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Acronyms and Abbreviations 
 

 

AFO:  Assistant Forest Officer 

ANSAB: Asia Network for Sustainable Agriculture and Bio resources 

BAU : Business as Usual Baseline 

BZCFUGs: Buffer Zone Community Forest User Groups 

CBFM: Community Based Forest Management 

CBFMUGs: Community Based Forest Management Users Groups 

CCB:  Country Capacity Building  

CF:  Community Forest 

CFI:    Continuous Forest Inventory 

CFOP:  Community Forest Operational Plan 

CFUGs: Community Forest User Groups 

CoFM:  Collaborative Forest Management 

COPs:  Conference of Parties 

CSO:  Civil Society Organization 

DBH:  Diameter at Breast Height 

DBMS: Database Management System 

DDC:  District Development Committee 

DFO:  District Forest Office/Officer 

DFRS:  Department of Forests Research and Survey 

DOF:  Department of Forests 

ESMF:  Environmental and Social Management Framework 

ESS:  Environmental and Social and Safeguards System (ESS) 

FAO:  Food and Agricultural Organization of the United Nations 

FAO FP  FAO Forestry Paper 

FCPF:  Forest Carbon Partnership Facility 

DSCO: District Soil Conservation Officer 

FECOFUN: Federation of Community Forest Users Nepal 

FGD:  Focus Group Discussion 

FMU:  Forest Management Unit 

FRA:   Forest Resources Assessment of Nepal Project 

GHG:  Greenhouse Gas Emissions 

GIS:  Geographic Information System 

GLCN: FAO/UNEP Global Land Cover Network 

GPG:  International Panel on Climate Change: Good Practice Guidance 

GPS:  Geographic Positioning System 

ICIMOD: International Centre for Integrated Mountain Development 

IPs:  Indigenous Peoples 

IPCC:   Intergovernmental Panel on Climate Change  

LCCS:  Land Cover Classification System 

LhFUGs: Leasehold Forest User Groups 

M and MRV: Measurement and Monitoring, Reporting and Verification 

MIS:   Management Information System 
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MRV:  Measuring, Reporting and Verifying 

NAFIMS:  National Forestry Information Management System 

NFCAG: National Forest Carbon Action Group  

NEFIN: Nepal Federation of Indigenous Nationalities 

NGO:  Non-Government Organization 

NORAD: Norwegian Agency for Development Cooperation 

PSP:  Permanent Sample Plots 

REDD: Reducing emissions from deforestation and forest degradation 

REDD+: The REDD"+" is more than just avoided deforestation. It is tied to measurable and 

verifiable reduction of emissions from deforestation and forest degradation as well as 

sustainable management of forests, conservation of forest carbon stocks and 

enhancement of carbon stock 

RL/REL: Reference Emission Level 

R-PP:  Readiness Preparation Proposal 

SLMS:  Satellite Land Monitoring System  

UNFCC: United Nations Framework Convention on Climate Change 

WISDOM:  Wood fuel Integrated Supply and Demand Overview Mapping 

WWF:  World Wildlife Fund 
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1. Introduction 

1.1 Background 
 

Nepal’s national REDD+ strategy needs to build on the many community based forest management 

(CBFM) mechanisms being practiced since over three decades now. Over one third of Nepal’s 

forests are under one or the other CBFM regime which clarifies the potential role of communities in 

Nepal’s REDD+ implementation.  CBFM and particularly the community forestry (CF) user groups 

have evolved as robust institutions with institutional arrangements and accumulated experiences of 

forest management planning and implementation. With realization of forest user groups’ stake and 

potential role in REDD+, Nepal’s R-PP has already justified the need of a hybrid (nested) approach 

which will enable the country to go for early participation in REDD+ at sub-national/local level 

while engaging in continuous improvement of its MRV institution and capacity for MRV system 

strengthening.   

 

A nested approach is a flexible mechanism. It allows countries to start REDD+ efforts through sub-

national activities and gradually move to a national approach, or for the coexistence of the two 

approaches in a system where REDD credits are generated by projects and governments, thus 

maximizing the potential of both approaches. 
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1.2 Description of the present assignment  
 

 

The World Bank’s Forest Carbon Partnership Facility (FCPF) is assisting Nepal with support to 

develop and apply strategies to address the drivers of deforestation and forest degradation.  

 

Some of the key technical elements of REDD+ readiness work, namely, designing a Monitoring, 

Reporting and Verification (MRV) System (the present assignment), developing a Strategic 

Economic and Social Assessment Tool for REDD+ safeguards and developing a Reference 

Scenario are already on-going.   

 

In this context, with Nepal moving ahead in the readiness phase, it needs to establish the 

organizational capacity to efficiently and sustainably operate a national forest carbon MRV 

program. 

 

A reliable, credible system of measuring, reporting and verifying (MRV) changes in forest carbon 

stocks is a cornerstone of any national REDD+ scheme and MRV is a crucial part of a performance 

based REDD+ mechanism. 

 

According to the country’s R-PP , integrating the MRV system to include national, regional/district 

and management unit levels will enable accounting for REDD+ contributions at all levels thus 

allowing for equitable benefit sharing based on actual performance. 

 

In this context the present assignment was aimed at: 

 

 To assist the Nepal REDD Programme in the development of a comprehensive and detailed 

proposal for the continuous collection, analysis and verification of national data on 

forest‐related carbon emissions and sequestration for implementation as part of REDD+ in 

Nepal.  

 

Expected outputs were as follows: 

 

 document the design and early implementation of an eventually coherent operational 

system of measuring and reporting changes in deforestation and/or forest degradation, 

and forest carbon conservation and carbon stock enhancement activities in Nepal; 

 demonstrate the MRV system’s capability to monitor the specific REDD+ activities as 

prioritised in Nepal’s REDD+ strategy; the system must also enable the tracking of 

reversals of emissions reduction (i.e. non‐permanence) and displacements of emissions 

(i.e. leakage); 

 detail the MRV system’s resolution, coverage and accuracy, and the carbon pools 

included; present an action plan to develop a fully operational system over time, 

including the required institutional arrangements and the existing vs. required capacities.  

 present a ‘Learning Plan for MRV’ for capacity building that defines the remaining 

requirements for the implementation of the capacity building for MRV in terms of 

additional training activities, hardware and software. 

 

  



 
 MRV Full Cost Proposal – Summary 3 

Implementation of the MRV Project and output produced 

The MRV Project had duration of 9 months, from June 2013 to March 2014. During this period the 

following working papers have been produced: 

 

Working 

Paper 

Number 

Title Brief description 

1 MRV Geographic Information System Data 

catalogue 

Describes the spatial and statistical 

information collected and organized by the 

MRV Project. 

2 Methodological approach of the MRV 

Project to REDD+ activities at local 

(CBFMUs) level 

Methodological approach for MRV at sub-

national and local level 

3 Analysis of Institutional Structure for MRV 

System within Nepal’s National REDD+, 

present Architecture 

Analysis of Institutions related to MRV and 

REDD+ mechanisms. 

4 MRV IT GIS Platform  

 

Technical description of the prototype MRV 

IT GIS platform developed. 

5 Case Study on Measurement and MRV 

Capacity Requirements of Communities, 

Local Forest Authorities and Other 

Stakeholders 

 

Findings and recommendations from a case 

study on MRV implementation in two pilot 

local Communities. 

6 WISDOM Nepal and contribution to MRV 

 

Woodfuel Integrated Supply and Demand 

Overview Mapping for the whole Nepal. 

Includes fuelwood supply and demand 

balance, and its implications for forest 

degradation risk. 

7 Remote Sensing for MRV: Activity 

Data Monitoring 

Describes the proposed approach for 

monitoring activity data at National and Sub-

National level, using Remote Sensing. 

8 Nepal’s MRV System Management 

Architecture: Structure, Functions, Human 

Resources and Capacities 

Describes the proposed institutional 

architecture the future management of MRV. 

9 IT platform user manual Provides a user manual for operating the IT 

platform containing the prototype of the 

MRV System 

10 MRV Full Costs Proposal Summarizes the findings of the MRV 

proposal, including technical, institutional 

and financial requirements. 

11 MRV Full Costs Proposal – Summary (this 

document) 

Provides a synthesis of the full costs proposal 

 

Scope of this document is to present a synthesis of the full cost proposal for an MRV 

implementation at national and sub-national level in Nepal. 

 

Given the complexity of the tasks, for each element a dedicated working paper has been prepared, 

where the technical and institutional aspects are described in detail. What we present here is just a 

synthesis of our findings and results. Please refer to the 10 Working Papers in the list above for 

more details. 

In this document, our findings and recommendations are organized in the following logical sections. 
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1. The MRV at National level 

 Institutional aspects 

 Technical aspects 

 Learning plan for the MRV 

 Estimated costs for the MRV at National level 

 

2. The MRV at Sub-national level 

 The role of the Community Based Forest Management Users Groups 

 Institutional aspects 

 Technical aspects 

 Estimated costs for implementation of MRV at Sub-national level 

 

3. Overall synthesis of MRV costs 

 

2. The MRV at National level 
 

2.1 Institutional aspects 
 

2.1.1 Proposed Framework of National REDD+ Institutional Architecture 

 

In order to ensure effective, efficient and transparent governance of measurement, monitoring and 

management of data under MRV system, the R-PP has envisioned that DFRS – the national MRV 

implementing agency, under the overall guidance of the Apex Body will be responsible for:  

 

a) Periodic execution of forest assessments for deforestation and degradation monitoring; 

b) Designing, maintaining and operating the National Forest Information Management System 

(NAFIMS); 

c) Coordinating the collection of sub-national level information; 

d) Disseminating NAFIMS deliverables through web portal; 

e) Providing technical guidance and institutional/capacity support to the parallel institutional 

setups at sub-national/district/local community levels.  

 

The sub-national, district and/or local government level MRV institutional setups will act as the 

implementing entities to implement the decisions taken by respective sub-national/District Forest 

Coordination Committees (DFCCs). These sub-national/district and/or local level entities will have 

a REDD Cell (as a new section) within the Regional Directorate and DFO structure. 

 
The REDD+ architecture proposed above, provides an institutional structure for MRV system. 

MRV will be one cabinet of a larger box of the national forest information management system 

(NAFIMS).  FRA has developed Open Source Forest Information System (OSFIS). This system in 

its current stage manages the inventory data, spatial data sets and also has a standard platform for 

data dissemination. The OSFIS, however may not be considered as a full Management Information 

System as the system is primarily designed for the ongoing inventory only. It needs to be upgraded 

to enable continuous monitoring of the permanent sample plots with advance UIs and modules and 

database structure. The FRA project (2010/ 2014) is expected to deliver a national forest survey and  
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inventory mechanism including: 

 

 Forest cover mapping producing geographically referred information on the forest cover, its 

extent and quality; 

 Development of a Forest Information System including development of a geographically 

bound Forest Information System (FIS) which is able to deliver thematic maps through the 

internet.  

 

Once the FRA project has phased out, a major task of the DFRS will be to take over the OSFIS 

developed by FRA Nepal, integrate the MRV structure and maintain, manage and upgrade it 

through procurement of most relevant technology and capacity in a planned manner. The NAFIMS 

will need to be maintained, managed and updated based on GIS/remote sensing based periodic 

forest cover mapping and updating the FIS based on periodic field verification of data in permanent 

sample plots. 

 

An institutional framework for MRV system under the NAFIMS is proposed in the flow chart 

below:   

 

 
 

 

2.1.2 Key tasks for effective operationalization of MRV System.  

 

Under the Survey Division (which is most likely to have NAFMIS and MRV operationalization, 

maintenance and management responsibilities) of DFRS, a MRV section will be responsible for 

organizing all MRV related functions from national to sub-national and to district/local  levels and 

managing the MRV professionals. This section will be coordinated by a MRV coordinator who will 

have dual reporting responsibility – reporting to the divisional head in DFRS and also to the REDD 

division in the MoFSC. MRV section will manage and maintain the MRV system and also promote 

data dissemination about the project(s).  
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MRV section will require four independent but closely connected units, namely  

 

1. Database/IT/Metadata Unit 

2. Remote Sensing/GIS Unit 

3. Forestry Inventory Unit 

4. Reporting Unit. 

 

 

 

The Database / IT / Unit (DBIT):  

 

This is technically the core unit where 1 (one) System Administrator and 1 (one) DB Expert will 

work. Additionally, both professional should be on a part time basis (6 man \ months per year each) 

and their expertise should be shared with other units (e.g. FRA, NAFMIS). 

 

The DB administrator will be responsible for managing and maintaining the MRV database 

structure (tables, relationships, keys) and assigning privileges and roles to different kind of users 

(public, editor, stakeholder, etc.), within the rules and protocols defined by the MRV Division.  

 

The System Administrator manages and maintains the IT web platform interface, server system, 

OS, firewalls, web services, connections and software updates as well as the Web Content 

Management. 

 

This DBIT unit provides support for graphs and tabular/aggregated data to Reporting Unit upon 

request. 
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2.5.3 The Remote Sensing / GIS Unit (RSGIS) 

 

RSGIS Unit will be responsible for image processing and analysis to produce Land Use/Land Cover 

classification layers and perform GIS editing and analysis. It will ensure data integrity in MRV 

database. It will undertake change detection in different forestry classes and categories using multi-

temporal satellite images, DEM and other ancillary data. Once LU/LC layers have been produced 

(and validated) they will be uploaded into the MRV database. The Unit is also responsible for REL 

and WISDOM data entry and spatial data integration in the MRV system and should be able to 

provide tabular data and graphs to Reporting Unit on request. 

This unit will have 2 RS specialist, 2 RS technicians, 1 GIS specialist and 1 GIS technician and 

could also take advantage of technical support from the DBIT and FORINV Unit for specific tasks. 

 

2.5.4 The Forestry Inventory Unit (FORINV) 

 

FORINV will be responsible for undertaking forest inventories nationally and coordinating 

inventories at sub-national district/local governance unit level to estimate GHG emissions using 

very specific algorithms and models applied to local data collected at district/local governance unit 

level. Once GHG estimates have been produced (and validated) they will be loaded into the MRV 

database. It will require 2 Forestry Experts for the management of this unit.  

 

The Unit could also take advantage of technical support from the RSGIS and DBIT Unit for specific 

tasks. Graphs and tabular/aggregated data should be provided to Reporting Unit upon requests. 

 

2.5.5 The Reporting Unit (REP) 

 

This Unit provides periodic standard MRV reports (consistent with the reporting requirements 

outlined in the UNFCCC guidelines1) for dissemination of aggregated data and information, 

collecting the necessary info by the other three Units. 

Reporting is a key element of MRV as it provides the means by which, the country’s performance is 

assessed against its commitment or reference scenarios in future REDD+ mechanisms. Hence, it 

provides the basis for assigning incentives.  Human resources needed to manage this Unit are 1 

REDD-MRV expert. 

 

  

                                                 
1
 See the “MRV Manual”, by FCMC (October 2013) 
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2.2 Technical aspects for the National MRV 
 

The Measurement component of the MRV system consists of data, procedures, protocols and tools 

to monitor human activities and their impact on forests, providing quantitative estimations of 

human-induced carbon stock changes. The three pillars of this component are reported in the figure 

below. 

 

 

 

2.2.1 Estimation of Activity Data 

 

A national monitoring system provides the foundation for reporting and to verify that the all the 

forest-related or REDD+ activities at every level have a positive effect as regards human impact on 

forest carbon. To achieve this result the monitoring system (i.e. the MRV) must be capable to 

measure changes in forest area throughout all forests within a country’s boundaries (the so-called 

wall-to-wall approach). Nationwide monitoring is needed to avoid displacement or leakage within a 

country where reduced deforestation could occur in one portion of the country but increase in 

another. Fundamental requirements of monitoring systems are that they measure changes 

throughout all forested area within the country, use consistent methodologies at repeated intervals 

(i.e. reporting time, which at the moment should be every two years) to obtain accurate results, and 

verify results with ground-based or very high resolution observations.  

 

According to our analysis, the best methodology at national level can be synthesises as a temporally 

and spatially explicit national land cover change assessment and conversion between classes 

through a wall-to-wall mapping approach based on Landsat images classified with a limited number 

of classes using a hybrid approach that combines automated image segmentation with visual 

interpretation with a minimum mapping unit of 5 hectares, to be repeated at every reporting time 

(e.g. 2 years) and a with a specific protocol for the accuracy assessment. 
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The analysis will be carried out by the Remote Sensing/GIS unit of the MRV section at central 

level. The methodology also include the definition of a baseline map (probably related to 2010), 

that should be coordinated with the forest map produced by the FRA project and the result of REL 

project. A more general harmonization process should be planned with REL data once the results 

will be officially available and adopted by the REDD cell. 

 

The first option among the available data sources for a national monitoring of forest cover and 

forest cover change is Landsat data (30 m resolution). Landsat has the advantage to be freely 

available for years 1990, 2000, 2005 and 2010, thus allowing a consistent data set that can be used 

also for the definition of historical trends. From 2013 on, Landsat 8 provides a complete coverage 

of the country every 2 weeks. Some pre-processing is needed to assemble a national mosaic, but no 

resources are needed for the data acquisition. The resolution permits to monitor forest cover 

changes with 1 to 5 ha Minimum Mapping Unit (MMU). Landsat is also the data source used by 

most national projects on forest monitoring. These data allow assessing changes of forest areas and 

producing a benchmark map of national forest area (to derive deforestation rates).  

A possible alternative (or integration) to Landsat are Rapid Eye images (5 m resolution). These 

have been used by FRA project and a complete coverage for 2010 exists for Nepal. The acquisition 

of a complete coverage of the whole country for a single date is around 130,000 dollars. This would 

have a number of advantages: 

 

1. better resolution; 

2. data are provided with all the pre-processing steps performed; 

3. data can be used for sub-national (e.g. local) level. 

 

On the other side, Rapid Eye also implies some disadvantages: 

 

1. they are not free; 

2. no long time series is available for historical analysis; 

3. remote sensing data analyses become more difficult and more expensive with smaller 

Minimum Mapping Units (MMU), i.e. more detailed MMU’s increase mapping efforts and 

usually decrease change mapping accuracy and the largely increase the processing time. 

 

The two data sets can be integrated, for example using Landsat data for the national assessment and 

Rapid Eye to validate the result and to closely monitor hotspot of deforestation or areas directly 

affected by REDD+ related management measures. 

 

The classification method recommended for MRV Nepal is a hybrid approach combining 

automated digital segmentation with visual interpretation and validation of the resulting spatial 

objects. 

 

2.2.2 The MRV proposal for a Continuous Forest Inventory 

 

The experience of FRA Nepal constitutes a major landmark for forest inventories in Nepal. FRA 

Nepal has developed a modern technique of forest inventory, using appropriate scientific methods 

and a statistically sound approach. So it is natural to implement a CFI based on the same approach 

and methods used by FRA Nepal. 

 

In particular the same sample plot design should be implemented with 4 concentric plots for tree 

measurement and sub-plots to assess the status of seedlings, saplings, shrubs and herbs other than 
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trees. Homogeneity in the field measurements is essential for assuring comparability of the results, 

which is an essential pre-requisite for MRV. 

 

Sampling intensity 

 

For the Continuous Forest Inventory design in the context of MRV it is proposed to revisit 1’000 

FRA Nepal field plots over a cycle of 5 years i.e. to measure 200 plots in the field every year. The 

number of 1,000 PSP is somehow arbitrary. The main reasons for proposing 1,000 PSP was based 

on the following considerations: 

 

The number of plots in a forest inventory is generally based on the following principles: 

 

 The level of precision required, and 

 The variance of the variables to be estimated. 

 

In our case the minimum desired level of precision is ± 10% at 95% probability. However the 

overall variance of key variables (like for instance Total Aboveground Biomass), is not yet 

known, as it should be calculated by FRA Nepal inventory, which is not yet completed. In the 

absence of a complete variance estimate, some proxies were used, as follows: 

 

 

1. The experience of FRA Nepal has shown that field work in Nepal is difficult, due to terrain 

conditions and poor accessibility. For this reason the number of 1’000 plots seems a good 

compromise between the required statistical precision and a realistic annual work load for 

the field crews. 

 

2. Regarding the statistical precision of the results, the NFI of 1994 achieved a precision of 

±6% for the Hilly Area (including Siwaliks, Mid-hills and Mid-Mountains) with 600 plots, 

which is compatible with the proposed sampling design. 

 

3. Finally, the proposed sampling intensity can be compared with the present CFI on-going in 

India. The extent of forests of India is estimated at around 69 Million ha (Forest Survey of 

India). The CFI of India is measuring a total of 8’000 PSP. So one plot is established per 

8’625 ha of forests.  

 

4. In the case of Nepal it is proposed to measure both forests and other wooded land (mainly 

shrubs). The reason being that in a perspective of Carbon stock monitoring the transition 

from forests to shrubs (or vice versa) must be fully accounted in the Carbon balance and 

related emissions. So field data for estimating Carbon stocks are necessary for other wooded 

land as well. Assuming an extent of forests + other wooded land of around 6 Million ha for 

Nepal, each of the 1,000 plots will represent 6’000 hectares of wooded land, which is more 

intense than the design used in India. 

 

Implementation 

 

As discussed earlier, the present proposal suggests the establishment of 1’000 PSP on a cycle of 

five years, with 200 different sample plot re-measured every year. The decision of which of the 

FRA plots will be re-measured in the MRV CFI design is difficult to formulate now. Only when the 

final results of FRA are available a sound judgment of which plots are more representative can be 

made. 
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Additional criteria for the PSP selection could be to sample with greater intensity the areas that are 

more subject to deforestation, if reliable REL data are available. In this case a Probability 

Proportional to Size could be adopted. To help in the PSP selection process also the results of the 

WISDOM model, highlighting area likely to be subject to anthropic pressure for fuel wood demand 

could be used. 

 

In our proposal we suggest that the field work should be carried out by 10 crews. Using these 

calculations the number of man/month needed for one field crew to measure the required number of 

sample plots is annually of 17 man/crew. With the deployment of 2 crew per each Development 

Region (Total of ten field crews), the annual time to be spent in the field for each annual CFI 

campaign would be of around two months per year. 

 

After the completion and validation of the field work the results will be integrated in the MRV 

database where the number of observations will continuously grow over time, thus gradually 

improving the precision of the results. 

 

This information will form the basis for the estimation of emission factors, which will be coupled 

with activity data to produce a National GHG inventory. 

 

Besides the data on Carbon emissions the CFI will also produce auxiliary information useful for 

forest management and forest and land use planning, such as: tree growth and yield, forest 

degradation or forest enhancement, status of regeneration, etc., which can be later integrated in the 

NAFMIS. 

 

 

2.3 Learning plan for the MRV 
 

At National level we propose that the MRV implementation will be carried out by the Central MRV 

Section to the created within DFRS as a new structure, with the following roles and responsibilities: 

 

MRV section will require one Coordination unit and four independent but closely connected units, 

namely:  

1. Database/IT/ Unit 

2. Remote Sensing/GIS Unit 

3. Forest Inventory Unit 

4. Reporting Unit. 

 

For each unit the MRV Project proposal has clearly identified the benchmarks professional skills 

that are defined as follows: 

 

Coordination Unit 

Expert: MRV Coordinator 

Quantity: 1 

Role:  

 Submits data and reports to REDD Cell.  

 Coordinates activity from DFO to central MRV Section. 

Expertise / Skills 

 Knowledge of MRV REDD+ Guidelines 

 Ability to manage and coordinate experts 

Job duration: Full time 
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Database/IT/ Unit 

 

Expert: DB Expert 

Quantity: 1 

Role:  DB administrator manages and maintains MRV database structure (tables, relationships, 

keys) and assign privileges and roles to different kind of users (public, editor, stakeholder, etc.), 

according to what REDD Cell defined. 

Expertise / Skills 

 PostgreSQL / PostGIS 

 DBMS performance 

 SQL 

 Stored Procedures 

Job duration: Part time (six man/months per year) 

 

Expert:  IT Platform Expert / System Administrator 

Quantity: 1 

Role: Manages and maintains the IT web platform interface, connections and software updates. 

Expertise / Skills 

 Linux System installation and upgrade management 

 Linux based web server platform (Apache http, Tomcat) 

 Object Oriented Programming 

 Java 

  CMS (liferay, alfresco, wordpress, plone, zoomla, etc.) 

 Web applications (GeoServer, GeoNetwork, NFMS) 

 Portlet 

 Single Sign On 

 Object Oriented Programming 

 Junit 

 Web content management 

Job duration: Part time (six man/months per year) 

 

 

Remote Sensing/GIS Unit 

 

Expert: Remote Sensing specialist 

Quantity: 2 

Role:  

Together with GIS expert they are responsible for land cover and land cover change assessment, 

spatial data integration in the MRV system at national and sub-national level. 

Expertise / Skills 

 Remote Sensing software 

 Image pre-processing 

 Visual interpretation 

 Supervised and unsupervised classification 

 Image segmentation 

 Accuracy assessment 

 Knowledge of the Forestry Sector 

 GIS 
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 Spatial modelling 

Job duration:  Full time 

 

 

Expert: Remote Sensing technician 

Quantity: 2 

Role:  

They give technical support to RS specialists in the image classification and land cover change 

assessment 

Expertise / Skills 

 Remote Sensing software 

 Image pre-processing 

 Visual interpretation 

 Supervised and unsupervised classification 

 Image segmentation 

 Accuracy assessment 

 Basic of GIS 

Job duration:  Full time 

 

Expert: GIS specialist  

Quantity: 1 

Role:  

 Together with RS experts he is responsible for data collection and harmonization, entry and 

spatial data integration in the MRV system. 

 Manages GIS data in desktop environment doing geometric and attribute edits, spatial 

analysis, preparing legends and symbology, providing static maps for printing. 

 Manages and maintains the Metadata Catalogue: updates of metadata in OGC standard 

format, manages and tunes the GeoNetwork platform to keep Metadata Catalogue updated 

and consistent. 

 Uploads and updates spatial data in the MRV central database, connected to GeoServer and 

GeoNetwork platforms 

Expertise / Skills 

 GIS advanced level 

 Vector editing 

 Spatial analysis 

 Attribute editing 

 Create map layouts 

 Open Geospatial Consortium metadata standards 

 XML 

 GeoNetwork and GeoNetwork platform 

Job duration:  Full time 

 

Expert: GIS technician  

Quantity: 1 

Role: He/she will support the GIS analyst for the technical work related to spatial analysis and 

modelling, spatial data editing and map composition 

Expertise / Skills 

 GIS 

 Vector editing 

 Spatial analysis 
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 Attribute editing 

 Create map layouts 

Job duration:  Full time 

 

 

Forest Inventory Unit 

 

Expert: Forestry Experts 

Quantity: 2 

Role:  

Forest Inventory design, coordination of field work and data processing for estimating emission 

factors and GHG emissions both at national and sub-national level. 

Expertise / Skills 

 Sampling design 

 Forest inventory 

 Forest mensuration 

 Statistical analysis 

 Reporting 

Job duration:  Full time 

 

 

Reporting Unit 

 

Expert: MRV - REDD+ Expert 

Quantity: 1 

Role:  

Provides periodic standard MRV reports (consistent with the reporting requirements outlined in the 

UNFCCC guidelines) for dissemination of aggregated data and information. 

Expertise / Skills 

 REDD /MRV Guidelines and methodology 

 Biometry 

 Statistics 

 Quality Control 

Job duration:  Full time 

 

 

According to this plan a total of 12 Experts are needed to efficiently run the proposed MRV System 

at National level, whose Terms of Reference and related skills are detailed above. It is now up to the 

DFRS to evaluate which of the expertise and skills are already available in-house, especially after 

the completion of FRA Nepal Project, which skills still need to be developed through on the job 

training by skilled experts (National or International, depending on the expertise required and 

available) and which skills are not likely to be available and should be better outsourced. In our 

vision, there are two high technical positions which are not likely to be available within DFRS, 

namely the DB Expert and the IT Expert. In this case the solution to outsource these two posts 

could be the most convenient, keeping in mind that these two Experts are needed on a part time 

basis and their salaries could be shared with other DB / IT activities within DFRS. In this respect 

the possible synergies with existing Project are elaborated in the next Section of this document. 

 

The problem of training professional Experts and then retaining them once they have acquired skills 

that can be better remunerated by the private sector is common to all developing countries, and has 
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no easy solution. Performance based incentives or outsourcing of services are two possible 

alternatives, however these are political decision to be taken by MFSC and are outside the scope of 

this consultancy. 

 

However, since the decision whether to outsource the services or to rely on improved institutional 

capacities have implication on the costs, two scenarios are elaborated in the costs section, one based 

on outsourcing and one based on existing institutional resources. 

 

In all cases, given the complexity related to the functional implementation of an MRV System, a 

technical assistance component is foreseen. Ideally the technical assistance should be stronger 

during the early implementation phase of the MRV, and should gradually decrease over time, when 

national capacity has been built. 

 

2.4 Estimated costs for the MRV at National level 
 

Given the complexity of implementing an MRV System at national level, different alternatives can 

be undertaken depending on financial, technical and institutional constraints. In our case to the 

extent possible for each activity a minimum and maximum cost have been calculated and described 

in this section. 

 

The costs calculated for the MRV implementation at National level include: 

 

1. Institutionalization of the MRV Section 

2. Activity data (Remote Sensing and GIS) 

3. Emission factors (the Continuous Forest Inventory) 

4. Special study on biomass equations 

 

 

The costs have been calculated for the initial MRV operational period of five years. 
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Estimated costs for the MRV implementation at national level 

 
(Unit: US$) 

 

Activity Sub-activity Year 1 Year 2 Year 3 Year 4 Year 5 Total 

 
min max min max min max min max min max min max 

Institutionalisation of the 

MRV Section 
  

        
(1) (2) 

Coordination Unit 3,600 10,800 3,600 10,800 3,600 10,800 3,600 10,800 3,600 10,800 18,000 54,000 

IT and DB Unit 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 15,000 45,000 

Remote Sensing and GIS 

Unit 
17,400 52,200 17,400 52,200 17,400 52,200 17,400 52,200 17,400 52,200 87,000 261,000 

Forest Inventory Unit 6,000 18,000 6,000 18,000 6,000 18,000 6,000 18,000 6,000 18,000 30,000 90,000 

Reporting Unit 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 15,000 45,000 

Equipment and running 

costs 
24,000 24,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 72,000 72,000 

Sub-total 

Institutionalisation of the 

MRV Section 

57,000 123,000 45,000 111,000 45,000 111,000 45,000 111,000 45,000 111,000 237,000 567,000 

Activity data (Remote 

Sensing and GIS) 
  

        
(3) (4) 

Image procurement 10,000 65,000 10,000 65,000 10,000 65,000 10,000 65,000 10,000 65,000 50,000 325,000 

Field verification  10,000 50,000 10,000 50,000 10,000 50,000 10,000 50,000 10,000 50,000 50,000 250,000 

Sub-total  Activity data 

(Remote Sensing nag GIS) 
20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 100,000 575,000 

Emission factors (the 

Continuous Forest 

Inventory) 
            

Field work 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000 1,500,000 1,500,000 

Equipment / vehicles (5) 500,000 500,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 700,000 700,000 

Quality control of field 

work on 7% of field plots 
21,000 21,000 21,000 21,000 21,000 21,000 21,000 21,000 21,000 21,000 105,000 105,000 

Sub-total Emission factors 

(the Continuous Forest 

Inventory) 

821,000 821,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 2,305,000 2,305,000 

Technical Assistance 270,000 270,000 270,000 270,000 180,000 180,000 180,000 180,000 180,000 180,000 

(6) 

1,080,000 

 
1,080,000 
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Activity Sub-activity Year 1 Year 2 Year 3 Year 4 Year 5 Total 

 
min max min max min max min max min max min max 

Special study on biomass 

equations 
0 250,000 0 250,000 0 0 0 0 0 0 

(7) 

0 

 

 

500,000 

 

Grand total for MRV at 

National level 
1,168,000 1,579,000 706,000 1,117,000 706,000 1,117,000 706,000 1,117,000 706,000 1,117,000 3,722,000 5,027,000 

 

Notes: 

(1) The minimum costs for institutionalisation of the MRV Section are based on GoN Salary schedules. 

(2) The maximum costs for institutionalisation of the MRV Section are based on expected fees for performance based incentives or outsourcing of the 

services. 

(3) The minimum costs for RS implementation are based on acquisition of LANDSAT imageries (30 meters resolution). 

(4) The maximum costs for RS implementation are based on acquisition of Rapid Eye imageries (6.5 meters resolution). 

(5) The costs for equipment and vehicles are expected to be undertaken in first year. For the following years only maintenance costs are foreseen. 

(6) Technical assistance (TA) needs will depend on the capacity reached by national actors. At this stage TA needs are budgeted assuming 6 m/m for 3 

international experts for on the job training in the field of DB/IT, RS and Forest Inventory for the first two years and 2 m/m for the successive years. 

(7) The budget for the special study on biomass equations is based on a binary option i.e.0. Minimum: no study, 1. Maximum: full study. 
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The financial plan for MRV implementation at national is expected to be between 3.7 and 4.9 Million US Dollars for a 5 year cycle and can be 

further summarized as follows: 

 
(Unit: US$) 

 

Activity Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Proposed budget min max min max min max min max min max min max 

Institutionalisation of the 

MRV Section 
57,000 123,000 45,000 111,000 45,000 111,000 45,000 111,000 45,000 111,000 237,000 567,000 

Activity data  

(Remote Sensing and GIS) 
20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 100,000 575,000 

Emission factors  

(The Continuous Forest 

Inventory) 

821,000 821,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 2,305,000 2,305,000 

Technical Assistance 270,000 270,000 270,000 270,000 180,000 180,000 180,000 180,000 180,000 180,000 1,080,000 1,080,000 

Special study on biomass 

equations 
0 250,000 0 250,000 0 0 0 0 0 0 0 500,000 

Grand total for MRV at 

National level 
1,168,600 1,579,800 706,000 1,117,000 616,000 777,000 616,000 777,000 616,000 777,000 3,722,000 5,027,000 
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3. The MRV at Sub-national level 
 

 

3.1 The role of Community Based Forest Management Units (CBFMU) 
 

Nepal’s R-PP envisages local level implementation of specific REDD+ activities wherever CBFMU 

areas exist. REDD+ initiatives and regular/periodic carbon monitoring will be undertaken by 

respective CBFMU communities with capacity and technical support from local forest authorities.  

 

The present full cost proposal is also aimed at proposing a methodology for assisting in the 

devolution of management functions and responsibilities (including forest inventory) of large areas 

of forest to Community Based Forest Management User Groups, and the technical capacity 

development needs and potentials of CBFUGs as they relate to both forest carbon and more 

conventional forest inventory and management issues. 

 

Over the last twenty five years, successive government programs, with significant donor assistance, 

have turned forests over to local communities (in the form of Community Based Forest 

Management User Groups (CBFMUG) for protection and management. Individually small in area, 

in total the community forestry subsector consists of some 19,000 CBFMUG and now accounts for 

around 25 percent of the total estimated forest area (mostly in Hill districts).  CBFMUG 

management seems to be proving sustainable and generally socially sound and equitable. These 

internal governance challenges interplay with a large scope for improving the technical and 

commercial quality and profitability of CBFMUG forest management to form the basis for a second 

generation of community forestry development programming. 

 

While not without limitations, rural communities have demonstrated a great propensity for internal 

cohesiveness, conflict resolution and stewardship that translate into effective, and sometimes highly 

effective, forest resource management. These aspects have been fully recognized during the field 

visits undertaken by the present project (see Working Paper N. 5 for more details). 

 

In our vision, data collected will be transferred to sub-/national MRV system in a transparent 

manner, and the participating CBFMU communities will be compensated based on an appropriate 

crediting system established under the REDD+ strategy. An appropriate mechanism for ensuring 

environmental and social safeguards will be implemented side by side which will consider both 

environmental conservation, and distribution of carbon and non-carbon benefits ensuring forest 

dependent interest groups/communities impacted due to REDD+ are benefitted in an equitable 

manner.  

  

The R-PP also plans to share the carbon monitoring role with local bodies e.g. village development 

committees (VDCs) in case of “government managed forests” and with buffer zone council and 

groups in case of forests in “protected areas”.  The R-PP aims at community based ground 

inventory for all carbon pools in the long run however emphasizes on above/below ground biomass 

at initial stages.    
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Implementation of MRV at CBFMU level 

 

The development of an MRV system at CBFMU level is a challenging issue, both from the 

technical and the socio-economic view point. The purpose of this paper is to describe the various 

steps needed for its implementation. 

 

The proposed approach will rely on three major actors, namely 

 

1. The MRV team established at national level; 

2. District Forest Officers and rangers in the districts and FMU levels; 

3. CFUGs and other local forest managers in case of different community based forest 

management modalities. 

 

The role of NGOs and civil society should also be taken into adequate consideration. 

 

Schematically, the implementation of MRV at CBFM unit’s level includes the following steps:  

 

MRV Phases Step Responsible body Output / Product 

Preparation Step 1: Preparation 

phase 

FUGs / REDD Cell / 

MRV Section 

A formal agreement 

between FUGs and the 

REDD cell / MRV on 

the establishment of 

REDD+ activities in 

given communities. 

Measurement of 

activity data 

 

Step 2: Delineation of 

project boundaries 

FUGs / DFOs / MRV 

Section 

Jurisdictional 

boundary 

A digital map with the 

boundaries of the 

project area. 

 Step  3: Land use and 

land cover mapping 

MRV 

Section/FUGs/Local 

forest officers 

The baseline LULC 

map, and the changes 

that occurred in the 

recent past, prior to the 

project initiation. 

 Step 4: Stratification 

of the project area 

MRV Section / FUGs / 

Local forest officers 

Project area 

stratification map 

 

Measurement of 

emission factors 

 

Step 5: Preparation for 

the field work and 

capacity building of 

local communities. 

Local forests 

authorities / service 

providers/ NGOs 

Local communities are 

trained for field work. 

 Step 6: Pilot inventory 

for variance estimation 

MRV Section / FUGs / 

local forest officers 

Field sampling design 

established 

 Step 7: Field work FUGs, local forest 

authorities 

Field inventory 

executed 

 Step 8: Quality 

assurance and quality 

control 

Local forest authorities 

 

Validated field data 

 Step 9: Data 

processing and 

estimation of emission 

factors and GHG 

MRV Section 

 

Estimation of GHG 

emissions (REL) 
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MRV Phases Step Responsible body Output / Product 

emission 

Reporting Step 10: Analysis of 

trends 

MRV Section 

 

Trends in carbon 

emission balance 

established 

 Step 11: Detection of 

leakage 

MRV Section and 

local forest officers 

 

Quantification of 

leakage 

 Step 12: Estimation of 

net (deducting 

leakage) carbon 

emissions 

MRV Section Net carbon emission 

balance established 

 Step 13: Collating and 

presenting the 

information on GHG 

emissions/removals. 

MRV Section A report in a REDD+ 

standard and 

documented format. 

Verification Step 14: Verification Independent authority 

 

Certified net carbon 

emissions 

Payments of carbon 

credits 

Step 15: Payments of 

carbon credits 

MRV Section and 

designated REDD+ 

authorities 

 

Carbon transactions in 

place 

Follow-up  Step 16: Follow-up  MRV Section / REDD 

Cell 

 

Sustainable REDD 

mechanisms are in 

place 
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The procedures presented above for CBFMUs approach are valid for any sub-national unit in 

general in terms of methodological approach, however there will be differences in the actors 

involved, depending on the management regime of the forests, as follows: 

 

Forest 

management 

regime 

Preparation 

phase 

Measurement 

of activity 

data 

Measurement 

of emission 

factors 

GHG 

emission 

estimates 

and 

reporting 

Verification, 

Carbon 

credits 

payment and 

follow-up 

Community 

forests 

CFUGs / 

REDD Cell 

/ MRV 

Section 

MRV 

Section 

Support: 

CFUGs / 

DFOs  

CFUGs 

Support: 

Local Forest 

Officers / 

MRV 

Section 

MRV 

Section 

Independent 

authority 

and 

Designated 

REDD+ 

authorities 

Collaborative 

forests 

CFUGs / 

REDD Cell 

/ MRV 

Section 

MRV 

Section 

Support: 

CFUGs / 

DFOs  

CFUGs 

Support: 

Local Forest 

Officers / 

MRV 

Section 

MRV 

Section 

Independent 

authority 

and 

Designated 

REDD+ 

authorities 

Government 

managed 

forests 

Local 

Forest 

Officers /  

 VDC / 

REDD Cell 

/ MRV 

Section 

MRV 

Section 

Support: 

VDC / DFOs  

Local Forest 

Officers 

/VDC 

Support:  

MRV 

Section 

MRV 

Section 

Independent 

authority 

and 

Designated 

REDD+ 

authorities 

Protected 

forests 

National 

Park 

Officers / 

Buffer 

Zone 

Council 

/REDD 

Cell / MRV 

Section 

MRV 

Section 

Support:  

National 

Park Officers 

/ Buffer Zone 

Council 

National 

Park Officers 

/ Buffer Zone 

Council 

Support:  

MRV 

Section 

MRV 

Section 

Independent 

authority 

and 

Designated 

REDD+ 

authorities 

 

 

3.2 Capacity building at CBFMU (Institutional, technical) 
 

 

The MRV approach at sub-national level can be a good opportunity to strengthen the capability of 

existing CBFMUG to develop sustainable forest management programs on the basis of forest 

surveys, mapping and analysis.  
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The component would finance CBFMUG training; provision to CBFMUG of basic survey 

equipment and tools. 

 

Revision of existing guidelines for CBFMUG operational forest management planning and 

operations should constitute a natural follow-up to be implemented by a successive project. 

 

Moreover, the CBFMUG approach presents the opportunity to couple the traditional and local 

knowledge on forest resources, and natural resources in general, with some modern techniques like 

advanced Remote Sensing, Database and GIS techniques to be applied to forest management in an 

innovative manner. 

 

In the Section above we have outlined the necessary steps deemed necessary for implementation of 

MRV at CBFMU level.  

 

The roles and functions of local CBFM practicing groups are emphasized in: 

 

i) preparation phase (step 1);  

ii) steps involved in activity data measurement phase (steps 2 – 4); and  

iii) Two of six steps involved in emission factor measurement phase (steps 6 and 7) for 

implementation of field inventory. 

 

More specifically, enabling the CBFM groups participate meaningfully in REDD+ requires them to 

acquire: 

 

 Knowledge and awareness about the possible benefits and disadvantages and/or risks 

associated with establishing REDD+ activities; 

 Knowledge and skills involved in delineating forest boundaries; 

 Basic understanding of the land use map of CBFM area and ability to interpret the map to 

some level; 

 Ability to understand the basic and specific parameters on which the forest area is stratified 

and the sample plots are located; 

 Knowledge and skills of doing forest inventory and recording the data; 

 

Key role and functions of the DFO and its field staff revolves around the facilitation of whole 

process involved in all phases of Table. They need to do social/institutional mobilization in close 

coordination with existing local and district level relevant CSOs and NGOs and at the same time be 

technically capable to train the CBFM groups on point 2) to 5) above.  

 

DFO staff will also need to record, maintain and manage the measurement related data and 

communicate with the MRV team at district and sub-/national level MRV teams. 

 

For the sake of synthesis the technical aspects of the MRV at sub-national level are not discussed in 

these documents. Instead they are treated in detail in the Full Cost proposal and in Working paper 

N.7. 

For data processing and reporting, the MRV Team has implemented a prototype of data entry 

procedure and reporting, which includes internet based user’s friendly computer applications for: 

1. Standard Forms for data entry, and 

2. Standard Reporting functions including volume, biomass and carbon stock calculations. 
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This functionality has been integrated in the MRV web portal as a prototype. This application, when 

finalized, will be run in DFOs Offices and will permit: 

1. Immediate calculations of the inventory results at local level; 

2. Automatic upload of newly collected inventory data into the central MRV database. 

 

3.3 Estimated costs for MRV implementation at Sub-National level 
 

As stated earlier, a global full cost proposal for the MRV at Sub-National level cannot be 

completely formulated because the likely area of application is not known a priori and in a way will 

be determined by the success of the REDD+ initiatives at local level. 

 

What can be done at this stage is to try to determine the MRV total costs at SNU on a per area unit 

base. 

 

Assuming that 10,000 hectares of forests is the minimum unit area for REDD+ viable 

implementation, the estimated costs will be assessed using 10,000 hectares as baseline for 

calculations. 

 

According to the proposed institutional architecture, the responsibility of the SNU component of the 

MRV will be shared among the following actors, in order of importance: 

 

Actors Main tasks 

CBFMU Members  Verification and validation of satellite based map 

 Support to stratification of forest types based on 

local knowledge 

 Execution of field work 

DFO’s  Creating Awareness on REDD and Seeking Free, 

Prior, Informed Consent (FPIC) for   

participation in REDD+ 

 Training of Community members 

 Supply of technical equipment 

 Technical supervision of the field work 

 Validation of the field measurements (at least 

10% of the sampling plots should be revisited for 

quality control) 

 Data processing and 

 Reporting 

Central MRV Section  Land use and land cover mapping 

 Stratification of the project area 

 Data processing and estimation of emission 

factors and GHG emission  

 Analysis of trends 

 Detection of leakage 

 Collating and presenting the information on GHG 

emissions/removals 
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Assuming a minimum area unit of 10,000 ha of forests, a tentative assessment the costs related to 

field inventory at Sub-National level, is summarized as follows: 

 

Actor Item Year 1 Year 2 Year 3 Year 4 Year 5 

 

Total 

 

CBFMUg 

Field work 

allowances 
1,000 1,000 1,000 1,000 1,000 5,000 

 

Equipment  

 

1,000 - - - - 1,000 

Sub-total 

CBFMUg 
 2,000 1,000 1,000 1,000 1,000 6,000 

District Forest 

Office 

Field work 

allowances 
800 800 800 800 800 4,000 

 

Equipment  

 

5,000 - - - - 5,000 

Sub-total District 

Forest Office 
 5,800 800 800 800 800 9,000 

Grand Total  7,800 1,800 1,800 1,800 1,800 15,000 

 

The calculations above are based on the following assumptions: 

 On average 100 plots are established every 10,000 ha, i.e. one plot per 100 ha; 

 Each plot will be measured in one day, meaning that 100 field inventory crew days are 

needed; 

 If, for instance , 4 (four) field crews are deployed then 25 days per year are required for the 

field inventory work; 

 The support of DFO includes awareness raising, local capacity building and quality control 

of the field measurements. 

 

Finally an attempt is made here to provide a broad estimate of the MRV costs at National level. 

Since the total area to be covered is not known a priori, two scenarios have been elaborated, as a 

minimum and maximum approach, as follows: 

a) Minimum scenario: the area under REDD+ at sub-national level is equal to the area to be 

covered by the on-going R-PIN proposal for the Terai Arc Landscape, covering 

approximately 1,000,000 ha of forests. 

b) Maximum scenario: all CBFMUG of Nepal are involved. In this case the area involved is 

estimated at approximately 3,000,000 ha. 
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For each scenario the corresponding costs are estimated as follows: 

 
MRV 

implementation 

at sub-national 

level 

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Scenarios Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum 

Estimated costs 780,000 2,340,000 180,000 540,000 180,000 540,000 180,000 540,000 180,000 540,000 1,500,000 4,500,000 

 

  



 
 MRV Full Cost Proposal – Summary 27 

 

 

4. Overall synthesis of MRV costs 
 

The following table presents a synthesis of the estimated costs for an MRV implementation in Nepal according to the proposed nested approach, 

comprising national and sub-national level, according to a minimum and maximum scenarios. The financial plan for total MRV implementation is 

expected to be between 5.2 and 9.5 Million US Dollars for a 5 year cycle.  

 

Unit US$ 

 
Estimated MRV 

implementation 

costs 
Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Scenarios Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum 

MRV at 

National level 
1,168,000 1,579,000 706,000 1,117,000 616,000 770,000 616,000 770,000 616,000 770,000 3,772,000 5,027,000 

MRV at Sub-

national level 
780,000 2,340,000 180,000 540,000 180,000 540,000 180,000 540,000 180,000 540,000 1,500,000 4,500,000 

Grand Total 1,948,000 3,919,000 886,000 1,657,000 796,000 1,317,000 796,000 1,317,000 796,000 1,317,000 5,222,000 9,527,000 

 

 

 

 

 



Nepal 
REDD - Forestry and Climate Change Cell 

 

Development of a Measurement, Reporting and 
Verification (MRV) System for Emissions and 

Removals 

 

Contract No.: FCPF/REDD/S/QCBS-7 
 

 
 

   

 
 

MRV Geographic Information System 
Data Catalog 

 
Working Paper N.1 

 

September 2013 

 

 

 

 

Authors: 
Saroj K Sharma 
Gehendra Karki 
Antonio Marzoli 
 



MRV – Data Catalog – September  2013  Pag. i 

 
 

Acronyms and Abbreviations 

 

AFO: Assistant Forest Officer 

ANSAB: Asia Network for Sustainable Agriculture and Bio resources 

BAU: Business as Usual Baseline 

BZCFUGs: Buffer Zone Community Forest User Groups 

CBFM: Community Based Forest Management 

CBFMUGs: Community Based Forest Management Users Groups 

CCB: Country Capacity Building  

CF: Community Forest 

CFI:   Continuous Forest Inventory 

CFOP: Community Forest Operational Plan 

CFUGs: Community Forest User Groups 

CoFM: Collaborative Forest Management 

COPs: Conference of Parties 

CSO: Civil Society Organization 

DBH: Diameter at Breast Height 

DBMS: Database Management System 

DDC: District Development Committee 

DFO: District Forest Office/Officer 

DFRS: Department of Forests Research and Survey 

DOF: Department of Forests 

ESMF:  Environmental and Social Management Framework 

ESS: Environmental and Social and Safeguards System (ESS) 

FAO: Food and Agricultural Organization of the United Nations 

FAO FP:  FAO Forestry Paper 

FCPF: Forest Carbon Partnership Facility 

DSCO: District Soil Conservation Officer 

FECOFUN: Federation of Community Forest Users Nepal 

FGD: Focus Group Discussion 

FMU: Forest Management Unit 

FRA:  Forest Resources Assessment of Nepal Project 

GHG: Greenhouse Gas Emissions 

GIS: Geographic Information System 

GLCN: FAO/UNEP Global Land Cover Network 

GPG: International Panel on Climate Change: Good Practice Guidance 

GPS: Geographic Positioning System 

ICIMOD: International Center for Integrated Mountain Development 

IPs: Indigenous Peoples 

IPCC:  Intergovernmental Panel on Climate Change 
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LCCS: Land Cover Classification System 

LhFUGs: Leasehold Forest User Groups 

M and MRV: Measurement and Monitoring, Reporting and Verification 

MIS:  Management Information System 

MRV: Measuring, Reporting and Verifying 

NAFIMS:  National Forestry Information Management System 

NFCAG: National Forest Carbon Action Group  

NEFIN: Nepal Federation of Indigenous Nationalities 

NGO: Non-Government Organization 

NORAD: Norwegian Agency for Development Cooperation 

PSP: Permanent Sample Plots 

REDD: Reducing emissions from deforestation and forest degradation 

REDD+: The REDD"+" is more than just avoided deforestation. It is tied to measurable 
and verifiable reduction of emissions from deforestation and forest degradation 
as well as sustainable management of forests, conservation of forest carbon 
stocks and enhancement of carbon stock 

RL/REL: Reference Emission Level 

R-PP: Readiness Preparation Proposal 

SLMS:  Satellite Land Monitoring System  

UNFCC: United Nations Framework Convention on Climate Change 

WISDOM:  Wood fuel Integrated Supply and Demand Overview Mapping 

WWF:  World Wildlife Fund 
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EXECUTIVE SUMMARY 

 
Scope of this paper is to document the work done by the MRV Project during June-September 
2013 in collecting and organizing existing relevant information. During the early phases of the 
Project it was realized that conspicuous information on forest and natural resources in general 
exist in Nepal. However it was also noticed that such information, both spatial and statistical, if 
often dispersed, not properly documented nor standardized. Based on these findings it seemed 
useful to create a systematic catalogue of the existing layers, and to standardize data formats in 
terms of nomenclature, projections and to produce adequate meta-data. The available 
information was standardized and quality checked constitutes the first nucleus of the spatial 
data that will populate the MRV database. This will integrate in a unique, multi-user, 
client/server framework (based on the software platform PostgreSQL/PostGIS) all the available 
spatial and non-spatial (e.g. forestry data from field surveys) data collected and used by the 
MRV system. A dedicated web application will manage and disseminate the relevant metadata. 
 
The present working paper summarizes the status of the data catalogue and the thematic 
elements included so far. 
 
In synthesis, at present, the MRV data catalogue contains the following thematic elements: 

Administrative units (source: survey department) 

 Development Regions 

 Regional headquarters 

 Districts 

 Village Development Committees 

 

Topography (source: ICIMOD)  

 Topographic Grid 

 Roads 

 Rivers 

 Airports 

 Contour lines 

 Spot height 

 

Ecology and landscape 

 Physiographic region ( source: ICIMOD, Physiographic division of country into Terai, 
Siwalik, Hill, Middle Mountain and High Mountain)  

 Digital Elevation Model (source: SRTM) 

 Slope (source: SRTM) 

 Precipitation (source: ICIMOD) 

 Soil 

 Geology 

 Ecological zones (source: ICIMOD) 

 National Parks and Reserves 
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Socio-economic variables 

 Population density and growth (at District and VDC level) (source: CBS) 

 Settlements (source: ICIMOD) 

 Average household size and distribution (source: CBS) 

 Livestock 

 Fuel wood and energy consumption 

 Fuel wood and timber production 

 Community Forests 

 

Land cover 

 Forest cover map based on Landsat 

 Global Land Cover (GLC) 2000 (FAO/ESA) 

 Land Resource Mapping Project (LRMP) land cover map (1979, survey department) 

 Forest cover of Terai 2010 (various sources) 

 Data on 3 Community Forests case studies of REDD project sites. i.e. three watershed 
(Kaayerkhola of Chitwan district, Ludhikhola of Gorkha district and Charanawoti of 
Dolakha district ) (ICIMOD, ANSAB and FECOFUN) 

 Rapid Eye satellite imageries (2010, source: FRA) 

 Landsat satellite imageries (1979, 1990, 2000, 2005, 2010 source: REL) 

 Preliminary estimates of forest cover and deforestation at District level 
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SPATIAL DATA RASTER 

 
 

Rapid Eye Images 

File Format:    GeoTiff  

Spatial Resolution:    5m (approx) 

Imagery Date:    2010 

Scene per reference year  1 

Source:      FRA Nepal 

 
 

Landsat Satellite Imageries of Nepal  

(1979, 1990, 2000, 2005, 2010 source: REL) 

Geographic Coordinate System:  GCS_WGS_1984 

Cell Size:     28.25 x 28.25 

Source:      REL 

Scene per reference year   1 

 
 

Slope Map of Nepal 

Slope map of Nepal is produced by analyzing SRTM DEM with ten classes. 

File Name:     NEPAL_SLOPE_MAP 

Geographic Coordinate System:  GCS_WGS_1984 

Cell Size:     97.62 m X 97.62 m  

Attribute Table: 

Field Name Data Type Description 

Value  (Default) (1-10 representing each class) 

AREA_SQM Double Area in Square Meter 

CLASS Text (Length=30) Categorizations of Class 
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Global Land Cover Dataset of Nepal 

File Name:    NEPAL_GLOBE_COVER 

Datum:     D_WGS_1984 

Cell Size:    277.7 m X 277.7 m  

Data Source:    FAO/ESA 

Attribute Table:     
Explanation of “Value” field of “Globe_Cover_Nepal” as described under 
“Global_Legend” 

Value Description 

11 Post-flooding or irrigated croplands (or aquatic) 

14 Rainfed croplands 

20 Mosaic cropland (50-70%) / vegetation (grassland/shrubland/forest) (20-50%) 

30 Mosaic vegetation (grassland/shrubland/forest) (50-70%) / cropland (20-50%)  

40 
Closed to open (>15%) broadleaved evergreen or semi-deciduous forest 
(>5m) 

50 Closed (>40%) broadleaved deciduous forest (>5m) 

60 Open (15-40%) broadleaved deciduous forest/woodland (>5m) 

70 Closed (>40%) needleleaved evergreen forest (>5m) 

90 Open (15-40%) needleleaved deciduous or evergreen forest (>5m) 

100 Closed to open (>15%) mixed broadleaved and needleleaved forest (>5m) 

110 Mosaic forest or shrubland (50-70%) / grassland (20-50%) 

120 Mosaic grassland (50-70%) / forest or shrubland (20-50%)  

130 
Closed to open (>15%) (broadleaved or needleleaved, evergreen or 
deciduous) shrubland (<5m) 

140 
Closed to open (>15%) herbaceous vegetation (grassland, savannas or 
lichens/mosses) 

150 Sparse (<15%) vegetation 

160 
Closed to open (>15%) broadleaved forest regularly flooded (semi-
permanently or temporarily) - Fresh or brackish water 

170 
Closed (>40%) broadleaved forest or shrubland permanently flooded - Saline 
or brackish water 

180 
Closed to open (>15%) grassland or woody vegetation on regularly flooded or 
waterlogged soil - Fresh, brackish or saline water 

190 Artificial surfaces and associated areas (Urban areas >50%) 

200 Bare areas 

210 Water bodies 

220 Permanent snow and ice 

230 No data (burnt areas, clouds) 
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LRMP Dataset of Nepal 

File Name:     NEPAL_LRMP 

Geographic Coordinate System: GCS_WGS_1984 

Cell Size:    29.6 m X 29.6 m  

Source:     Survey Department 

 
 

Digital Elevation Model of Nepal 

File Name:     DEM_NEPAL 

Geographic Coordinate System: GCS_WGS_1984 

Cell Size:    90  m X 90 m  

Source:     SRTM 

 
 
 

SPATIAL DATA VECTOR 

 

Village Development Committee (VDC) Map of Nepal  

Name:     NEPAL_VDC 

Scale:     1:25000 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     Survey Department of Nepal 

Attribute Table 

Field Name Data Type Description 

DCODE Text  District Code 

ZCODE Text  Zone Code 

VDC_NAME Text  VDC Name 

DIST_NAME Text  District Name 

ZONE_NAME Text  Zone Name 

REGI_NAME Text Development Region Name 

AREA_SQM Double Area of VDC in Square  Meter 
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District Map of Nepal  

Name:     NEPAL_DISTRICT 

Geometry Type:   Polygon 

Scale:     1:25000 

Source:     Survey Department of Nepal 

Geographic Coordinate System: GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

DCODE Text  District Code 

ZCODE Text  Zone Code 

DIST_NAME Text  District Name 

ZONE_NAME Text  Zone Name 

REGI_NAME Text  Development Region Name 

 
 

Regional Headquarters 

(Source: Survey Department of Nepal) 

Name:     “REGI_HQ” 

Geometry Type:   Point 

Geographic Coordinate System: GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

HQ_NAME Text  Regional headquarter name 
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District Headquarters  

(Source: Survey Department of Nepal) 

Name:      “DIST_HQ” 

Geometry Type:    Point 

Geographic Coordinate System:  GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

DHQ_NAME Text  District headquarter Name 

DCODE Text  District Code 

 
 

Nepal Topographic Grid 

Source:      Survey Department of Nepal 

Name:      “NEPAL_TOPO_GRID” 

Geometry Type:    Polygon 

Geographic Coordinate System:  GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

CENTRAL_MERIDIAN Text  Central Meridian taken for the 
MUTM (Modified Universal 
Transverse Mercator) Projection 

SHEETNO Text  Grid Sheet Number 

MUTM_ZONE Text  Classification of the zones for MUTM 
projection 
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Ecological Regions 

The map was prepared based on Topographic Zonal Map (1:250,000) showing Ecological 
Regions of Nepal. The map was prepared to publish in GIS Database of Key Indicators of 
Sustainable Development in Nepal. The data source for map is zonal map (1:250,000) of 
Department of Survey 1988 having Projection in UTM Spheroid Everest.Data Source: 
Dobremez, 1988. 

Name:     ECO_REGION 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Publication Date:   02/1996 

Scale:     1:250000 

Source:     ICIMOD 

Attribute Table 

Field Name Data Type Description 

ECO_REGION Text  A broad ecological classification of 
Nepal 

 

 

Ecology Types 

The Ecological (polygon) vector digital data of Nepal in geographic projection jointly is prepared 
by MENRIS/ICIMOD. This Ecological Digital Data of Nepal was based on Dobremez Map 
1970,072,073,075,078,084,085 published in France. The information was generalized based on 
Elevation, Vegetation and others in 2003. No assessment or ground truthing has been carried 
out on this data. 

Name:     ECO_TYPES 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute Table 

Field Name Data Type Description 

BIO_CODE Text  Code for Ecological Types 

TYPES Text  Different Ecological Types 

 
  



MRV – Data Catalog – September  2013  Pag. 13 

 

Geographic Region 

The Geographic Region (polygon) Topographical basic vector digital data of Nepal in 
geographic projection is prepared by MENRIS/ICIMOD based Topographic Zonal Map 1988. 
The Data Source for this data is topographic Zonal Map of scale 1:250,000 prepared by 
Department of Survey of Nepal of 1988. No assessment or ground truthing has been carried out 
on this data. 

Name:     GEO_REGION 

Geometry Type:   Polygon 

Scale:     1:250000 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute Table 

Field Name Data Type Description 

GEO_REG_CODE Text  Code for geographic regions 

REGION Text  Names of Geographic Regions 

 
 

Geological Region  

Geological Vector Data of Nepal was prepared by MENRIS/ICIMOD having purpose 
topographic base layer. Data Source for the preparation of this was Zonal map published by 
Topographical Survey in 2004. 

Name:     GEOLOGY 

Scale:     1: 250000 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute Table 

Field Name Data Type Description 

GEO_CODE Text  Code for Geological regions 

GEO_CLASS Text  Different types of Geological 
Classes  
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Mean Annual Precipitation 

Mean annual precipitation of  Nepal was prepared by MENRIS/ICIMOD by taking 12 mean 
annual precipitation. 

Name:     MEAN_ANN_PREP 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute Table 

Field Name Data Type Description 

PREP_ANN_MEAN Text  Mean Annual Preparation 

 
 

Physiographic regions 

Physiographic regions of  Nepal was prepared by MENRIS/ICIMOD. The map was prepared 
based on Zonal map (1:250,000) and Physiographic Map showing districts by Five different 
Physiographic Regions of Nepal. The map was prepared in 2004 to use in various publications. 
Data Source for Map was Topographical Zonal Map (1:250,000) and Physiographic Map, 
Department of Survey 1988 having Projection: UTM, Spheroid Everest. 

Name:     PHYSIOGRAPHY  

Scale:     1:250000 

Publication Date:   2004 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute Table 

Field Name Data Type Description 

PHY_CODE Text  Code for different physiographic 
regions 

PHY_REGION Text  Description of different 
physiographic regions 
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Soil and Terrain Database for Nepal 

The Soil and Terrain database for Nepal primary data (version 1.0), at scale 1:1 million 
(SOTER_Nepal). SOTER_Nepal is generalized from the original Soils and Terrain 
database of Nepal at  scale 1:50,000 compiled by FAO and Nepal's Survey Dept. The 
SOTER_Nepal database provides generalized information on landform and soil 
properties at a scale 1:1 million. It consists of 17 SOTER units, characterized by 56 
representative and four synthetic profiles for which there are no measured soil data. The 
SOTER database includes also attribute data of 99 profiles initially selected as 
references to soil components that have already a representative profile.  

 

Source:    Survey Department of Nepal 

Name:     SOIL 

Geometry Type:   Polygon 

Scale:     1: 1000000 

Dataset released date:  2009 

Geographic Coordinate System: GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

SOIL_CODE Text  Code for soil types 

SOIL_TYPE Text  Description of different Soil Types 

 
 

Land cover data by FRA of Central Terai 

Name:     FRA_CENTRAL_TERAI 

Geometry type:    Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     FRA 

Attribute Table 

Field Name Data Type Description 

CLASS Text  Classification of Forest or Other 
Wooded 

UPDATE_DATE Date Date of last Updating 
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Land cover data by FRA of Western Terai 

(Source: FRA) 

Name:      FRA_WESTERN_TERAI 

Geometry Type:    Polygon 

Geographic Coordinate System:  GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

CLASS Text  Classification of Forest or Other 
Wooded 

UPDATE_DATE Date Date of last Updating 

 

 

Land cover data by FRA of Mid-West Terai 

(Source: FRA) 

Name:      FRA_MIDWEST_TERAI 

Geometry Type:    Polygon 

Geographic Coordinate System:  GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

CLASS Text  Classification of Forest or Other 
Wooded 

UPDATE_DATE Date Date of last Updating 

 
 

Land cover data by FRA of Far-West Terai 

Name:      FRA_FARWEST_TERAI 

Geometry Type:    Polygon 

Geographic Coordinate System:  GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

CLASS Text  Classification of Forest or Other 
Wooded 

UPDATE_DATE Date Date of last Updating 
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Land cover data by FRA of SIWALIK  

(Source: FRA) 

Name:     FRA_SIWALIK 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

CLASS Text  Classification of Forest or Other 
Wooded 

AREA_SQKM Double Area in Square Kilometer 

 
 

Land cover data of 2010 by ICIMOD 

(Source: ICIMOD) 

Name:   ICIMOD_LANDCOVER 

Geometry Type: Polygon 

Attribute Table 

Field Name Data Type Description 

LCCODE Text  Code for Land cover Classification 

AREA_SQM Double Area in Square Meter 

 

 

Land Use data by Land Resource Mapping Project (LRMP) of Nepal 

(Source: Survey Department) 

Name:     LRMP_LANDUSE  

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Attribute Table 

Field Name Data Type Description 

LUCODE Text  Code for Land Use Classification 

DESCRIPTION Text  Description of Land Use Class 

SPECIES Text  Description of Species 

CLIMATE Text  Description of Climatic Condition 

ELEVATION Text  Classification on the basis of 
elevation  

CULTIVATION Text  Categorization of Cultivation whether 
it is Light, Medium or Intense 
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Protected areas and National Parks 

Name:     NATIONAL_PARKS 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute table 

Field Name Data Type Description 

PTCODE Text  Park Types code 

PARK_TYPES Text  Types of Parks (National Park, 
Conservation area, Wildlife Reserve, 
Hunting Area etc) 

NAME Text  Park Name 

 
 

Location of the Airports of Nepal 

Name:     AIRPORT  

Geometry Type:   Point 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute table 

Field Name Data Type Description 

ACODE Text  Code of Airports 

NAME Text  Name of Airports 

CLASS Text  Class of Airport (Grass, Asphalt, 
Clay, Gravel, etc) 

DCODE Text   District Code 

 
 

Contour line map of Nepal 

Name:     CONTOUR  

Geometry Type:    Polyline 

Contour Interval:    500m 

Geographic Coordinate System:  GCS_WGS_1984 

Source:     ICIMOD 

Attribute table 

Field Name Data Type Description 

CONCODE Text  Contour Code 

CON_HEIGHT Text  Height of Contour 
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Elevation Zone map of Nepal 

Name:     ELEV_ZONE 

Geometry Type:   Polygon 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Attribute table 

Field Name Data Type Description 

EZCODE Text  Elevation Zone Code 

ELEV_CLASS Text  Categorization of Elevation Class 

AREA_SQKM Double Area in Square Kilometer 

 
 

Rivers of Nepal 

Name:     RIVERS 

Geometry Type:   Polyline 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

 

Field Name Data Type Description 

Shape_Length Default Length of River  

 
 

Roads of Nepal 

Name:     ROAD 

Geometry Type:   Polyline 

Geographic Coordinate System: GCS_WGS_1984 

Source:     ICIMOD 

Field Name Data Type Description 

TYPE Text  Types of Roads (Main trail, footpath, 
Graveled, Highway, Railway etc.) 

Shape_Length Default Length of River  
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Settlements of Nepal 

(Source: ICIMOD) 

Name:     SETTLEMENTS 

Geometry Type:   Points 

Geographic Coordinate System: GCS_WGS_1984 

Field Name Data Type Description 

VCODE Text  VDC Code 

DCODE Text  District Code 

VDC_NAME Text  Name of Village Development 
Committee 

TOTAL_POP Long Integer Total Population of the particular 
settlement 

TOTAL_HOUSE Long Integer Total number of houses in particular 
settlement 

 
 

Spot Heights 

(Source: ICIMOD) 

Name:     SPOT_HEIGHT 

Geometry Type:   Point 

Geographic Coordinate System: GCS_WGS_1984 

Field Name Data Type Description 

SPOT_HEIGHT Long Integer Height value of spot 

PEAK_NAME Text (Length=30) Name of the peak 

 
 

FRA’s Permanent Sample Plots 

(Source: FRA) 

Name:     PSPs_FRA 

Geometry Type:   Point 

Geographic Coordinate System: GCS_WGS_1984 

Field Name Data Type Description 

ID Long Integer Individual Plot Identification Number 

CLUSTER_ID Long Integer Individual Cluster Identification 
Number 

PROJ_ZONE Text  Projection Zone for Nepal (Zone44 
or Zone45) 
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ROW Text  Row 

COL Text  Column 

PLOT_NO Text  Plot Number 

REGION Text  Region 

STRATUM Text  Stratum 

GEO_PHY Text  Geographic Physical Zone 

EASTING Double Easting of Plots in respective 
Projection zone 

NORTHING Double Northing of Plots in respective 
Projection zone 

LATITUDE Double Latitude in GCS WGS 1984 

LONGITUDE Double Longitude in GCS WGS 1984 

FAO_LANDUSE Text  Land use classification according to 
FAO 

CLASS_SOURCE Text   

TREE_OUT_FOREST Short Integer Trees out of forest 

ACCESSIBILITY Short Integer  

ACCESS_TIME Short Integer  

INTERPRETOR Text  Name of Data Interpreter 

TIMEST Date Date for data collection 

SEL_FOR_FIELD Text   

DEM Double Elevation of the plot 

STRATA Text   

AREA Double Area of the plot 

 

 

TABULAR DATA 

National Population Census 2011 by  District level 

Source:    Central Bureau of Statistics   

Name:    CENSUS2011_DIST 

Attributes 

Field Name Data Type Description 

DCODE Double District Code 

TOTAL_HH Double Total number of households 

AVG_HH Double Average size of household 

TOTAL_POP Double Total Population 

MALE Double Male Population 
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FEMALE Double Female Population 

DIST_AREA Double Area of the district 

 

National Population Census 2011 by VDC Level 

Source:    Central Bureau of Statistics  

Name:    CENSUS2011_VDC 

Attributes 

Field Name Data Type Description 

VCODE Double VDC Code 

VDC_NO Double Number of VDC in particular District 

DCODE Double District Code 

TOTAL_HH Double Total number of households 

TOTAL_POP Double Total Population 

MALE Double Male Population 

FEMALE Double Female Population 

DIST_AREA Double Area of the district 

 
 

Community Forest data at District Level 

Source:  Community Forest Division, Department of Forest 

Name:   CF_DIST 

Attributes 

Field Name Data Type Description 

DCODE Double District Code 

ZCODE Double Zone Code 

CF_NO Double Total number of Community Forest 

CF_AREA_HA Double Area of Community Forest in 
Hectare 

COM_MEMB Double Committee Members 

FEM_MEMB Double Female Members in Committee 

DIST_NAME Text (Length=30) Name of the District 

TOTAL_HH Double Total number of Households 
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Fuel wood and timber Production of Fiscal Year 2007/08 

Name:   FWOOD_TIMB_PROD_FY07_08 

Source:   Department of Forest 

Note:    Data is only available for 25 Terai Districts.  

