For the purpose of RL development, it is important to analyze forest risk to understand potential forest areas that are 

vulnerable to degradation and even deforestation. Information about forest risk would thus inform stratification of 

forest based on potential carbon stock envisaged in the future as a result of possible forest degradation or 

degradation. The information is also useful when considering the need to adjust for national circumstances. 

 

The basic principle behind forest risk analysis is that not all forests face the same threat of being degraded or 

deforested. Indeed, broadly speaking two categories of deforestation are recognized: mosaic-type deforestation, 

which typically occurs in highly accessible forests with high potential for degradation and/or deforestation; and 

frontier-type deforestation, which typically occurs in inaccessible forests, with low potential for degradation or 

deforestation, except near transport corridors. Thus, in determining forest areas under risk versus those not under 

risk, biophysical and human factors that influence the distribution of biomass or carbon stock are considered. These 

include elevation, slope, roads, rivers, towns/villages/settlement, logging concessions, post land-use change, pattern 

of historical deforestation, etc. Spatial analysis is fundamental in modeling the influence of these factors for purpose 

of generating the forest risk surface map as the key output. 

As a first step, a literature review was undertaken in order to contextualize the application of the target factors. The 

factor maps could then be prepared.  The factors seen to be determining the deforestation risk-level in Nepal are 

better contextualized as surface maps, which may be done using various different techniques. Heuristic methods 

assume that with increasing distance from a determinant feature (e.g. road, settlement, river, etc.), the risk of forest 

degradation and/or deforestation decreases. Empirical methods on the other hand, uses historical evidence (e.g. 

deforested areas in the first year) to identify whether or not people prefer to deforest i.e. where the risk of 

deforestation / degradation is most likely to be highest. 

 

For each of the determining factors analyzed above, the Heuristic method was employed on raw maps, while Model 

Builder in ArcGIS 10.2 was used to prepare raster surfaces for the respective factors.  

This working paper presents detailed results of the risk assessment, including maps showing the actual forested areas 

that are potentially vulnerable to deforestation or forest degradation risk presenting a summary the forest risk level 

in terms of areal extent (Ha). Generally, moderate and high risk areas (totaling 1,431, 282 Ha) can indeed be 

considered as vulnerable to forest degradation and /or deforestation. Of these, 555,828 Ha can be assumed to be in 

critical or perhaps ongoing danger. 
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1 INTRODUCTION 

 

1.1 Background of the assignment 
 

This working paper addresses Task 4 of the assignment: “Development of a National REDD+ Reference Level for 

Nepal” relating to the need to adjust the reported forest reference level to national circumstances. The key objective 

of the overall assignment is to determine Nepal’s National Forest Reference Level with the goal of enabling Nepal 

to attain its vision for the REDD+ Strategy that seeks to reduce GHG emissions from deforestation and forest 

degradation starting from 2013 through activities such as conservation, addressing livelihood issues and establishing 

an effective policy, regulatory and institutional framework.  

 

The assessment of the need to adjust for national circumstances is done to ensure that the reported RL is country-

specific and relevant to Nepal. The reported RL needs to be reliable and accurate to enable accurate and reliable 

projections of emissions and carbon reductions into the future. As part of this assessment, risk maps and spatially 

explicit sub-area baselines were developed to indicate which areas are most likely to be at high risk of deforestation 

during the future accounting period and which are most likely to be at high risk of degradation (including any spatial 

overlaps between deforestation and degradation). 

 

1.2 Forest risk analysis 
 

For the RL development, it is important to analyze forest risk so as to understand which forest areas are potentially 

vulnerable to degradation and deforestation. The information of forest risk may be used when adjusting for national 

circumstances. 

The basic principle behind forest risk analysis is that not all forests face the same threat of being degraded or 

deforested. Indeed, broadly speaking two categories of deforestation are recognized: mosaic-type deforestation, 

which typically occurs in highly accessible forests with high potential for degradation and/or deforestation; and 

frontier-type deforestation, which typically occurs in inaccessible forests, with low potential for degradation or 

deforestation, except near transport corridors. Thus, in determining forest areas under risk versus those not under 

risk, biophysical and human factors that influence the distribution of biomass or carbon stock are considered. These 

include elevation, slope, roads, rivers, towns/villages/settlement, logging concessions, post land-use change, pattern 

of historical deforestation, etc. Spatial analysis is fundamental in modeling the influence of these factors for purpose 

of generating the forest risk surface map as the key output 

 

1.3 Understanding the factors influencing the risk-level of Nepal’s forest cover 

In order to comprehensively analyze forest risk for Nepal, a literature review was critical in order to understand the 

key factors and their respective spatial variation. The documents reviewed included: Baral et al (2012), Mandal et al 

(2012), MoSF (2009) and Paudel et al (2013). 

a) Defining the protected areas 

According to MoFSC (2009), about 19.7 % (28,999 km2) of the total are of Nepal, representing all ecological 

regions, is protected. Figure 1 below shows the distribution of these protected areas, where extractive utilization is 

restricted. Forests occurring in these areas are not to be considered at risk of deforestation and degradation. 
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Figure 1: Protected areas of Nepal, (source: Nepal Forestry Outlook, 2010) 

b) High Mountain Region/altitude and high altitude forests 

 

According to Baral et al (2012), the High Mountain areas encompass the northernmost parts of Nepal on the border 

with Tibet. Mapping of land areas above 2000 m.a.s.l. reveal that 55 (out of 75) districts as consisting of High 

Mountain/altitude region. The high altitude forests occur throughout the high hills, generally from 2000 m.a.s.l. to 

alpine pasture, (see Figure 2 below). They refer to all contiguous forests ranging from lower oak forests (about 2000 

m.a.s.l.) close to human population to alpine meadows (scrubs, up to 5000 m.a.s.l.) devoid of permanent human 

settlement. The less accessible (in terms of distance from human settlements) and more remote high altitude forests 

tend to be mostly government managed (as National Forests under DoF) or protected area systems (under NWCP). 

Typically these forests are denser, mature and relatively least disturbed than forests that are close to human 

settlements. Forests occurring in these areas are therefore considered to be at no risk of deforestation and 

degradation. 

 

By contrast, forests that are situated closer to human settlements, typically show evidence of disturbance often 

dating back to before such forests were handed over to community-based management, are often dominated by 

immature and young trees with a few scattered mature and over mature trees. This is particularly the case in forests 

still under government managed regimes (National Forests under DoF) in the lower temperate region and sub alpine 

and alpine areas which are under extreme pressure for fodder and firewood. These forests are already showing high 

levels of degradation in quality, species diversity and density. In these regions, there has been extensive conversion 

of forests to shrubs and from shrubs into pasture. In temperate regions where grazing has been abandoned, there has 

been slow but gradual conversion of such areas into shrubs consisting of invasive species. Currently, those forests 

under local community management are showing significant improvement in terms of density and species 

composition.   
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Figure 2: Land cover/land-use map (above 2000m), source: Department of Survey 2001a and TIPS GIS Maps 2002 

c) Impact of roads and urban center development  

 

According to Baral et al (2012), road networks and development of urban/market networks are seen to be exerting 

pressure to nearby forests and shrubs. Removal of forest cover and forest products for both commercial and 

subsistence needs around urban and market centers as well as areas accessed by road network has been quite 

extensive. According to Mandal et al (2012), encroachment for building roads, temples, offices, high tension lines 

and telephone lines are common underlying causes of deforestation and forest degradation. Figure 2 in Appendix 1 

outlines the distribution of the road network across the country of Nepal.  

 

d) Impact of settlement 

 

It is not just the growth/development of urban and market centers that poses risk to forest. Indeed, according to 

MoFSC (2009), the majority of the people in Nepal (over 86% of the population) reside in the rural areas. The rural 

population is therefore the fundamental driving force influencing the environmental resource base of Nepal, as 

settlements of local communities are intermixed with patches of forests. The increase of human population is 

associated with a proportional increase in demand for forest products, coupled with an expansion of arable 

agriculture. It has been documented in MSFP (1988, p38) that Water and Energy Commission Secretariat (WECS) 

completed a study started by LRMP to assess potential fuel wood supply from accessible forests, in relation to 

demand, where accessibility was defined to the extent that the maximum horizontal distance of the forest from the 

village does not exceed 4 km. MSFP did further study, using WECS data, to reduce the maximum accessible 

horizontal distance to 3 km for the Siwaliks and mountain zones. Figure 4 in Appendix 1 outlines the distribution of 

human settlements across the country of Nepal. 
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e) Slope 

 

Terrain can create a limitation to the accessibility of forest resources. A forest area is non reachable if it is located on 

a slope more than 100% (45 degrees) or if it is surrounded by steep slopes, landslides or other physical obstacles. 

Figure 3 in Appendix 1 outlines the distribution of steep slopes across the country of Nepal. 

 

f) Rivers/river valleys 

 

River valleys may provide access to forest resources, especially to areas otherwise inaccessible due to terrain or 

natural obstacles or barriers. In such areas, where roads have not been opened, then river valleys and dry-floodplain 

may serve as paths to access the proximal forest resources.  Figure 1 in Appendix 1 outlines the distribution of rivers 

and river valleys across the country of Nepal. 

 

g) Porous border 

 

According to Mandal et al (2012), the border with India south of Nepal is porous and illegal smuggling of forest 

products into India contributes to forest degradation in Terai. On the other hand, such activities are not extensive in 

northern border with China, as they are limited by the inaccessible terrain. Figure 7 in Appendix 1 outlines boundary 

between India and Nepal.  
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2 IMPLEMENTATION  PROCESS FOR FOREST RISK ANALYSIS 

 

2.1 Preparation of factor maps 
 

As a first step, a literature review was undertaken in order to contextualize the application of the target factors. The 

factor maps could then be prepared.  The factors seen to be determining the deforestation risk-level in Nepal are 

better contextualized as surface maps, which may be done using various different techniques. Heuristic methods 

assume that with increasing distance from a determinant feature (e.g. road, settlement, river, etc.), the risk of forest 

degradation and/or deforestation decreases. Empirical methods on the other hand, uses historical evidence (e.g. 

deforested areas in the first year) to identify whether or not people prefer to deforest i.e. where the risk of 

deforestation / degradation is most likely to be highest. 

 

For each of the determining factors analyzed above, the Heuristic method was employed on raw maps mostly 

sourced from ICIMOD, (Table 1), while Model Builder in ArcGIS 10.2 was used to prepare raster surfaces for the 

respective factors.  

Table 1: Determinate factors and data sources 

Determinate factor Raw data Source 

Proximity to protected areas National park data  ICIMOD 

Proximity to settlements (including 

urban and market centers) 

Settlement data ICIMOD 

Forests in or proximate to temperate 

region and sub alpine and alpine areas 

Ecology data ICIMOD 

Proximity to roads Roads data ICIMOD 

Proximity to Indian Borderline Country Boundary data ICIMOD 

Proximity to rivers River data ICIMOD 

Slope Contour data ICIMOD 

 

Each surface map was later reclassified into five classes. In setting the thresholds or cutline, the documentation by 

MSFP (1988) as well as the works of Selvalakshmi et al (2014) who had done similar spatial modeling in India was 

referred to for guidance to set the values. Each class was assigned an appropriate score, matching the degree to 

which the respective pixels were vulnerable to forest threats, (Table 2). For each factor, a score of 5 means the pixel 

is at high risk while a score of 1 means that a pixel is at low risk.  

Table 2: Reclassification of the factor maps and assigning scores 

Factor Value range for respective scores Rank or weight 

5 4 3 2 1 

Proximity to rivers 0-400m 401-800m 801-1200m 1201-1600m 1601-

2000m 

0.30 

Proximity to roads 0-400m 401-800m 801-1200m 1201-1600m 1601-

2000m 

0.20 

Slope 0-9o 10-19o 20-27o 28-35o >35o 0.20 

Proximity to settlements 

(including urban and 

market centers) 

0-400m 401-800m 801-1600m 1601-3000m >3000m 0.10 

Proximity to protected 

areas 

>3000m 1601-3000m 801-1600m 401-800m 0-400m 0.10 

Forests in or proximate to 

temperate region and sub 

alpine and alpine areas 

0-400m 401-800m 801-1200m 1201-1600m 1601-

2000m 

0.08 

Proximity to Indian 

Borderline 

0-2000m 2001-3000m 3001-4000m 4001-4500m >4501m 0.02 
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2.2 Assigning relative weight to each factor map 
 

The relative importance of each map with respect to forest risk is defined by assigning an appropriate weight to each 

factor. Determination of weight values was done by visually examining the reclassified map against a forest change 

map (for instance forest between two time-points, e.g. 2000 and 2010). While this method is qualitative, it does give 

a good indication of the importance of a factor map, based on how close its respective areas at high risk match with 

areas denoted as ‘forest loss’ by the change map. This way, the factor maps were ranked based on their relative 

importance/influence and appropriate weight assigned. The respective column (Rank or weight) is contained in 

Table 2 above. 

 

2.3 Generating map of sensitive areas of forest under potential risk 
 

The weighted factors maps were subjected to overlay analysis which employed a weighted sum algorithm, (Figure 

3). The output was a surface map showing the range of sensitive areas where forest was potentially at risk to forest 

degradation and/or deforestation. Since the initial map is an index map, reclassification is necessary to help in 

categorizing into at-risk and no-risk areas, (Appendix 2).  

 

In order to understand the actual forested areas that are at risk of deforestation or forest degradation, the reclassified 

surface map was masked to the extent of the 2010 land-use/land cover map. This map has been analyzed to support 

development of RL for Nepal. 

 

 

Figure 3: Implementation process of spatial overlay analysis using weighted sum algorithm 
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3 FOREST RISK MAP 

 

Figure 4 below is a map showing the actual forested areas that are potentially at risk of deforestation or forest 

degradation. Table 3 summarizes the analysis of the forest risk level in terms of areal extent (Ha). Moderate and 

high risk areas (totaling 1,431, 282 Ha) are considered as vulnerable to forest degradation and /or deforestation, of 

which 555,828 Ha is assumed to be in critically threatened (high risk). 

 

Figure 4: Actual forested areas that are potentially vulnerable to deforestation or forest degradation risk 

Table 3: Analysis of the forest risk level in terms of areal extent (Ha) 

Forest risk level  Ha 

Bare minimum to no-risk to forest 967,500 

Minimum risk to forest 3,401,791 

Moderate risk to forest 875,453 

High risk to forest 555,828 

 

The purpose of the forest risk analysis is to identify, quantify and map the extent of forest risk. This is a pre-requisite 

for the development of national RLs. The findings of the forest risk analysis highlight that significant forest areas are 

still at risk; 15% of forests are moderately at risk whilst a further 10% are at high risk of deforestation and forest 

degradation. These findings broadly corroborate with the data on the historical trends of deforestation and forest 

degradation i.e. if we assume a timeframe of 10 years in the high risk forest areas, then 1% of the remaining forest 

would be impacted by deforestation and forest degradation each year during this ten year period, which is line with 

current trends and would create GHG emission similar to the average from the reference period. 



8 

 

 

REFERENCES 

 

Baral, Nav Raj, Acharya, Dhrub Prasad, Rana, Chandra Jung (2012). Study on Drivers of Deforestation and 

Degradation of Forests in High Mountain Regions of Nepal, Final Report. Volume 1, REDD/MFSC; 

COMFORTC. 

Mandal, Ram Ashshwar, Dutta, Ishwar Chandra, Jha, Pramod Kumar, Karmacharya, Sidhibir, Yadav, Kamalesh, 

Yadav, Bechu, Thapa, Utasaw, Haque, Samsul. (2012). Effects of deforestation and forest degradation on 

forest carbon stocks in collaborative forests, Nepal. International Journal of Conservation Science, Volume 

3, Issue 4, October-December 2012; pages 325-338. 

MoFSC (2009). Nepal Forestry Outlook. Working Paper No. APFSOS II/WP/2009/05, FAO Regional Office for 

Asian and the Pacific. 

Paudel, N.S., Khatri, D.B., Khanal, D.R., and Karki, R. (2013). The context of REDD+ in Nepal: Drivers, agents 

and institutions. Occassional Paper 81, cifor, Bogor,Indonesia 

S. Selvalakshmi, S. Jayakumar, V.S. Ramachandran (2014). Are the sensitive zones degrading? A modeling 

approach using GIS and Remote Sensing. Proceedings of the international Academy of Ecology and 

Environmental Sciences, 2014, 4(1): pages 7-17.  

 

  



9 

 

APPEN DIX 1: FACTORS AND THEIR RESPECTIVE RANGE OF 

SENSITIVITY TO FOREST RISK 
 

Table 4: Key to risk factor rating 

Score Legend key 

1 Least vulnerable or minimal forest risk 

2  

3  

4  

5 Highly vulnerable of maximum forest risk 

 

1) Proximity to rivers 

 

Figure 5: Sensitivity range based on proximity to rivers 
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2) Proximity to roads 

 

Figure 6: Sensitivity range based on proximity to roads 

3) Slope 

 

Figure 7: Sensitivity range based on slope 
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4) Proximity to settlements (including urban and market centers) 

 

Figure 8: Sensitivity range based on proximity to settlements 

5) Proximity to protected areas 

 

Figure 9: Sensitivity range based on proximity to protected areas 

 

6) Forests in or proximate to temperate region and sub alpine and alpine areas 
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Figure 10: Sensitivity range based on proximity to temperate region and sub alpine areas 

7) Proximity to Indian Borderline 

 

Figure 11: Sensitivity range based on proximity to the Indian borderline 
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APPENDIX 2: OVERALL SURFACE MAP SHOWING THE RANGE OF 

SENSITIVE AREAS WHERE FOREST IS POTENTIALLY AT RISK OF 

DEFORESTATION AND/OR DEGRADATION 

 

Figure 12: Reclassified forest risk map 
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SUMMARY 

Consideration of the need for adjustment of Nepal’s Reference Level to national circumstances was done on the 

premise that the most likely approach for the projection of Nepal’s RL is that future emissions are either the same as 

those recorded historically or expected to increase or decrease on the same trajectory. A historic average approach 

needs to be applied if no statistically significant relationship can be established between historic emissions (i.e. those 

estimated from 1990, 2000 and 2010). A continuation of an existing trajectory on the other hand could be applied 

where a significant relationship exists with time. An acceptable fit would be a p value of ≤0.05 combined with an r2 

value of ≥0.70.  

In order to apply a suitable adjustment for national circumstances it was necessary to assess whether a statistically 

significant relationship between emissions and specified indirect factors related to national circumstances such as 

policies, human population, Gross Domestic Product (GDP), or some other development indicator.  

The conclusion reached was that there is no sufficient data to enable this kind of analysis in order to arrive at a 

suitable adjustment.  

 

• There are no migration policies which may either increase or decrease pressure on forest resources. There 

have been no resettlement plans since before 1990 (prior to reference period). The occurrence of any 

migration since then has occurred in an informal way. 

• There are no plans for the development of a specific economic sector such as biofuels, tea, rubber etc. 

which may increase deforestation. The Forest Regulation of 1995 states that it is prohibited to clear any 

forest for agricultural purposes. 

• There are no plans for development of a particular region with, for example road building, electrification 

which would be likely to deviate rates of deforestation from those during the reference period. 

The related forest risk analysis identified moderate and high risk areas (totaling 1,431, 282 Ha) which can be 

considered as vulnerable to forest degradation and /or deforestation. Of these, 555,828 Ha (approximately 10% of 

the remaining forest area) can be assumed to be in critical, ongoing danger. This finding of the risk analysis 

corroborates with the data on the historical trends of deforestation and forest degradation i.e. if we assume a 

timeframe of 10 years, then 1% of the remaining forest would be impacted by deforestation and forest degradation 

each year which is line with current trends and would create GHG emission similar to the average from the reference 

period. 

Following this conclusion, the decision was reached that there is no compelling policy or socio-economic factors to 

indicate deviation of future emissions from the historical trend; however, as part of the iterative process for the 

development of RL Nepal may wish to undertake a more detailed study of the key socio-economic factors to 

improve future projections. For this reason, the projection of Nepal’s future emissions is based on an assumed 

continuation of the historical average as calculated from the period 2000 - 2010.  

The findings of forest risk analysis provide further support for this conclusion. These findings broadly corroborate 

with the data on the historical trends of deforestation and forest degradation assuming a timeframe of 10 years in the 

high risk forest areas; which means 1% of the remaining forest would be impacted by deforestation and forest 

degradation each year during this ten year period, which is line with current trends and would create GHG emission 

similar to the average from the reference period. 
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1 INTRODUCTION 

 

1.1 Background of the assignment 
 

This working paper addresses Task 4 of the assignment: “Development of a National REDD+ Reference Level for 

Nepal” relating to the assessment of the need to adjust the reported forest reference level to national circumstances. 

The key objective of the overall assignment is to determine Nepal’s National Forest Reference Level with the goal 

of enabling Nepal to attain its vision for the REDD+ Strategy that seeks to reduce GHG emissions from 

deforestation and forest degradation starting from 2013 through activities such as conservation, addressing 

livelihood issues and establishing an effective policy, regulatory and institutional framework.  

 

Paragraph 9 of Decision 12/CP.17 invites Parties to submit information and rationale on the development of their 

forest reference emission levels and/or forest reference levels, including details of national circumstances and if 

adjusted include details on how the national circumstances were considered, in accordance with the guidelines 

contained in the annex to this decision and any future decision by the Conference of the Parties. 

 

Assessment of the need to adjust for national circumstance is done to ensure that the reported RL is country-specific 

and relevant to Nepal. The reported RL needs to be reliable and accurate to enable accurate and reliable projections 

of emissions and carbon reductions into the future. Adjustment for national circumstances also requires the 

development of risk maps and spatially explicit sub-area baselines to indicate which areas are expected to be at high 

risk from deforestation during the future accounting period and which are at threat from degradation. For this reason, 

this paper is also informed by Working Paper 3 on Forest Risk Assessment.  

 

1.2 Basis for adjustment  
 

The Reference Level can be set using three different methodological approaches. The RL can be based purely on the 

historical emissions, extrapolated into the future (i.e. assuming continuation of historical trends). The second and 

third approaches are also based on historical emissions, but the historical emissions are adjusted to take into account 

changes in the REDD+ deforestation/degradation drivers related to socio-economic and policy changes. Respective 

adjustments based on modelling land use change with varying parameters will result in several possible future 

scenarios. The most likely of these scenarios will be set as the RL against which all future emissions will be 

accounted and most likely has to be defended at the international level. While the first approach is transparent 

because no adjustments based on anticipated future developments are conducted, it is however, possible that historic 

emissions will not accurately reflect the future Business As Usual scenario. This approach may therefore 

overestimate future emissions, which would result in more emission reductions being reported in response to 

REDD+ activities.  

 

On the other hand, adjusting the RL using simple adjustment factors or models requires a very good understanding 

between socio-economic development, policy, deforestation and forest degradation. For Nepal, in-depth studies on 

related repercussions prior to and during the assignment were lacking, which highlights the need for some targeted 

analytical work to be able to define adjustment factors. The development of adjusted historical extrapolation of 

emissions requires robust socio-economic data on e.g. rural/urban population growth, infrastructure development 

including energy infrastructure investments, rural employment and business development. Furthermore, the relation 

between economic development and deforestation is quite complex and often not linear. In other words, adjustment 

for national circumstances will only make sense if the models are based on robust data with demonstrable 

correlations. 