Attributes 

Field Name Data Type Description 

DCODE Double District Code 

TIMBER_CFT Double Production of Timber in Cubic Feet 

FWOOD_CHATTA Double Fuel wood Production in Chatta 

ROYALTY Double Royalty generated in Nepalese 
Currency 

DIST_NAME Text  Name of the District 

 

 

Fuel wood and timber Production of Fiscal Year 2008/09 

Name:   FWOOD_TIMB_PROD_FY08_09 

Source:   Department of Forest 

Note: Data is only available for 25 Terai Districts.  

Attributes 

Field Name Data Type Description 

DCODE Double District Code 

TIMBER_CFT Double Production of Timber in Cubic Feet 

FWOOD_CHATTA Double Fuel wood Production in Chatta 

ROYALTY Double Royalty generated in Nepalese 
Currency 

DIST_NAME Text  Name of the District 
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Data of district wise fuel wood uses for Cooking 

Source:  Central Bureau of Statistics (CBS), 2012 

Name:  FWOOD_USES_CBS2012_DIST 

Attributes 

Field Name Data Type Description 

DCODE Double District code 

DIST_NAME Text  Name of the district 

FWOOD Double Number of household using  fuel 
wood for cooking 

KEROSINE Double Number of household using  
kerosene for cooking 

LP_GAS  Number of household using  
Liquefied Petroleum Gas for cooking 

COW_DUNG Double Number of household using  cow 
dung for cooking 

BIO_GAS Double Number of household using  bio-gas 
for cooking 

ELECTRICITY Double Number of household using  
electricity for cooking 

OTHERS Double Number of household using  others 
for cooking 

NOT_STATED Double Number of not stated household for 
cooking 

TOTAL Double Total number of household 

 

 
Statistics of Livestocks (2004/05) 

Name: LIVESTOCK_04_05_DIST 

Attributes 

Field Name Data Type Description 

DCODE Double District Code 

DIST_NAME Text  Name of district 

CATTLE Double Number of cattle 

BUFFALO Double Number of buffalo 

SHEEP Double Number of sheep 

GOAT Double Number of goat 

PIG Double Number of pig 

FOUL Double Number of foul 

DUCK Double Number of duck 
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Annex 1: Thematic Maps 

Note: The sources mentioned in the map refer to data source. All thematic maps have been 
produced by the MRV Team 
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Ecology and landscape 
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Socio-economic variables 
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Acronyms and Abbreviations 

AFO:  Assistant Forest Officer 

ANSAB Asia Network for Sustainable Agriculture and Bio resources 

BAU  Business as Usual Baseline 

BZCFUGs: Buffer Zone Community Forest User Groups 

CBFM:  Community Based Forest Management 

CBFMUGs: Community Based Forest Management Users Groups 

CCB  Country Capacity Building  

CF:  Community Forest 

CFI    Continuous Forest Inventory 

CFOP:  Community Forest Operational Plan 

CFUGs: Community Forest User Groups 

CoFM:  Collaborative Forest Management 

COPs  Conference of Parties 

CSO:  Civil Society Organization 

DBH  Diameter at Breast Height 

DBMS  Database Management System 

DDC:  District Development Committee 

DFO:  District Forest Office/Officer 

DFRS  Department of Forests Research and Survey 

DOF  Department of Forests 

ESMF   Environmental and Social Management Framework 

ESS  Environmental and Social and Safeguards System (ESS) 

FAO  Food and Agricultural Organization of the United Nations 

FAO FP  FAO Forestry Paper 

FCPF  Forest Carbon Partnership Facility 

DSCO:  District Soil Conservation Officer 

FECOFUN: Federation of Community Forest Users Nepal 

FGD:  Focus Group Discussion 

FMU:  Forest Management Unit 

FRA   Forest Resources Assessment of Nepal Project 

GHG  Greenhouse Gas Emissions 

GIS  Geographic Information System 

GLCN  FAO/UNEP Global Land Cover Network 

GPG  International Panel on Climate Change: Good Practice Guidance 

GPS:  Geographic Positioning System 

ICIMOD: International Center for Integrated Mountain Development 

IPs:  Indigenous Peoples 

IPCC   Intergovernmental Panel on Climate Change  

LCCS  Land Cover Classification System 

LhFUGs: Leasehold Forest User Groups 

M and MRV: Measurement and Monitoring, Reporting and Verification 

MIS   Management Information System 

MRV  Measuring, Reporting and Verifying 

NAFIMS  National Forestry Information Management System 

NFCAG National Forest Carbon Action Group  



NEFIN:  Nepal Federation of Indigenous Nationalities 

NGO:  Non-Government Organization 

NORAD: Norwegian Agency for Development Cooperation 

PSP  Permanent Sample Plots 

REDD  Reducing emissions from deforestation and forest degradation 

REDD+ The REDD"+" is more than just avoided deforestation. It is tied to measurable and 
verifiable reduction of emissions from deforestation and forest degradation as well 
as sustainable management of forests, conservation of forest carbon stocks and 
enhancement of carbon stock 

RL/REL Reference Emission Level 

R-PP:  Readiness Preparation Proposal 

SLMS   Satellite Land Monitoring System  

UNFCC United Nations Framework Convention on Climate Change 

WISDOM  Wood fuel Integrated Supply and Demand Overview Mapping 

WWF   World Wildlife Fund 

  



Executive Summary 

This working paper is part of the documentation being produced by the MRV Project Team and 

presents a segment of the work done so far (October 2013) by the MRV Project in relation to the 

specific tasks mentioned in Section 4 of the Terms of Reference of the contract between 

Agriconsulting Spa and the REDD Cell regarding: 

 The elaboration of a national forest monitoring system which enables comparison of 

changes in forest area and carbon stocks (and their associated GHG emissions) and the 

baseline estimates used for the Nepal REL/RL; 

 

 The potential for developing a REDD MRV system that additionally supports CFUGs, the 

public sector and other institutional models of forest resource management to achieve their 

diverse management objectives; 

 

 The devolution of management functions and responsibilities (including forest inventory) of 

large areas of forest to Community Forestry User Groups, and the technical capacity 

development needs and potentials of CFUGs as they relate to both forest carbon and more 

conventional forest inventory and management issues; 

 

 A compilation and analysis of REDD‐related data generated as part of ongoing REDD 

projects in the country (e.g. the Hariyo Ban Project, the Multi‐stakeholder Forestry 

Programme, and the NORAD‐funded REDD project implemented by ICIMOD, FECOFUN 

and ANSAB). 

 

Scope of this document is to present the MRV Project preliminary findings on local MRV approach 

and to stimulate the discussion on the proposed methodologies for follow-up. 

  



 

Table of Contents 

Introduction ..................................................................................................................................... 1 

Proposed methodological approach ................................................................................................ 2 

Step 1: Preparation phase ........................................................................................................... 3 

Step 2: Delineation of project boundaries .................................................................................... 4 

Step 3: Land use and land cover mapping ................................................................................... 4 

Step 4: Stratification of the project area ....................................................................................... 6 

Step 5: Preparation for the field work and capacity building of local communities. ....................... 6 

Step 6: Pilot inventory for variance estimation ............................................................................. 6 

Step 7: Inventory design and field work ....................................................................................... 7 

Step 8: Quality assurance and quality control .............................................................................. 7 

Step 9: Data processing and estimation of emission factors and GHG emissions ....................... 8 

Step 10: Analysis of trends .......................................................................................................... 9 

Step 11: Detection of leakage ...................................................................................................... 9 

Step 12: Estimation of net carbon emissions ............................................................................. 10 

Step 13: Verification .................................................................................................................. 10 

Step 14: Payments of carbon credits ......................................................................................... 11 

Step 15: Follow-up .................................................................................................................... 11 

 

  



Methodological Approach of the MRV Project to REDD+ Activities at Local (CBFMUGs) Level  Page 1 

 

Introduction 

Nepal’s national REDD+ strategy needs to build on many community based forest management 

(CoFM) mechanisms being practiced since over three decades now. Over one third of Nepal’s 

forests are under one or the other CoFM regime which clarifies the potential role of communities in 

Nepal’s REDD+ implementation.  CoFM and particularly the community forestry (CF) user groups 

have evolved as robust institutions with institutional arrangements and accumulated experiences of 

forest management planning and implementation. With realization of forest user groups’ stake and 

potential role in REDD+, Nepal’s R-PP has already justified the need of a hybrid (nested) approach 

which will enable the country to go for early participation in REDD+ at sub-national/local level while 

engaging in continuous improvement of its MRV institution and capacity for MRV system 

strengthening.   

A nested approach is a flexible mechanism. It allows countries to start REDD+ efforts through sub-

national activities and gradually move to a national approach, or for the coexistence of the two 

approaches in a system where REDD credits are generated by projects and governments, thus 

maximizing the potential of both approaches 

Nepal’s R-PP envisages local level implementation of specific REDD+ activities wherever CoFM 

areas exist. REDD+ initiatives and regular/periodic carbon monitoring will be undertaken by 

respective CoFM communities with capacity and technical support from local forest authorities.  

In our vision, data collected will be transferred to sub-/national MRV system in a transparent 

manner, and the participating CoFM communities will be compensated based on an appropriate 

crediting system established under the REDD+ strategy. An appropriate mechanism for ensuring 

environmental and social safeguards will be implemented side by side which will consider both 

environmental conservation, and distribution of carbon and non-carbon benefits ensuring forest 

dependent interest groups/communities impacted due to REDD+ are benefitted in an equitable 

manner.   

The R-PP also plans to share the carbon monitoring role with local bodies e.g. village development 

committees (VDCs) in case of “government managed forests” and with buffer zone council and 

groups in case of forests in “protected areas”.  The R-PP aims at community based ground 

inventory for all carbon pools in the long run however emphasizes on above/below ground biomass 

and soil carbon at initial stages.    
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Proposed methodological approach 

The development of an MRV system at CFUG level is a challenging issue, both from the technical 

and the socio-economic view point. The purpose of this paper is to describe the various steps 

needed for its implementation. 

The proposed approach will rely on three major actors, namely 

1. The MRV team established at national level; 

2. District Forest Officers and rangers; 

3. Community Forest Users Group members. 

The role of NGOs and civil society should also be taken into adequate consideration. 

Schematically, the implementation of MRV at CFUG level includes the following steps: 

 

MRV Phases Step Responsible body Output / Product 

Preparation Step 1: Preparation 
phase 

CFUGs / REDD Cell / 
MRV Section 

A formal agreement 
between CFUGs and 
the REDD cell / MRV 
on the establishment 
of REDD+ activities in 
given communities. 

Measurement of 
activity data 

 

Step 2: Delineation of 
project boundaries 

CFUGs / DFOs / MRV 
Section 

A digital map with the 
boundaries of the 
project area. 

 Step  3: Land use and 
land cover mapping 

MRV 
Section/CFUGs/Local 
forest officers 

The baseline LULC 
map, and the changes 
that occurred in the 
recent past, prior to 
the project initiation. 

 Step 4: Stratification of 
the project area 

MRV Section / CFUGs 
/ Local forest officers 

Project area 
stratification map 

 

Measurement of 
emission factors 

 

Step 5: Preparation for 
the field work and 
capacity building of 
local communities. 

Local forests 
authorities / NGOs 

Local communities are 
trained for field work. 

 Step 6: Pilot inventory 
for variance estimation 

MRV Section / CFUGs 
/ local forest officers 

Field sampling design 
established 

 Step 7: Field work CFUGs, local forest 
authorities 

Field inventory 
executed 

 Step 8: Quality 
assurance and quality 
control 

Local forest authorities 

 

Validated field data 

 Step 9: Data 
processing and 
estimation of emission 

MRV Section 

 

Estimation of GHG 
emissions (REL) 



Methodological Approach of the MRV Project to REDD+ Activities at Local (CBFMUGs) Level  Page 3 

MRV Phases Step Responsible body Output / Product 

factors and GHG 
emission  

Reporting Step 10: Analysis of 
trends 

MRV Section 

 

Trends in carbon 
emission balance 
established 

 Step 11: Detection of 
leakage 

MRV Section and local 
forest officers 

 

Quantification of 
leakage 

 Step 12: Estimation of 
net (deducting 
leakage) carbon 
emissions 

MRV Section Net carbon emission 
balance established 

 Step 13:Collating and 
presenting the 
information on GHG 
emissions/removals. 

MRV Section A report in a REDD+ 
standard and 
documented format. 

Verification Step 14: Verification Independent authority 

 

Certified net carbon 
emissions 

Payments of carbon 
credits 

Step 15: Payments of 
carbon credits 

MRV Section and 
designated REDD+ 
authorities 

 

Carbon transactions in 
place 

Follow-up  Step 16: Follow-up  MRV Section / REDD 
Cell 

 

Sustainable REDD 
mechanisms are in 
place 

 

Step 1: Preparation phase 

This will include extensive consultation with CFUG members and information on the possible 

benefits and constraints related to REDD+ implementation in specific communities, a full 

explanation of the overall MRV process and the type and amount of work required for the CFUG. 

In general the development of an appropriate REDD+ Environmental and Social Safeguards 

System (ESS) should comply with rules of Free, Prior, Informed Consent (FPIC), described as 

follows: 

 Free: a process that is self-directed by the community from whom consent is being sought,  

non-encumbered by coercion, expectations or timelines that are externally imposed. 

 Prior: refers  to a period of time in advance of an activity or process when consent should 

be sought, as well as the period between when consent is sought and when consent is 

given  or withheld. 

 Informed: refers to the type of information that should be provided prior to seeking consent 

and also as part of the on-going consent process. 
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 Consent: refers  to  the decision  made by  indigenous peoples and  other  forest  

dependent  communities  reached  through  their  customary  decision-making  process. 

While planning the participation of CFUG into the REDD+ and MRV mechanisms, one important 

factor to be considered is the size of the project area. In Nepal, CFUGs tend to occupy individually 

small to very small areas.  As will be presented in this brief concept note, the steps for achieving 

successful carbon credit compensation are complex and demanding. The current market price is 

around 5 US$ per ton of CO2, and it is then necessary that a sufficient size in terms of area is put 

under REDD+ regime in order to compensate the costs and labour from both the local communities 

and Government bodies. This ‘critical mass’ cannot be estimated straight forward, as a precise 

quantification of the amount of avoided  CO2 emissions that can be achieved under different local 

conditions and management regimes, has not yet been established. However as a rule of thumb it 

is expected that project areas below 1,000 hectares are not profitable. This implies that the 

involvement of a ‘federation’ of CFUGs is required. This experience of a joint effort from several CF 

has been successfully implemented in three case studies carried out by 

ANSAB/ICIMOD/FECOFUN in three watershed areas. 

The necessary arrangements and agreement between different communities poses several 

challenges which will have to be carefully handled to avoid possible conflicts and litigation. Such 

social arrangements should be handled by the local Forest Officers. Support from Ns GOs present 

in the area should also be considered in this phase. 

Output of step 1: A formal agreement between CFUGs and the REDD cell / MRV Section on the 

establishment of REDD+ activities in given communities. 

Responsible: CFUGs / REDD Cell / MRV Section 

Step 2: Delineation of project boundaries 

The CFUGs will indicate on the terrain the exact boundaries of the project area. These will be 

clearly identified to facilitate accurate measuring, monitoring, accounting and verification. A 

watershed might be a natural entity of a spatial project area. The boundaries will be identified and 

recorded through GPS and the coordinates will be used to prepare a map of the project area using 

GIS tools. 

Output of step 2: A digital map with the boundaries of the project area. 

Responsible: CFUGs / DFOs / MRV Section  

Step 3: Land use and land cover mapping 

As in the case of national MRV the GHG emission level is composed of activity data and emission 

level. Activity data refer to change over time of land use/land cover (LULC). Activity data can 

include negative changes (deforestation, forest degradation) or positive changes (enrichment 



Methodological Approach of the MRV Project to REDD+ Activities at Local (CBFMUGs) Level  Page 5 

planting, forest protection, reforestation). In the case of CF, given the relatively small areas of the 

individual projects, activity data need to be assessed using high resolution satellite data. Possible 

sources of high resolution satellite data include: Geo-eye, Rapid-eye, SPOT, Aster (etc.). The 

choice of the more suitable satellite platform will be assessed by the MRV present Project, in order 

to suggest the best solution in terms of costs and benefits. 

Step 3 will be organized as follows: 

Step 3.1: Preparation of land use/land cover reference map 

A land use/land cover map will be prepared for the project area using high resolution satellite, and 

will constitute the baseline map for change assessment (past and future). Such map must be 

prepared for the same reference year when the CF project starts. The interpretation work will be 

carried out by the MRV Remote Sensing team. The interpretation will start from the national land 

cover map that will be detailed at a higher spatial resolution (i.e. a reference scale of 25.000) and 

the legend will be extended to a further (hierarchical) level (e.g. specific vegetation types or floristic 

composition which may not be visible at national level, will be detailed at the local level).  

The LULC map will be validated in the field with the assistance of CFUGs. In this process, 

whenever evident errors will be detected in the national land cover map, these will be corrected in 

the original map in order to improve its quality and grant consistency between the two levels. The 

LULC map will also be the base for stratification and design of the field work.  

Step 3.2 Historical land use changes 

For a correct estimation of activity data, historical land use changes are also needed. This will be 

done again by remote sensing, through the interpretation of historical images. The time gap 

between actual and historical images should be between 5 and 10 years, depending on local 

conditions and also on the magnitude of the changes of study area. The best option for which 

historical images type to use will also be assessed by the present MRV Project. In practice it is 

suggested that a specific REL approach should be developed at local level, keeping in mind the 

difference of scale of the study area. Special attention should be paid to the consistency between 

REL estimation at national and local level, for the reporting at country level. 

Output of step 3: The baseline LULC map, and the changes that occurred in recent the past, prior 

to the project initiation. 

The historical changes will be presented in form of a spatially explicit change map and as a LULC 

class to class transition matrix.  

Both these two products will be combined with biomass calculations and their respective emission 

factors derived from the successive field measurements. 

Responsible: MRV Section 
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Step 4: Stratification of the project area 

Stratification is needed for organizing the field work in an efficient manner, and to reduce the 

variance, thus enhancing the precision of the volume and biomass calculations. 

The criteria for stratification will be based on local specific condition and may vary between 

different CF areas. However, in principle, the following variables should be considered. 

Land use, vegetation, soil, slope drainage, elevation, proximity to settlement, accessibility.. 

Additional parameters can include forest types, dominant tree species, forest density, age of trees, 

site quality. 

Step 4.1 for stratification: the MRV RS team will outline a preliminary stratification of the study 

area, based on the baseline LULC map. 

Step 4.2 for stratification: The proposed stratification map will be printed at a suitable scale 

(indicatively between 1:10,000 – 1:25,000). 

The colour thematic map will be brought to the CF and will be discussed. At this stage there must 

be a discussion with the communities on the stratification (zoning) proposed and a 

comparison/integration with the existing Community Forest Operational Plan. The discussions will 

include the CFUGs, the local DFOs and the MRV team. At the end of this process the final 

stratification scheme will be defined and the preliminary map will be updated accordingly. 

Output of step 4: Project area stratification map 

Responsible: MRV Section / CFUGs / Local forest officers 

Step 5: Preparation for the field work and capacity building of local communities. 

An orientation program will be established for the crew members taking part in field measurements. 

DFOs and Rangers will be in charge of the training. Appropriate field manuals will be prepared, 

explaining in detail the sequence of field operations. The training will include basic field 

measurements, use of GPS and data recording and checking. 

Output of step 6:  Local communities are trained for field work.  

Responsible: Local forests authorities / NGOs 

Step 6: Pilot inventory for variance estimation 

For a credible implementation of MRV and in general REDD+ assessment, proper precision limits 

for the carbon stocks must be defined. In general a precision of ± 10% at 95% probability is 

recommended. The number of sample plots required to achieve the desired precision depend on 

the variance of the population to be measured. If a reliable estimate of the variance is available 

from previous forest inventories, it can be used, otherwise a pilot inventory must be carried out, by 
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laying some 10 to 15 sampling plots per stratum. If a pilot inventory is carried out, it is advisable to 

involve members of CF in the measurements, as part of their capacity building. 

Output of step 5: Field sampling design established 

Responsible: CFUGs / Local forest officers 

Step 7: Inventory design and field work 

Field work will be carried out by local crews with assistance from DFOs and Forest Rangers, at 

least in the initial phase. It is expected that in the course of time, CF will become more and more 

self-sufficient. In this brief concept note, we do not go into the details of field measurements.  

According to the ToRs for the MRV Project, at minimum the aboveground and belowground 

biomass will have to be calculated. For additional carbon pools like dead wood, litter, soil organic 

carbon a decision is still to be made.  

Even if the sampling design may vary between the national and local field sampling, because of 

the scale difference, it is recommended that the same carbon pools are measured in both 

schemes. For this purpose, the carbon pools to be measured will have to be agreed together with 

the REL Project and the REDD Cell.  

While assessing which carbon pools to include, one must find a balance between costs and 

benefits. For instance soil organic carbon measurement is quite demanding, as it requires the 

support of soil laboratory. Hence the relative importance of each carbon pool will have to be 

assessed, as well as which level of precision can be realistically achieved for each carbon pool. 

Output of step 7: Field inventory executed.  

Responsible: CFUGs, local forest authorities, MRV Section 

Step 8: Quality assurance and quality control 

The original data collected during the field campaign will be collected by the responsible DFOs and 

a preliminary assessment of data quality, completeness and consistency will be made. If some 

major gaps or inconsistencies are identified, they should be immediately corrected or re-measured. 

When field work is completed, about 10% of the plots should be checked independently. New field 

data collected will be compared with the original data, and differences should be recorded. If the 

errors are found to be within a tolerable limit, original data are validated, otherwise, re-

measurements will have to be carried out. The independent check should be carried out by DFOs 

and Forest Rangers. A report on data validation will be submitted to the MRV Section. 

Output of step 8: Validated field data 

Responsible: Local forest authorities 
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Step 9: Data processing and estimation of emission factors and GHG emissions 

After the preliminary quality control described above, the DFOs will perform the data entry into a 

computer, and then upload the field data in the MRV central database. The MRV Section will be 

responsible for preparing the data entry computer program, including some internal data quality 

check. An interesting shortcut would be the use of palm top computers, for the direct data 

recording in the field, if skills and technologies are available. 

The MRV system must also include procedures for transferring data from local offices to the central 

MRV database (preferably via internet). When no internet connection is available, alternative 

methods can be found (e.g. data are sent as spread sheet files or even paper documents to the 

central offices to be digitized). Once inserted in the central database, data will be further quality 

checked by the MRV data processing unit that will assess the overall reliability, and this will 

improve the quality of data (see also Step 8) 

The original data will be processed at the central level, to produce estimates of the carbon pools 

and related GHG emissions. 

The basic calculations will include: 

 Calculation of individual trees volume 

 Calculation of individual trees above ground and below ground biomass, using appropriate 

allometric equations 

 Calculation of the carbon contents of additional carbon pools 

The calculations above will generate estimations of the emissions factors (i.e. the difference in 

carbon stocks related to a given LULC change). 

The emission factors will be combined with activity data calculated in step 3, to generate the Green 

House Gas Emissions, as follows 

 
GHG Emission = Activity data x Emission Factors. 

 

 

This calculation will constitute the basis for Reference Emission Level (REL), the benchmark 

against which the MRV will be compared. The calculated results will be transferred to the 

corresponding CFUG for future reference. 

Output of step 9: Estimation of GHG emissions (REL). 

Responsible: MRV Section 
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Step 10: Analysis of trends 

The activities presented so far will produce the first pillar of the MRV system: the measurement of 

Emission Level in the target year. As discussed above, the REL activities (estimation of Emission 

Level in a “business as usual” scenario) will provide the reference against which the current carbon 

emissions baseline for assessing the performance.  

To do so, it is necessarily to estimate the REL. This is done through an historical analysis of the 

activity datvailable) emission factors, which are then projected to the target year using the 

appropriate models. This task is under the responsibility of the REL project, in meanwhile we 

provide here a possible approach that can be then replaced by the more accurate estimations 

done by the REL project at local level. This process include the detailed analysis of the changes 

occurred in the period of implementation of the REDD+. The assessment will be done at the 

beginning of the project and after two years from the start of the Project, and will include: 

 A new satellite based map for the year (where t is the staring year) t+2. The new map must 

be based on the same procedures used for the map at t0 and on the same stratification 

system. This new map will provide the activity data (positive or negative changes) that have 

occurred between t0 and t+2. 

 Concurrently, a new field inventory will be carried out, using exactly the same methodology 

of inventory at t0. Field sample plots can be the same as t0 or a combination of old plots, 

re-measured, and new plots, to avoid possible bias or preferential treatment of old sample 

plots. 

 The new activity data and emission factors will be combined in the same manner of the 

ones of t0 and new the new emissions will be calculated. 

The comparison of the two emission levels will determine the level of carbon reduction emissions, 

and will be the basis for the calculations for the corresponding compensation for the Communities. 

Output of step 10: Trends in carbon emission balance established 

Responsible: MRV Section 

Step 11: Detection of leakage 

Leakage is defined as an increase in GHG emissions outside of the project area but directly 

attributable to the REDD project activities implemented inside the project area. Leakage is an 

important factor to be considered in the MRV. The concept of leakage is related to the idea that 

local communities involved in REDD activities could preserve the forest area designated under 

REDD mechanisms, but at the same time they could as well revert to deforestation and forest 

degradation in adjacent forest areas, outside REDD defined areas. In this case, the statistics 

derived from REDD committed areas may not reflect the true picture of carbon emission. 

For the determining the possible leakage, the following monitoring measures are proposed; 
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 Extend the forest change monitoring, and ground samples to neighbouring areas using 

an appropriate buffer (e.g. 5 km.) or better carrying out a contextual land cover analysis, 

in order to determine which forest areas, within reachable distance, could be a potential 

source of leaking, and perform RS monitoring and ground  samples in order to assess 

deforestation and forest degradation over time, in such potential leakage areas 

 Potential leakage analysis will also be carried out at administrative unit level (e.g. 

District), in order to determine if Districts, where community based REDD actions are in 

place, show significant deviations from average deforestation and forest degradation 

average patterns., which might be an indication of leakage. 

The potential leakage belt will be determined by the MRV technical team. Local experience of 

DFOs and forestry officers may also be beneficial at this stage. The potential leakage area will be 

treated in the same manner of the project area: i.e. LULC change monitoring comparing areas at t0 

and t+2, and field inventory at t0 and t2, for the estimation of emission factors. A carbon emission 

factor due to leakage (if any) will be calculated. 

The main difference with the inside the project area is that the field measurements will be carried 

out completely by an independent body (DFOs and local forestry officers), with no involvement of 

the local communities, in order to avoid any possible bias. 

Output of step 11: Quantification of leakage 

Responsible: MRV Section 

Step 12: Estimation of net carbon emissions 

The reduction of emission calculated in step 10 will be matched with the leakage detected in step 

11. If leakage is present, the increase of emissions from leakage will be subtracted from the 

emission reduction, and this will be the net reduction. 

The net reduction will be basis for verification and final carbon credits compensations. These tasks 

will be handled by the transaction component of the MRV system. 

Output of step 12: Net carbon emission balance established 

Responsible: MRV Section 

Step 13: Verification 

The dissemination of transparent estimates together with the data (both raw and processed), 

metadata, tools and documentation and the use of a transparent and replicable methodology 

respond to two major requirements of the MRV: the results must be available and suitable for an 

independent review when it will come to carbon claims, and they must be accessible by the 

stakeholders that must be able to monitor the whole process.  
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Social and environmental safeguards will also form an integral part of the verification, to ensure the 

sustainability of the entire process. 

The Verification function will be designed to stimulate the participation of all the stakeholders and 

to allow verification processes through a set of web-based tools for data and metadata sharing and 

visualization (e.g. Web GIS), and user-friendly graphical user interfaces. Every step of the process 

and the methods used will be documented and disseminated on the web, according to an access 

permission policy that will be based on different levels of users. This set of tools will support 

(internal) Quality Controls and (external) Quality Assurance. 

In the case of CF carbon credits, the verification task it is suggested that it should be assigned to 

an independent authority, preferably international. The task of the authority will be to certify the 

reliability of carbon credits claims. 

Output of step 13: Certified net carbon emissions 

Responsible: Independent authority 

Step 14: Payments of carbon credits 

This is the final step. Once the reduction of GHG has been measured, reported and verified, the 

MRV processes will be completed. The necessary transaction system is put in place and the 

corresponding payments can be released to each sub-national component in a transparent 

manner. 

Output of step 14: Carbon transactions in place 

Responsible: MRV Section and designated REDD+ authorities 

Step 15: Follow-up 

In future, step 7 to 15 will be repeated at t+4 and so on, to make the REDD+ mechanism 

sustainable over time. 

Output of step 15: Sustainable REDD mechanisms are in place 

Responsible: MRV Section / REDD Cell 
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Acronyms and Abbreviations 

 

AFO:  Assistant Forest Officer 

ANSAB: Asia Network for Sustainable Agriculture and Bio resources 

BAU:  Business as Usual Baseline 

BZCFUGs: Buffer Zone Community Forest User Groups 

CBFM:  Community Based Forest Management 

CBFMUGs: Community Based Forest Management Users Groups 

CCB:  Country Capacity Building  

CF:  Community Forest 

CFI:    Continuous Forest Inventory 

CFOP:  Community Forest Operational Plan 

CFUGs: Community Forest User Groups 

CoFM:  Collaborative Forest Management 

COPs  Conference of Parties 

CSO:  Civil Society Organization 

DBH:  Diameter at Breast Height 

DBMS:  Database Management System 

DDC:  District Development Committee 

DFO:  District Forest Office/Officer 

DFRS:  Department of Forests Research and Survey 

DOF:  Department of Forests 

ESMF:   Environmental and Social Management Framework 

ESS:  Environmental and Social and Safeguards System (ESS) 

FAO:  Food and Agricultural Organization of the United Nations 

FAO FP:  FAO Forestry Paper 

FCPF:  Forest Carbon Partnership Facility 

DSCO:  District Soil Conservation Officer 

FECOFUN: Federation of Community Forest Users Nepal 

FGD:  Focus Group Discussion 

FMU:  Forest Management Unit 

FRA:   Forest Resources Assessment of Nepal Project 

GHG:  Greenhouse Gas Emissions 

GIS:  Geographic Information System 

GLCN:  FAO/UNEP Global Land Cover Network 

GPG:  International Panel on Climate Change: Good Practice Guidance 

GPS:  Geographic Positioning System 

ICIMOD: International Center for Integrated Mountain Development 

IPs:  Indigenous Peoples 

IPCC:   Intergovernmental Panel on Climate Change  

LCCS:  Land Cover Classification System 

LhFUGs: Leasehold Forest User Groups 
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M and MRV: Measurement and Monitoring, Reporting and Verification 

MIS:   Management Information System 

MRV:  Measuring, Reporting and Verifying 

NAFIMS:  National Forestry Information Management System 

NFCAG: National Forest Carbon Action Group  

NEFIN: Nepal Federation of Indigenous Nationalities 

NGO:  Non-Government Organization 

NORAD: Norwegian Agency for Development Cooperation 

PSP:  Permanent Sample Plots 

REDD:  Reducing emissions from deforestation and forest degradation 

REDD+: The REDD"+" is more than just avoided deforestation. It is tied to measurable 
and verifiable reduction of emissions from deforestation and forest degradation as 
well as sustainable management of forests, conservation of forest carbon stocks 
and enhancement of carbon stock 

RL/REL: Reference Emission Level 

R-PP:  Readiness Preparation Proposal 

SLMS:   Satellite Land Monitoring System  

UNFCC: United Nations Framework Convention on Climate Change 

WISDOM:  Wood fuel Integrated Supply and Demand Overview Mapping 

WWF:   World Wildlife Fund 
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Institutional Assessment of REDD Relevant Actors within and outside 

the Ministry of Forest and Soil Conservation (MFSC) 

1. Background 

Introduction 

The REDD+ architecture has been defined as a system of actors and institutions.  

Actors could be individuals and/or organizations, within or outside the government 

active from national to local levels. They could be government organizations (GOs), 

Civil Society organizations (CSOs), non-government organization (NGOs) and/or private 

firms. 

Institutions are interpreted as conventions, norms and/or legal rules that form the 

actors and regulate the relationships between them (Scott 1995; Vatn 2005). In REDD+, 

institutions are intended to manage i) flow of information on changes in forest carbon 

stocks between levels and ii) flow of incentives to carbon rights holders;  

Institutions could be built on existing institutions and would need to include: 

1) A REDD+ policy steering authority at central level and institutions to manage 
technical, financial, administrative and supervisory aspects at sub-national and local 
levels 

2) An MRV system institution - that will gather and verify information on actual 
reductions in forest emissions and report to national and international counterparts; 

3) A REDD+ payment institution responsible to channel funds from international to sub-
national and local level according to the volume, location and type of emission 
reductions 

 

Institutional Assessment is concerned with ways in which institutions are formed and 

function. It basically looks into i) distribution of rights and responsibilities among actors, 

ii) cost of coordination among them (transaction cost), and iii) ways in which the actors’ 

interest, motivation and perspectives will be influenced by the institutional structure. An 

associated purpose of institutional assessment is to provide clarity as to whether the 

institutions put in place are legally appropriate and are widely supported within the 

democratic governance framework.  

The national REDD+ architecture is interpreted as: 

i. An institutional structure defining the capacities and responsibilities of different 
actors including GOs, NGOs, CSOs and private sector involved in REDD+; and  

ii. Rules that define the interaction among actors. Such rules clarify how the 
coordination between actors including communication, negotiation and control 
and management will take place.  
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The operational format of these institutions will be reflected in the cost of coordination 

and the motivation cost of human resources within institutions.    

Purpose   

MRV system as an institution forms one main pillar of National REDD+ architecture. 

This working paper is intended to present an institutional assessment of entities that 

exist at multiple governance levels, and have or are likely to have a stake in REDD+ 

MRV system in Nepal. Hence, this assessment intends to focus on actors that will or are 

likely to engage in gathering and verifying information on actual reductions in forest 

carbon emissions, processing the information and reporting to national/international 

counterparts.  

In order to justify this assessment in existing contextual setting, a brief review of major 

actors of Nepal’s REDD forestry is presented here including their structures, objectives 

and functions. A national REDD+ architecture within which the MRV system is likely to 

get institutionalized is conceptualized on the basis of the provisions made in the R-PP 

being implemented. Finally an institutional structure for effective operationalization of 

MRV system is presented building on likely vertical and horizontal interactions among 

relevant actors.  

Nepal’s Forests as per Management Regime:  

All forests of Nepal other than those grown on private properties are formally 

understood as “national forests”.  

Within the boundaries of national forests:  

 Forests inside the protected area system are termed “protected areas” and 
governed under the national parks and wildlife conservation act (NPWC Act);  

 Forests handed over to communities for management and use as per the 
community forestry related provisions of Forest Act 1993 are termed 
“community forests”; Block forests in Terai and Siwaliks (Chure, 
southernmost fragile hills) are managed by forestry administration in partnership 
with relevant district level stakeholders (formally organized in to District Forest 
Coordination Committee DFCC) and the beneficiary groups ,“CoFM user 
groups”; 

 All remaining forests managed or yet to be managed by the forestry 
administration are termed “government-managed forests”;  

 
 Wildlife outside protected areas come under the protection jurisdiction of the 

Department of Forests; 
 Management, harvesting and collection of medicinal plants and non-timber forest 

products in government managed forests, collaborative forests and community 
managed forests is regulated through management/operational plans of these 
forests.   



Institutional Assessment of REDD Relevant Actors within and outside the Ministry of Forest and Soil 
Conservation (MFSC) Page: 3 

2. Stakeholder Assessment 

Multi-sector and Multi-level Actors of REDD+ in Nepal 
 

Within Nepal’s broader governance structure, there exist REDD+ actors from different 

sectors of the government, bi-and multilateral development agencies, non-government 

and civil society organizations at different levels as shown in the table below: 

Table 1: Multi-sector and Multi-level Actors in Nepal’s REDD+ Architecture 

Levels/Sectors Government Actors Bi/Multi-level 
development 

Agencies/Projects 

NGOs/CSOs 

Central level Ministries of: 

 Forest and Soil Conservation,  

 Agriculture and Cooperatives 

 Science, Technology and 
Environment 

 Energy, 

 Land Reform 

 Water Resources 

 Physical Infrastructure 
&Transportation 

 Local Development 

 DFID 

 UNDP,  

 World Bank, 

 FINNIDA 

 International 
Center for 
Integrated 
Mountain 
Development 
(ICIMOD)  

 WWF Nepal 

 FECOFUN, 
ANSAB, 

 Forest Action 
ACOFUN, 

 NEFIN, DANAR 
Nepal, NAFAN 
and IPs 
organizations in 
Nepal 

 Associations of 
TFPs and NTFPs 
traders, tourism 
and hydro-power 
promoters etc. 

Regional level NRM related regional directorates 
Regional Forestry Directorate, 
Training Center 

Relevant projects in the 
region 

NGOs/CSOs 
engaged in REDD 
relevant projects in 
the region 

District level DDC, NRM related district offices Forestry/NRM/CC 
adaptation projects, 

District chapters of 
national NGOs/CSOs 

Local Level Forest and NRM related offices  CBFM practicing 
Communities e.g. 
(CFUGs,CoFUGs 
LhFUGs, religious 
forest user groups, 
IPs managed forests 
and relevant CBOs) 
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REDD+ Stakeholders in Nepal’s Forestry Sector 

1.  MFSC and its Departments 

MFSC is Nepal’s highest forestry sector authority mandated for sustainable 

development of country’s forests and watersheds including biodiversity and NTFPs 

conservation. It strives to promote participatory approaches and contribute in poverty 

reduction through promotion of forest based enterprises and employment generation.  

MFSC is the main actor in Nepal’s REDD+ architecture with its four technical divisions 

(Planning and HR, Foreign Aid Coordination, Environment and M&E) and five 

departments [1) Department of Forests (DoF), 2) Forest Research and Survey (DFRS), 

3) National Parks and Wildlife Conservation (DNPWC), 4) Soil Conservation (DoSC), 

and 5) Plant Resources DoPR] charged with policy, strategic and operational level 

steering for the overall development of forestry sector.  

Figure 1: Institutional Structure of Ministry of Forest and Soil Conservation of Nepal 

 

In its pursuit to participating in global REDD+ mechanism and readiness preparation, in 

January 2009, Nepal’s MFSC created a three-tiered institutional structure1. It comprises: 

1) A 49-member multi-stakeholder and multi-sector high level policy steering, 
coordination institution named “Apex Body” chaired by the Forest Minister; 

                                                           
1 This institutional structure is yet to get legally formalized. The REDD forestry and CC Cell does not exist in the GoN approved 

organogram of MFSC, and the staff therein are brought on deputation from its various departments .    
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2) At operational level, a REDD Working Group (RWG) from within the national 
REDD+ stakeholder forum chaired by the Forest Secretary; and  

3) A REDD Forestry and Climate Change Cell as a coordinating entity;  
 

 

Department of Forests established in 1952 is the oldest and largest department of 

MFSC mandated to operationalize the forest management and development policies of 

Nepal. It has three technical divisions e.g. i) national forests, ii) planning and monitoring 

and iii) community forestry in the center, and district forest offices (DFOs) in all districts. 

Each DFO has one or more sub-district or Ilaka offices and each ilaka office has two or 

more range posts with a team of field level staff led by a forest ranger.  

DoF is mandated for protection, development and utilization of forest resources in 

Nepal. In doing so it needs to ensure that i) all forest based basic needs of local people 

are met in a sustained manner, ii) forests, wildlife, soil and biodiversity within forest 

areas is conserved and iii) forestry sector contributes in poverty reduction through 

employment and income generation activities. DoF with its outreach and staff all over 

country provides technical, administrative and management support in all forest 

management regimes and their user groups and stakeholders, and this responsibility 

makes it the biggest operational level stakeholder of REDD forestry. 

Department of National Parks and Wildlife Conservation (DNPWC) oversees the 

management of over 32,000 sq. km (>22%)  of forests in 10 national parks, 3 wildlife 

reserves, six conservation areas and 1 hunting reserve. It is mandated for protection of 

forests within protected areas (PAs) and wildlife there in. There exist delineated buffer 

zone forest areas in case of specifically the national parks where communities live 

within and surrounding the forest areas. These communities are directly involved in 

managing community forests within the buffer zones. Forests in PA system and more 
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specifically the community managed forests make DNPWC a potential actor and 

stakeholder in REDD forestry. 

Department of Soil Conservation and Watershed Management (DoSCWM) strives 

to support Nepal’s forestry sector through conserving soil and utilizing watershed 

resources. It has district offices in 56 out of 75 districts of the country. It works closely 

with communities in critical watersheds at district level and provides technical 

assistance to communities in farm land protection, soil and water conservation and a 

range of conservation activities. DoSCWM has potential stake in REDD+, though not 

directly. 

Department of Plant Resources (DPR) Established in 1960 and previously known as 

the department of medicinal plants, the DPR is mainly engaged in undertaking research 

and development of plant resources. It does not seem to have any significant stake in 

REDD forestry. 

Department of Forest Research and Survey (DFRS) originated as a division of DoF 

named “forest resources survey” in early 1960’s and got additional mandate including 

research component in late 1970’s. It emerged as a department recently in 1998.   

DFRS has been identified as the national implementing agency for MRV system in 

Nepal’s R-PP being implemented. Accordingly, the R-PP envisages its prime 

responsibilities in activities e.g., i) periodic execution of forest assessments for 

deforestation and degradation monitoring, ii) design, maintenance and 

operationalization of National Forest Information Management System (NAFIMS), iii) 

coordination for the collection and flow of sub-national level information, and iv) 

dissemination of NAFIMS and MRV system deliverables through web portal. DFRS will 

house the MRV institution of National REDD+ architecture and therefore, will need to 

build its institutional and the technical capacities to run in the long run the NAFIMS and 

MRV system in an effective, efficient and transparent manner accordingly  

Forestry sector has semi-government agencies e.g. the Timber Corporation of Nepal 

(TCN), Forest Production Development Board, Herbal Plants production and Processing 

Center (HPPCL). These agencies could also be considered having some direct and/or 

indirect stake in REDD+.   

2. REDD+ Stakeholders in Other Development Sectors of the GoN 

Drivers of deforestation and degradation of forests are claimed being as much located 

outside the forestry sector as within forestry sector. Land and water and associated 

natural resources related policies and programs of different sectors geared at country’s 

economic growth and development often have remarkable bearing on forests and 

carbon emissions. It has been globally recognized that sectors other than forestry must 



Institutional Assessment of REDD Relevant Actors within and outside the Ministry of Forest and Soil 
Conservation (MFSC) Page: 7 

also design and implement REDD supportive policies and measures that promotes 

green economy to eliminate the drivers of deforestation and degradation of forests. In 

this vein, sector ministries e.g. Land Reform, Agriculture and Cooperative, Water 

Resources, Physical Infrastructure and Transportation, Local Development, 

Energy and Science, Technology and Environment have been identified as actors of 

REDD+ at national level. National Planning Commission (NPC) and the Ministry of 

Finance (MoF) also play significant roles in Nepal’s development planning and 

financing which justifies their inclusion in the list of actors of Nepal’s REDD+. Relevant 

line ministries having presence in regional, district and local levels by default become 

the actors of REDD+. Accordingly, the district and local government bodies e.g. district 

and village development committees (DDCs and VDCs) also emerge as the REDD+ 

actors.   

At the national level, many semi-government agencies e.g., Nepal Tourism Board (NTB) 

and associations e.g. Hotel Association of Nepal (HAN) are also likely to impact and get 

impacted due to REDD, and therefore they could also be considered as stakeholders of 

REDD+ at national level.  

3. REDD+ Stakeholders amongst International Development Agencies 

Multi and Bilateral development agencies e.g., UNDP, World Bank, FINNIDA, DFID, 

ICIMOD, and WWF Nepal have been working in Nepal in the field of climate change, 

natural resource management and poverty issues. UNDP has UNREDD and Poverty 

and Environment Initiative programs, the World Bank has been assisting through FCPF, 

FINNIDA is assisting in the Forest Resource Assessment Project, ICIMOD has been 

implementing the REDD+ pilot project in partnership with ANSAB and FECOFUN, DFID 

jointly with SDC has been assisting in the implementation of the multi-stakeholder 

forestry program which has a strong REDD+ component. Similarly, the WWF Nepal 

jointly with CARE Nepal, NTNC and FECOFUN has been implementing a USAID 

funded HARIYO BAN program which also has a large REDD+ component.  

4. REDD+ Stakeholders amongst CSOs and NGOs 

Communities2 practicing community-based forest management (e.g., CFUGs, BZUGs, 

LhFUGs, CoFUGs etc.) are the prime stakeholders of REDD+ in Nepal as they are 

formally recognized community based institutions and are managing almost one third of 

Nepal’s forests. In order to support them in terms of awareness, knowledge and 

                                                           
2
 Community in this document is interpreted in its broadest sense to include all cast, ethnicity and groups of 

indigenous people living in helmets of a village, with their traditional and/or indigenous rights to all and/or 

different parts of their forest and forest lands. They become a community for the cause of forest protection and 

use once they form a user group together and get involved in community-based forest management under their 

own institutional arrangement.  
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capacity and also help them safeguard their interests and concerns, many CSOs and 

NGOs have also done commendable work and they also merit mention as stakeholders 

of REDD in Nepal. This document does not deal with all such stakeholders however, 

attempts to present some major ones presently actively engaged in REDD+ readiness 

preparation.  

1. FECOFUN: Established in 1995 as a nation-wide network of CFUGs to strengthen 

their role forestry sector policy making process, the Federation of CFUGs in Nepal 

(FECOFUN) claims to have transformed into a social movement organization with a 

membership of about 8.5 million CFUG members. It aims at developing means of 

livelihoods and generating opportunities to reduce poverty through sustainable 

management of forests. It emphasizes on approaches e.g, consensus building, wider 

people’s participation, good governance, empowerment, self-respect and self-reliance in 

community-based forest and natural resources management. 

2. NEFIN: Nepal Federation of Indigenous Nationalities – a member of the United 

Nations Working Group on Indigenous Populations, was formed in 1991 as an 

autonomous national level umbrella organization of indigenous peoples/nationalities. 

There are presently 48 indigenous peoples’ member organizations from all over Nepal 

in its umbrella.  They are represented in REDD+ multi-stakeholder forum and RWG. 

They have developed a 19-point position paper in the context of safeguarding their 

rights over land and forest resources and carbon in priority as per the ILO 169. 

3. DANAR Nepal: Dalit Alliance for Natural Resources Nepal is an NGO founded by 

dalit’s women’s and forest rights activists in 2007 to advocate for and secure rights over 

natural resources e.g., land, water and forests. DANAR is represented in national 

stakeholder forum of Nepal’s REDD+. It advocates for i) social inclusion and 

participation dalits and women in REDD processes, ii) free prior informed consent and 

rights to decision making, iii) alternative livelihoods options wherever REDD+ threatens 

the dalit’s livelihoods. It also calls for effective and equitable implementation of 

safeguards as per social and environmental standards and improved rights of dalits in 

Forest Act.   

4. NAFAN: National Forum for Advocacy Nepal, established in 2004 is a common forum 

of right-based NGOs working for socio-economic development, gender equality and 

access of underprivileged and marginalized communities to natural/environmental 

resources. It has been focusing its efforts on i) community forestry, ii) REDD forestry 

and CC, iii) policy analysis, dialogue, and expertise provision etc.  

5. HIMAWANTI: The Himalayan Grassroots Women’s Natural Resource Management 

Association (HIMAWANTI) is an NGO that aims to promote solidarity among grassroots 

women in order to enhance their access to natural resources and benefits accruing from 
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NRM in an equitable manner. It has district branches in about 33 districts of Nepal. It 

organizes a range of capacity building and networking activities for awareness and 

knowledge sharing on policies on NRM. Women traditionally the prime users and 

managers of forests at local level have important stake in REDD+ in Nepal. 

HIMAWANTI is a member of the national stakeholder forum of Nepal’s REDD+.  

6. ANSAB: Asia Network for Sustainable Agriculture and Bio-resources established in 

1992, is a CSO committed to conservation of biodiversity and livelihoods improvement. 

Community empowerment and economic incentives are it prime approaches to promote 

conservation. It undertakes applied studies for the implementation of innovative and 

enterprise oriented solution for conservation and sustainable use of bio-resources. 

ANSAB engaged in a NORAD funded REDD+ pilot project in Nepal jointly with ICIMOD 

and FECOFUN in three pilot watersheds of Chitwan, Dolakha and Gorkha districts of 

Nepal. Learning generated from this pilot project is considered extremely useful for 

participation of community based forest managers in Nepal’s REDD+. Recently ANSAB 

has been selected by the World Bank as the regional intermediary organization for the 

FCPF capacity building program for 2014/15. 

7. Forest Action: Is a learning oriented professional CSO established in 2000 and 

actively engaged in influencing public policy process and empowering forest and natural 

resource dependent communities including poor, marginalized and vulnerable groups to 

help them take control of and play active role in forest and NRM ensuring them 

sustained flow of livelihood benefits. It has been playing an active role since the 

beginning of REDD+ process through professional contribution in the preparation of R-

PP. It is represented in multi-stakeholder forum and RWG.  

8. ACOFUN: Association of Collaborative Forestry Users, Nepal was established in 

2007 with the initiation of collaborative forestry in Nepal. It is active in Terai and Siwalik 

district where block forest management under collaborative approach has been initiated. 

Its objective is to advocate for the rights of distant and excluded forest users in forestry 

related policies and programs.   

9. Some other likely potential actors of Nepal’s REDD+ are a) associations of private 

forestry practitioners, b) timber and non-timber forest products entrepreneurs and 

traders, 3) tourism promoters and hydro-power promoters etc. These actors are likely to 

come forward over the time as Nepal’s REDD+ develops and takes a meaningful shape. 

3. A Proposed Framework of National REDD+ Architecture  

As presented in the introduction section above, it is required to build a national level 

institutional structure for REDD+ comprising all three elements of REDD+ architecture 

e.g. policy, coordination and steering entity, MRV system entity and carbon payment 

entity from central down to sub-national and district/local levels . The next step will be to 
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work out their respective functions including flow of required information among these 

entities both horizontally and vertically. Human resources and their capacity needs at 

different layers of institution including the institutional strengthening will need to be 

analyzed. Finally a framework of the policy/legal arrangements will have to designed 

and enacted for effective, efficient and transparent functioning of the designed REDD+ 

architecture.  

For Nepal’s REDD+ architecture, R-PP emphasizes on:  

 Using existing institutional structures and arrangements to a possible extent 

(page 47);  

 Using multi-stakeholder bodies at subnational, district and local forest 

management unit/community levels (page 48 -49); 

 Creation of a central clearinghouse/carbon registry to work as a depository of 

REDD related information, allow for enforcement of standards and engage in 

carbon transaction (page 50); 

 Ensuring that information on measurement and reporting (MR) is readily 

available at all levels and to all actors (page 66) including GOs, NGOs, CSOs, 

federations, research institutions and private sectors; 

 Ensuring that local stakeholders and forest managers in all forest management 

regimes (e.g. CF, CoFM, government managed forests and PAs) participate and 

engage in field based monitoring as required and scheduled, 

 Ensuring the REDD relevant data is generated through periodic monitoring of 

forests, through a tested and institutionalized internal verification system by the 

MRV implementing agency –the DFRS  

 

National REDD+ architecture has been conceptualized in the flow chart below in line 

with the R-PP provisions. It comprises the three key elements of REDD+ architecture 

and has some salient features e.g.,  

 The central carbon registry is proposed in parallel with the Apex body keeping in 

view that it need to be an independent body represented by multi-sector/multi-level 

stakeholder representatives with a separate secretariat.   

 An MRV system technical support/advisory committee is proposed with an objective 

to fulfill its research, technology and capacity needs including institutional 

strengthening in future. An associated objective is to maintain transparency in 
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functioning of M and MRV at national level, and ensure that the perspectives of 

relevant MRV stakeholders and forest managers are captured in course of 

management, maintenance and strengthening of the MRV system on a regular and 

continued basis.    

Representation from relevant organizations should however, be bilaterally discussed 

and it should be ensured that the organizations are capable, interested and willing to 

contribute in the strengthening of MRV system as per the objectives of the proposed 

MRV advisory committee. So far as the role of different stakeholders in MRV Advisory 

committee is concerned, the entities e.g., i) Nepal’s national information center, MoSTE, 

NAST, ICIMOD and WWF etc. are likely to contribute in research, technology transfer 

and strengthening of national MRV system; ii) Academia e.g TU/Institute of Forestry 

(IoF) and Kathmandu University (KU) could contribute through research and human 

resources development, and advise on the technological strengthening of the MRV 

system; iii) CSOs e.g., FECOFUN, ACOFUN, ANSAB etc. having stake in carbon 

forestry could bring in the forest managers’ perspectives in M and MRV system 

management and strengthening. This should be considered as a broad ToR for the 

MRV advisory committee which is likely to get further refined once a functional MRV 

system accumulates learning and experiences over years to come.  
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4. Stakeholders Analysis: M and MRV System 

It is emerges as an important aspect at this stage to identify who exactly are the key 

stakeholders of Nepal’s M and MRV system, and analyze what are their stakes in it. It 

helps to understand how they could potentially influence and/or get influenced by the 

inputs and outputs of the M and MRV system and what kind of interest they have in the 

M and MRV outcomes. 

It is difficult at this stage to gauze deep into the interests and influences of multi-level 

and multi-sector stakeholders of REDD+ in M and MRV system. In the matrix below 

however, an attempt is made here to present an analysis of stakeholders in M and MRV 

system: 

Table: Stakeholders’ Stake, Influence and Interest in M and MRV System 

Stakeholder 
Category 

Stakeholder Stake Influence Interest 

Government MFSC: DFRS, 
DoF  
Other MFSC 
departments 
 
 
 
Relevant Line 
Ministries (section 
2 above) 

Forest/Carbon 
enhancement, 
Updating/management 
of forest information 
system 
 
 
Carbon 
emission/removal 
accounts of their 
respective sectors 

Influences 
projects/carbon 
buyers, payment 
mechanism and 
reports to 
UNFCCC 
 
Policy measures 
having 
implications on 
carbon emissions 
and removals 

Retain control 
over MRV 
system, share 
carbon 
benefits 
 
 
In contributing 
towards green 
economic 
development 

Beneficiary 
Groups 

Community based 
forest managers 
e.g. CFUGs, CFM 
groups, LhFGs  
etc. 

Ensure carbon 
measurement is 
participatory, 
transparent and locally 
governed 

Local forest 
protection and 
enhancement 

Get maximum 
possible 
benefits from 
Forest carbon 
payment 

NGOs/CSOs FECOFUN, 
NEFUG, 
ACOFUN, NEFIN, 
NAFAN, 
HIMAWANTI and 
others…… 

Ensure good 
governance in the 
system in favor of IPs 
local forest managers 
and marginalized 
forest dependent 
groups 

Capable of 
advocating and 
mobilizing the 
people and 
CBOs on M and 
MRV system 
related issues 

Retain 
peoples’ 
CBO’s trust 
and 
confidence 
with respect 
to REDD+ 
related issues 
of public 
intrest. 

International 
Development 
Agencies 

ICIMOD, WWF, 
DFID, SDC, 
USAID funded 

Ensure SFM, 
livelihoods security 
and poverty 

Influences policy 
processes and 
outcomes, 

Maintain the 
public policy 
influencing 
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forestry projects alleviation; Promote 
science and 
technology, and 
democratic 
governance 
mechanisms 

including 
development 
financing 

capacity 

Academia/ 
Research 

MSTE, 
Kathmandu 
University, NAST, 
National 
Information Center 
of GoN 

Technology transfer, 
Maintenance and 
updating of technology 
and synchronization of 
systems 

Influences the 
technology 
transfer and 
system 
harmonization 

Remain at the 
center of 
science and 
technological 
development  

   

5. Proposed Institutional Framework for M and MRV System 

In order to ensure effective, efficient and transparent governance of measurement, 

monitoring and management of data under MRV system, the R-PP has envisioned that 

DFRS – the national MRV implementing agency, under the overall guidance of the Apex 

Body will be responsible for:  

1. Periodic execution of forest assessments for deforestation and degradation 
monitoring; 

2. Designing, maintaining and operating the National Forest Information 
Management System (NAFIMS); 

3. Coordinating the collection of sub-national level information; 
4. Disseminating NAFIMS deliverables through web portal; 
5. Providing technical guidance and institutional/capacity support to the parallel 

institutional setups at sub-national/district/local community levels.  
 
The sub-national, district and/or local government level MRV institutional setups will act 

as the implementing entities to implement the decisions taken by sub-national/District 

Forest Coordination Committees (DFCCs). These sub-national/district and/or local level 

entities will have a REDD Cell (as a new section) within the DFO structure. 

The REDD+ architecture proposed above, provides an institutional structure for MRV 

system. MRV will be one cabinet of a larger box of the national forest information 

management system (NAFIMS) presently being developed under Forest Resource 

Assessment (FRA) project of the DFRS. The FRA project (2010/ 2014) is expected to 

deliver a national forest survey and inventory mechanism with components e.g.,   

 Forest cover mapping producing geographically referred information on the forest 
cover, its extent and quality; 

 FRA composed of field sampling activity, digital sampling activity and data 
processing; 
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 Development of a Forest Information System including development of a 
geographically bound Forest Information System (FIS) which is able to deliver 
thematic maps through the internet. The NAFIMS will need to be maintained, 
managed and updated based on GIS/remote sensing based periodic forest cover 
mapping and updating the FIS based on periodic field verification of data in 
permanent sample plots. 

 
The proposed institutional framework builds on the establishment of a NAFIMS/MRV 
Division in the DFRS. This division will be accountable to REDD Secretariat through the 
DFRS and get technical advice and assistance from an MRV System Advisory 
Committee (comprising relevant stakeholders from within and outside the government 
as suggested in the previous section).  MRV Division will be linked with the National 
Carbon Registry and the Carbon Payment Authority at the national level. Within the 
MRV division will be internal verification and reporting units to verify and report the 
periodic carbon change and report to the Carbon Registry. Any independent verification 
will be linked with the Registry and the MRV division. At the sub-national (and/or 
project) and district/local government levels, sub-national/provincial and district/local 
government level REDD and MRV sections will work to support the MRV system and 
functions under the continuous guidance and supervision of their respective RWGs and 
multi-stakeholder forums.  
 
Accordingly, the institutional framework for MRV system under the NAFIMS is proposed 
in the flow chart below:   
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The REDD+ architecture and the institutional framework proposed in this working paper 
will require discussion among relevant actors/stakeholders of REDD+ in Nepal. After 
having developed multi-stakeholder consensus on the REDD+ architecture and the 
institutional framework the next step will be: 

 Elaborate all activities to be undertaken periodically and annually at a regular 
basis to maintain, manage and update the MRV system; 

 Review existing structure of DFRS and the expertise within it, and analyse its 
adequacy with respect to maintaining, managing and updating the NAFIMS and 
MRV systems and propose required structural adjustments, if any; 

 Draft functions, roles and responsibilities and capacity needs of institutions and 
individuals within the MRV institutional structure in its three tiers of governance;   

 Work out all possible horizontal and vertical interactions among institutions to be 
included in required institutional arrangements 

 Develop a capacity strengthening in all three tiers of governance.  
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1. The MRV System – IT Platform 

A dedicated information system is necessary to properly support the complex MRV activities and to 

manage the spatial and non-spatial data involved in a multi-user and multi-level environment (local 

communities, sub national level, national level). The system must be able to matches the technical 

requirements of the three MRV pillars SLMS, Emission Factors, GHG) and to disseminate the results and 

relevant data to the general public and/or to selected audience. This document will outline the proposed 

solution for an IT platform (software and hardware) implementation (Fig. 1), with a particular focus on its 

management, sustainability and dissemination of spatial and non-spatial information. 

 

 

Fig. 1 – Architecture of the System 

 

1.1 Objectives of the IT platform 

The main objectives of the IT platform are listed below: 

• Store and manage the information produced by the RS/GIS and Forestry unit as well as any other 

available and relevant ancillary data set 

• Import into MRV database the  data collected at local community level as well as at national level 

• Process, analyse and aggregate data to produce informative report as requested by the REDD+ 

mechanism 
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• Support data validation process 

• Share relevant information (spatial and non-spatial data and documents) among the stakeholders 

at the different levels 

• Disseminate project information, data and deliverables 

• Offer tools to stimulate the participations and involvement of local communities 

• Manage user access to documents, functionalities and information 

One of the main characteristic of the system will be the possibility to acquire data coming from field 

activities and/or other identified resources. Acquired data will be stored in appropriate persistent 

structures and will be available “as is”, as part of the verification process, and it will be used to build 

knowledge and valuable information through data aggregation and analysis. Thus the system will support 

some algorithms provided by the experts (e.g.: volume and biomass equations) to process available data 

and extract meaningful information in Reporting Section. Moreover, for some identified input  

(cartographic data, statistical data, forest inventory data), data processing can be performed only after a 

validation step from authorized personnel, in order to improve and assure data quality. As a front end to 

data and information management, the system can be used as a platform for sharing knowledge, messages 

and information among users privately (based on groups and roles). A public area will serve for the 

dissemination of project activities and outcomes. User authentication and authorization will be managed 

automatically by the platform for documents and applications, based on user profiles. 

 

1.2 Technological Features of the IT platform 

A system capable of matching the desired objectives can be implemented using a plethora of different 

technologies; the main technological characteristics considered for the definition of the platform are: 

• Being based on open source frameworks 

• Being accessible from different devices (PC, tablet) using any Web Browser, delivering a true web 

platform 

• Being expandable and easy to maintain  

• Offering user-friendly user interfaces   

• Being modular and configurable: each functionality is supported by an application of the platform 

• Being able to manage different users’ roles (stakeholders): access to applications depends on 

user’s role within the System 

• Being interoperable (as much as possible) with other existing platform (e.g. FRA) 

The system we propose to support the REDD+ initiative in Nepal is a Web Platform capable of integrating, 

elaborating and disseminating data acquired during field activities, remote sensing analysis, and from other 

available resources (e.g.: WMS, cartographic data from ICIMOD or other pertinent sources, MRV papers, 

etc.). It is based on Liferay, an open source framework for the implementation of custom portals and Java. 

All software used in the IT platform make use of open source technologies and applications, including: 

 Web portal: made by Liferay Portal 6.2, an enterprise portal and portlet container developed by 

Oracle's Java technology;  

 Nepal REDD + WebGIS: The application makes use of GeoServer, software that allows you to share 

and edit geospatial data and of NFMS platform, developed by FAO;  
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 MRV Metadata Catalogue for Nepal: application made by GeoNetwork (developed by FAO), an 

application for the decentralized management of spatial information (metadata);  

 MRV Pilot Forest Survey Form (PFSF) and Carbon Stock Measurement Form (CSMF): portlets 

developed ad-hoc for the project and built using open-source technology Oracle Java, Java Server 

Faces 2.0, PrimeFaces and Hibernate 4 4; 

The applications described above, using as DBMS PostgreSQL with PostGIS spatial extensions. The choice of 

open source technologies grants maintainability and sustainability of the system, leveraging the knowledge 

and support of online communities as well as local and worldwide experts. The portal will offer different 

applications that the user will see as different areas of the portal itself, each one targeted to a specific 

function. 

Data Input forms will be used to collect data from local communities, regional sections, national centres. 

Data format is controlled and enforced for every input. Data acquired through the system can be used to 

generate reports based on predefined templates and filter parameters. A DMS (Document Management 

System) will provide the functionality to share documents privately (based on groups of users) or publicly. 

Appropriate administration tools will be provided to manage user accounts, define groups/communities, 

define user roles and access to applications and documents. 

1.3 Architecture of the IT platform 

The developed prototype of the portal consists of several software that interact with each other in order to 

form a single information platform and collaboration, whose front-end is the web portal accessible to users 

across the Internet. 

 

 

Fig. 2 – User access to the prototype 

 

Users logging on to the portal, will be informed about the different aspects of the project and, if in 

possession of the appropriate login credentials, use the tools WebGIS, data collection and reporting. 
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User profiling depends by user needs and it will be customized on request by the IT system administrator, 

according to REDD Cell directives. 

Web applications are made available in the portal:  
 
- Nepal REDD + WebGIS; 
- MRV Metadata Catalogue for Nepal;  
- MRV Pilot Forest Survey Form (PFSF) and Carbon Stock Measurement Form (CSMF): application for the 
acquisition of data producing reports;  
- Document Management: Liferay portlets configured for the exchange of documents between users 
registered in the system. 
 
The system is therefore present a single installation of the DBMS and databases are different for each 

application.  

The servlet Tomcat container was used to run the web application of the IT platform, specifically for Liferay 

Tomcat was used in version 7, while for Geoserver, GeoNetwork and Nepal REDD + WebGIS version 6 of 

Tomcat (this is because of the tested system requirements of NFMS platform used for this project. In a 

future release of the system it is desirable to use the same Tomcat version, if applicable). 

 

Fig. 3 – Software Architecture 
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Fig. 4 – Interaction of software and access flow by users 

 

 

The machine on which the software is installed constituting the IT platform is a Linux virtual machine with 

CentOS 6.5 (Kernel Version 2.6.32) operating system, built using the software Virtual Box. 

The physical machine on which the virtual machine prototype is running is an HP server ML310E G8 v2, 

equipped with Intel Xeon quad-core processor, 20 GB of RAM and two SATA hard drives configured in 4 TB 

RAID 1 (Mirroring) in order such as to make the system fault-tolerance in the event of failure of one of the 

disks. 

The operating system of the server is the same as that of the virtual machine. 
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Fig. 5 – Virtualization architecture 

 

The choice to virtualize the exercise machine of portal allows greater maintainability (ease of backup and 

restore data), flexibility (migration of the system on a physical server or a more powerful virtualization 

system already present, or in case of fault physical server) and extensibility (adding new services into new 

virtual machines communicating with the existing and residing on the same physical server). 

 

1.4 Public features of the IT platform 

The system will be accessible by any web browsing capable device and will offer the following basic 

features: 

• User Registration 

• Document download 

• Information search 

The front-end of the system will be realized in the form of a web portal. A public area will be accessible to 

any user who connects to the portal. It will allow the creation of new accounts and the download of public 

accessible documentation; moreover it will offer simple features to retrieve public accessible information in 

the system. User accounts created by the user in the public area of the portal will be submitted to system 

administrators for approval and will become operative only after a positive confirmation. There will be also 

static web pages that describe the objectives, methods, approaches and results of the REDD+ project in 

Nepal. 

 

1.5 Private features of the IT platform 

The private area of the system will offer an environment where restricted users (users with specific roles in 

the system) can interact with the system. In particular it will expose the following functionalities: 

• User Management 
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• Document upload/download in private/public area 

• Data Input 

• Data Validation 

• Reporting 

The basic administration functionality is that of user management. In particular each user of the system will 

have an account in the system. Private accounts can be created and activated by System Administrators 

that will define to which groups a user belongs and what roles he has within the system. 

There are currently 4 types of utilities, each of which will have different menus:  

 

1. National;  

2. Sub National;  

3. DFO; 

4. Local. 

Each user will have access to one or more specific functions: only those for which the role of the user is 

enabled.  User account can be modified, deleted or created by logging into the system with an account with 

System Administration privileges.  

 

A document management system (DMS) will support the publication (upload) of documents to the system. 

Documents can be defined to be public or private and can be saved along with metadata useful for indexing 

and retrieval. Moreover they can be categorized in Folders for easy access or searched by predefined 

criteria (size, date, title, keywords…). Documents can be downloaded for offline view/modification and 

then uploaded again to the website, maintaining the history of modification (versioning). Management of 

documents is defined by permissions to user accounts and roles. 

 

 

 
 

 

Depending on the type of user it will be possible use the folder Local or National. The user that includes 

documents can assign permissions, which can give the opportunity to use the read-only documents or give 

the option to edit. 

MRV Forest Survey Forms (PFSF) will be provided to acquire data from expert at a local, regional and 

national level. Form will be realized defining data type in order to enforce validation of input (combo box, 

date fields, numeric fields, range input, radio button, list, selection box). Complex data can be acquired on 

multiple forms (wizards). Each piece of information can be modified, deleted or inserted and visualized in a 

tabular form. Information will be stored on appropriate data structure on a DBMS. 
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In order to test the functionality of our prototype we developed a simple application based on real field 

data. For this purpose we used the field forms and algorithms for calculation kindly provided by ANSAB 

(ANSAB / FECOFUN / NORAD Pilot study). The choice to use ANSAB data was simply because it was the only 

set of recent field data made available to the MRV Team. The input forms and the volume and allometric 

equation for biomass developed by ANSAB were used as test to demonstrate the functionalities of the 

System. 

 

 For instance Carbon Stock Measurement Form (CSMF) 1, contains the general data of the plot.  

 

 

 

In  CSMF 2 Form data on biomass other than trees (herbs and grass, litter, regeneration) is recorded.
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In CSMF 3, 4, 5 tree data are entered. 

 

 

Reports built according to predefined templates can be generated in different data formats and projected 

according to predefined parameters. Aggregation of data will be realized according to some predefined 

algorithms (at present you can view aggregated per hectare data of volume, biomass and Carbon Stock). 

This application can generate customized ad-hoc reports,  to have some intelligence on data acquired and 

to produce estimation of forest emissions and removals. Reports also can be used to generate documents 

to be shared on the public area of the website or used privately to monitor data at different times of the 

MRV work progression. 
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2. The MRV System - GIS Platform 
 

Remote Sensing (RS) and Geographic Information System (GIS) have demonstrated itself as a very powerful 

tool in forest research and natural resource management. Change detection in forest classes to estimate 

carbon emissions and removals and greenhouse gas (GHG) statistics for a great amount of data can be 

precisely calculated using GIS and RS technology1. 

Also, the use of GIS and RS technology enables the monitoring of forests regularly. The MRV system 

considers functions for measuring the magnitude of greenhouse gas, reporting the magnitude of reduced 

amounts of gas, and the verification for those amounts. 

Implementing a complete GIS infrastructure is the best way to manage each step of the process: data 

collection (tabular, vector and raster), spatial data DB, data pre-processing (georeferencing, geometric 

accuracy, attributes semantics validation), images processing, statistics calculations, output map and 

reports, web portal to disseminate results. 

 

2.1 Software components 
 

The Geographic Information System for MRV project for Nepal consists of the following open source 

software: 

 RDBMS: PostgreSQL / PostGIS 

 GIS: QGIS Desktop, GRASS 

 Web Server: Apache, Tomcat 

 Application Server: GeoServer 

 Metadata Server: GeoNetwork 

 WebGIS frontend: NFMS WebGIS platform 

 

PostgreSQL/PostGIS 

This is the RDBMS where project data are stored. Following repositories store 

different data: 

 geonetwork: stores system tables for GeoNetwork platform; it is the DB 

of Metadata Catalogue 

 mrvnepal: stores spatial data (mainly vectors) of MRV; it is the core DB of 

the MRV system 

Images, PDFs, XMLs and other project files are optionally stored in a File System 

tree structure on server. 

The mrvnepal DB is organized in several schemas, containing homogeneous data 

                                                           
1 As pointed out in the initial methodological guidance in relation to MRV for REDD+ provided at COP 15, Copenhagen (2009): Decision 4/CP.15, 

paragraph 1(d) “Requests” Parties. 
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for some characteristics (i.e.: administrative boundaries, environmental data, national level data, local level 

data, etc.).  

Some of the data stored in mrvnepal DB are also published on webGIS platform. See the next figure 

showing the ER scheme for the mrvnepal DB. 

 

 

Fig. 6 – ER scheme 

 

QGIS Desktop 

This software can be installed on Windows or Linux computers and it should be used to manage the spatial 

data of the MRV Project in a desktop environment. 

User can load data in different formats and import them in the mrvnepal DB. He can also edit data 

(geometry, attributes, cell values) and perform geoprocessing and spatial analysis. 

Another important issue is the management of the symbology and legends to be used for static thematic 

maps as far as also for webGIS interactive digital maps. 

 

GRASS 

GIS module for image processing with several tools used for supervised and unsupervised classification. 

Satellite imagery and orthophotos (aerial photographs) are handled in GRASS as raster maps and 

specialized tasks are performed using the imagery modules. 

In this project GRASS is used to process and analyse satellite images through segmentation methodology. 
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Apache Tomcat 

It is the webserver that manages the requests between web clients and server. 

 

GeoServer 

GeoServer is an open source software server written in Java that allows users to share and edit geospatial 

data. Designed for interoperability, it publishes data from any major spatial data source using open 

standards. 

The Web Administration Interface is a web-based application used to configure all aspects of GeoServer, 

from adding and publishing data to changing service settings. 

The system administrator can load spatial data from mrvnepal DB into GeoServer, set the appropriate SLD 

used for rendering and publish them using different OGC services, as WMS (the only OGC map service 

supported by NFMS platform at the date of report publication). 

 

GeoNetwork 

The GeoNetwork open source project is a free and open source cataloguing application for spatially 

referenced resources. It is a catalogue of location-oriented information. 

It is a standardized and decentralized spatial information management environment designed to enable 

access to geo-referenced databases, cartographic products and related metadata from a variety of sources, 

enhancing the spatial information exchange and sharing between organizations and their audience, using 

the capacities of the internet. 

 

NFMS WebGIS Platform 

The NFMS UN-REDD is GIS infrastructure that helps in the transparent dissemination of forest change, by 

processing and publishing forest (remote sensing) data, validated and open for public feedback of people in 

the monitored areas. 

The NFMS system makes use well known open source projects, as GeoServer and OpenLayers, as well as of 

OGC standards in order to guarantee the technological independence of the users that deploy the system 

and to provide them with a tool that can seamlessly interoperate with other systems. 

Technical specifications about how to install the NFMS portal can be read on nfms4redd.org2. 

GIS data published in the MRV webGIS have to be prepared using QGIS Desktop open source software (or 

other GIS desktop software) with which symbology, geometry and attributes can be managed. 

 

                                                           
2
 http://nfms4redd.org/doc/index.html 

http://en.wikipedia.org/wiki/Free_software
http://en.wikipedia.org/wiki/Cartography
http://en.wikipedia.org/wiki/Metadata
http://nfms4redd.org/doc/index.html
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2.2 The WebGIS geoportal 
 

The objective is to follow the methodological proposal of the UN REDD Programme3 to implement a NFMS 

in order to serve the three MRV pillars: Satellite Land Monitoring System (SLMS), National Forest Inventory 

(NFI) and the national GHG Inventory.  

The webGIS provides a link between historical assessments and current/future assessments enables 

consistency in the data and information to support the implementation of REDD+ activities in Nepal. 

To accomplish this task an infrastructure for interactive maps that helps in the transparent dissemination of 

forest change, by processing and publishing forest and related data, validated and open for public feedback 

of people in the  monitored areas has been adopted and customized as a prototype.  

This platform allow for example to check online an area of deforestation nearby settlement and view online 

whether or not the data and interpretation are correct. This will not only allow for an entirely transparent 

monitoring and verification system on a national level, but it will greatly enhance the participation of local 

communities in the implementation of national REDD+ policies and measures in Nepal. 

 

 

 

The system makes use well known open source projects, as GeoServer and OpenLayers, as well as of OGC 

(Open Geospatial Consortium) standards (like WMS) in order to guarantee the technological independence 

of the users that deploy the system and to provide them with a tool that can seamlessly interoperate with 

other systems (see OSFIS). 

                                                           
3 National Forest Monitoring Systems: Monitoring and Measurement, Reporting and Verification (M & MRV) in the context of REDD+ Activities 

(2013) 
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The system provides a dissemination portal where MRV time dependent data can be visualized and some 

pre-calculated statistics and reports (if available) can be obtained. 

Main characteristics of the WebGIS prototype are: 

 Open source     no costs for licences, free updates  

 OGC standards     platform independent, interoperability 

 Interactive maps     navigation & query 

 Reports, graphs, statistics   view 

 Multilingual     english, nepali 

 Feedback      send notes and/or spatial updates  

 

The NFMS system is directly linked to a client-server platform that combines MRV database, Desktop GIS 

applications, image processing and data access functionalities. 

The accessibility of the WebGIS will be managed according with the user privileges accessing the system: 

not all the MRV data will be available to everyone. 

The webGIS, together also with Metadata Catalogue, is part of the Geographic Information System 

implemented for MRV System for Nepal. 

Each spatial data visible in the WebGIS will be also connected, through a link, with Metadata Catalogue, to 

show its relevant information about data creation, owner, etc. 

Finally, the WebGIS will provide functions to send spatial feedback to the MRV Section about updated 

geographic elements in the map. After a validation procedure of the new data sent, performed by a 

technical GIS expert with the support, if necessary, of a forest expert, the WebGIS will show the updated 

version of the data. 
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2.3 The Metadata Catalogue 
 

The Metadata Catalogue will allow users to perform queries on metadata, logical and geographical, to 

extract a list of information, documents and spatial layers available that matches the user needs among all 

the information stored in the system. This function will be facilitated by the development of user-friendly 

interfaces with different search typologies. 

Metadata is defined as data about data by describing the contents and context of data files. This 

information will be useful for who works with data to understand the quality and the process that bring to 

the elaborated result. With metadata it will be possible query the system in order to find the data that 

respond a certain characteristics (source, theme, years...). 

Metadata Catalogue web interface is developed with GeoNetwork, a free open source framework 

developed by FAO, to manage spatially referenced resources. The Catalogue uses a standard platform and 

it is interoperable with other metadata catalogues using the same technology (i.e.: FAO). 

 

 
 

 

Generic/registered user and administrator can interact with it in different ways. 

 

Main functions available to common user: 

 Search functions: 

o by text (exact phrase, single word, excluded words, title, abstract, keywords) 

o by date 

o geographical, through internal map viewer (select predefined extent or user defined 

extent) 

o by category (select one of the predefined category e.g., Datasets, Photos, Documents, 

Legislation, Conference Proceedings, etc.) 

 Metadata: 
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o contents view for metadata 

o download linked data in ZIP format 

o download ZIP package with XML metadata and linked data 

o export metadata in XML format 

o view data and associated legend on internal map viewer 

o view data and associated legend on Google Earth 

 

Main functions available to registered user and/or administrator: 

 Metadata insert/upload (single and batch)/delete/edit 

 Manage Thesauri for keywords (to be defined by the team) 

 Manage harvesting process to link to external nodes (to be defined by the team) 

 Users/Groups/Privileges management (to be defined by the team) 

 Localization (for multilingual translation of Categories, Groups, Operations, Regions) 

 Category management 
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1. INTRODUCTION 

Nepal’s national REDD+ strategy needs to build on many community based forest management 

(CBFM) mechanisms being practiced since over three decades now. Over one third of Nepal’s 

forests are under one or the other CBFM regimes which signifies the potential role of 

communities in Nepal’s REDD+ implementation. CBFM practitioners and particularly the 

community forestry (CF) user groups have evolved as robust institutions with institutional 

arrangements and accumulated experiences of forest management planning and implementation. 

With realization of forest user groups’ stake and potential role in REDD+, Nepal’s R-PP has 

already justified the need of a hybrid (nested) approach which will enable the country to go for 

early participation in REDD+ at sub-national/local level while engaging in continuous 

improvement of its MRV institution and capacity for MRV system strengthening.   

A nested approach is a flexible mechanism. It allows countries to start REDD+ efforts through 

sub-national activities and gradually move to a national approach, or for the coexistence of the 

two approaches in a system where REDD credits are generated by projects and governments, 

thus maximizing the potential of both approaches 

Nepal’s R-PP envisages local level implementation of specific REDD+ activities wherever 

CoFM areas exist. This justifies the need for all concerned CBFM practitioners to undertake 

REDD+ initiatives and regular/periodic carbon monitoring with capacity and technical support 

from local forest authorities.  

From M and MRV perspectives, we visualize that the data collected at individual forest 

management unit (FMU) level will have to be transferred to sub-/national MRV system in a 

transparent manner, and the participating CBFM communities will have to be compensated 

based on an appropriate crediting system established under the REDD+ strategy. An appropriate 

mechanism for ensuring environmental and social safeguards will need to be implemented side 

by side which will consider both environmental conservation, and distribution of carbon and 

non-carbon benefits ensuring forest dependent interest groups/communities impacted due to 

REDD+ are benefitted in an equitable manner.   

The R-PP also plans to share the carbon monitoring role with local bodies e.g. village 

development committees (VDCs) in case of “government managed forests” and with buffer zone 

council and groups in case of forests in “protected areas”.  The R-PP aims at community based 

ground inventory for all carbon pools in the long run however emphasizes on above/below 

ground biomass and soil carbon at initial stages.    
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2. PURPOSE/OBJECTIVE  

 

Main purpose of this case study was to undertake an assessment of the capacity requirements of 

CBFM practicing communities and CSOs assisting them, and also of the local forest authorities 

in DFOs e.g., forestry officers and rangers to be engaged in community based forest carbon 

measurement and monitoring. The specific objectives were to: 

 Assess the capacity developed among the CBFM groups and other actors who participated in 

ICIMOD/ANSAB/FECOFUN implemented REDD+ pilot; 

 Interact with CBFM groups outside the pilot project area and assess their capacity 

requirements to engage in carbon measurement and monitoring as the methodological steps 

elaborated in the previous section;   

 Analyze the capacity requirements of CBFM practitioners and local forest authorities for 

forest carbon measurement and monitoring to be included in a full cost proposal for MRV 

system strengthening; 

 

3. CASE STUDY AREA 

 

This case study was conducted in two out of three pilot areas in Gorkha and Chitwan districts of 

the NORAD funded and ICIMOD, ANSAB and FECOFUN implemented REDD+ pilot project. 

The project "Design and establishment of a governance and payment system for community 

forest management under REDD+" was implemented from 2009 to 2013. The development 

objective of the project was to pilot a REDD+ payment mechanism in community-managed 

forests in three watersheds of Nepal that would support a longer-term goal of establishing a 

national demonstration payment mechanism for carbon credits in community forestry sector. The 

project area comprised sub-watersheds of Charnawati river in Dolakha District, Ludikhola in 

Gorkha and Kayarkhola in Chitwan. Sub-watersheds were selected as pilot areas based on 

various parameters e.g., accessibility, extent of forest and ethnic diversity within the participating 

community groups. These pilot areas were discussed in multi-stakeholder consultations in 

respective districts and finalized accordingly.  

 

The project represents 105 CFUGs covering about 10,266 hectares of forest area and involves 

more than 16,143 households. Sub-watershed level REDD networks were established in each 

pilot area. FECOFUN engaged in CFUG mobilization, ANSAB led the technical aspect of the  
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project while ICIMOD involved in strategic guidance, research and analysis in this pilot project. 

Table 1: Basic Information - NORAD funded Pilot Project Area  

Name of the Watershed 
Network 

CFUGs 
(no) 

Households ( no) Forest area 
(ha) 

Total Indigenous Dalits  Others 

Charnawati (Dolakha) 58 10,562 4,605 655  4,906 5,996.17 

Kayarkhola (Chitawan) 16 4,390 2,592 330  1,469 2,381.96 

Ludikhola ( Gorkha) 31 4,100 2,254 675  1,181 1,888.00 

Total 105 19,052 9,451 1,660  7,556 10,266.13 

 

In addition to the CFUGs and their pilot area level REDD Network, civil society and government 

institutions, other actors involved in this project were FECOFUN, NEFIN, DFO, DSCO, DDC 

and HIMAWANTI. REDD Network, REDD Advisory Committee and a REDD Monitoring 

Committee were institutionalized to facilitate an effective implementation of the pilot project. 

 

4. METHODOLOGY 

4.1 Selection of CBFM groups 

In each pilot area of Gorkha and Chitwan, at least one CBFM group within the pilot area and one 

outside (in the fringe as control) were selected (table below) for field study. This was done in 

consultation with the DFOs, FECOFUN and watershed level REDD Networks of respective 

districts. The DFOs, watershed level REDD Networks and the relevant official(s) from 

FECOFUN in both the district were consulted in course of field study.  

 

Table 2: Selected CBFM Groups for Case Study 
 

District/Pilot area (sub-
watershed) 

CBFM group within the pilot area CBFM group outside the pilot area 

Gorkha/Ludikhola  Birinchok CFUG 

 Forest Area – 83 ha 

 Group size – 192 hh 

Dhodre CFUG 

 Forest Area – 201 ha 

 Group size – 765 hh 

Chitawan/Kayarkhola Jamuna CFUG 

 Forest area – 30 ha 

 Group size – 36 hh 
 
Kankali CFUG 

 Forest area – 749 ha (of which 
90 ha within pilot project) 

 Group size – 2000 hh 

Managaladevi CFUG 

 Forest area – 71ha 

 Group size – 113 hh 

 

4.2 Approach and Tools 

A participatory approach was followed for this case study. At the planning stage, a concept note 

was prepared to thrash out some key questions to be answered through the case study. MRV 
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team experts included the questions from their respective fields of interest to find answers 

through the case study. Semi-structured interviews and focus group discussion (FGD) were 

selected as key tools for generating information from the key informants, stakeholders and 

beneficiaries of the pilot project.  

4.3 Key Questions to be answered: 

Social/Institutional 

The existing social/institutional set-up, and to understand whether new social/institutional 

mechanisms were deemed necessary for REDD specific purposes. Some specific questions were: 

1) What process was followed for creating REDD related awareness and seeking free and 

prior informed consent of communities to participate in REDD+ pilot project? 

2) How the decision to participate in REDD+ was made? 

3) What new institutions were created for what purpose? Who were included and why? 

What learning was accumulated? 

4) What new institutions the community groups and stakeholders think will be required to 

serve which specific purpose at forest management level? 

Capacity Related 

1) What specific capacity needs were addressed by the pilot project for what specific purpose of 

participation in the REDD project? 

2) How many people per CBFM groups were trained? And how many among them have 

retained what kind of skills after the project has finished? 

3) What additional technical capacity is perceived crucial at the community level to enable them 

undertake forest carbon measurement and report to the DFO in future? 

4) What kind of capacity should the technical staff of the DFO have to i) skillfully provide 

training to community members for participatory forest carbon measurement and monitoring, 

and enter and maintain measurement data/records in DFO.   

5) Did CBFM groups have to refine their Vidhans and CFOPs to participate in REDD+ pilot 

project? What issues were encountered during implementation and how were they resolved? 

What was their learning regarding need of revision in Vidhan and CFOPs? In case revision is 

indispensable, what they think should be the key areas for revision and why?  

4.4 Study Team 

The study team comprised Walter Marzoli, Sagendra Tiwari, Gehendra Karki and Saroj Sharma 

from MRV project team and Mr. Shree Krishna Gautam from REDD Cell. The field study was 

undertaken from 02 to 06 December, 2013.  
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5. EVOLVING BASIC METHODOLOGICAL APPROACH TO ENGAGING LOCAL 

COMMUNITY GROUPS IN FOREST CARBON MONITORING 

A community based participatory forest carbon measurement and monitoring system is 

considered a challenging task both from the technical and the socio-economic view point. A 

K:TGAL
1
 field manual sets out a six-step methodology for community carbon monitoring 

(www.communitycarbonforestry.org) (Skutsch et al.,2008)). This methodological approach was 

used in ICIMOD/ANSAB/FECOFUN implemented REDD+ pilot project in Nepal and also in 

India and Kenya. It was developed on the basis of monitoring requirements of IPCC GPG 2003 

and was adapted and detailed out based on specific contextual situation of the countries. It was 

designed to be used by an intermediary (e.g. locally active NGOs or forestry technicians). These 

methodological steps have been adapted in Nepal’s context and presented here for assessing the 

capacity requirements of the three major actors of Nepal’s CBFM in REDD+ for the purpose of 

community based forest carbon measurement and monitoring.  

These major actors are: 

1) The MRV team established at national level; 

2) Local and district level forest authorities e.g., DFO field staff; 

3) CBFM practitioners e.g. CFUGs, CoFM-UGs, LhFUGs, BZCFUGs, etc. 

The role of NGOs and CSOs also needs to be considered as and when applicable in community 

based carbon monitoring.  Schematically, the implementation of MRV at CBFM practitioners’ 

level includes the steps shown in table 3 below. 

Table 3: Steps involved in Community Based MRV Implementation 

MRV Phases Step Responsible body Output / Product 
Preparation 

 
Step 1: Preparation phase CBFM practicing groups/ 

REDD Cell / MRV Division 
A formal agreement between 
CBFM practitioners and the 
REDD cell / MRV on the 
establishment of REDD+ 
activities in given 
communities. 

Measurement of activity data 
 

Step 2: Delineation of project 
boundaries 

CBFM practicing groups/ 
DFOs / MRV 

A digital map with the 
boundaries of the project 
area. 

 Step  3: Land use and land 
cover mapping 

MRV Remote Sensing 
Unit/CBFM practicing 
groups/Local forest officers 

The baseline LULC map, and 
the changes that occurred in 
recent the past, prior to the 
project initiation. 

 Step 4: Stratification of the 
project area 

MRV team / CBFM practicing 
groups/ Local forest officers 

Project area stratification 
map 
 

Measurement of emission 
factors 
 

Step 5: Preparation for the 
field work and capacity 
building of local communities. 

Local forests authorities / 
NGOs 

Local communities are 
trained for field work. 

                                                           
1
 Kyoto: Think Global Act Local Project 

http://www.communitycarbonforestry.org/
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MRV Phases Step Responsible body Output / Product 
 Step 6: Pilot inventory for 

variance estimation 
MRV team / CBFM practicing 
groups/ local forest officers 

Field sampling design 
established 

 Step 7: Field work CBFM practicing groups, 
local forest authorities 

Field inventory executed 

 Step 8: Quality assurance 
and quality control 

Local forest authorities 
 

Validated field data 

 Step 9: Data processing and 
estimation of emission factors 
and GHG emission  

MRV data processing unit 
 

Estimation of GHG emissions 
(REL) 

Reporting Step 10: Analysis of trends MRV Remote Sensing unit 
and MRV data processing 
unit 
 

Trends in carbon emission 
balance established 

 Step 11: Detection of leakage MRV GIS unit and local forest 
officers 
 

Quantification of leakage 

 Step 12: Estimation of net 
(deducting leakage) carbon 
emissions 

MRV Division Net carbon emission balance 
established 

 Step 13: Collating and 
presenting the information on 
GHG emissions/removals. 

MRV Reporting Unit A report in a REDD+ 
standard and documented 
format. 

Verification Step 14: Verification Independent authority 
 

Certified net carbon 
emissions 

Payments of carbon credits Step 15: Payments of carbon 
credits 

MRV and designated REDD+ 
authorities 
 

Carbon transactions in place 

Follow-up  Step 16: Follow-up  MRV Division/REDD Cell 
 

Sustainable REDD 
mechanisms are in place 
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6. DISCUSSION AND FINDINGS 

As is evident from various steps elaborated in the table above, the roles and functions of local 

CBFM practicing groups is emphasized in i) preparation phase (step 1); ii) steps involved in 

activity data measurement phase (steps 2 – 4); and iii) two of six steps involved in emission 

factor measurement phase (steps 6 and 7). More specifically, enabling the CBFM groups 

participate meaningfully in REDD+ requires them to acquire: 

1) Knowledge and awareness about the possible benefits and disadvantages or risks 

associated with establishing REDD+ activities; 

2) Knowledge and skills involved in delineating forest boundaries; 

3) Basic understanding of the land use map of CBFM area and ability to interpret the map to 

some level; 

4) Ability to understand the basic and specific parameters on which the forest area is 

stratified and the sample plots are located; 

5) Knowledge and skills of doing forest inventory and recording the data; 

 

Key role and functions of the DFO and its field staff revolves around the facilitation of whole 

process involved in all phases of Table 3 above. They need to do social/institutional mobilization 

in close coordination with existing local and district level relevant CSOs and NGOs and at the 

same time be technically capable to train the CBFM groups on point 2) to 5) above. DFO staff 

will also need to record, maintain and manage the measurement related data and communicate 

with the MRV team at district and sub-/national level MRV teams. 

 

6.1 Creating Awareness on REDD and Seeking Free, Prior, Informed Consent (FPIC) for   

participation in REDD+ 

 

FECOFUN – the federation of CFUGs in Nepal, being present from district down to range post 

level involved in this case in social mobilization for CFUG participation in REDD+ piloting. It 

organized a number of community level orientation meetings to create awareness about the 

benefits and risks associated with participating in REDD+. A number of orientation and 

induction programs were organized at district level also to discuss REDD+ pilot project activities 

and what it promises to the people in CFUGs. Although no formal evidence of FPIC could be 

seen, the executive committees of all participating CFUGs discussed and decided to participate 

in REDD+ pilot project in order to engage in the involved learning process. 

Some remarkable indicators of enhanced level of REDD related awareness were recited by the 

male/female community members participating in the pilot project: 

 All most all CFUG members in pilot areas expressed that while they have a secured basic 

forestry needs being met through CBFM, REDD promises them some additional benefits 

in terms of payment for carbon.  
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 Indigenous peoples (IP) groups and dalits within the CBFM groups informed that 

REDD+ is supportive for strengthening their forest rights and enhancing their 

livelihoods; 

 DFO Gorkha noted a remarkable rise in women’s participation in forest protection after 

the initiation of REDD+ piloting; 

 Enhanced awareness was also expressed in terms of behavioral change. Those who were 

least sensitive with respect to protection of new seedlings and top shoots of the saplings 

during fuel wood and fodder collection were reported to have become careful and avoid 

damaging new seedlings and sprouting shoots of saplings; 

 There has been remarkable control of forest fire in the pilot area. REDD seems to have 

sensitized the majority in CBFM groups to act against forest fire collectively and 

immediately. In the past, a CBFM group would be least bothered to inform the 

neighboring CBFM group about the forest fire in their forest area. With participation in 

REDD now, forest fire in the neighborhood is promptly reported and supported for 

control.  

 Many forest dependent CBFM members solely dependent on forest for basic livelihoods 

and least interested in forest protection are now contributing in protection and look for 

alternative off-forest livelihood measures having realized the significance of REDD+; 

 In Kayarkhola sub-watershed, there has been drastic decrease in shifting cultivation 

practices after the initiation of REDD+ piloting in the area; 

 Field staff of DFO (e.g., Rangers and Forest guards) was generally not involved in pilot 

project activities except for some specific occasions and/or on case to case basis. Most of 

the field staff met in the field were not aware about REDD+ activities nor were they 

knowledgeable about the field instruments and techniques used for measurement.    

 

Key findings as regards REDD related knowledge and awareness creation are: i) it should ideally 

be undertaken by locally trusted and credible CSOs/NGOs; ii) Awareness should be created on 

all possible likely issues, challenges and risks associated with REDD+ in future, not only the 

possible monetary benefits; iii) General bodies of all participating CBFM groups should be well 

informed and should decide for participation; An all agreed format for FPIC should be prepared 

for CBFM groups to submit for planned REDD project. 

6.2 Existing and new institutions and institutional arrangements 

DFO, District Soil Conservation Office (DSCO), District Development Committee (DDC), 

National Federation of Indigenous People in Nepal (NEFIN), HIMAWANTI and Dalit Networks 

are the key local and district level institutions having one or the other roles in facilitating forest 

management in CBFM groups. However, additional institutions and institutional arrangements 

were deemed necessary in the process of REDD+ piloting.  

REDD Network: Pilot area (sub-watershed) level REDD Network was formed which comprised 

at least one member from each participating CFUG. This network was mandated to coordinate 

among the all participating CBFM groups and discuss and resolve all kinds of issues and 

challenges surfacing up in course of REDD+ pilot activities on a monthly basis. This Network 
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proved useful in many different ways including sorting out the intra and inter-community 

disputes and strengthening democratic governance.  

REDD Advisory Committee: At district level a REDD Advisory Committee was formed, of 

which the members comprised representatives from DFO, NEFIN, DDC, FECOFUN and REDD 

Network. The underlying purpose probably was to steer and provide strategic guidance to the 

pilot project implementation. The study team’s interaction with DFO Gorkhas however, revealed 

that he did not find any significant role and responsibility in this committee. Forest official 

representing DFO Chitawan in this committee was also not quite convinced about the 

justification of the committee and the roles of individual committee members.  

REDD Monitoring Committee: This committee was formed to undertake monitoring on social, 

gender and equity aspects of the benefit sharing accruing from the carbon trust fund. This 

committee comprised of members from DSCO, HIMAWANTI and Dalit Network. Not much 

could be found out on the significance and usefulness of this committee. 

The case study finding suggests that: 

 Since any single big or small CBFM group (CFUG, LhFUG, CoFM group etc.,) in Nepal is 

not likely to make a REDD+ forest management unit (FMU), bundling of CBFM groups to 

form a viable REDD+ FMU would be crucial. Enabling effective coordination and mediation 

among all CBFM groups within a FMU would be crucial for effective implementation of 

REDD+ activities. This justifies the existence of a multi-actor REDD+ Network Committee. 

The basic roles/responsibilities of REDD Network committee is already demonstrated in this 

pilot project. This will further get refined and elaborated with accumulated learning from 

future REDD+ projects;  

 The justification and significance of a REDD Advisory Committee to a larger extent will 

depend on a range of parameters e.g. size of project, levels of management structure and 

roles to be played by an advisory committee to support effective implementation of REDD 

project;   

 Regular monitoring of distribution of costs and benefits accruing to different interest groups 

due to participation in REDD+ must be systematically monitored and all emerging disparities 

and inequities be amicably sorted out. So the learning from the pilot project needs to be 

analyzed to define the roles and responsibilities of a REDD Monitoring Committee. 

6.3 Building capacity of CBFM groups and forestry field staff for measurement and 

monitoring.  

In most districts of Nepal, many CFUGs have had at least a decade long experience of managing 

their CFs. Over this period, many members of CFUGs had opportunity to acquire and practice 

some basic skills involved in surveying forest and measuring the tree species
2
. This reveals that 

some basic knowledge and skills of forest inventory does exist among at least few members in 

many CFUGs. Forestry field staff of the DFOs  (few, if not all) involved in providing technical 

                                                           
2
 Many CFUGs had to undertake a systematic survey and inventory of their CF in order to revise and update their CF operational plan as per 

the CF inventory guidelines issued by the DoF over this period 
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support to CFUGs generally are knowledgeable and skilled at using conventional techniques of 

forest survey and inventory that they might have learned during their training. Nevertheless, 

what is evident is that i) even those among CFUGs skilled at survey and inventory have rarely 

seen or used the modern survey and inventory instruments e.g., GPS, vertex and many more; ii) 

Given absence of regular forest survey and inventory exercises in day-to-day forestry in Nepal, 

majority of forestry field staff have generally forgotten how to use even the conventional 

instruments and basic skills of systematic survey and inventory.  

During REDD pilot project implementation, ANSAB deployed field technicians in each pilot 

sub-watershed area to undertake forest boundaries delineation, land use mapping and validation, 

stratification of forest areas, establishment of sample plots in different strata and forest biomass 

measurement including periodic monitoring. In each pilot area 5-7 members picked up from 

various CFUGs were given one day orientation and hands-on training to assist the ANSAB 

technicians in course of these technical activities. So in each pilot area, there exist at least 3-4 

CFUG members who can read the vertex and locate the sample plots in case the coordinates are 

uploaded in the GPS. There also exist 2 to 4 male/female members in many CFUGs who are 

capable of taking measurements and recording the data in format provided to them.  

DFOs of both Gorkha and Chitwan districts expressed that there is little, if any technical capacity 

among the forestry field staff with respect to technical aspects of REDD+ activities. Neither had 

the pilot project made any effort to engage the forestry technicians in relevant technical activities 

of the project. DFOs face shortage of staff and staff capacity, and lack basic institutional 

infrastructure and capacity to engage in and facilitate the implementation of REDD projects at 

the existing situation. The basic minimum requirement at DFO level will be i) defined roles and 

functions, ii) suitable institutional infrastructure and facilities,  and iii) adequate staffing and 

enhanced technical capacity of field staff to enable the DFO facilitate the implementation of 

REDD+ activities and effectively undertake technical and managerial responsibilities at district 

level.  

The case study findings suggest that in future REDD+ project areas in Nepal: 

 Awareness creation and capacity building will have to be undertaken extensively prior to 

embarking on the project implementation. This should include all stakeholders at all 

levels of the project.  

 Capacity building should follow all the steps mentioned in table 3. Communities should 

have opportunity to engage in agreed process of FPIC.  

 Communities participating in REDD+ should understand i) the forest boundary 

delineation, ii) land use maps development process and interpretation, iii) basic criteria 

used for forest area stratification and identification of sample plots for periodic 

measurement. At least two pairs of men and women members of each CFUG should be 

able to undertake inventories and measurements as per the agreed standards and record 

the data in standard format.  
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 A team of office staff at DFO should be able to enter measurement data in a computer, 

maintain the data manage the computerized data system as per the MRV data 

maintenance guidelines issued by the central MRV of the DFRS. 

 A team of forestry field staff including assistant forest officers, rangers and forest 

assistants located in the field of REDD project area should be able to demonstrate the 

knowledge and skills of i) forest boundary delineation, ii) land use maps development, 

iii) forest area stratification and establishment of sample plots, and forest inventory and 

measurement using specific tools and instruments.  

 The forestry field staff should be able to demonstrate all relevant technical skills involved 

in participatory forest carbon measurement and monitoring and work as trainer for the 

local community members as and when required. 
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Annex 

Organizations visited in districts and People interacted with 

MRV Back to Office Report on field visits to Community Forestry Users Groups 

Meeting with FECOFUN (Local Resource Person) 

Field visit N.  01 

Date:  2nd Dec 2013,  

Place:  FECOFUN office, Gorkha District, Haramitar 

Participants: Kamal Lamichane, District Secretory, FECEOFUN Gorkha 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  REDD Cell;  Shree Krishna Gautam (MRV Focal Person) 

 

Summary of the topics under discussed: 

 About Ludhikhola Watershed Project. 

Ludhikhola watershed of Gorkha district was one of the pilot area selected for REDD pilot 

project and it was jointly organized by ANSAB, ICIMOD and FECOFUN with the financial 

support of NORAD.  The watershed area contains 31 community forests which covers 1880 

hectare in total. Within the watershed pilot area, two religious “Guthi  “forest exist which were 

not involved in the REDD project however the inventory and measurements were undertaken of 

these religious forest. 

 

 Selection Process of  particular watershed REDD Pilot Area  

In the selection process of watershed REDD pilot area, the concerned project partner 

organisation conducted multi-stakeholder meeting and selected the REDD project district to be 

implemented. To select the pilot project area within the district, several parameters were 

considered mainly of accessibility of the project area, structure of ethnic diversity of community 

and the area of forest coverage.  In selecting the appropriate watershed pilot project area in the 

Gorkha district, Jyadul Khola watershed, Khar Khola watershed and Ludhikhola watershed were 

first considered as the viable purposed pilot project area. Among them, Ludhikhola watershed 

was selected due to wider area of community forest coverage, relatively accessible location for 

the project work and it has also the majority of ethnic group of people within the community. 
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 Existing local institutions/stakeholders involved in REDD project 

The major stakeholders/institutions involved in this project were Community Forest User 

Groups, REDD Network, District Forest Office, District Development Committee, NEFIN, 

FECOFUN, District Soil- Conservation Office, HIMAWANTI, Dalit Network etc. 

 Formation of committees for the project 

To coordinate the different community forest users group, a REDD network was formed 

comprising of 31 members representing from one from each community. The purpose of the 

REDD network was to organize a monthly meetings regarding the REDD project issues.  

A REDD Advisory Committee was formed comprising of 5 members that contained a  

representation from  District Forest Office, NEFIN, District Development Committee, FECOFUN 

and one from REDD Network Committee. However the DFO of the district reported that his 

presence in the advisory committee meeting was occasional and did not find any significant role 

and responsibility in this committee to operate this project. 

A REDD Monitoring committee was also formed representing from different institutions that 

includes HIMAWANTI, Woman’s Network, District Soil Conservation Office and Dalit network. It 

monitored mainly social aspect for addressing the carbon trust fund management.  

 

Summary of guidelines/processes for seed money allocation/distribution 

The FECOFUN representative reported that the total seed money for carbon fund was USD 

300000.00 (three hundred thousand USD) for all three REDD pilot project area and it was 

distributed to the REDD community forest user group in three instalments for three years as per 

the carbon sequestration done by  each REDD pilot project watershed area.  Of the total carbon 

fund, USD 15000.00 was allocated for the administrative management expenses of central 

advisory committee for three years.  The criteria for the distribution of carbon fund are made by 

specific guideline prepared under the following given six parameters. 

1) Carbon Stock   25% 

2) Carbon Enhancement  15% 

3) Marginalized Household 20% 

4) Indigenous people  10% 

5) Dalits    15% 

6) Female   15% 

Based on these criteria, the particular community forest user group has prepared the invoice 

and sent to central committee after being verified by the local REDD advisory committee. Thus 

obtained seed money is mobilized in community according to the Community Forest 

Development Road Map prepared in 2065 BS that directed the percentage of fund mobilization 

in the following given title; 

1) Forest Development   25% 

2) Livelihood support  35% 

3) Social Development  40% 
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--------------------------------------------------------------------------------------------------------------------------- 

Community awareness of REDD+ mechanisms and perception of benefits 

Almost all of the community user group were well informed and educated about the 

implementation REDD mechanism into their community forest. To some extent, they are also 

aware of the general steps of getting the benefit of carbon storage from the community forest. In 

addition to this, the community user groups were also realized that they have achieved some 

tangible positive changes in the perceptions of the people while using community forest 

resources. From the discussion, we were reported that the following basic behavioral changes 

of people due to the implementation of REDD pilot project in their respective community. 

 Women came out with more cautious behavior in protecting of seedlings while collecting 

fodder grass and fuel wood 

 People became more responsive to detect forest fire both in their community and 

adjoining community and showed their readiness to report inter-community notification of 

forest fire. 

 A healthy competitive feeling among different communities was noticed for forest 

protection and enhancement. 

--------------------------------------------------------------------------------------------------------------------------- 

Comments and suggestions for improvement of REDD+, based on the experience of the 

Communities 

 FECOFUN suggests that rather than completely terminating the REDD pilot project; the 

field measurement and carbon monitoring work should be continued in the future as well. 

They are looking forward to have a sustainable program of REDD project to be 

implemented in all of the 470 Community Forests of Gorkha district.  

 Technical capacities of local forest user group for forest mensuration should be 

developed within the communities  

 District Forest office as of reliable and permanent institution to be come forward to play a 

major role in the REDD+ process 

--------------------------------------------------------------------------------------------------------------------------- 

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

 Community Forest User Group was not trained to perform independent assessment in 

the field on forest mensuration. Their role was to assist the technical person who came 

from central organisation (ANSAB) to monitor the forest, field measurement, and 

inventory preparation of their respective community forest. 

 During the REDD implementation process, about 5-7 members within this watershed 

area were involved in the measurement of biomass and inventory and now those group 

reported that they are capability of doing the same work again.  

 The existing technical capacity of the local forest user group needs further training 

specially in using GPS and Vertex. At this time, they can only locate the assigned plot if 
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the coordinate of plot has been uploaded in the GPS.  Most of the members can read 

vertex but want refresher’s training.  

 The community user group who were assisting in the forest inventory work   perform 

other field measurement and they are capable of recording the data taken. 

 Some of the person in the group is also able to operate field data entry at Microsoft 

Excel format environment. However intensive database entry training was expected from 

them as well. 

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

 The major supports provided by the trust fund were installation of Bio-Gas plants, 

Improved Stove, Piggery Farming, Poultry Farming, Oxen farming, Awareness 

program, scholarship for education etc. Respective forest user communities can 

autonomously decide over the fund allocation under the specific guidelines.  

 Community suggests for 50%-50% weightage should be given to the carbon 

enhancement and social aspects while allocating the amount for distribution rather 

than 40%-60% weightage.  

-------------------------------------------------------------------------------------------------------------------------- 

Role and participation of DFOs 

 Although, DFO is one of the representatives of Advisory Committee, their participation 

was seen a weak contribution in overall process. Some participants from DFO were 

invited during forest mensuration process but they rarely present. 

--------------------------------------------------------------------------------------------------------------------------- 

Additional comments relevant for the MRV implementation at local level 

 At least one member from each community should be trained for forest mensuration and 

should have clear concept on carbon calculation. 

--------------------------------------------------------------------------------------------------------------------------- 

MRV Back to Office Report on field visits to Community Forestry Users Groups 

Meeting with District Forest Officer/NEFIN, Gorkha 

Field visit N.  2 

Date:  2nd Dec 2013, (2.00 pm) 

Place:  District Forest Office, Gorkha, 

Participants: D B Karki, District Forest Officer, Gorkha   email: karkidb@yahoo.com 

  Prem Dhwoj Thapa, NEFIN Member, Gorkha 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 
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Summary of the topics under discussion: 

 Role of DFO in Advisory committee and their participation 

However ICIMOD has prepared a guideline about the roles and responsibility of advisory committee, the 

role of DFO in the REDD Advisory Committee (members representing from District Forest Office, NEFIN, 

District Development Committee, FECOFUN and one from REDD Network), is not cleared and effective 

so he pointed out that the role of the DFO in the REDD project should be endorsed through a 

government channel. At this time, his role in committee was just to forward the carbon calculation from 

community to central level and vice versa. 

 Technical Capacities of DFO to conduct REDD+ project 

The District Forest Office has neither any specific technical capacities for REDD program nor any effort 

has been made in the past by pilot project or other any agencies to prepare required technical know-

how of the staff in this specific field. The DFO also reported that none of the orientation and awareness 

program about REDD project were conducted till the date either by REDD Cell or by any other 

institutions.  ICIMOD had conducted a training program about carbon calculation which was not very 

effective for them. 

The occasional involvement of DFO’s staff in the REDD pilot project was not effective. Even in the office 

there has no any instruments available for inventory work and forest mensuration and also the existing 

staffs does not how to operate those equipments. For entire situation, he pointed out the lack of 

directives and proper plan from the Government of Nepal and also not well thought at the time of the 

project design and implementation.  

 Experience from Indigenous People  

The representative of NEFIN reported that 60 % to 70% of the communities are indigenous people lived 

in the pilot project area however they are not provided fair amount of space in executives of REDD 

network Committee. Of the total 31 members of REDD Network only 2 indigenous representation exists 

in REDD network. So they are unhappy with this structure of REDD network. Further he also suggested 

that the awareness programs should be conducted mainly focusing to Indigenous people of the 

community which they greatly required as compare to other people. 

--------------------------------------------------------------------------------------------------------------------------

Communities awareness of REDD+ mechanisms and perception of benefits 

DFO has assisted during the distribution process of carbon fund but have limited information on where 

they are using it. At least they have some information that communities are investing it for their 

livelihood support and social wellbeing. 
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--------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+  

 District Forest office is the sole reliable and permanent institution in the district so it should play 

a major role in the REDD mechanism in the local level 

 All types of technical capacities for forest mensuration should be developed within the DFO and 

it will further provides training to the communities as required.  

 At the local level, the REDD monitoring should be carried out by DFO. 

 The existing ranger in Gorkha is can be trained for the REDD work in the local level. 

 Adequate equipments with their operational trainings should be given to the staff of DFO. 

--------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of measurement 

instruments, computer literacy, including number of people trained 

 DFO has participated in one REDD training conducted in Kathmandu but they do not have field 

level training. 

 DFO has able staffs who could perform overall process of mensuration, instrument , handling, 

computer literacy etc but they should be trained beforehand 

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

DFO has received very limited information about the REDD activities and carbon benefit sharing. So DFO 

has unaware of the whole process in REDD pilot project. 

--------------------------------------------------------------------------------------------------------------------------Role 

and participation of DFOs 

 DFO is one of the representatives of advisory committee however his participation in the REDD activity 

is weak. The committee had invited DFO during forest mensuration process but they rarely participate 

because of the limited role in this process. 

--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

At least DFO should be trained for all REDD related component including the forest mensuration process 

from the REDD perspective and he should have clear concept on carbon calculation. 
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MRV Back to Office Report on field visits to Community Forestry Users Groups 

Meeting with Birinchowk Community Forest User Group, Gorkha 

Field visit N.  03 

Date:  2nd Dec 2013, 4:45 pm 

Place:  Birinchowk Community Forest Office,  Gorkha, 

Participants: Executive Members of Birinchowk CF, Gorkha 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 

 

Summary of the topics under discussion: 

Introduction to Birinchowk Community Forest. 

Birinchowk Comunity Forest, covers the total area of 83 Hectare and is managed by 192 

household, is one of the REDD pilot project community forest of Ludhikhola watershed of 

Gorkha distric.  

--------------------------------------------------------------------------------------------------------------------------

Community’s awareness of REDD+ mechanisms and perception of benefits 

Majority of the users of CF are aware of REDD pilot project and they are directly involved in the 

REDD project. Most of the members of this community forest are also aware of the benefits. 

Besides theses, they have achieved a lot of indirect benefit due to the implementation of this 

REDD project. Some of the important information they reported during the discussion were as 

follows; 

 Most of the CF member has well understood about the REDD carbon fund and taken it 

as a direct income received by protecting and enhancing the community forest.  

 Dalits and Indigenous people reported that the project supported to their livelihood so 

they are more actively involved in the process of REDD project implementation. 

 The user group also reported that they have noticed some changes in the people’s 

behavioral mainly for protecting of seedlings while collecting fuel wood and fodder from 

their community forest. 
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 The information sharing among communities were better than before in the case of 

informing the fire catch in the forest to each other. According to them the forest fire has 

been decreased by 95%. Before the REDD pilot project, the people used to overlook the 

fire of the neighboring community’s forest. 

 A competitive feeling has been increased between different communities for protecting 

and enhancing the forest. Due to this, some discrimination of protecting trees around 

sample plots has been noticed.   

--------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+, based on the experience of the 

Communities 

 A long term REDD programs would be more fruitful to enhance their community forest.  

 A well set of forest user groups with adequate technical capacities and instrument for 

forest mensuration should be developed   

 Community people suggested District Forest office, being a local level reliable and 

permanent institution, has to take the major responsibility to implement the future REDD 

project. 

--------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

 The CF user group preferred to learn REDD related training in the field rather in the 

classroom. 

 Field measurement for biomass and inventory preparation was done by the ANSAB 

technical person by taking the required assistance from the community user group. 

Instead, CF user group wanted to develop their knowledge and skill of their own so that 

they can perform independent assessment on forest mensuration and inventory work.  

 About 15-17 members knew the field measurement process among 192 household. 

 CF user groups have understood the forest mensuration process more clearly and 

effectively in following years than in the first year. 

 CF user group reported that they could complete at least 2 plots’s field mensuration in a 

single day. 

 CF user group were consuming their time in providing the information to different interest 

group of visitors after REDD implementation. 

 The existing technical capacity in local level needs further training specially in using GPS 

and Vertex.  

 They can perform other field measurement and are capable of recording the data taken. 

 They do not have trained professional for data record and data entry.  

 They do not have detail understanding about how to calculate carbon of their forest 

which they are also interested to learn it. 
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--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

The major supports provided are installation of Bio-Gas plants, Improved Stove, Piggery 

Farming and Poultry Farming. All of the respective community could autonomously decide how 

to use carbon trust fund for social wellbeing.   

--------------------------------------------------------------------------------------------------------------------------

Role and participation of DFOs 

Although, DFO is one of the representatives of Advisory Committee, their participation and 

contribution was not seen effective in overall process. Some participants from DFO were invited 

during forest mensuration process but they rarely present. 

Further they expect DFO to take a lead role in overall process including: 

 DFO should provide technical assistance in community regarding in REDD 

monitoring and awareness. 

 DFO Should be responsible for forest survey activities 

 They should be responsible for verification of carbon calculation. 

 They should be also equipped with technology and instruments. 

--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

 At least one of the members from each community should be trained for forest 

mensuration and they should have the clear concept on carbon calculation. 

 The carbon calculation should have a transparent and reliable system. 

  The community has to be informed about the technical person involved in REDD 

implementation process, carbon calculation, budget and information about carbon buyer. 

 There should be an authorized verification mechanism of carbon calculation. They 

suggested the DFO would be the appropriate for this role. 

-------------------------------------------------------------------------------------------------------------------------- 

 

MRV Back to Office Report on field visits to Community Forestry Users Groups 

Meeting with Ludhikhola Watershed REDD Network, Gorkha 

Field visit N.  04 

Date:  3nd Dec 2013, (8:AM) 

Place:  Ludhikhola Watershed REDD Network  Office, Laxmi Bazar,  Gorkha, 

Participants: Executive Members of Ludhikhola REDD Network, Gorkha including 

  Dolakh Bd Thapa, Coordinator, REDD Network 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 
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    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 

 

Summary of the topics of discussion: 

The REED network has formed a group to assist the technical person of ANSAB in the field. It 

was informed that ICIMOD/ANSAB had conducted the boundary mapping and stratification of 

the project area. ANSAB technical person carried out the forest carbon inventory and carbon 

reporting work with the help of local community forest user group. FECOFUN supported the 

project team to coordinate with the local users of forest community member. Basically the role of 

the local group was just to assist the ANSAB technical person in the following steps of the field 

work. 

o Identification of Geodetic points  of Department of Survey 

o Boundary survey 

o Stratification of forest 

o Demarcation of boundary of community forest 

o Boundary survey of Watershed with GPS 

o Area updating of CFs according to new survey findings 

o Extension of temporary plots 

o Performed soil test 

o Forest mensuration 

 

--------------------------------------------------------------------------------------------------------------------------

Community’s awareness of REDD+ mechanisms and perception of benefits 

The member of the REDD network who were participated in this meeting were well informed 

about the REDD pilot project. The REDD network group were directly involved in the process of 

implementation of REDD project both in technical and social aspects. In summary, the major 

information they have provided in the meeting were as follows; 

 They have made aware the communities about the benefits of forest from REDD project 

and they are participating enthusiastically for the protection of forest.   

 All REDD implemented Communities were cautious to protect forest from forest fire. 

 As the CF became a part of the REDD project, it brought a social and behavioural 

change of using forest resource specially while collecting fuel wood and fodder in 

appropriate manner. Woman and marginalized people’s participation is notably 

increased in protecting forest and they started to protect seedlings and trees during fuel 

wood and fodder collection.  

--------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+, based on the experience of the 

Communities 

 The required technical capacities for forest mensuration should be developed within the 

communities user group 
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 A regular REDD programs would be more effective to enhance and protect the 

community forest rather than implementing the short term projects.  

 District Forest office is a reliable and permanent institution so it should play a major role 

in the process 

-------------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

 About 6 to 7 people of the REDD network member received one week intensive training 

for field mensuration. However they have learned more effectively in the field work rather 

than customized training. 

 During REDD pilot project, some technical person of ANSAB were there to monitor the 

field measurement for biomass and inventory work (Mr. Rana Bd. Bishwokarma and Mr. 

Shiva Pd. Subedi) in assistance with REDD user group. However two members of 

REDD network group are trained in GPS and vertex, they are expecting further training 

specially in using GPS and Vertex in more detail and needs to upgrade existing technical 

capacity of local level expertise.  

 The REDD network member who were involved in the field work can briefly described 

the overall field process from soil sample collection to biomass measurement. The 

process was clear to them in following years than first year. 

 They were able to complete field mensuration of about 2 to 4 plots in a single day 

depending on its accessibility. 

 They are capable of recording the data taken from forest mensuration but they have no 

skill on carbon calculation. 

  One of the REDD network member was trained professional for data entry and 

recording in computer. However other members were also interested to have some 

intensive training of operating computer for data entry. According to them one week is 

sufficient for entering the field measurement data of 31 Community Forest in the excel 

format. 

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

There were various activities performed from carbon trust fund. It depends on individual 

community and the amount of fund they received. The benefit is mainly used for forest 

improvement and livelihood support programs such as Installation of Bio-Gas plants and 

Improved Stove, Piggery Farming, Poultry Farming and Awareness program etc. Each REDD 

network community were given autonomy to decided the use of carbon trust fund for social 

wellbeing.   

--------------------------------------------------------------------------------------------------------------------------

Role and participation of DFOs 

The participants of REDD network suggested that DFO is the reliable and permanent institution 

in the district and it has to take the leading role in the future REDD program. But in the case of 

pilot project, their contribution was not very convincing in terms of their active participation. The 
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REDD network has invited DFO during forest mensuration process but they participated in very 

few programs. In their view, DFOs should provide technical assistance to the forest community 

user group for REDD monitoring and awareness. In regular basis the DFO also needs to 

perform major technical activities of forest mensuration including forest survey, carbon 

calculation and verification and instrument handling etc. 

--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

 The DFO is suitable institution to provide different REDD related technical works including 

data entry job and MRV implementation. 

 At least one member from each community should be trained for forest mensuration and they 

also should have the clear concept on carbon calculation. 

 

MRV Back to Office Report on field visits to Community Forestry Users Groups 

Meeting with Dhodre Community Forest User Group, Gorkha 

Field visit N.  05 

Date:  3rd Dec 2013, ( 11:00 AM) 

Place:  Children Park, Dhodre Community Forest  Premise,  Gorkha, 

Participants: Executive Members of Dhodre CF, Gorkha 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 

 

Summary of the topics of discussion: 

Introduction to Dhodre Community Forest. 

Dhodre CF is outside the Ludhikhola watershed and has not been participated in REDD pilot 

Program.  It is located in Gorkha Municipllity ward no 1, 2 4, and 5 including Nareshwor VDC  

ward no 9. It has 201hectare of CF with 765 household. Due to forest encroachment and road 

extension project the area of CF has been decreased over the time.  It has Satipipal road in 

east, Thuloban CF in south, Daraudi river in north. This CF is divided into 4 plots namely 

chhitakhor-dhungepakhar, dhodrepakha-kathejhyang, okhalekhola-benikhola and 
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mathillopakha-bhirpani. This forest comprises of different species of trees including saal, katus, 

chilaune, saaj etc. They did plantation of about 2600 saplings. They have received some 

financial assistance from poverty elevation fund and WWF Nepal for livelihood support activities 

focusing on marginalized communities.  

--------------------------------------------------------------------------------------------------------------------------

Community  awareness of REDD+ mechanisms and perception of benefits 

This community forest was adjoining to the Ludikhola watershed CF which was not in the REDD 

pilot project hence they have very limited knowledge regarding REDD pilot project. However 

they knew that REDD project provides some kind of carbon fund form their protected community 

forest. According to the executive’s body of this CF, they were frequently asked the reason from 

their users group for not becoming the part of the pilot project. In the future, they are showing 

keen interest to participate REDD project.  

--------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+, based on the experience of the 

Communities 

Since they did not participate in the pilot program they don’t have direct experience regarding 

the REDD. But they will be pleased if other similar types of projects are launched for them as 

well. Further they suggested that the benefit should be focused to the needy and marginalized 

communities from such project. 

--------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

 They have participated in one day REDD training conducted by NEFIN about the right of 

indigenous people (IPs) in REDD 

 During the training they evaluated that REDD project is not in the favour of IPs but now 

they have realised that is not the case. 

 They have very limited idea about forest mensuration.  CF has literate members who will 

be capable to conduct forest mensuration  process through effective training. 

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

They have observed various activities of other communities from REDD carbon trust fund and 

have the good perception mainly about the benefit of it in the livelihood support program. They 

suggested that in various places they could have done it even better. In some cases they 

observed that some unfairness were present for poor and needy while distributing the fund. 

They have seen that major supports provided are invested in livelihood support including  the 

installation of Bio-Gas plants, Improved Stove, Piggery Farming, Poultry Farming etc.  

-------------------------------------------------------------------------------------------------------------------------- 
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Role and participation of DFOs 

They also think that DFO is one permanent government institution and should take major role in 

overall process. This institution should be responsible for technical support. At present, they are 

getting only small support from DFOs. They want their active participation in forest inventory 

preparation work, forest survey and while reviewing their work plan. 

--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

 Prior to launch the project, the communities should be well trained about the process of 

the REDD implementation. 

 The process should be transparent and focused to the needy people. 
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Field visit N.  06 

Date:  4th  Dec 2013, 11:00 am 

Place:  District Forest Office, Chitwan, 

Participants: Ganesh Jha, District Forest Officer, Chitwan 

Bishnu Pd Paudel, Civil Officer, District Forest Office, Chitwan 

Email: bishnu_paudel@hotmail.com  

  Man Bd Khadka, Coordinator, REDD Network 

  DFOs staffs 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 

 

Summary of the topics of discussion: 

 Role of DFO in Advisory committee and their participation 

The REDD Advisory Committee consists of 5 members and each  one is representing from 

District Forest Office, NEFIN, District Development Committee, FECOFUN and one from REDD 

Network committee. The role and responsibility of the advisory committee was prepared by 

ICIMOD but even then DFO has not obliged to endorse it because of the clear cut responsibility 

of DFO in this process.  The chair of the advisory committee was put in a rotation manner where 

DFO once chaired the committee and found that the coordination part is very weak.   

mailto:bishnu_paudel@hotmail.com
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 Technical Capacities of DFO to conduct REDD+ project 

DFOs needs further training if they have to conduct similar type of REDD projects at the district 

level. At present, they have very limited information and technical skills about REDD program. 

Due to lack of formal directives from government and also poor coordination with the REDD 

project, DFO has given less priority to participate in the process. 

--------------------------------------------------------------------------------------------------------------------------

Communities awareness of REDD+ mechanisms and perception of benefits 

The DFO has reported that the awareness in the community has certainly increased due to the 

REDD project and he also found that the some positive improvements in the forest management 

done by user group. He also noticed actively participated women in forest preservation as one 

of the positive impact due to REDD project. 

--------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+  

There should be a major role of DFO for the REDD related project at district level which is 

capable to make this program more effective and to ensure the sustainability of the program in 

the long run. It is the sole permanent government institution in the forest area which needs to be 

considered as a principal actor in the process.  

--------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

 DFO has participated in one REDD training conducted in Kathmandu but they have not 

received any field level training related to this. 

 DFO has able staffs who could perform overall process of mensuration, instrument , 

handling, computer literacy etc but they should be trained beforehand. 

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

DFO has assisted during the distribution process of carbon fund but he was not fully aware 

about where this fund is utilizing by CF user group. DFO has not given any record of information 

about the REDD communities who received this fund for their livelihood support and social 

wellbeing. 

--------------------------------------------------------------------------------------------------------------------------

Role and participation of DFOs 

 DFO has shown very little interest to participate in the advisory committee even though 

one of the representations is from DFO. Only in a few cases rangers (Tikaram Shrestha) 

of DFO have participated formally during the technical operations of REDD 

implementation in forest mensuration process. From District Forest Office one of the 

staff was also participated in two REDD workshop which mainly focused on record 

keeping. 
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 DFO through advisory committee has played a notable role during fund distribution 

process to different communities. 

--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

 DFO should act as an interface between National  Forest office and Community Forest  

and should be given major role to conduct the overall REDD process.  For this, DFO 

should be well trained and should made fully equipped to run the REDD program.  

 The MRV can be integrated as one of the regular fiscal program of the District Forest 

Office and some forest technicians should be assigned with responsibilities to perform 

this job.  

-------------------------------------------------------------------------------------------------------------------------- 

 

MRV Back to Office Report on field visits to Community Forestry Users Groups 

Meeting with Mangaladevi Community Forest, Chitwan 

 

Field visit N.  09 

Date:  5th Dec 2013, (2:30 pm) 

Place:  Mangaladevi Community Forest Office,  Chitwan, 

Participants: Executive Members of Mangaladevi CF, Chitwan 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 

  DFO Chitwan, Bharat Panuhar 

 

Summary of the topics under discussion: 

Introduction to Mangaladevi Community Forest 

Mangaladevi CF is one of the Community Forest of Kayarkhola watersheds of Chitwan district. 

This CF was not included within the pilot area of REDD project because it has handed to the 

Mangaladevi community after the REDD pilot project has already launched in other part of CF of 

the watershed. It has altogether 71 hectare of CF with 113 household community user groups 

on it. It is divided into three blocks of forest community namely ghyamaretandi, dhankatte 

danda, and dumrikhor. This is one of the regenerated forest which had been completely 

deforested in 2025 B.S. Previously people were compelled to go to other neighbours CF before 

managing this CF but now they also have some leased forest including their CF which all are 

fulfilling the required fuel wood, fodder and timber.  
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--------------------------------------------------------------------------------------------------------------------------

Community awareness of REDD+ mechanisms and perception of benefits 

This community forest was not participated in REDD pilot project hence they have very little 

knowledge regarding REDD mechanism. Forest users have observed other communities getting 

benefit from REDD and they are eager to participate in such project. They have a common 

understanding that benefits can be reaped even by protecting their community forest. 

--------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+, based on the experience of the 

Communities 

They have no direct experience regarding REDD and its way of improvement because they 

don’t get a chance to participate in REDD pilot project. They think that active community 

participation makes the REDD project successful hence all should be given equal opportunities 

to involve in such type of REDD project. They suggest any REDD related would be successful if 

it is supports to the marginalized and poor people’s livelihood. 

--------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

They have no prior knowledge and skill for forest mensuration and use of measurement 

instrument because they have not involved in REDD mensuration process before. They even 

have not done any inventory work of their community forest yet. But if they provided any training 

for this purpose then they can send some capable candidate to receive this training from their 

community who could be trained to perform the required activities.  

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

They have observed nearby CF who have participated in REDD pilot project and performed 

various activities. They have also heard about the carbon trust fund which supports the 

livelihood of the community which they rate as very good effort to protect forest. In some cases, 

they have observed some unfairness while distributing the carbon benefit the poorer and needy 

people. They have also noticed that major supports provided through carbon benefit were used 

in livelihood support such as in the installation of Bio-Gas plants, Improved Stove, Piggery 

Farming, Poultry Farming etc.  

--------------------------------------------------------------------------------------------------------------------------

Role and participation of DFOs 

This community suggested that DFO is the reliable and trustful government institution who could 

be given major role in the REDD program. They have their own complain with DFOs regarding 

their weak presence in their community forest however they want DFO to be take a key role and 

leading role to drive REDD program and to provide them technical support as per required by 

the forest community user group . 
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--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

 Local communities should be trained in most of the forest inventory measurement 

process and government institution DFO should be given verification role of that 

measurement done by local community.  

 The whole process should be transparent and every community should be given equal 

opportunities to involve in the REDD program. 

-------------------------------------------------------------------------------------------------------------------------- 

 

MRV Back to Office Report on field visits to Community Forestry Users Groups 

Meeting with Jamuna Community Forest User Groups, Kayerkhola watershed, Chitwan 

Field visit N.  08 

Date:  5th  Dec 2013, 12:30 AM 

Place:  Jamuna CF office, Shaktikhor, Chitwan, 

Participants: Members of REDD Network CF, Chitwan 

  Representatives from 8 Community Forest 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 

  DFO Chitwan: Mr. Bharat Panuhar 

 

Summary of the topics under discussion: 

Introduction to Jamuna Community Forest. 

Jamuna CF is also the part of the Kayerkhola watershed REDD pilot project area of chitwan 

district.  This community forest has come under the management of 36 households and it has 

about 30 hectare of forest area. This community forest has some indigenous tribal people 

known as chepang dweller who practiced shifting cultivation as their traditional way of 

supporting their livelihood. 

--------------------------------------------------------------------------------------------------------------------------

Communities awareness of REDD+ mechanisms and perception of benefits 

This is one of the small community forests compare to other REDD network community forest. 

One good thing about this community was that it has managed to share the information between 

the REDD members in a very effective manner. Majority of the users of Jamuna CF were aware 

of REDD pilot project. They were also concerned about the use of the carbon benefits for the 
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effective livelihood support activities. In their own words, they have received number of indirect 

benefits such as: 

 Dalits, Indigenous people and women who were not actively participated previously for 

the protection of community forest are now involving in the REDD implementation 

process.  

 All of the community forest members were showing their willingness to fulfill their 

responsibility in an effective way. Those people who were previously dependent only in 

forest resources for their livelihood are now starting to search alternatives occupation for 

their livelihood in order to protect forest.  

 People started to act quickly to stop the forest fire in their community forest and also 

informed other adjoining community if they have seen any forest fire incidence nearby 

their place. Due to this, they have experienced the decrease in the cases of forest fire 

notably. 

--------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+, based on the experience of the 

Communities 

 Marginalized and indigenous people of the communities should be focused and given 

more priority in the overall process of REDD mechanism. 

 A sustainable and long term programs related to REDD are more fruitful in the 

community level rather than short term projects.  

 Local person of the community forest user group should be trained for major field 

measurement activities. 

 DFO should come in the central role in the whole REDD mechanism. 

--------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

 This forest user group has not participated in field mensuration process so they know 

very little about it. 

 They reported of having some skills for forest mensuration but they will require training if 

they have to work in the field measurement. 

 They don’t have technical capacity and knowledge for using GPS, vetex and computer 

now. 

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

They have received a smaller amount of money as of carbon incentives with compare to other 

group. They have fewer household to share the benefit so they started to circulate the fund 

focusing to the poorer first to use it for their livelihood support activities. The amount is given as 

a loan to the household for livelihood support like piggery, poultry, buffalo etc. They also support 

this fund to make the Bio-Gas plants and Improved Stove for those household.  

-------------------------------------------------------------------------------------------------------------------------- 
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Role and participation of DFOs 

They have seen very irregular participation from DFO though it is one of the members of 

Advisory Committee in this REDD pilot project. However they are convinced on the view that 

DFO is the institution to take the lead role in the REDD process and it needs to be well 

equipped adequate technical human resource with resource and technology. 

--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

 There should be effective and transparent way for monitoring and calculation of carbon 

store. 

 At least one member from each community should be trained for forest mensuration and 

should have clear concept on carbon calculation. 

-------------------------------------------------------------------------------------------------------------------------- 

Annexes 

List of participants 

Photos 
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Meeting with Kankali Community Forest, Chitwan 

 

Field visit N.  10 

Date:  6nd Dec 2013, (9:00 AM) 

Place:  Kankali Community Forest,  Gorkha, 

Participants: Executive Members of Birinchowk CF, Gorkha 

  MRV Team;  Antonio Marzoli  (TL) 

    Sagendra Tiwari 

    Gehendra Karki 

    Saroj K Sharma 

  Redd Cell;  Shree Krishna Gautam (MRV Focal Person) 

  DFO Chitwan; Bharat Panuhar 

 

Summary of the topics of discussion: 

 Introduction to Kankali Community Forest. 

Kankali community forest is one of the richest community forests inside the Kayerkhola 

watershed boundary. This community forest has conducted impressive income generating 
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activities and collects significant revenue per annum. It has total of 749.13 hectare of land but 

only 90 hectares falls under the kayerkhola watershed and hence only that part of community 

forest were taken part in the REDD pilot project. Presently, the total numbers of user members 

of the community forest are 2000 household which covers all the (1-9) wards of Chainpur VDC 

as well as some households of ward 9 of Birendranagar VDC. The user members of the forest 

having different ethnicity are Tamang, Darai, Chepang, Bote, Kumal Bramin etc. They formed a 

executive committee comprising of 21 members for the management of this CF. 

 

 Major income generating activities 

It has conducted various types of local eco-tourism income generation activities. Most of the 

income was made taking fee from the visitors that come here for picnic and swimming and other 

recreation activities. Previously they had collected some seed money by selling the timber of 

Sissoo and started sericulture from that, but they could not be successful in this business. So 

they focused in eco-tourism and became successful. With this earning money, they are 

performing various livelihood support and initiatives for the community people. They have 

installed 80 biogas plants yearly for the community people and they are also funding for the 

study of Bsc. Forestry program. 

---------------------------------------------------------------------------------------------------------------------------

Communities awareness of REDD+ mechanisms and perception of benefits 

This forest community user group were well aware of forest carbon conservation even before 

the launching of REDD pilot project at this place. However the REDD pilot project has 

contributed much to raise their knowledge and also to improve their thinking about the benefit of 

forest conservation at the wider group of community people. The direct benefit received as 

carbon incentives has given very good impression to many of the community people. Initially, 

they had no timber to sell as they don’t have any mature trees inside their community forest so 

the income from protecting and enhancing forest was really a good initiation to support their 

work. In the process of implementing REDD pilot project, Dalits and Indiginious participation 

were very active and woman also changes their behavior while collecting fodders and grass in 

responsive manner. There have also experienced rapid decrease of forest fire incidence 

because community became more cautious to protect their forest. In their view, the best point 

about REDD project is that it has created a felling of making their forest best among others. 

---------------------------------------------------------------------------------------------------------------------------

Comments and suggestions for improvement of REDD+, based on the experience of the 

Communities 

 Many additional activities can be performed for income generation along with REDD 

projects. 

 Communities should also be focused in extra income generating activities rather than 

only depending on projects like REDD. 

 Sustainable and long term REDD programs are more fruitful at the community level 

rather than short term projects.  

 Developing technical capacities within the communities for forest mensuration and 

inventory would be more viable for REDD program. 
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--------------------------------------------------------------------------------------------------------------------------

Present skills acquired by the communities on forest mensuration and use of 

measurement instruments, computer literacy, including number of people trained 

This community forest is also the field study area for the Institute of forestry, pokhara since 2057 

B. S. Since then, they are doing forest mensuration periodically.  As a result, majority of forest 

users have already been involved in forest measurement and inventory preparation work. They 

reported that many of their community people have very good experience even in operating 

GPS and Vertex. However it would be good to provide them some additional technical training 

in this subject for more knowledge and skills.  Most of the user group are well introduced to their 

forest that they can even describe forest type, topography and species just by reading in the 

map. More than 50% of the users can do the forest mensuration including height and width 

measurement.  They can perform data recording and data entry of their own.  

--------------------------------------------------------------------------------------------------------------------------

Comments on carbon benefit sharing and activities performed from trust fund 

Before REDD project, eco-tourism is the major source of income and they have mobilized their 

income to various socio-economic activities for the welfare of the community.  The income 

received from carbon benefits has been invested in pisciculture . Some part of it is also used for 

providing financial assistance to Dalits for piggery and cow farming. They have also done grass 

plantation and are now selling it to the needy communities.  Further they had also supported the 

community people in the installation of Bio-Gas plants, Improved Stove etc.  

--------------------------------------------------------------------------------------------------------------------------

Role and participation of DFOs 

Kankali CF has also reported the poor participation of DFOs in the REDD pilot project although 

DFO was kept as one of the representatives of Advisory Committee.  They have also suggested 

that the DFO is the right institution at the local level to take a lead role in overall process for the 

future REDD program. They have also informed that DFO should be well capable institution for 

providing technical assistance to the forest community user group mainly for  REDD monitoring 

and awareness, forest survey, mensuration, and inventory preparation activities.  

--------------------------------------------------------------------------------------------------------------------------

Additional comments relevant for the MRV implementation at local level 

 A good robust system for measurement, recording and verification should be developed 

both at central and local level. 

 Community should have given the priority to participate in the field mensuration and data 

entry of their community forest. 

 DFO should be given a major role in the overall process of MRV implementation. 

 The whole process of REDD implementation should be transparent and the forest user 

group should be taken care for the right of using forest resource for their livelihood. 

 DFO should be acted as a verification authority for carbon calculation at local level. 
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1.   
INTRODUCTION 
 

In Nepal, fuelwood represents 96 % of the total wood annually harvested (from forest, other wooded lands and 

farmlands) and it produces over 70% of all energy consumed in all sectors. These facts place fuelwood at the 

very core of the man-forest relation in Nepal. It is also evident that its role on the pressure exerted on forests 

and on woody biomass resources in general is of paramount importance.  

Nepal has abundant woody biomass resources in its forests, woodlands and farmlands, whose annual sustainable 

growth potential exceeds the demand for fuelwood of the Country but demand and supply potential are 

unevenly distributed and so is the pressure on the resources, resulting in excessive harvesting in certain areas 

while other areas remain untapped.  While sustainable harvesting with adequate rotation periods does not 

permanently reduce the biomass stock and does not diminish the productive potential of the forests, 

unsustainable harvesting, i.e. excessive and repeated wood extractions, are cause of forest degradation with loss 

of biomass stock and diminished regrowth capacity.  

In order to identify the areas where fuelwood extraction may be higher than the sustainable productivity, and 

thus cause of forest degradation, it is necessary to analyze the spatial distribution of fuelwood demand and of the 

supply sources, which is the scope of the  Woodfuel Integrated Supply/Demand Overview Mapping (WISDOM)  

methodology. WISDOM, which has been implemented in many countries and in various planning contexts, is 

here applied in support of the MRV System for the quantitative and spatial-explicit definition of the risk of forest 

degradation due to the current demand for fuelwood. 

 

1.1  SCOPE WISDOM NEPAL IN THE CONTEXT OF REDD MRV SYSTEM 

Scope of this activity, carried out in the framework of the MRV Project, is to contribute to the estimation and 

spatial distribution of the risk of forest degradation induced by excessive fuelwood extractions. At the same time, 

WISDOM Nepal is a tool that can strengthen wood energy planning in general, enhancing inter-sectoral and 

interdisciplinary decision making processes and supporting strategic planning and policy formulation.  

The objectives of this activity are to (i) analyze the sustainable supply potential and the demand for woodfuels in 

Nepal, and produce spatially explicit results on supply/demand balance for local and commercial woodfuels use 

and identify surplus and deficit areas through the WISDOM model, (ii) provide estimates of the sustainable 

/unsustainable harvesting related to wood energy demand. 

The analysis is intended as interdisciplinary and cross-sectoral, including forestry, energy, territorial and socio-

economic components, as is typical for WISDOM analyses. Given the large variety of data sources integrated in 

the analysis, the limited time and resources available and the methodological scope of the project, the analysis is 

based entirely on existing information.  

 
1.2  MAIN FEATURE OF THE WISDOM METHOD 

The methodological approach is based on the following three fundamental characteristics of wood energy 

systems: 

Geographical specificity. The patterns of woodfuel production and consumption, and their associated social, 

economic and environmental impacts, are site specific (Mahapatra and Mitchell, 1999; FAO/RWEDP, 1997; 

FAO, 2003d).  