 

The iterative process is summarized in the workflow below (figure 1):  
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REDD+ Reference Level based on adjustment of historical changes 

Nepal REDD Working Group 

 Review and accept RL or 

 Review and adjust with additional 

parameters 

 

Projection data 

 National development plans 

 Economic trends 

 Development of infrastructure 

 Macroeconomic trends 

 Population development 

 Deforestation and degradation frontiers 

 

Methods 

 Adapt modelling tools for REDD+ 

 Develop extrapolation methods 

 

Reference Level based on extrapolation of historical 

changes 

 Combines activity and emission data  

 Carries forward the trends for deforestation 

and degradation 

Baseline forest cover map 

 Maps showing forest area and biomass of 

forest land for the most recent data set 

available (2010) 

 

Data on Deforestation and degradation 

 Activity data (land cover & use) 

 Emission data (biomass and carbon stock) 

Land Cover and Forest Cover change 

 Analyze activity data over a minimum of 3 points in time 

(1990 – 2000 – 2010) 

Forest carbon stock and carbon stock change 

 Estimate biomass density for different forest classes 

 

Figure 1: Approach and workflow for establishing a national REDD+ reference scenario 
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2 IMPLEMENTATION  

 

 

2.1 Methodological approach 
 

The FCPF support tool offers three possible approaches for how adjustments might be made to account for national 

circumstances: 

 

1. A direct correlation with historic emission which assumes continuation of historical trends (i.e. no 

adjustment) 

2. A statistical association of emissions with national data on socio-economic factors 

3. A third party analysis of how the implementation of new policies and programs would affect future 

emissions 

 

Before any decisions are made about how to project emissions during the RL/REL period from the historic 

emissions (i.e. adjustment for national circumstances), an estimate of historic national (and sub-national) emissions 

derived from the land use change analysis and emission factors must be done. A historic average approach is applied 

if no statistically significant relationship can be established between historic emissions (i.e. those estimated from 

1990, 2000 and 2010). On the other hand, a continuation of an existing trajectory may be applied where a significant 

relationship exists with time. An acceptable fit would be a p value of ≤0.05 combined with an r2 value of ≥0.70.  

 

Application of approach 2 for the adjustment for national circumstances requires a demonstration that there is a 

statistically significant relationship between emissions and an indirect factor related to national circumstances such 

as human population, Gross Domestic Product (GDP), or some other development indicator. Application of 

approach 3 involves a review of policies and programs (both existing and those which are about to take place) to 

determine whether they are likely to impact future deforestation and degradation. These include migration policies, 

economic development plans and regional development plans including plans for new roads, rural migration, rural 

electrification, mining and harvesting of wood products. 

 

2.2 Key findings  
 

On government policies, these are the major findings: 

 

 There are no migration policies which may either increase or decrease pressure on forest resources. There 

have been no resettlement plans since before 1990 (prior to the reference period). The occurrence of any 

migration since then has occurred only informally. 

 There are no plans for the development of a specific economic sector such as biofuels, tea, rubber etc. 

which may increase deforestation. The Forest Regulation of 1995 states that it is prohibited to clear any 

forest for agricultural purposes. 

 There are no plans for development of a particular region with, for example road building, electrification 

which would be likely to deviate rates of deforestation from those during the reference period. 

On development plans, the finds were: 

 There are no plans for the construction of new roads at a rate which is in excess of those constructed during 

the reference period (1990 – 2010) (See Table 1).  
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Table 1: Comparative Chart of Strategic Road Network Length in Nepal (1998 – 2011) 

Year Black Topped Gravel Earthen Total 
Density 

km/100 km
2 

1998                 2,905           1,656              179             4,740  3.22 

2000                 2,974           1,649              171             4,794  3.26 

2002                 3,029           1,664              168             4,861  3.3 

2004                 3,495              884              614             4,993  3.39 

2006                 4,258           2,062           3,079             9,399  6.39 

2009                 4,952           2,065           3,818           10,835  7.36 

2011                 5,574           1,888           4,174           11,636  7.91 

Source: Statistics of Strategic Road Network SSRN 2011/12, Dept. of Road, Gov. of Nepal 

 

 There are no plans for rural migration to deviate significantly from migration during the reference period 

(see Table 2). Any migration that does occur happens informally and opportunistically. 
 

Table 2: Inter Zonal lifetime migrants, Nepal (1991 – 2001) 

1991 (No. of Persons) 

  To 

F
ro

m
 

  Mountain Hills Terai Total % Out-migration Net migration 

Mountain   76,503 121,826 198,329 16 -          161,655 

Hill 32,003   895,888 927,891 76 -          753,923 

Terai 4,671 97,465   102,136 8      915,578 

  36,674 173,968 1,017,714 1,228,356     

% In-Migration 3 14.2 82.9 100     

2001 (No. of Persons) 

  To 

F
ro

m
 

  Mountain Hills Terai Total % Out-migration Net migration 

Mountain   125,597 169,825 295,422 17 -          255,103 

Hill 33,895   1,157,035 1,190,930 69 -          830,759 

Terai 6,424 234,574   240,998 14            1,085,862 

  40,319 360,171 1,326,860 1,727,350     

% In-Migration 2.3 20.9 76.8 100     

Source: CBS, 2003, Population Monograph of Nepal, Vol. II 
 

 Although there are plans for rural electrification and building of new hydroelectric infrastructure, this will 

not impact significantly on deforestation except for a small amount of forest clearance for the installation of 

power lines.  

 Mining and resource extraction plans:  The only significant mining activity in Nepal is for coal from 

open caste pits. However the coal extracted in Nepal is very low grade and the majority of coal is imported 

from overseas. There are no plans to increase or decrease mining activities from those during the reference 

period.  

 Fuelwood and Timber harvesting plans: As shown in the historical estimates of drivers of deforestation 

and forest degradation (Working Paper 5), harvesting for fuel wood is expected to continue to increase in 

line with increases during the period 1990 – 2010 (See Table 3). 
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Table 3: Harvesting for fuelwood from forests (1990 – 2010). 

Development 

Region 

Fuelwood Supplied from Forest 1990 (in Ton: 1000Kg) 

Central Eastern Far 

Western 

Mid-

Western 

Western Grand 

Total 

Hills 699,803 610,913 295,256 462,346 856,463 2,924,781 

Mountain 203,658 164,364 152,668 81,079 6,735 608,504 

Terai 581,087 463,175 196,193 220,013 213,410 1,673,878 

Grand Total 1,484,548 1,238,453 644,117 763,438 1,076,608 5,207,163 

              

Development 

Region 

Fuelwood Supplied from Forest 2000 (in Ton: 1000Kg) 

Central Eastern Far 

Western 

Mid-

Western 

Western Grand 

Total 

Hills 870,418 698,717 350,757 557,494 979,690 3,457,076 

Mountain 239,475 183,479 182,195 95,953 8,894 709,996 

Terai 754,926 571,888 288,272 290,289 278,527 2,183,902 

Grand Total 1,864,818 1,454,085 821,224 943,736 1,267,110 6,350,974 

              

Development 

Region 

Fuelwood Supplied from Forest 2010 (in Ton: 1000Kg) 

Central Eastern Far 

Western 

Mid-

Western 

Western Grand 

Total 

Hills 901,469 704,556 397,083 756,107 983,911 3,743,125 

Mountain 227,306 176,684 212,781 179,384 6,472 802,627 

Terai 951,762 579,701 367,344 406,409 379,101 2,684,317 

Grand Total 2,080,536 1,460,941 977,208 1,341,900 1,369,484 7,230,069 

 

Fuelwood data was derived from CBS reports for 1991, 2001 and 2011. Fuelwood consumption in the hills is 

estimated to be 640kg / person / year whilst in Terai it is 479kg / person / year. About 75% of fuelwood is harvested 

from forest areas; the remaining fuelwood is sourced from on farms or through other non-forest sources (such as 

bush lands). 

 

 Agricultural development plans: There are no agricultural development plans or agricultural concessions 

in forest areas. 

 

2.3 Conclusion 
 

The intention of this review was to determine whether such programs or policies are likely to produce any 

significant deviation of future emissions from historic emissions. The conclusion was that there are currently no 

policy or socio-economic factors to indicate deviation of future emissions from the historical trend; however, as part 

of the iterative process for the development of RL Nepal may wish to undertake a more detailed study of the key 

socio-economic factors to improve future projections in future updates to the RL. Furthermore, this is not a preferred 

approach because there are generally not simple correlations that can be made between a given factor and estimated 

emissions. Furthermore, there are insufficient data points to be able to do a reliable trend analysis that may be used 

for projection of impacts. 
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3 FOREST RISK ANALYSIS 

 

3.1 Relevance 
 

For the purpose of RL development, it is important to analyze forest risk to identify potential forest areas that are 

vulnerable to forest degradation and deforestation. Information about forest risk would thus inform stratification of 

the forest based on potential carbon stock envisaged in the future as a result of possible forest degradation or 

degradation. The information may also be useful in further assessments of adjustments for national circumstances. 

 

The basic principle behind forest risk analysis is that not all forests are threatened by forest degradation or 

deforestation. Two broad processes of deforestation and forest degradation are recognized which help to identify and 

map forest risk: (1) mosaic-type deforestation which occurs in highly accessible forests with a high risk of 

degradation and/or deforestation (2) frontier-type deforestation which occurs in inaccessible forests, with low 

potential for degradation or deforestation, except near to transport corridors. Thus, in determining forest areas under 

risk versus those not under risk, biophysical and human factors that influence the distribution of biomass or carbon 

stock are considered. These include elevation/slope, roads, rivers, towns/villages/settlement, logging concessions, 

post land-use change, pattern of historical deforestation, etc. Spatial analysis is fundamental in modeling the 

influence of these factors for purpose of generating the forest risk surface map as the key output. 

 

Details of the risk analysis undertaken for this assignment are provided in Working Paper 3: Forest Risk Analysis.  

 

3.2 Outcome of forest risk analysis 
 

Figure 2 below is a map showing the actual forested areas that are potentially vulnerable to deforestation or forest 

degradation risk and Table 3 (also below) summarizes the analysis of the forest risk level in terms of areal extent 

(Ha). Moderate and high risk areas (totaling 1,431, 282 Ha) can indeed be considered as vulnerable to forest 

degradation and /or deforestation. Of these, 555,828 Ha can be assumed to be in critical or perhaps ongoing danger. 

 

Figure 2: Actual forested areas that are potentially vulnerable to deforestation or forest degradation risk 
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Table 4: Analysis of the forest risk level in terms of areal extent (Ha) 

Forest risk level  Ha 

Bare minimum to no-risk to forest 967,500 

Minimum risk to forest 3,401,791 

Moderate risk to forest 875,453 

High risk to forest 555,828 

 

3.3 Conclusion 
 

The purpose of the forest risk analysis is to identify, quantify and map the extent of forest risk. This is a pre-requisite 

for the development of national RLs. The findings of the forest risk analysis highlight that significant forest areas are 

still at risk; 15% of forests are moderately at risk whilst a further 10% are at high risk of deforestation and forest 

degradation. These findings broadly corroborate with the data on the historical trends of deforestation and forest 

degradation i.e. if we assume a timeframe of 10 years in the high risk forest areas, then 1% of the remaining forest 

would be impacted by deforestation and forest degradation each year during this ten year period, which is line with 

current trends and would create GHG emission similar to the average from the reference period. 
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SUMMARY 

 

Nepal’s forest reference level (RL) has been constructed following a purely remote sensing approach. However, 

owing to the limitations of remote sensing data available in the current context, it is useful to complement these 

results with aggregate statistical data. Although the statistical data itself is not exempt from the same limitations 

including inconsistency, gaps, and lack of spatial linkage, it is nevertheless important for corroborating the observed 

trends. Hence data has been collected for drivers of deforestation and forest degradation for the historical period of 

1990 – 2010. 