Heterogeneity of woodfuel supply sources. Forests are not the sole sources of woody biomass used for 

energy. Other natural landscapes, such as shrublands, as well as other land uses –farmlands, orchards and 

agricultural plantations, agroforestry, tree lines, hedges, trees outside forest, etc. – contribute substantially in 

terms of fuelwood and, to a lesser extent, of row material for charcoal production.  
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User adaptability. Demand and supply patterns influence each other and tend to adapt to varying supply 

patterns and resource availability. This means that quantitative estimations of the impacts that a given demand 

pattern has on the environment are very uncertain, and should be avoided (Leach and Mearns, 1988; Arnold et 

al., 2003).  

In order to cope with the various dimensions of wood energy, the Wood Energy Programme of the FAO Forest 

Products Service has developed and implemented the Woodfuel Integrated Supply/Demand Overview 

Mapping (WISDOM) methodology, a spatially-explicit planning tool for highlighting and determining 

woodfuel priority areas or woodfuel hot spots (FAO, 2003). WISDOM is the fruit of collaboration between 

FAO’s Wood Energy Programme and the Institute of Ecology of the National University of Mexico. At national 

level, the WISDOM approach has been implemented in Mexico (FAO, 2005), Slovenia (FAO, 2004a), Senegal 

(FAO, 2004b), Castilla y Leon (Spain), Italy, Croatia, Central Africa Republic, Mozambique, Argentina, Rwanda, 

Peru, Chad, Sudan and it’s currently being implemented in Nepal. At subregional level, WISDOM was 

implemented over the eastern and central Africa countries covered by the Africover Programme (FAO, 2005g) 

and over the countries of South East Asia (FAO, 2007).  

Currently, WISDOM is applied (and further developed) in the Project "Geospatial Analysis and Modeling of 

Non-Renewable Biomass: WISDOM and beyond" carried out by Yale University and Mexico University UNAM 

for the Global Alliance for Clean Cookstoves (GACC). Scope of the GACC project is to estimate and map the 

non-renewable fraction of the woody biomass used for energy at sub-national level on all tropical countries.  

WISDOM is meant to create a spatially-explicit knowledge base on supply and demand of woody (and non-

woody) biomass for energy and thus to serve as a planning tool for highlighting and determining priority areas 

of intervention and to focus planning options. The result of the wall-to-wall supply/demand balance analysis is 

then used as starting point for the delineation of the necessary supply areas for existing or hypothetical 

commercial consumption sites. 

WISDOM features: 

 Geo-referenced data bases. A core feature of the approach is the spatial base on which the data is 
framed. The analysis and presentation of results for all modules is done with the help of a Geographic 
Information System (GIS).  

 Minimum administrative and spatial units of analysis. The spatial resolution is defined at the 
beginning of the study, on the basis of the desired level of detail (national study, regional study) and as 
constrained by the main parameters or proxy variables that will be used to “spatialize” the information. In 
most cases the basis for the definition of the administrative level of analysis is provided by the existing 
demographic data (i.e. census units), which represents the most detailed sub-national structure of a 
country. The spatial level of analysis (i.e. the size of the pixel in GIS raster data) is usually determined by 
the mapping detail of the available land use/land cover data.  

 Modular and open structure. WISDOM consists of modules on demand, supply, integration and 
woodshed analysis. Each module requires different competencies and data sources and its contents is 
determined by the data available or, to a limited extent, by the data purposively collected to fill critical data 
gaps. Once the common spatial base of reporting is defined, each module is developed in total autonomy 
using existing information and analytical tools and is directed to the collection, harmonization, cross-
referencing and geo-referencing of relevant existing information for the area of study. 

 Adaptable framework. As mentioned previously, the information of relevance to wood energy comes 
from multiple sources, ranging from census data to local pilot studies or surveys, to projected estimates 
with unknown sources, and is often fragmented and poorly documented. Proxy variables may be used to 
“spatialize” discontinuous values. In synthesis, WISDOM tries to make all existing knowledge work for a 
better understanding of biomass consumption and supply patterns.  

 Comprehensive coverage of woody and non-woody biomass resources and demand from different 
users. The analytical framework includes of all sources of biomass potentially available for energy (i.e. 
fuelwood and charcoal, crop residues, industrial residues, etc.) and all users categories (rural and urban 
residential; industrial; commercial and public). 
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The WISDOM methodology may be divided into two sequential stages of analysis: 

1 -  WISDOM Base. This stage includes the analysis over the entire territory of the study area. 

2 -  Woodshed1 analysis. This second stage of the analysis uses the result of the WISDOM Base to 

delineate the sustainable supply zone of selected consumption sites. Depending on the scale and 

objectives of analysis, the selected sites could be all major deficit areas (those that depend on 

commercial supply chains) or specific urban centers, rural villages and existing/planned biomass 

plants.  

The specific steps of analysis are summarized below while a graphic overview is shown in Figure 1.  

WISDOM Base 

The application of the standard WISDOM analysis producing supply and demand balance mapping at the local 

level involves the following main steps (FAO, 2003b). 

1. Definition of the minimum administrative spatial unit of analysis. 

2. Development of the demand module. 

3. Development of the supply module. 

4. Development of the integration module. 

5. Selection of the priority areas or woodfuel “hot spots” under different scenarios. 

Woodshed analysis 

The analysis for the delineation of woodsheds, i.e. supply zones of specific consumption sites requires additional 

analytical steps that may be summarized as follows. 

6.  Mapping of potential “commercial” woodfuel supplies suitable for urban, peri-urban and rural 

markets. 

7. Definition of woodshed, or potential sustainable supply zones, based on the level of demand, 

woodfuels production potentials and physical accessibility parameters. 

 

                                                      

1 The term “woodshed” is a neologism inspired by the familiar geographic concept of watershed. It is used to indicate the portion of the 
territory necessary to supply on a sustainable basis the woody biomass needed by a specific consumption site (existing or hypothetical). 
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FIGURE 1  

WISDOM analytical steps. WISDOM Base (steps 1 to 5) and Woodshed analysis (steps 6, 7)  
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2.   
WISDOM ANALYSIS 
 

The following Sections describe the steps of analysis undertaken during the development of WISDOM Nepal, 

following the procedure of analysis summarized in the previous Section.  

The work implied the creation of a large amount of digital maps but only the most relevant ones are discussed 

and shown in this report. The details such as filename and development process of all the thematic maps used 

and produced during the WISDOM analysis are reported in Annex 6.  

 

2.1  SELECTION OF SPATIAL BASE OF ANALYSIS 

 

2.1.1  Scale and projection 

Mapping details: 

Projection: Preferred/common projection for Nepal : Modified UTM Central zone 84D (Datum Everest 1830) 

(single projection for whole country 

Cell size of raster layers: 100 meters (1-ha cells)  

 

Administrative units used for population mapping: 

Census results are provided down to VDC level (3,986 units) These are be used to map population distribution. 

Most published census results related to the saturation of fuelwood in the residential sector (fraction of 

households using fuelwood) are at District level (75 units). Other sources refer to broader strata that represent 

aggregations of Districts and rural/urban contexts (ex: CBS NLSS 2010 study). 

 

2.1.2  Reference years of WISDOM analysis 

The reference years of the WISDOM analysis is usually determined by the reference years of the selected land 

cover data. In this case a precise reference date cannot be set. However, since ICIMOD data contributes 

significantly, the reference year of the Supply Module may be set at 2010.  

Concerning the Demand Module, the year of the last demographic census is 2011.  

The temporal reference of the WISDOM analysis is therefore 2010-2011. 
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2.2  DEMAND MODULE 

The goal of the Demand Module is to estimate the current consumption of woody biomass for energy in the 

various sectors (residential, commercial, industrial and public) and to represent as accurately as possible its spatial 

distribution.  The main thematic layers and processing steps of the Demand Module are presented in the 

flowchart in Figure 2 and described in the following Sections. 

2.2.1  Reference data 

Household sector 

The main references that may be used for the estimation of the current consumption of woodfuels in the 

residential sectors include the following: 

(i) Census 2011 results at District level on the fraction of households using fuelwood as primary cooking 
fuel in rural and urban areas.  

(ii) CBS NLSS 2010 , providing saturation and fuelwood consumption values for rural and urban areas 
based on 28670 households interviewed divided into 14 strata, as shown in Annex 1.  

(iii) Estimates of the quantities consumed by fuelwood users (MPFS 1988, CBS's National Living Standard 
Survey 2010-2011, and other studies (Fox 1984, Rijal 2002). Annex 1 provides a summary of the per 
capita consumption values produced by various sources and of the values applied in the present study. 

 

FIGURE 2 

Demand Module. Flowchart of main analytical phases. Input data: cartographic (yellow); statistical (white); estimated 

variables (orange); thematic map outputs (green). 
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The household sector consumption is estimated to be 9,885,105 ad tons (including conventional and marginal 

fuelwood). 

Other uses of woody biomass at household level include cremations and the use of construction material. 

Cremations 

The cremation of the dead is a common practice among Hindus, with significant consumption of fuelwood. 

There are no statistics available about the fuelwood consumed in cremations ceremonies and therefore the 

estimation made in this study was based on district-wise census data on Hindus populations above 15 years 

(minimum age for the specific rituals of the cremation), death rates, and assuming that approximately 600 kg of 

fuelwood is necessary for the complete cremation. Based on these assumptions, the total annual use of fuelwood 

for cremations is estimated at 53,000 ad tons.  

Construction material  

The construction material for rural houses, fences, stables, poles, etc. represent a sector of demand for woody 

biomass that is not accounted for in industrial wood demand statistics. The demand for construction material is 

mainly rural and is close to fuelwood demand, in terms of proveniences and production/marketing chains. For 

this, in order to account at least indicatively for this sector of woody biomass consumption, the demand for 

construction material is added to the rural demand for woodfuels by assigning an estimated per capita 

consumption. The consumption of construction material for fences, stables, rural houses construction and 

maintenance ranges between 5 and 20 kg (oven dry) per capita and per year, according to few available references 

encountered during WISDOM analyses in Rwanda, Mozambique and Sudan. In this study, in the absence of 

specific data, a tentative mid-range per capita value of 12.2 kg (air dry) per year was adopted, and applied to rural 

population, while 1/3 of such rate (4.1 kg) was applied to urban population. The total amount of woody biomass 

used as constriction material is estimated at 285,000 ad tons. 

Other sectors of consumption 

For the estimation of the consumption of fuelwood in commercial and industrial sectors reference is made to the 

amounts estimated by WECS 2011, by development regions and by Eco Belts (Terai, Hills and Mountains). The 

total consumption in the industrial sector is estimated at 423,000 ad tons, while that of the commercial 

sector is estimated at 428,000 ad tons.  Assuming that these consumptions are concentrated primarily in major 

agglomerations, they were tentatively located in municipalities and urban settlements. 

 

2.2.2  Mapping fuelwood consumption 

Once the sectors of consumption are defined and quantified, the subsequent step is to distribute such 

consumption over the territory with the best possible approximation. 

From a spatial distribution perspective, two major types of consumption patterns may be distinguished: diffuse 

patterns, typical of the residential consumption, and other more localized sites, typical of industrial and 

commercial consumption sites, or even specific locations, such as biomass power plants and large tea factories. 

The first type is directly related to the distribution of the rural and urban population while for the second type 

the consumption is associated to special areas (i.e. urban areas only) or to specific locations such as towns or 

sub-urban areas or through geographic coordinates of known locations. Between these two extremes there are 

some types of consumptions, such as small industries, commercial and public users that are not ubiquitous but 

whose exact locations are not known. In these cases the distribution may be based on spatial proxies (elements 

of known spatial distribution) that are directly or indirectly correlated to the type of consumption considered.  

In case of Nepal, the household sector dominates woodfuel consumption, and mapping human population is the 

prerequisite to mapping the relative consumption. But other consumption sectors, such as commercial (tea 

sellers, bakeries, restaurants, etc.) and industrial (brick making, blacksmithing etc.), are also more or less strongly 

related to population concentrations. For this, in absence of more precise data on the distribution of commercial 

and industrial users, urban population mapping was used as spatial proxy for the mapping of the consumption in 

these sectors. 
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Urban and rural population mapping. 

Statistical and cartographic information relative to the distribution of the population at the level of 

Administrative Unit from Census 2011 obtained from the Central Bureau of Statistics (CBS). Figure 3 shows the 

main cartographic layers used to map the distribution of the population. 

Location of Rural population: 

The mapping of rural population (as defined by 2011 census) was done respecting the values reported at admin 

unit level (VDC). Within such units, the spatial distribution of the population was based on additional 

cartographic elements or spatial proxies such as built up areas and point settlement data. Roads and main trails 

were also used to locate probable sparse roadside settlements. Within a given unit, these features were used as 

spatial proxies of population presence to distribute census population where it's more probable to be found. 

Location of Urban population: 

The mapping of urban population (as defined by 2011 census) was done respecting the definitions (i.e. 

Municipalities) and values reported by the census. Within urban admin units, the spatial distribution of the 

population was based on cartographic elements or spatial proxies, such as urban boundaries. 

Figure 10 in Results Section shows the resulting human population distribution map. 

FIGURE 3 

VDC and Municipalities of Census 2011 and spatial features used as proxies for distribution of rural and urban population 

within VDCs and Municipalities 

 

 

2.2.3  Rural fuelwood users' adaptability 

Fuelwood itself can be made of stem wood or branch wood, which are the more "conventional" fuelwood 

assortments, or made of twigs, smaller branches and shrub wood (Figure 4), which are wood assortments usually 

excluded from forest inventories and thus not accounted for among the conventional supply sources.  

The fuelwood consumption by rural households is based on available survey data that do not distinguish 

between conventional and marginal fuelwood and it would be misleading to consider that the entire 

consumption is made of conventional fuelwood. The latter may be true for the regions sufficiently rich of wood 

resources but it may overestimate the real wood consumption in wood-poor areas, where conventional fuelwood 
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is replaced by marginal fuelwood. In rural areas where wood resources are particularly scarce, like in the Terai, 

the most likely effect of shortage of "conventional" fuelwood is that rural households use of a higher proportion 

of twigs and small branches from annual pruning in the mix of fuels used to satisfy basic households needs. 

Twigs and small branches that are harvested annually are woody and thus they are usually classified as 

"fuelwood" in consumption surveys but they are not accounted for by conventional forest inventories and are 

not considered in the estimation of the productivity of natural forests, shrublands and plantations (based on 

MAI) that includes stem and branch wood available at end rotation (and thinning cycles, if applied).  Hence, 

when doing supply/demand balance analysis, the consumption of such marginal wood products should not be 

deducted from the conventional fuelwood productivity.  

Unfortunately there is no data on the quantity of marginal wood products used as fuel in rural households. In 

order to quantify, at least tentatively, the impact of wood scarcity on consumption regimes, the rural 

consumption of fuelwood was reviewed assuming that up to 50% of the fuelwood gap (i.e. the difference 

between the demand and the supply locally available) may be satisfied by "marginal" fuelwood, rather than by 

ordinary fuelwood from the felling of trees and shrubs. This was based on a preliminary supply/demand balance 

comparing the supply potential of conventional fuelwood and the entire fuelwood consumption on a local 

context of 6km, which allowed to calculate what percent of the demand may be fulfilled by local resources.  

FIGURE 4 

Conventional fuelwood and marginal fuelwood composed by twigs and small branches. 

 

The 50% limit in the substitution of conventional fuelwood by marginal wood products was arbitrarily selected 

and is only tentative. Other thresholds could be applied but the best approach would be to survey the situation in 

the field. The reduction of the demand for conventional fuelwood was applied only on rural areas, which depend 

primarily on local and mostly informal supply, and is concentrated only in Terai. The urban demand for 

conventional fuelwood was not modified since the supply in this case is formal and market-based.  

The exclusion of marginal non-commercial wood products from the supply/demand balance of conventional 

woody biomass is probably more realistic but the fraction of these products in the rural fuel consumption is here 

only tentatively estimated This particular component of rural households' consumption should be studied in 

greater detail as it plays an important role in the overall supply/demand balance as well as in the soil nutrients 

cycles.  

The impact of the use of these marginal wood products and farm residues is more consistent on the soil fertility 

conventional 

fuelwood 
marginal 

fuelwood 

marginal 

fuelwood 
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than on the forest resources and woody biomass stock as it is normally intended.  The impact is on the reduced 

re-integration of twigs, leaves and residues’ nutrients into the soil of forests, plantations and agricultural fields. 

This is likely to produce a progressive loss of soil fertility, with consequent reduction of crop productivity and an 

increased level of vulnerability and worsened living conditions. The nexus between rural subsistence energy and 

soil fertility in Nepal certainly deserves a dedicated analysis. 
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2.3  SUPPLY MODULE 

Scope of the WISDOM Supply Module is to produce a spatial representation of natural and man-made sources 

of woody biomass, their stocking and production potential. The Supply Module analysis includes woody biomass 

entirely, comprising the components that may serve as fuelwood as well as other non-energy uses such as 

industrial roundwood and construction material.  

The estimation and mapping of the fuelwood supply potential is based on land cover information, describing the 

vegetation types and their location, and on field observations quantifying the stock and productivity of woody 

biomass, such as forest inventory data.  

The flowchart in Figure 5 shows the source data and the main analytical steps of the Supply Module. 

 

FIGURE 5 

Flowchart of the main analytical elements of the Supply Module. Input data: cartographic (yellow); statistical (white); 

estimated variables (orange); thematic map outputs (green). 
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2.3.1  Cartographic layers  

Given the straightforward relation between woody biomass sources and land use/land cover classes, the 

mapping of the potential sustainable supply is done on the basis of the land use/land cover map available and at 

the defined level of spatial detail.  

In the absence of a recent reliable map of land cover, the available land cover and land use data was combined to 

form a preliminary land cover reference layer  to be used as basemap of the Supply Module. The main land cover 

maps included are Icimod 2010 and FAO/ESA Globcover 2009. Figure 6 shows the raster version of the 

reference land cover map (displaying NEW_LCOVER attribute; see Annex 2 for more details). It is strongly 

recommended to replace this preliminary land cover dataset with reliable and up-to-date land cover map as soon 

as possible. Nonetheless, this preliminary dataset is considered adequate for the development of the Supply 

Module.  

Reference map: Biomass_base    in GDB  lc_biom_01.mdb 

 

FIGURE 6 

Map of land cover used as reference map, produced combining Icimod 2010 and FAO/ESA Globcover 2009. Class displayed: 

NEW_LCOVER. 

 

2.3.2  Stock and productivity 

Woody biomass stock 

Data of woody biomass stock from several forest inventories were used to estimate woody biomass stock by 

land cover classes and by physiographic zones. These included the preliminary results of the forest inventory of 

Terai (FRA), the inventory of 1994 for the Hills and Middle Mountains and the MPFS for the High Mountains. 

Stock values by combinations of Biomass_base classes NEW_LANDCOVER and GRIDCODE (i.e. Icimod 

classes) was based on field inventory plot data for Siwaliks, Hills and Mountain zones (1994 inventory) and for 

Terai (2012  FRA inventory). Stock values for High Mountain regions taken from 1989 Master Plan tables. 

Assigning stock values to non-forest classes was particularly difficult due to limited and conflicting references:  
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 Pan-tropical WISDOM (GACC study) based on several references (Baccini, WHRC; Bangladesh 

inventory by FAO; etc..) assigns 41 od t/ha to cropland. This value seemed to be too high for Nepal 

since farmland in Bangladesh and in parts of India are richer of "homestead forests" than Nepal.  

 A very limited number of field plots carried out in agricultural areas by FRA Project in Terai indicate a 

biomass stock ranging between 10 ad m3/ha (cropland with sparse trees) and 4 ad t/ha (cropland). 

These values probably refer to stem volume, excluding small branches. In addition, it is not clear 

whether the survey area included village areas, where most trees and other woody vegetation are 

concentrated. 

In the absence of a reliable reference we assumed that the aboveground biomass of agricultural areas be 10 ad 

t/ha. 

The dendroenergy biomass (DEB) is the fraction of the aboveground biomass (AGB) that is suitable as 

fuelwood. DEB includes the total aboveground woody biomass, less stump and twigs. With reference to the total 

AGB, it is calculated as follows: 

de_biom_t_ha  (DEB) = [AGB_t_ha]*(1-0.15-0.039)  [15% leaves and twigs; 3.9% stump] 

Productivity 

As usual, the sustainable productivity of natural formations is a far less known parameter than the stock due to 

the scarcity of permanent sample plots, which are the only reliable sources of data for the estimation of the Mean 

Annual Increment (MAI). In order to fill this critical data gap, the MAI was estimated by applying simple 

equations relating stock and MAI values as percent of stock for coniferous and broadleaved formations from a 

set of international field observations relative to similar ecological contexts as Nepal, as shown in Figure 7.  

 

MAI_DEB_percent  (Coniferous forest formations)= ([de_biom_t_ha]^-0.5069)*22.683 [based on tropical and 

sub-tropical stock-MAI values for broadleaved formations] 

MAI_DEB_percent  (All other formations)= ([de_biom_t_ha]^-0.5879)*37.058 [based on tropical and sub-

tropical stock-MAI values for broadleaved formations] 

 

FIGURE 7 

Stock vs MAI relations for natural  broadleaves and coniferous formations used to estimate the MAI  
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2.3.3  Accessibility 

In this assessment the accessibility has two components. One component is legal accessibility, which is based on 

the legal rights of wood harvesters to extract wood from a particular area. The second component is physical 

accessibility, which is based on the ability of wood harvesters to reach a given location. This may be determined 

by the distance between human settlements and woodfuel resources, but is mediated by infrastructure 

characteristics such as the existence of footpaths, roads, as well as factors like topographical gradients and other 

obstacles. We explore details of each component below. 

 

2.3.3.1  Legal accessibility 

The legal accessibility to woody biomass resources is determined on the basis of protection status and categories. 

Legal restrictions may range from total access interdiction to harvesting limitations of varying degrees. In most 

cases fuelwood harvesting if permitted to local communities for their own use while commercial fuelwood and 

charcoal production are forbidden.  In case of Nepal, several categories of Protected Areas, covering a total area 

of 3,439,988 hectares, with a varying range of access rights to local communities for fuelwood harvesting, while 

commercial fuelwood production is thoroughly forbidden. The right of access is not precisely defined but 

discussion with qualified informants allowed to define a percent access value for each protection category, as 

discussed in detailed in Annex 4. 

 

2.3.3.2  Physical accessibility 

The estimation of the physical accessibility of biomass resources is based on a fuelwood transport time map 

covering Nepal following and adapting the procedure described by Nelson (2008) for the global Travel Time 

map to the nearest city of 50,000, or more people in year 2000 and by Drigo (2013, GACC Project, in progress). 

The main differences with previous studies include a redefinition of target locations and friction data based on 

detailed national data (DTM 30m, land cover and road, trail, paths network data) and the adaptation of friction 

factors to estimate the transport of fuelwood including going and returning with fuelwood load.  

This map is the result of an accessibility model that considers target locations (in this case accessible features and 

populated places) and cost, or friction surface, based on several national datasets that represent roads, terrain 

features (slope, altitude) and land cover.  

The subsequent fundamental step for the scope of this study is to convert transport time values (minutes 

to/from the nearest accessible feature) into accessibility factor to be applied to DEB supply sources.  This is 

done under the assumption that the higher the transport time to the nearest populated place or communication 

infrastructure, the lower the percentage of accessible resources.   

In the absence of specific reference data, it was here assumed that wood resources (for energy use) that are more 

than 10 hours of transport time from the nearest accessible feature (10 hrs collection time as per CBS-

NLSS2010) may be considered as totally inaccessible and that the accessible fraction of DEB resources decreases 

progressively with the increase of travel time.  

 

In this study the physical accessibility is used in two separate phases of analysis:  

1. In the Supply Module, the off-road accessibility of woody biomass resources is used to estimate the 

fraction of the total MAI that is accessible to rural users and to commercial woodfuel producers. 

2. In the woodshed analysis, accessibility is based on each Nepal’s major consumption sites such as 

urban centers and densely populated rural areas. In addition to the off-road accessibility, this analysis 

also includes distances along roads and rivers to reach the selected consumption sites. 

Details of the travel time map development process, data sources and results are provided in Annex 5. 
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2.3.4  Accessible and available MAI 

2.3.4.1  Physical and legally accessible MAI 

The estimation and mapping of accessible productivity is done by applying the legal and physical access 

limitations, in form of percent accessible maps, to the map of DEB MAI. 

 

2.3.4.2  Available MAI 

Not all accessible MAI can be assumed available for fuelwood production or as construction material. The main  

competing use is the industrial roundwood that feeds wood processing industries such as furniture making, 

panels, etc.  

However, the reference values for the annual production of industrial roundwood production varies 

considerably: 

 FAO FRA Country Report for year 2003-2007:        152,000 m3 

 FAOstat  (same value for 1998 to 2012)      1,260,000 m3 

 Nepal Forestry statistics of District-wise timber sale (year2010-11)    161,173 m3   

FAOstat value seems very high and it's not clear how it's estimated. On the other hand the official record of 

timber sale appears rather low for Nepal and it's likely that the record capture only part of the actual production. 

The Nepal Forestry reference was used as main reference but to this value a tentative 20% was added on account 

of illegal and unrecorded production. The amounts reported by Forest Department statistics on timber sale by 

district, increased of 20 %  were deducted from the accessible resources in the respective districts. The district-

wise statistics of industrial roundwood production and the values actually deducted are presented in Annex 3. 

In the absence of data on the location of industrial roundwood production sites, the deduction was spatially 

distributed on accessible forest resources.  
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2.4  INTEGRATION MODULE 

The scope of the Integration Module is to combine the parameters developed in the demand and supply 

modules by discrete land units (pixels-level and sub-national unit-level) in order to discriminate areas of potential 

deficit and surplus according to estimated consumption levels and sustainable production potentials. 

The first and most important result of the integration module is the balance between the accessible and available 

potential productivity and the total consumption of woody biomass for energy generation and other uses.  

In order to describe the various planning dimensions of wood energy, the supply/demand balance analysis will 

be carried out at the following three levels:  

(i) Cell-level balance, which is the basis of all other balance analyses,  

(ii) balance in a local context, few km around consumption sites, representing the informal self-supply 
horizon of rural and peri-urban households and,  

(iii) balance based on the “commercial” fraction of the local surplus (resulting from the previous level) 
considered as source of commercial woodfuel production systems serving distant consumption sites.  

 

2.4.1  Pixel-level balance 

The supply/demand balance at the level of individual map pixel (or cell) is calculated by deducting the pixel-level 

consumption from the pixel-level available productivity. The calculation of the supply/demand balance by 

individual 1-hectare cell has an useful accounting function but it represents a somewhat virtual balance since 

individual pixels are usually either a production or a consumption site. An example of pixel-level balance is 

shown in Figure 8. (left-side map). 

 

2.4.2  Local neighborhood balance 

In order to achieve a realistic perception of the supply/demand balance it is necessary to combine the 

consumption and the supply potential within an area related to the real supply zone. In the case of rural and peri-

urban households, the distance that household’s members are prepared to go to fetch fuelwood, on foot or by 

local transport means are good parameters to estimate the actual supply area. This should be estimated in terms 

of time needed to reach the resources and to transport them to the village but the underlying spatial modeling 

would be too complex and the harvesting horizon is here simplified to a radius of 3 km around each pixel.  

An example of the balance analysis in a local context is shown in Figure 8 (middle map). Comparing the local 

balance to the pixel-level balance it is interesting to see how the local context tends to render more visible the 

deficit areas, giving a more realistic perception of deficit and surplus zones 

 

2.4.3  “Commercial” balance and "commercial" surplus 

The analysis of the “commercial” balance is based on the consideration that the management and commercial 

exploitation of sparse resources may be uneconomical. In a local supply/demand context dominated by direct 

fuelwood collection all wood resources may be considered suitable for local (rural) consumers, but when the 

demand and supply areas are far apart and the supply system is market driven, then only the wood resources that 

are economically viable to exploit are likely to be utilized.  

For woodfuels markets such as those of urban centers, the supply potential consists of the "commercial" fraction 

of surplus resources resulting from local balance. The "commercial" surplus is estimated by first accounting for 

the supply that is utilized for local demand, which includes all available DEB production potential, and second, 

estimating the quantity of remaining DEB that is suitable for commercial utilization, which is limited to the 

legally accessible resources that justify transport and management costs. To assess the commercial surplus some 

basic quantitative thresholds related to stock and productivity were defined as follows: 
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 One threshold concerned the minimum stocking required for profitable fuelwood production, which is 

here preliminarily set to 14.6 tons / ha, air dry2.  

 The second threshold concerned the rotation period determined by the estimated annual surplus of the 

local supply/demand balance: only the areas with surplus levels that guarantee rotation periods lower 

than 30 years were considered eligible. To reach such condition the available surplus MAI must exceed 

0.5 ad t/ha/year.  

Consequently, only the accessible areas with a stock above 14.6 ad t/ha and a surplus above 0.5 odt/ha/year 

were considered as potential commercial sources. In addition, ALL Protected areas are excluded from 

commercial exploitation, including Buffer Zones in which local communities are entitled to exploitation of own 

use. An example of commercial balance analysis is shown in Figure 8 (right hand map). 

At the local level of analysis it is important to verify the economic viability of the various situations with local 

operators and managers and to define the “economically viable” minimum surplus values that apply locally. . 

The commercial balance analysis remains theoretical since it implies that the economically viable resources are 

rationally managed, such that the potentially sustainable increment is exploited entirely, without depleting the 

forest capital. The commercial balance is therefore useful for defining the theoretical limits of sustainable forest 

management but is unlikely to represent existing processes. Current exploitation is often unregulated, leading to 

overexploitation in some areas and under-exploitation in others.  

 

FIGURE 8 

Example of balance calculated at pixel-level, on a 3-km local context and commercial balance excluding non-commercial 

surplus resources. Example located over Rolpa, Pyuthan and Rolpa Districts, MWDR. 

 

 

                                                      

2 There is no reference to the minimum stock for profitable fuelwood production in Nepal. The value here proposed was derived from a 
study on charcoal production in Mozambique (Mancini et al, 2007). In this study, the DEB stock threshold was set at 15 t / ha air-dry 
considering that below such level the cost of kiln preparation would be unprofitable. 
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2.5  WOODSHED ANALYSIS 

2.5.1  Mapping commercial demand pressure  

Once the development of the WISDOM Base is complete for the whole area and the commercial balance maps 

are available, it is possible to outline the potential sustainable supply zones of specific major consumption sites, 

keeping into account the consumption of surrounding urban and rural areas as well as the resources realistically 

available. These zones are termed “woodsheds” in analogy with the familiar geographical concept of watersheds 

(Drigo e Salbitano, 2008). 

The woodshed of a given consumption site may be defined as the minimum area around the site in which the 

cumulative woodfuels balance between the deficit areas and the (commercial) surplus areas is non-negative. 

When a single consumption site is considered, the woodshed is determined by the physical accessibility of the 

available surplus resources. However, when several consumption sites are considered at the same time, the 

woodshed is determined by the combined effect of both physical accessibility of available resources and of 

woodfuel demand exerted by each site considered.   

In order to combine efficiently these two components, the analysis will be carried out through weighted 

interpolation using Dinamica EGO processing environment. The model applied considers: 

 as staring points of analysis, the location of deficit peaks (Categorical Map) with the associated local 

deficit values  

 as weighting factor of interpolation, the friction map created for the analysis of accessibility, reporting 

the travel time needed to cross the cells, in minutes per meter.  

The model creates an interpolation map for each individual point using the friction map as weighting factor. 

These maps are then added together to form the cumulative "pressure" map determined by the intensity and 

location of the major deficit areas. Examples of the progressive interpolation are shown in Figure 9, while the 

final result is shown in Figure 20 in Results Section. 

By means of this combined cost factor, the cities with higher demand “produce” wider woodshed buffers while 

the cities with lower demand “produce” narrower buffers, well representing the territory under urban 

influence/pressure.  

 

FIGURE 9 

Examples of the progressive analysis combining demand pressure and physical accessibility for 27 major deficit sites. 

 

Once the country-cumulative weighted interpolation map is produced, the procedure for the delineation of the 

27 points 20 points 15 points 

10 points 5 points 2 points 
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woodshed of the selected deficit sites is to calculate the supply/demand balance of each buffer (applying zonal 

statistics to the commercial balance) and to progressively expand the area buffer by buffer until the cumulative 

value of the commercial balance reaches a positive value, indicating that within such territory the supply potential 

(i.e. the commercial surplus) matches the demand.  

To be noted, however, that the woodshed analysis tells what should be the harvesting area in order to guarantee 

the sustainable supply of the needed woody biomass, assuming the rational and sustainable resources 

management system. The woodshed analysis doesn’t tell what the actual harvesting area is, but it provides a 

revealing vision of the territory under urban influence and a clear target for forest management. 

 

2.5.2  Transport time threshold 

The woodshed zone is determined by the availability of local surplus resources and commercial demand, which 

may include resources that are at great distance from market areas.  In these cases the transport cost may become 

too high and the actual harvesting areas are likely to be concentrated on wood resources that are closer to market 

areas. By conducting cost-distance analysis on the same major deficit points used for woodshed analysis using 

transport time as cost factor (see Annex 5 for a description of physical accessibility model), we can segment the 

resources according to transport time and thus we can apply threshold values as limit of actual supply zones in 

consideration of transport costs.  Figure 10 shows the results of the transport time analysis.  

In this analysis we adopted a 12-hours travel time threshold (i.e. from market site to harvesting place and then 

loaded from harvesting place to roadside and to market), which implies approximately one full days of transport, 

This was preliminarily selected as the economic limit of the transport component. This threshold is not based on 

direct observations but only through "expert opinions" and needs to be verified in the field 

 

FIGURE 10 

Transport time to the major deficit sites. Example showing Central and Western Development Regions. 

 



MRV NEPAL WISDOM NEPAL R. DRIGO,  AGRICONSULTING SPA 

20 

3 
RESULTS 

Demand Module results 

The map of 2011 population distribution, essential ingredient in the development of the Demand Module, is 

shown in Figure 11.  The map representing the total consumption of fuelwood3 in all sectors is shown in Figure 

12.  

Table 1 provides the summary of fuelwood consumption by Development Region and Physiographic zones. In 

consideration of its relevance in the analysis of supply/demand balance, distinction is made, at least tentatively, 

between "conventional" fuelwood made of stemwood and branches and "marginal" fuelwood, made of twigs and 

annual pruning of farm trees and shrubs.  

 

TABLE 1 

Fuelwood consumption by Development Region and Physiographic zone.  Distinction is made between conventional 

fuelwood and marginal fuelwood. 

 

Development 
Region 

Physiographic 
Zone 

Rural 
consumption 

(conventional + 
marginal) 

Urban 
consumption 

(conventional) 

Total 
consumption  

(conventional + 
marginal) 

Total 
consumption 
(conventional 

only) 

kt ad kt ad kt ad kt ad 

Far 
Western 

HighMount 3 0 3 3 

MidMount 264 0 264 264 

Hills 539 39 578 578 

Siwaliks 53 1 54 54 

Terai 436 70 507 447 

Mid 
Western 

HighMount 13 0 13 13 

MidMount 455 0 455 455 

Hills 708 56 764 764 

Siwaliks 275 35 309 301 

Terai 345 41 386 324 

Western 

HighMount 14 0 14 14 

MidMount 167 0 167 167 

Hills 1,104 184 1,287 1,287 

Siwaliks 104 46 150 150 

Terai 339 57 397 352 

Central 

HighMount 2 0 2 2 

MidMount 168 2 170 170 

Hills 1,384 293 1,678 1,678 

Siwaliks 299 157 457 443 

Terai 1,043 211 1,254 958 

Eastern 

HighMount 5 0 5 5 

MidMount 178 0 178 178 

Hills 870 59 930 930 

Siwaliks 136 77 213 213 

Terai 657 184 841 764 

Nepal  9,562 1,513 11,075 10,513 

 

                                                      

3 The consumption in the residential sector is inclusive of construction material for fences, house repairs etc.   
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Supply Module results 

Maps of DEB stock per hectare (and per pixel) is shown in Figure 13. Maps of per hectare values of total MAI, 

and physically & legally accessible MAI are shown in Figure 14 and  Figure 15. Finally, Figure 16 shows the same 

map, but only with biomass that is potentially available for energy use after accounting for industrial uses of 

roundwood like timber and pulp production.  

Table 2 provides the summary of the same items (plus total aboveground biomass estimates) by Development 

Region and Physiographic zones.  

 

TABLE 2 

Summary by Development Region and Physiographic zone of aboveground biomass (AGB), dendroenergy biomass (DEB), 

Mean Annual Increment ( DEB MAI), legally and physically accessible DEB MAI and DEB MAI available for energy uses. 

 

  AGB DEB DEB MAI 
accessible DEB 

MAI 

available DEB 

MAI 

  kt ad kt ad kt ad  kt ad 

Far 
Western 

HighMount 2,306 1,891 122 8 8 

MidMount 77,234 62,728 1,021 538 538 

Hills 45,886 37,362 1,056 1,031 1,031 

Siwaliks 36,352 29,491 561 535 532 

Terai 31,801 25,886 553 482 479 

Mid 
Western 

HighMount 6,555 5,317 245 30 30 

MidMount 175,106 142,011 2,339 1,381 1,381 

Hills 44,695 36,247 1,170 1,164 1,163 

Siwaliks 76,176 61,911 1,266 954 952 

Terai 19,716 16,004 374 264 261 

Western 

HighMount 5,722 4,642 222 28 28 

MidMount 76,668 62,178 1,050 657 655 

Hills 53,091 43,057 1,367 1,351 1,346 

Siwaliks 34,362 27,879 560 518 512 

Terai 13,138 10,693 347 346 342 

Central 

HighMount 3,924 3,212 115 5 5 

MidMount 68,430 55,651 887 444 440 

Hills 62,184 50,432 1,438 1,396 1,388 

Siwaliks 96,279 78,168 1,506 1,042 1,027 

Terai 25,677 20,872 669 636 620 

Eastern 

HighMount 5,363 4,356 189 17 16 

MidMount 87,521 71,022 1,212 786 781 

Hills 46,366 37,615 1,330 1,321 1,274 

Siwaliks 35,586 28,860 592 580 576 

Terai 14,752 11,985 585 578 569 

Nepal  1,144,889 929,469 20,776 16,090 15,954 

 

Integration Module results  

The map of pixel-level supply/demand balance is shown in Figure 17, while the map of the Local balance 

estimated within local harvesting context of 3 km is shown in Figure 18. The third balance map, shown in Figure 

19, represent the "commercial" balance which shows the deficit areas entirely (red areas) but only the local 

surplus (green areas) considered suitable to commercial fuelwood production.  

Table 3 presents the simple supply/demand balance by Development Region and Physiographic zones. 
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Woodshed analysis and expected forest degradation  

The map in Figure 20 shows the expected harvesting pressure determined by the demand for fuelwood exerted 

by the major deficit sites of the Country (27 sites were identified) combined with the physical accessibility 

(intended as transport time). Figure 21 shows the areas where commercial harvesting is likely to concentrate, 

considering the sustainable woodshed (territory with commercial supply potential matching the demand) and 

transport threshold, here set at 12 hours.  The map in Figure 22 shows the commercial balance of the woodshed 

area within 12 hours of transport time from the major deficit sites. The map in Figure 23 shows probable 

harvesting intensity determined by projecting the fuelwood deficit onto the commercial surplus areas according 

to harvesting pressure (of Fig. 20) and surplus level. The map in Figure 24 shows the sustainability of 

commercial fuelwood harvesting, while Figure 25 shows only the distribution of the un-sustainable harvesting, 

which represents a quantitative measure of the forest degradation induced by excessive fuelwood harvesting. 

Table 3 presents the expected degradation induced by excessive fuelwood harvesting  by Development Region 

and Physiographic zones. The total expected degradation of forests and other woody formations is estimated at 

758,000 tons. It should be emphasized, however, that this was estimated assuming the "optimal" exploitation of 

resources, through homogeneous harvesting (i.e. not leaving some accessible resources untapped and others 

overexploited).  This assumption may be realistic for the forests managed by local communities but might be too 

optimistic for  other areas. Therefore, this should be considered as the MINIMUM level of degradation. Detailed 

knowledge on the areas under community management plans and un-managed public forests, when available, 

will allow a more accurate estimation and mapping of actual forest degradation.  

 

TABLE 3 

Summary by Development Region and Physiographic zone of supply/demand balance and of the expected degradation 

induced by excessive fuelwood harvesting. 

 

  
total consumption 

(conventional only) 
available DEB 

MAI 
simple 
balance 

Expected 
degradation 

within woodshed 
  kt ad kt ad kt ad kt ad 

Far 
Western 

HighMount 3 8 6   

MidMount 264 538 274 -0.1 

Hills 578 1,031 453 0.0 

Siwaliks 54 532 479 -1.7 

Terai 447 479 32 -6.1 

Mid 
Western 

HighMount 13 30 17   

MidMount 455 1,381 926 0.0 

Hills 764 1,163 399 0.0 

Siwaliks 301 952 650 -0.1 

Terai 324 261 -64 -1.1 

Western 

HighMount 14 28 14   

MidMount 167 655 488 -2.1 

Hills 1,287 1,346 59 -43.4 

Siwaliks 150 512 362 -24.7 

Terai 352 342 -10 -1.8 

Central 

HighMount 2 5 3   

MidMount 170 440 269 -14.6 

Hills 1,678 1,388 -289 -259.3 

Siwaliks 443 1,027 584 -215.1 

Terai 958 620 -338 -142.2 

Eastern 

HighMount 5 16 12   

MidMount 178 781 603   

Hills 930 1,274 344 -2.0 

Siwaliks 213 576 363 -25.3 

Terai 764 569 -195 -18.1 

Nepal  10,513 15,954 5,442 -758 
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FIGURE 11 

Map of 2011 Population distribution 
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FIGURE 12 

Map of "conventional" fuelwood consumption (all sectors).  
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FIGURE 13 

Map of dendroenergy biomass (DEB) distribution. 
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FIGURE 14 

Map of total mean annual increment of dendroenergy biomass (DEB MAI) 
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FIGURE 15 

Map of physically and legally accessible DEB MAI. 
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FIGURE 16 

Map of the fraction of the physically and legally accessible DEB MAI that is potentially available for energy use.  
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FIGURE 17 

Map of pixel-level supply/demand balance. 
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FIGURE 18 

Map of Local Balance estimated within local harvesting context of 3 km 
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FIGURE 19 

Map of commercial balance 
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FIGURE 20 

Map of harvesting pressure determined by the fuelwood demand of major deficit sites and physical accessibility.   
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FIGURE 21 

Map of probable commercial harvesting area based on demand pressure, commercial balance and a travel time threshold of 12 hours.  
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FIGURE 22 

Map of commercial balance of the woodshed area within 12 hours of transport time from the major deficit sites.  
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FIGURE 23 

Map of probable harvesting intensity determined by projecting the fuelwood deficit onto the commercial surplus according to harvesting pressure (shown in Fig.20) and surplus level. 
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FIGURE 24 

Map of the sustainability of commercial fuelwood harvesting. Negative values (in red) indicate areas where the harvesting is greater than the sustainable commercial surplus 
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FIGURE 25 

Map of probable degradation induced by excessive fuelwood harvesting. 
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CONCLUSIONS AND RECOMMENDATIONS 
 

Contribution of WISDOM Nepal to MRV System 

 

 Overall, the accessible sustainable supply potential of Nepal is greater than the demand for woody 

biomass for energy and for other uses. Excluding the industrial roundwood production, the supply 

potential is almost 16 million tons (air dry), while the demand for conventional fuelwood is 10.5 million 

tons, with a theoretical surplus of 5.4 million tons.   

 In good part of the Country the rural demand for fuelwood seems to be satisfied by the resources 

accessible within the typical harvesting horizon of 3 km or within 10-15 km for the larger settlements. 

However, this is not the case for the Hills and Siwaliks of Central and Western Development Regions 

and in the densely populated Terai where the high concentration of the consumption creates a strong 

commercial fuelwood demand which poses a high pressure on the accessible resources with consequent 

risk of degradation.  

 The expected impact of excessive harvesting is estimated at 758,000 tons, which represents the 

dimension of the expected degradation and is distributed primarily in the Hills and Siwaliks of the 

Central and Western Development Regions.  

 This degradation rate should be considered as the expected minimum because we assumed the optimal 

(if not sustainable) exploitation of the accessible resources. While this assumption may be justified for 

the forests under community control, it may be optimistic for other areas where the exploitation is likely 

to be more chaotic. 

 Through this analysis we estimated the risk of degradation, spatialized and quantitative, but still the risk 

and not the actual degradation, that remains to be assessed in the field and through multi-temporal 

remote sensing techniques. But the assessment of forest degradation is far more challenging, and 

expensive, than the assessment of deforestation both in terms of field measurements and resolution of 

remote sensing data.  

 A key contribution of WISDOM to MRV concerning the actual assessment of forest degradation is in 

the stratification of forests according the risk of degradation. Such stratification allows to concentrate 

the high resolution observations where the phenomenon is more likely to happen, for instance through a 

statistically more efficient PPS approach, and thus reduce the costs of the assessment.    

 Another contribution is in revealing the cause-effect mechanism behind degradation processes. Beyond 

measuring deforestation and degradation we need to identify remedial actions and to this end WISDOM 

provides essential quantitative and spatial elements linking cause (demand for fuelwood) and effect (rates 

of degradation) that are fundamental to the formulation of focused forestry and energy policies and the  

design of strategic and operational planning.  

 

Contribution of national-level WISDOM to MRV activities in local Communities 

• The national-level WISDOM provides additional elements for the selection of local Communities for 

detailed MRV activities on the basis of the risk of forest degradation from fuelwood harvesting  

• For the selected Communities, it provides contextual settings for local MRV activities, including 

• Quantify the pressure (i.e. biomass extraction) induced by actors outside the selected 

Communities, such as:  

• the local demand from neighboring areas and  

• the commercial demand from distant fuelwood markets 

• Supports leakage analyses 
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The development of Community-level WISDOM analyses would imply the following: 

• Revision of demand and supply parameters according to local conditions  (high resolution maps and 

demand surveys) 

• Revision of accessibility analysis (actual harvesting horizon) 

• Delineation of actual harvesting areas (woodshed analysis) for local demand and commercial markets 

Conducted at Community-level, WISDOM analyses would contribute to MRV activities through: 

• Quantification of the baseline Non Renewable Biomass fraction  

• Analysis of actual leakages 

• Support local operational planning of sustainable wood energy systems and more in general REDD+ 

activities 

 

Main conclusions on WISDOM development 
The development of WISDOM Nepal implied several assumptions and some tentative value attributions to fill in 
for information gaps, as discussed in the previous sections. In order to improve and consolidate the knowledge 
base these assumption need validation and tentative estimates should be replaced by solid reference data.  The 
most relevant information gaps to be filled in with priority include the following: 

Data weakness on supply 

• The land cover data used is preliminary and must be replaced by recent and reliable map with good 

detail on vegetation densities within and outside forests to allow biomass mapping. 

• There is little data on sustainable productivity in forests and nothing at all on productivity in farmlands 

and shrublands. These are important sources of fuelwood that must be well understood in order to 

assess with accuracy the true impact on forest resources.  

• The industrial roundwood production appears very low. Beyond Forest Department records on timber 

production and sale, the estimation of the total use of industrial roundwood in Nepal should be based 

on industrial sector data in consultation with the Chamber of Commerce. 

• The physical accessibility of wood resources is of paramount importance in a mountain country like 

Nepal. Updated road network data, including non-motorable trails foothpaths is essential for a correct 

estimation of accessible resources.  

Data weakness on demand 

• Fuelwood consumption surveys must adopt quantitative measurement techniques avoiding as much as 

possible people's estimates of consumption per month or per year. FAO produced useful practical 

guidelines on fuelwood consumption surveys (FAO, 2002) that offer interesting solutions. In particular, 

the "average day consumption" approach seems very effective as it allows to measure a day's 

consumption with good accuracy with only one visit. 

• Consumption surveys must differentiate “conventional” fuelwood made of stem wood and branches  

from “marginal” fuelwood made of twigs and smaller branches that are not considered among forest 

products.  and that are often produced through annual or periodic pruning of farm trees and shrubs, 

hedges, etc..  

• The coping strategies put in place by rural households in scarcity or absence of “conventional” fuelwood 

are little known. Annual or periodic pruning of farm trees, shrubs, hedges, etc. certainly produce more 

fuelwood than it is generally assumed  

• The ignorance of fuelwood type, supply sources and their sustainable productivity often induce the 

overestimation of the impact of fuelwood on forest resources (and thus to bad policies) 
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Transfer and handling of the WISDOM Geo-database 

The WISDOM Nepal Geo-database is part of the MRV database that will be transferred to the appropriate 

Government Unit upon completion of the MRV project. In addition, the most relevant results of the analysis 

will be uploaded for consultation and basic handling.  

The list of map layers that compose the geo-database is provided in Annex 6, along with a short description of 

the sources and processing steps undertaken for their production. This information should be used as reference 

in all future handling or updating of WISDOM map layers. 

Through a GIS software the data (vector and raster format) can be visualized, analyzed at different 

administrative levels for information to help reporting and decision making. But several levels of interaction may 

be envisaged. In order to guide future handling of WISDOM layers, Table 4 provides an overview of the levels 

of interaction that can be developed and the corresponding GIS skills required. 

 

TABLE 4 

Levels of interaction with the WISDOM datasets 

 

Level of interactions Description of the possible applications Required GIS skills 

Elementary Level: 
Extraction of statistics by 
sub-national units 

Use administrative units boundaries to extract 
statistics from raster datasets containing spatial 
statistics of supply and demand 

Basic skills of GIS and 
geoprocessing tools such as 
Zonal Statistics 

Medium Level: 
Production of thematic 
maps for selected 
locations or sub-national 
units 

With the results of the extracted statistics, select 
the location or sub-national unit by the required 
techniques (select by attribute, select by 
location, for vector layer, or masking the 
selected unit in case of raster); layout map 
preparation 

Moderate skills in GIS and 
geoprocessing tools 

Advanced Level: 
Change of demand or 
supply parameters and re-
running of WISDOM 
analysis 

Change the parameters settings of the supply or 
demand according to new information; re-run 
the geoprocessing tools or models to process 
new demand or supply raster datasets 

Advanced skills of WISDOM 
concepts (Expert), advanced 
knowledge of GIS and 
geoprocessing 

 

The entire WISDOM analysis was carried out with the involvement and active participation of MRV Project 

staff. The knowledge acquired by National MRV staff represents a precious asset for future handling of 

WISDOM data in Nepal and for providing elemental training to the personnel of the recipient Government 

Unit. It should be emphasized, however, that the counterpart designated to manage the WISDOM data must 

have advanced GIS skills, especially concerning the processing of raster data. 
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http://www.fao.org/docrep/006/ad353e/AD353e00.htm#TopOfPage
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ANNEX 1:  FUEL SATURATION IN RESIDENTIAL SECTOR (% USERS) 

 

CBS NLSS 2010 - Percent saturation cooking fuel 

stratum Firewood 

Leaves/ru

bbish/str

aw/thatch Dung Bio-gas 

Cylinder 

gas Kerosene Other Total HH 

Urban-Kathmandu Valley 2.9 0.7 0.0 0.0 92.8 3.2 0.4 3593 

Urban-Terai 46.4 5.2 6.8 4.2 34.9 0.4 2.1 3240 

Urban-Hill 46.4 0.2 0.4 8.0 43.7 0.5 0.9 2043 

Rural-Terai-Far-Western 92.3 0.0 0.5 5.4 1.8 0.0 0.0 826 

Rural-Terai-Mid-Western 85.0 0.0 0.9 7.3 5.7 0.0 1.0 1158 

Rural-Terai-Western 42.3 4.1 38.5 4.6 9.1 0.3 1.2 1999 

Rural-Terai-Central 53.0 13.1 28.4 3.0 2.1 0.1 0.4 2701 

Rural-Terai-Eastern 39.4 7.9 40.5 5.1 6.5 0.0 0.6 2354 

Rural-Hill-Far-Western 99.1 0.0 0.9 0.0 0.0 0.0 0.0 892 

Rural-Hill-Mid-Western 96.5 0.0 0.2 0.9 2.5 0.0 0.0 1749 

Rural-Hill-Western 90.3 0.2 0.5 4.6 4.0 0.0 0.4 2041 

Rural-Hill-Central 79.6 0.9 0.1 1.7 16.8 0.2 0.7 2256 

Rural-Hill-Eastern 98.4 0.4 0.4 0.5 0.3 0.0 0.0 1827 

Mountain 91.9 0.0 0.4 0.4 6.6 0.4 0.3 1991 

Total 60.5 3.0 9.7 3.1 22.6 0.6 0.7 28670 

 

Per capita consumption in rural areas (ad kg / person / year) 

 

REGI_NAME 
MPFS 

1988 
Fox (1984) 

Source: Rijal 

(2002) 
CBS_NLSS2010 

average 

weighted on 

Fw users 

Terai 

Far-Western 
479 

  

546 514 

Mid-Western   

Western 482  535 

Central 474   

Eastern 483   

Hills 

Far-Western 
548 

511  

691 610 

Mid-Western  

Western 743 348 

Central 484 561 

Eastern 829  

Mountains 

Far-Western 
548 

  

707 781 

Mid-Western   

Western 743   

Central 484   

Eastern 829  1130 
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Per capita consumption in urban areas (ad kg / person / year) 

 

REGI_NAME 
MPFS 

1988 

Source: Rijal 

(2002) 
CBS_NLSS2010 

based on rural HH less 

farming uses. 

applied to users only 

Terai 

Far-Western 

248 

(applied to tot 

urban pop) 

 

 

162 Kathmandu 

 

589 elsewhere 

 

407 

Mid-Western 

Western 

Central 

Eastern 

Hills 

Far-Western 

483 

Mid-Western 

Western 

Central 235 

Eastern  

Mountains 

Far-Western 

619 

Mid-Western 

Western 

Central 

Eastern 
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ANNEX 2:  STOCK AND MAI OF MAIN LAND COVER CLASSES 

 

DESCRIPTIO NEW_LCOVER Icimod LC_Class 
AGB 

ad t_ha 
DE_Biomass 

ad t_ha 
MAI_DEB 

percent 
MAI_DEB 

ad kg_ha_yr 

High Mountain Forest Undefined 149.3 121.1 2.2 2675 

High Mountain Forest Needleleaved Open Forest 161.3 130.8 1.9 2509 

High Mountain Forest Broadleaved Open Forest 126.9 102.9 2.4 2502 

High Mountain Other Wooded Needleleaved 30 24.3 4.5 1094 

High Mountain Other Wooded Broadleaved 30 24.3 5.7 1381 

High Mountain Other Shrubland 10 8.1 10.8 878 

High Mountain Other Grassland 4 3.2 18.6 602 

High Mountain Other Bare Area 0 0.0   

Middle Mountain Forest Undefined 288 233.6 1.5 3507 

Middle Mountain Forest Needleleaved Closed Forest 392.5 318.3 1.2 3889 

Middle Mountain Forest Needleleaved Open Forest 154.7 125.5 2.0 2457 

Middle Mountain Forest Broadleaved Closed Forest 277.1 224.7 1.5 3451 

Middle Mountain Forest Broadleaved Open Forest 179.1 145.3 2.0 2883 

Middle Mountain Other Wooded Needleleaved 30 24.3 4.5 1094 

Middle Mountain Other Wooded Broadleaved 30 24.3 5.7 1381 

Middle Mountain Other Grassland 4 3.2 18.6 602 

Middle Mountain Other Agriculture 10 8.1 10.8 878 

Middle Mountain Other Bare Area 0 0.0   

Hill Forest Undefined 181 146.8 2.0 2896 

Hill Forest Needleleaved Closed Forest 172.2 139.7 1.9 2591 

Hill Forest Needleleaved Open Forest 92.4 74.9 2.5 1906 

Hill Forest Broadleaved Closed Forest 215.8 175.0 1.8 3114 

Hill Forest Broadleaved Open Forest 92 74.6 2.9 2191 

Hill Other Wooded Needleleaved 30 24.3 4.5 1094 

Hill Other Wooded Broadleaved 30 24.3 5.7 1381 

Hill Other Grassland 4 3.2 18.6 602 

Hill Other Agriculture 10 8.1 10.8 878 

Hill Other Bare Area 0 0.0   

Siwalik Forest Needleleaved Closed Forest 165.5 134.2 1.9 2541 

Siwalik Forest Needleleaved Open Forest 51.5 41.8 3.4 1429 

Siwalik Forest Broadleaved Closed Forest 227.4 184.4 1.7 3181 

Siwalik Forest Broadleaved Open Forest 131 106.2 2.4 2535 

Siwalik Forest Undefined 215 174.4 1.8 3109 

Siwalik Other Wooded Needleleaved 30 24.3 4.5 1094 

Siwalik Other Wooded Broadleaved 30 24.3 5.7 1381 

Siwalik Other Agriculture 10 8.1 10.8 878 

Siwalik Other Bare Area 0 0.0   

Siwalik Other Builtup Area 4 3.2 18.6 602 

Terai Forest Needleleaved Open Forest 238 193.0 1.6 3039 

Terai Forest Broadleaved Closed Forest 238 193.0 1.7 3242 

Terai Other Agriculture 10 8.1 10.8 878 

Terai Other Bare Area 0 0.0   

Terai Other Builtup Area 4 3.2 18.6 602 
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ANNEX 3:  INDUSTRIAL ROUNDWOOD PRODUCTION 

Based on recorded Timber Sale by district-2010/11 

 

Dist. 

code 
District 

Recorded timber volumes by FD 

and by Gov.t  of Terai and Inner Terai 

Estimated 20% 

unrecored in 

Hills and Terai 

Tot estimated 

timber 

extraction 

cft m3 ad t ad t ad t 

1 Taplejung 23087 654 458 92 549 

2 Panchthar 641349 18,161 12,713 2,543 15,255 

3 Ilam 67214 1,903 1,332 266 1,599 

4 Jhapa 188222 5,330 3,731 746 4,477 

5 Morang 221094 6,261 4,382 876 5,259 

6 Sunsari 57917 1,640 1,148 230 1,378 

7 Dhankuta 934119 26,451 18,516 3,703 22,219 

8 Terhathum 373395 10,573 7,401 1,480 8,882 

9 Sankhuwasabha 100478 2,845 1,992 398 2,390 

10 Bhojpur 0 0 0 0 0 

11 Solukhumbu 0 0 0 0 0 

12 Okhaldhunga 0 0 0 0 0 

13 Khotang 0 0 0 0 0 

14 Udayapur 77567 2,196 1,538 308 1,845 

15 Saptari 299 8 6 1 7 

16 Siraha 44920 1,272 890 178 1,068 

17 Dhanusa 3628 103 72 14 86 

18 Mahottari 19927 564 395 79 474 

19 Sarlahi 69464 1,967 1,377 275 1,652 

20 Sindhuli 91406 2,588 1,812 362 2,174 

21 Ramechhap 0 0 0 0 0 

22 Dolakha 237317 6,720 4,704 941 5,645 

23 Sindhupalchok 0 0 0 0 0 

24 Kavrepalanchok 0 0 0 0 0 

25 Lalitpur 0 0 0 0 0 

26 Bhaktapur 0 0 0 0 0 

27 Kathmandu 0 0 0 0 0 

28 Nuwakot 0 0 0 0 0 

29 Rasuwa 0 0 0 0 0 

30 Dhading 32536 921 645 129 774 

31 Makwanpur 35317 1,000 700 140 840 

32 Rautahat 172582 4,887 3,421 684 4,105 

33 Bara 568501 16,098 11,269 2,254 13,522 

34 Parsa 16341 463 324 65 389 

35 Chitawan 529390 14,991 10,493 2,099 12,592 

36 Gorkha 26034 737 516 103 619 

37 Lamjung 37035 1,049 734 147 881 

38 Tanahu 0 0 0 0 0 

39 Syangja 24363 690 483 97 580 

40 Kaski 0 0 0 0 0 

41 Manang 0 0 0 0 0 

42 Mustang 0 0 0 0 0 

43 Myagdi 9338 264 185 37 222 

44 Parbat 0 0 0 0 0 

45 Baglung 23531 666 466 93 560 

46 Gulmi 0 0 0 0 0 

47 Palpa 0 0 0 0 0 

48 Nawalparasi 175591 4,972 3,481 696 4,177 

49 Rupandehi 89885 2,545 1,782 356 2,138 

50 Kapilbastu 82145 2,326 1,628 326 1,954 
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Dist. 

code 
District 

Recorded timber volumes by FD 

and by Gov.t  of Terai and Inner Terai 

Estimated 20% 

unrecored in 

Hills and Terai 

Tot estimated 

timber 

extraction 

cft m3 ad t ad t ad t 

51 Arghakhanchi 228375 6,467 4,527 905 5,432 

52 Pyuthan 0 0 0 0 0 

53 Rolpa 0 0 0 0 0 

54 Rukum 6783 192 134 27 161 

55 Salyan 0 0 0 0 0 

56 Dang 4149 117 82 16 99 

57 Banke 153712 4,353 3,047 609 3,656 

58 Bardiya 31246 885 619 124 743 

59 Surkhet 17365 492 344 69 413 

60 Dailekh 13739 389 272 54 327 

61 Jajarkot 0 0 0 0 0 

62 Dolpa 0 0 0 0 0 

63 Jumla 0 0 0 0 0 

64 Kalikot 0 0 0 0 0 

65 Mugu 0 0 0 0 0 

66 Humla 0 0 0 0 0 

67 Bajura 0 0 0 0 0 

68 Bajhang 0 0 0 0 0 

69 Achham 0 0 0 0 0 

70 Doti 0 0 0 0 0 

71 Kailali 220657 6,248 4,374 875 5,249 

72 Kanchanpur 40573 1,149 804 161 965 

73 Dadeldhura 260 7 5 1 6 

74 Baitadi 0 0 0 0 0 

75 Darchula 908 26 18 4 22 

 Total 5,691,759 161,173 112,821 22,564 135,385 

 



MRV NEPAL WISDOM NEPAL R. DRIGO,  AGRICONSULTING SPA 

48 

ANNEX 4:  LEGAL ACCESSIBILITY OF BIOMASS RESOURCES 

Preliminarily, we assume all woody biomass is legally accessible with the exception of resources found within 

protected areas, which face some restrictions.  

In reality, National Parks and other conservation areas present various restrictions on the exploitation of forest 

resources. In order to account for these legal constraints, an accessibility factor was allocated to the protected 

areas on the basis of IUCN definitions of Protected Area Management Categories and on national experts' 

opinions on the access rates (percent accessible) of biomass resources to local communities and to commercial 

operators in each protection category. The Map of protected areas of Nepal (file Nat_parks_MRV_Db from 

MRV_Database) is more detailed and more complete than the dataset published by WCMC-IUCN and is 

therefore used as main reference.  

The estimated accessibility for fuelwood harvesting for local and commercial use is shown in Table A4.1. The 

maps showing the corresponding areas are presented in Figure A4.1.  All protected areas (including buffer zones) 

are 0% accessible for commercial production of fuelwood. 

 

TABLE A4.1 

Categories of Protected Areas of Nepal and their assumed accessibility for local and for commercial fuelwood production 

 
Protected areas Area (ha) For Local Use: For Commercial 

Use: 

National Parks 1,083,202 0 % 0 % 
Wildlife Reserves 109,989 30 % 0 % 
Hunting Reserves 119,247 40 % 0 % 
Conservation Areas 1,551,873 50 % 0 % 
Buffer zones of NP, WR and CAs 575,677 80 % 0 % 

 

FIGURE A4.1 

Distribution of protected areas and their assumed accessibility for local and for commercial fuelwood production 
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ANNEX 5: PHYSICAL ACCESSIBILITY OF BIOMASS RESOURCES 

Off-road accessibility-Travel time to nearest access feature (city, populated area, 
motorable road, cart tract) 

Assuming that the resources that are located along communication routes (motorable roads and cart tracts - 

there are no navigable rivers and railway is negligible-) or that are close to populated places (urban centres, 

villages and densely populated rural areas) have highest accessibility, it may be assumed that the accessibility of 

the resources located far from such features are inversely proportional to the time (or effort) necessary to reach 

them (considering here the time needed to go and return with fuelwood load). 

In order to associate a parameter of physical accessibility to the legally-accessible woody biomass resources, a 

fuelwood transport time map is produced following and adapting the procedure described by Nelson4  and by 

Drigo5 . The specific features of the Nepal study include a redefinition of the target locations based on the most 

detailed available national maps (road, tracts, trail and footpaths; buildings and builtup areas), the use of 30m 

elevation model and of best available land cover data, and the adaptation of friction factors and slope factors to 

Nepali situation. 

Target locations 

The target locations are all accessible areas, including: 

1. Populated places,: 

a. Urban areas.    Map name built_4mn . The speed of 15 km/hr = 4 min/km assumed for urban 

transport assumed. 

b. Densely populated rural areas. Defined as rural areas with population density above 178 inh. 

km2 -1, as average of surrounding 3 cells (300 m radius). With such population density, the 

biomass resources that still exist are assumed to be totally accessible (unless protected by law) 

independently from the presence of a road network. The mask of the densely populated rural 

areas is pop178_16mn, derived from the map pop_f3mean. The value is 16 for the 16min/km 

assumed [double speed than for cultivated area in consideration of the expected high density of 

paths and roads]) 

2. Communication features: 

a. Road network (map: road4_mnts), composed by:  

i. Metalled motorable road 
ii. Secondary motorable road 
iii. Cart track 
iv. Main trail 

b. Railways (not relevant in Nepal) 

The target locations (or source features of cost-distance analysis) is composed by the layers described above, 

merged into a single map. 

Friction surface components 

Land cover friction 

The base friction values applied to land cover classes and communication features, intended as transport speed in 

minutes per km assuming flat terrain and altitude below 2000 msl are reported in Table A5. 

                                                      

4 Nelson, A. (2008) Estimated travel time to the nearest city of 50,000, or more people in year 2000. Global Environment Monitoring 
Unit - Joint Research Centre of the European Commission, Ispra Italy. Available at  
http://bioval.jrc.ec.europa.eu/products/gam/index.htm 
5 Pan-tropical map of accessibility by R. Drigo for the YALE-GACC Tier I analysis of woodfuels supply and demand. In progress. 

http://bioval.jrc.ec.europa.eu/products/gam/index.htm
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TABLE A5.1 

Friction values (minutes / km return trip) applied to land cover classes and communication features, assuming flat terrain and 

altitude below 2000 msl 

 

 NEW_LCOVER Icimod LC_Class Going m/km 
loaded 
factor 

Return loaded 
tot return trip 

min/km 

Land cover 

Forest - all classes - 30 1.5 45 75 

Other Wooded - all classes - 20 1.5 30 50 

Other River and lake  60 1 60 120 

Other Snow/Glacier 30 2 60 90 

Other Grassland 18 1.5 27 45 

Other Agriculture  16 1.5 24 40 

Other Bare Area 16 1.5 24 40 

Other Builtup Area 4 1.5 6 10 

No data River 60 1 60 120 

No data  - all other classes -  16 1.5 24 40 

Target  
location 
layers 

Builtup areas 4 1 4 8 

Densely populated rural areas 8 1 8 16 

Metalled motorable road 2 1 2 4 

Secondary motorable road 4 1 4 8 

Cart track 6 1 6 12 

Main trail 10 1 10 20 

Other features 
Footpath 12 1.33 16 28 

Railway 4 1 4 8 

 

Elevation factor  

A speed reduction factor is applied to higher elevation starting from elevations greater than 2000 msl, as done by 

Nelson. Since the original factor reported in Nelson's documentation appears too abrupt (the speed gradient at 

2000 m elevation suddenly lowers to only 7% of the speed below 2000 m), the speed factor calculation was 

therefore revised as shown in Table A5.2 to provide a smoother speed reduction progression. 

Map of the travel time increase induced by altitude (1 / speed factor)  

elev_fact = Con("aster100" > 2000,1 / (Power(0.132, 0.00048*"aster100") * 7),1) 

 

TABLE A5.2 

Crossing time factors based on altitude 

 
 Nelson's factor  Nepal case study 

 f=0.15^(0.0007*Elevation(m))  f=7*(0.132^(0.00048*Elevation(m)))  

Altitude f  speed factor 
crossing time factor 

(1/speed factor) 

below 2000   1.000 1.00 

2000 0.070  1.00 1.00 

2100 0.061  0.91 1.10 

2200 0.054  0.82 1.21 

2500 0.036  0.62 1.62 

2750 0.026  0.48 2.07 

3000 0.019  0.38 2.64 

3250 0.013  0.30 3.36 

3500 0.010  0.23 4.29 

4000 0.005  0.14 6.97 

4500 0.003  0.09 11.34 

5000 0.001  0.05 18.43 

6000 0.000  0.02 48.71 

7000 0.000  0.01 128.76 

8000 0.000  0.00 340.33 
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Slope factor 

The slope map was produced on the basis of the Digital Elevation Model of 30m spatial resolution (source: 

ASTER). The effect of slope on travel speed is estimated following Nelson's approach, which was based on van 

Wagtendonk and Benedict (1980)6 and is computed as follows: v = v0e-ks , where:  

v = off road foot based velocity over the sloping terrain,  
v0 = the base speed of travel over flat terrain, 5km/hr in this case,  
s = slope in gradient (metres per metre) and,  
k = a factor which defines the effect of slope on travel speed  
 

For the Nepali case study a base walking speed of 5km/hr and k = 2.0 were assumed (and constant for uphill 

and downhill travel). The velocities over the slope grid were computed and then converted into a friction factor 

by dividing the base speed by the slope speed. This was then used as a multiplier against foot-based travel 

components (map = slope_fact). The estimated effect of slope on off-road speed and on crossing time are 

shown in Table A5.3. 

 

TABLE A5.3 

Effect of slope on off-road speed and on crossing time 

 
slope % gradient meter per meter crossing time factor speed decrease factor 

0 0 1.00 1.00 

1 0.01 1.03 0.95 

2 0.02 1.07 0.91 

5 0.05 1.17 0.79 

10 0.1 1.38 0.62 

15 0.15 1.62 0.48 

20 0.2 1.90 0.38 

25 0.25 2.24 0.30 

30 0.3 2.63 0.23 

35 0.35 3.09 0.18 

40 0.4 3.62 0.14 

45 0.45 4.26 0.11 

50 0.5 5.00 0.09 

60 0.6 6.90 0.06 

70 0.7 9.52 0.03 

80 0.8 13.13 0.02 

90 0.9 18.12 0.01 

100 1 25.00 0.01 

200 2 625.00 0.00 

 

Cost-distance analysis 
The cost feature is represented by the cell crossing friction (in minutes per km) resulting from the combination 
of the friction surface components described above, as follows: 
cross_mkm (float) = " frict_all_mkm " * " slope_fact " * "elev_fact" 

cross_mkm / 1000 = cros_m_m    = (friction as minutes/meter) 

Off-road travel time to nearest accessible feature resulting from cost-distance analysis (minutes):  

Source: target; Cost: cros_m_m = cd_min 

 

Results of travel time  

The results of the analysis are presented in Figure A5.2 that shows the map of travel time to nearest accessible 

                                                      

6 van Wagtendonk, J. W. and Benedict, P. R. 1980. Travel time variation on backcountry trails. Journal of Leisure Research 12 (2): 99-106. 
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feature (hours of transport, return trip). 

FIGURE A5.1 

Friction and target features 

 

FIGURE A5.2 

Fuelwood transport time map (hours from the nearest target feature) 
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Accessibility  

The next fundamental step of analysis is to develop a map of accessibility based on the travel time map that help 

to assess what fraction of the existing (and legally accessible) DEB resources may be considered as truly 

accessible.  

The conversion of travel time to percent of accessibility is based on the hypothesis that resources further than 10 

hours off-road transport time to the nearest accessible feature are non accessible. Table A.5.4 presents the 

hypothesis of conversion of travel time into percent of accessibility applied, by which 84.1 % of all resources are 

physically accessible and 15.9 inaccessible.  

 

TABLE A5.4 

Hypotheses of accessibility factors to be applied to estimate DEB resources based on travel time (ref. cd_02_clip) 

 

     Non-accessible  MAI (%)  : 15.9 

     Accessible  MAI (%)  : 84.1 

 Transport time from nearest target feature     accessible MAI 

cd2_20 minutes hours work days MAI ktad access loss (%) % accessible k t ad 

1 60 1 0.1 13,155  0 100 13155 

2 120 2 0.3 1,771 2 98 1736 

3 180 3 0.4 997 4 94 937 

4 240 4 0.5 657 6 88 579 

5 300 5 0.6 490 8 80 392 

6 360 6 0.8 390 10 70 273 

7 420 7 0.9 322 12 58 187 

8 480 8 1.0 273 14 44 120 

9 540 9 1.1 237 16 28 66 

10 600 10 1.3 202 18 10 20 

11 720 12 1.5 324 10 0 0 

12 840 14 1.8 258 0 0 0 

13 960 16 2.0 206 0 0 0 

14 1,080 18 2.3 169 0 0 0 

15 1,200 20 2.5 143 0 0 0 

16 1,440 24 3.0 229 0 0 0 

17 1,800 30 3.8 245 0 0 0 

18 2,160 36 4.5 169 0 0 0 

19 2,880 48 6.0 208 0 0 0 

20 > 2,880 > 48 > 6 332 0 0 0 

    20776   17465 
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ANNEX 6:  NAMES AND DESCRIPTION OF MAIN MAPS 

Raster maps of WISDOM analysis are projected at M UTM Central zone 84D with Datum Everest 1830  (single 

projection for whole country), with cell size/resolution of 100 m,  unless otherwise specified. 

Module/filename 
Ty 
pe 

Description 

  Cartographic base 
   

Nepal_VDC_MUTM84 v Administrative (VDCs/Municipalities) map of Nepal.  

Districts_VDC v District map of Nepal derived from VDC map. 

Dev_reg_VDC v Development regions map of Nepal derived from VDC map (most detailed). 

   

physiography_MRV_D
b 

v 
Physiographic Regions of Nepal ( source: ICIMOD, Physiographic division of country into Terai, Siwalik, Hill, 
Middle Mountain and High Mountain) 

d_reg_physio r 
Combination of Development regions and Physiographic Regions 
 

   

geo_region_MRV_Db v 
Classification of districts into three broad geographical regions namely terai, hill and mountain. (Used for Nepal 
Living Standard Survey-2011 stratifications by CBS) (source: ICIMOD) 

   

vdc_mutm r 
Administrative (VDCs/Municipalities) map of Nepal . Map values correspond to the OBJECTID of map  
Nepal_VDC_MUTM84.shp 

vdc_num r 
Administrative (VDCs/Municipalities) map of Nepal. Map values correspond to the vdc_num field of map  
Nepal_VDC_MUTM84.shp 
The relation with CBS admin codes are mentioned in vdc_pop11_&_HH_demand.xls 

mutm_msk r Mask of analysis based on vdc_mutm (value 1) 

mutm_msk0 r Mask of analysis based on vdc_mutm (value 0) 

   

  Accessibility 
   

  
 
Physical accessibility 

road_MRV_Db v Road network map of Nepal (Source: ICIMOD) 

Road_2013 v 
Detailed road network map of Sindhupalchowk district. 
Example of currently updated road network produced by DOLIDAR. 

  Slope 

aster30_mutm 
r3
0 

Digital Elevation Model of 30m spatial resolution (source: ASTER) 

slope30_100 r 
Percentage rise slope map of Nepal  of 100m spatial resolution based on ASTER DEM of 30m spatial resolution 
i.e. (aster30_mutm) 
Original ASTER DEM data contains small data errors(sinks) mainly in central himalaya regions. 

aster100 r 

DTM 100m based on Aster30 (extended outside borders) 
Aster 30 m focalmean 3 rect. & resampled 100m & extended to allow slope mapping and data filling along 
borders  
sink problems!! 

aster100_rep  

ASTER Digital Elevation Model of 100m based on Aster30 is extended for outside borders and processed  
accordingly (Aster 30 m focalmean 3 rect. & resampled 100m & extended) to allow slope mapping and data 
filling along borders. 
Since  original ASTER DEM data contains small data errors (sinks) mainly in central Himalaya regions,  they 
were processed to make depressionless DEMs. The map was repaired for sink problems by mosaicing the 
affected area with filled patch. 

elev_fact2  

Elevation factor 
 
Elevation factor map produced on the basis of following equation: 
Con("%aster100_rep%"  >  2000,1 / (Power(0.132, 0.00048 * "%aster100_rep%") * 7),1) 

   

slprep100_100  

Percentage rise slope map of 100m spatial resolution based on Digital Elevation Model of 100m with values 
extended beyond borders.  
slope_rd = slope (aster100_rep)  
and clipping of slope_rd on mutm_msk. 

  
Slope factor  
5^( 2 * ("slope100_100" / 100)) 

slope_fact2  

 
= Power(5,2 * ("%slprep100_100%" / 100)) 
This operation introduced some NoData cells. 
 

   

Trans_ln_ed 
Ited 

v 
Map produced by mosaicing of different topographic maps for transportation features. 
Transportation categories are defined into 6 catogories 
in "gridval" attribute. Priority for rasterization was given according to "priority" field. 
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roads_topo2 r 

Rasterzation of Trans_ln_edited  on field "gridval" attribute. Priority for rasterization was given according to 
"priority" field thus obtaining final transportation categories as: 
 

gridval min/km Description 

1 2 Metalled motorable road 

2 4 Secondary motorable road 

3 6 Cart track  

4 10 Main trail  

5 12 Footpath  

6 4 Railway  

7  Ropeway (not operational) 
 
Cart track and Main trail of older database seems mostly motarable now. This inference is drawn by comparing 
current DTMP (District Transport Master Plan) database of motorable roads of various districts including 
Sindhupalchowk prepared by (DOLIDAR) with trans_ln_edited. 

  
 
Target locations: 
Urban areas and dense rural settlements 

built_8mn  
 
Builtup area 8 min/km assumed speed for round trip. 
 

pop178_16mn  
Dense rural areas with population density (Per SQ KM) > 178. National average density = 177.6 (Per SQ KM) 
16 min/km assumed speed for round trip. 
= "pop_f3mean" > 178 

   

road4_mnts  

code 
min/km 

return trip 

1 4 

2 8 

3 12 

4 20 
 

target  
Mosaic of built_8mn; pop178_16mn; road4_mnts and clipped on mutm_msk 
with min/km values. 
 

target0  
Mosaic of built_8mn; pop178_16mn; road4_mnts and clipped on on mutm_msk 
with 0 value. 
 

  
 
Friction 

frict_min_km  

Friction values are calculated in new_lc_icimod_traveltime_factors.xls 
Friction values estimated by combination of new_lcover and gridcode and transferred to nlc_gridcode 
raster map through reclass using:  
recl_nlc_gridcode_frict_mkm.txt 

   

frictminkmex  
 
Friction minutes per kilometer map (frict_min_km) expanded to fill the gaps. 

frict_minkm  
Friction of land cover classes in minutes per km considering round trip (unloaded and loaded). 
Map frictminkmex clipped on mutm_msk to fill in data gaps. 

fric_lc_slp  
The map is prepared on the basis of following equation. 
= frict_minkm * slope_fact2 

   

road2_frict  

Map having friction values along road categories including footpaths. 
Friction values are assigned from spreadsheet document named new_lc_icimod_traveltime_factors.xls 
through reclassify. 
 

rd2_frict_fl  
Map having float version of road friction (road2_frict). 
= float(road2_frict) 

fric_lcslp_rd  
Map produced by mosaicing road friction with friction landcover slope map 
 
= mosaic (rd2_frict_fl ; fric_lc_slp) 

cross_mkm (float)  
Friction map showing crossing time as minutes per kilometer 
Float("fric_lcslp_rd " * "elev_fact2") 

cross_m_m (float)  
Friction map showing crossing time as minutes per meter 
= cross_mkm / 1000 

  
 
Cost distance 

cd2_min_path  cost distance (target0 ; cross_m_m) 

cd2_hr_i  
Cost distance integer map in hours produced by following equation. 
= int(cd2_min_path / 60 + 0.5) 
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This inserts some NoData values due to large digit numbers. 

cd2_20  
Map produced by segmentation of cd2_hr_i  into 20 classes (see file new_lc_icimod_traveltime_factors.xls) 
All of NoData cells present in central himalaya regions are reclassified to 20 by observing values of 
neighbourhood cells. 

ph_acc01  

Map of physical accessibility as percent value.  
Reclassification of cd2_20 described according to new_lc_icimod_traveltime_factors.xls spreadsheet 
document. 
 

   

  Legal accessibility 
   

Nat_parks_MRV_Db v 
Map of protected areas of Nepal. (source: DNPWC) 
This map is more detailed than the WCMC-IUCN dataset. To be preferred to the latter for accessibility analysis.  
 

legacc_loc  
 
legacc_com 

 

Legal access map is produced with following criteria: 
For Local Use: 
0% - Core area of National Parks 
30% - Core area of Wildlife Reserves 
40% - Core area of Hunting Reserves 
50% - Core area of  Conservation Areas 
80% - Buffer zones of National Parks, Wildlife Reserves and Conservation Areas.  
For Commercial Use: 
0% -  All protected areas (including buffer zones). 
 
Maps are expanded and finally clipped with national border mask to overcome void areas inside. 

   

  Demand Module 
   

  Population mapping 
   

builtbuf50  
Settlements polygons  expanded through buffer of 50m in order to be represented in raster format and 
rasterized to 100 m 

blt_buf_1_0  
 
= mosaic(built_buf50; mutm_msk0) 

   

  Procedure of pop mapping using builtup, buildings and trails 

builtup1000  = builtbuf50 * 1000 

Settlements_points_in_
84 

 
Settlements points mosaiced into single layers 
 

buildings  
Rasterized map of Settlements_points_in_84.shp  
(value: 1 to 32 : number of settlement points per pixel) 
 

   

pz_builtup2  
Population Zone "builtup" based on Icimod land cover and other settlement polygon data (value 1; 0) 
 

pz_building2  
Population Zone "buildings" of prepared settlement point data (values 1 to 32) 
 

pz_rd2 
pz_rd2_farm 

 
Population Zone "roads" with (value 1) with addition of farmland for the VDC not covered by roads and building 
data 
 

  See vdc_pop11_&_demand_sector_2.xls 

mul_builtup2  
 
recl_vdc_num_mul_pz_builtup2.txt 

mul_building2  
 
recl_vdc_num_mul_pz_building2.txt 

mul_rd2_farm  
 
recl_vdc_num_mul_pz_rd2_farm.txt 

pop_builtup2  
Population of builtup area (*100) 
= "mul_builtup2" * "pz_builtup2" 

pop_building2  
Population of building area (*100) 
= "mul_building2" * "pz_building2" 

pop_rd2_farm  
Population  of roadside (and farm in gap areas) (*100) 
= "mul_rd2_farm" * "pz_rd2_farm" 

pop2011x100  

Persons per pixel (*100) matching Census 2011 VDC data. 
See details in  vdc_pop11_&_demand_sector_2.xls 
 
= "pop_rd2_farm" + "pop_building2" + "pop_builtup2" 

   

   

  Consumption mapping 
   

pccons_adkg_3  
Per capita fuelwood consumption (considering total population, i.e. users and non users) including HH,  
industrial, commercial sectors, cremation wood and construction material.  
Data reference: vdc_pop11_&_demand_sector_2.xls  
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Equation: 
reclass(vdc_num; recl_vdc_num_pccons_adkg_3.txt) 
 
No public sector consumption included.  
 

cons_adkg_3  

Fuelwood consumption air dry per pixel in kilogram (ad kg per pixel) including household,  industrial and 
commercial sectors, cremation wood and construction material given by following equation: 
 
Int("pop2011x100" * "pccons_adkg_3" / 100 + 0.5) 
 

  

 
Revision of rural consumption in deficit areas of Terai.  
A distinction is made between the  rural use of "conventional" fuelwood (solid wood pieces from stems and 
branches) and of "marginal" fuelwood (twigs produced through annual/ periodic pruning of trees and shrubs on 
farmlands). In rural areas of Terai where conventional fuelwood is not available (here considering an horizon of 
6 km) the "marginal" fuelwood is assumed to replace conventional fuelwood (here considered to replace 50%). 
In hills and mountain regions the rural deficit areas are small and "conventional" fuelwood resources are never 
too far. 

rural_msk  
Map of mask of rural areas (val 1) 
 recl_vdc_num_rur_msk.txt 

rural_cons  
Map of rural consumption only 
= "cons_adkg_3" * "rural_msk" 

rurcons_f60  
Map of rural consumption for the analysis of fulfilled percentage in rural areas produced with following 
parameters: 
=focalmean (rural_cons, circle, 60, mean) 

pc_rurfulf6km  
Percentage of rural consumption  fulfilled within 6 km derived from following parameters: 
= Con("rurcons_f60" == 0, 0, Int("av1mai_f60" / "rurcons_f60" * 100 + 0.5))  

   

cons_revrur  

"Conventional" Fuelwood consumption (ad kg per pixel) including Household,  industrial and commercial 
sectors, cremation wood and construction material Revised for rural Terai in consideration of probable use of 
"marginal" fuelwood (twigs and annual pruning of farm trees and shrubs) to fill 1/2 of the gap estimated within a 
6km horizon derived as: 
 
Con("terai_rur_msk" == 0,"cons_adkg_3",Con("pc_rurfulf6km" > 80,"cons_adkg_3", "cons_adkg_3" - 
"cons_adkg_3" *  (100 - "pc_rurfulf6km") / 200)) 

   

   

   

  Supply Module 
   

  Land cover 

Biomass_study.mdb v 

Database containing BIOMASS_BASE (and relevant LUTs and queries) based on the land cover dataset 
produced by Marzoli as integration of available land cover data. 
 
Note: this map has many geometry errors and cannot be converted to raster. 
 

biomass_base_mutm_r
epaired 

v 
Biomass base map projected to MUTM Central zone 84 with repaired geometry. 
The repair was done by dividing the map into various subsets that were eventually merged. 
  

lc_biom_01.mdb  

Geodatabase lc_biom_01 (= biomass_base_mutm_repaired.shp) 
gdb contents: 
BIOMASS_BASE 
fields:  
BIOMASS_T_HA (agb estimated by Walter based on inventory data and expansion factors) (ad t / ha) 
DE_BIOM_T_HA (Dendroenergy biomass based on BIOMASS_T_HA removing leaves, twigs and stumps (ad t 

/ ha) 
                          = [biomass_t_ha]*(1-0.15-0.039) [15% leaves and smaller twigs; 3.9% stump] 
DEB_kgha (ad kg / ha) 
                          =  int(DE_BIOM_T_HA * 1000 +0.5) 
 
MAI_DEB_percent  (MAI of Dendroenergy biomass based on tropical and sub-tropical stock-MAI values (ad t / 

ha) 
                          = ([de_biom_t_ha]^-0.5069)*22.683 for coniferous forests 
                          = ([de_biom_t_ha]^-0.5879)*37.058 for all other formations 
 
MAI_DEB_kgha (ad kg / ha) 
                          =  Int(([de_biom_t_ha]*[mai_deb_percent]/100)*1000+0.5) 
 

  Stock and MAI 

agbadtha_1 r 
Aboveground air dry biomass in ton per hector (ad t / ha) 
Raster of BIOMASS_BASE on field BIOMASS_T_HA. 

agb_adkg_1 r 
Aboveground air dry biomass in Kilogram per hectare i.e. (ad kg / ha). 
NOT CLEANED along borders !! 
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debadkgha_1 
debadkg (cleaned) 

r 
Map of dendroenergy airdry biomass in kilogram per hectare. (ad kg / ha) 
Raster of BIOMASS_BASE on field DEB_kgha 
Map is expanded to fill in data gaps along borders. 

maideadkg_2 
 

r 
Mean Annual Increment (MAI) of Dendroenergy biomass (ad kg / ha /yr) 
Raster of BIOMASS_BASE on field MAI_DEB_kgha (revised values for broadleaves and coniferous) 
With data gaps along borders 

mai_adkg  
Map of Mean Annual Increment (MAI) of Dendroenergy biomass (ad kg / ha /yr) which is expanded to fill in data 
gaps along borders and clipped to mask. 
 

ph1acmai_adkg  
Physically accessible Mean Annual Increment (MAI) derived as: 
Int("mai_adkg" * "ph_acc01" / 100 + 0.5) 
 

ac1mai_adkg  
Physically and legally accessible Mean Annual Increment (MAI) for local consumption 
 
= Int("ph1acmai_adkg" * "legac_loc" / 100 + 0.5) 

   

  

 
Calculation of accessible MAI (ac1mai) by district. 
zst_Districts_VDC_ac1mai_adkg.dbf 
 

mul_indrndwd  

Multiplier (by District) to be applied to the accessible Mean Annual Increment (MAI)  to deduct the industrial 
roundwood and obtain the available MAI 
Data reference in spreadsheet named  Timber Sale by District_2010_11_RD.xls 
Multiplier map created through reclass of district map: 
recl_district_mul_indrndw_factor.txt 

av1mai  
Availabe (and accessible) Mean Annual Increment (MAI) calculated as: 
 
= Int("ac1mai_adkg" * "mul_indrndwd" / 1000 + 0.5) 

   

av1mai_f60  
Map produced for the analysis of percentage fulfilled in rural areas given by the relation: 
=focalmean (av1mai, circle, 60, mean) 

   

  Integration Module 

  Cell-level balance 

bal_1  
Cell-level balance map calculated by the following relation: 
= "av1mai" - "cons_adkg_3" 

bal_2  
Cell-level balance map considering revised demand as: 
= "av1mai" - " cons_revrur " 

   

  Local-level balance 

loc_bal_3km  
Local balance map assuming a harvesting horizon of 3km radius. 
= focalmean(bal1; 20 + 10; circle; mean) and clipped on mutm_msk 

   

loc_bal2_3km  
Local balance map assuming a harvesting horizon of 3km radius considering revised demand  
= focalmean(bal_2; 20 + 10; circle; mean) and clipped on mutm_msk 

   

  Commercial balance 

  
GACC: Local-level commercial balance based on 500 ad kg/ha/yr (410 od) surplus threshold, stock > 14.66 ad t 
/ha (12 od) and excluding entirely the surplus from ALL Protected Areas and Buffer Zones. 

  

 
Model for Commercial balance: 
 
1: Combal_tmp1 = Con("loc_bal2_3km " < 500, Con("loc_bal2_3km " >=0,0, " loc_bal2_3km "), " 
loc_bal2_3km ") 
 
2: Combal_tmp2 = Con("Combal_tmp1">0, Con("debadkg" > 14660, "Combal_tmp1",0), "Combal_tmp1") 
 
3: Combal =  Con("Combal_tmp2">0, Con("legac_com " == 0,0," Combal_tmp2")," Combal_tmp2") 

   

  Local deficit and peak deficit locations 
   

Pnts_20kmdefisum.shp  

Peak deficit locations 
 
Create point map placing points on peak deficit locations (based on 20km deficit map) 
Assign deficit value to the points from defisum20km and define PointID code 

loc_def2_3km  
Local deficit within 3 km radius given by the condition as: 
= Con("loc_bal2_3km " <= 0," loc_bal2_3km ",0) 

defi2sum20km  
Major deficit areas SUMMARIZING the deficit within a 20 km radius. 
 =focalSUM ("loc_def2_3km", circle, 200) 

Pnts_20kmdefisum.shp  
Point map marking peak deficit locations based on 20 KM deficit map with assigned deficit value from 
defisum20km and defined PointID code. 
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  Woodshed analysis based on Dinamica EGO 
   

  Nepal  - woodshed_Nep_01.egoml 
cross_m_m.tif  Friction map (cross_m_m) exported in tiff format for the input of Dinamica model. 

Pnts_20kmdefisum.shp  
Points with cumulative deficit in Nepal estimated on a 20 km radius (focalSUM) extracted from defisum20km 
that represent the deficit of major consumption cities to be used as point values in IDW Dinamica analysis.  
 

pnt_id.tif  

Categorical map with ID of major deficit points matching map extent to that of  cross_m_m.tif and introducing 
following parameters in point to raster tool. 
= Pnts_20kmdefisum.shp; pnt_ID; MOST_FREQUENT; NONE;  snap to cross_m_m.tif 
 

id_deficit_nep2.csv  
Lookup Table 
With ID points values and deficit values (positive) 

   

  
 
Outputs of program woodshed_Nep_01.egoml : 

cost##.tif  Maps produced by interpolation of individual points. (temporary, saved on disk) 

sumcost##.tif  
Progressively cumulative maps of individual points interpolation. (temporary, saved on disk)  
Last map= sumcost27.tif 

   

wcd_prec2.tif  

woodshed_Nep_prec2.egoml  
 
wcd_Nep2_prec2.egoml 
 
Precision 2 (2 iterations) 
Final cumulative map of all individual points interpolation maps (weighted cost distance) 
cost##.tif  : Individual point interpolation map (temporary, not saved on disk) 
 
sumcost##.tif  :  Progressively cumulative maps of individual points interpolation maps (temporary, saved on 
disk in folder Woodshed\wcd2) . Last map= sumcost27.tif 
 

wcd_prec2grd  
grid format of wcd_prec2.tif 

 

wcd_prec2f1  
 
focalmean (circle, 1) to fill the NoData at point position 

wcd02_tmp  
 

mosaic of wcd_prec2grd and wcd_prec2f1 (last) 

wcd02  
Weighted cost distance map 
= wcd02_tmp * mutm_msk 

   

wcd02_250  
 
recl_nep_wcd2_250_cl_06.txt 

wcd02_250w  
Weight to be used to distribute pressure on surplus resources 
= 251 - "wcd02_250" 
 

   

  Travel time from major deficit points 

time_wcd2_pnt  
Transport time (going and back) from major deficit points of wcd02 woodshed. 
Values in minutes given by: 
cost distance (pnts_val2; cross_m_m) 

wcd2_hours  

Transport time (going and back) from major deficit points of wcd02 woodshed. 
Values in hours given by: 
Reclass(time_wcd2_pnt using symbology) 
 

   

   

ws209_8hr  
Mask of woodshed area 209 and 8hrs limit generated as: 
Con("wcd02_250" < 210, Con("wcd2_hours" <= 8, 1, 0),0) 

wsurp_8hr  

Creation of the weighted surplus (surplus * pressure level) within the 8-hours zone around major deficit points 
for the distribution of the deficit as harvesting . 
 
= Con("wcd2_hours"  <= 8,Con("combal" > 0,"combal" * "wcd02_250w",0),0) 

wsurp209_8hr  

Creation of the weighted surplus value (surplus * pressure level) within the nominal woodshed zone around 
major deficit points and within 8-hours for the distribution of the deficit as harvesting . 
 
=  Con("wcd02_250" < 210,Con("wcd2_hours" <= 8,Con("combal" > 0,"combal" * "wcd02_250w",0),0),0) 

   

ws209_12hr  
Mask of woodshed area 209 and 12hrs limit 
 
Con("wcd02_250" < 210, Con("wcd2_hours" <= 12, 1, 0),0) 

def_w209_12hr  
Deficit map in ws209 and within 12 hours from major deficit points 
Con("ws209_12hr" == 1,Con("combal" < 0,"combal",0),0) 
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tot deficit (ad kg): 3,278,631,957 

wsur209_12hr  

Creation of the weighted surplus value (surplus * pressure level) within the nominal woodshed zone around 
major deficit points and within 12-hours for the distribution of the deficit as harvesting . 
=Con("ws209_12hr " == 1, Con("combal" > 0,"combal" * "wcd02_250w",0),0) 
total weighted surplus : 176,757,702,900 

har_w209_12hr  

 
Harvesting by pixel : 3,278,631,957 / 176,757,702,900  = 0.018548736 
 
"wsur209_12hr" * 0.018548736 
 

harsus209_12h  

Harvesting sustainability map 
 
Con("har_w209_12hr" > 0,"har_w209_12hr" - "combal") 
 
Con("har_w209_12hr" > 0," combal" - "har_w209_12hr") 

   

nrb209_12h  
Non-Renewable harvesting within woodshed209 and within 12 hrs from major deficit sites 
Unsustainable fuelwood extraction in ad kg. = measure of (forest) degradation 

 

 



Nepal
REDD - Forestry and Climate Change Cell

Development of a Measurement, 
Reporting and Verification (MRV) System 

for Emissions and Removals

Contract No.: FCPF/REDD/S/QCBS-7

Working Paper N.7 

Remote Sensing for MRV Nepal:
Activity Data Monitoring

March 2014

 

Author: Ferdinando Urbano



Summary

Introduction..........................................................................................................................2

1. Activity Data Monitoring for REDD+.............................................................................5

1.1. Scope and Definitions...............................................................................................................5

1.2. General Requirements...............................................................................................................7

1.3. Forest Cover and Forest Cover Change Monitoring.................................................................8

1.4. Forest Degradation Monitoring................................................................................................9

1.5. Estimation of Uncertainties......................................................................................................9

1.6. MRV and REL........................................................................................................................10

1.7. The Nested Approach..............................................................................................................11

2. Review of Data Sources, Methodologies and Tools......................................................13

2.1. Review of Recent and On-going Experiences in Nepal.........................................................16

3. Remote Sensing for MRV at National Level.................................................................18

3.1. Proposed Methodology...........................................................................................................19

4. Remote Sensing for MRV at Sub-National Level.........................................................24

4.1. Proposed Methodology...........................................................................................................25

4.2. Integration with the National Level........................................................................................26

4.3. Role of the Different Institutions............................................................................................27

4.4. Results of the Exploratory Analysis in the Pilot Area............................................................27

5. Remote Sensing integration in the MRV Information System....................................39

5.1. Human Resources and Capacity Building..............................................................................39

5.2. Software and Hardware Platform...........................................................................................40

Bibliography.......................................................................................................................41

Remote Sensing for MRV Nepal: Activity Data Monitoring  1



Introduction

Developing countries that want to participate in the mitigation mechanism of Reducing Emissions 
from Deforestation and Forest Degradation -and the role of conservation, sustainable management 
of forests and enhancement of forest carbon stocks (REDD+)- have to establish a Satellite Land 
Monitoring  System  (SLMS)  to  assess  anthropogenic  forest-related  greenhouse  gas  emissions 
(GHG) by sources and removals by sinks. Such a system is needed to support the Measurement, 
Reporting and Verification (MRV) requirements of the United Nations Framework Convention on 
Climate  Change  (UNFCCC).  The  remote  sensing  activities  represent  the  first  pillar  of  the 
Measurement component of the MRV system. The main goal of a SLMS for forestry monitoring is 
to  estimate  Activity  Data  (AD),  defined  as  the  extent  of  human  activities  resulting  in 
emissions/removals in a given period of time. When data on change in forest cover are coupled with 
emission factors (emissions/removals of GHG per unit  area) provided by the National  Forestry 
Inventory (NFI), it is then possible to estimate carbon emissions and removals (GHG inventory) as 
required by the REDD+ mechanism. 

The UNFCCC and the Intergovernmental Panel on Climate Change (IPCC) defined some guidelines 
on the general characteristics of a MRV system for REDD+. Particularly, the Global Observation of 
Forest Cover and Land Dynamics (GOFC-GOLD) published a “sourcebook” (GOFC-GOLD 2012) 
that provides a consensus perspective from the global community of earth observation and carbon 
experts on methodological issues relating to the role of remote sensing to create a greenhouse gas 
(GHG) inventory REDD+. It provides guidance on how to use satellite remote sensing to estimate 
changes in forest cover in order to obtain credible estimates of forest carbon stocks and related 
changes. 

The work presented in this document benefited from the recommendations of the GOFC-GOLD 
sourcebook  (GOFC-GOLD  2012)  and  from  the  general  indications  provided  by  UN-REDD 
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Figure 1. General structure of a MRV system (source: Maniatis and Mollicone 2010).



Programme (2013), as well as from the information extracted from the review of more than 30 peer 
review papers related to the use of remote sensing for MRV system and REDD+. The experience 
gained in other forestry-related projects in Nepal has also been considered to define the proposed 
methodology, both at national and at sub-national (local) level.

Remote sensing is a quite consolidated technique, both in terms of technology (platforms, sensors) 
and tools (software, algorithms for data processing and analysis). Nevertheless, the identification of 
a methodological approach for the MRV remote sensing activities tuned on the specific Nepalese 
conditions  (e.g.  existing  data  and  technical  capabilities,  drivers  of  deforestation  and  forest 
degradation, extension of the country, forestry management policies) is a difficult exercise for two 
main reasons:

1) the political discussions and negotiations on REDD+ mechanism are still ongoing, and many 
terms, definitions and other elements are not yet completely agreed, leaving a margin of 
uncertainty on the requirements that a MRV system must meet;

2) remote sensing technology and methodology for data analysis evolve very quickly, opening 
new opportunities every time a new generation of sensors is available.

As the reference framework is rapidly changing, a SMLS must be designed with the flexibility to be 
easily adapted to  new REDD+ requirements  and to  new opportunities offered by technological 
advancements. At the same time, it has to be robust enough to produce consistent results over time. 
Moreover,  the  official  guidelines  provide  very general  information  on how the  remote  sensing 
activities must be structured, but no specific protocols nor methodology to be used are defined: in  
most of the cases, the guidelines and papers only present a review of possible methods and data 
sources with some indications on pro and cons of each one. In part this is due to the fact that each  
country must select the most appropriate approach according to its specific conditions, but at the 
same time gives little  reference for the selection of the best  technical  option.  This  difficulty is 
increased by the reduced number of operational MRV systems already in place, leaving countries 
with little examples to be used as references.

In this  Working Paper,  we present  the  results  of  the  remote  sensing  component  of  the  project 
“Development  of  a  Measurement,  Reporting  and Verification  (MRV) system for  Emission  and 
Removals” where a simple and cost-effective approach based on consolidated methodologies and 
tools to monitor activity data is described. The document is structured in 5 chapters:

• in the first chapter, we introduce the main concepts and requirements for the remote sensing 
component of the MRV system in the framework of REDD+;

• in the second chapter, we make a synthetic inventory of the main technical options available 
(methodologies,  tools  and data  source)  and the approaches used by on-going and recent 
projects in Nepal for forestry monitoring;

• in  the  third  chapter,  we describe  the  proposed  forest  cover  monitoring  methodology at 
national level;

• in the forth chapter, we describe the proposed forest cover monitoring methodology at sub-
national (local) level, where most of the effort has been concentrated;

• in the fifth chapter, we explain how the remote sensing component is integrated into the 
MRV information system and which are the human resources needed to run the system.
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The document ends with the bibliography of all the documents cited. 

It is also important to note that the final goals of the remote sensing component of the project were,  
on one hand, to produce some indicative data to fill the prototype MRV (particularly at local level), 
and on the other hand, to define a Full Cost Proposal for the future implementation of an operational 
MRV. As a consequence, the efforts were focuses on the identification of a methodology to monitor 
forest cover changes rather then on the production of reliable data. 

The remote sensing section of the Full Cost Proposal presents a summary of the content of this 
Working Paper with the specification of costs, time and data/software/human resources needed to 
implement the proposed forest monitoring system in the context of the MRV Nepal.
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1. Activity Data Monitoring for REDD+

1.1. Scope and Definitions

Appropriate methods need be used by developing countries to demonstrate that they are fulfilling 
requirements  of  the  REDD+  mechanism and  to  be  compensated  for  the  emissions  reductions. 
Monitoring systems (particularly at national level) must be put in place to provide reliable, accurate, 
and cost-effective estimations of forest carbon storage and its change over time. 

The Decision 4/CP.15 on methodological guidance states that a “robust and transparent national 
forest monitoring systems and, if appropriate, sub-national systems” must be establishment with the 
following characteristics: 

• combination of remote sensing and ground-based forest carbon inventory approaches; 

• transparent, consistent and, as far as possible, accurate estimates taking into account national 
capabilities and capacities; 

• results available and suitable for review as agreed by the COP.

Decision 4/CP.15 also invites Parties to enhance the capacities of countries to collect and access,  
analyse  and  interpret  data,  in  order  to  develop  estimates  and  to  improve  coordination  of  the 
activities of the different stakeholders. Parties are requested “to use the most recent IPCC guidance 
and guidelines, as adopted or encouraged by the COPs, as appropriate, as a basis for estimating 
anthropogenic forest-related GHG emissions by sources and removals by sinks, forest carbon stocks 
and forest area changes”.

Direct measurement of carbon stock through remote sensing techniques (e.g. high resolution optical 
satellite  images,  Lidar,  SAR)  are  not  yet  feasible  with  the  required  accuracy  by  a  national 
monitoring system that must be simple and cost-effective and that must take into account national 
capacities  and available  financial  and human resources  (De Sy et  al.  2012).  The estimation of 
change in carbon stocks from remote sensing is a new challenge that is  currently faced by the 
scientific community (Achard et al. 2010). Nevertheless, remote sensing plays a key role in a MRV 
system.

REDD+  requires to monitor the following activity categories related to forests1:

• Deforestation.  Most  definitions characterize deforestation as  the long-term or  permanent 
conversion of land from forest use to other non-forest uses. Under Decision 16/CMP.1, the 
UNFCCC defined deforestation as: “...  the direct, human-induced conversion of forested 
land to non-forested land”.

• Forest degradation. There is no official or agreed definition of degradation, but it can be 
described as a direct, human-induced, long-term loss (persisting for X years or more) or at 
least  Y% of forest  carbon stocks [and forest  values] since time T and not qualifying as 
deforestation. Therefore, it implies a decrease in carbon stocks, with measured canopy cover 
remaining above the threshold for definition of forest and no change in land use, persistent 

1 See the Inception Report for a definition of “forest”, and more in general, for an overview of the project's 
methodological approach to MRV.
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over time.

• Conservation of forest carbon stocks.

• Sustainable management of forests.

• Enhancement of forest carbon stocks.

While  deforestation can  be  detected  and  monitored  using  consolidated  and  cost-effective 
methodologies based on satellite remote sensing (see Section 1.3) that provide accurate figures of 
forest  cover  change,  it  is  almost  impossible  to  design  a  reliable  and  cost-effective  national 
monitoring  system  for  forest  degradation based  solely  on  remote  sensing  (see  Section  1.4), 
although remote  sensing  can  give  an  important  contribution  (see  Working Paper  on  WISDOM 
methodology). In fact, detection and monitoring of forest degradation is limited by the technical 
capacity to sense and record the change in canopy cover. Degradation does not always produce 
systematic patterns in optical (moderate or even high resolution) images and are thus very difficult  
to quantify. Enhancement of forest carbon stock is also very complex to monitor because it usually 
spans  over  many years with little  yearly differences not  easily detectable  with remote sensing. 
Suitable management of forests has characteristics that need different tools to be monitored and 
remote sensing, at the moment, is of little help.  Conservation, to some extent, can be seen as an 
absence of forest  cover change and degradation.  It can be derived from the combination of the 
deforestation  and  degradation  analysis.  From a  monitoring  perspective,  conservation  forests  is 
primarily defined and measured in terms of area changes, which can be assessed rather efficiently 
using  remote  sensing  technology  with  some  ground  truthing,  while  degradation,  sustainable 
management of forests, forest enhancement and conservation are mainly defined and measured on 
the basis of localized changes (or absence of change for conservation) of stock within the forest.  
This  tends to  be more expensive and difficult  to  organize than remote sensing analysis,  but  is  
essential  at  least  in  the  transitional  period  before  more  sophisticated  remote  sensing  becomes 
available (Herold and Skutsch 2010). 

In  synthesis,  the  SLMS proposed  for  the  MRV Nepal  is  focused  on  deforestation  monitoring, 
providing ancillary data that can be used to monitor the other activity categories, particularly forest 
degradation.  The forest cover change will  be monitored using the “approach 3” (GOFC-GOLD 
2012), i.e. with a temporally and spatially explicit land cover change assessment and conversion 
between classes through a wall-to-wall mapping approach, consistent over time and sustainable (see 
Chapters 2 and 4).

Theoretically, each activity category has to take into account 5 pools of carbon stock: above ground 
biomass, below ground biomass, dead wood, litter and soil organic matter, which can be classified 
in key/not key categories and dealt with accordingly. For both activity categories and carbon pools, 
if no data can be collected/produced, or if they have a very limited impact on emission/removals,  
they can be ignored once the principle of “conservativeness” is used, i.e. reduced emissions are 
likely to be underestimated. In the framework of this project, the only carbon pool that is directly 
measured or estimated is the above ground biomass (see Inception Report).

In the proposed Activity Data component of the Measurement pillar, the guiding principles defined 
by UNFCCC are met (see Chapters 3, 4 and 5):

• adequate: land use categories, and conversions between categories, are explicitly identified;
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• consistent: land use categories are consistently represented over time;

• complete: all land within the country are included;

• efficient: the data source, tools and methodology selected are cost-effective;

• transparent: data sources, definitions, methodologies and assumptions are clearly described.

1.2. General Requirements

A national monitoring system provides the foundation for reporting and to verify that the REDD+ 
(and in general all the forest-related) activities at every level have a positive effect as regards human 
impact on forest carbon. To achieve this result, the monitoring system must be capable to measure 
changes in forest area throughout all forests within a country’s boundaries (the so-called wall-to-
wall approach). Nationwide monitoring is needed to avoid displacement or leakage within a country 
where reduced deforestation could occur in one portion of the country but increase in another. 

There is a general consensus that monitoring of forest cover change using satellite remote sensing is 
practical  and feasible  for  determining baseline deforestation rates  against  which future  rates  of 
change can be based, provided that adequate validation and accuracy assessments are conducted and 
documented (Goetz et al. 2009; DeFries et al. 2007). The type of monitoring and baseline approach 
used is the subject of much discussion, with a range of modifications proposed to deal with equity 
issues among countries with different historical rates of deforestation. The final decision is left to 
each country according to its specific situation.

Key requirements for the national monitoring program in order to match REDD+ guidelines include 
coverage by satellite remote sensing imagery at a sufficient level of detail; access to such data at  
low-cost; and consensus protocols for satellite imagery analysis (Achard et al. 2010). Moreover, the 
possibility to ensure consistency of results across countries lies in verification that the methods are 
(as much as possible) reproducible, provide consistent results when applied at different times, and 
meet  standards  for  assessment  of  mapping accuracy  with ground-based or  very high resolution 
observations.

The SLMS (and the MRV in general) should be built as much as possible on existing competences, 
data  and  information  systems,  to  ensure  sustainability  on  the  long  run  and  a  cost-effective 
implementation (see also Working Paper 1 and Chapter 2). It should also be designed as a multi-
purpose system so that its tools and data can be used for other scopes out of the REDD+ framework, 
maximizing the investments for its creation and maintenance.

The land cover classification has to be based on a proper number of classes that can vary according 
to the level (national or sub-national)  and at  a proper spatial  resolution expressed as minimum 
mapping unit (e.g. 5 hectares at national level and 1 hectare at local level). Finally, the resulting 
forest  cover  change  assessment  must  provide  temporally  and  spatially  explicit  information, 
including conversion between classes (approach 3) with a level of uncertainty that is compatible 
with the REDD+ requirements.

Different steps are needed to implement a SLMS (UN-REDD Programme 2013):

• define the monitoring approach (i.e. type sensors, temporal and spatial frequency of forest 
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data acquisition), described in Chapters 3 and 4 for the national and sub-national (local) 
level, respectively;

• establish a clear and realistic roadmap for the development of the SLMS, which is detailed 
in the Full Cost Proposal;

• build  up  the  required  technology  and  the  capacities  needed  for  its  sustainable 
implementation,  which  should  be  realized  in  the  next  phase  of  the  preparation  phase 
according to the plan reported in Chapter 5 and in the Full Cost Proposal;

• implement SLMS with the objective of producing measurable results, which correspond to 
the operationalization of the MRV (based on the prototype created during this project).

A national program to reduce net emissions from deforestation and degradation can benefit from an 
initial forest area map to represent the point from which each future forest area assessment will be 
made and actual negative changes will be monitored so as to report only gross deforestation going 
forward. This reference map is also called benchmark or baseline map. The interpretation of the 
remote sensing imagery needs to identify only the areas (or pixels) that changed compared to the 
benchmark map. The benchmark map should then be updated at the start of each new reporting 
time. The forest area benchmark map can also show where forests exist and how these are stratified 
either for carbon dynamic, e.g. forest types and management types, or for other national needs, 
particularly for forest inventories.

Forest cover and forest cover change in terms of type, intensity, extension, and pattern, have to be 
assessed in a historical perspective both to detect areas of activities and to identify the main human-
induced  drivers.  Moreover,  the  analysis  of  trends  is  required  to  define  a  “business-as-usual” 
scenario (called Reference Level, RL, or Reference Emission Level, REL) that is the basis to assess 
the performance of a country and to quantify the financial compensation in the REDD+ mechanism 
(see Section 1.6). 

Finally, according to the official guidelines and to the papers published on this topic, the remote 
sensing-derived  data  must  be  always  integrated  with  field  measurements  to  provide  accurate 
information, therefore a key element in a MRV system is the coordination between the SMLS and 
the NFI, and in general with the components of the MRV that works directly on the field.

1.3. Forest Cover and Forest Cover Change Monitoring

Forest cover and forest cover change monitoring with remote sensing at both national and sub-
national (local) level is the main goal of the SMLS. It provides an estimation of the Activity Data 
that are then integrated with the Emission Factors (estimated by the NFI) to produce the GHG 
inventory, which is the main scope of the MRV system. From a methodological point of view, this is 
achieved  using  satellite  data  that  classified  through  an  interdependent  interpretation  of 
multitemporal imagery to detect and characterize changes. 

In  Chapter  2  is  reported  a  synthetic  review  of  available  data  source,  tools,  and  interpretation 
methodologies, with a focus on past experiences in Nepal; in Chapters 3 and 4 are described the 
requirement  of  SMLS  and  the  proposed  methodologies  at  national  and  sub-national  level, 
respectively.
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1.4. Forest Degradation Monitoring

From a monitoring perspective, degradation, like forest enhancement, conservation and sustainable 
management of forests, requires sequential stock change measurements, which is rather different 
from what is needed for monitoring deforestation (Herold and Skutsch 2010; Herold et al. 2011). 
Monitoring of degradation is limited by the technical capacity to sense and record the change in 
canopy cover because small changes will likely not be apparent unless they produce a systematic 
pattern in the imagery. Moreover, while deforestation is usually the result of a one-off decision by a 
particular  actor  to  change  land  use,  degradation  is  usually  a  gradual  process,  resulting  from 
decisions of many actors over time as regards extraction of forest products that is more difficult to  
be detected. Many activities cause degradation of carbon stock in forests but not all of them can be 
monitored well with high certainty, and not all of them can and need to be monitored using remote 
sensing data (GOFC-GOLD 2012). Detection of forest degradation is on of the hot topics in remote 
sensing research. 

The main sources of degradation are listed below.

• Selective logging (both legal and illegal). In this case, the best source of data to detect and 
quantify  degradation  are  official  statistics  (for  legal  logging)  and  proxies  like  forest 
fragmentation,  roads,  and log decks.  These information be derived from remote sensing 
imagery, at least where the logging activity is more intense. For example, remote sensing 
can identify hut spots where field data should be collected.

• Forest  fires.  Practically  all  fires  in  Nepal  are  likely  to  have  anthropogenic  causes. 
Degradation of carbon caused by fires is difficult to monitor with existing satellite imagery 
and little to no data exist on the changes in carbon stocks. Depending on the severity and 
extent of fires, the impact on the carbon stocks could vary widely. A possible option for fire 
monitoring, at least for a general estimation of fire impact on Nepalese forests is the use of 
MODIS-derived  (or  equivalent)  products  (http://modis-fire.umd.edu/).  ICIMOD  already 
implemented a fire monitoring system for Nepal based on MODIS that can be integrated or 
replicated into the MRV system.

• Over exploitation for fuel wood or other local uses of wood. This situation is likely not to be 
detectable  from  satellite  image  interpretation  unless  the  rate  of  degradation  is  intense 
causing  large  changes  in  the  canopy.  The  degradation  can  be  estimated  using  complex 
modelling approaches. The WISDOM tool (see Working Paper on WISDOM methodology) 
is a key element for monitoring degradation.

In  the  proposed MRV, the  quantitative  assessment  of  degradation  is  mainly performed  at  sub-
national (local) level.
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1.5. Estimation of Uncertainties

The reduction of uncertainties associated with the estimation of carbon stock changes is important 
because,  according  to  the  conservative  approach,  the  uncertainties  affect  the  performance  of  a 
country reducing the financial compensation that can be claimed (although it is not yet clear how 
the REDD+ mechanism will consider the uncertainty of the estimation of carbon stock, which in 
many cases might overcome the positive impact calculate as difference between MRV and REL). 

Different components of the monitoring system can potentially increase the uncertainty, affecting 
the quality of the outcomes. They include (GOFC-GOLD 2012):

• the quality and suitability of the satellite data (i.e. in terms of spatial, spectral, and temporal 
resolution);

• the radiometric and geometric preprocessing (i.e. correct geolocation);

• the  cartographic  and  thematic  standards  (i.e.  land  category  definitions  and  minimum 
mapping unit, MMU);

• the interpretation procedure (i.e. classification procedure);

• the  post-processing  of  the  map  products  (i.e.  dealing  with  no  data  values,  conversions, 
integration with different data formats, e.g. vector versus raster);

• the availability of reference data (e.g. ground truth data) for evaluation and calibration of the 
system.

An independent  accuracy assessment  is  therefore  an  essential  step  to  link  area  estimates  to  a 
crediting system and reporting accuracy and verification of results are important components of a 
monitoring system. According to the bibliography, interpretation accuracies of up to 80–95% are 
achievable for monitoring changes in forest cover with mid-resolution imagery when using only 
two classes: forest and non-forest. 

Accuracy assessment for classifications of land cover maps is most commonly generated from a 
comparison of the final classification result with data that are assumed to be true. Ground reference 
data or information derived from very fine spatial resolution imagery (that can be considered to be 
surrogate to ground reference data) are generally recommended as the most appropriate data to 
assess the accuracy of land cover change estimation. In both cases, a statistically valid sampling 
procedure should be used to determine accuracy.  Another possible source of reference data for 
national level land cover and land cover change maps validation are the maps produced at sub-
national (local) level, when available. An error matrix (also called confusion matrix) is generated in 
which classified points and reference points are compared for each class. Errors of commission 
(error of including an area in a category to which it does not truly belong, i.e. area overestimation)  
and omission (error of excluding an area from a category to which it does truly belongs, i.e. area 
underestimation) for the classification are computed and an overall accuracy term may be calculated 
(Sanchez-Azofeifa et al. 2009). Additional statistics can be used to describe classification accuracy 
(e.g. kappa coefficient, tau statistics). There is no fixed rule for the determination of the number of 
points to be validated, but a rule of thumb is that 30 to 50 points are needed for each class, where 
forest classes can be sampled at higher intensity.
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1.6. MRV and REL

The accounting of emissions and removals from deforestation, forestation and changes in remaining 
forest areas requires assessing reference levels against which future emissions and removals can be 
compared. The REL represents the expected business-as-usual carbon balance from forest related 
human activities at  national  and sub-national  level and is  based on historical data  and national 
circumstances (GOFC-GOLD 2012). Although REL is not a component of the MRV system, which 
scope is  to measure the real  carbon stock changes  at  every reporting time,  the REL and MRV 
estimates must be compatible because they are compared to assess the performance of a country. 
The Forest Carbon Partnership Facility (FCPF) Carbon Fund Methodological Framework decision 
at 19th Conference of Parties (-/CP.19) formally established that MRV and REL methodology must 
be consistent. The easiest way to make REL and MRV estimations consistent is to use the same 
methodology, particularly for the forest cover changes. Therefore, the initial idea (discussed in all 
the meetings and workshops with REDD Cell) was to replicate in the MRV the methodology (data 
source, classification and validation method, tools) adopted by the REL Project. Unfortunately, the 
preliminary results  presented in  the Draft  REL Final  Report  (the official  Final  Report  was not 
available at the date of the end of the MRV project), provide figures that seem to be inconsistent and 
with an accuracy that is not compatible with the requirements of the MRV. Moreover, no REL at 
local  level  has  been  defined.  For  these  reasons,  in  Chapters  3  and  4,  a  different  approach  is 
proposed at both national and sub-national (local) level.

The  proposed  methodology should  be  revised  when  a  REL (results  and  methodology)  will  be 
officially adopted by Nepal.

1.7. The Nested Approach

While the development of MRV systems is often framed as a neutral scientific activity, in practice it 
calls for many political decisions, and can further the interests of certain actors involved in forest 
governance  while  excluding  others  (Visseren-Hamakers  2012).  Many  works  on  carbon 
accountability  questioned  the  simplification  of  complex  forest  ecosystems  resulting  from  the 
quantification and standardization of national monitoring when heavily based on remote sensing 
techniques with little involvement of local communities (Gupta et al. 2012). These authors stress 
that when forests are rendered legible through their carbon content only, other forest-related values 
and governance objectives, such as securing biodiversity or local livelihoods, may be obscured. The 
nested approach used in the MRV Project (see Working Paper 2) can help to prevent this  risk, 
according to the “safeguards” principles. In fact, the introduction of local forest knowledge into a 
flexible MRV approach at  sub-national level,  and particularly at  local level,  may open up new 
spaces for the policy and practice of forest governance. Particularly relevant in this regard is the 
Decision COP 15/4 on the need to involve local communities in the implementation and measuring 
and monitoring carbon stocks. In some cases, taking into consideration the local knowledge and 
giving to local communities and institutions an active role in the monitoring system imply a reduced 
standardization  and  thus  limited  repeatability  (with  a  consequent  more  complex  verification 
process), on the other hand, this avoid the risk (implicit in the RS technology) of a simplification 
that make it possible to detach forest space from its local context and turn it into “an orderable,  
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undifferentiated  mass  of  carbon  to  be  managed”  (Gupta  et  al.  2012).  In  the  proposed  MRV 
approach,  national  and  sub-national  level  are  integrated  to  balance  the  requirements  of  a 
standardized approach with the necessity to involve local communities and institutions. The goal of 
the nested approach is to define protocols at local level that maximise the involvement of local 
people in forest monitoring, while also corresponding to the forest monitoring requirements made 
by the  UN for  the  prospective  REDD+ framework  (Palmer  Fry 2011).  This  can  contribute  to 
establish a national forest carbon monitoring system able to provide data nationally but that is also 
flexible for more detailed, accurate measurement at the sub-national (particularly local) scale driven 
by REDD+  related  activities  that  often  focused  on  specific  areas  (Herold  and  Skutsch  2010). 
Consequently, the proposed MRV is a stratified system that provides data with more precision and 
accuracy  for  the  (sub-national  and  local)  REDD+  implementation  activities  and  less  detailed, 
systematic monitoring in the rest of the country. Moreover, there is growing evidence that local 
monitoring of carbon stocks is a task that can be carried out easily, reliably and at very low cost by 
the  local  stakeholders.  Communities  are  well  able  to  collect  data,  although they might  require 
support from intermediary agencies for various tasks. This will give them legitimacy and a stronger 
claim to financial benefits from the carbon market or fund (Herold and Skutsch 2010). The same 
applies to the identification and validation of forest cover change at local level (see Working Paper 
2).
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2. Review of Data Sources, Methodologies and Tools

Remote sensing can provide objective,  practical and cost-effective solutions for developing and 
maintaining REDD+ monitoring systems. In fact, remote sensing is the necessary base of a national 
monitoring system of forest area change. It can measure gains and losses in forest area though time 
series  of  observations  collected  and  analysed  in  a  continuous  and consistent  manner  to  obtain 
accurate results and compare changes in the longer term. 

An abundance of satellite data, classification methods and software tools is available today that may 
be  applicable  to  forest  cover,  and,  particularly,  to  forest-related  carbon  monitoring  programs. 
However, as already mentioned, while it is evident that remote sensing have tremendous utility for 
monitoring carbon stock changes, it is important to be aware of its limitations, as there are clearly 
things that remote sensing can and cannot do (Sanchez-Azofeifa et al. 2009). 

In this chapter, we present a short summary of the main options described in the official guidelines 
(particularly, GOFC-GOLD 2012) and in the relevant bibliography (e.g. De Sy et al. 2012; Gibbs et 
al. 2007). This review is based on the remote sensing technologies that are consolidated at the time 
that this document was written: remote sensing is constantly evolving in terms of available satellite 
and airborne sensors, analysis methods, and experiences to use them for specific applications such 
as REDD+ and thus more options will be available in the next future. The choices that must be done 
to identify the most appropriate remote sensing approach for Nepal are mainly of the data source 
(including spatial, spectral and temporal resolutions), the processing techniques (algorithm to detect 
changes) and the software tools. The decision (see Chapter 3 and 4) is based on the country-specific 
conditions, for example deforestation drivers, size of the country, existing competences, available 
data and forestry-related policies already in place. Moreover, a clear definition of the role of the 
involved institutions (see Full Cost Proposal) and the identification of their capacity building needs 
are key to develop national approaches and capacities to fully explore and use the potential remote 
sensing has to offer for REDD+ forest monitoring. 

Remote sensing data

When working with satellite imagery, four types of resolution are concerned: spatial, radiometric, 
temporal  and spectral.  A compromise among these must  be found to optimize the results,  also 
considering data availability, processing time and budget constraints. In this document, we refer to 
sensors with a spatial resolution of 250 m or greater as "coarse" resolution, to sensors with spatial 
resolution of 5 m or less as "high" resolution, and to those in between as "medium" resolution. As 
the spatial resolution increases, more spatial detail will be apparent in the image. More spatial detail 
provides better information, but finer resolution also increases the amount of data to be processed 
and the costs for purchasing the images.

To date, the primary tool for monitoring national-scale forest area change in the tropics is optical 
medium spatial resolution data, particularly the satellites belonging to the Landsat family. Other 
relevant data sources are the Advanced Spaceborne Thermal Emission and Reflection Radiometer 
(ASTER), Systeme Pour l’Observation de la Terre (SPOT), Indian Remote Sensing Satellite (IRS), 
Disaster Monitoring Constellation (DMC), the Chinese-Brazilian resource Satellite (CBERS) and 
the  Spanish  DEIMOS.  The main  limitations  of  the  use  of  these  kind  of  satellites  are  the  data  
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availability  (wall-to-wall  or  full  coverage,  persistent  cloudiness  and  seasonality),  the  country 
capacities, and the costs and time required for processing and analysis. 

Coarser resolution (250–1000 m) optical data (MODIS, MERIS, VEGETATION) are commonly not 
suitable for determining forest area change in minimum mapping units required for REDD+, but, 
owing to their higher temporal resolution (daily, often aggregated to 10-daily or 2 weekly) and large 
coverage they might have a function in sampling and stratification strategies, hotspot detection, and 
near real-time detection of active processes on a larger scale. MODIS-derived products can also be 
used to monitor forest fires at national level.

The use of commercial spaceborne (e.g. RapidEye, IKONOS, Quickbird) fine resolution optical 
sensors are an option and can provide accurate estimation (with increased challenges in the data 
management and analysis stages), but usually involve relevant financial resources

Spaceborne SAR sensors (e.g. ERS1/2 SAR, JERS-1, ENVISAT-ASAR, ALOS PALSAR, Cosmo 
Skymed SAR) are a potential compliment to optical sensors because of all-weather availability and 
multi-temporal data sets suitable for tropical forest monitoring at local to regional scales and for 
early detection of deforestation. The combined processing or fusion of SAR and optical data for 
forest monitoring and land cover assessment has been applied in case studies with promising and 
accurate results, but methodologies and tools are not yet consolidated enough to be operationally 
included in a national monitoring system, although this can change in the future.

The use of airborne LiDAR is limited for monitoring forest area change at national scale owing to 
relatively high costs and limited coverage but it can be useful in sub-national hotspot monitoring or 
as a mean to calibrate models and validate results produced using coarser resolution data.  It is 
interesting  to  note  that  some applications  involving the  use  use  LiDAR technology have  been 
carried out in Nepal (Kandel 2013) at sub-national level.

Another increasing popular option for future monitoring activities at very high resolution in limited 
areas (e.g. local level) is the use of drones (or unmanned aerial vehicle, UAV). 

These tools (SAR, LiDAR, drones equipped with multi-spectral sensors), as well as other emerging 
technologies  (e.g.  Earth  Engine  from Google)  demonstrated  the  potentiality  to  give  a  relevant 
contribution to forest carbon monitoring (Goetz et al. 2009, Koch 2010), but are not yet a robust 
option for operation MRV systems at  national level (Olander et  al.  2012).  Their  utility may be 
enhanced in coming years depending on data acquisition, access and scientific developments, but 
their use is not recommended at the moment for MRV Nepal.

In synthesis, medium resolution imagery such as Landsat, Aster and SPOT represent an attractive 
compromise of resolution and cost. An important advantage of Landsat is the availability of older 
images  to  establish  a  baseline  for  determining  medium-term deforestation  rates.  Moreover,  the 
Landsat 8 program ensures the continuity of this data source in the next years.

Remote sensing data usually requires a preprocessing step before data can actually be analysed and 
used  for  a  land  cover  classification.  Such  work  often  includes  three  main  phases:  geometric 
corrections are needed to ensure that images in a time series overlay properly; cloud removal and, 
whenever needed (e.g. hilly or mountainous terrains), shadow detection are usually the second step; 
finally,  radiometric  corrections  (calibration  and  normalization)  are  recommended  to  make  land 
cover change detection easier by ensuring that images have the same spectral values for the same 
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objects. A detailed description of these processes is reported in Bodart et al. (2011). Remote sensing 
image providers often distribute data with all or part of the preprocessing steps already performed.

Classification methods

In  general,  three  methods  are  available  to  interpret  remote  sensing  imagery:  (1)  visual 
interpretation, (2) pixel-based digital image processing, and (3) image segmentation. To date, there 
is no consensus in the REDD literature on the best method. Selection of the interpretation method 
may depend on national human resource capacities, on the relative costs of the different methods, 
and  on  the  characteristics  and  size  of  the  area.  Below  a  short  description  of  each  method  is  
provided.

• Visual  interpretation.  Analysts  draw polygons  around  visible  differences  in  the  satellite 
images  on  the  computer  screen,  supported  by  the  contextual  interpretation  of  all  the 
available ancillary data sets (e.g. human settlements, digital elevation models, hidrography, 
multi-temporal  images).  The  polygons  are  associated  with  a  class  from the  land  cover 
legend.  An  advantage  of  this  method  is  that  recent  imagery  can  be  updated  using  the 
baseline map from an initial  date  and different  data  sources can be easily integrated.  A 
disadvantage  is  that  the  method is  very subjective,  depending on analyst  judgement.  In 
addition, for large countries, visual interpretation may be impractical and time-consuming 
(World Bank Institute 2013), although the size of Nepal makes this approach potentially 
feasible.

• Pixel-level digital image processing. Computer algorithms are used to conduct unsupervised 
and supervised classifications. Each pixel is considered a land unit  and is  clustered into 
groups of similar pixels. The clustering may be based only on the digital number of the 
pixel, a method referred to as unsupervised classification. With supervised classification, 
however, an analyst assigns pixels representing a land cover to a class in the legend. This 
second  method  depends  on  the  analyst  knowledge  of  the  study  area.  Digital  image 
processing is more objective compared to visual interpretation, as it depends on computer 
algorithms to assign pixels to land classes (World Bank Institute 2013). Forest cover and 
change mapping using pixel-based supervised expert-driven classification of Landast images 
is a well established and accepted methodology, and has been implemented for regional-
scale forest cover mapping and monitoring for example of the Congo basin, but the reported 
accuracies  range  between  75% and  91% (Potapov  et  al.  2012).  In  Nepal,  where  large 
portions  of  the  country  are  characterized  by  a  complex  environment  with  fragmented 
landscape, the expected accuracy are likely to be close to the lower boundary of the range.

• Image segmentation. Recent remote sensing software includes image segmentation methods 
to classify land cover. An algorithm clusters groups of adjacent pixels together based on 
their spectral responses and a set of optionals rules established by the analyst. Segments can 
then be classified with supervised or unsupervised techniques. This approach can also be 
combined with visual interpretation to correctly assign classes to the segments (World Bank 
Institute 2013).

The recommended classification method by GOFD-GOLD (2012) is:

“A  hybrid  approach  combining  automated  digital  segmentation  and/or  classification  
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techniques  with  visual  interpretation  and/or  validation  of  the  resulting  classes/polygons  
should be preferred as simple, robust and cost effective method.”

This hybrid approach is also used, in different versions, by most of the recent projects in Nepal (e.g. 
FRA, ICIMOD, Terai Arc landscape).

Software tools

Most of the commonly used image processing software provides a complete suite of functionalities 
for preprocessing and analyse  of  remote sensing images  for  land cover  and land cover  change 
monitoring  (e.g.  Erdas,  Envi,  Ilwis,  Idrisi,  PCI,  GRASS,  SAGA,  Orfeo  Toolbox).  Many  GIS 
software are also able to deal with satellite data (e.g. ArcGIS, QGIS). Some tools are more focused 
on specific tasks (e.g. eCognition for segmentation). Unless very specific algorithms are needed, the 
final  choice  is  mainly  related  to  financial  constraint,  familiarity  of  technicians  with  a  specific 
software, and the possibility to easily integrate the image processing phase with the general MRV 
information system (see Chapter 5).

2.1. Review of Recent and On-going Experiences in Nepal 

Remote sensing has already been (and is currently being) used in Nepal for forest cover monitoring 
at different level (national, sub-national, local). In this section, we report a synthetic list of recent 
experiences in the country with indication of the approach used.

• Forest Resources Assessment project (FRA). This 4-years project is carried on by DFRS 
with the support of the Finnish government to elaborate, among the many forestry-related 
activities, a national forest cover and forest cover change assessments. The final data are not 
published yet (they will be available at the end of 2014). When ready, MRV will largely 
benefit from the operational forest monitoring system that is currently being set up by the 
FRA project. Forest cover and forest type maps are being prepared using RapidEye MSS 
Satellite  Imagery  (Level  1b)  with  the  help  of  the  FRA field  inventory  data,  secondary 
images  and  forest  cover  data  from  the  Land  Utilization  Maps  and  the  National 
Topographical data from the Survey Department. The images are being classified using an 
automated  object-based  image  analysis  method  for  forest  and  non-forest  mapping. 
Segmentation is undertaken using Definiens Software (an image analysis software for digital 
pathology,  now Termedas  Trimblee  Cognition).  Automated  object-based  classification  is 
being done on the segmented image-objects using the spectral properties related to mean 
pixel values of green, near-infrared and red-edge bands; the derived Normalized Difference 
Vegetation Index (NDVI); the principal components; and the homogeneity texture (of the 
near-infrared  band).  Forest  and  non-forest  areas  are  distinguished  by  defining  a 
“containment membership function” for threshold values for all the four of these spectral 
properties.  In  order  to  reduce  residual  errors  and to  improve classification  accuracy,  an 
interactive visual on-screen post-classification interpretation is being done on the classified 
forest and non-forest areas. 

• REL project. This  project  has a  scheduling similar  to  the MRV project,  therefore final 
documentation and results are not available yet (March 2014). In Section 1.6 a preliminary 
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assessment of the integration of REL products into the MRV system is discussed. Pixel-
based  classification  of  preprocessed  Landsat  images  (at  different  dates)  with  national 
coverage  performed  applying  a  matched  filtering  technique  based  on  the  principle  of 
spectral  un-mixing  of  pixel  value  into  sub-pixel  values  corresponding  to  constituent 
endmembers.  The  basic  assumption  is  that  a  pixel  value  is  assigned  on  the  basis  of  a 
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 back as long the spectral profile of selected endmembers are 
provided and matched filtering technique is used in combination with decision-tree classifier 
in  ENVI.  ArcGIS,  Erdas  and  ArcGIS  are  also  used  at  different  stages  of  the  analysis. 
Specific threshold are used to identify degraded forest.

• ICIMOD Land Cover Map. ICIMOD produced a land cover map for the whole of Nepal 
territory based on analysis of Landsat satellite images for 2010 and 1990 nominal year using 
object-based image analysis (segmentation). The legend is developed in consultation with 
national partners using Land Cover Classification System (LCCS) from FAO/UNEP. The 
land  cover  change  was  then  visually  assessed  performing  a  manual  digitization  upon 
historical LANDSAT imagery. There are plans to update the land cover map every year.

• Terai  Arc Landscape. WWF Nepal,  with  technical  support  from Winrock International 
Nepal and financial assistance from Ministry of Foreign Affairs, Finland, undertook a study 
on carbon emission and sequestration potential  of forests in Terai Arc Landscape (TAL) 
program area. For the whole analysis, Landsat images were used. These were preprocessed 
with radiometric enhancement and ortho-rectification with the FCD Mapper software. The 
images were classified with a pixel-based approach, using the methodology introduced by 
Rikimaru (2012). This is an alternative deductive approach and semi-expert system called 
Forest  Canopy Density (FCD). The result  is a forest  canopy density map based on four 
indices  (vegetation,  bare  soil,  shadow  and  surface  temperature).  Based  on  these  four 
variables, ten canopy density classes namely 0, 1-10, 11-20… 91-100 were obtained.

• Forest Carbon Stocks Measurement (ANSAB and other partners). This recent project 
(2010-2013) carried out a detailed study at local level in three pilot areas (also used for the 
testing of the MRV nested approach). It is not completely clear from the documentation 
which  is  the  remote  sensing  method  and  data  used.  What  is  specified  is  that  forest 
stratification and land cover classification were carried out using high resolution remote 
sensing  imagery  and  the  software  ERDAS  Image,  Defines  Developer  and  ArcGIS  and 
GeoEye image. 
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3. Remote Sensing for MRV at National Level

A monitoring  activity  in  support  of  a  potential  REDD+ mechanism necessitates  a  capacity  to 
estimate  changes  throughout  all  forests  within  Nepal's  boundaries.  Nationwide  monitoring  is 
needed,  in  particular  to  avoid  displacement  of  deforestation  where  reduced deforestation  could 
occur in one area of the country but increase in another area (leakage). An analysis that covers the 
full spatial extent of the forested areas with moderate spatial resolution optical sensors (wall-to-wall 
coverage),  and processed using a mixture of automatic  and expert-based procedures (with tight 
integration of information from the field), is ideal, and seems reasonably feasible in Nepal, which 
extension is limited compared to other countries. In this process, it is important to take into account  
the high geographical and ecological diversity of the country. Nepal can be divided into three main 
regions: mountains (19 %), hills (64 %) and Terai (17 %). In most of the country, the environment is 
complex  with  large  areas  of  fragmented  landscape,  especially  at  the  interface  between  human 
activities and forest. This makes the condition of Nepal quite different from other countries, for 
example Brazil  and the Democratic Republic of Congo, where the limit  between crop lands or 
human settlements and forests is in many case more evident (with large “fronts” of deforestation 
that  progress  over  the  years)  and thus  easier  to  detect  and monitor.  For  a  review of  the  main 
deforestation  and forest  degradation  drivers  in  Nepal,  see  the  Inception  Report.  Moreover,  the 
forestry  sector  in  Nepal  is  characterized  by  the  primarily  role  of  local  communities  in  the 
management  of  a  large  portion of  the  national  forests,  and large areas  are  directly affected  by 
management plans. 

Remote sensing for forest monitoring has already been used in the country, and both expertise and 
data are, to some extent, available. The Department of Forest Research and Survey (DFRS), which 
is the institutional reference for the technical implementation of the MRV (see Working Paper 3 and 
the Full Cost Proposal) has good experience in remote sensing for forest cover monitoring, acquired 
in particular during the FRA project (see Chapter 2), which is still ongoing. At the end of 2014 the  
FRA project will deliver a forest cover map that can then be used as baseline for future forest cover 
change assessments or at least to improve and validate forest cover maps produced by MRV. Other 
international institutions (especially the International Centre for Integrated Mountain Development, 
ICIMOD) and non-governmental agencies (e.g. WWF) in Nepal have expertise in this sector and 
can potentially play an active role in supporting the monitoring of the national forests under the 
coordination of the national institutions. ICIMOD already produced, and will periodically update, a 
national land cover map that can be used as an interesting reference. Finally, in the last years many 
satellite images have been collected and processed by projects related to forests. A full coverage of 
the country of RapidEye images (5 meter resolution) has been acquired and processed by the FRA 
project. In this case, it is not clear if the data can be reused by other project due to licence problems.  
Landsat images at different dates have been collected and processed by the REL project and can be 
reused. 

The main requirements for the Nepalese national forest cover monitoring system are listed below.

• In must be sustainable on the medium and long term:

◦ it has to be cost effective, considering the financial resources available in the framework 
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of the REDD+ activities;

◦ it must be feasible and reasonably fast to produce updates at every reporting time (e.g. a 
national land cover change analysis should be performed in 3 to 12 months every 1 or 2 
years);

◦ it should use (as much as possible) available data sets;

◦ it must be simple and transparent to be performed by the national MRV team);

◦ it  must  be  integrated  with  other  institutional  Nepalese  information  systems  in  the 
forestry domain (e.g. national forestry inventory) to increase synergies and reduce costs 
(i.e.  on  the  long  term,  MRV  should  be  part  of  a  multi-purpose  National  Forest 
Monitoring System - NFMS).

• It must provide a national land cover map (wall-to-wall) at a proper spatial resolution (e.g a 
minimum mapping unit of at least 5 hectares). Areas with no interest for forestry can be 
excluded from the analysis (e.g. high Himalayas).

• It must be consistent over time, so that results can be compared, but at the same time it 
should be flexible enough to integrate new sensors/methods that will be available in the 
future.

• It should be (as much as possible) repeatable, to allow a formal verification process. This 
requirement (translated into full automated processes) can be in contrast with other needs, 
such as flexibility and accuracy standards.

• An  accuracy  assessment  must  be  part  of  the  process  to  estimate  uncertainties  and  to 
demonstrate that the quality of the results is compatible with the REDD+ requirements.

• At national level, the number of land cover classes must be limited.

• It must be consistent with REL. This point needs to be properly considered, but as the final 
results of the REL project are not yet available, it is hard to identify a solution (see Section 
1.6). The preliminary results suggests that some methodological improvements of the REL 
approach might be needed to integrate REL and MRV.