 

Although Nepal’s R-PP identifies nine main drivers of deforestation and forest degradation, this report looks at 

emissions from three sources: fuelwood and timber extraction and forest fires. This is for two main reasons: 1) 

availability of reliable and continuous data for other drivers and 2) various sources identify them as the major 

sources of emissions. From the analysis of statistical data, fuelwood extraction between 1990 and 2010 accounted 

for the emission of about 670 million tCO2e, while timber extraction accounted for nearly 300million tCO2e, over 

the same period. However, fires (with data for 2000 – 2010) accounted for slightly over 0.5 million tCO2e, which is 

less than 1% of the total emissions from the drivers considered. 

 

Over the same period, enhancement of forest carbon stocks has also occurred. Enhancement of carbon stocks is 

attributable to two main activities: 1) natural regrowth as a result of community forest management and 2) plantation 

development (afforestation and reforestation - AR) through the interventions of the Department of Forests (DoF). 

Carbon removals (sinks) as a result of community forest management was estimated based on the progressive 

hectarage of national forest put under community management and the estimates of mean annual increment (MAI) 

for such forests from various research sources. On the other hand, estimation of carbon removals from AR activities 

of the DoF is based on seedling supply data from the ministry and applying the respective MAIs. It is estimated that 

enhancement activates have resulted in the removal of more than 40 million tCO2e, with the DoF’s AR activities 

accounting for less than 5% of this.  

 

The main challenges with the analysis undertaken for this paper are the consistency and quality of data. The 

existence of data gaps for various years indicates the absence of proper record keeping with regards to timber and 

fuelwood extraction.  Furthermore, the data used were originally collected for purposes other than for establishment 

of the forest RL and therefore may not present a realistic picture in this context.  This highlights the need to improve 

data collection, right from the community level up to the ministerial level that will specifically be useful in updating 

the RL. Ideally the data would be spatially linked. It is therefore incumbent upon the relevant departments including 

the Department of Forests and Department of Forest Research and Survey (DFRS) to design appropriate data 

collection protocols at all levels including a proper depository for the data collected, and a data sharing protocol. 

This will improve the quality of emissions estimates and consequently improve the RL as well as overall forest 

management and planning.  

 

Nevertheless, the findings of the analysis confirm the general trends indicated by remote sensing analysis.  
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1 INTRODUCTION 

 

1.1 Background of the assignment 
 

This working paper addresses in part Task 2 of the assignment: “Development of a National REDD+ Reference 

Level for Nepal” relating to the compilation of activity data and emission factors. The key objective of the overall 

assignment is to determine Nepal’s National Forest Reference Level (RL) with the goal of enabling Nepal to attain 

its vision for the REDD+ Strategy that seeks to reduce GHG emissions from deforestation and forest degradation 

starting from 2013 through activities such as conservation, addressing livelihood issues and establishing an effective 

policy, regulatory and institutional framework.  

 

Whereas activity data (AD) for constructing the RL was generated following a purely remote sensing approach, the 

output of this process was complemented with data form statistical sources. The basis for collection of ancillary data 

in particular is to be found under the following subtasks in the Terms of Reference (TOR): 

 

 2a.iv - Compile and catalogue existing data for activities related to forest degradation and carbon stock 

enhancement and identify data gaps, and collect data to fill the gaps. 

 2b.iii - Compile and evaluate existing allometric equations, biomass expansion factors, inventory data, 

logging impacts, data on fuel-wood collection impacts, re-growth rates and information related to 

degradation; 

 2b.iv - Validate their applicability to national forest assessment and identify gaps to be filled, including 

data on gross deforestation/reforestation/C stock enhancement and forest degradation; 

 

1.2 Drivers of forest cover change Nepal included in the analysis 
 

According to Nepal’s REDD+ Readiness Preparation Proposal (R-PP), the drivers of deforestation and degradation 

are diverse, complex and different in the physiographic regions. Preliminary analysis for the preparation of Nepal’s 

R-PP identified a total of nine drivers: high dependency on forest and forest products (timber, firewood and other 

Non-Timber Forest Products -NTFPs), illegal harvesting ( of forest products, unsustainable harvesting practices, 

forest fire, encroachment, overgrazing, infrastructure development, resettlement, and expansion of invasive species
1
. 

 
Table 1: Summary of some drivers and causes of deforestation and degradation in Nepal 

Drivers Causes: 

1 High Dependence on forest 

products 

Inefficient use of forest products, No alternative for fire wood, Less 

opportunities of livelihoods 

2 Illegal cutting of timber Failure of Market, High demand of forest products in Terai and boarder, No 

Governance, No implementation of forest law, No management of forest 

product distribution 

 3. Unsustainable harvesting No governance, No research and development for sustainable harvesting 

 4. Forest Fire No awareness, No management for Forest fire 

 

 5. Encroachment 

Expansion of agricultural land, Poverty, Political reason, No clear Land 

ownership policy and plan 

 6. Over Grazing No alternative for fodder, Unproductive livestock rearing, No alternative 

                                                                 

1 Feasibility Study of REDD Plus in Collaborative Forest Management  2011,  Study on Drivers of Deforestation and 

Degradation of Forests in High Mountain Regions of Nepal  July 2012, Government of Nepal Ministry of Forests and Soil 

Conservation REDD – Forestry and Climate Change Cell, Babarmahal, Kathmandu 
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Drivers Causes: 

income 

7. Development of 

Infrastructure 

Conflict between Forest policy and other policies, No clear provision of IEE 

and EIA, No proper planning for development structure 

8. Resettlement Increasing demand for settlement,  New infrastructure development 

9. Expansion of Invasive 

species 

No technology for removal of invasive species, Forest fire, Over grazing, 

Plantation of new species,  

Strategic Options: Promotion of native species, Alternative use of invasive 

species, Alternative use of invasive species like bio-briquette, Plantation of 

carbon stock species 

Source: Nepal R-PP (2010) 

 

On the other hand, the R-PP also reports Nepal that community involvement in forest management is significantly 

contributing to reducing deforestation and forest degradation especially in the Mid-Hills and that this significantly 

contributes to forest conservation and enhancement of carbon stocks. From this it can be concluded that the nine 

drivers impact on forest cover negatively (by creating GHG emissions) while enhancement of carbon stocks through 

activities like community involvement in forest management have a positive impact on the same (by creating GHG 

removals).  

 

The data presented in this report therefore relates to the following key drivers of cover change (encompassing both 

carbon emissions and removals): 

 

1. Extraction of fuelwood resulting in emissions; 

2. Extraction of timber/roundwood resulting in emissions; 

3. Forest fires  resulting in emissions; 

4. Enhancement of forest carbon stocks resulting in removals. 

 

1.3 Sources of information 
 

The main sources of data are as follows: 

 

1. Primary Data: 

 

 Data relating to forest enhancement through Community Based Forest Management (CBFM) and 

government sponsored AR activities was derived from DoF records. 

 Unpublished data on biomass growth by Peter Branney; 

 Fire data by ICIMOD. 

 

2. Secondary Data: 

 

Most of the data relating to drivers of deforestation, namely timber, fuelwood and fires were extracted from 

secondary sources. The process involved examining data from different sources. Some were rejected while some 

were adopted for use. Some of the data was only included in order to illustrate specific points as will be highlighted.  

 

 The key sources of drivers data are as follows: 

 

 FAOSTAT Database for timber
2
; 

 Master Plan for the Forestry Sector (MPFS) for both timber and fuelwood; 

                                                                 

2
 http://faostat3.fao.org/faostat-gateway/go/to/download/F/FO/E  

http://faostat3.fao.org/faostat-gateway/go/to/download/F/FO/E
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 Nepal Bureau of Statistics for fuelwood; 

 Ministry of Finance (MoF) for fuelwood; 

  The Energy Sector Synopsis Report (2012) by the Water and Energy Commission Secretariat 

(WECS) for fuelwood; 

 Default values were chiefly derived from the IPCC Guidelines on AFOLU; 

 Other sources of data included the Asia Network for Sustainable Agriculture and Bioresources 

(ANSAB), and various publications which are referenced wherever such data is used.  

 

1.4 Limitations of the results presented 
 

The information presented here is useful in complementing or clarifying the trends observed after the analysis of 

forest cover change. However, the results are very coarse and should be used with care owing to the following 

limitations: 

 

1. The R-PP identifies 9 key drivers of forest cover change while only three are presented here; 

2. The methods used in collecting the data in many cases are unknown; 

3. There are many data gaps (e.g. data for some years is missing, whereas in certain years atypical of the 

expected general trends suggesting errors in the collection); 

4. Attribution: it is not easy to estimate which proportion of either driver is attributable to deforestation and 

which one to degradation. To do this effectively, it would be useful to know for example how much 

fuelwood is collected sustainably and where, leading to another major limitation namely; 

5. The data are not spatially linked; 

 

However, as already stated, the results provide a estimated figure which can be used in the initial stages to inform 

forest monitoring and the targeting of interventions.   
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2 ESTIMATING THE KEY DRIVERS OF DEFORESTATION AND 

DEGRADATION  

 

2.1 Defining forest degradation 
 

Forest degradation or the long-term loss of carbon stocks that does not qualify as deforestation is encompassed by 

the IPCC land-use subcategory “Forest Land Remaining Forest Land.” The methodologies that are presented here 

are based on the sections of the AFOLU Guidelines and the GPG-LULUCF that pertain to these land-use 

subcategories e.g. degradation describes the condition of a forest that has been reduced below its natural capacity, 

but not below the (10% crown cover) threshold that qualifies as deforestation.  

 

For purposes of constructing the RL, degradation was detected through the carbon fluxes between different forest 

subcategories (e.g. from intact forest to degraded forest). However, the resolution of Landsat images used for change 

analysis was not high enough to enable accurate change detection through that process alone. Therefore, the results 

for emissions from degradation were complemented through proxy drivers aggregate statistical data obtained from 

various sources including DoF, Central Bureau of Statistics, the Master Plan for the Forest Sector, and the Energy 

Sector Synopsis Report. Since the resulting output is not spatially linked, emissions from degradation are presented 

separately (i.e. not included in the reported RL) to avoid double counting.   

 

2.2 Drivers of deforestation and forest degradation in Nepal 
 

Recent reports indicate that fuelwood and timber supply represent the two biggest harvesting activities that result in 

forest degradation in Nepal, with demand for both outstripping supply in the Terai, which is home to at least 50% of 

Nepal’s total population. The Nepal Foresters Association -NFA (NFA, 2012) estimated that in 2011, the demand 

for fuelwood was 5.3 million tons, 4.4 million tons and 0.82 million tons in the Terai, Hills and Mountains 

respectively, while that for timber was 1.46 million m
3
, 1.72 million m

3
 and 0.19million m

3
 in the same regions. In 

the same period, the supply of fuelwood was estimated to be 2.58 million tons, 5.44 million tons and 0.94 million 

tons for Terai, Hills and Mountains respectively, while that for timber was 1.15 million m
3
, 1.81 million m

3
 and 0.22 

million m
3
 in the same regions. The outlook is that a wood supply deficit (both timber and fuelwood) is projected 

from 2011 to 2015 at a decreasing rate, gradually changing into a surplus from 2020, 2025 onto 2030.  

 

Terai is the biggest source of timber, obtained from community forests and government forests and transported and 

sold in urban areas such as Kathmandu and Pokhara. Estimates by the NFA indicate that about 0.125 million m
3
 (4.4 

million cubic feet) of timber is annually transported mainly from the Terai and sold in Kathmandu Valley alone. The 

NFA adds that this pressure is compounded due to migration of hill people to Terai and its pressure on land use 

conservation for farming and other public infrastructure. 

 

Forest Action Nepal has concluded a national and more detailed analysis of the drivers of deforestation and 

degradation (D&D) in Nepal for the UN-REDD Programme (2013). This study looked at the issue in a socio-

political context and concluded that the drivers of D&D lie beyond the forestry sector and include agriculture, 

energy and physical infrastructure and recommended that any REDD+ strategy must consider addressing drivers 

beyond forestry. For example, REDD+ strategies should address the issues in the energy sector, such as generating 

incentives for sustainable supply and efficient use of fuelwood. Similarly, encroachment should be looked at in the 

context of agriculture and food security, while road construction as a driver of D&D should be addressed in the 

context of infrastructure development. 

 

The Forest Action Report divides drivers of D&D into two main types: 1) Four proximate drivers of D&D i.e. 

those visible and immediate human actions on land uses that directly cause the changes including unsustainable 

extraction of forest products, agriculture, infrastructure and others (fires and invasive species); the other category is 

2) Underlying drivers that include economic, policy, institutional and governance, socio-political, demographic 

and technological. It is instructive that these drivers of D&D mirror those identified in the R-PP. 
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2.3 Compiling emissions source data 
 

The diverse and complex nature of the drivers of deforestation and forest degradation requires that suitable and 

adequate data are collected and used to inform the formulation of suitable interventions. However, that is hardly the 

case for Nepal. The little data that are available are dispersed in various government agencies and ministries 

including the Department of Forests, Central Bureau of Statistics, among others. In many cases the data are 

incomplete, with gaps between years. In other cases, there are significant inconsistencies between the data sources. 

For example, analysis of available fuelwood and timber harvesting data from DOF shows that over the years there 

has been a decrease in both, contrary to the demographic trends over the same years as well as the acknowledgement 

that no alternatives to either have yet been found. On further investigation, it turns out that this apparent anomaly is 

the result of transfer of most forest product harvesting from government-managed forests to community managed 

forests, where records are rarely kept. In other words, extraction data reported in official books only represents a 

very small proportion of the actual extraction rates which largely go unrecorded.  

 

Therefore, to try and work through this convoluted data environment requires innovative approaches with various 

sources being used to bridge gaps. For example the NFA utilized the recently published Nepal Living Standards 

Survey (CBS 2011), the National Population Census data (CBS 2011) and the Energy Sector Synopsis Report 

(WECS 2011) to obtain useful information to estimate the demand for forest products in Nepal. The NFA used these 

data sources to estimate the supply of wood products from forest areas under different management regimes such as 

Community Forests (including Buffer Zone), Collaborative forests, Government Managed Forests, and Private 

forests/trees on farms. However, these estimates relate mainly to the year 2011 and beyond (i.e. based on projections 

with no means of establishing their accuracy). Furthermore, they provide little historical projections relating to the 

three time points of 1990, 2000 and 2010.  

 

A similar approach was adopted in the context of this assignment. Some historical projections are available from the 

Master Plan for the Forestry Sector (MPFS) which projected the demand and supply of timber and fuelwood for 

different regions of Nepal for 25 years with 1988 as the base year. However, the master plan period has recently 

expired. In addition, there is no data yet to indicate whether those projections have proved to be accurate or not so 

far. To address those gaps, resources such as FAOSTAT which have some level of continuity were used, with data 

that goes back as far as 1960. However, FAOSTAT only provides aggregated national data (e.g. national fuelwood 

consumption for year X rather than consumption by region).  

 

Details of data sources (relating to fuelwood, timber and fires) and subsequent analysis are contained in the excel 

workbooks:  

 

 D&D Drivers_Fuelwood.xlsx;  

 D&D Drivers_Timber.xlsx; and  

 D&D Drivers_Fire.xlsx.  

 

2.4 Estimation of fuelwood consumption based on various data sources 
 

Note on data sources: Although there are more recent publications with estimates of forest products 

consumption/demand and supply, e.g. A Study on the Demand and Supply of Wood Products in Different Regions of 

Nepal by Nepal Foresters Association, the document notes: "It took 3 years to finalize MPFS with significant inputs 

from many experts and consultants. However, the present study has to be completed within the stipulated time 

period of less than 5 months with budgetary constraints.  Due to these constraints we were compelled to estimate the 

population growth, land use change, and finally the demand and supply of fuelwood and timber over 20 years 

period in a very crude manner". Other documents including the Drivers of Deforestation and Forest Degradation 

and responses to address them in Nepal report by the UN-REDD Programme, while very informative, make only 

very generalized statements on forest products demand/supply, making reference to the same documents referenced 

here.  For these reasons, the estimates of MPFS, WECS, CBS, MoFs and other agencies cited and presented in this 

paper were considered more reliable and likely to reflect the actual demand/supply scenario. 
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1. Fuelwood Consumption based on CBS Data 

There is no consistent data for the consumption of fuel wood in Nepal. Different agencies and sources have different 

figures for the same years. However, the common agreement is that the majority of the population is using fuel 

wood as a major energy source which is predominantly extracted from the forest. According to UNEP, about 80% of 

the total population depends on forests for fuel wood. UNEP data also indicates that per capita fuel wood 

consumption in the Hills Region is estimated to be 640Kg/person/per year while that for Terai is 479Kg. The Central 

Bureau of Statistics began collecting data on household fuelwood use from 2001 hence data is available from 2001 

to 2011. The CBS population growth estimates for 2001 to 2011 have then been taken as a reference to extrapolate 

fuel wood use based on household number in 2000 and 2010. The Central Bureau of Statistics categorizes districts 

as Himal, Hills and Terai; hence data are also summarized and presented accordingly. The proportion of fuelwood 

extracted from government forests is reported variously as more than 75% of the total fuel wood consumed, 78% 

and even 80%. In this analysis, the proportion of fuel wood collected from the forest has been assumed to be 78% (a 

simple average of the three). Average annual per capita fuel wood consumption has been assumed to be the same for 

Hills and Himal regions as there is no specific data available for Himal.  

 

Based on this assumption, an estimated total of 7,519, 271 tonnes of fuel wood was collected in 2010, with the 

highest amount being from the Hills followed by Terai and the Mountain region. For 2000, an estimated 6,605,013 

tonnes of fuel wood in total was extracted from the forest, with the highest being in the Hills followed by Terai and 

then Mountain region. For 1990, there is no consumption data from the Central Bureau of Statistics as collection had 

not commenced then. However, working backwards from the population census of 1991, the population estimate for 

1990 was done and using the proportion of fuelwood-using households, as well as the per capita consumption data 

for each of districts the fuel wood consumption for 1990 was estimated to be 5,415,450 tonnes. The pattern therefore 

indicates an increasing trend as expected and is summarized in tables 2, 3, and 4 below: 
 

Table 2: Total fuelwood consumption estimates in Nepal for 1990 

Development region 
Fuel wood Supplied from Forest 1990 (in Ton) 

Central Eastern Far Western Mid- Western Western Grand Total 

Hills 727795 635350 307067 480840 890722 3041772 

Mountain 211804 170939 158774 84322 7005 632844 

Terai 604331 481702 204040 228814 221946 1740833 

Grand Total 1543930 1287991 669881 793975 1119673 5415450 
 

Table 3: wood consumption estimates in Nepal for 2000 

Development Region 

Fuel wood Supplied from Forest 2000 (in Ton) 

Central Eastern 

Far 

Western Mid-Western Western Grand Total 

Hills 905234 726666 364787 579794 1018878 3595359 

Mountain 249054 190819 189483 99791 9249 738396 

Terai 785123 594764 299803 301901 289668 2271258 

Grand Total 1939411 1512248 854073 981486 1317795 6605013 
 

Table 4: wood consumption estimates in Nepal for 1990 

Development Region 

Fuel wood Supplied from Forest 2010 (in Ton) 

Central Eastern 

Far 

Western Mid-Western Western Grand Total 

Hills 937527 732738 412966 786351 1023267 3892850 

Mountain 236398 183751 221292 186559 6731 834732 

Terai 989833 602889 382038 422665 394265 2791690 

Grand Total 2163758 1519378 1016296 1395576 1424263 7519271 
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2. Consumption based on the  Ministry of Finance Economic Survey  

Data from the Ministry of Finance is provided in thousand ton oil equivalent (ToE) based on data collected from 

national Economic Surveys, which show that the highest proportion of conventional energy in Nepal is supplied 

from firewood which accounts for about 78% on average, with a maximum of 84% recorded  in 1990 and minimum 

of 74.9% in 2010/11.  As expected, this also shows an increasing trend for the entire country. The data is 

summarized in Table 5 below: 

Table 5: Fuelwood consumption in ToE based on Ministry of Finance data (1990 - 2010)                                         

Consumption of Energy (K-ToE: Thousand Ton Oil Equivalent) 

Source 

1990/91 1995/96 2000/01 2005/06 2008/09 2009/10 2010/11 

K-

ToE 

in 

% 

K-

ToE 

in 

% 

K-

ToE 
in % 

K-

ToE 

in 

% 

K-

ToE 

in 

% 

K-

ToE 

in 

% 

K-

ToE 

in 

% 

Conventio

nal 
                            

Firewood 4980 84 5525 80.7 6068 77.11 6862 
77.5

9 
7301 77.7 7467 

75.6

1 
7606 74.9 

Agricultur

e Residue 
224 3.8 248 0.04 299 3.8 329 3.72 344 3.66 324 3.28 331 3.26 

Cow Dung 372 6.3 412 0.06 457 5.81 507 5.73 540 5.75 551 5.58 563 5.54 

Commerci

al 
               

Coal 42 0.7 72 0.01 174 2.21 243 2.75 181 1.93 286 2.9 293 2.89 

Petroleum 257 4.3 507 0.07 734 9.33 686 7.76 775 8.25 965 9.77 1058 
10.4

2 

Electricity 50 0.8 72 0.01 108 1.37 164 1.85 191 2.03 213 2.16 229 2.26 

Renewal 4 0.1 10 0 29 0.37 53 0.6 64 0.68 70 0.71 75 0.74 

Total 5,929 100 6,846 80.9 7,869 100 8,844 100 9,396 100 9,876 100 10,155 100 

Source: Economic Survey, MoF, 2010 and 2011  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

3. Consumption based on the  Energy Synopsis Report (2010) 

 

The Energy Synopsis Report (2010) has analyzed fuel wood supply in different fiscal years from 1978/79 to 

2008/09. This also indicates that the fuel wood supply from forest accounts ranges from a maximum of 80.3% to a 

minimum of 72.7% which excludes fuelwood from shrub land as well. The improvement with this report over the 

MoF report is that it categorizes woodfuel sources into land use types rather than simply aggregating supply into 

national figures only. Table 6 summarizes the sustainable fuelwood supply over the years in thousand metric tonnes 

(K-MT). 
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Table 6: Sustainable fuelwood supply in Nepal (1978 - 2009) 

Land Use 

Sustainable Fuel wood Supply (K-MT) 

1978/79 1985/86 1994/95 2008/09 

K-MT % K-MT % K-MT % K-MT % 

Forests 5237.7 74.5% 6497 73.9% 6566.46 72.7% 10037.6 80.3% 

Shrub Land 314.4 4.5% 390 4.4% 563.1 6.2% 563.1 4.5% 

Grassland 52.5 0.7% 51.5 0.6% 51.5 0.6% 51.5 0.4% 

NCI
3
 295.6 4.2% 688.6 7.8% 688.6 7.6% 688.6 5.5% 

Cultivated Land 1133.8 16.1% 1165.8 13.3% 1165.8 12.9% 1165.8 9.3% 

Total 7034 100.0% 8792.9 100.0% 9035.46 100.0% 12506.6 100.0% 

Source: Energy Synopsis Report, 2010 

 

The Energy Sector Synopsis Report provides the data based on development region in addition to land use types 

linking both forestry management issues with development planning in Nepal as shown in Table 7 below: 

                                                                 

3
 Non-Cultivated Inclusion are areas which are considered too small to map at a scale of 1:50,000 and includes forests, shrubs 

and other land uses (WECS, 2010) 



 

  

                         16  

 

Table 7: Sustainable fuelwood consumption for different land use types (1978 - 2009) in Nepal as projected by the MPFS, 1988 

Land use 
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2
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Forests 
1035 1726 

1726 1619

.6 

1082

.5 
1489 

1363

.2 

2177

.2 

1014

.1 

110

8 

707.6

7 

1306

.7 

1203

.6 
1244 

1741.