• It should be harmonized with the methodology adopted by the FRA project. In fact, in the 
future, MRV and forest inventory should be part of a wider monitoring system (NFMS). At 
the moment, the coordination between MRV and FRA is difficult because FRA project is in 
its final year of activity, so only part of its system is completed/available and the possibility 
to collaborate are limited by time constraints.

3.1. Proposed Methodology

According to the requirement analysis discussed in the previous section, to the official guidelines 
and to the recommendation reported in the bibliography, the best methodology at national level can 
be synthesises as a temporally and spatially explicit national land cover change assessment and 
conversion between classes through a wall-to-wall  mapping approach based on Landsat  images 
classified with a limited number of classes using a hybrid approach that combines automated image 
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segmentation with visual interpretation and with a  minimum mapping unit  of 5 hectares,  to be 
repeated at  every reporting time (e.g.  2 years),  and a with a specific protocol for the accuracy 
assessment. The analysis will be carried out by the Remote Sensing/GIS unit of the MRV section at 
central  level  (see  Chapter  5  and  the  Full  Cost  Proposal).  The  methodology  also  includes  the 
definition of a baseline map that should be coordinated with the forest map produced by the FRA 
project and the result of the REL project. A more general harmonization process should be planned 
with REL data when the results will be officially available and adopted by the REDD Cell Nepal.

Below, more details and discussions are provided about different aspects of the methodology: data 
source;  classification  method;  classification  system;  validation  of  results.  Human  resources, 
capacity building and software are discussed in Chapter 5. In some cases, alternative options are 
presented. The final standardized protocols must be defined during the operationalization of the 
MRV system according to a number of factor, including the available financial resources and more 
specific requests to participate to the REDD+ mechanism.

The first option among the available data sources for a national monitoring of forest cover and 
forest cover change is Landsat data (30 m resolution). Landsat is the data source used by most 
national projects on forest monitoring. It has the advantage to be freely available for years 1990, 
2000, 2005 and 2010, thus allowing a consistent tie series that can be used also for the definition of 
historical trends. Due to the Scan Line Corrector (SLC) in the ETM+ failure on 31st May 2003, the 
use  of  Landsat7  after  this  date  is  recommended  as  ancillary information  only.  From 2013 on, 
Landsat  8  provides a  complete  coverage of the country every 2 weeks.  Some preprocessing is 
needed to assemble a national mosaic, but no resources are needed for the data acquisition. The 
resolution permits to monitor forest cover changes with 1 to 5 ha Minimum Mapping Unit (MMU). 
Landsat data allow assessing changes of forest areas and producing a benchmark map of national 
forest area (to derive deforestation rates). A possible alternative of medium resolution images is, for  
example, DEIMOS, a commercial satellite that provides data with a resolution comparable with 
Landsat (22 m), but with no historical time series available. It can be a low cost (but not free) option 
if data have to be acquired already preprocessed and as a unique national mosaic (saving time and 
reducing  the  internal  expertise  needed  to  perform the  national  land  cover  change  assessment). 
Another  possible  alternative  (or  integration)  to  Landsat  images  are  RapidEye  images  (5  m 
resolution). These have been used by the FRA project and a complete coverage for 2010 already 
exists for Nepal. The acquisition of a complete coverage of the whole country for a single date is 
around 130,000 dollars. This would have a number of advantages:

1) better resolution;

2) data are provided with all the preprocessing steps performed;

3) data can be used for sub-national (e.g. local) level.

On the other side, RapidEye also implies some disadvantages:

1) they are not free;

2) no long time series is available for historical analysis;

3) remote  sensing  data  analyses  become  more  difficult  and  more  expensive  with  smaller 
Minimum Mapping Units (MMU), i.e. more detailed MMU’s increase mapping efforts and 
usually decrease change mapping accuracy and the largely increase the processing time.
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The two data set can be integrated, for example using Landsat data for the national assessment and 
RapidEye to validate the result and to closely monitor hotspots of deforestation or areas directly 
affected by REDD+ management measures (see Chapter 4). In an initial phase, possible budget for 
acquisition  of  RapidEye  images  can  come  from donors  or  from synergies  with  other  Nepal's 
institutions.

Aster images (15 m resolution, 3600 sq km size and 60 to 120 dollars for a single scene) can be 
used to monitor hotspots but are not an ideal option for a national monitoring system because it is 
very difficult to obtain a complete national coverage.

According to the data source(s) selected,  additional pre-processing steps (e.g.  further geometric 
and/or  radiometric  corrections)  might  be needed,  particularly for  automatic  and semi-automatic 
classifications.

The  classification  method recommended  for  MRV  Nepal  is  a  hybrid  approach  combining 
automated  digital  segmentation  with visual  interpretation and validation of  the  resulting  spatial 
objects. Image segmentation is the process of partitioning an image into groups of pixels that are 
spectrally similar and spatially adjacent. Boundaries of pixel groups delineate ground objects in 
much the same way a human analyst would do based on its  shape,  tone and texture.  However, 
delineation  is  more  accurate  and  objective  since  it  is  carried  out  at  the  pixel  level  based  on 
quantitative values. Segments can be generated using a MMU of e.g. 1 hectare and then grouped 
during the visual interpretation phase to a MMU of 5 hectares. The visual interpretation can be 
driven by the contextual analysis of other ancillary data sets (e.g. human settlements, road network, 
hydrography, digital elevation models, land cover maps from other sources, automatic supervised or 
unsupervised  classifications).  Particularly,  a  supervised  classification  after  segmentation  can  be 
used as preliminary classification, that can then be corrected and improved by the direct visual 
check of the analyst. This approach is a good compromise between time, resources, expertise and 
quality of results. It is a simple, robust and cost effective method that is also suggested by GOFC-
GOLD (2012). Moreover, it is perfectly compatible with the size of the country, which corresponds 
to the “equivalent” size of about 4 Landsat scenes (about 2 equivalent Landsat scenes correspond to 
forested  lands),  although more  than  10 scenes  are  needed to  have  a  complete  coverage  of  the 
country due to its shape. Another advantage is that DFRS remote sensing experts have already been 
trained on this methodology in the framework of FRA project. The main limitation is that it is not  
completely  replicable,  but  in  general  provides  better  estimates  as  compared  with  completely 
automated approach especially when applied on a pixel-base. 

The land cover change detection can be performed applying a multi-date image segmentation on 
image pairs instead of on single images separately. In fact, rather than compare independently maps 
produced from different dates to find change, it is preferable to combine multiple dates of satellite 
imagery into a single analysis that identifies change directly. This subtle point is significant, as 
change is more reliably identified in the multi-date image data than through comparison of maps 
derived from individual  dates  of imagery.  Some more difficulties might raise when the change 
assessment  must  be  repeated  at  every  reporting  time  (e.g.  every  two  years).  Some  possible 
inconsistencies like the fuzzy boundary effect between land cover maps of different dates (change 
that are detected along the boundaries of land cover classes that are due to different delineation of 
the spatial units rather then to real land cover changes) can be managed in a post processing phase 
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using GIS tools.  In general,  a scene by scene analysis  is  preferred as it  is  more accurate  than 
interpretation of scene mosaic and limits the problems that can derive from errors introduced in the 
preprocessing phase. 

A possible alternative to the segmentation combined with visual interpretation is a classification 
completely based on visual interpretation. The main advantages is that this is a very simple method 
to  be  applied.  The  need  for  reproducible  and  verifiable  results  can  be  met  through  multiple 
interpreters and well-designed procedures. This can be especially fast and effective for the change 
assessment at multiple dates (see also Section 4.1).

The classification system is a key element of the forest cover and forest cover change assessment. 
The number and typologies of class categories depends on many factors, including the availability 
of geographic data and analysis, ability to detect differences in land cover on satellite imagery,  
profitability information of land uses, and the cost of each option (World Bank Institute 2013). The 
first  level  of  the  land  classification  is  simply  forest/non-forest.  Then,  according  to  the  IPCC 
indications for GHG reporting, land must be subdivided in 6 main classes (Forest Land, Cropland, 
Grassland, Wetlands, Settlements and Other Lands), further subdivided in managed and unmanaged. 
Forest and the other classes can then be detailed in a set of subclasses that take into account the 
stratification  needed  for  the  Emission  Factor  definition.  The  proposed  classification  include  a 
further class: Other Wooded Land (e.g. shrubs, trees out of forest). Ancillary data sets can drive the 
differentiation between managed and unmanaged forests. The use of ancillary data (e.g. ecological 
zones, morphology, climate, potential vegetation) can also help to distinguish between broadleaved 
and coniferous forests. The use of complex vegetation indexes can support the estimation of the 
percentage of forest coverage (see, for example, Rikimaru et al. 2002). The reliability of this level 
of detail is to be verified. In general, splitting land uses into sub-classes is needed when a class does 
not accurately represent a land use in terms of carbon stock or net returns, but a lower number of 
classes requires less data management and analysis. In addition, a false sense of precision may arise 
by creating numerous sub-classes from inadequate resolution of images. A greater level of detail  
may be used in areas that are of particular interest (local level in the nested approach). Due to the 
fragmented landscape in some areas of the country where small patches of forest are mixed with 
agricultural areas, aggregating classes together may be needed because the minimum mapping unit 
of imagery may not be small enough to differentiate classes; thus mixed mapping units might be 
required. In fact, while clearings for large-scale mechanized agriculture are easily detectable with 
medium resolution  data,  small  agricultural  clearings  or  clearings  for  settlements  might  require 
higher resolution data (<30 m) to accurately detect  clearings of less than 0.5 hectares.  Smaller 
clearings and more heterogeneous landscapes require data with even finer spatial resolution (10 m), 
more complex computer algorithms capable of detecting less pronounced differences in spectral 
reflectance and greater involvement of an interpreter for visual analysis and verification (Achard et 
al.  2010).  As  this  is  not  always  possible,  mixed  classes  are  an  option  to  solve  the  problem. 
Vegetation indexes can then used,  for example,  to estimate forest  coverage in forest/agriculture 
mixed classes.

The recommended classification system for developing the legend is the Land Cover Classification 
System (LCCS; Di Gregorio 2005). The LCCS includes a thorough description of classification 
concepts and guidelines for matching land cover types to global standards. It has been adopted by 
many land cover-related projects in the world, including the FRA project in Nepal.
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In the Table 1, there is an overview of the proposed classes.

The  validation of the results  of the land cover and land cover change assessment is part of the 
classification process. Particularly,  a stratified accuracy assessment must be done with a proper 
number of sample points (e.g. 50 control points per class, with a higher intensity for forest classes).  
The ground-truth information can be derived from different sources, specially field data collected 
by the  MRV forestry  inventory  unit,  at  national  and  local  level.  Local  communities  and  local 
institutions are another possible source of field data. Another important source of information are 
high  resolution  images.  For  example,  very  high  resolution  images  from GoogleEarth  and 
BingAerial can also be used.
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Table 1. Proposed general schema for land classification at national level.

Forest

Managed

Deciduous
Open

Closed

Coniferous
Open

Closed

Mixed
Open

Closed

Unmanaged

Deciduous
Open

Closed

Coniferous
Open

Closed

Mixed
Open

Closed

Non Forest

Cropland

Grassland

Wetlands

Settlements

Other Wooded land

Other Lands

Forest Mixed with
Non Forest Land



4. Remote Sensing for MRV at Sub-National Level

In Section 1.7 we have discussed the importance of a nested approach to monitor carbon stock, 
where a national level is integrated with more detailed local studies in areas of special interest. The 
general framework of the MRV nested approach is reported in the Working Paper 2. Sub-national 
studies can be defined at different levels, for example regional or local. From a technical point of 
view, at local level river basins are a recommended reference to delineate each study area. The 
proposed MRV is focused on the local level because a locally-based approach that also involves the 
community in planning, data collection,  analysis,  and decision making, can potentially generate 
local support and ownership for the monitoring programme, enhancing its longevity (Palmer Fry 
2011). Moreover, in a large portion of Nepalese forest there is a direct involvement of local actors in 
the  active  management  of  forest.  Thus,  this  is  a  consolidated  approach  in  Nepal  and  local 
communities can directly benefit from a policies oriented to the reduction of carbon emissions and, 
at the same time,  increment the reliability of the MRV carbon stock estimations. Other sub-national 
levels can be defined in the future with some adaptation according to the size of the study area and 
to the desired level of accuracy of the results.

A land cover change assessment at local level necessarily need a higher spatial resolution of satellite 
images than that used at national level, a more detailed classification system and more accurate 
information from the field both for the calibration and for the validation of the classification. This 
implies higher cost that can be partially reduced by the involvement of local actors.

The main requirements for a forest cover monitoring system at local level in Nepal are listed below.

• It must be financially sustainable (cost-effective), where the cost must be a minimal part of 
the potential compensation from the REDD+ mechanism; for this reason local studies must 
have a critical size above 10,000 hectares.

• It must be technically feasible, particularly taking into account the limited resources of the 
MRV Remote Sensing/GIS unit that will have to manage both the national and the local 
level; a maximum of 1 week/man of work of remote sensing experts should be foreseen for 
each local study.

• The spatial level of detail must be higher than the national level, e.g. a minimum mapping 
unit of 1 hectare.

• It must be consistent when used over time, but as the same time must be flexible in order to  
use different data sources: higher resolution data are costly and it can happen that different 
sensors will be available at the different points in time. As no very high resolution images 
are available before 2000, historical trend at  local level must be based on an integrated 
analysis of medium (e.g. Landsat) and high resolution images.

• The result  must be consistent with the national level: whenever the land cover and land 
cover change assessment at  local level is  different from the results  produced at  national 
level,  the  national  level  should  be  corrected  using  the  information  from the  local  level 
(although  some  difference  can  be  accepted  taking  into  account  the  different  minimum 
mapping unit).
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• The methodology must be efficient when performed on a large umber of limited and sparse 
areas (e.g. if many images have to acquired, preprocessing must be simple and fast).

• The approach must include a direct and active involvement of local actors.

• The classification system must include a further (hierarchical) level of detail to that used at 
national level.

4.1. Proposed Methodology 

According to the requirement analysis discussed in the previous section, to the official guidelines 
and to the results of the test done on a pilot area (see Section 4.5), the best methodology at local  
level can be synthesises as a temporally and spatially explicit land cover change assessment of the  
study area and conversion between classes based on high resolution images (e.g. Aster at 15 m 
resolution, RapidEye at 5 m resolution) classified using an automated image segmentation approach 
with a preliminary expert-based interpretation (supervised classification or visual interpretation) 
followed by a collection of feedbacks from the local actors and then finalized with a further visual 
interpretation to integrate the information based on the local knowledge. The minimum mapping 
unit should be 1 hectare. The assessment should be repeated at every reporting time (e.g. every 2 
years). The image interpretation should be carried out by the Remote Sensing/GIS unit of the MRV 
section  at  central  level  (see  Chapter  5  and  the  Full  Cost  Proposal)  in  coordination  with  local  
communities and local institutions that will provide key information to improve the interpretation 
and field data for the final accuracy assessment. Monitoring at ground level is also essential in 
addressing  the  other  REDD+  components  such  as  sustainable  forest  management,  forest 
conservation and biodiversity.

This approach grants a full and effective engagement of indigenous peoples and local communities 
to the assessment of forest cover change, and the contribution of their knowledge to monitoring and 
reporting  activities  (Larrazabal  et  al.  2012),  creating  a  direct  connection  with  the  forestry 
management plans.

In this section, more details are provided about different aspects of the methodology: data source; 
classification  method;  classification  system;  validation  of  results.  Human  resources,  capacity 
building and software are discussed in Chapter 5. In some cases, alternative options are presented.  
The final standardized protocols must be defined during the operationalization of the MRV system 
according  to  a  number  of  factor,  including the  available  financial  resources  and more  specific 
requests to participate to the REDD+ mechanism.

The satellite data source must be at a spatial resolution of at least 15 meters (or finer), but at the 
same time must be compatible with the financial resources of the project considering that, unless 
local studies will be in contiguous areas, an image per study has to be acquired. The cheapest option 
is Aster, which optical bands have 15 meters of spatial resolution, plus a number of other bands at 
30 and 60 meters of resolution. A single scene of about 3,600 square kilometres costs 60 dollars 
(120 dollars with ortho-rectification). It might be difficult to create mosaics of Aster image if the 
study area falls into different scenes. An alternative option is RapidEye with 5 meters of spatial 
resolution. A complete coverage of Nepal in 2010 is already available through the FRA project. This 
resolution allows a detailed discrimination of forested areas and can also be used to support and 
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validate the land cover assessment at national level. RapidEye costs about 1.3 dollars per square 
kilometre, but they must be purchased in tiles larger then 500 square kilometres. It is possible to 
buy the full coverage of Nepal for about 130,000 dollars. This can be a good options if many local 
areas must be analysed, also considering that the same images can be used at national level (see  
Chapter 3). If no financial resources are available, Landsat images can be used, applying more 
detailed interpretation techniques and extensive data from the field. This option is not recommended 
because  the  results  would  be  in  any  case  similar  to  those  of  the  national  level.  A  partial 
improvement can be obtained with the fusion of the panchromatic band (15 meters) with optical and 
near-infrared  bands.  For  the  future,  an  interesting  perspective  for  monitoring  the  local  level  is 
offered by the unmanned aerial vehicle (see Chapter 2).

For  the  classification  method, automatic  and  semi-automatic  methods  (e.g.  segmentation  in 
combination with supervised classification) can be used as basis for the assessment and supervision 
of the analyst who can also take full advantage of field data and local knowledge, stimulating the 
involvement of local actors. In this case, it is important to give a major role to the operators in the  
interpretation/classification to take in consideration the feedback from the local communities (a 
rigid automatic classification would limit the role of local actors to validation only). The minimum 
mapping unit should be at least 1 hectare. A finer “minimum detection unit level” at approximately 
0.5 hectare can be used (according to the resolution of the selected data source) in the segmentation 
process and then aggregated to 1 hectare objects during the labelling phase. Detection of changes 
starting from the benchmark objects at every reporting time, rather then a new interpretation to be 
compared to the original, is recommended to detect only real and relevant changes. Moreover, even 
if analyst-based approaches are more subjective and have limited repeatability (but they can still be 
verified),  over  small  areas  these  are  usually  simpler,  faster,  and more  practical.  They are  very 
flexible and can be adapted to availability of expertise and data from different remote sensors. 
Analyst-based  approaches  can  help  to  keep  consistency between  local  and  national  level,  and 
improve  the  identification  of  classes  with  similar  spectral  response  and areas  with  fragmented 
spatial patterns.

The  classification system at local level is based on the classification at national level, adding a 
further hierarchical level where a floristic composition attribute is added to forest classes (e.g. Sal, 
Tropical  Mixed Hardwood,  Birch,  etc.)  through  the  information  provided by the  local  forestry 
experts that integrates data derived from remote sensing. 

The  validation of the results  can be carried out by local communities with the support of local 
forestry institutions through field surveys, according to a sampling schema defined by the central 
MRV Remote Sensing/GIS Unit.

4.2. Integration with the National Level

It is important that the land cover change assessment at local and national level over the same areas 
are consistent. The local level provides more detailed information, therefore it is acceptable that, for 
example, small patches of forest are detected in the local level but non at national level (due to the 
different MMUs and data sources). The difference must be limited to these specific cases: wherever 
the two levels disagree, the national level should be corrected using the information coming from 
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the local level. This limits the automatic repeatability of the results at national level, but improves  
the results and in any case does not prevent the external verification. The spatial consistency can be 
achieved using the local level to calibrate/validate the national level, while, whenever the national 
level is available before the local level analysis is performed, the local assessment can start from the 
result of the national level. The semantic consistency is given by the use of a hierarchical legend, so 
that the class at local level will be a more detailed specification of the class of the same portion of 
the land at national level. The coordination between the two levels can be tuned once the system is 
operational.

4.3. Role of the Different Institutions

A detailed description of the role played by local actors in the forest cover monitoring process is 
described in the Working Paper 2. In synthesis, the MRV team (Remote Sensing and GIS experts)  
are responsible for the acquisition and processing of remote sensing data and for the preliminary 
interpretation (with a hybrid approach:  segmentation plus an expert-based classification).  Local 
authorities, in coordination with CBFM-UG and with any other concerned local actor, provide a 
feedback, including the specification of the floristic composition of the different forest zones. Then, 
the interpretation is finalized by the central MRV unit and the local actors can collect field data for 
the validation of the results. Use of maps by local community members may be facilitated by the 
use of Participatory Geographical Information Systems (PGIS) (Larrazabal et al. 2012). The final 
results are disseminated to all the stakeholders through the MRV web portal.

4.4. Results of the Exploratory Analysis in the Pilot Area

In order to experiment different technical options against the country-specific condition of Nepal, a 
pilot area at local level was used to test different approaches. This exercise has been carried out at  
local level with only limited tests at national level because until the very last stage of the project, 
the  idea  was  to  replicate  the  approach  defined  by  the  REL project  (see  Section  1.6  for  the 
integration of REL and MRV methodology and Chapter 3 for the proposed methodology at national 
level). The outputs of this analysis have also been used to feed and test the MRV spatial database 
and the prototype web portal. In this section we report some of the results and conclusions. It is  
important to stress that the objective was not to produce reliable data, but only to try different 
approaches and to identify pro and cons, particularly for data sources and classification methods. 
Unfortunately, due to time constraints and limited resources for field data collection, land cover 
maps have not been validated against field data but only through a qualitative assessment using very 
high resolution images (e.g. GeoEye, GoogleEarth). For the same reasons, the procedures involving 
the participation of local communities (see Working Paper 2) have not been tested, although they 
have  been  discusses  with  local  communities  during  the  filed  visit.  Moreover,  the  land  cover 
classification system adopted is only preliminary, as the work focused mainly on the remote sensing 
classification techniques (i.e. forests are not differentiated, but only open and closed categories are 
defined). The exercise included the definition of a land cover baseline at national and local level 
(with different methods) for the study area for the year 2010 and a land cover change analysis at 
local level only for the years 2000-2010 and 2010-2012. 
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The selected pilot area is the Kaayerkhola watershed (8000 ha) in the district of Chitawan, Central 
Development Region. This area has been chosen because it was used by the 3-year project Forest  
Carbon Stocks  Measurement  (2010-2013)  by ANSAB in  collaboration  with other  partners  (see 
Section 2.1)  that  produced a  large amount  of  data  at  local  level.  This area is  characterized by 
agriculture on valley floors, and cultivated terraces on part of the hills often mixed with forests 
patches in complex and fragmented spatial patterns. Forests and, to a limited extent, shrubs and 
grassland, cover a large portion of the hilly areas. In Figures 2 and 3, the location and an overview 
of the study area are illustrated.

Data sources

A large set of ancillary data has been used to support the analysis, namely:

• Digital elevation model

• Slope

• Rivers

• Settlements

• VDC boundaries

• District boundaries

• CFUG boundaries

• Land cover ANSAB 2012
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• Land cover FRA 2010 (draft, partial coverage of the southern zone of the study area)

• Land cover ICIMOD 2010

• Land cover FAO 2006

• Land cover GLC 2000

• Land cover Survey Department 1996

• Land cover LRMP 1979

The satellite images directly and indirectly used for the classifications are listed in Table 2.

The software tools used are: the central MRV spatial database (based on PostgreSQL and PostGIS) 
to  store  and  manage  data;  QGIS  for  data  visualization  and  digitalization;  GRASS  for  image 
processing (segmentation, automatic and supervised classification). In same cases, GDAL library 
has also been used for image processing. GRASS modules were accessed through the QGIS user-
friendly interface. All these tools are free and open source. 

A picture of the data stored in the MRV database is reported in the Figure 4. The same data structure 
can be automatically replicated  using plain (spatial) SQL commands in other study areas for most 
of the ancillary data sets as they are derived from a simple clipping procedure from national data 
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stored in the database.

The data sources selected for the classification processes are:

• 2010:  RapidEye  (resolution:  5  m,  for  the  spectral  resolution  of  each  band  see 
http://www.blackbridge.com/rapideye/products/basic.htm );

• 2000:  Spot  (resolution:  10  m,  for  the  spectral  resolution  of  each  band  see 
http://www.astrium-geo.com/en/194-resolution-and-spectral-bands);

• 2012:  Aster  (resolution:  15  m,  for  the  spectral  resolution  of  each  band  see 
http://en.wikipedia.org/wiki/Advanced_Spaceborne_Thermal_Emission_and_Reflection_Ra
diometer).

The Spot image was purchased (already ortho-rectified) by the project at a cost of about 1,600 
dollars. The Aster image was purchased for 120 dollars (ortho-rectified). For the test at national 
level, a Landsat 7 image was used (freely available on Internet). The use of images with different  
resolutions at different dates is almost unavoidable for two main reasons: not all the sensors started 
to acquire data from 2000, and sometimes the cost associated with high resolution data suggests to 
use an opportunistic strategy, exploiting data that are available from other projects or at low cost.
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Table 2. Images used for the classification (in bold the reference images  
for the interpretation, the others have been used as ancillary data sets).

Satellite Date Source
Landsat 5 1976-10-28 Free from Internet 60

Landsat 5 1977-08-05 Free from Internet 60

Spot 2000-02-08 Bought by MRV project 10

Landsat 7 2001-12-27 Free from Internet 30

Landsat 7 2009-11-07 Free from Internet 30

2010-?-? 0,5

2010-?-? From FRA project 5

Landsat 7 2010-03-31 Free from Internet 30

Aster 2012-03-03 Bought by MRV project 15

Landsat 8 2013-07-29 Free from Internet 30

Resolution (m)

GeoEye From Ansab project

RapidEye

http://en.wikipedia.org/wiki/Advanced_Spaceborne_Thermal_Emission_and_Reflection_Radiometer
http://en.wikipedia.org/wiki/Advanced_Spaceborne_Thermal_Emission_and_Reflection_Radiometer
http://www.astrium-geo.com/en/194-resolution-and-spectral-bands
http://www.blackbridge.com/rapideye/products/basic.htm


Classification methods and outputs

The  image  classification  at  national  level of  the  Kaayerkhola  area  was  aimed  at  producing  a 
baseline (also called benchmark) land cover map with a minimum mapping unit of 5 hectares with 
the main scope to have a reference to test the integration of the national and the local level. The 
Landsat image was classified using an automated segmentation tested with different parameters and 
minimum unit size  (see Chapter 3 for an extensive description of the proposed methodology at 
national level). The resulting polygons were then labelled and grouped through visual interpretation, 
using the support of the RapidEye and GeoEye images and Landsat images from other periods of 
the year. The (preliminary) map is reported in Figure 5.
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The results are quite good and the processing time (due to the limited size of the study area) is fast. 
The main difficulty is related to the possibility to distinguish “pure” classes at this scale of work in 
a very fragmented landscape (especially for the mixture of forest and agriculture). For this reason, 
mixed classes were used, particularly:

• forest mixed with agriculture (forest is the dominant class, i.e. its percentage of coverage is 
larger than agriculture);

• agriculture mixed with forest (agriculture is dominant);

• forest mixed with sparse vegetation (in this case, the size of the areas with trees is below the 
threshold to be considered forest).

A further analytical step based on NDVI estimated the percentage of forest in mixed classes through 
the use of thresholds. 

The image classification at local level was based on the application of different approaches to test 
the pro and cons  of  each one  in  the specific  context  of  the hill  area  of  Nepal.  The minimum 
mapping unit used is 1 hectare. The analysis was run in 2 phases: 1) definition of a baseline and 2) a 
land cover change assessment (2000-2010 and 2010-2012). In the first phase, baseline land cover 
maps for 2010 based on RapidEye image was create using the following methods:

Remote Sensing for MRV Nepal: Activity Data Monitoring  32
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• pixel-based unsupervised classification;

• pixel-based supervised classification;

• purely on-screen visual interpretation (Figure 6);

• automatic segmentation + unsupervised classification (Figure 7);

• automatic segmentation + supervised classification;

• automatic segmentation + supervised classification + visual interpretation (Figure 8).

The main issues identified in the classification process are:

• misclassification of shadows in hilly areas (particularly, for the pixel-based methods);

• some clouds in the RapidEye image;

• similar spectral response of crop lands on terraces and shrubs;

• in some areas, it is difficult to distinguish between:

1. open forest vs closed forest;

2. open forest vs shrubs;

3. shrubs vs grassland;

4. agriculture vs grassland (less relevant for forest carbon monitoring).

In all the approaches, it was very difficult to clearly separate forest and agriculture where these 
present very small alternated areas. The solution adopted is the same used for the interpretation at 
national level (use of mixed classes with a further analysis to estimate the percentage of forest in 
mixed classes).
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In general, the fully automated (unsupervised) procedures have the advantage to be fully repeatable 
(simplifying the external verification) and to be fast. On the other side, the results produces are not 
reliable enough to be used in an operative tool that aims at providing quantitative estimation of 
forest area to be used as base for credit claiming. The results of the pixel-based classification was 
especially poor compared to the required standard.

The results of the semi-automatic procedure (supervised, both pixel based and after segmentation) 
improve  the  results,  but  still  these  do  not  reach  the  desired  quality  level,  particularly  in  the 
problematic areas described above.

The purely visual interpretation took more time than the automatic and semi-automatic procedures 
(as a general reference, 3 working days instead of 1 working day of a remote sensing analyst). Over 
many, little and sparse areas (expected for the analysis at local level), the visual interpretation is 
very fast because requires little preprocessing that can be challenging if repeated over many small 
tiles. In general the results are good and the method is very simple and practical, but much is lost of  
the spatial detail of the spatial delineation, so the improved semantic accuracy is balanced by a 
decreased spatial accuracy. Moreover, the interpretation is heavily subjective and to get a more 
robust interpretation, the same area would require interpretation form 2 analysts. 

The hybrid approach based on segmentation followed by a supervised classification and a final 
visual interpretation to modify class codes whenever needed (and, in some cases, also the polygon 
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Figure 6. Visual interpretation at local level.



boundaries) produced the best results with a good compromise in relation to the time required for 
the analysis (e.g. 2 working days). The best advantage of such a procedure is that it  can easily 
incorporate  feedback  from  the  field  based  on  the  knowledge  of  the  territory  by  the  local 
communities (including qualitative information), and also take full advantage from other ancillary 
data sets. Finally, it facilitate the integration with the nation level, as a more automatic process at 
both national and local level would necessarily lead to some inconsistencies.

In synthesis, given the very complex spatial pattern of forests in some areas, and given all the other  
constraints, it is recommended a hybrid approach that exploits the advantages of both automatic and 
semi-automatic/expert-based  procedures  at  the  cost  of  a  reduced  automatic  repeatability  and  a 
slightly increase in the time of the analysis (see Section 4.1). In areas with simpler landscape, more 
automatic procedures might achieve sufficient result (some more testing can be done in the future in 
different  regions),  although  a  more  homogeneous  methodology  in  a  country  with  a  limited 
extension as Nepal would be easier to manage.

Remote Sensing for MRV Nepal: Activity Data Monitoring  35

Figure 7. Segmentation + unsupervised classification at local level.



Land cover change preliminary results

The second phase of the analysis was the land cover change assessment 2010-2000 and 2010-2012. 
The selected approach was a visual interpretation of the changes starting from the baseline map. 
This means that only the spatial  units (i.e.  polygons) that really changed their  land cover were 
modified. In case the change affected only part of a polygon, it was reshaped to differentiate the 
changed  and unchanged  parts.  When the  polygon changed  the  land  cover  class,  the  label  was 
modified, keeping memory of the values in both dates.

This method has a number of advantages:

• the interpretation of changes is based on a complex contextual analysis that the operator can 
perform considering  all  the  available  information  (including  qualitative,  e.g.  from local 
communities);

• no fuzzy boundary effect is generated (small changes in the boundaries of the spatial units 
due to different delineation and not to real changes in the land cover class);

• possibility to use images at different resolution with limited need of preprocessing;

• possibility to “evolve” the same land cover map at each change assessment, keeping a single 
vector layer in the database (as a kind of versioned data set, or, even better, as a the same 
spatial  object  that  evolves  over  time,  which  correspond  to  a  proper  spatio-temporal 
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modelling of the land cover). From the same “dynamic” layer, land cover at different dates 
(and the correspondent changes) can be derived. A change assessment performed with the 
combined analysis of two images at two different date, can generate good results for a single 
analysis but might create some complications once the same assessment must be repeated 
every  two  years  because  this  can  potentially  produce  inconsistencies  between  change 
assessment done at different dates;

• the visual interpretation of the changes is very fast and simple, especially considering than 
usually a small portion of an area is affected by changes. Moreover, the visual interpretation 
of changes does not exclude the use of automatic or semi-automatic procedures to produce 
ancillary data sets that can drive and speed up the visual inspection. Particularly, vegetation 
indexes can be useful to estimate the forest cover in mixed classes.

In Figure 9, a picture of the land cover change 2010-2000 is illustrated. 

It is evident that some areas are covered by clouds: thanks to the flexible approach adopted, in these 
cases, a Landsat image (2010) was used to detect changes. In Table 3 and 4, a statistical summary of 
the changes are  reported (as  total  square meters  and percentage,  respectively).  The preliminary 
result is that 8% is affected by changes, but about 4% is related to a different graduation of mixed 
class  of  forest  and  agriculture.  It  is  important  to  remind  these  data  are  purely  indicative  and 
preliminary and have been used only to test the different methods.
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The land cover change assessment 2010-2012 showed that no change occurred in the forest cover in 
these 2 years. This has been confirmed by a further analysis based on a Landsat 8 images of 2013.
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Table 3. Transition matrix of land cover changes class by class (square meters). In columns, data 
from land cover 2010, in rows, data from land cover 2000.

CLASS Open forest Closed forest Grassland Agricul. Shrubs Tot 2010

Open forest 5,377,920 56,894 0 0 37,522 0 0 0 5,472,336

Closed forest 0 41,633,616 63,380 0 0 0 13,333 0 41,710,329

195,546 583,479 5,335,449 0 0 0 0 0 6,114,474

Grassland 0 0 0 340,068 0 0 0 0 340,068

Agriculture 24,912 143,770 772,906 0 10,716,943 542,435 639,084 0 12,840,050

0 108,948 600,437 0 0 903,777 0 0 1,613,162

109,502 376,704 1,074,541 0 0 1,436,158 7,351,215 0 10,348,120

Shrubs 0 0 0 0 0 0 0 1,333,553 1,333,553

Tot 2000 5,707,880 42,903,411 7,846,713 340,068 10,754,465 2,882,370 8,003,632 1,333,553 79,772,092

Forest with 
Agricul.

Agriculture 
With forest

Agricul. with 
Sparse veg.

Forest with 
Agriculture

Agriculture 
With forest

Agricul. with 
Sparse veg.

Table 4. Transition matrix of land cover changes class by class (in percentage). In 
columns, data from land cover 2000; in rows, data from land cover 2010.

CLASS Open forest Closed forest Grassland Agricul. Shrubs

Open forest 0.983 0.010 0.000 0.000 0.007 0.000 0.000 0.000

Closed forest 0.000 0.998 0.002 0.000 0.000 0.000 0.000 0.000

0.032 0.095 0.873 0.000 0.000 0.000 0.000 0.000

Grassland 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000

Agriculture 0.002 0.011 0.060 0.000 0.835 0.042 0.050 0.000

0.000 0.068 0.372 0.000 0.000 0.560 0.000 0.000

0.011 0.036 0.104 0.000 0.000 0.139 0.710 0.000

Shrubs 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000

Forest with 
Agricul.

Agriculture 
With forest

Agricul. with 
Sparse veg.

Forest with 
Agriculture

Agriculture 
With forest

Agricul. with 
Sparse veg.



5. Remote Sensing integration in the MRV Information System

Data sources and results  of the remote sensing component have to be integrated into the MRV 
information system, particularly into the spatial database and the web portal. The spatial database 
can be used to create and manage the vector layers with the land cover and land cover map layers  
(the spatial database also support topological spatial structure that can prevent errors in the analysis 
phase). Once in the database, Activity Data can be combined with the data from the NFI to produce 
estimations  of  GHG.  The  results  are  then  used  for  reporting  and  can  be  disseminated  to 
stakeholders.

5.1. Human Resources and Capacity Building

At least 2 senior (specialists) remote sensing experts are needed to run the SLMS, with the support 
of a senior GIS expert,  2 remote sensing technicians and 1 GIS technician. The remote sensing 
experts should have prior experience producing land use and land cover maps. Experts should know 
how  to  pre-process  data  for  subsequent  classification  and  analysis,  including  knowledge  of 
coordinate systems and data registration. Specialists and technicians should ideally have experience 
with  visual  interpretation  of  imagery,  digital  image  processing,  supervised  and  unsupervised 
classification and image segmentation. The GIS experts should have a complete knowledge of the 
main geomatics tools with specific reference to the forestry sector (GIS desktop, spatial database, 
spatial statistics) and some basic knowledge of remote sensing. These 6 experts (3 specialists and 3 
technicians) of the RS/GIS team can manage the national assessment and up to 60 projects at local  
level. If the local level will be extended further, additional personnel might be required.

Even if these technicians have to be work full time on MRV, the outputs can be shared with other 
activities  (land  cover  monitoring  is  a  requirement  of  many  forestry  and  non-forestry  related 
policies).

At DFRS many of these competences already exist, but it is not clear if they will be used for the 
MRV. In case new experts will be hired, they should already have the required knowledge. In any 
case, the training should be focused on very specific topics to be identified in collaboration with the  
concerned experts. The MRV Remote Sensing/GIS unit will need technical assistance (by a senior 
remote sensing expert with experience in forest monitoring and possibly with MRV systems) during 
the initial stage of the MRV implementation (e.g. for the first year) with training on the job that will  
support them to make the system operational, setting up standardized procedures and protocols. In 
this regard, a clear and realistic roadmap must be defined at the beginning of the MRV operational  
phase.

Potential problems that might raise when experts will be highly trained is that they might want to 
change position for more remunerative salaries in the private sector or in international institutions. 
This  issue  has  to  be  managed  at  institutional  level  to  make  these  positions  more  attractive. 
Outsourcing is a possible alternative, but it is not recommended for these key and full time figures

An estimation of the other costs is difficult. In fact, costs for monitoring are relevant and depends 
on the framework that is created when the system is operationalized (Bottcher et al. 2009). As the 
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recommended software platform is open source (for the hardware see the Working Paper 4) and data 
for the national level are free (Landsat images), the cost related to the remote sensing activities of 
the  central  RS/GIS unit  (excluding the  field  data  for  the  validation,  accounted  in  the  Forestry 
Inventory Unit) are limited to the acquisition of images for the local level. In this case there are 
three main options:

1. acquisition of Aster images: 60 to 120 dollars per local study;

2. acquisition of RapidEye images: 600 dollars per local study;

3. acquisition of RapidEye images for the whole country: 130,000 dollars.

In the first two cases, costs are reduced if more study areas are located in contiguous areas.

If commercial images will be acquired for the national level, this must be considered but heavily 
depends on the specific satellite that is selected.

5.2. Software and Hardware Platform

Many software tools exist for satellite image processing (see Chapter 2). Most of them offer all the 
needed capabilities. Unless the remote sensing experts are trained in a specific software platform 
which licence is already available at the MRV section, the recommended choice is open source, for 
a number of reasons:

1) the whole MRV information system is based on open source software (and the FRA is using 
a similar software platform);

2) commercial software are usually quite expensive and the licence must be renewed when new 
versions become available,  while open source software are completely free,  so financial 
resources can be used to buy data or to improve analysis;

3) open source software largely implement standards, granting the full interoperability of the 
system with other systems;

4) open  source  tools  in  the  spatial  domain  are  very advanced  and,  integrated  in  a  unique 
modular platform around the spatial database, can offer all the necessary functionalities;

5) all the algorithm used in open source software are transparent and documented, supporting 
the verification of the results;

6) open software tools are heavily supported and developed by the scientific community (efor 
example, the statistical environment R).

A powerful open source image processing tool (including image segmentation and classification) is 
GRASS, that is strictly integrated with the GIS desktop QGIS and can be easily connected both to R 
and to the spatial database (PotgreSQL + Postgis. Many other open source tools can be used to add 
further functionalities, for example GDAL, SAGA, Orfeo Toolbox. For a complete overview of the 
MRV information system, see Working Paper 4.
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INTRODUCTION 

Measurement and MRV forms one out of four key functions within the national REDD+ 

architecture (Vatn and Angelsen, 2009). Establishing and operationalizing a national MRV 

system needs to build on the link between the country’s REDD+ policy and the forest carbon 

MRV (Herold and Skutsch, 2009).  This link between national REDD+ policy and the forest 

carbon MRV provides the basis for: 

 Developing protocols and operationalizing technical units to gather/acquire and analyze the 

data related to forest carbon at national, sub-national and local levels (measurement and 

monitoring) 

 Establishing and operationalizing a unit responsible for collection of relevant data in central 

database for national estimates and international reporting as specified in IPCC GPG 

including uncertainty assessment and improvement plans (reporting); 

 Detailing out the measurement parameters for co-benefits, social and environmental 

safeguards and other monitoring parameters including roles and responsibilities at different 

levels of the system; 

 Establishing an independent framework for verifying the long-term effectiveness of REDD+ 

actions at multiple levels and by different actors (verification); 

The four major functions of a national MRV system are: 

1. Measuring the changes in forest carbon stock at national level; 

2. Evaluating the progress/performance of the country’s national REDD+ strategy 

3. Monitoring the periodic change in forest carbon stock and reporting; and  

4. Monitoring the changes in forest carbon stock at a scale equivalent to where the payment 

is liable (e.g., payment at sub-national/project level and/or to a community engaged in 

REDD+ strategy implementation) 

 

Vatn and Angelsen (2009) provide an indicative list of such tasks as follows: 

1) Development of national standards in line with international protocols and GPG to measure 

changes in forest carbon; 

2) Establishment of an independent national organization with required capacity to monitor and 

verify information; 

3) Establishment of non-carbon MRV systems, including social and environmental safeguards; 

4) Coordination and harmonization of carbon accounting and MRV systems across sectors and 

scales; 
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5) Establishment of transparent and coordinated systems for managing information, and 

ensuring their availability in public domain for all stakeholders; 

6) Reporting to the relevant national and international agencies and providing relevant 

information to actors in carbon market as appropriate; 

 

The Department of Forest Research and Survey (DFRS) of the Government of Nepal (GoN) has 

been identified as the national implementing agency for MRV system in Nepal’s R-PP. As 

envisaged, the prime responsibilities of DFRS will be: 

1. Periodic execution of forest assessments for deforestation and degradation monitoring,  

2. Design, maintain and operate National Forest Information Management System 

(NAFIMS),  

3. Coordinate the collection of sub-national level information, and  

4. Disseminate NAFIMS and MRV deliverables through a web portal.  
 

DFRS will house the MRV institution of National REDD+ architecture and therefore, will need 

to build its institutional as well as technical capacities to manage, maintain and update the 

NAFIMS and MRV system in an effective, efficient and transparent manner.  

 

1. PURPOSE 

This working paper has three-fold objectives: 

1) Review the objectives, functions, organizational structure and staffing of the DFRS; 

2) Propose refinements deemed necessary in the existing operational manual of DFRS; 

3) Propose an appropriate MRV system management architecture from central down to 

district/local forestry governance unit level that provides an indication of structure, functions 

and functional relationships, human resources and capacities at each functional level.   
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2. DFRS OPERATIONAL MANUAL: EXISTING MANDATE, 

ORGANIZATIONAL FRAMEWORK AND HUMAN RESOURCES 

2.1 Mandate 

As indicated in the operational manual 2004 of the DFRS, the four main objectives of DFRS to 

i) develop new technologies based on studies and research on issues related to forestry sector, ii) 

undertake inventories of national forests and maintain updated record, iii) provide forestry 

related studies and research services and iv) coordinate with relevant agencies. Accordingly, its 

four major functions are: 

1) Updating and maintenance of forest inventory data for sustainable forest management; 

2) Development and extension of appropriate technology for enhancement of the 

productivity of forests (both natural and plantation) 

3) Development and extension of appropriate technologies for conservation, management 

and utilization of forest, wildlife and soil and watersheds 

4) Communicating the results of studies and research in an effective manner to the target 

audience. 

2.2 Organizational Framework 

Led by a Director General (gazzetted first class technical), DFRS has two divisions, i) Forest 

Research and ii) Forest Survey. Each division is led by one deputy director general (gazzetted 

first class technical). The DFRS operational manual provides the objectives and key functions of 

all sections mentioned in the organizational structure. Terms of reference of all professionals 

from the director general down to the section heads of all sections in two divisions is elaborated 

in this manual. 

Forest Survey Division is responsible for undertaking forest survey and inventory at national 

level once in 10 years. It is also responsible for forest inventory at district level for which it uses 

aerial photos, images obtained from remote sensing and field inventory approaches. It has six 

sections e.g., 1) (Cartography) Mapping, 2) Aerial photography, 3) Forest inventory, 4) Remote 

sensing, 5) Forest utilization and 6) Biometry. The former four sections are each led by one 

senior forestry professional (gazzetted second class) and assisted by one junior forestry 

professional (one gazzetted third class). Each section has two or more rangers (senior forestry 

technicians) as appropriate. The last two sections are each led by one junior forestry professional 

(gazzetted third class and one ranger. Subject specific expertise is mandatory for staff in all 

sections. 

Forest Research Division was established for research on i) enhancing forest productivity, ii) 

managing natural and man-made forests, iii) developing propagation technologies of multi-

purpose and fast growing species and iv) site – species matching including v) socio-economic 

impacts on forests. It has six sections and five field units, one in each development region of 
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Nepal. The six sections are: 1) Plantation, 2) natural forest, 3) Agro-forestry, 4) Tree 

Improvement, 5) Soil and 6) Socio-economic. A senior forestry professional (gazetted 2
nd

 class 

technical) leads each of these sections assisted by one junior professional (gazette 3
rd

 class 

technical). Plantation and natural forest section has 2 and 3 rangers respectively and remaining 

sections except for soil section has one ranger each. Soil section has two lab boys. Each of the 

field units are led by one ranger (senior forestry technician) with one forest guard. 

2.3 Existing Human Resources 

Excluding the drivers and orderlies (5+4), the department has a staffing of 70, comprising 31 

professionals and 39 mid-level technicians. Given Survey division will have to play the key role 

in operationalizing and maintaining the NAFMIS and MRV this working paper focuses on the 

Survey Division only. 

The Survey Division has 16 professionals and 15 technicians including rangers. The chart below 

provides the type and number of human resources in different sections of the survey division. 
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3. REFINEMENTS DEEMED NECESSARY IN OBJECTIVES, FUNCTIONS AND 

OPERATIONAL MODALITIES OF DFRS AND SURVEY DIVISION 

Following refinements are deemed necessary in the DFRS Operational Manual: 

Objective of the DFRS (1.2):   

 Refine the objective’s bullet 2 and add: Periodic inventory of forest resources (using both 

remote sensing/GIS data and field validation) and maintenance, management and 

updating of NAFMIS 

 Add one bullet - Maintenance, management and operationalization of the MRV system 

including planned gradual strengthening of the system based on procurement of improved 

technology, software and capacity.  

Terms of Reference (ToR) of DFRS (1.3):  

 In bullet 1, after SFM add “and REDD/REDD+ related MRV purpose” 

 Add one bullet “Maintain, manage and improve the MRV system and make it functional 

at central, sub-national and local government (DFO) level. This shall include enhancing 

the efficiency through procurement of technology and capacity of human resources. 

3.1 Refinement proposed under Survey Division of DFRS 

 Once the FRA project has phased out, a major task of the DFRS will be to take over the 

NAFMIS developed by FRA and maintain, manage and upgrade it through procurement of 

most relevant technology and capacity in a planned manner.  

 Another major task of DFRS as foreseen in Nepal’s RPP will be to maintain and manage the 

central level MRV system, improve its efficiency and effectiveness through procurement of 

relevant technology and enhance of capacity of the human resources involved in a phased 

and planned manner.  

 It should also establish, maintain and make operational the sub-national and local 

government level MRV system over time linked to the central level MRV system. Improve 

the efficiency and effectiveness of the sub-national and local government level MRV system 

through procurement of most relevant technology and enhance of capacity of the human 

resources involved in managing them at those levels.   

Establishment of a Forest Survey and NAFMIS & MRV system Management Division should be 

considered as deemed appropriate by the MoFSC. In this case, the organization and management 
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(O and M) study of this division could be done based on the functions to be performed by this 

division and accordingly the specific sections and required human resources could be proposed. 

This will mean that the existing survey division will be restructured to effectively undertake 

forest survey using both - the remote sensing and GIS technologies and further validation 

through field surveys and inventories. 

4. KEY TASKS FOR EFFECTIVE OPERATIONALIZATION OF MRV SYSTEM – 

THE MANAGEMNT ARCHITECTURE 

The MRV project’s Working Document No. 4 provides the MRV management architecture and 

IT platform for the central level. Building on the working paper 4, the structure and functions of 

central level MRV section under the NAFMIS and MRV division of DFRS is further synthesized 

in following section. Also the functions, human resources and structure of MRV at sub-national 

and district/local governance unit level is further elaborated below.   

4.1 The Central level MRV Section1 

Under the Survey Division (which is most likely to have NAFMIS and MRV operationalization, 

maintenance and management responsibilities) of DFRS, a MRV section will be responsible for 

organizing all MRV related functions from national to sub-national and to district/local  levels 

and managing the MRV professionals. This section will be coordinated by a MRV coordinator 

who will have dual reporting responsibility – reporting to the divisional head in DFRS and also 

to the REDD division in the MoFSC. MRV section will manage and maintain the MRV system 

and also promote data dissemination about the project(s).  

 

MRV section will require four independent but closely connected units, namely  

1. Database/IT/Metadata Unit 

2. Satellite/Remote Sensing/GIS Unit 

3. Forestry Inventory Unit 

4. Reporting Unit. 

 

                                                           
1
 Adapted from the working paper 4: MRV Management Architecture and IT Platform 
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Figure 1: The MRV Section Management Architecture 

 

4.1.1 The Database / IT / Unit (DBIT):  

This is technically the core unit where 1 (one) System Administrator and 1 (one) DB Expert will 

work. The DB administrator will be responsible for managing and maintaining the MRV 

database structure (tables, relationships, keys) and assigning privileges and roles to different kind 

of users (public, editor, stakeholder, etc.), within the rules and protocols defined by the MRV 

Division. The System Administrator  manages and maintains the IT web platform interface, 

server system, OS, firewalls, web services, connections and software updates as well as the Web 

Content Management. This DBIT unit provides support for graphs and tabular/aggregated data to 

Reporting Unit upon  request. 

4.1.2 The Remote Sensing / GIS Unit (RSGIS) 

RSGIS Unit will be responsible for image processing and analysis to produce Land Use/Land 

Cover classification layers and perform GIS editing and analysis. It will ensure data integrity in 

MRV database. It will undertake change detection in different forestry classes and categories 

using Multi-temporal satellite images, DEM and other ancillary data. Once LU/LC layers have 

been produced (and validated) they will be uploaded into the MRV database. The Unit is also 

responsible for REL and WISDOM data entry and spatial data integration in the MRV system 

and should be able to provide tabular data and graphs to Reporting Unit periodically on request. 
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This unit will have 6 GIS/remote sensing experts and could also take advantage of technical 

support from the DBITMET and FORINV Unit for specific tasks. 

4.1.3 The Forestry Inventory Unit (FORINV) 

FORINV will be responsible for undertaking forest inventories nationally and coordinating 

inventories at sub-national district/local governance unit level (also integrated by FRZ data as 

and where applicable) to estimate GHG emissions using very specific algorythms and models 

applied to local data collected at district/local governance unit level. Once GHG estimates have 

been produced (and validated) they will be loaded into the MRV database. It will require 1 – 2 

forestry experts for the management of this unit.  

The Unit could also take advantage of technical support from the SATRSGIS and DBITMET 

Unit for specific tasks.  

Graphs and tabular/aggregated data should be provided to Reporting Unit upon periodical 

requests. 

4.1.4 The Reporting Unit (REP) 

This Unit provides periodic standard MRV reports (consistent with the reporting requirements 

outlined in the UNFCCC guidelines
2
) for dissemination of aggregated data and information, 

collecting the necessary info by the other three Units. 

Reporting is a key element of MRV as it provides the means by which, the country’s 

performance is assessed against its commitment or reference scenarios in future REDD+ 

mechanisms. Hence, it provides the basis for assigning incentives.  Human resources needed to 

manage this Unit is 1 REDD-MRV expert. 

 

4.2 The Sub-National Level REDD Cell and MRV Section 

Sub-national level institutional and technical arrangements for REDD and MRV is of utmost 

importance for Nepal given the remarkable diversity in its forest conditions in different 

physiographic and development regions. Differences in nature, rate and intensity of impact of a 

range of parameters responsible for deforestation and degradation of forests also demands sub-

national level REDD and MRV arrangements and this has been justified by adopting a nested 

approach for the country. 

 

Under the policy and strategic guidance of the central level REDD division the sub-national 

MRV will remain integrated with the national MRV system. It will provide policy and 

                                                           
2
 See the “MRV Manual”, by FCMC (October 2013) 
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operational guidance for the implementation of MRV at CBFMU level and to REDD FMUs 

other than CBFMUs (e.g., government managed, collaborative, protected and leasehold forests). 

It will also oversee and guide the capacity building of various stakeholders and beneficiaries of 

REDD+ engaged in such projects. Its major technical functions will be i) coordination and 

implementation of forest inventory and field verification of GIS based forest maps produced 

from central MRV; ii) data processing and reporting to central MRV; iii) technical/capacity and 

other defined support at local project (FMU) level;  

 

The sub-national level REDD MRV institution (could be called cell, section or unit) located in 

the sub-national or regional forestry office) will coordinate with and guide the district/local 

government level forestry institutions and also supervise and monitor their REDD and MRV 

related activities. It will be managed by a sub-national level REDD and MRV coordinator (a 

forestry expert) assisted by an IT/monitoring expert skilled at operationalizing the MRV related 

data base. Institutional and human resources capacity strengthening responsibilities at sub- 

national level will be taken care of by the relevant the Regional Training Centre and this will be 

coordinated by the already existing Regional Forestry Director/Directorate. The forest inventory 

unit of the central MRV will provide technical assistance to the Regional Training Centres to 

plan and organise the capacity building activities for all districts in sub-national level. 

 

Human Resources requirements for sub-national level REDD and MRV Unit in this case would 

be limited to maximum 3, - 1sub-national REDD and MRV coordinator, 1 IT/MRV database 

expert and 1capacity building expert.  

4.3 The District/Local Governmence Unit Level REDD and MRV Section 

The role of existing DFOs in working as the knowledge centre, official entry point of all sorts of 

information/data generated in course of REDD+ implementation and facilitating agency for 

effective REDD+ implementation at local CBFM and other FMU level has been well recognized 

by all stakeholders from national down to local level. Despite the fact that participatory approach 

to forest carbon measurement and monitoring is advocated by all stakeholders, the verification 

and validation of such data will have to be done by DFO prior to their entry into the national 

MRV database
3
. DFOs have presence down to the range post level and each range posts are 

responsible to provide forest protection and management services in tentatively 4 to 10 VDCs. 

Forest technicians located in range posts work closely with local communities promote CBFM as 

and where applicable.  

 

                                                           
3
 DFRS exists at the central level and needs to coordinate with DoF and DFO for forest inventory and forest carbon 

measurement and recording at sub-national and district level. 
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At the DFO level therefore, a REDD and MRV section will need to be established with computer 

and internet based database management arrangements. Forest carbon measurement data from all 

CBFM units and other FMUs participating in REDD+ will have to be validated by the DFO, 

refined and entered in the database maintained there. For this purpose it will need a computer 

operator skilled at data entry, its maintenance and management in DFO. An adequate number of 

DFO field staff should be trained to work as a facilitator capable of providing technical 

assistance to local forest managers of CBFM and other FMUs as and when required. They might 

also need to create awareness and train the local forest managers involved in participatory forest 

carbon measurement activities.  

 

Human resources required at DFO level will be at least two forestry technicians with additional 

knowledge and skills of IT and database maintenance/management. For facilitation and capacity 

building of local forest managers, at least 4 rangers and 8 forest guards should be trained on 

REDD and MRV related social and technical aspects.  

 

4.4 Functional Relationships Along the Three Tiers of MRV System Governance 

Mechanism 

The national/central level MRV Section is overall responsible for all MRV related functions 

under the policy/strategic guidance of the REDD Division and technical guidance from the 

Survey Division of the DFRS. It will need to ensure that the sub-national level MRV system is 

well integrated with the national level. The central level MRV provides all 

technical/technological support, procures the human resources and builds capacities and 

infrastructure required for effective management and operationalization of the sub-national 

MRV. It also steers and supervises the Sub-national level MRV functions.  

In addition to performing the MRV functions the sub-national MRV institution also provides the 

technical oversight, guidance and capacity support to the DFOs for effective and timely forest 

inventory, participatory forest carbon measurement, data entry and maintenance of database in 

DFO.     
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List of Acronyms 

DNS :  Domain Name System 

TCP :  Transmission Control Protocol   

IP :  Internet Protocol   

IP Address :  Internet Protocol Address 

AJP :  Apache JServ Protocol  

FTP :  File Transfer Protocol 

PC :  Personal Computer 

DFO :  District Forest Office 

DB :  Database 

GIS :  Geographic information system 

MRV :  Measuring, Reporting and Verifying 

NFMS :  National Forest Monitoring Systems 

PFSF :  Pilot Forest Survey Form 

CSMF :  Carbon Stock Measurement Form 
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Connecting to the server and basic management 

IT platform (the set of software configured / developed specifically for the project and the web portal) is  
hosted on a Linux virtual machine running CentOS 6.5 64bit, made by the virtualization software Virtual 
Box 4.3. 

The virtual machine has network interface eth0 configured according to the following network 
parameters: 
 

Parameter Configuration 

IP Address 172.16.80.153 

Subnet mask 255.255.0.0 

Gateway 172.16.10.56 

Primary  D.N.S.  172.16.10.1 

Secondary  D.N.S.  172.16.10.2 

 

In the virtual machine, there are two users: mrv_user and the system administrator root. The login 
password for both these utilities are agriconsulting. 

The virtual machine is running on the server "physical" provided for the project. The server uses the 
Linux operating system, the distribution CentOS 6.5 64bit. On the server there are two users: mrv_user 
and the root user. The login password for both of these utilities is agriconsulting. The virtualization 
software VirtualBox 4.3 running the virtual machine is configured with the user mrv_user. 

The physical server has a network interface eth0 that is configured according to the following network 
parameters: 
 

Parameter Configuration 

IP Address 172.16.80.150 

Subnet mask 255.255.0.0 

Gateway 172.16.10.56 

Primary  D.N.S.  172.16.10.1 

Secondary  D.N.S.  172.16.10.2 

 

The eth1 interface of the server is not configured,  it can be used to connect the server to a different 
subnet. 

Access to the portal, and thus to different software of IT platform, is possible by connecting the servers 
on the network. To do this it is necessary to follow one of the following operating modes: 

 Single connection: it is necessary connect the server to a PC through crossover ethernet cable  
and configure the network card of the PC so that it appears as to be in the same subnet as the 
server (172.16.xx.xx static IP address, subnet mask and 255.255 .0.0). IT platform will be visible 
only to the PC connected to the server; 

 Multiple connection: it is necessary to connect the server and the local PC to a hub or Ethernet 
switch, set up the network adapters of the local PC so that it appears in the same subnet as the 
server, to avoid IP address conflicts. In this way, IT platform will be visible to all PC on the 
network. If the pc undertakings have a second network interface (ethernet or wi-fi) you can 
configure it so that as to connect the PC to the corporate network. 

For changing the settings of network adapters, you should refer with work instructions for the operating 
system running on the client machine (eg Windows XP, Windows 7, Windows 8, Linux). 
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If needed, you can work on the server machine or virtual machine without have physical access to 
server. Specifically: 

 Connection by Linux environments 

Open a shell command bash and enter the command: 

 ssh <utente>@172.16.80.150, to connect to the server machine with the user <user> 
 ssh <utente>@172.16.80.153, to connect to the virtual machine of IT platform with 

users <user>. 
 

 Connection by Windows environments  

On Windows you need to download the accessories software to operate from remote systems 
provided. Below is a list of recommended software and described in the following pages: 

 WinSCP (http://winscp.net/eng/index.php): useful to move and / or copy files from / to 
your local PC to / from the remote; 

 PuTTY (http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html): used to 
open remote command shell; 

 Xming (http://sourceforge.net/projects/xming/): X11 server to run graphical applications 
locally on the server. 

The installation of WinSCP and PuTTY are considered essential while Xming is optional and useful 
only if you want to run graphical applications remotely on the server. In the following we will 
consider two typical use cases of the proposed software, assuming that on the client is installed 
as a Windows 7 operating system. 
For more information about the use of these software please refer to the documentation con-
sulted and / or downloaded at the website indicated above. 

 
Access to / editing remote files on the virtual machine of IT platform 

Situation: access to the virtual machine (172.16.80.153) to copy or modify files in the home 
mrv_user directory using WinSCP; 

Steps to follow to complete the task: 

o Run the  programm WinSCP (figura 1); 

 

 

Figure 1 – Running WinSCP 

 

http://winscp.net/eng/index.php
http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
http://sourceforge.net/projects/xming/
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o Once you start the program, create a new connection and fill the required fields with the 
network parameters of the virtual machine (Figure 2) you can save the connection settings for 
future sessions of work without the need to recompile the required information. When done, 
press the Login button. 

 

 

Figure 2 – Connecting to server 

 

o The interface of software will be presented in two sections: on the left you will see the 
files in the local PC and on the right those on the remote server (Figure 3). Now you can move to 
the desired folder on the server, in this example / home / mrv_user, and copy and / or edit the 
files. 

 

 

Figure 3 – Local Files (left) and remote files (right) 
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o In Figure 3 the button, that allows you to run PuTTY directly into WinSCP without making 
a new connection, it is highlighted in red. The Linux shell terminal will be open to the same 
server that is connected to WinSCP (Figure4).. 

In order to perform the operation correctly, you must first configure the path where the 
application is installed. To do this, open the menu Options \ Preferences, select the 
menu item Integrations \ Applications; fill in the field "Path PuTTY" indicating the 
location of the file putty.exe within your system. Select the option “Open Telnet sessions 
in PuTTY for FTP sessions”. Confirm the changes to the settings. 

 

 

Figure 4 – Running PuTTY from WinSCP 

 
  



Development of a Measurement, Reporting and Verification (MRV) System for Emissions and Removals  

IT PLATFORM - USER MANUAL 

 

Agriconsulting S.p.A.  Page 5 

Running remotely the virtual machine manager  

Situation: Using PuTTY to remotely open the graphical manager of the virtual machine (Virtual 
Box) on the server: 

Steps to follow to complete the task: 

o Run the Xming server, answer yes to any requests of the operating system to allow 
network access to the software. Make sure that the application is running on by 
identifying the icon in the Windows system tray;  

o Run PuTTY;  

o Configure PuTTY to connect to physical server (Figure 5A) and enable forwarding of 
graphics calls to the local X11 server (Figure 5B); 

 

  

Figure 5A (on the left) e 5B (on the right) 
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o Make the connection by pressing the "Open"; 

o Enter the user's login credentials of mrv_user ; 

o From the command prompt, run the command: virtualbox 

o You will then see locally the screenshot of the graphical manager of Virtual Box (Figure 
6), from which you can graphically manage the virtual machine on which you are running IT plat-

form. 
 

 

Figure 6 – Graphical manager of Virtual Box 

 
The virtual machine running on the user mrv_user of the "physical" server  it is configured to auto-start 
on boot of the server and it is automatically closed when turning off the server through the halt 
command or equivalent; it is not necessary any operation of start / stop of virtual machine. 

Should it be necessary to stop or restart the virtual machine manually, you can run or graphically enter 
to the operator (described above) or run the following commands from a remote terminal as user 
mrv_user: 

Poweroff: VBoxManage controlvm "MRV Test" poweroff 

Restart: VBoxManage controlvm "MRV Test" reset 

Start: VBoxManage startvm "MRV Test" --type headless 

To check the list of running virtual machine, you can run the command:  VBoxManage list runningvms. 

For a comprehensive guide of these commands to manage remotely virtual machines, refer to the 
manual of virtualization software Virtual Box, available at the web:  
https://www.virtualbox.org/wiki/Documentation 
 
 

https://www.virtualbox.org/wiki/Documentation
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Web Portal 

The web portal is the point of access to all services provided and developed for the project MRV System 
Nepal; it’s realized by customizing the open source software Liferay Portal 6.2. 

This user manual will describe the main management operations and maintenance of the portal; further 
information about the usage of Liferay Portal product are available directly at the project website: 
https://www.liferay.com/en/documentation/liferay-portal/6.2/user-guide.  

 

Overview of the Web Portal  

The portal can be accessed at http://172.16.80.153 or, alternatively, to http://172.16.80.153:8080; to 
enter you must have previously connected terminal or PC to the local subnet of the server (see also 
chapter "Connecting to the Server and basic management") and then type the address in the address 
bar of any web browser (figure 7) . 
 

 

Figura 7 –Web Portal 

 

The portal is composed of a public section, visible to all visitors of the web site (guest users), and of a 
private section, accessible only to registered users in the system. Registering a new account is paid by 
the administrator of the portal. 

The public section of the portal is composed of a section with information about the project MRV System 
Nepal, and another one that offers visitors two of the instruments developed ad-hoc for IT platform: 

 WebGIS:  viewer of geographic data of the project MRV System Nepal 

 Metadata: Catalogue of geo-referenced data. 

Private section of the portal is visible to users only after login (fig.8). It includes the following menus: 

 Documents: in this section, user can upload and download files 

 Field data: software for data acquisition, developed for Nepal MRV System 

 Reporting: software for reporting, developed for Nepal MRV System 

https://www.liferay.com/en/documentation/liferay-portal/6.2/user-guide
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 Admin Tools: administration panel of the softwares described above 
 

 

Figure 8 – Web Portal (Private Section) 

 
Private section's menus are visible to registered users, according to their permissions. 

In this manual are described the user profile, the sections of tools and softwares made for this platform, 
and some parts of administration section of the portal. 

For further information about portal configuration (e.g. changing menu items, changing permissions to 
menu items, adding menu items or web pages), please refer to user manual of Liferay Portal version 6.2. 

 

Management of groups, roles and user credentials 

In this portal are defined several sets of users, that can be grouped as follows: 

 NATIONAL_USR: National User Group 

 SUBNATIONAL_USR: Subnational User Group 

 LOCAL_COM_USR: Local User Group 

 DFO_USR: DFO (District Forest Office) User Group 

For each of users group is associated a role, used to handle access and permissions of all sections of the 
portal: 
 

Role 
Role Description Groups 

 

National Role Role for the national users NATIONAL_USR 

Subnational Role Role for the subnational users SUBNATIONAL_USR 

Local Role Role for the local community users LOCAL_COM_USR 

DFO Role Role for the DFO users DFO_USR 
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In addition to ad-hoc roles created for this web portal, we mention the following default roles of Liferay 
Portal: 

 Administrator: role of administrator of the portal; 

 Site administrator: role of administrator of website; 
 

Access to each section can be summarized as follow: 

 Public Portal Sections Private Portal Sections 

REDD+ in 
Nepal 
Section 

Methodolog
y Section 

WISDOM 
Section 

WebGIS 
and 
Metadata 

Documents Field 
Data 

Reporting Admin 
Tools 

National 

Role 





















 





Subnational 

Role 





















 





Local 

Role 





















 





DFO 

Role 































Administrator 

 

































Site 

Administrator 

































Guest        

 

In the portal there is a pre-registered user for each role described until now, so that we can have a 
generic vision of this product: 
 

Role Registered User Registered User Password 

National Role national@mrv.com national 

Subnational Role subnational@mrv.com subnational 

Local Role local@mrv.com local 

DFO Role dfo@mrv.com dfo 

Administrator info@agriconsultingict.it agriconsulting 

Site Administrator siteadmin@mrv.com siteadmin 

  

mailto:national@mrv.com
mailto:subnational@mrv.com
mailto:local@mrv.com
mailto:dfo@mrv.com
mailto:info@agriconsultingict.it
mailto:siteadmin@mrv.com


Development of a Measurement, Reporting and Verification (MRV) System for Emissions and Removals  

IT PLATFORM - USER MANUAL 

 

Agriconsulting S.p.A.  Page 10 

 

Create new users 

If necessary, it is possibile to create a new user in the web portal. To do that, please follow these 
operative steps: 

 Log in as Administrator user; 

 From the dockbar (bar in the upper right of the browser) select the menu item “Admin”, 
and then select “Control Panel” (fig.9); 

 

 

Figure 9 – Menu Admin 

 

 From “Control Panel” menu, select “User and Organizations” (fig.10), then click to “Add” 
→ “User” (fig.11); 

 

 

Figure 10 – Control Panel 
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Figure 11 – Create new users 

 

 Compile the form (fig.12), then confirm data clicking to “Save” button. User e-mail is 
used as username to access the portal; 

 

Figure 12 – Compiling user’s data 
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 Come back to “Users and Organizations” menu, find the new user created, and then click 
to “Actions” button and select “Edit” item.  Will be proposed a form to modify user data (fig.13); 
 

 

Figure 13 – Modifying user’s data 

 

 Registration of the new user will be terminated after compiling at least the following 
sections: 

o Password: insert a temporary password in the required text fields; 
o User Groups: select one of the group described above in this section (e.g. 

NATIONAL_USR) so that application can define user's permissions inside the portal; 
o Roles: they are automatically compiled, based on selected user group; 

 

When compilation has been done, click the “Save” button for changes to take effect. 
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 The new user can now login into the portal. For the first login, system will ask user to 
insert a new password and to choose a question with the relative answer, so that user can 
restore password in case of loss (fig.14). 
 

 

Figura 14 – New user’s login 

 
To create new roles, user groups and detailed informations of management of portal users, please refer 
to Liferay Portal 6.2 user manual. 

 

MRV WebGIS Management 
Spatial data repository 

Spatial data used by WebGIS are stored in different places, depending if they are rasters or vectors. 

Vector data are stored in the RDBMS named mrvnepal built with PostgreSQL/PostGIS. The mrvnepal DB 
is organized in several schemas, containing homogeneous data for some characteristics (i.e.: 
administrative boundaries, environmental data, national level data, local level 
data, etc.). 

Schemas’ prefixes used in mrvnepal DB are the following: 

o ll   local level 
o nl   national level 
o op  other project 

 

To manage mrvnepal DB you can use pgAdmin III, an opensource tool (user: 
postgres, password: postgres). 

Raster data (GeoTIFF) are stored in a file system folder in CentOS MRV Server: 

/opt/apache-tomcat-6.0.37/webapps/geoserver/data/data/MRV_NEPAL/ 

Official coordinate system for MRV Nepal spatial data is EPSG:4326. 
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Spatial data management 

Desktop GIS - QGIS 

In order to prepare data to be published by the WebGIS you need to work with a desktop GIS software, 
e.g. QGIS, an opensource GIS software used for this project. 

Using QGIS you can: 

 perform topology check on vector data, 
 perform geoprocessing operations, 
 delete, update, add attributes and check their integrity and relationships, 
 mosaic, cut, georeference, transform, reclass rasters (using GRASS and/or GDAL), 
 build appropriate legends, symbols and labels, 
 set scale dependencies, 
 save rendering styles in SLD standard XML format 

 

 

Server GIS - GeoServer 

GeoServer1 is an open source software server written in Java that allows users to share and edit 
geospatial data. Designed for interoperability, it publishes data from any major spatial data source using 
open standards. 