41 

2372

.9 
902.5 930 

1498.

38 

2561

.2 

Shrub Land 
32.6 22 

22 
95 34.5 26 

116.

2 

116.

2 
68.5 61 63.3 63.3 

126.

2 
110 92.7 92.7 52.6 171 195.9 

195.

9 

Grassland 
11.2 11 

11 
11 18.5 18.5 18.5 18.5 9.4 9.4 9.4 9.4 6.1 5.4 5.4 5.4 7.3 7.2 7.2 7.2 

NCI 
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127.

2 

131.

3 

131.

3 
131.

3 
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7 
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4 
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4 
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4 
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8 
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.6 
251.6 
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6 
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8 
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8 
269.8 
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8 
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7 
315.7 

315.

7 

Total 
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.5 
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.3 

1968

.3 
1934

.9 

1383

.1 

1853

.7 

1818

.1 

2632

.1 

1408

.3 
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8 

1189.

97 
1789 

1667

.9 

1794

.1 

2274.

21 
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.7 

1337.

2 

1588

.8 

2182.

08 

3244

.9 

Source: Energy Sector Synopsis Report, 2010 
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2.4.1 Analysis of fuelwood consumption trends 
 

Charts 1 and 2 show the trends developed from the three sources of national fuelwood consumption data in the 

preceding section above, while Chart 3 shows the projected sustainable fuelwood supplies as estimated by the 

MPFS. As can be seen from the displayed R
2
 values, all the three trends show strong linear regression >90%, with 

the CBS estimates (Chart 1) having the strongest relationship (R
2
 Value = 0.9943). Chart 3 is useful for comparing 

the projected consumption by the MPFS against actual recorded consumption. It also provides links to different land 

use types that make it possible to link emissions from fuelwood harvesting to specific land use types. This advantage 

however, may be limited by the lack of congruency between the land use classifications here with the selected 

classification and stratification for RL development. 

 

Chart 1: Estimates of fuelwood consumption in tonnes based on CBS data 

R² = 0.9943 
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Chart 2: Estimates of fuelwood consumption in ToE (Tonnes of Oil Equivalent) 

 

Chart 3: Estimates of sustainable fuelwood consumption in '000 metric tonnes for different land use types 

 

R² = 0.9475 
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Chart 3 shows that fuelwood consumption is expected to generally increase in the short term, and that extraction 

from forests is increasing as well. However, the amount supplied from farmlands (cultivated lands) is reducing 

slightly, while that from grasslands and shrublands is increasing only marginally. The reduction of supply from 

farmlands is unexpected since the usual trajectory is for it to increase. This might suggest increasing competition for 

agricultural land. The trends for NCI and grasslands could suggest that such land uses have attained their optimum 

fuelwood productivity hence no more can potentially be extracted. This in essence means that without interventions 

forests will continue to be under threat from fuelwood extraction.  

 

2.4.2 Emission estimates from fuelwood consumption 
 

Charts 4 below summarize the historical emissions from fuelwood extraction based on the Energy Sector Synopsis 

Report.  

 

 

Chart 4: Historical emissions for fuelwood (1990 – 2010) 

2.5 Estimating timber/roundwood production  
 

Timber extraction data is even more challenging to compile despite the fact that timber is more of a traded 

commodity than fuelwood. There are many agencies that handle timber harvesting including the Timber Corporation 

of Nepal (TCN), local and national level timber and firewood contractors and community forest users groups 

(CFUGs) (Poudel, undated). Although all the timber harvesting is done through the District forestry Officers 

(DFOs), not all the timber harvested is captured in official records. The DFOs besides harvesting timber also collect 

fuel wood and timber from dead, dying, diseased, fallen and deformed trees. It is not clear whether separate records 

are maintained for all the categories to avoid double counting.  

 

The Master Plan for the Forestry Sector (MFPS, 1988) that is currently undergoing updating attempted to simplify 

this problem by making certain projections. For example the master plan estimated per capita timber consumption in 

Nepal to be 0.07 m
3
 per year, increasing slowly and almost doubling in 2010 to 0.12m

3
. In the absence of an updated 

current master plan for the forestry sector, it is however difficult to determine whether these estimates are still 
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relevant. In the master plan, timber includes saw logs, peeled-logs, and poles used for housing, furniture and public 

infrastructure and the per capita consumption at the time of publication was estimated as shown in Table 8 below: 

 
Table 8: Per capita timber consumption in m3 according to the MPFS 

Timber Use types 1985-86 1990-91 1995-96 2000-01 2005-06 2010-11 

Housing 0.04 0.05 0.05 0.06 0.06 0.06 

Implement/furniture 0.01 0.01 0.02 0.02 0.03 0.03 

Public 

construction/Infrastructure 

0.02 0.02 0.02 0.03 0.03 0.03 

Total 0.07 0.08 0.09 0.11 0.11 0.12 

 

Timber demand in Nepal is continually increasing and the country is running into supply deficits as reported in 

various sources and studies.  Using the CBS population census estimates of 2001 – 2011 and the MPFS 

consumption projections, the timber demand for the three benchmark years of 1990, 2000 and 2010 is as shown in 

Table 9 below.  

 
Table 9: Timber consumption projections in Nepal 1985 - 2010 as projected in the MFPS of 1988 (‘000 m3) 

Physiographic Region 1985-86 1990-91 1995-96 2000-01 2005-06 2010-11 

High Himal  2 2 3 3 3 3 

High Mountains  85 103 122 136 135 129 

Middle Mountains 519 678 879 1082 1218 1345 

Siwaliks 92 126 171 220 259 300 

Terai 435 601 830 1066 1267 1474 

Development Region             

Far western  97 127 173 202 227 250 

Mid -western 145 191 250 312 356 401 

Western 235 312 411 514 591 668 

Central 369 488 640 795 902 1002 

Eastern 287 392 531 684 806 930 

Nepal 1,133 1,510 2,005 2,507 2,882 3,251 

 

Just as for the case of fuelwood, the timber extraction figures vary depending on the source. FAOSTAT for example 

provides data going back several decades, but these data in most cases significantly differ from those reported by 

other sources. However, FAOSTAT provides data for years where other sources would likely have gaps, and the 

data is collected from relevant government agencies making it more reliable.  Of the various forest product 

categories reported by FAOSTAT, it is suggested that data for only four are available, i.e. roundwood, fuelwood, 

sawn wood and wooden poles 

 

FAO defines roundwood as “Wood in the rough. Wood in its natural state as felled, or otherwise harvested, with 

or without bark, round, split, roughly squared or other forms (e.g. roots, stumps, burls, etc.). It may also be 

impregnated (e.g. telegraph poles) or roughly shaped or pointed. It comprises all wood obtained from removals, i.e. 

the quantities removed from forests and from trees outside the forest, including wood recovered from natural, felling 

and logging losses during the period - calendar year or forest year. Commodities included are sawlogs and veneer 

logs, pulpwood, other industrial roundwood (including pitprops) and fuelwood. The statistics include recorded 
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volumes, as well as estimated unrecorded volumes as indicated in the notes. Statistics for trade include, as well as 

roundwood from removals, the estimated roundwood equivalent of chips and particles, wood residues and 

charcoal”. 

 

1.1.1  Emissions from Timber/Roundwood Extraction  

The historical emissions based on MPFS data are as shown in Chart 5 below.  

 

Chart 5: Historical CO2 emissions from timber extraction based on MPFS estimates 

 

2.6 Fires 
 

Following the guidance given in the "Generalized decision tree for estimating emissions from stationary 

combustion", FIRE is not considered a key category resulting in the use of Tier Default Emission Factors and 

suitable Activity Data. Aggregate data from ICIMOD for the years 2000 – 2010 was used for basic analysis. 

However, the extant gaps, the lack of geospatial data and the fact that incidences of fires follow no particular pattern 

make it difficult to make any meaningful modelling on the impact of fires in the current assignment. Emissions from 

fires are estimated using the IPCC Equation 2.27 as follows: 
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The resulting emissions are summarized in the charts below: 

 

Chart 6: Estimated emissions from fires incidences 

 

 

 -

 20,000

 40,000

 60,000

 80,000

 100,000

 120,000

 140,000

 160,000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Conifer

Broadleaved

Shrub

Total (tCO2)



 

  

                         23  

 

2.7 Total emissions form the key drivers of deforestation and degradation 
 

 
Chart 7: Emissions from degradation drivers  

 

As already explained, inclusion of fires data may distort the trends over years. However, they account for <1% of 

the total and therefore their inclusion or non-inclusion has no significant effect.  

 

2.8 Improving emissions source data collection 
 

The limitations of the results presented here were highlighted at the beginning of this paper. Section 3.3 provides 

suggestions on how to improve the general data collection, handling and sharing to improve future analysis.  
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3 ESTIMATING REMOVALS FROM ENHANCEMENT OF FOREST 

CARBION STOCKS 

 

3.1 Forest enhancement IN Nepal  
 

Forest enhancement in Nepal is a forest management plan-based program developed by the Department of Forests 

through which the GoN aims to meet the country’s forest management goals and objectives. There are two main 

forest management regimes in the country namely: 1) community based forest management (which includes four 

subcategories i.e. community forestry, collaborative forest management and Leasehold forestry) and 2) Government 

managed forest.  

 

Out of a total of 5.8 million ha of forest, 1.7 million ha are managed by local communities including leasehold 

forestry. The remaining forest area 4.1 million ha is under government control and their increment is lower than 

group managed forest.  

 

In each forest management regime both artificial regeneration i.e. plantation and natural regeneration occurs every 

year. Promotion of natural regeneration is part of the national forest management plan which is however difficult to 

quantify. Similarly, although the DoF has annual seedling production plans that also include the targeted area for 

plantation establishment, there exists no reliable data on the success or otherwise of these initiatives. There is no 

reliable data on plantation survival rate and current annual increment of natural forests. 

  

In the initial phase of community forestry (1980-1990) the main focus was towards plantation establishment. During 

that phase a study was carried out which showed that survival rates of seedlings were a ‘satisfactory’ 70 per cent in 

Panchayat forest plantations and 62 per cent on private land. It also found that the major causes of seedling mortality 

were both technical (poor qualify seedlings, poor plantation methods, wrong species selection) and social (damage 

due to livestock grazing, inadequate care). Pinus species which were noted to have higher survival constituted the 

majority of the species planted then. From 2010 significant plantation establishment is not evident although annual 

seedling production and planting continue. Furthermore, even for the seedlings that do take root, the seedling 

survival rate in the first, third and fifth year is not recorded or known so that level of forest enhancement through 

artificial regeneration cannot be accurately quantified.  

 

There are a number of community based forest user groups (CFUGs) formed since that initial phase which have 

been involved in forest conservation as well as enhancement of the forest in terms of growing stock. Attempts have 

been made to estimate the impact of these initiatives in terms of growing stock. The total annual volume increment 

under community based forest management (CBFM) in different years is presented below as an example of one such 

estimate. 
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Table 10: Summary of CBFM in Nepal 

Accumulated CF area (Nepal 

national value) 

Ha/yr Cumulative ha 

1990                                      

2,229  

                                  

2,229  

1991                                      

5,265  

                                  

7,494  

1992                                   

27,249  

                                

34,743  

1993                                   

56,680  

                                

91,424  

1994                                 

102,651  

                              

194,075  

1995                                 

148,435  

                              

342,510  

1996                                 

171,999  

                              

514,509  

1997                                 

138,655  

                              

653,164  

1998                                 

141,241  

                              

794,405  

1999                                 

105,613  

                              

900,018  

2000                                 

103,104  

                          

1,003,122  

2001                                   

95,989  

                          

1,099,111  

2002                                   

63,255  

                          

1,162,366  

2003                                   

49,494  

                          

1,211,861  

2004                                   

52,037  

                          

1,263,898  

2005                                   

53,458  

                          

1,317,356  

2006                                   

50,891  

                          

1,368,247  

2007                                   

76,095  

                          

1,444,342  

2008                                   

37,446  

                          

1,481,788  

2009                                   

77,685  

                          

1,559,473  

2010                                 

101,725  

                          

1,661,198  

 

On a national scale, the Current Annual Increment (CAI) of the forests in Nepal is estimated as 0.6 to 1.2 cubic 

meters per hectare, which is generally agreed to be well below the theoretical potential (DFRS, 1999, Kafle, 2000; 

Kanel, 2000.)  
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In estimates done in 1960 the mean stem volume (top dbh >10 cm) was 85 m
3
 per ha; at that time there were no 

community based forest management initiatives. In the late 70's when community forestry was initiated the mean 

stem volume (top dbh >10 cm) steadily increased and by 1994had grown to 131 m
3
 per ha (DFRS, 1999,). Annual 

increment in that period was 1.35 m
3
 per ha per year.  

 

Studies on Changes in Community Forest Condition and Management in 1994-98 and showed that  the Mean 

volume increment of Sal forest is 0.4 m
3
/ha/year, Schima castanopsis forest 2.4 m

3
/ha/year, Pine forest ( P. 

roxburghii) 3.0 m
3
/ha/year, and other types 2.0 m

3
/ha/year.  

 

3.2 CO2 removals from forest enhancement  
 

Details of the approach and results for this task are contained in the excel file “Enhancement in CFs_CO2 

Removals.xlsx”. A summary of the carbon gains from each of the enhancement activities is given charts 8 – 10 

below. Based on the use of these statistical sources of data, removals from forests in Nepal are estimated at 37 

million tonnes of CO2 for the period 2000 – 2010 whilst based on the remote sensing data approach, removals for the 

same period due to enhancement are estimated to be 85 million tonnes of CO2. 
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Chart 8: Increase in forest carbon stocks as a result of CBFM in Nepal forests 

 

Chart 9: Annual carbon gains as a result of DoF afforestation and reforestation activities 
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Chart 10: Annual carbon gains for each activity by region 

Under the current practice, AR activities account for less than 5% of the total carbon stock enhancement.  

 

3.3 Improving data collection 
 

The main challenges with the analysis undertaken for this paper are the consistency and quality of data. The 

existence of data gaps for various years indicates the absence of proper record keeping with regards to timber and 

fuelwood extraction.  Furthermore, the data used were originally collected for purposes other than for establishment 

of the forest RL and therefore may not present a realistic picture in this context.  This highlights the need to improve 

data collection, right from the community level up to the ministerial level that will specifically be useful in updating 

the RL. It is even better of this data is spatially linked. It is therefore incumbent upon the relevant departments 

including the Department of Forests and Department of Forest Research and Survey (DFRS) to design appropriate 

data collection protocols at all levels including a proper depository for the data collected, as well as a data sharing 

protocol. This in the long run will improve the quality of emissions estimates and consequently improve the RL as 

well as overall forest management and planning in Nepal.  
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ANNEX 1: SEEDLING SUPPLY DATA FROM THE DEPARTMENT OD FOREST IN SUPPORT OF 

AFFORESTATION AND REFORESTATION ACTIVITIES IN NEPAL 

 

Table 11: Plantation detail by region and seedling type 

Year 

Terai region Middle hills region High mountain region 

Plantation Forest type Plantation Forest type Plantation Forest type 

Broadleaf Conifer 
Broadleaf/Conifer 

mix 
Broadleaf Conifer 

Broadleaf/Conifer 

mix 
Broadleaf Conifer 
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r mix 
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a

. 

N
o

. 
o

f 

se
e
d

li
n

g
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1990 
                               

151.00  

                           

160,000      
  

  

               

890.3

6  

        

1,403,852  

              

202.9

4  

           

326,924  

                    

54.64  

               

93,605  

   

    

 

1991 

                                 

30.00  

                              

48,000      

  

  

                 

11.00  

              

17,600  

              

192.8
7  

           

306,756  

                 

166.74  

             

278,280  

                

5.00  

             

8,000  

             

54.80  

               

86,292  

                 

12.00  

               

19,200  

1992 
                                 

51.80  

                              

83,336          
                 

31.67  

              

53,772  

              

142.8

4  

           

231,840  

                    

99.85  

             

259,460  

                

2.00  

             

3,200  

             

86.20  

             

156,880  

                 

38.48  

             

102,688  

1993 

                               

173.50  

                           

287,160      

  

  

                    

8.50  

              

13,600  

              

156.2
6  

           

262,589  

                 

221.45  

             

375,860  

                

5.00  

             

8,000  

             

40.89  

               

93,536  

                 

15.00  

               

30,650  

1994         

                     

498.83  

           

258,448  

                 

18.36  

              

28,900  

                

99.95  

           

153,968  

                 

233.82  

             

383,090      

             

51.40  

               

92,216  

                 

51.40  

               

59,360  

1995 
                               

306.77  

                           

436,484      
  

  
                 

74.51  

            

119,530  

              

150.6

           

258,095  

                 

350.59  

             

528,572      
             

48.19  

             

113,424  

                 

43.12  

               

80,688  
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Year 

Terai region Middle hills region High mountain region 

Plantation Forest type Plantation Forest type Plantation Forest type 

Broadleaf Conifer 
Broadleaf/Conifer 

mix 
Broadleaf Conifer 

Broadleaf/Conifer 

mix 
Broadleaf Conifer 

Broadleaf/Conife

r mix 

h
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. 
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. 

N
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li
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g
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4  

1996         
                       

20.73  

             

34,060  

                 

93.10  

            

150,900  

                

65.03  

           

112,058  

                 

538.30  

             

303,873      
             

16.00  

               

25,600  

                 

37.94  

               

54,772  

1997         

                       

68.23  

             

72,800  

                 

34.19  

              

54,404  

              

187.1

6  

           

304,616  

                 

259.79  

             

331,282  

                

2.00  

             

3,200  

                

6.00  

                 

8,800  

                 

12.00  

               

19,200  

1998 

                               

217.50  

                           

217,620          

                 

22.31  

              

36,415  

                

36.35  

             

56,600  

                    

64.33  

               

86,692  

                

2.00  

             

3,200  

                

1.00  

                 

1,200  

                 

12.50  

               

20,000  

1999 

                                 

56.80  

                              

13,300          

               

156.2
6  

            

262,589  

                  

1.63  

                

2,500  

                    

31.00  

               

48,400      

             

28.38  

               

51,200  

                 

43.50  

               

68,700  

2000         

                       

68.36  

             

78,279  

                 

13.06  

              

18,500  

                  

6.31  

                

8,300  

                    

47.05  

               

58,960      

                

8.50  

               

13,700  

                 

10.50  

               

17,200  

2001 
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1,834  
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656  

           

443,587  

                 

2,406  

        

3,774,919  
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SUMMARY 

 
The capacity building component of Nepal’s REDD+ forest reference level development process aimed to enhance 

the capacities of the REDD Cell and other key stakeholders to identify and quantify decreases and increases in forest 

carbon stocks and to project future trends; help the REDD Cell understand the potential of the various REDD+ 

interventions in terms of carbon emissions/fluxes and to assess the related strategic options.  

 

Capacity building was designed to be an ongoing and interactive process from the start of the assignment in terms 

of:  

 

a. Building on existing structures/institutions; 

b. Ongoing assessment of the existing capacity levels; 

c. Fostering a clear understanding among REDD+ stakeholders of gaps and areas for improvement through 

stakeholder participation both in the data needs assessment and RL key decisions made.  

d.  Integrating an exit strategy for the international consultants to ensure Government and local institutions 

can fully assume the role of implementation. 
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1 INTRODUCTION 

 

1.1 Background of the assignment 
 

This working paper addresses Task 4 of the assignment: “Development of a National REDD+ Reference Level for 

Nepal” which aims to enhance the capacities of the REDD Cell and other key stakeholders to identify and quantify 

decreases and increases in forest carbon stocks and to project future trends; help the REDD Cell understand the 

potential of the various REDD+ interventions in terms of carbon emissions/fluxes and to assess the related strategic 

options. The key objective of the overall assignment is to determine Nepal’s National Forest Reference Level with 

the goal of enabling Nepal to attain its vision for the REDD+ Strategy. The Strategy seeks to reduce GHG emissions 

from deforestation and forest degradation starting from 2013 through forest conservation, by addressing livelihood 

issues and establishing an effective policy, regulatory and institutional framework.  

 

In view of the need to update the Reference Level in the near term, the Capacity Building Component also aims to 

ensure that the REDD Cell is adequately empowered to undertake these updates when the FRA Project is completed. 

Finally, as a party to the UNFCCC, Nepal has national GHG reporting obligations to the international community. 

As the key agency in charge of Climate Change in Nepal, the REDD Cell is therefore instrumental in 

communicating to the in-country policymakers the process of REDD+ RL development. Effective capacity building 

that involves working in tandem with the REDD Cell through the RL development process will enable such 

communication to be made to the policymakers, who in turn will communicate the same to the international 

community in a manner that demonstrates the integrity of the GHG emissions reported by Nepal.  

 

1.2 REDD+ capacity gaps in Nepal 
 

Working Paper 1 on the Background, Context, and methodological approach to developing Nepal’s forest Reference 

Level (RL) presents a detailed analysis of the relevant REDD+ institutions and their respective capacities. Effective 

capacity building can only happen when the existing capacity gaps are correctly identified. Working Paper 1 

concluded that major gaps exist with regard to the know-how and technology required to carry out the statistical 

design and analysis of forest inventories in line with the IPCC and UNFCCC guidelines and evolving international 

REDD+ rules. Specific action to address the gaps include  more experimenting, piloting, developing, disseminating, 

applying and modifying technical instruments related to REDD+, as well as governances and even carbon trading 

under different forest management and /or ownership regimes. Strengthening the capacity of government agencies 

and research institutions can be achieved by supporting close cooperation with international organizations such as 

FAO. Training and guidance by external experts will also be needed to close the existing knowledge gaps and ensure 

the establishment of a robust reference level. 

 

A major shortcoming in the current REDD+ capacity in Nepal is that the stakeholder landscape is characterized by 

the domination of a techno-centric and market-focused approach (Paudel et al 2010). Another shortcoming is that 

under the existing arrangements, the co-benefits in the REDD+ cannot be correctly quantified, since some of the 

drivers of deforestation and forest degradation originate from outside the forest and insufficient effort has been 

invested to integrate a multi-sectoral approach to REDD+ (Jha and Paudel, 2010). Furthermore, it is pointed out that 

researchers, consultants, negotiators, [human] rights activists and carbon businesses in Nepal tend to focus too much 

on how to comply with emerging market options rather than exploring and advocating their own expectations. In the 

short term, the focus of capacity building should be on attaining the critical mass of human and institutional capacity 

needed to develop REDD+. The cost and time required can be lowered by building on synergies between 

institutions. 
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2 CAPACITY BUILDING STRATEGY 

 

2.1 Country-driven capacity building 
 
The process of preparing the R-PP marked the initial stages and contributed greatly towards the building of 

awareness and to a lesser extent, capacity across a range of stakeholder groups and forest sector players in Nepal. 