The Web Administration Interface is a web-based application used to configure all aspects of GeoServer, 
from adding and publishing data to changing service settings. 

 

 

 

 

The system administrator (user: admin, password: geoserver) can load spatial data from mrvnepal DB 
into GeoServer and publish them using different OGC services, mainly WMS (Web Map Service). 

                                                           
1
 For GeoServer complete documentation refer to http://docs.geoserver.org/stable/en/user/ 

http://docs.geoserver.org/stable/en/user/


Development of a Measurement, Reporting and Verification (MRV) System for Emissions and Removals  

IT PLATFORM - USER MANUAL 

 

Agriconsulting S.p.A.  Page 15 

We recommend to change default login administration parameters if plan to publish the web portal on 
the internet. 

To manage MRV spatial data in GeoServer there are two Workspaces, mrv_national (national data 
extent) and mrv_local (local data extent). But according with the specific circumstances you can decide 
to add as many workspaces you need. Analogous to a namespace, a workspace is a container which 
organizes other items. In GeoServer, a workspace is often used to group similar layers together. 

To load and publish data with GeoServer you have to create a new Store (or to connect to an existing 
one). A store connects to a data source that contains raster or vector data. A data source can be a file or 
group of files, a table in a database or a single raster file. Using the store construct means that 
connection parameters are defined once, rather than for each piece of data in a source. As such, it is 
necessary to register a store before loading any data. 

To add a new vector store for MRV project you have to connect to mrvnepal DB, so clicking on “Add New 
Store” > “PostGIS” data source. In the next window please leave default settings except the following: 

 Workspace : <select the workspace> 
 Host : 172.16.80.153 
 Database :  mrvnepal 
 Schema : <name of the schema in the mrvnepal DB> 
 User : postgres 
 Password : postgres 

Once you are connected to a PostGIS Store the list of postGIS layers appears and you can select the one 
to be published. 

To add a new raster store for MRV project click on “Add New Store” > “GeoTIFF” data source. In the next 
window select the corresponding Workspace, enter a unique name and browse to the data source in the 
server repository. GeoTIFF for MRV system are stored here: 

/opt/apache-tomcat-6.0.37/webapps/geoserver/data/data/MRV_NEPAL/ 

To manage layers click on “Layers” on the left panel. Select the layer and click “Compute from native 
bounds” and, if necessary, also “Compute from data” to set data extent. 

Then click on “Publishing” tab to select the correct style to be used to draw the layer. If you want to use 
a customized style you should have created it first. 

To create a new customized style (for raster or vector data) click on “Styles” > “Add a new Style”. Here 
you can browse for an existing SLD file or write a new one2. 

To see and verify the correctness of the loaded layer you can click on “Layer Preview” and then on 
“OpenLayers” link. 

 

 

 
  

                                                           
2
 For a comprehensive documentation about SLD see http://docs.geoserver.org/stable/en/user/styling/index.html 

http://docs.geoserver.org/stable/en/user/styling/index.html
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WebGIS Management 

We use a customized version of NFMS software platform3 (originally developed by FAO for UN-REDD 
Programme) to disseminate spatial data about MRV project in Nepal. 

 

 

 

Use the following settings to manually manage WebGIS layers and appearance: 
 

FILE /var/portal/layers.json 

Description The file layers.json is in the root of the custom directory. 

It contains the information to associate user interface elements (layer list 
pane on the left side of the page) to the WMS layers provided by GeoServer 
(or by other external sources), and customize legends, online legends 
thumbnails, and identify which layers can be queried. It also allows to group 
layers into a three levels tree. 

The layers.json file is divided into three sections: 
 layers 
 contexts 
 contextGroups 
 

layers section Each object in the layers section of the JSON document has a 
correspondence with the layers defined in GeoServer. The correspondence is 
many to one, meaning that more than one object in layers can be associated 
with the same GeoServer layer. 

Follows a description of each element in the layers object: 

                                                           
3
 For detailed technical documentation see http://nfms4redd.org/doc/index.html 

http://nfms4redd.org/doc/index.html
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 id: the layer identifier. Should be unique. 

 label: label to be shown on the user interface - its value points to an 
element in the translation messages file (see above) through substi-
tution tag ${...}. See messages_<language_code>.properties file to 
customize labels. 

 baseUrl: the base url of the associated GeoServer layer. 

 WMSName: the name of the associated GeoServer WMS layer. 

 imageFormat: the format of the image (usually image/jpeg, im-
age/png, image/png8, or image/gif). 

 visible (optional): "true" or "false" (defaults to "true") Whether the 
layer is visible or not (if not, it’s used only for queries. When a layer 
is queryable, a WMS getFeatureInfo request is sent to the server 
when clicking on it. In the sample above the reddPlusProjects_simp 
layer is a simplified version of reddPlusProject, used to highlight the 
contour of polygons. 

 legend (optional): the file name of the layer legend. It is resolved to 
the custom dir path static/loc/<language_code>/images/<legend> 
by the application. 

 sourceLink (optional): the link to the data source. 

 sourceLabel (optional): the label to be used for the source link. 

 queryable (optional): "true" or "false" (defaults to "false") whether 
the layer can be queried or not. 

 wmsTime: it can be either: 

o a list of time instances, using the following formats: 
 “YYYY”, for yearly data. i.e. "2012" 

 “YYYY-MM”, for monthly data. i.e. "2012-08" 

 “YYYY-MM-DD”, for daily data. i.e. "2012-08-15" 

o A reference to a GeoStore layer. In this case, the value is 
constructed with a replacement tag 
${time.**geostore_layer_name**}. For example, 
${time.forest_mask_mosaic} will match the for-
est_mask_mosaic layer in GeoStore, so the time values will 
read from GeoStore’s layerUpdate resources for the given 
layer. 

The legend, sourceLink and sourceLabel elements are used to show the layer 
legends in the Legend pane: 
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context section contexts puts in relation layer objects with real elements in the User 
Interface - see image below. A context can cointain one or more layers. In 
this section you can set the overlay order for visible layers according to their 
relative position in the layer tree of the context section. 

 

 

Follows a description of each element in the context object: 

 id: the context identifier. Should be unique. 

 label: label to be shown on the user interface - its value points to an 
element in the translation messages file (see above) through substi-
tution tag ${...}. See messages_<language_code>.properties file to 
customize labels. 

 layers: array with references to layer id‘s in the layers section. 

 infoFile (optional): html file with the info related to the context. It is 
resolved to the custom dir path stat-
ic/loc/<language_code>/html/<infoFile>. It is loaded when clicking 

on the . 

 inlineLegendUrl (optional): url of the legend image to be shown at 
the left of the layer name, if available (see image below). It’s only 
usable if the layers has a legend that fits a 20x20 pixel image. 

 active (optional): indicates if layer will be active when page is first 
loaded. 

contextGroups section The contextGroups defines the tree structure (up to three levels) of the 
layers pane. It’s a recursive structure. 

 group: 

o At the first level it defines the different expandable elements in 
the “accordion” layers pane (“MRV Subnational/local level” in 
the image above). 

o At the second level (optional) it defines a grouping for the con-
texts (“----- Kaayerkhola -----” in the image above). 

o At the last (second or third level) it defines the context con-
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tained in the group (“Study area boundaries” in the image 
above). Each context string in the items array must match one 
of the contexts defined earlier. 

 label: 

o label to be shown on the user interface - its value points to an 
element in the translation messages through ${...} replacement 
syntax. See messages_<language_code>.properties file to cus-
tomize labels. 

 

FILE /var/portal/static/custom.js 

Description Some custom portal actions have to be defined as javascript functions. For 
MRV project we use EPSG:3857 for coordinate extent. 

Here you can set: 

 UNREDD.maxExtent  the maximum extent for the layers 

 UNREDD.restrictedExtent  limit map navigation to this extent 
where possible. If you wish to limit the zoom level or resolution, use 
maxResolution. 

 UNREDD.maxResolution 

 UNREDD.mapCenter  XY coordinates for the map center 

 UNREDD.defaultZoomLevel 

 UNREDD.wmsServers   base URLs for the WMS layers 

 UNREDD.layerInfo  to link click events to customized popups 

 

FOLDER /var/portal/static/loc/< language_code >/html/ 

Description Contains HTML files with additional info (for layers, for groups, etc.): the 

html file is loaded when clicking on the . 

 

FOLDER /var/portal/static/loc/< language_code >/images/ 

Description Contains PNG files for thematic legends. 

 

FOLDER /var/portal/messages/ 

Description File names must be placed under $PORTAL_CONFIG_DIR/messages, and 
named messages_<language_code>.properties. They contain localized 
string that are used to dynamically translate portal contents to get the local-
ized text depending on the user’s selected language. They contain key = val-
ue pairs, where key is the unique identifier of the localized text, and value is 
the actual translation. 

The files that make use of the message files are: 

 header.tpl and footer.tpl - the portal header and footer templates. 
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 layers.json - used to define the layers and its rendering. 

To refer to the localized string from these files, add a replacement tag of the 
form ${...}, like in the example in layers.json file: "label": 
"${env_data_ecoregion}". 

 

FOLDER /opt/apache-tomcat-6.0.37/webapps/portal/images/ 

Description Contains logo images to be incorporated in HTML info files. 

 

 

 

MRV Metadata Catalogue for Nepal 

To manage metadata catalog for MRV project we use GeoNetwork platform, an opensource software 
designed and developed by FAO. 

 

 

 

For a complete documentation about how to administer and how to customize web interface we 
recommend to refer to GeoNetwork User Manual4. 

It is important to notice that this Catalog could refer to any type of metadata, not only geographical data, 
but also documents, video, pictures, static maps, datasets, etc. 

For MRV project we use ISO 19139 standard notification5 to store XML file metadata. 

To enter Administration interface login is required (user: admin, password: admin). We recommend to 
change default login parameters if plan to publish the Metadata Catalog on the internet. 

                                                           
4
 http://geonetwork-opensource.org/manuals/2.10.3/eng/users/index.html 

5
 http://www.iso.org/iso/catalogue_detail.htm?csnumber=32557 

http://geonetwork-opensource.org/manuals/2.10.3/eng/users/index.html
http://www.iso.org/iso/catalogue_detail.htm?csnumber=32557
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Once logged in and clicking on Administration link you can add, delete or modify Categories, to facilitate 
research, and you can also delete, insert, add, modify, import or create new metadata. 

To create new metadata you should use the “(iso19139) Template for MRV data”, selecting it from the 
list. 

 

Document Management 

All registered users are allowed to access to document management section of the portal (fig.15). 

In this section, users can upload and download documents with a few simple steps; this section is based 
on the “Documents and Media” default section of Liferay Portal. 

There are three directory inside the document management: 

 MRV Nepal Project Documents 

 Local Documents 

 National Documents 
In the folder “MRV Nepal Project Documents”, users can upload all or part of the documents of MRV 
System Nepal project (e.g. working paper, full proposal); these documents will be made available to 
registered users. According to data sensibility of each document, it will be appropriate to set the right 
visibility restriction rules, setting ad-hoc permissions to access documents. 

The folder “National Documents” is designed to contain all the National User and DFO User documents. 
User with these two roles can add new documents and folders inside this directory. Users with the role 
“Local Role” or “Subnational Role” can view these documents, but they can't add anything. Finally, users 
with the role “Administrator” or “Site Administrator” can access in write/read mode to data in each 
folder and modify permissions to data or folder when necessary. 

Adding a document inside a folder is simple. Just follow these steps: 

 Click to a folder name to enter inside it; 

 Click to “Add” button and then click to “Basic Document” menu item; 

 Select file to upload, compile metadatas associated with the document and, optionally, set the 
permissions referred to the registered users (fig.16 below). 

 
Prototype of documental management have a limitation: documents added inside a folder doesn't have 
the same permissions of the folder itself. User can handle manually this permission after the upload 
operation. 
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Figure 15 – Document management 

 

 

Figure 16 – Insert new document 
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Field Data: MRV Pilot Forest Survey Form (PFSF) e Carbon Stock Measurement 
Form (CSMF) 

The portlet available on the "Field Data" menu item allows users to capture, in the information system 
developed for the prototype, the data necessary for the production of reports concerning the calculation 
of biomass and carbon stocks . 

The portlet consists of eight form grouped as follows: 

 Main Lookup Management: this form allows users to capture the preliminary data useful for the 
compilation of the next forms, such as the plot’s data, the management regime , the districts 
and the personnel carrying out the surveys . The system is supplied with the look-up tables 
already partially filled (fig. A); 

 Plot Campaign: this form is used to acquire data of a plot for a certain year, specifying 
Management Regime (a Community Forest generalization) and REDD Project for which 
measurements are done (fig. B) ; 

 Pilot Forest Survey Form (PFSF): this form allows user to acquire more informations about a plot; 
most of these fields are auto-completed (e.g. species, keywords) or it can be selected through a 
drop-down menu (e.g. Pilot) (fig.C); 

 Carbon Stock Measurement Form (CSMF): this is the section with the higher number of forms (5 
forms). It allows users to acquire informations about a plot, useful to calculate biomass and 
carbon stock. For this purpose, data inserted in Form 3 “Tree – DBH and Height Measurements” 
are crucial. (fig. C,D,E,F,G,H) 

PFSF and CSMF forms are designed to be filled independently, even if acquired data refer to the same 
Plot Campain (Plot, Year, Management Regime and REDD Project). With these settings, user that will 
compile forms can work with more agility, allowing an horizontal approach (the data in these forms can 
be inserted by the same person) and a vertical approach (each form of different plots can be filled in by 
different persons) of work. 

 

Fig. A 
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Fig. B 

 

 

Fig. C 
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Fig. D 

 

 

Fig. E 
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Fig. F 

 

 

Fig. G 
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Fig. H 

 

Reports 

Reporting software, as well as data acquisition software, was developed as a portlet, so that it can be 
integrated inside Liferay Portal. 

This tool allows users to visualize six different reports, made starting from acquired data and calculating 
through different mathematical algorithms, depending on the tree species. 

To evaluate the tool potentiality without acquiring thousands of data manually, the platform was loaded 
in advance with a fixed set of real data (see Chapter “Administration Tools”). 

Reports that user can use can be divided into two types: “Volumes and Biomass” and “Biomass and 
Carbon Stock”. These reports contains data aggregated for each year, and then are further aggregated for 
“Sample Plot”, “Community” and “Stratum”. 

Reporting form (fig. X1) is simple to use: once selected the desired report for typology and aggregation 
level, user can produce the report simple clicking the “Execute” button, and the software will compile 
dynamically the report data (fig. X2,X3,X4,X5). 

The term “dynamically” indicates that user can immediately generate a new report after he has inserted 
new data into the system. 



Development of a Measurement, Reporting and Verification (MRV) System for Emissions and Removals  

IT PLATFORM - USER MANUAL 

 

Agriconsulting S.p.A.  Page 28 

 

Fig. X1 

 

 

Fig. X2 
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Fig. X3 

 

 

Fig. X4 
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Fig. X5 

 

Administration Tools 

The administration tools are useful to support data insert form and reports. The main purpose of these 
tools is that of loading in advance a default set of real data, so that reporting software can elaborate and 
produce reports based on real data that could be inserted inside the relative form at any time. In this 
way, user can realize the potentiality of the developed system without filling in the form. 

The form of this section shows three buttons (fig.XX), which are: 

 Delete DB: this function erases the application database, deleting all data except the lookup 
tables used by the system to run applications. 

 Load Species: this function loads tree species with the relative parameters useful for calculate 
biomass and carbon stock. 

 Load DB: this function loads example data to watch reports. 

This system is provided with the example data already loaded inside the database, so that users 
aren’t forced to insert data. 

The system can be reset at any time to allow users to start with a system without any data. To do that, 
user can execute the two functions “Delete DB” and “Load Species” exclusively in this order. 
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Figure XX – Administration Tools 

 

Summary of system configuration 

Credentials to access the server: 

 “Physical” server (172.16.80.150) 
o Username: root / mrv_user 
o Password: Agriconsulting 

 Virtual machine “MRV Test” (172.16.80.153) 
o Username: root / mrv_user 
o Password: Agriconsulting 

 

Credentials to access the website: 

 Portal Administrator 
o Username: info@agriconsultingict.it 
o Password: Agriconsulting 

 MRV_Nepal Site Administrator 
o Username: siteadmin@mrv.com 
o Password: siteadmin 

 User with National profile 
o Username: national@mrv.com 
o Password: national 

 User with Subnational profile 
o Username: subnational@mrv.com 
o Password: subnational 

 User with DFO profile 
o Username: dfo@mrv.com 
o Password: dfo 

 User with Local profile 
o Username: local@mrv.com 
o Password: local 

mailto:info@agriconsultingict.it
mailto:siteadmin@mrv.com
mailto:national@mrv.com
mailto:national@mrv.com
mailto:national@mrv.com
mailto:national@mrv.com
mailto:dfo@mrv.c
mailto:dfo@mrv.c
mailto:local@mrv.c
mailto:local@mrv.c
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The web portal and the MRV softwares “Pilot Forest Survey Form” (PFSF), “Carbon Stock Measurement 
Form” (CSMF) and reporting portlet use the relational DBMS PostgreSQL 9.3 for data storage. This DBMS 
is installed into the virtual machine stored into the virtual machine. 

The connection data to PostgreSQL DBMS and to database applications are: 

 IP Address: 172.16.80.153 
o Port: 5432 
o DBMS Administrator: postgres 
o DBMS Administator password: postgres 

 Web-Application Database (Insert data form and data visualization portlets) 
o Database: mrv_data 
o User: mrvnepal 
o Password: mrvnepal 

 Web Portal Database (Liferay Portal) 
o Database: liferay 
o User: liferay 
o Password: liferay 

 
The web portal, data input, reporting and GIS Tools are web applications running on Apache Tomcat 
servlet container; particularly: 

 Nepal REDD+ WebGIS, MRV Metadata Catalogue for Nepal (Geonetwork) and Geoserver run on 
Tomcat version 6, installed on the /opt/apache-tomcat-6 .0.37 directory. 

 Web Portal (Liferay Portal 6.2) and related data input and reporting portlets run on Tomcat 
version 7, installed on the /opt/liferay-portal-6.2.0-ce-ga1/tomcat-7.0.42/ directory. 

Cofiguration ports of the two servers are: 

 Tomcat 7: Port TCP 8080 / AJP 8009 

 Tomcat 6: Port TCP 8081 / AJP 8010 
Both servers are configured to run automatically at virtual machine startup. 

If there is necessary to manually start/stop the servlet containers, it can be used the services realized for 
this purpose. Just launch a command shell as root user and type one of the following command: 

 To start Tomcat 6, run “service tomcat6 start” command 

 To stop Tomcat 6, run “service tomcat6 stop” command 

 To start Tomcat 7, run “service tomcat7 start” command 

 To stop Tomcat 7, run “service tomcat7 stop” command 
 
Operating system of virtual machine (172.16.80.153) is configured to redirect calls to port 80 to AJP port 
of Tomcat 7 servlet container; this operating model was realized configuring the system daemon “httpd”, 
particularly configuring “mod_proxy_ajp” module (configuration file: /etc/httpd/conf.d/proxy_ajp.conf). 

Please refer to CentOS 6.5 operating system documentations to make changes at this configuration. For 
further information, please visit the website http://www.centos.org. 

 

http://www.centos.org/
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1. INTRODUCTION 

1.1 Background 

 
Reducing Emissions from Deforestation and Forest Degradation (REDD) is evolving as 
a means to reduce forest sector carbon emissions through forest management and 
enhanced forest governance in forestry and related sectors.  
 
REDD+ preparation activities in Nepal have progressed significantly, with support from 
the World Bank’s FCPF, the country developed a Readiness Preparation Proposal (R-
PP).  
 
The Nepal R-PP has provided Nepal’s roadmap for developing and implementing the 
REDD strategy, based on certain underlying principles agreed by representatives of all 
stakeholder groups in Nepal’s forest sector. These include: 
 

1. Aligning the National REDD Strategy with Nepal’s overall development strategy, 
and with the new priorities being established by the upcoming Constitution.  

 
2. Enhancing coordination between different sectors and government agencies 

responsible for these sectors to ensure sustainability and avoid conflicts between 
national and sectorial policies and programs. 

 
3. Ensuring multi-stakeholder involvement in aspects of REDD that reflects the 

diversity of actors in Nepal’s forestry sector from both government and civil 
society and including those stakeholders from other sectors such as agriculture, 
local development, energy and infrastructure 

 
4. Utilising and building the capacity of existing multi-stakeholder institutions at 

national, sub-national levels for designing and delivering the REDD strategy and 
for sharing benefits from REDD 

 
5. Linking Nepal’s REDD Strategy with national priorities for addressing poverty and 

enhancing the livelihoods of people who are dependent on forest resources. This 
means that implementation of REDD has potential co-benefits for Nepal’s poverty 
reduction strategy. 

 
6. Using the REDD Strategy to capture and fully value the wide range of ecosystem 

benefits coming from forests including maintenance of biodiversity, soil and water 
conservation, sustainable development and economic growth as well as the 
value of timber and non-timber forest products. 

 
7. Establishing a clear link between carbon ownership rights and land tenure and by 

clarifying issues of rights to forests as a priority during the preparation of REDD  
 

8. Recognising the important role that forests play in adaptation to climate change 
as well as their role in climate change mitigation through REDD 

 
9. Building and expanding on Nepal’s internationally recognized successful 

experiences with reducing deforestation and forest degradation and forest 
conservation and enhancement through participatory approaches to forest 
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management and benefit sharing and by encouraging further piloting and sharing 
from during the REDD preparation phase 

 
10. Seeking and coordinating international funding support from Nepal’s 

development partners to ensure consistency of approach and greater cost 
effectiveness of REDD  

 
Nepal’s national REDD+ strategy needs to build on the many community based forest 
management (CBFM) mechanisms being practiced since over three decades now. Over 
one third of Nepal’s forests are under one or the other CBFM regime which clarifies the 
potential role of communities in Nepal’s REDD+ implementation.  CBFM and particularly 
the community forestry (CF) user groups have evolved as robust institutions with 
institutional arrangements and accumulated experiences of forest management 
planning and implementation. With realization of forest user groups’ stake and potential 
role in REDD+, Nepal’s R-PP has already justified the need of a hybrid (nested) 
approach which will enable the country to go for early participation in REDD+ at sub-
national/local level while engaging in continuous improvement of its MRV institution and 
capacity for MRV system strengthening.   
 
A nested approach is a flexible mechanism. It allows countries to start REDD+ efforts 
through sub-national activities and gradually move to a national approach, or for the 
coexistence of the two approaches in a system where REDD credits are generated by 
projects and governments, thus maximizing the potential of both approaches. 
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1.2  Description of the present assignment and scope of this 
document 

 
Description of the present assignment 

The World Bank’s Forest Carbon Partnership Facility (FCPF) is assisting Nepal with 
support to develop and apply strategies to address the drivers of deforestation and 
forest degradation.  
 
Some of the key technical elements of REDD+ readiness work, namely, designing a 
Monitoring, Reporting and Verification (MRV) System (the present assignment), 
developing a Strategic Economic and Social Assessment Tool for REDD+ safeguards 
and developing a Reference Scenario are already on-going.   
 
In this context, with Nepal moving ahead in the readiness phase, it needs to establish 
the organizational capacity to efficiently and sustainably operate a national forest 
carbon MRV program. 
 
A reliable, credible system of measuring, reporting and verifying (MRV) changes in 
forest carbon stocks is a cornerstone of any national REDD+ scheme and MRV is a 
crucial part of a performance based REDD+ mechanism. 
 
An institutional architecture for MRV system ideally needs to ensure:  

 Effectiveness: implying MRV system is driven by the development and 
implementation of Nepal’s REDD+ policy and activities; 

 Efficiency: ensuring transparent, consistent and cost-effective data collection and 
procedures. It requires clear terms of reference of actors involved and their 
sustained capacity to meet national and international REDD+ requirements and 
report forest carbon changes according to IPCC GPG; 

 Equity: implying appropriate integration of local measurements with national 
monitoring, international requirements and independent reviews to ensure 
participation and transparency among all involved 

 
Four fundamental requirements for a national institutional framework for MRV are:  

 Coordination: a high-level national coordination and cooperation mechanism to 
link forest carbon MRV and national policy for REDD+, and specify and oversee 
roles, responsibilities and co-benefits, and other monitoring efforts; 

 Measurement and monitoring: protocols and technical units for acquiring and 
analysing the data related to forest carbon at national and sub-national levels; 

 Reporting: a unit responsible for collecting all relevant data in a central 
database, for national estimates and international reporting according to IPCC 
GPG, and uncertainty assessments and improvement plans; and 

 Verification: an independent framework for verifying the long-term effectiveness 
of REDD+ actions at different levels and by different actors;  

 

An institutional architecture for Nepal’s MRV system is expected to need setting up the 
following institutions, with clearly defined roles and responsibilities, and with institutional 
arrangements for logical interaction among themselves: 

 A national coordination and steering body or advisory board, including a national 
carbon registry; 
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 A central carbon monitoring, estimation, reporting and verification authority; and 

 Forest carbon measurement and monitoring units; 
 
In Nepal’s case, assistance in the development of MRV systems will strive to ensure: 

 Relevant government and non-government agencies/institutions, civil society 
organizations (CSOs) local communities and private sector having a stake in 
REDD+ at national, sub-national, district and/or local forest management unit 
(FMU) level are informed and consulted through their active participation in the 
process of setting up of the MRV system; 

 The system developed becomes institutionally robust and fully operational 
meeting both national and international REDD+ MRV requirements;  

 Ensures i) linking MRV (emissions and carbon impact) to policy (drivers of D and 
FD); ii) national estimation and reporting based on measurement at the sub-
national and forest management unit scale driven by REDD+ related activities; iii) 
early participation and interim performance while the MRV system is established 
and gradually strengthened to achieve fully operational stage with enhanced 
capacity over time. 

 
According to the country’s R-PP , integrating the MRV system to include national, 
regional/district and management unit levels will enable accounting for REDD+ 
contributions at all levels thus allowing for equitable benefit sharing based on actual 
performance. 
 
In this context the present assignment was aimed at: 
 

 To assist the Nepal REDD Programme in the development of a comprehensive 
and detailed proposal for the continuous collection, analysis and verification of 

national data on forest‐related carbon emissions and sequestration for 
implementation as part of REDD+ in Nepal.  

 
Expected outputs were as follows: 

 document the design and early implementation of an eventually coherent 
operational system of measuring and reporting changes in deforestation 
and/or forest degradation, and forest carbon conservation and carbon stock 
enhancement activities in Nepal; 

 demonstrate the MRV system’s capability to monitor the specific REDD+ 
activities as prioritised in Nepal’s REDD+ strategy; the system must also 

enable the tracking of reversals of emissions reduction (i.e. non‐permanence) 
and displacements of emissions (i.e. leakage); 

 detail the MRV system’s resolution, coverage and accuracy, and the carbon 
pools included; present an action plan to develop a fully operational system 
over time, including the required institutional arrangements and the existing 
vs. required capacities.  

 present a ‘Learning Plan for MRV’ for capacity building that defines the 
remaining requirements for the implementation of the capacity building for 
MRV in terms of additional training activities, hardware and software. 

 
The present proposal for the MRV system includes provisions for: 

 the maintenance and periodic re‐measurement of a system for established 
permanent sample plots representative of all major forest types in Nepal; 
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 the development of the forest inventory capabilities of the country’s 
Community Forestry User Groups (CFUGs) and establishment of a system for 
the integration and consolidation of forest measurement and management 
information generated by CFUGs to fulfil their forest management obligations; 

 national level forest carbon emission reporting / accounting based on 
acquisition and analysis of remote sensing data; and 

 a full cost proposal for a system to strengthen forest data collection, analysis 
and support REDD transactions. 

 
Overall outputs of the MRV Project 
 
The MRV Project had duration of 9 months, from June 2013 to March 2014. During this 
period the following working papers have been produced: 
 
Working 

Paper 
Number 

Title Brief description 

1 MRV Geographic Information System 
Data catalog 

Describes the spatial and statistical 
information collected and organized by 
the MRV Project. 

2 Methodological approach of the MRV 
Project to REDD+ activities at local 
(CBFMUs) level 

Methodological approach for MRV at 
sub-national and local level 

3 Analysis of Institutional Structure for 
MRV System within Nepal’s National 
REDD+, present Architecture 

Analysis of Institutions related to MRV 
and REDD+ mechanisms. 

4 MRV IT GIS Platform  
 

Technical description of the prototype 
MRV IT GIS platform developed. 

5 Case Study on Measurement and MRV 
Capacity Requirements of 
Communities, Local Forest Authorities 
and Other Stakeholders 

Findings and recommendations from a 
case study on MRV implementation in 
two pilot local Communities. 

6 WISDOM Nepal and contribution to 
MRV 

Wood fuel Integrated Supply and 
Demand Overview Mapping for the 
whole Nepal. Includes fuel wood supply 
and demand balance, and its 
implications for forest degradation risk. 

7 Remote Sensing for MRV: Activity 
Data Monitoring 

Describes the proposed approach for 
monitoring activity data at National and 
Sub-National level, using Remote 
Sensing. 

8 Nepal’s MRV System Management 
Architecture: Structure, Functions, 
Human Resources and Capacities 

Describes the proposed institutional 
architecture the future management of 
MRV. 

9 IT platform user manual Provides a user manual for operating 
the IT platform containing the prototype 
of the MRV System 

10 MRV Full Costs Proposal Summarizes the findings of the MRV 
proposal, including technical, 
institutional and financial requirements. 

11 MRV Full Costs Proposal – Executive 
Summary 

Provides an extreme synthesis of the full 
costs proposal 
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Scope of this document 

Measurement and MRV forms one out of four key functions within the national REDD+ 
architecture (Vatn and Angelsen, 2009). Establishing and operationalizing a national 
MRV system needs to build on the link between the country’s REDD+ policy and the 
forest carbon MRV (Herold and Skutsch, 2009). 

In our view, the successful implementation of an MRV system requires significant 
actions on two sides: 

a) Institutional development, and 
b) Technical development. 

In brief the two development components above should perform the following 
complementary tasks: 

Policy and the forest carbon MRV component will provide the basis for: 

a) Developing protocols and operationalizing technical units to gather/acquire and 
analyse the data related to forest carbon at national, sub-national and local levels 
(measurement and monitoring) 

b) Establishing and operationalizing a unit responsible for collection of relevant data 
in central database for national estimates and international reporting as specified 
in IPCC GPG including uncertainty assessment and improvement plans 
(reporting); 

c) Detailing out the measurement parameters for co-benefits, social and 
environmental safeguards and other monitoring parameters including roles and 
responsibilities at different levels of the system; 

d) Establishing an independent framework for verifying the long-term effectiveness 
of REDD+ actions at multiple levels and by different actors (verification). 

Technical forest carbon MRV Unit should perform the following functions 

a) Measuring the changes in forest carbon stock at national level; 
b) Evaluating the progress/performance of the country’s national REDD+ strategy 
c) Monitoring the periodic change in forest carbon stock and reporting; and  
d) Monitoring the changes in forest carbon stock at a scale equivalent to where the 

payment is liable (e.g., payment at sub-national/project level and/or to a 
community engaged in REDD+ strategy implementation) 

In addition both development functions (Institutional and Technical) need to be 
harmonized between national and sub-national level in an effective and innovative 
nested approach, peculiar to Nepal, given its tradition of long-term established 
community based forest management unit (CBFMU), which is a kind of unique 
development feature. 

Following this framework, the present document is structured in logical Sections, in 
order to explain our understanding of the needed steps, as follows: 

 MRV at National Level 
o Present situation 
o Institutional aspects 
o Technical aspects 
o Institutional and technical development needs 

 

 MRV at Sub-National Level 

o Present situation 
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o Institutional aspects 
o Technical aspects 
o Institutional and technical development needs 

 

2. MRV AT NATIONAL LEVEL 

2.1  General Approach 

 
Regarding the capacity of the proposed Program entities to implement this approach for 
Nepal’s REDD+ architecture, R-PP and MRV emphasizes on:  

 Using existing institutional structures and arrangements to a possible extent ;  
 Using multi-stakeholder bodies at sub-national, district and local forest 

management unit/community levels; 
 Creation of a central clearinghouse/carbon registry to work as a depository of 

REDD related information, allow for enforcement of standards and engage in 
carbon transaction; 

 Ensuring that information on measurement and reporting (MR) is readily 
available at all levels and to all actors including GOs, NGOs, CSOs, federations, 
research institutions and private sectors; 

 Ensuring that local stakeholders and forest managers in all forest management 
regimes (e.g. CF, CoFM, government managed forests and PAs) participate and 
engage in field based monitoring as required and scheduled; 

 Ensuring the data is generated through periodic monitoring of forests under 
REDD, through a tested and institutionalized internal verification system by the 
MRV implementing agency – the DFRS. 

 
 

2.2  Present Institutional Structure for MRV System within Nepal’s 
National REDD+ Architecture 

 
MRV system as an institution forms one main pillar of National REDD+ architecture. An 
institutional assessment of actors and institutions that are engaged or are likely to 
engage directly and/or indirectly in gathering and verifying information on actual 
reductions in forest emissions, processing of information and reporting at multiple 
governance levels in Nepal’s forestry sector was undertaken (Pls. see working paper 4).  
 
Institutions need to be built on existing institutions and would need to include: 

 A REDD+ policy steering authority at central level and institutions to manage 
technical, financial, administrative and supervisory aspects at sub-national and 
local levels 

 An MRV system institution - that will gather and verify information on actual 
reductions in forest emissions and report to national and international 
counterparts; 

 A REDD+ payment institution responsible to channel funds from international to 
sub-national and local level according to the volume, location and type of 
emission reductions; 
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Institutional Assessment is concerned with ways in which institutions are formed 
and function. It basically looks into i) distribution of rights and responsibilities 
among actors, ii) cost of coordination among them (transaction cost), and iii) 
ways in which the actors’ interest, motivation and perspectives will be influenced 
by the institutional structure. An associated purpose of institutional assessment is 
to provide clarity as to whether the institutions put in place are legally appropriate 
and are widely supported within the democratic governance framework.  
 
The national REDD+ architecture is interpreted as: 

 An institutional structure defining the capacities and responsibilities of 
different actors including GOs, NGOs, CSOs and private sector involved in 
REDD+; and  

 Rules that define the interaction among actors. Such rules clarify how the 
coordination between actors including communication, negotiation and 
control and management will take place.  

 The operational format of these institutions will be reflected in the cost of 
coordination and the motivation cost of human resources within institutions.    

 
Table 1: Multi-sector and Multi-level Actors in Nepal’s REDD+ Architecture 

Levels/ 
Sectors 

Government Actors 
Bi/Multi-level development 

Agencies 
NGOs/CSOs 

Central level 

Ministries of: 
 Forest and Soil 

Conservation, 
 Agriculture and 

Cooperatives 
 Science, 

Technology and 
Environment 
Energy, 
 Land Reform 
 Water Resources 
 Physical 

Infrastructure 
&Transportation 
 Local Development 

 DFID 
 UNDP, 
 World Bank, 
 FINNIDA 

 International Centre 
for Integrated 
Mountain 
Development 
(ICIMOD) 
 WWF Nepal 
 FECOFUN, ANSAB, 
 Forest Action 

ACOFUN, 
 NEFIN, DANAR 

Nepal, NAFAN, 
 Associations of TFPs 

and NTFPs traders, 
tourism and hydro-
power promoters etc. 

Regional level 

 NRM related 
regional 
directorates 
 Regional Forestry 

Directorate, 
Training Centre 

    

District level 
 DDC, NRM related 

district offices 
 Forestry/NRM/CC 

adaptation projects, 
 District chapters of 

national NGOs/CSOs 

Local Level 
 Forest and NRM 

related offices 
  

 CFUGs,  
 LhFUGs, 
 Relevant CBOs 
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2.3 Actors of REDD+ in Nepal’s Forestry Sector 

 

2.3.1 MFSC and its Departments 
 
MFSC is the highest forestry sector authority mandated for sustainable development of 
country’s forests and watersheds including biodiversity and NTFPs conservation. It 
strives to promote participatory approaches and contribute in poverty reduction through 
promotion of forest based enterprises and employment generation.  
 
MFSC is the main actor in Nepal’s REDD+ architecture with its four technical divisions 
(Planning and HR, Foreign Aid Coordination, Environment and M&E) and five 
departments [1) Forest (DoF), 2) Forest Research and Survey (DFRS), 3) National 
Parks and Wildlife Conservation (DNPWC), 4) Soil Conservation and 5) Plant 
Resources] charged with policy, strategic and operational level steering of forestry 
sector development.  
 

Institutional Structure of Ministry of Forest and Soil Conservation of Nepal 

 
 
  



MRV Full Cost Proposal 

 

Page 10 

In its pursuit to participating in global REDD+ mechanism and readiness preparation, in 
January 2009, Nepal’s MFSC created a three-tiered institutional structure1. It comprises: 

a) A 49-member multi-stakeholder and multi-sector high level policy steering, 
coordination institution named “Apex Body” chaired by the Forest Minister; 

b) At operational level, a REDD Working Group (RWG) from within the national 
REDD+ stakeholder forum chaired by the Forest Secretary; and  

c) A REDD Forestry and Climate Change Cell as a coordinating entity;  
 

 
 
 
The Department of Forest Research and Survey (DFRS) of the Government of Nepal 
(GoN) has been identified as the national implementing agency for MRV system in 
Nepal’s R-PP. As envisaged, the prime responsibilities of DFRS will be: 

1) Periodic execution of forest assessments for deforestation and degradation 
monitoring,  

2) Design, maintain and operate National Forest Information Management System 
(NAFIMS),  

3) Coordinate the collection of sub-national level information, and  
4) Disseminate NAFIMS and MRV deliverables through a web portal.  

DFRS will house the MRV institution of National REDD+ architecture and therefore, will 
need to build its institutional as well as technical capacities to manage, maintain and 
update the NAFIMS and MRV system in an effective, efficient and transparent manner.  

                                                 
1
 This institutional structure is yet to get legally formalized. The REDD forestry and CC Cell does not exist in the GoN 

approved organogram of MFSC, and the staff therein are on deputation from MFSC departments.    
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2.3.2 Review of present objectives, functions, organizational structure and 
staffing of the DFRS 

 
Mandate 
As indicated in the operational manual 2004 of the DFRS, the four main objectives of 
DFRS are to i) develop new technologies based on studies and research on issues 
related to forestry sector, ii) undertake inventories of national forests and maintain 
updated record, iii) provide forestry related studies and research services and iv) 
coordinate with relevant agencies.  
 
Accordingly, its four major functions are: 

1. Updating and maintenance of forest inventory data for sustainable forest 
management; 

2. Development and extension of appropriate technology for enhancement of the 
productivity of forests (both natural and plantation) 

3. Development and extension of appropriate technologies for conservation, 
management and utilization of forest, wildlife and soil and watersheds 

4. Communicating the results of studies and research in an effective manner to the 
target audience. 

 
Organizational Framework 
Led by a Director General (gazetted first class technical), DFRS has two divisions, i) 
Forest Research and ii) Forest Survey. Each division is led by one deputy director 
general (gazetted first class technical). The DFRS operational manual provides the 
objectives and key functions of all sections mentioned in the organizational structure. 
Terms of reference of all professionals from the director general down to the section 
heads of all sections in two divisions is elaborated in this manual. 
 
Forest Survey Division is responsible for undertaking forest survey and inventory at 
national level once in 10 years. It is also responsible for forest inventory at district level 
for which it uses aerial photos, images obtained from remote sensing and field inventory 
approaches. It has six sections i.e. 

1) Cartography;  
2) Aerial photography; 
3) Forest inventory; 
4) Remote sensing; 
5) Forest utilization and  
6) Biometry.  

 
The former four sections are each led by one senior forestry professional (gazetted 
second class) and assisted by one junior forestry professional (one gazetted third 
class). Each section has two or more rangers (senior forestry technicians) as 
appropriate. The last two sections are each led by one junior forestry professional 
(gazetted third class and one ranger. Subject specific expertise is mandatory for staff in 
all sections. 
 
Forest Research Division was established for research on  

i) enhancing forest productivity,  
ii) managing natural and man-made forests,  
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iii) developing propagation technologies of multi-purpose and fast growing 
species and site species matching and their socio-economic impacts on 
forests.  
 

It has six sections and five field units, one in each development region of Nepal. The 
six sections are:  

1. Plantation; 
2. Natural forest;  
3. Agro-forestry;  
4. Tree Improvement;  
5. Soil and  
6. Socio-economic.  

 
A senior forestry professional (gazetted 2nd class technical) leads each of these 
sections assisted by one junior professional (gazetted 3rd class technical). Plantation 
and natural forest section has 2 and 3 rangers respectively and remaining sections 
except for soil section has one ranger each. Soil section has two lab boys. Each of 
the field units are led by one ranger (senior forestry technician) with one forest 
guard. 

 
Existing Human Resources 
Excluding the drivers and orderlies (5+4), the department has a staffing of 70, 
comprising 31 professionals and 39 mid-level technicians. Given that Survey Division 
will have to play the key role in operationalizing and maintaining the NAFMIS and MRV 
this document focuses on the Survey Division only. 
The Survey Division has 16 professionals and 15 technicians including rangers. The 
chart below provides the type and number of human resources in different sections of 
the Survey Division. 
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2.4  Proposed Framework of National REDD+ Institutional Architecture  

As presented in the introduction section above, it is required to build a national level 
institutional structure for REDD+ comprising all three elements of REDD+ architecture 
e.g. policy, coordination and steering entity, MRV system entity and carbon payment 
entity from central down to sub-national and district/local levels . The next step will be to 
work out their respective functions including flow of required information among these 
entities both horizontally and vertically. Human resources and their capacity needs at 
different layers of institution including the institutional strengthening will need to be 
analyzed. Finally a framework of the policy/legal arrangements will have to be designed 
and enacted for effective, efficient and transparent functioning of the designed REDD+ 
architecture.  
For Nepal’s REDD+ architecture, R-PP emphasizes on:  

 Using existing institutional structures and arrangements to a possible extent 
(page 47);  

 Using multi-stakeholder bodies at subnational, district and local forest 
management unit/community levels (page 48 -49); 

 Creation of a central clearinghouse/carbon registry to work as a depository of 
REDD related information, allow for enforcement of standards and engage in 
carbon transaction (page 50); 

 Ensuring that information on measurement and reporting (MR) is readily 
available at all levels and to all actors (page 66) including GOs, NGOs, CSOs, 
federations, research institutions and private sectors; 

 Ensuring that local stakeholders and forest managers in all forest management 
regimes (e.g. CF, CoFM, government managed forests and PAs) participate and 
engage in field based monitoring as required and scheduled, 

 Ensuring the REDD relevant data is generated through periodic monitoring of 
forests, through a tested and institutionalized internal verification system by the 
MRV implementing agency –the DFRS  

 
National REDD+ architecture has been conceptualized in the flow chart below in line 
with the R-PP provisions. It comprises the three key elements of REDD+ architecture 
and has some salient features e.g. 

 The central carbon registry is proposed in parallel with the Apex body keeping in 
view that it need to be an independent body represented by multi-sector/multi-level 
stakeholder representatives with a separate secretariat.   

 An MRV system technical support/advisory committee is proposed with an objective 
to fulfill its research, technology and capacity needs including institutional 
strengthening in future. An associated objective is to maintain transparency in 
functioning of M and MRV at national level, and ensure that the perspectives of 
relevant MRV stakeholders and forest managers are captured in course of 
management, maintenance and strengthening of the MRV system on a regular and 
continued basis.    
 

Representation from relevant organizations should however, be bilaterally discussed 
and it should be ensured that the organizations are capable, interested and willing to 
contribute in the strengthening of MRV system as per the objectives of the proposed 
MRV advisory committee. So far as the role of different stakeholders in MRV Advisory 
committee is concerned, the entities e.g., i) Nepal’s national information center, MoSTE, 
NAST, ICIMOD and WWF etc. are likely to contribute in research, technology transfer 
and strengthening of national MRV system; ii) Academia e.g. TU/Institute of Forestry 
(IoF) and Kathmandu University (KU) could contribute through research and human 
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resources development, and advise on the technological strengthening of the MRV 
system; iii) CSOs e.g., FECOFUN, ACOFUN, ANSAB etc. having stake in carbon 
forestry could bring in the forest managers’ perspectives in M and MRV system 
management and strengthening. This should be considered as a broad ToR for the 
MRV advisory committee which is likely to get further refined once a functional MRV 
system accumulates learning and experiences over years to come.  
 

 

 

2.4.1 Refinements deemed necessary in objectives, functions and operational 
modalities of DFRS and Survey Division. 

 
Objective of the DFRS (1.2):   

 Refine the bullet 2 of the objective of DFRS (it says “Undertake inventory of forests 
at national level and maintain updated data”) and add: Periodic inventory of forest 
resources (using both remote sensing/GIS data and field validation) and 
maintenance, management and updating of NAFMIS 

 Add one bullet under the objective - Maintenance, management and 
operationalization of the MRV system including planned gradual strengthening of the 
system based on procurement of improved technology, software and capacity.  

 
Terms of Reference (ToR) of DFRS (1.3):  

 Bullet 1 of DFRS’s ToR says “For the purpose of SFM, maintain an updated record 
of the national forest inventory”. After SFM add “and REDD/REDD+ related MRV ” 

 Add one bullet “Maintain, manage and improve the MRV system and make it 
functional at central, sub-national and local government (DFO) level. This shall 
include enhancing the efficiency through procurement of technology and capacity of 
human resources. 
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FRA has developed Open Source Forest Information System (OSFIS). This system in 
its current stage manages the inventory data, spatial data sets and also has a standard 
platform for data dissemination. The OSFIS however may not be considered as a full 
Management Information System as the system is primarily designed for the ongoing 
inventory only. It needs to be upgraded to enable continuous monitoring of the 
permanent sample plots with advance UIs and modules and database structure. 
 
Once the FRA project has phased out, a major task of the DFRS will be to take over the 
OSFIS developed by FRA Nepal, integrate the MRV structure and maintain, manage 
and upgrade it through procurement of most relevant technology and capacity in a 
planned manner.  
 
Another major task of DFRS as foreseen in Nepal’s RPP will be to maintain and 
manage the central level MRV system, improve its efficiency and effectiveness through 
procurement of relevant technology and enhance of capacity of the human resources 
involved in a phased and planned manner.  
 
It should also establish, maintain and make operational the sub-national and local 
government level MRV system over time linked to the central level MRV system. 
Improve the efficiency and effectiveness of the sub-national and local government level 
MRV system through procurement of most relevant technology and enhance of capacity 
of the human resources involved in managing them at those levels.   
 
Establishment of a Forest Survey and NAFMIS & MRV system Management Division 
should be considered as deemed appropriate by the MoFSC. In this case, the 
organization and management (O and M) study of this division could be done based on 
the functions to be performed by this division and accordingly the specific sections and 
required human resources could be proposed. This will mean that the existing survey 
division will be restructured to effectively undertake forest survey using both - the 
remote sensing and GIS technologies and further validation through field surveys and 
inventories. 

2.5  Key tasks for effective operationalization of MRV System. The 
Management Architecture 

 
The MRV project’s Working Document No. 4 provides the MRV management 
architecture and IT platform for the central level. Building on the working paper 4, the 
structure and functions of central level MRV section under the NAFMIS and MRV 
division of DFRS is further synthesized in following section.  
 
The structure, role and responsibilities of the proposed MRV Section are described 
hereunder. 
 

2.5.1 The Central level MRV Section 
 
Under the Survey Division (which is most likely to have NAFMIS and MRV 
operationalization, maintenance and management responsibilities) of DFRS, a MRV 
section will be responsible for organizing all MRV related functions from national to sub-
national and to district/local  levels and managing the MRV professionals. This section 
will be coordinated by a MRV coordinator who will have dual reporting responsibility – 
reporting to the divisional head in DFRS and also to the REDD division in the MoFSC. 
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MRV section will manage and maintain the MRV system and also promote data 
dissemination about the project(s).  
 
MRV section will require four independent but closely connected units, namely  

1. Database/IT/ Unit 
2. Remote Sensing/GIS Unit 
3. Forestry Inventory Unit 
4. Reporting Unit. 

 

 

The MRV Section Management Architecture 
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2.5.2 The Database / IT / Unit (DBIT):  
 

This is technically the core unit where 1 (one) System Administrator and 1 (one) DB 
Expert will work. Additionally, both professional should be on a part time basis (6 man \ 
months per year each) and their expertise should be shared with other units (e.g. FRA, 
NAFMIS). 
 
The DB administrator will be responsible for managing and maintaining the MRV 
database structure (tables, relationships, keys) and assigning privileges and roles to 
different kind of users (public, editor, stakeholder, etc.), within the rules and protocols 
defined by the MRV Division.  
 
The System Administrator  manages and maintains the IT web platform interface, server 
system, OS, firewalls, web services, connections and software updates as well as the 
Web Content Management. 
 
This DBIT unit provides support for graphs and tabular/aggregated data to Reporting 
Unit upon request. 
 

2.5.3 The Remote Sensing / GIS Unit (RSGIS) 
 

RSGIS Unit will be responsible for image processing and analysis to produce Land 
Use/Land Cover classification layers and perform GIS editing and analysis. It will ensure 
data integrity in MRV database. It will undertake change detection in different forestry 
classes and categories using multi-temporal satellite images, DEM and other ancillary 
data. Once LU/LC layers have been produced (and validated) they will be uploaded into 
the MRV database. The Unit is also responsible for REL and WISDOM data entry and 
spatial data integration in the MRV system and should be able to provide tabular data 
and graphs to Reporting Unit on request. 
This unit will have 2 RS specialist, 2 RS technicians, 1 GIS specialist and 1 GIS 
technician and could also take advantage of technical support from the DBIT and 
FORINV Unit for specific tasks. 

2.5.4 The Forestry Inventory Unit (FORINV) 
 

FORINV will be responsible for undertaking forest inventories nationally and 
coordinating inventories at sub-national district/local governance unit level to estimate 
GHG emissions using very specific algorithms and models applied to local data 
collected at district/local governance unit level. Once GHG estimates have been 
produced (and validated) they will be loaded into the MRV database. It will require 2 
Forestry Experts for the management of this unit.  
 
The Unit could also take advantage of technical support from the RSGIS and DBIT Unit 
for specific tasks. Graphs and tabular/aggregated data should be provided to Reporting 
Unit upon requests. 
 
  



MRV Full Cost Proposal 

 

Page 18 

2.5.5 The Reporting Unit (REP) 
 

This Unit provides periodic standard MRV reports (consistent with the reporting 
requirements outlined in the UNFCCC guidelines2) for dissemination of aggregated 
data and information, collecting the necessary info by the other three Units. 
Reporting is a key element of MRV as it provides the means by which, the country’s 
performance is assessed against its commitment or reference scenarios in future 
REDD+ mechanisms. Hence, it provides the basis for assigning incentives.  Human 
resources needed to manage this Unit are 1 REDD-MRV expert. 
 

 

2.6  Technical aspects for the National MRV 

 
The Measurement component of the MRV system consists of data, procedures, 
protocols and tools to monitor human activities and their impact on forests, providing 
quantitative estimations of human-induced carbon stock changes. The three pillars of 
this component are reported in the figure below. 
 
 

 
 

2.6.1 Estimation of Activity Data 
 

A national monitoring system provides the foundation for reporting and to verify that all 
the forest-related or REDD+ activities at every level have a positive effect as regards 
human impact on forest carbon. To achieve this result the monitoring system (i.e. the 
MRV) must be capable to measure changes in forest area throughout all forests within a 
country’s boundaries (the so-called wall-to-wall approach). Nationwide monitoring is 

                                                 
2
 See the “MRV Manual”, by FCMC (October 2013) 
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needed to avoid displacement or leakage within a country where reduced deforestation 
could occur in one portion of the country but increase in another. Fundamental 
requirements of monitoring systems are that they measure changes throughout all 
forested area within the country, use consistent methodologies at repeated intervals (i.e. 
reporting time, which at the moment should be every two years) to obtain accurate 
results, and verify results with ground-based or very high resolution observations.  
 
There is a general consensus that monitoring of forest cover change using satellite 
remote sensing is practical and feasible for determining baseline deforestation rates 
against which future rates of change can be based, provided that adequate validation 
and accuracy assessments are conducted and documented (Goetz et al. 2009; DeFries 
et al. 2007). The type of monitoring and baseline approach used is the subject of much 
discussion, with a range of modifications proposed to deal with equity issues among 
countries with different historical rates of deforestation. The final decision is left to each 
country according to its specific situation. 
 
Key requirements for the national monitoring program in order to match REDD+ 
guidelines include coverage by satellite remote sensing imagery at a sufficient level of 
detail; access to such data at low-cost; and consensus protocols for satellite imagery 
analysis (Achard et al. 2010). Moreover, the possibility to ensure consistency of results 
across countries lies in verification that the methods are (as much as possible) 
reproducible, provide consistent results when applied at different times, and meet 
standards for assessment  
The SLMS (and the MRV in general) should be built as much as possible on existing 
competences, data and information systems, to ensure sustainability on the long run 
and a cost-effective implementation. It should also be designed as a multi-purpose 
system so that its tools and data can be used for other scopes out of the REDD+ 
framework, maximizing the investments for its creation and maintenance. 
 
The land cover classification has to be based on a proper number of classes that can 
vary according to the level (national or sub-national) and at a proper “reference” (or 
nominal) scale with the corresponding minimum mapping unit. Finally, the resulting 
forest cover change assessment must provide temporally and spatially explicit 
information, including conversion between classes (approach 3) with a level of 
uncertainty that is compatible with the REDD+ requirements. 
 
Different steps are needed to implement a SLMS (UN-REDD Programme 2013): 

 define the monitoring approach (i.e. type sensors, temporal and spatial frequency 
of forest data acquisition 

 establish a clear and realistic roadmap for the development of the SLMS; 
 build up the required technology and the capacities needed for its sustainable 

implementation;  
 Implement SLMS with the objective of producing measurable results, which 

correspond to the operationalization of the MRV (based on the prototype created 
during the present project). 

 
A national program to reduce net emissions from deforestation and degradation can 
benefit from an initial forest area map to represent the point from which each future 
forest area assessment will be made and actual negative changes will be monitored so 
as to report only gross deforestation going forward. This reference map is also called 
benchmark forest area map. At present this task is being implemented by the ongoing 
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REL Project, however so far the final results of the REL Project are not yet available. 
The interpretation of the remote sensing imagery needs to identify only the areas (or 
pixels) that changed compared to the benchmark map. The benchmark map should 
then be updated at the start of each new reporting time. The forest area benchmark 
map can also show where forests exist and how these are stratified either for carbon 
dynamic, e.g. forest types and management types, or for other national needs, 
particularly for forest inventories. 
 
Land cover and land cover (particularly forest) change in terms of type, intensity, shape, 
and pattern, have to be assessed in an historical perspective both to detect areas of 
activities and to identify the main human-induced drivers. Moreover, the analysis of 
trends is required to define a “business-as-usual” scenario that is the basis to assess 
the performance of a country and consequently to quantify the financial compensation in 
the REDD+ mechanism.  
 
As a final remark, it is important to highlight that, according to the official guidelines and 
recognized in all the published papers on this topic, the remote sensing derived data 
must be always integrated with field measurements to provide accurate information, 
therefore a key element in a MRV system is the coordination between the SMLS and 
the NFI, and in general with the components of the MRV that works directly on the field. 
 

2.6.1.1 Forest Cover and Forest Cover Change Monitoring 
The forest cover and the forest cover change monitoring with remote sensing at both 
national and sub-national (local) level is the core element of the SMLS. It provides the 
estimation of the Activity data (for deforestation and, to some extent, forest 
conservation) that are then integrated with the Emission factors (estimated by the NFI) 
to produce the GHG inventory, which is the main scope of the MRV system. From a 
methodological point of view, this is achieved using satellite data that are interpreted for 
forest cover change; focusing on the interdependent interpretation of multitemporal 
imagery to detect and characterize changes.  
 

2.6.1.2 Forest Degradation Monitoring 
From a monitoring perspective degradation, like forest enhancement and sustainable 
management of forests, requires sequential stock change measurements, which is 
rather different from what is needed for monitoring deforestation (Herold and Skutsch 
2010; Herold et al. 2011). Monitoring of degradation is limited by the technical capacity 
to sense and record the change in canopy cover because small changes will likely not 
be apparent unless they produce a systematic pattern in the imagery. Moreover, while 
deforestation is usually the result of a one-off decision by a particular actor to change 
land use, degradation is usually a gradual process, resulting from decisions of many 
actors over time as regards extraction of forest products that is more difficult to be 
detected, in particular using remote sensing techniques. 
 
In fact, many activities cause degradation of carbon stocks in forests but not all of them 
can be monitored well with high certainty, and not all of them can and need to be 
monitored using remote sensing data (GOFC-GOLD 2012). Together with direct 
estimation of carbon stock, forest degradation is another hot topic in remote sensing 
research.  
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The main sources of degradation are: 

 Area of forests undergoing selective logging (both legal and illegal). In this case, 
the best source of data to detect and quantify this kind of degradation are official 
statistics (for legal logging) and some proxy like forest fragmentation, roads, and 
log decks, that can be observed in remote sensing imagery, which can provide 
information on the extension of illegal logging at least where the logging activity 
is more intense. Remote sensing can be coupled with field data on selected 
areas that are previously identified as potential hot spots for logging. 

 Degradation of carbon stocks by forest fires. This is difficult to monitor with 
existing satellite imagery and little to no data exist on the changes in carbon 
stocks. Depending on the severity and extent of fires, the impact on the carbon 
stocks could vary widely. A possible option for fire monitoring, at least for a 
general estimation of fire impact on Nepali forests is the use of MODIS-derived 
products (http://modis-fire.umd.edu/). ICIMOD already implemented a fire 
monitoring system for Nepal based on MODIS that can be integrated or 
replicated into the MRV system. 

 Degradation by over exploitation for fuel wood or other local uses of wood. This 
situation is likely not to be detectable from satellite image interpretation unless 
the rate of degradation was intense causing larger changes in the canopy. This 
kind of degradation can be monitored using a more complex modelling approach. 
The WISDOM tool (see Working Paper on WISDOM methodology), integrated 
into the MRV system, is a key element for monitoring degradation. 

 
In the MRV, the assessment of degradation is mainly performed at sub-national (local) 
level). 
 

2.6.1.3 Estimation of Uncertainties 
The reduction of uncertainties associated with the estimation of carbon stock changes is 
important because, according to the conservative approach, the uncertainties affect the 
performance of a country considered by the REDD+ mechanism and thus the possibility 
to claim financial compensation. Many sources of uncertainties exist in every step of the 
MRV process, but here we focus on the most important for Activity data: the accuracy 
related to the land cover and land cover change assessment. 
 
Different components of the monitoring system can affect the quality of the outcomes. 
They include (GOFC-GOLD 2012): 

 the quality and suitability of the satellite data (i.e. in terms of spatial, spectral, and 
temporal resolution), 

 the radiometric and geometric pre-processing (i.e. correct geolocation), 
 the cartographic and thematic standards (i.e. land category definitions and 

minimum mapping unit, MMU), 
 the interpretation procedure (i.e. classification procedure), 
 the post-processing of the map products (i.e. dealing with no data values, 

conversions, integration with different data formats, e.g. vector versus raster), 
and 

 The availability of reference data (e.g. ground truth data) for evaluation and 
calibration of the system. 

 
An independent accuracy assessment is therefore an essential component to link area 
estimates to a crediting system and reporting accuracy and verification of results are 
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essential components of a monitoring system. According to the bibliography, 
interpretation accuracies of 80–95% are achievable for monitoring changes in forest 
cover with mid-resolution imagery when using only two classes: forest and non-forest.  
 
Accuracy assessment for classifications of forest cover maps is most commonly 
generated from a comparison of the final classification result with data that are assumed 
to be true. Ground reference data or information derived from very fine spatial resolution 
imagery (that can be considered to be surrogate to ground reference data) are generally 
recommended as the most appropriate data to assess the accuracy of land-cover 
change estimation. In both cases, a statistically valid sampling procedure should be 
used to determine accuracy.  
 
Another possible source of reference data for national level forest cover and forest 
cover change maps validation are the forest cover and forest cover change maps 
produced at sub-national (local) level, when available. An error matrix (also called 
confusion matrix) is generated in which classified points and reference points are 
compared for each class. Errors of commission (error of including an area in a category 
to which it does not truly belong, i.e. area overestimation) and omission (error of 
excluding an area from a category to which it does truly belongs, i.e. area 
underestimation) for the classification are displayed and an overall accuracy term may 
be calculated. Additional statistics can be used to describe classification accuracy (e.g., 
kappa coefficient, tau statistics) (Sanchez-Azofeifa et al. 2009). There is no fixed rule for 
the determination of the number of points to be validated, but a rule of thumb is that 30 
to 50 points are needed for each class, where forest classes can be sampled at higher 
intensity. Validation is integral part of the Activity Data estimation. 
 

2.6.1.4 MRV and REL 
The accounting of emissions and removals from deforestation, forestation and changes 
in remaining forest areas requires assessing reference levels against which future 
emissions and removals can be compared. The reference level (or reference emission 
level, REL) represents expected business-as-usual carbon balance from forest related 
human activities at national or sub-national level and it is based on historical data and 
national circumstances (GOFC-GOLD 2012).  
Although REL is not a component of the MRV system, which scope is to measure the 
real carbon stock changes, the REL and MRV estimates must be compatible because 
they are compared to assess the performance of a country in the framework of the 
REDD+ mechanism (a thus to quantify the financial compensation that can be claimed). 
The Forest Carbon Partnership Facility (FCPF) Carbon Fund Methodological 
Framework decision at 19th Conference of Parties (-/CP.19) formally established that 
MRV and REL methodology must be consistent.  
 
The easiest way to make REL and MRV estimation consistent is to use the same 
methodology, particularly for the estimation of forest cover changes. Therefore, the 
initial idea (discussed in all the meetings and workshops with REDD Cell) was to 
replicate the methodology (data source, classification and validation method, tools) 
adopted by the REL Project.  
 
Unfortunately, the preliminary results presented in the draft of the REL Final Report (the 
official Final Report is not yet available at the date of the end of the MRV project), 
provide figures that seem to be inconsistent and with an accuracy that is not compatible 
with the requirements of the REDD+ mechanism, at least for the MRV. Moreover, no 
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REL at local level has been defined. For these reasons, a different approach is 
proposed at both national and sub-national (local) level. 
 

2.6.1.5 The Nested Approach 
In the suggested MRV approach, national and sub-national level are integrated to 
balance the requirements of a standardized approach with the necessity to involve local 
communities and institutions. The goal of a nested MRV approach is to define protocols 
at local level that maximise the involvement of local people in forest monitoring, while 
also corresponding to the forest monitoring requirements made by the UN for the 
prospective REDD+ framework (Palmer Fry 2011). This contributes to establish a 
national forest carbon monitoring system able to provide data nationally but which is 
also flexible for more detailed, accurate measurement at the sub-national (particularly 
local) scale driven by REDD+ related activities that often focused on specific areas. 
Consequently, the proposed MRV is a stratified system that provides data with more 
precision and accuracy for the (sub-national and local) REDD+ implementation activities 
and less detailed, systematic monitoring in the rest of the country (Herold and Skutsch 
2010). 
 
There is growing evidence that local monitoring of carbon stocks is a task that can be 
carried out easily, reliably and at very low cost by the local stakeholders. Communities 
are well able to collect data, although they might require support from intermediary 
agencies for various tasks. This will give them legitimacy and a stronger claim to 
financial benefits from the carbon market or fund (Herold and Skutsch 2010). The same 
applies, to some extent, to the identification and validation of forest cover change at 
local level. 
 

2.6.1.6 Proposed Methodology 
According to our analysis, the best methodology at national level can be synthesised as 
a temporally and spatially explicit national land cover change assessment and as a 
conversion between classes through a wall-to-wall mapping approach based on 
Landsat images classified with a limited number of classes using a hybrid approach that 
combines automated image segmentation with visual interpretation with a minimum 
mapping unit of 5 hectares, to be repeated at every reporting time (e.g. 2 years) and a 
with a specific protocol for the accuracy assessment. 
 
The analysis will be carried out by the Remote Sensing/GIS unit of the MRV section at 
central level. The methodology also include the definition of a baseline map (probably 
related to 2010), that should be coordinated with the forest map produced by the FRA 
project and the result of REL project. A more general harmonization process should be 
planned with REL data once the results will be officially available and adopted by the 
REDD cell. 
 
Below, more details and discussions are provided about different aspects of the 
methodology: data source; classification method; classification system; validation of 
results. In some case, some alternative options are presented. The final standardized 
protocols must be defined during the operationalization of the MRV system according to 
a number of factors, including the available financial resources and more specific 
requests to participate to the REDD+ mechanism. 
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The first option among the available data sources for a national monitoring of forest 
cover and forest cover change is Landsat data (30 m resolution). Landsat has the 
advantage to be freely available for years 1990, 2000, 2005 and 2010, thus allowing a 
consistent data set that can be used also for the definition of historical trends. From 
2013 on, Landsat 8 provides a complete coverage of the country every 2 weeks. Some 
pre-processing is needed to assemble a national mosaic, but no resources are needed 
for the data acquisition. The resolution permits to monitor forest cover changes with 1 to 
5 ha Minimum Mapping Unit (MMU). Landsat is also the data source used by most 
national projects on forest monitoring. These data allow assessing changes of forest 
areas and producing a benchmark map of national forest area (to derive deforestation 
rates).  
 
A possible alternative of medium resolution images is DEIMOS, a commercial satellite 
that provides data with a resolution comparable with Landsat (22 m), but with no 
historical time series available. It can be a low cost option if data have to be acquired 
already pre-processed and as a unique national mosaic (saving time and reducing the 
internal expertise needed to perform the national land cover change assessment). 
 
A possible alternative (or integration) to Landsat are Rapid Eye images (5 m resolution). 
These have been used by FRA project and a complete coverage for 2010 exists for 
Nepal. The acquisition of a complete coverage of the whole country for a single date is 
around 130,000 dollars. This would have a number of advantages: 

1. better resolution; 
2. data are provided with all the pre-processing steps performed; 
3. data can be used for sub-national (e.g. local) level. 

 
On the other side, Rapid Eye also implies some disadvantages: 

1. they are not free; 
2. no long time series is available for historical analysis; 
3. remote sensing data analyses become more difficult and more expensive with 

smaller Minimum Mapping Units (MMU), i.e. more detailed MMU’s increase 
mapping efforts and usually decrease change mapping accuracy and the largely 
increase the processing time. 

 
The two data sets can be integrated, for example using Landsat data for the national 
assessment and Rapid Eye to validate the result and to closely monitor hotspot of 
deforestation or areas directly affected by REDD+ related management measures. 
 
Aster images (15 m resolution, 3600 sq. km size of a single scene, 60 to 120 dollars for 
a single scene) can be used to monitor hotspots but are not recommended for a 
national monitoring system because it is very difficult to obtain a complete national 
coverage. 
 
The classification method recommended for MRV Nepal is a hybrid approach 
combining automated digital segmentation with visual interpretation and validation of the 
resulting spatial objects. Image segmentation is the process of partitioning an image 
into groups of pixels that are spectrally similar and spatially adjacent. Boundaries of 
pixel groups delineate ground objects in much the same way a human analyst would do 
based on its shape, tone and texture. However, delineation is more accurate and 
objective since it is carried out at the pixel level based on quantitative values. Segments 
can be generated using a MMU of e.g. 1 hectare and then grouped during the visual 
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interpretation phase to a MMU of 5 hectares. The visual interpretation can be driven by 
the contextual analysis of other ancillary data sets (e.g. human settlements, road 
network, hydrography, digital elevation models, land cover maps from other sources, 
automatic supervised or unsupervised classifications). Particularly, a supervised 
classification after segmentation can be used as preliminary classification, that can then 
be corrected and improved by the direct visual check of the analyst wherever needed. 
This approach is a good compromise between time, resources, expertise and quality of 
results. It is a simple, robust and cost effective method that is also suggested by GOFC-
GOLD (2012). Moreover, it is perfectly compatible with the size of the country, which 
corresponds to the “equivalent” size of about 4 Landsat scenes (about 2 equivalent 
Landsat scenes correspond to cover forested lands), although more than 10 scenes are 
needed to have a real coverage of the country. Another advantage is that DFRS remote 
sensing experts have already been trained on this methodology in the framework of 
FRA project. The main limitation of the proposed classification method is that it is not 
completely replicable, but in general provides better estimates as compared with 
completely automated approach especially when applied on a pixel-base. 
 
The land cover change detection can be performed applying multi-date image 
segmentation on image pairs instead of on single images separately. In fact, rather than 
compare independently produced maps from different dates to find change, it is almost 
always preferable to combine multiple dates of satellite imagery into a single analysis 
that identifies change directly. This subtle point is significant, as change is more reliably 
identified in the multi-date image data than through comparison of maps derived from 
individual dates of imagery. Some more difficulties might rise when the change 
assessment must be repeated at every reporting time (e.g. every two years). Some 
possible inconsistencies like the fuzzy boundary effect between land cover maps of 
different dates (change that are detected along the boundaries of land cover classes 
that are due to different delineation of the spatial units rather than to real land cover 
changes) can be managed in a post processing phase using GIS tools.  
 
In general, a scene by scene analysis is preferred as it is more accurate than 
interpretation of scene mosaic and limits the problems that can derive from errors 
introduced in the pre-processing phase.  
A possible alternative to the segmentation combined with visual interpretation is a 
classification completely based on visual interpretation. The main advantage is that this 
is a very simple method to be applied. The need for reproducible and verifiable results 
can be met through multiple interpreters and well-designed procedures. 
 
The classification system is key element of the forest cover and forest cover change 
assessment. The number and typologies of class categories depends on many factors, 
including the availability of geographic data and analysis, ability to detect differences in 
land cover on remote sensed imagery, availability of carbon and profitability information 
of land uses, and the cost of each option (World Bank Institute 2013). The first level of 
the land classification is simply forest/non-forest. Then, according to the IPCC 
indications for GHG reporting, land must be subdivided in 6 main classes (Forest Land, 
Cropland, Grassland, Wetlands, Settlements and Other Lands), further subdivided in 
managed and unmanaged. Forest or other classes can then be detailed in a set of 
subclasses that take into account the stratification needed for the Emission Factor 
definition. Particularly, the aim is to identify areas where occurred activities that are 
expected to generate GHG emissions/ removals. The proposed classification includes a 
further class: Other Wooded Land (e.g. shrubs, tree out of forest). Ancillary data set can 
drive the differentiation between managed and unmanaged forests. The use of ancillary 
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data (e.g. ecological zones, morphology, climate, potential vegetation) can help to 
distinguish between broadleaved and coniferous forests. Remote sensing can also 
differentiate between closed and open forest. The use of more advanced indexes can 
also try to define the percentage of forest cover (see, for example, Rikimaru et al. 2002). 
Nevertheless, the reliability of this level of detail is to be verified. 
 