Indeed, the ultimate awareness is one that will be attained once the REDD+ readiness has reached members of all 

the various stakeholder groups from national to community level. In addition to this awareness, Nepal needs to 

achieve a high level of capacity building among a select group of stakeholders that will be able to understand the 

various components of the REDD+ process.  One such process is the development of the reference level being 

reported on under this assignment.  

 

2.1.1 The goal and outcomes 
 
The goal of capacity building is to enhance the ability of the REDD Cell and key stakeholders to evaluate and 

address crucial questions related to policy choices and different options for the development of the RL. There are 

two perceived outcomes of the RL capacity building for Nepal: 1) that sufficient knowledge and expertise are 

available within the country to conduct national and sub-national RL activities; and, 2) that capacity development 

systems such as training programs are in place or are identified (i.e. ICIMOD trainings) and can continue to evolve 

in order to maintain the level of knowledge, skills and experience necessary to address any future RL challenges in 

Nepal.  

 

2.2 The guiding principles 
 
Four guiding principles for RL capacity building in Nepal include:  

 

1) To build on existing in-country expertise and knowledge. 

2) Based on learning from each other through resource sharing, expertise and experiences, therefore 

encouraging partnerships among stakeholders. 

3) For Nepalese counterparts in order to reduce the need for consultants to carry out future RL activities in 

order to ensure sustainability.  

4) Targeted on key stakeholders and on priority issues related to key national decisions for developing RL.  

 

2.3 Approach 
 

Establishing and sustaining the momentum already gained in Nepal’s REDD+ Programme was achieved through 

targeted capacity building to ensure institutional memory and continuity in future REDD+ activities in the country. 

As such, the capacity building was carried out at institutional level to ensure effective REDD+ governance within 

institutions at local, regional and national levels as well as skilled and knowledgeable staff.  This was implemented 

by taking into consideration the REDD Cell’s long-term regulatory and institutional goals.  An assessment of the 

current capacities enabled identification of areas where hands-on training of personnel was needed, by sharing 

closely with the REDD Cell each step along the way to the RL establishment. Throughout the technical work, a 

participatory approach was emphasized to ensure attainment of outcomes. 

 

The process of developing the RL involves a critical processing and integration of data from various sources, with 

each of the various forms of data being the building blocks for the RL. Recognizing that the level of accuracy of the 

RL is highly dependent on the available regional and country-specific information, the Stepwise and Tiered 

approach recommended by the UNFCCC was adopted to develop the RL. The Tiered approach takes into account 

the country-specific data availability conditions. Therefore, the capacity building approach adopted for Nepal is one 

that has been aligned to the technical work activities and delivery at every stage in order to allow the REDD CELL 

to update the RL, when more accurate data become available in the future.  The idea is to develop a critical mass of 

technical staff skilled enough to undertake the future capacity building during the post-RL period and hence ensure 
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that the data associated with RL in Nepal will continue to be enriched by an ever-increasing audience of 

stakeholders. For example, remotely sensed data gathering techniques always carry an element of error. Ground-

truthing exercises are a way of enhancing the accuracy of spatial analysis techniques and data gathering techniques 

in this way; thus reducing the error component. In addition, national forest inventory data which is currently being 

generated by the FRA will not be ready until after this assignment, and yet it is key in refining the RL. Capacity 

building was therefore tailored to ensure that such data is properly incorporated once available and before the 

country reports on its RL to the international community. Outlined in the Table 1 below are all the capacity building 

activities undertaken for this assignment.   

 
Table 1: Completed capacity building activities 

Item Activity and Decision Interaction/Capacity Building Approach 

1.  Scope of Activities PowerPoint Presentation, followed by discussion 

with REDD Cell & Technical Committee 

2.  Finalizing Definition of "Forest" Literature review followed by discussion with 

REDD Cell & Technical Committee 

3.  Scale of RL (National vs. sub-national) PowerPoint Presentation, followed by discussion 

with REDD Cell & Technical Committee 

4.  Technical approach for deriving activity data 

including step-by-step approach to updating 

benchmark thematic land cover map 

PowerPoint Presentation, followed by discussion 

with REDD Cell & Technical Committee 

5.  Stratification for creation of emission/removal 

factors 

PowerPoint Presentation, followed by discussion 

with REDD Cell & Technical Committee 

6.  Sources of degradation to include/sources of 

data/analysis 

PowerPoint Presentation, followed by discussion 

with REDD Cell & Technical Committee 

7.  Forest Enhancement  PowerPoint Presentation, followed by discussion 

with REDD Cell & Technical Committee 

8.  Methodological steps for building the RL (taking into 

account deforestation, degradation and enhancement) 

PowerPoint and Excel Sheet Presentations, 

followed by discussion with REDD Cell & 

Technical Committee 

9.  Integration of FRA inventory data with land cover 

change analysis  to develop EFs 

PowerPoint and Excel Sheet Presentations, 

followed by discussion with REDD Cell, 

Technical Committee, & FRA 

10.  Overview of RL process from start to end PowerPoint  Presentation, followed by discussion 

at REDD+ Multi-Stakeholder Forum 

11.  Capacity Building on integration of land use change 

analysis and available activity data 

PowerPoint  Presentations including 

demonstrations to technical group, followed by 

discussion 

12.  Capacity Building  on the construction of RL and 

Reporting 

PowerPoint  Presentations including 

demonstrations  of key concepts to technical 

group, followed by discussion 

13.  Final multi-stakeholder sharing workshop PowerPoint  Presentations to multi-stakeholder 

forum, followed by discussion 

 
In summary, capacity building was designed to be an ongoing and interactive process from the start of the 

assignment in terms of:  

 

e. Building on existing structures/institutions; 

f. Ongoing assessment of the existing capacity levels; 

g. Fostering a clear understanding among REDD+ stakeholders of gaps and areas for improvement through 

stakeholder participation both in the data needs assessment and RL key decisions made.  
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h.  Integrating an exit strategy for the international consultants to ensure Government and local institutions 

can fully assume the role of implementation. 

 

3 UPDATING NEPAL’S REFERENCE LEVEL 

Developing a credible REDD+ forest reference level is a pre-requisite for a payment- based system. Developing a 

RL is therefore an urgent and challenging task, given the lack of quality data in many participating countries, the 

genuine uncertainties about future rates of deforestation and forest degradation and the potential incentives for 

biasing the estimates. To improve confidence in the RLs presented, countries will need to improve the quality and 

processes of data collection which is the position that Nepal currently finds itself in. 

This is the basis for a stepwise approach to developing reference levels, which reflects different country 

circumstances and capacities and will facilitate broad participation, early startup and provide the motivation for 

improvements over time, alongside efforts to enhance measurement and monitoring capacities. Hence, as the first 

iteration of Nepal’s RL, proper updates will need to be made as better data becomes available. This section presents 

recommendations on how the country’s RL may be updated. Four key things need to borne in mind while 

considering updates to the RL: 

 

i. Establish a protocol (for updating) 

ii. Document control procedures 

iii. Ensure procedures to avoid (1) erroneous changes and (2) loss of information 

iv. Establish links with partner organizations that will provide data to improve future iterations of the RL 

 

The following are considered to be the most important areas requiring attention for more accurate updates: 

 

1. Framework 

 

i. More historical time points 

ii. Include other pools such as soil carbon to enrich the scope and overall accuracy of the RL 

 

2. Activity data 

 

i. Higher resolution data 

ii. Ground truthing and verification of mapping products 

iii. Improved techniques to detect changes in forest carbon stocks (with particular reference to degradation and 

enhancement) Two general approaches to constructing change maps may be considered:  

 

1. Direct classification which entails construction of the map directly from a set of change training 

data and two or more sets of remotely sensed data, and 

2. Post-classification which entails the construction of the map by comparing two or more separate 

land cover maps, each constructed using single sets of land cover training data and remotely 

sensed data.  

 

Although direct classification is often preferred, post-classification may be the only alternative because of factors 

such as the inability to observe the same sample locations on two occasions, insufficient numbers of change training 

observations, or a requirement to use an historical baseline map. The post classification approach of creating activity 

data is marred by the inconsistency of the available spatial datasets and the scarcity of reference data.  

 

In Nepal, while much effort has gone into harmonizing these datasets, the propagated error resulting from 

inconsistencies is potentially large, implying need for improvement of the approach applied to generate activity data. 
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The recommended improvement is based on the use of the envisaged FRA dataset. The FRA Project, once complete, 

will generate a comprehensive dataset for 2010 nominal year, yielding a land cover map with detailed land cover 

categories stratified along physiognomic zones and development regions, forest types based on dominant species, 

forest management regimes and accessibility. Moreover, the data will have rich reference data in addition to plot-

level inventory of the key variables necessary for the quantification of the main biomass/carbon pools. This dataset 

will potentially serve as the key base data and would ideally be used to constrain pre-processed satellite data of 

historical and future reference periods for the purpose of generating fairly accurate activity data for any period of 

interest. 

 

For a particular historical or future change period, say between 2005 and 2010, a manual procedure of 

interpretation of satellite data and delineation of change is recommended. The reference data will be the 

base data (in this case the 2010 FRA dataset). The base dataset (preferably in vector form) together with 

multi-date comparative images representing the change period, enhanced by appropriate band combination 

and stretching, are displayed in a good geospatial application software package that allows visual 

comparison by swiping and flickering. Using swipe and flicker tools, the two images are visually 

compared, moving systematically over the pixels and making interpretation based on expertise knowledge 

of the area. Where there is obvious difference between the two images, the base dataset will be activated to 

qualify the difference in terms of positive or negative land cover change and to allow the change areas to be 

digitized on-screen. The output of this exercise is a general map highlighting change areas and non-change 

areas. In reference to the forest cover of the base dataset, the change areas can be positive or negative, and 

can conveniently be interpreted in terms of the key REDD+ activities. The definition of activity data can be 

improved when the procedure is implemented over short interval periods or time series, enabling the clear 

discrimination of activities such as deforestation, forest harvesting, and reforestation/afforestation. 

iv. Resolve the issue of an apparent discrepancy between gross and net deforestation 

v. Mapping of Community Forests 

 

3. Drivers data 

 

i. Co-ordinated data collection (feeding up from community to district to national level) 

ii. More accurate fire data 

iii. Timber data has huge inconsistencies 

 

4. Emission factors 

 

i. Improved forest inventory data (spatially linked, permanent sampling, consistent, accessible) 

ii. Obtain incremental data for reforestation and enhancement / develop more complex growth curves 

iii. Destructive sampling to develop more robust allometric equations and biomass values.  

 

5. Capacity building 

 

i. Focus training on 2 – 4 members of staff (through 1 to 1 training sessions) who would develop the required 

skills to actually make RL updates 

 

  



6 

 

REFERENCES 

 
Jha, B.N. and G. Paudel (2010). REDD Monitoring, Reporting and Verification Systems in Nepal: Gaps, Issues and 

Challenges. Journal of Forest and Livelihood 9(1) December, 2010.  

Paudel, N.S., Khatri, D.B., Khanal, D.R. and Karki, R. (2013). The context of REDD+ in Nepal: Drivers, agents and 

institutions. Occasional Paper 81. CIFOR, Bogor, Indonesia.  

 