In general, splitting land uses into sub-classes is needed when a class does not 
accurately represent a land use in terms of carbon stock or net returns, but a lower 
number of classes requires less data management and analysis. In addition, a false 
sense of precision may arise by creating numerous sub-classes from inadequate 
resolution of images, carbon or profit information. Finally, a greater level of detail may 
be used in areas that are of particular interest (local level in the nested approach). Due 
to the fragmented landscape in some areas of the country where small patched of forest 
are mixed with crop areas, aggregating (lumping) classes together may be needed 
because the minimum mapping unit (MMU) of imagery may not be small enough to 
differentiate classes; thus a mixed mapping unit might be required. In fact, while 
clearings for large-scale mechanized agriculture are easily detectable with coarse and 
medium resolution data, small agricultural clearings or clearings for settlements might 
require higher resolution data (<30 m) to accurately detect clearings of less than 0.5 
hectares. Smaller clearings and more heterogeneous landscapes require data with finer 
spatial resolution (10 m), more complex computer algorithms capable of detecting less 
pronounced differences in spectral reflectance and greater involvement of an interpreter 
for visual analysis and verification (Achard et al. 2010). As this is not always possible, 
mixed classes are an option to solve the problem. Vegetation indexes can then be used, 
for example, to estimate forest coverage in forest/crop land mixed classes. 
 
The recommended classification system for developing the legend is the Land Cover 
Classification System (LCCS; Di Gregorio 2005). The LCCS includes a thorough 
description of classification concepts and guidelines for matching land cover types to 
global standards. It has been adopted by many land cover-related projects in the world, 
including the FRA project in Nepal. 
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In the next table, there is an overview of the proposed classes. 
 
 

Forest 

Broadleaved 

Open 
 

Closed 
 

Coniferous 

Open 
 

Closed 
 

Mixed 

Open 
 

Closed 
 

Non-forest 

Cropland 
 

 

Grassland 
 

Wetlands 
 

Settlements 
 

Other wooded land 
 

Other land 
 

Forest mixed with non-forest 
land 

 

 
 

2.6.1.7 Validation of the Remote Sensing results 
The validation of the results of the land cover and land cover change assessment is 
part of the classification process. Particularly, a stratified accuracy assessment must be 
done with a proper number of sample points (e.g. 50 control points per class, with a 
higher intensity for forest-related classes). The ground-truth information can be derived 
from different sources. Whenever possible, field data collected by the MRV forestry 
inventory unit, at national and local level, can be used. Local communities and local 
institutions are another possible source of field data. Field data collection can be 
organized for the purpose of the forest cover assessment. An alternative source of 
information is high resolution images. Particularly, in some area GeoEye data are 
available, while a complete coverage of Rapid Eye exists for Nepal. High resolution 
images from Google Earth and Bing Aerial can be a useful support when the date of the 
images is compatible with the analysis. 
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2.6.2 Estimation of Emission Factors (Forest Carbon Stock Changes over time) 
 

2.6.2.1 The Continuous Forest Inventory approach 
Traditionally, forest inventories in several countries have been done to obtain a reliable 
estimate of the forest area and growing stock of wood for overall yield regulation 
purpose. The information was used to prepare the management plans for utilization and 
development of the forest resource and also to formulate the forest policies. The forest 
inventory provides data of the growing stock of wood by diameter class, number of the 
trees as well as the composition of species. Repeated measurement of permanent 
sample plots also provides the changes in the forest growing stock/ biomass. 
Field inventories are a key element in the Measurement component of MRV since they 
provide a unique source of forest volume and biomass that can be converted in Carbon 
stock as a direct input to national GHG inventories. 
 
In Nepal, the tradition of forest inventories dates from the mid-sixties. Since then 
numerous field inventories were carried out at national and especially sub-national level. 
 
The FRA Nepal Project 

At present, a national forest inventory is being carried out by the FRA Nepal Project. So 
far FRA Nepal has completed the Terai mapping and field inventory and is planning to 
conclude the National Inventory by end of 2014. 
 
The Forest Resource Assessment (FRA) Nepal Project (2010-2014) was designed to 
provide comprehensive, up-to-date, national-level forest resource information for use in 
national forest policy development and national-level forestry sector decision-making. In 
addition, the project is intended to support the collection of the national-level baseline 
information required for REDD.  
 
By establishing the national network of forest sample plots, FRA Nepal has introduced 
the possibility of conducting continuous forest inventory, necessary for: 

 calculating the annual increment;  

 determining the annual allowable harvest;  

 monitoring forest carbon flux;  

 monitoring forest health;  

 monitoring the impacts of climate change on forests; and  

 monitoring the sustainability of broadly applied forest management practices. 
 
The information generated by FRA Nepal is extremely valuable in the MRV context and 
will be used as a basis for establishing a Continuous Forest Inventory system at 
national level for Nepal. 
The methodology of FRA Nepal is described in detail in the technical documentation of 
the Project. Just a few key elements relevant for the MRV proposal are reminded here. 
 
Forest inventory 
The inventory design adopted was largely based on the methods developed by Kleinn 
(1994).  Sampling survey methodology was finalized through collaboration between 
international and regional FRA experts and the DFRS’s counterparts. The design was 
created during the first year and tested in the field in three trial inventories and training 
sessions. After each test, the method was revised to improve its functionality.  The 
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variables measured were selected based on the suggestions given by the national level 
data need assessment workshop of the FRA data partners in Nepal. 
 
Sampling regions 
In FRA Nepal inventory, the Country was divided into 21 sampling regions according to 
physiographic zones (5 regions: Terai, Siwaliks, Mid Mountains, High Mountains, High 
Himal) and Development Regions (5 regions). The main reason for dividing the country 
to different sampling regions was that in this way, it is possible to ensure that enough 
data are collected for each development region and for each physiographic zone. 
Another reason is that it is possible, if needed, to apply different sampling schemes in 
each sampling region. 
The following strata have been defined. 

1. Terai has been divided into Far-western, Mid-western, Western, Central and 
Eastern Development Regions (5 strata) 

2. Siwaliks is divided into Far-western, Mid-western, Western, Central and Eastern 
Development Regions (5 strata) 

3. Mid Mountains is divided into Far-western, Mid-western, Western, Central and 
Eastern Development Regions (5 strata) 

4. High Mountains is divided into Far-western, Mid-western, Western, Central and 
Eastern Development Regions (5 strata) 

5. High Himal is considered as one stratum (1 stratum) 
 
The allocation of sample to each stratum was done proportionally to the forested area in 
each stratum, as follows: 

Table 2: Allocation of number of clusters by Physiographic and Development Regions 

Physiographic 
Regions 

Development Regions 

FWDR MWDR WDR CDR EDR Total 

Terai 14 9 6 8 3 40 

Siwaliks 13 26 15 34 17 105 

Mid Mountains 29 32 34 26 33 154 

High Mountains 17 54 17 18 28 134 

High Himal (2) (5) (5) (2) (3) (17) 

Total 75 126 77 88 84 450 

(source FRA Nepal) 

FRA Nepal is planning to measure 450 clusters in the field. Since each cluster is 
composed of 4 plots in the Terai and 6 plots in the rest of the country, the total number 
of plots to be established by FRA Nepal by end of 2014, is between 2’000 and 2’500, 
depending also on accessibility. 
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The following map illustrates the preliminary allocation of clusters as defined by FRA Nepal.3 
 

Figure 1: Location of field sample cluster of FRA Nepal Inventory 

 
 
 

                                                 
3
 As mentioned, the FRA Nepal Project is still on-going. The map above illustrates the most updated information received by the MRV Project from FRA Nepal Project. It is expected that 

the final FRA Nepal cluster allocation may differ. 
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Sample plot design   
Each sample plot was designed as Concentric Circular Sample Plot (CCSP) having four 
concentric circles of different radius to measure the different sized trees. The trees that 
were measured in the circle of different radii were as follows:  

 trees having 30 cm DBH or more were enumerated within a 20 m radius plot  
(area: 1256.6 m2) 

 trees having 20-29.9 cm DBH were enumerated within a 15 m radius plot  
(area: 706.9 m2) 

 trees having 10-19.9 cm DBH wee enumerated within a 8 m radius plot  
(area: 201.0 m2) 

 trees having 5-9.9 cm DBH were enumerated within a 4 m radius plot  
(area: 50.3m2) 
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Within each Concentric Circular Sample Plot (CCSP), other sub-plots were established to 
assess the status of seedlings, saplings, shrubs and herbs other than trees.  More 
particularly, seedlings, saplings and shrubs were measured in four circular sub-plots, each 
with a radius of 2 m, located at 10 m away from the centre of the plot in each of the four 
cardinal directions (N, E, S, and W). Species-wise stem counting and mean height 
estimation was done for the tree/shrub species having DBH less than 5 cm. Information 
about non-woody vascular plants were collected from four 1 m2 square plots each located 
at 5 m away from the centre in the four cardinal directions. Dead and decaying wood were 
assessed in a circular plot with a radius of 10 m from the plot centre. Based on field 
observation, fifteen categories of natural and anthropogenic forest disturbances were 
assessed regarding their occurrence and intensity (high, medium, low) in each 20 m radius 
CCSP using the FRA Field Manual. 
 
The MRV proposal for a Continuous Forest Inventory 
The experience of FRA Nepal constitutes a major landmark for forest inventories in Nepal. 
FRA Nepal has developed a modern technique of forest inventory, using appropriate 
scientific methods and a statistically sound approach. So it is natural to implement a CFI 
based on the same approach and methods used by FRA Nepal. 
 
In particular the same sample plot design should be implemented with 4 concentric plots 
for tree measurement and sub-plots to assess the status of seedlings, saplings, shrubs 
and herbs other than trees. Homogeneity in the field measurements is essential for 
assuring comparability of the results, which is an essential pre-requisite for MRV. 
 
Sampling intensity 
For the Continuous Forest Inventory design in the context of MRV it is proposed to revisit 
1’000 FRA Nepal field plots over a cycle of 5 years i.e. to measure 200 plots in the field 
every year. The number of 1,000 PSP is somehow arbitrary. The main reasons for 
proposing 1,000 PSP was based on the following considerations: 
 
The number of plots in a forest inventory is generally based on the following principles: 

 The level of precision required, and 

 The variance of the variables to be estimated. 
 
In our case the minimum desired level of precision is ± 10% at 95% probability. 
However the overall variance of key variables (like for instance Total Aboveground 
Biomass), is not yet known, as it should be calculated by FRA Nepal inventory, which is 
not yet completed. In the absence of a complete variance estimate, some proxies were 
used, as follows: 

1. The experience of FRA Nepal has shown that field work in Nepal is difficult, due to 
terrain conditions and poor accessibility. For this reason the number of 1’000 plots 
seems a good compromise between the required statistical precision and a realistic 
annual work load for the field crews. 

2. Regarding the statistical precision of the results, the NFI of 1994 achieved a 
precision of ±6% for the Hilly Area (including Siwaliks, Mid-hills and Mid-Mountains) 
with 600 plots, which is compatible with the proposed sampling design. 

3. Finally, the proposed sampling intensity can be compared with the present CFI on-
going in India. The extent of forests of India is estimated at around 69 Million ha 
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(Forest Survey of India). The CFI of India is measuring a total of 8’000 PSP. So one 
plot is established per 8’625 ha of forests.  

4. In the case of Nepal it is proposed to measure both forests and other wooded land 
(mainly shrubs). The reason being that in a perspective of Carbon stock monitoring 
the transition from forests to shrubs (or vice versa) must be fully accounted in the 
Carbon balance and related emissions. So field data for estimating Carbon stocks 
are necessary for other wooded land as well. Assuming an extent of forests + other 
wooded land of around 6 Million ha for Nepal, each of the 1,000 plots will represent 
6’000 hectares of wooded land, which is more intense than the design used in India. 

 
Implementation 
As discussed earlier, the present proposal suggests the establishment of 1’000 PSP on a 
cycle of five years, with 200 different sample plot re-measured every year. The decision of 
which of the FRA plots will be re-measured in the MRV CFI design is difficult to formulate 
now. Only when the final results of FRA are available a sound judgment of which plots are 
more representative can be made. For the time being, using the same allocation criteria as 
FRA Nepal the 1,000 MRV PSP would be distributed as follows: 
 

Physiographic 
region 

Development Regions 

FWDR MWDR WDR CDR EDR Total 

Terai 31 20 13 17 8 89 

Siwaliks 29 58 33 75 38 233 

Mid Mountains 64 71 76 58 73 342 

High Mountains 38 120 38 40 62 298 

High Himal 5 11 11 5 6 38 

Total 167 280 171 195 187 1000 

 
Additional criteria for the PSP selection could be to sample with greater intensity the areas 
that are more subject to deforestation, if reliable REL data are available. In this case a 
Probability Proportional to Size could be adopted. To help in the PSP selection process 
also the results of the WISDOM model, highlighting area likely to be subject to 
anthropological pressure for fuel wood demand could be used. 
 
Expected Results 
The CFI will produce: 

Updated field measurements including 

 Number of trees per hectare 

 Species composition 

 Diameter distribution 

 Status of regeneration 

 Stem volumes 

 Stem biomass 

 Total tree biomass 

 Seedlings, saplings, shrubs and herbs biomass 

 From the point of view of the MRV core business, i.e. carbon emissions, the 
following variables will be considered: 

 Total above ground biomass, including tree and non-tree (shrubs and non-vascular 
plants); 

 Dead and decaying wood 
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 Total belowground biomass. 
 
Total aboveground biomass will be derived from stem volume using allometric equations 
and specific wood density. The FRA Nepal used the allometric equations for biomass 
developed by Sharma and Pukkala (1990). In the first instance the same methodology 
should be followed, however the current equations are outdated and cover only a limited 
number of species (21 spp.). For this reasons it is advisable to develop new allometric 
equations, more comprehensive.  
 
Once total aboveground biomass is calculated, the corresponding belowground values, as 
well as carbon stocks will be derived using the default values as indicated by IPCC. 
 
As discussed with the REDD Cell and the REL Project we propose to exclude Soil Carbon 
from the measurements. Soil Organic Carbon (SOC) will be excluded because: 

 Its contribution to total carbon dynamics is marginal; 

 Experiences carried out by other Projects in Nepal (e.g. FRA Nepal) showed that 
the correlation with land use dynamics is erratic; 

 A sufficient precision is difficult to achieve; 
 
In particular we quote the following working paper of FRA Nepal:  “Soil Carbon in the 
Terai Forest - by Purna Lal Maharjan and Anish Joshi, May 2013”,4 stating 
3.2. SOC and Canopy Closure (page 7) 
On comparing the total SOC with field measured (observed) canopy density, a weak 
correlation of ρ=0.32 (Spearman’s Rho) is found at 0.01 significance level. This 
indicates that the SOC is not correlated with canopy closure. Similarly very weak 
correlation is observed between the mean litter & debris carbon with the canopy 
closure (ρ=0.11).  
3.3. SOC and Growing Stock (Page 8) 
On comparing the mean SOC with growing stock volume, the correlation is found to be 
weak (ρ=0.396), hence entailing that these two parameters do not have relationship in 
the forests of the Terai. 
 

 The cost for including such measurements is high and the cost/benefit balance is 
negative. 

 Similarly the GHG to be included will be only CO2, given the absence of mangroves 
in Nepal and peat swamps. 

 
After the completion and validation of the field work the results will be integrated in the 
MRV database where the number of observations will continuously grow over time, thus 
gradually improving the precision of the results. 
Summarizing, the CFI will generate this type of Report at plot, stratum, physiographic 
region, development region and total for the whole country.  
  

                                                 
4
 This Interim Report was used since the FRA Nepal Final Report on Terai was not available during the MRV Project 

implementation 
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Totals or per ha values 

Year Aboveground biomass (t Carbon) 
Belowground 

biomass (t 
Carbon) 

Total 
biomass 

(t Carbon) 

 Tree Non tree Total   

Year t      

Year t+5      

Difference      

 
This information will form the basis for the estimation of emission factors, which will be 
coupled with activity data to produce a National GHG inventory. 
 
Besides the data on Carbon emissions the CFI will also produce auxiliary information 
useful for forest management and forest and land use planning, such as: tree growth and 
yield, forest degradation or forest enhancement, status of regeneration, etc., which can be 
later integrated in the NAFMIS. 
 
Field work  
 
Some logistics considerations suggest that the field work could be coordinated by 
Development Regions. In this case the 200 PSP to be annually measured would be 
distributed by Development Regions as follows. 
 

Number of plots to be 
measured annually 

FWDR MWDR WDR CDR EDR Total 

34 56 34 39 37 200 

Mission (crew/month) 3 5 3 3 3 17 

 
Some very useful information on cost and efficiency of FRA field work was found in the 
paper. 
Monitoring Aboveground Forest Biomass: A Comparison of Cost and Accuracy between 
LiDAR-Assisted Multisource Programme (LAMP) and Field-based Forest Resource 
Assessment (FRA) in Nepal.  
P.N. Kandel, K. Awasthi, S.M. Shrestha, M. Hawkes, T. Kauranne, B. Gautam, K. Gunia, 
E. Dinerstein. Presented at International Conference on Forest, People and Climate: 
Changing Paradigm 28-30 August 2013, Pokhara, Nepal. 
 
Where, based on the FRA Nepal experience, it is stated that “ On average, the field 
inventory crews spent 24 days on a mission, and measured 12 sample plots” 
 
Using these calculations the number of man/month needed for one field crew to measure 
the required number of sample plots is annually of 17 man/crew. With the deployment of 2 
crew per each Development Region (Total of ten field crews), the annual time to be spent 
in the field for each annual CFI campaign would be of around two months per year. 
 
In our proposal we suggest that the field work should be carried out by 10 crews. A forest 
inventory field crew, taking into account the amount of information to be collected and the 
tasks of each individual, is composed by four technical members, namely: 

 the crew leader 

 one assistant to crew leader, 

 one technical assistant with forestry expertise and  
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 one ecologist (taxonomist).  
 

Thus in total 40 persons are needed for the CFI annual field work. If the field crews are not 
allowed to spend two months per year in the field (according to S.K Gautam of DFRS, 
Pers. Communication, present Government travel rules, none is allowed to spend more 
than 21 days). We are proposing 24 days/year per crew member in the field and if this 
cannot be reconciled, the number of field crews for the CFI should be increased 
accordingly, but the discrepancy is small.  
 
Regarding field inventory, Nepal as compared to most developing countries, features an 
outstanding tradition of forest inventory expertise, matured over time including the 
following achievements: 

1. Forest Resources Survey Office (FRSO) 1963/64 
2. Land Resource Mapping Project (LRMP) 1978/79 
3. Master Plan for the Forestry Sector (MPFS) 1986 
4. National Forest Inventory (NFI) 1994 
5. Forest Cover Change Analysis of the Terai Districts (DoF) 2005 
6. Forest Resources Assessment of Nepal (2010 – ongoing) 
 
The proposed CFI will be based on the experience matured by FRA Nepal, which has 
already put in place a technical structure to carry out all phases of field work and data 
processing. However, the FRA Nepal Project is still on-going and no conclusive results are 
available, allowing a full evaluation of the field work and data collection efficiency. In 
general the MRV CFI approach should be a direct FRA Nepal follow-up component that 
needs to be institutionalized, and the sooner the CFI begins, the less capacity will 
dissipate. Certainly there is a need for continuous technical assistance, new and more 
equipment and staff training. 
 
As per capacity building and technical assistance needs, the following considerations can 
be made: 
 
As discussed in the previous Section of the present document, the knowledge needed for 
the CFI implementation will have to be institutionalized through the proposed MRV Section 
to be created within DFRS. In particular, for the Forest Inventory Component, two 
professionals need to be employed on a full time basis, with the following responsibilities: 
 
Forestry Inventory design, coordination of field work and data processing for estimating 
emission factors and GHG emissions both at national and sub-national level, and their 
required skills are as follows: 

 Sampling design 
 Forest inventory 
 Forest mensuration 
 Statistical analysis 
 Reporting 

 
Given the complexity of a CFI design, especially in an MRV context, it is expected that 
some substantial technical assistance is needed to the following fields: 

 Optimization of sampling designs 
 Biometry and statistical analysis 
 Data processing and reporting 
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For this reasons a financial component is allocated to Technical Assistance in the cost 
section of this document. 
 

2.6.2.2 Special study on new allometric equations 
A very important component needed in a CFI and MRV context, is the biomass estimation. 
Since the minimum required for the proposed MRV design is to comply with the 
requirements of Tier 2, local allometric equations are needed for biomass estimates. 
 
The FRA Nepal used the allometric equations for biomass developed by Sharma and 
Pukkala (1990). However the current equations are outdated and cover only a limited 
number of species (21 spp.). For this reasons it is advisable to develop new allometric 
equations, more comprehensive 
 
Given the diversity of forest types existing in Nepal, it is nearly impossible to build reliable 
allometric equations for all species. For practical reasons, keeping in mind the difficulties 
of field work and the costs for destructive sampling, it is better to concentrate the sampling 
and the field work on the most important forest species in terms of their contribution to total 
volume and biomass, and also to their distribution according to ecological conditions and 
species composition. For instance it is known that in general coniferous have lower wood 
density than broadleaved and also there may be differences in the relationship between 
dbh and biomass depending on the branch development for a given species. 
 
Before undertaking a field campaign for biomass estimation, a rigorous evaluation of the 
existing information is needed for optimizing the sampling design. 
 
In general the following principles should be considered: 

1. Allocate the number of trees to be sampled according to the relative species 
abundance as determined from the final results of FRA Nepal; 

2. Ensure that the entire range of diameters for the selected species is represented in 
the sample; 

3. Introduce ecological criteria to distribute the sample (rainfall, temperature, altitude, 
etc.) to cover to the extent possible the stand variability; 

4. Construct individual biomass tables for the most important species, and average 
tables for all other species.  

 
The amount of work that can be realistically carried out in the field will depend on 
financial and technical constraints. A good summary of the methodological steps 
required to provide accurate allometric equations is provided in the following graph. 
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 Methodological Steps 

 
 

(Source: ‘Summary of the manual for building tree volume and biomass allometric equations – 
From field measurement to prediction’. CIRAD et FAO, 2012) 
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2.6.3 GHG inventory and Reporting 
 
The GHG inventory will be based upon the work done under activity data and emission 
factors.  Once these two pillars are established the GHG inventory is quite straightforward:  
 
Activity data (forest area reduction or increase, or forest degradation) are estimated at 
national or sub-national level. This gives an estimate of the area change calculated for 
each process over time;  
Carbon stocks are derived from for inventory for each vegetation class, using the stratified 
approach described above. 
 
Finally the two factors are combined to derive a GHG emission at national or sub-national 
level. 
 
The proposed MRV procedure for preparing a GHG Inventory is described in the next 
paragraphs. 
In order to illustrate the procedure with realistic data, some preliminary information existing 
for Nepal, was used, namely: 

1. For activity data we used data elaborated in the study “Evaluation of the forest 
change assessment of Terai by Walter Antonio Marzoli – MRV Team Leader” 
Based on FRA Nepal and preliminary REL data. 

2. For emission factors we used data provided in the preliminary Report for Terai 
provided by FRA Nepal. 

 
It is stressed that the calculations presented here are not meant to represent any official 
data. This exercise is just intended for showing the calculation procedures needed for a 
GHG Inventory. Use of realistic data was chosen to better illustrate the calculation 
procedures to be implemented in Nepal, with the data available or likely to be available. 
 
Finally, regarding data supporting this analysis, what is presented here is rather a REL 
estimation, using the period 1991-2010, although the procedures for a proper MRV GHG 
emission for say 2010-2015 or 2020 would be technically similar. The reason for 
presenting an ad-hoc REL as a worked out example is that at the time of drafting of this 
document (March 2014), the results of the REL Project are not available, and therefore 
they cannot be used for demonstration. 
 
The quality of the GHG inventory depends not only on the robustness of the results from 
the measurements made and the credibility of estimates, but also on the manner and 
method in which the information is collected and presented. Reporting is a key element of 
MRV because it provides the means by which, in a future REDD+ mechanism, will be 
assessed the country’s performance as compared to its commitments or reference 
scenario, and therefore will represent the basis for assigning incentives. Information must 
be well documented, transparent and consistent with the reporting requirements outlined in 
the UNFCCC guidelines.  
 
Transparency: all the assumptions and the methodologies used in the inventory should 
be clearly explained and appropriately documented, so that anybody could verify its 
correctness. GHG estimates are reported at a level of disaggregation which allows 
verifying underlying calculation and most relevant background data are provided in the 
report. The possibility to aggregate data at different levels is also functional to the 
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involvement of stakeholders that might potentially have interests that range for the local 
forest to national scale. 
 
Here is an example on how assumptions and methodologies used in GHG inventory are 
documented. 
 
Activity data: 
For activity data the following data sets are used: 
First reference year was 1991, for which land cover area was produced by DoF. The 
second reference year was 2010, and in this case the preliminary estimates of FRA Nepal 
were used.  
The original activity data figures compiled are as follows: 
 

Table 3: Areas in thousands of hectares 

Region District Land area 
Forest 
area  

DOF 1991 

Forest 
area 

FRA Nepal 
2010 

 Central 
Region 
  
  
  
  
 

Bara 106.8 32.6 30.7 

Dhanusa 84.8 0.3 0.4 

Mahottari 84.0 9.5 9.7 

Rautahat 94.1 20.2 18.2 

Parsa 83.5 25.5 24.9 

Sarlahi 102.7 13.3 12.4 

Sub-total Central 555.9 101.4 96.3 

  Jhapa 141.1 13.6 11.5 

  Siraha 93.1 2.0 1.1 

  Saptari 105.2 2.1 3.9 

  Sunsari 107.6 15.5 15.9 

  Morang 148.2 23.3 23.7 

Sub-total Eastern 595.2 56.5 56.1 

  Kanchanpur 137.7 58.0 57.6 

  Kailali 180.7 79.0 69.1 

Sub-total Far Western 318.4 137.0 126.7 

  Banke 106.2 38.8 35.7 

  Bardiya 129.2 50.4 41.1 

Sub-total Mid-Western 235.4 89.2 76.8 

  Rupandehi 106.5 7.6 6.8 

  Nawalparasi 50.1 3.2 3.7 

  Kapilbastu 142.9 43.2 35.4 

Sub-total Western 299.5 54.0 45.9 

Grand Total Terai 2004.4 438.1 401.8 

 
Data are provided by Districts, however in our analysis we will use data for Terai 
aggregated at Development Region, since every unique combinations of Physiographic 
Zones and Development Regions represent one stratum, as discussed for the CFI design. 
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Aggregated Forest Area Change data are as follows: 
 
Physiographic Region: Terai 

Development Region Annual Forest Area Change 1991-
2000 Unit: hectares 

Central Dev. Region -270.0 

Eastern Dev. Region -21.1 

Far-Western Dev. Region -542.1 

Mid-Western Dev. Region -652.6 

Western Dev. Region -426.3 

Total Terai -1,912.1 

 
 
Moreover, the FRA Nepal case study identified not only the total magnitude of forest area 
change but also the land cover class to class transition, as required, as follows: 

Development Region Land Use / Land cover 
transition type 

Annual area change  
(hectares) 

Type of process 

Central Dev. Region  

 Forest to Other 
Wooded Land 

- 16 Forest degradation 
(1) 

 Forest to Agriculture -159 Deforestation 

 Forest to Grassland -1 Deforestation 

 Forest to Other Land -94 Deforestation 

Eastern Dev. Region    

 Forest to Other 
Wooded Land 

- 45 Forest degradation 
(1) 

 Forest to Agriculture 0 Deforestation 

 Forest to Grassland -1 Deforestation 

 Forest to Other Land 0 Deforestation 

 Agriculture to Forest +25 Afforestation / 
Reforestation 

 Other land to Forest +6 Afforestation / 
Reforestation 

Far-Western Dev. Region    

 Forest to Other 
Wooded Land 

-70 Forest degradation 
(1) 

 Forest to Agriculture -347 Deforestation 

 Forest to Grassland -10 Deforestation 

 Forest to Other Land -115 Deforestation 

Note: negative values refer to a decrease in forest area, while positive values refer to an increase. 

 
(1) The term forest degradation is used here purposely in an improper manner. The 

original process is defined by the FRA document as ‘forest reduction’, implying the 
transition from forest to other wooded land with tree density not reaching the 
minimum threshold of 10%. So according to the FAO definition being used it should 
be a transition from forest to non-forest (Other wooded land), to be assessed as 
deforestation. However it was decided to record this land cover transition as forest 
degradation for including examples of various land use / land cover types changes 
in our reporting example. On the other hand the transition from forest to other 
wooded land suggests that the land is not entirely converted to agriculture or other 
land, implying some elements of forest degradation process is in place. 
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Emission factors 
For emission factors we used a combination of data from different sources mainly FRA 
Nepal data for Terai for tree biomass and dead wood, MRV WISDOM data for Agriculture 
and Cropland biomass, and IPCC default values for Belowground biomass. 

Unit: Metric tons per hectare 

Land Cover Air Dry Biomass Oven Dry Biomass 

Total  
Above-
Ground 
Biomass 

Below-
Ground 
Biomass 

Total 
Biomass 

 tree dead 
wood 

tree dead 
wood 

 Below-
ground 

Total 
biomass 

Forests 196.2 6.5 178.5 5.9 184.4 44.3 228.7 

Other wooded land 30.0 0.0 27.3 0.0 27.3 5.5 32.8 

Cropland 10.0 0.0 9.1 0.0 9.1 1.8 10.9 

Grassland 4.0 0.0 3.6 0.0 3.6 0.7 4.4 

Other Land 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 
From biomass data conversion factors related to decrease (or increase) of biomass stock 
for the recorded land cover class transitions. 
 

Parameters for change matrices.  
Biomass stock change per ha 

Total per ha 

LULC Transition Trees Dead Wood 
Below-
ground  

Forest  to Other 
Wooded Land 

-151.2 -5.9 -38.8 -195.9 

Forest  to Agriculture -169.4 -5.9 -42.4 -217.7 

Forest to Grassland -174.9 -5.9 -43.5 -224.3 

Forest to Other Land -178.5 -5.9 -44.3 -228.7 

Agriculture to Forest 100.0 0.0 20.0 120.0 

Other Land to Forest 100.0 0.0 20.0 120.0 

 
The following assumptions were made: 
For the transitions from forests to any other land cover classes the dead wood biomass 
was supposed to go to zero.  In some areas there was a transition from Agriculture or 
Other Land to Forest. This was interpreted as afforestation or reforestation, and a tentative 
value of 100 tons of biomass per hectare, assuming a yield of 5 tons per ha over a 20 
years period. 
 
GHG Reporting 
Finally the activity data and the emission factors are combined to calculate the emission 
level. The estimated biomass stock changes in tons per ha of biomass were converted to 
Mg of Carbon Stock Change per ha using a conversion factor of 0.47. Carbon stocks were 
then converted into CO2 emissions multiplying Carbon stocks change by 44/12. 
 
Following the format for Reporting GHG emissions suggested by IPCC, the following 
sample reports have been prepared.   
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R1. Reporting Unit: Terai – Central Development Region    Reporting period:  1991-2010 

Table 1: Biomass Stock Changes 

Land Use Transition 
Classes 

Annual area 
change (ha) 

Biomass Stock Change per unit area 
(Metric tons per ha) 

Total Biomass Stock Change 
(Metric tons) 

Deforestation   
Above 
ground 

Dead wood 
Below 
ground 

Total per 
ha 

Above 
ground 

Dead wood 
Below 
ground 

Total Biomass 
Change 

1. Forest to agriculture -159 -169 -6 -41 -216 
-

26,936 
-935 -6,523 -34,394 

2. Forest to grassland -1 -175 -6 -42 -223 -166 -6 -40 -211 

3. Forest to other land -94 -179 -6 -43 -227 
-

16,787 
-553 -4,029 -21,368 

Total Deforestation -254         
-

43,889 
-1,493 

-
10,591 

-55,973 

Forest degradation                   

1. Forest to other 
wooded land 

-16 -151 -6 -37 -194 -2,425 -94 -599 -3,118 

Total Forest 
degradation 

-16 -151 -6 -37 -194 -2,425 -94 -599 -3,118 

Grand Total Biomass 
Stock Change 

-270         
-

46,313 
-1,587 

-
11,191 

-59,091 

 

Table 2: Carbon Stock Changes 

Land Use Transition 
Classes 

Annual area 
change (ha) 

Carbon Stock Change per unit area 
(Mg Carbon per ha) 

Total Carbon Stock Change  (Mg Carbon) 
CO2 

Emissions 

Deforestation 
 

Above 
ground 

Dead 
wood 

Below 
ground 

Total per 
ha 

Above 
ground 

Dead 
wood 

Below 
ground 

Total 
Carbon 
Stock 
Change 

Total CO2 
Emissions 
(Mg CO2) 

1. Forest to agriculture -159 -80 -3 -19 -102 -12,660 -439 -3,066 -16,165 59,272 

2. Forest to grassland -1 -82 -3 -20 -105 -78 -3 -19 -99 364 

3. Forest to other land -94 -84 -3 -20 -107 -7,890 -260 -1,894 -10,043 36,825 

Total Deforestation -254 
    

-20,628 -702 -4,978 -26,307 96,460 

Forest degradation   
        

  

1. Forest to Other 
Wooded Land 

-16 -71 -3 -18 -91 -1,140 -44 -282 -1,466 5,374 

Total Forest 
degradation 

-16 -71 -3 -18 -91 -1,140 -44 -282 -1,466 5,374 

Total C.S.Change -270 
    

-21,767 -746 -5,260 -27,773 101,834 
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R2. Reporting Unit: Terai – Eastern Development Region    Reporting period:  1991-2010 

Table 1: Biomass Stock Changes 

Land Use Transition 
Classes 

Annual area 
change (ha) 

Biomass Stock Change per unit area 
(Metric tons per ha) 

Total Biomass Stock Change 
(Metric tons) 

Deforestation   
Above 
ground 

Dead wood 
Below 
ground 

Total per 
ha 

Above 
ground 

Dead wood 
Below 
ground 

Total Biomass 
Change 

1. Forest to agriculture 0.0 -169.4 -5.9 -41.0 -216.3 0 0 0 0 

2. Forest to grassland -7.7 -174.9 -5.9 -42.1 -222.9 -1,350 -45 -325 -1,721 

3. Forest to other land 0.0 -178.5 -5.9 -42.8 -227.2 0 0 0 0 

Total Deforestation -7.7        -1,350 -45 -325 -1,721 

Forest degradation          

1. Forest to other 
wooded land -44.8 -151.2 -5.9 -37.4 -194.5 -6,772 -263 -1,674 -8,710 

Total Forest 
degradation -44.8        -6,772 -263 -1,674 -8,710 

Reforestation          

1. Agriculture to 
Forest 25.1 100.0 0.0 20.0 120.0 2,509 0 502 3,011 

2 Other Land to Forest 6.4 100.0 0.0 20.0 120.0 636 0 127 764 

Total Reforestation 31.5        3,145 0 629 3,774 

Grand Total Biomass 
Stock Change -21.4        -4,977 -309 -1,370 -6,657 
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R2. Reporting Unit: Terai – Eastern Development Region (continued)    Reporting period:  1991-2010 

Table 2: Carbon Stock Changes 

Land Use Transition 
Classes 

Annual area 
change (ha) 

Carbon Stock Change per unit area 
(Mg Carbon per ha) 

Total Carbon Stock Change  (Mg Carbon) 
CO2 

Emissions 

Deforestation 
 

Above 
ground 

Dead wood 
Below 
ground 

Total per 
ha 

Above 
ground 

Dead wood 
Below 
ground 

Total 
Carbon 
Stock 
Change 

Total CO2 
Emissions  
(Mg CO2) 
 

1. Forest to agriculture 0.0 -79.6 -3 -19 -102 0 0 0 0 0 

2. Forest to grassland -7.7 -82.2 -3 -20 -105 -635 -21 -153 -809 2,966 

3. Forest to other land 0.0 -83.9 -3 -20 -107 0 0 0 0 0 

Total Deforestation -7.7         -635 -21 -153 -809 2,966 

Forest degradation           

1. Forest to Other 
Wooded Land -44.8 -44.8 -151.2 -5.9 -37.4 -194.5 -6,772 -263 -1,674 -8,710 

Total Forest 
degradation -44.8 -44.8        -6,772 -263 -1,674 -8,710 

Reforestation           

1. Agriculture to Forest 25.1 47.0 0 9 56 1,179 0 236 1,415 -5,189 

2 Other Land to Forest 6.4 47.0 0 9 56 299 0 60 359 -1,316 

Total Reforestation 31.5 94.0       1,478 0 296 1,774 -6,504 

Grand Total Carbon 
Stock Change -21.4         -2,339 -145 -644 -3,129 11,471 
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R3. Reporting Unit: Terai – Far Western Development Region    Reporting period:  1991-2010 

Table 1: Biomass Stock Changes 

Land Use Transition 
Classes 

Annual area 
change (ha) 

Biomass Stock Change per unit area 
(Metric tons per ha) 

Total Biomass Stock Change 
(Metric tons) 

Deforestation   
Above 
ground 

Dead wood 
Below 
ground 

Total per 
ha 

Above 
ground 

Dead wood 
Below 
ground 

Total Biomass 
Change 

1. Forest to agriculture -347 -169 -6 -41 -216 -58,767 -2,039 -14,230 -75,036 

2. Forest to grassland -10 -175 -6 -42 -223 -1,697 -57 -409 -2,163 

3. Forest to other land -115 -179 -6 -43 -227 -20,604 -678 -4,945 -26,228 

Total Deforestation -472     -81,069 -2,775 -19,584 -103,427 

Forest degradation          

1. Forest to other 
wooded land -70 -151 -6 -37 -194 -10,604 -412 -2,622 -13,638 

Total Forest 
degradation -70     -10,604 -412 -2,622 -13,638 

Grand Total Biomass 
Stock Change -542     -91,673 -3,187 -22,206 -117,065 

 

Table 2: Carbon Stock Changes 

Land Use Transition 
Classes 

Annual area 
change (ha) 

Carbon Stock Change per unit area 
(Mg Carbon per ha) 

Total Carbon Stock Change  (Mg Carbon) 
CO2 

Emissions 

Deforestation 
 

Above 
ground 

Dead 
wood 

Below 
ground 

Total per 
ha 

Above 
ground 

Dead 
wood 

Below 
ground 

Total 
Carbon 
Stock 
Change 

Total CO2 
Emissions 
(Mg CO2) 

1. Forest to agriculture -347 -80 -3 -19 -102 -27,620 -958 -6,688 -35,267 129,312 

2. Forest to grassland -10 -82 -3 -20 -105 -798 -27 -192 -1,017 3,728 

3. Forest to other land -115 -84 -3 -20 -107 -9,684 -319 -2,324 -12,327 45,200 

Total Deforestation -472 -80 -3 -19 -102 -27,620 -958 -6,688 -35,267 129,312 

Forest degradation           

1. Forest to Other 
Wooded Land -70 -71 -3 -18 -91 -4,984 -194 -1,232 -6,410 23,502 

Total Forest 
degradation -70     -4,984 -194 -1,232 -6,410 23,502 

Total C.S. Change -542     -43,086 -1,498 -10,437 -55,021 201,742 
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To make it more informative, the Reporting should display the results in a graphic 
format as well. 
 

 
 
 
 
For the future monitoring cycles the results should be reported as follows: 
 

Reporting Unit 
Reference 

period 

Annual 
CO2 

Emissions 
(Gg CO2) 

(1) 

Reference 
period 

Annual CO2 
Emissions 

(Gg CO2) (2) 

Difference 
(2) – (1) 

Terai Central Dev. 
Region 

1991-2010 102 2010-2015   

Terai Eastern Dev. 
Region 

1991-2010 11 2010-2015   

Terai Far-Western 
Dev. Region 

1991-2010 202 2010-2015   

Terai Mid-Western 
Dev. Region 

1991-2010 239 2010-2015   

Terai Western Dev. 
Region 

1991-2010 157 2010-2015   

 
Total Terai 

 
1991-2010 

 
711 

 
2010-2015 

  

 
  

102 

11 

202 

239 

157 

0 

50 

100 

150 

200 

250 

300 

Central Dev. 
Region 

Eastern Dev. 
Region 

Far-Western 
Dev. Region 

Mid-Western 
Dev. Region 

Western Dev. 
Region 

Annual CO2 emissions (thousands tons) 

CO2 
emissions 
(thousands 
tons) 



MRV Full Cost Proposal 

 

Page 48 

2.6.4 Verification 
 
The dissemination of transparent estimates together with the data (both raw and 
processed), metadata, tools and documentation and the use of a transparent and 
replicable methodology respond to two major requirements of the MRV: the results must 
be available and suitable for an independent review when it will come to carbon claims, 
and they must be accessible by the stakeholders that must be able to monitor the whole 
process. The R-PP recommend that the information from the MRV system will be made 
available at all levels and to actors in different sectors to support decision making 
related to possible REDD strategy options. 
 
The “Verification” function will be designed to stimulate the participation of all the 
stakeholders and to allow verification processes through a set of web-based tools for 
data and metadata sharing and visualization (e.g. Web GIS), and user-friendly graphical 
user interfaces. Every step of the process and the methods used will be documented 
and disseminated on the web, according to an access permission policy that will be 
based on different levels of users. This set of tools will support (internal) Quality 
Controls and (external) Quality Assurance. The use of data formats compliant with the 
international standard and the use of open source software would contribute to grant the 
accessibility of the information and the interoperability of the software platform.  
 
It is suggested that the Verification function will be performed by an international 
independent authority. Given the present uncertainties of the complex MRV System at 
national and sub-national level, and on the potential Carbon Credits buyers. This option 
is left open for each carbon credit buyer to designate the authority for the Verification. 
 

2.6.5 Monitoring 
 
Here we consider that a National Forestry Management System can serve 
simultaneously two different functions: a “Monitoring” function and a “Measurement, 
Reporting and Verification (MRV)” function. The “Monitoring” function is primarily a 
domestic tool to allow countries to assess a broad range of forest information, including 
in the context of REDD+ activities. It focuses on the assessment of the impacts and 
outcomes of 1) demonstration activities carried out during the development and 
implementation of REDD+ and 2) national policies and measures for REDD+ in the 
operational phase of REDD+ (resulting projected anthropogenic emissions by sources 
and removals by sinks of GHG). In synthesis, “Monitoring” means tracking national 
policies and measuring their results.  
 
The monitoring of REDD+ related policies and measures can be related to simple 
parameters and indicators such as: forest area, number of trees planted, forest 
ecosystem types, protected areas network creation or enlargement, certification 
systems implementation, legal context application, participation of the civil society and / 
or indigenous people. These indicators are not directly related to carbon, but it is clear 
that this information, when combined with data on trends on forest biomass, could 
indicate whether the implementation of measures on sustainable forest management is 
successful.  
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2.7  Learning plan for the MRV 

 
At National level we propose that the MRV implementation will be carried out by the 
Central MRV Section to the created within DFRS as a new structure, with the following 
roles and responsibilities: 
 
MRV section will require one Coordination unit and four independent but closely 

connected units, namely:  

1. Database/IT/ Unit 
2. Remote Sensing/GIS Unit 
3. Forest Inventory Unit 
4. Reporting Unit. 

 
For each unit the MRV Project proposal has clearly identified the benchmarks 
professional skills that are defined as follows: 
 
 
Coordination Unit 

Expert: MRV Coordinator 

Quantity: 1 

Role:  

 Submits data and reports to REDD Cell.  

 Coordinates activity from DFO to central MRV Section. 

Expertise / Skills 

 Knowledge of MRV REDD+ Guidelines 

 Ability to manage and coordinate experts 

Job duration: Full time 
 
Database/IT/ Unit 
 
Expert: DB Expert 
Quantity: 1 
Role:  DB administrator manages and maintains MRV database structure (tables, 
relationships, keys) and assign privileges and roles to different kind of users (public, 
editor, stakeholder, etc.), according to what REDD Cell defined. 
Expertise / Skills 

 PostgreSQL / PostGIS 

 DBMS performance 

 SQL 

 Stored Procedures 
Job duration: Part time (six man/months per year) 
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Expert:  IT Platform Expert / System Administrator 
Quantity: 1 
Role: Manages and maintains the IT web platform interface, connections and software 
updates. 
Expertise / Skills 

 Linux System installation and upgrade management 

 Linux based web server platform (Apache http, Tomcat) 

 Object Oriented Programming 

 Java 

  CMS (liferay, alfresco, wordpress, plone, zoomla, etc.) 

 Web applications (GeoServer, GeoNetwork, NFMS) 

 Portlet 

 Single Sign On 

 Object Oriented Programming 

 Junit 

 Web content management 
Job duration: Part time (six man/months per year) 
 
 
Remote Sensing/GIS Unit 
 
Expert: Remote Sensing specialist 
 
Quantity: 2 
 
Role:  
Together with GIS expert they are responsible for land cover and land cover change 
assessment, spatial data integration in the MRV system at national and sub-national 
level 
. 
Expertise / Skills 

 Remote Sensing software 

 Image pre-processing 

 Visual interpretation 

 Supervised and unsupervised classification 

 Image segmentation 

 Accuracy assessment 

 Knowledge of the Forestry Sector 

 GIS 

 Spatial modelling 
Job duration:  Full time 
 
 
Expert: Remote Sensing technician 
 
Quantity: 2 
 
Role:  
They give technical support to RS specialists in the image classification and land cover 
change assessment 
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Expertise / Skills 

 Remote Sensing software 

 Image pre-processing 

 Visual interpretation 

 Supervised and unsupervised classification 

 Image segmentation 

 Accuracy assessment 

 Basic of GIS 
Job duration:  Full time 
 
Expert: GIS specialist  
 
Quantity: 1 
 
Role:  

 Together with RS experts he/she is responsible for data collection and 
harmonization, entry and spatial data integration in the MRV system. 

 Manages GIS data in desktop environment doing geometric and attribute edits, 
spatial analysis, preparing legends and symbology, providing static maps for 
printing. 

 Manages and maintains the Metadata Catalogue: updates of metadata in OGC 
standard format, manages and tunes the GeoNetwork platform to keep Metadata 
Catalogue updated and consistent. 

 Uploads and updates spatial data in the MRV central database, connected to 
GeoServer and GeoNetwork platforms 

 
Expertise / Skills 

 GIS advanced level 

 Vector editing 

 Spatial analysis 

 Attribute editing 

 Create map layouts 

 Open Geospatial Consortium metadata standards 

 XML 

 GeoNetwork and GeoNetwork platform 
Job duration:  Full time 
 
Expert: GIS technician  
Quantity: 1 
Role: He/she will support the GIS analyst for the technical work related to spatial 
analysis and modelling, spatial data editing and map composition 
Expertise / Skills 

 GIS 

 Vector editing 

 Spatial analysis 

 Attribute editing 

 Create map layouts 
Job duration:  Full time 
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Forest Inventory Unit 

Expert: Forestry Experts 

Quantity: 2 

Role:  
Forest Inventory design, coordination of field work and data processing for estimating 
emission factors and GHG emissions both at national and sub-national level. 

Expertise / Skills 

 Sampling design 

 Forest inventory 

 Forest mensuration 

 Statistical analysis 

 Reporting 

Job duration:  Full time 
 
 
Reporting Unit 

Expert: MRV - REDD+ Expert 

Quantity: 1 

Role:  
Provides periodic standard MRV reports (consistent with the reporting requirements 
outlined in the UNFCCC guidelines) for dissemination of aggregated data and 
information. 

Expertise / Skills 

 REDD /MRV Guidelines and methodology 

 Biometry 

 Statistics 

 Quality Control 

Job duration:  Full time 
 
 
According to this plan a total of 12 Experts are needed to efficiently run the proposed 
MRV System at National level, whose Terms of Reference and related skills are 
detailed above. It is now up to the DFRS to evaluate which of the expertise and skills 
are already available in-house, especially after the completion of FRA Nepal Project, 
which skills still need to be developed through on the job training by skilled experts 
(National or International, depending on the expertise required and available) and which 
skills are not likely to be available and should be better outsourced. In our vision, there 
are two high technical positions which are not likely to be available within DFRS, namely 
the DB Expert and the IT Expert. In this case the solution to outsource these two posts 
could be the most convenient, keeping in mind that these two Experts are needed on a 
part time basis and their salaries could be shared with other DB / IT activities within 
DFRS. In this respect the possible synergies with existing Project are elaborated in the 
next Section of this document. 
 
The problem of training professional Experts and then retaining them once they have 
acquired skills that can be better remunerated by the private sector is common to all 
developing countries, and has no easy solution. Performance based incentives or 
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outsourcing of services are two possible alternatives, however these are political 
decision to be taken by MFSC and are outside the scope of this consultancy. 
 
However, since the decision whether to outsource the services or to rely on improved 
institutional capacities have implication on the costs, two scenarios are elaborated in the 
costs section, one based on outsourcing and one based on existing institutional 
resources. 
 
In all cases, given the complexity related to the functional implementation of an MRV 
System, a technical assistance component is foreseen. Ideally the technical assistance 
should be stronger during the early implementation phase of the MRV, and should 
gradually decrease over time, when national capacity has been built. 
 
Recommended IT Synergies with existing Projects 

The FRA Nepal Project is undertaking development of Open Source Forest Information 
System (OSFIS). Currently, a prototype of this system has been developed and is under 
preliminary testing phase. The OSFIS will be implemented and institutionalized in the 
Department of Forest Research and Survey (DFRS). The DFRS will act as a custodian 
and an administrator of the system and data hosted in the system. Currently, FRA 
Nepal Project is hosting and administering the server system and OSFIS prototype. This 
responsibility will be transferred to the DFRS by the mid-of the year 2014 during the 
handover phase of the project. This will be supported by the mechanism of institutional 
capacity building and human resources development within DFRS, ensuring the 
sustainability and continuous operations of the OSFIS5. 
 
For the prototyping phase of MRV, Agriconsulting has provided an autonomous server 
where the MRV Information System is currently stored. 
 
However a strong recommendation is made to further develop the synergy with FRA 
Nepal OSFIS, and to finally host both Information Systems (OSFIS and MRV) on the 
same server. 
 
At present the FRA Nepal Project is negotiating with the Government Integrated Data 
Centre (GIDC) Singha Durbar. GIDC is established under the premise of National 
Information technology Centre (NITC) as an Internet Data Centre (IDC). The GIDC is 
providing centralized location for the storage, management, processing and exchange 
of data (currently government owned data). 
 
This alternative will significantly reduce the maintenance costs all will also ensure the 
security of the systems and the databases long term sustainability upon their full 
institutionalization within the DFRS. 
 
 

  

                                                 
5
 Source: ‘Hosting Open Source Forest Information System in Government Integrated Data Center (GIDC) - 

Technical Note’ by Anish Joshi and Ashwin Dhakal – June 2013 
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2.8 Estimated costs for the MRV at National level 

 
As outlined earlier given the complexity of implementing an MRV System at national 
level, different alternatives can be undertaken depending on financial, technical and 
institutional constraints. In our case to the extent possible for each activity a minimum 
and maximum cost have been calculated and described in this section. 
 
The costs calculated for the MRV implementation at National level include: 

1. Institutionalization of the MRV Section 
2. Activity data (Remote Sensing and GIS) 
3. Emission factors (the Continuous Forest Inventory) 
4. Special study on biomass equations 

 
 
The costs have been calculated for the initial MRV operational period of five years. 
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Estimated costs for the MRV implementation at national level 

(Unit: US$) 

Activity Sub-activity Year 1 Year 2 Year 3 Year 4 Year 5 Total 

 
min max min max min max min max min max min max 

Institutionalisation of the 
MRV Section 

  
        

(1) (2) 

Coordination Unit 3,600 10,800 3,600 10,800 3,600 10,800 3,600 10,800 3,600 10,800 18,000 54,000 

IT and DB Unit 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 15,000 45,000 

Remote Sensing and GIS 
Unit 

17,400 52,200 17,400 52,200 17,400 52,200 17,400 52,200 17,400 52,200 87,000 261,000 

Forest Inventory Unit 6,000 18,000 6,000 18,000 6,000 18,000 6,000 18,000 6,000 18,000 30,000 90,000 

Reporting Unit 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 3,000 9,000 15,000 45,000 

Equipment and running 
costs 

24,000 24,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 72,000 72,000 

Sub-total Institutionalisation 
of the MRV Section 

57,000 123,000 45,000 111,000 45,000 111,000 45,000 111,000 45,000 111,000 237,000 567,000 

Activity data (Remote 
Sensing and GIS) 

  
        

(3) (4) 

Image procurement 10,000 65,000 10,000 65,000 10,000 65,000 10,000 65,000 10,000 65,000 50,000 325,000 

Field verification  10,000 50,000 10,000 50,000 10,000 50,000 10,000 50,000 10,000 50,000 50,000 250,000 

Sub-total  Activity data 
(Remote Sensing nag GIS) 

20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 100,000 575,000 

Emission factors (the 
Continuous Forest 
Inventory) 

            

Field work 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000 1,500,000 1,500,000 

Equipment / vehicles (5) 500,000 500,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 700,000 700,000 

Quality control of field work 
on 7% of field plots 

21,000 21,000 21,000 21,000 21,000 21,000 21,000 21,000 21,000 21,000 105,000 105,000 

Sub-total Emission factors 
(the Continuous Forest 
Inventory) 

821,000 821,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 2,305,000 2,305,000 

Technical Assistance 270,000 270,000 270,000 270,000 180,000 180,000 180,000 180,000 180,000 180,000 
(6) 

1,080,000 
 

1,080,000 

Special study on biomass 
equations 

0 250,000 0 250,000 0 0 0 0 0 0 
(7) 

0 
 

 
500,000 

 

Grand total for MRV at 
National level 

1,168,000 1,579,000 706,000 1,117,000 706,000 1,117,000 706,000 1,117,000 706,000 1,117,000 3,722,000 5,027,000 

 

Notes: 

(1) The minimum costs for institutionalisation of the MRV Section are based on GoN Salary schedules. 
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(2) The maximum costs for institutionalisation of the MRV Section are based on expected fees for performance based incentives or outsourcing of the services. 
(3) The minimum costs for RS implementation are based on acquisition of LANDSAT imageries (30 meters resolution). 
(4) The maximum costs for RS implementation are based on acquisition of Rapid Eye imageries (6.5 meters resolution). 
(5) The costs for equipment and vehicles are expected to be undertaken in first year. For the following years only maintenance costs are foreseen. 
(6) Technical assistance (TA) needs will depend on the capacity reached by national actors. At this stage TA needs are budgeted assuming 6 m/m for 3 international 

experts for on the job training in the field of DB/IT, RS and Forest Inventory for the first two years and 2 m/m for the successive years. 
(7) The budget for the special study on biomass equations is based on a binary option i.e.0. minimum: no study, 1. Maximum: full study. 

 
 

The financial plan for MRV implementation at national is expected to be between 3.7 and 5.0 Million US Dollars for a 5 year cycle and can 
be further summarized as follows: 
 

(Unit: US$) 

Activity Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Proposed budget min max min max Min max min max min max min max 

Institutionalisation of the 
MRV Section 

57,000 123,000 45,000 111,000 45,000 111,000 45,000 111,000 45,000 111,000 237,000 567,000 

Activity data  
(Remote Sensing and GIS) 

20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 20,000 115,000 100,000 575,000 

Emission factors  
(The Continuous Forest 
Inventory) 

821,000 821,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 371,000 2,305,000 2,305,000 

Technical Assistance 270,000 270,000 270,000 270,000 180,000 180,000 180,000 180,000 180,000 180,000 1,080,000 1,080,000 

Special study on biomass 
equations 

0 250,000 0 250,000 0 0 0 0 0 0 0 500,000 

Grand total for MRV at 
National level 

1,168,600 1,579,800 706,000 1,117,000 616,000 777,000 616,000 777,000 616,000 777,000 3,722,000 5,027,000 
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2.8.1 Details of costs estimation 
 
In order to fulfil the ToRs of a well-documented full cost proposal for the MRV the 
following section is devoted to an analysis of how each cost element was derived. 
 

2.8.1.1 Institutionalisation of the MRV Section 
According to our plan a total of 12 Experts are needed to efficiently run the proposed 
MRV System at National level,  
 
Since the decision whether to outsource the services or to rely on improved institutional 
capacities have implication on the costs, two scenarios are elaborated in the costs 
section, one based on outsourcing and one based on existing institutional resources. 
 

Quantity Profile 
Internal DFRS Personnel 

Outsourcing or 
performance 

based 
incentives 

Qualification 
Annual cost 

(US$) 
Annual cost 

(US$) 

1 MRV Coordinator Gazetted First 
Class 

3,600 10,800 

1 IT System Administrator Gazetted Second 
Class 

1,500 
(part time) 

4,500 
(part time) 

1 DB Expert Gazetted Second 
Class 

1,500 
 (part time) 

4,500 
(part time) 

2 Remote Sensing 
Specialists 

Gazetted Second 
Class 

6,000 18,000 

2 Remote Sensing 
Technicians 

Gazetted Third 
Class 

5,600 16,800 

1 GIS Specialist Gazetted Second 
Class 

3,000 9,000 

1 GIS Technician Gazetted Third 
Class 

2,800 8,400 

1 Forestry Expert Gazetted Second 
Class 

3,000 9,000 

1 Forestry Expert Gazetted Second 
Class 

3,000 9,000 

1 MRV - REDD+ Expert Gazetted Second 
Class 

3,000 9,000 

Total 33,000 99,000 

 
 

2.8.1.2 Activity data (Remote Sensing and GIS) 
For the national Remote Sensing component two alternatives have been considered: 

(1) The use Landsat imageries (30 meters resolution), basically free of costs 

(2) The use of Rapid Eye (6.5 meters resolution).The current price for a complete 

coverage of Nepal is 135,000 US$. Equal to 65,000 US$ per year for a periodic 

assessment every two years. 

Advantages and disadvantages of both methods have been extensively discussed in 

Working Paper N.7 
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2.8.1.3 Emission factors (The Continuous Forest Inventory) 
The cost estimation for a CFI approach is certainly the most difficult. The following 

approach was adopted. 

Some very useful information about forest inventory costs in Nepal was found in the 
paper quoted above. 
 
Monitoring Aboveground Forest Biomass: A Comparison of Cost and Accuracy between 
LiDAR-Assisted Multisource Programme (LAMP) and Field-based Forest Resource 
Assessment (FRA) in Nepal.  
P.N. Kandel, K. Awasthi, S.M. Shrestha, M. Hawkes, T. Kauranne, B. Gautam, K. 
Gunia, E. Dinerstein. Presented at International Conference on Forest, People and 
Climate: Changing Paradigm 28-30 August 2013, Pokhara, Nepal. 
 
This paper presents the results of a study which compares the cost and accuracy of 
LAMP and multi-source FRA methods applied in TAL-Nepal for the estimation of AGB. 
 
On the basis of total allocated budget, costs of field based FRA was USD 0.48/ha. This 
study reveals that administrative cost (USD 0.26/ha) of field based FRA is higher than 
the variable cost (USD 0.22/ha). The reason behind is that about 46% project cost goes 
to the salary of experts; international 39%, regional 7% and about 16% is under 
operating cost(GoN/GoF 2010). 
 
A break-down of the total cost under each item and cost per hectare are presented in 
the following Table. 
 

Cost items 
Cost US$  

/ ha 
Percent of 
total cost 

Procurement of satellite Image 0.0079 3.60 

Procurement of ancillary data & 
maps 

0.0011 0.50 

First phase sampling 0.0013 0.59 

Method development and testing 0.001 0.46 

Training cost 0.0034 1.55 

Cost for second phase field 
inventory 

0.15 68.27 

Data entry, processing and 
analysis 

0.055 25.03 

Total cost 0.2197 100.00 

 
 
In the case of proposed CFI approach only the actual implementation costs will be 
considered i.e. cost for field inventory and data entry, processing and analysis. The 
administrative costs will be considered under the MRV Section implementation. In fact 
the Forest Inventory unit of the MRV Section will provide technical supervision, 
coordination and quality control of field inventory data. 
 
Analysing of variable cost of multisource FRA (Table above) shows that the field 
inventory forms the most expensive component. Average per plot cost was USD 531.5. 
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Data entry and processing consists of approximately 23% of the all cost. Expenditure 
under remaining items seems insignificant. 
 
The actual costs were calculated including the following items 
 

Details of cost items 
involved in field-based 

multisource FRA 
Expenditure items 

Details under each items Data sources 

Second-phase field 
inventory (in-situ 
measurement)  

Preparatory cost  
Hardship allowance for 
field crews and local staff 
paid by the project  
Expenses required for 
social survey  
Accommodation cost for 
field crew  
Cost of vehicles and fuel  
Salary of crew members  
Field gear  

Mission-wise record from 
FRA Nepal Project  
 
 
 
 
 
 
 
Salary sheet  

Quality control of second-
phase field inventory  

About 7% cost of second-
phase sampling  

Quality control team  

Data entry, processing analysis  

 
Summarizing, the cost per each inventory plot was calculated as follows 
 

Cost of field 
inventory 

work (US$ 
per plot) 

Data entry, 
processing 

analysis 
(US$ per 

plot) 

Total cost  
(US$ per 

plot) 

532 191 723 

 
 
The estimated costs presented here refer to the experience matured by FRA Nepal in 
the Terai Region. At present, no updated cost estimations for Hilly and Mountain 
Regions, as the field work of FRA Nepal is still on-going. However, moving from Terai 
which is mainly a flat region with good accessibility to hilly and mountain regions of the 
Country, it is expected that the per unit cost is likely to increase greatly due to steep 
slopes and poor road network, that may require use of alternative transportation means, 
e.g. helicopters in some cases. As mentioned earlier, since FRA Nepal has not yet 
completed the field work in the most difficult terrain conditions, and it was not possible 
to obtain updated cost estimates. Another question to be considered while estimating 
costs for consecutive inventory cycles is that these could significantly increase the 
future, due to prices of materials and labours. For this reason it was decided to adjust 
the costs also to account for the possibility of using improved materials or new emerging 
techniques (e.g. LIDAR). 
 
Finally the estimated cost per plot was set at 1,500 US$. 
 
In addition to the costs for field work, the needs for equipment, including vehicles will 
have to be considered. In our case he costs for equipment and vehicles is expected to 
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be undertaken in first year. For the following years only maintenance costs are 
foreseen. 
The costs related to technical assistance needs are treated in a separate session. 
Assuming the cost for field work of 1,500 US$ per plot, the total costs for a CFI over a 
cycle of 5 years with 200 PSP measured in the field every year is as follows 
 
Unit: US$ 

Activity 
Cost for 
year 1 

Cost for 
year 2 

Cost for 
year 3 

Cost for 
year 4 

Cost for 
year 5 

Total cost 

Field work 300,000 300,000 300,000 300,000 300,000 1,500,000 

Equipment / 
vehicles 

500,000 50,000 50,000 50,000 50,000 700,000 

Quality control of 
field work on 7% 
of field plots 

21,000 21,000 21,000 21,000 21,000 105,000 

Total 821,000 371,000 371,000 371,000 371,000 2,305,000 

 
 

2.8.1.4 Technical Assistance  
Technical assistance (TA) needs will depend on the capacity reached by national 

actors. At this stage TA needs are budgeted assuming 6 m/m for 3 international experts 

for on the job training in the field of DB/IT, RS and Forest Inventory for the first two 

years and 2 m/m for the successive years 

 

2.8.1.5 Special study on biomass equations  
For the special study on biomass equation a lump sum of 500,000 US$ has been 
estimated. 
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3. THE MRV AT SUB-NATIONAL LEVEL 
 

3.1 Conceptual approach 

 

3.1.1. The role of Community Based Forest Management Units (CBFMU) 
 
Nepal’s R-PP envisages local level implementation of specific REDD+ activities 
wherever CBFMU areas exist. REDD+ initiatives and regular/periodic carbon monitoring 
will be undertaken by respective CBFMU communities with capacity and technical 
support from local forest authorities.  
 
The present full cost proposal is also aimed at proposing a methodology for assisting in 
the devolution of management functions and responsibilities (including forest inventory) 
of large areas of forest to Community Based Forest Management User Groups, and the 
technical capacity development needs and potentials of CBFUGs as they relate to both 
forest carbon and more conventional forest inventory and management issues. 
 
Over the last twenty five years, successive government programs, with significant donor 
assistance, have turned forests over to local communities (in the form of Community 
Based Forest Management User Groups (CBFMUG) for protection and management. 
Individually small in area, in total the community forestry subsector consists of some 
19,000 CBFMUG and now accounts for around 25 percent of the total estimated forest 
area (mostly in Hill districts).  CBFMUG management seems to be proving sustainable 
and generally socially sound and equitable (although some significant and troubling 
instances of elite capture and internal governance problems have been reported).  
These internal governance challenges interplay with a large scope for improving the 
technical and commercial quality and profitability of CBFMUG forest management to 
form the basis for a second generation of community forestry development 
programming. 
 
While not without limitations, rural communities have demonstrated a great propensity 
for internal cohesiveness, conflict resolution and stewardship that translate into 
effective, and sometimes highly effective, forest resource management. These aspects 
have been fully recognized during the field visits undertaken by the present project (see 
Working Paper N. 5 for more details). 
 
In our vision, data collected will be transferred to sub-/national MRV system in a 
transparent manner, and the participating CBFMU communities will be compensated 
based on an appropriate crediting system established under the REDD+ strategy. An 
appropriate mechanism for ensuring environmental and social safeguards will be 
implemented side by side which will consider both environmental conservation, and 
distribution of carbon and non-carbon benefits ensuring forest dependent interest 
groups/communities impacted due to REDD+ are benefitted in an equitable manner.  
  
The R-PP also plans to share the carbon monitoring role with local bodies e.g. village 
development committees (VDCs) in case of “government managed forests” and with 
buffer zone council and groups in case of forests in “protected areas”.  The R-PP aims 
at community based ground inventory for all carbon pools in the long run however 
emphasizes on above/below ground biomass at initial stages.    
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Implementation of MRV at CBFMU level 
The development of an MRV system at CBFMU level is a challenging issue, both from 
the technical and the socio-economic point of view. The purpose of this paper is to 
describe the various steps needed for its implementation. 
 
The proposed approach will rely on three major actors, namely 

1. The MRV team established at national level; 
2. District Forest Officers and rangers in the districts and FMU levels; 
3. CFUGs and other local forest managers in case of different community based 
forest management modalities. 
 
The role of NGOs and civil society should also be taken into adequate consideration. 
 
Schematically, the implementation of MRV at CBFM unit’s level includes the following 
steps:  
 

MRV Phases Step Responsible body Output / Product 
Preparation Step 1: Preparation 

phase 
FUGs / REDD Cell / 
MRV Section 

A formal agreement 
between FUGs and 
the REDD cell / MRV 
on the establishment 
of REDD+ activities in 
given communities. 

Measurement of 
activity data 
 

Step 2: Delineation of 
project boundaries 

FUGs / DFOs / MRV 
Section 
Jurisdictional 
boundary 

A digital map with the 
boundaries of the 
project area. 

 Step  3: Land use and 
land cover mapping 

MRV 
Section/FUGs/Local 
forest officers 

The baseline LULC 
map, and the 
changes that 
occurred in the recent 
past, prior to the 
project initiation. 

 Step 4: Stratification 
of the project area 

MRV Section / FUGs / 
Local forest officers 

Project area 
stratification map 
 

Measurement of 
emission factors 
 

Step 5: Preparation 
for the field work and 
capacity building of 
local communities. 

Local forests 
authorities / service 
providers/ NGOs 

Local communities 
are trained for field 
work. 

 Step 6: Pilot inventory 
for variance 
estimation 

MRV Section / FUGs / 
local forest officers 

Field sampling design 
established 

 Step 7: Field work FUGs, local forest 
authorities 

Field inventory 
executed 

 Step 8: Quality 
assurance and quality 
control 

Local forest 
authorities 
 

Validated field data 

 Step 9: Data 
processing and 
estimation of emission 
factors and GHG 
emission 

MRV Section 
 

Estimation of GHG 
emissions (REL) 
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MRV Phases Step Responsible body Output / Product 
Reporting Step 10: Analysis of 

trends 
MRV Section 
 

Trends in carbon 
emission balance 
established 

 Step 11: Detection of 
leakage 

MRV Section and 
local forest officers 
 

Quantification of 
leakage 

 Step 12: Estimation of 
net (deducting 
leakage) carbon 
emissions 

MRV Section Net carbon emission 
balance established 

 Step 13: Collating and 
presenting the 
information on GHG 
emissions/removals. 

MRV Section A report in a REDD+ 
standard and 
documented format. 

Verification Step 14: Verification Independent authority 
 

Certified net carbon 
emissions 

Payments of carbon 
credits 

Step 15: Payments of 
carbon credits 

MRV Section and 
designated REDD+ 
authorities 
 

Carbon transactions 
in place 

Follow-up  Step 16: Follow-up  MRV Section / REDD 
Cell 
 

Sustainable REDD 
mechanisms are in 
place 

 
The procedures presented above for CBFMUs approach are valid for any sub-national 
unit in general in terms of methodological approach, however there will be differences in 
the actors involved, depending on the management regime of the forests, as follows: 
 

Forest 
management 

regime 

Preparation 
phase 

Measurement 
of activity 

data 

Measurement 
of emission 

factors 

GHG 
emission 
estimates 

and 
reporting 

Verification, 
Carbon 
credits 

payment 
and follow-

up 

Community 
forests 

CFUGs / 
REDD Cell 
/ MRV 
Section 

MRV Section 
Support: 
CFUGs / 
DFOs  

CFUGs 
Support: 
Local Forest 
Officers / 
MRV Section 

MRV 
Section 

Independent 
authority 
and 
Designated 
REDD+ 
authorities 

Collaborative 
forests 

CFUGs / 
REDD Cell 
/ MRV 
Section 

MRV Section 
Support: 
CFUGs / 
DFOs  

CFUGs 
Support: 
Local Forest 
Officers / 
MRV Section 

MRV 
Section 

Independent 
authority 
and 
Designated 
REDD+ 
authorities 
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Forest 
management 

regime 

Preparation 
phase 

Measurement 
of activity 

data 

Measurement 
of emission 

factors 

GHG 
emission 
estimates 

and 
reporting 

Verification, 
Carbon 
credits 

payment 
and follow-

up 

Government 
managed 
forests 

Local 
Forest 
Officers /  
 VDC / 
REDD Cell 
/ MRV 
Section 

MRV Section 
Support: 
VDC / DFOs  

Local Forest 
Officers /VDC 
Support:  
MRV Section 

MRV 
Section 

Independent 
authority 
and 
Designated 
REDD+ 
authorities 

Protected 
forests 

National 
Park 
Officers / 
Buffer Zone 
Council 
/REDD Cell 
/ MRV 
Section 

MRV Section 
Support:  
National Park 
Officers / 
Buffer Zone 
Council 

National Park 
Officers / 
Buffer Zone 
Council 
Support:  
MRV Section 

MRV 
Section 

Independent 
authority 
and 
Designated 
REDD+ 
authorities 

 
 

3.1.2 Capacity building at CBFMU (Institutional, technical) 
 
The MRV approach at sub-national level can be a good opportunity to strengthen the 
capability of existing CBFMUG to develop sustainable forest management programs on 
the basis of forest surveys, mapping and analysis.  
 
The component would finance CBFMUG training; provision to CBFMUG of basic survey 
equipment and tools. 
 
Revision of existing guidelines for CBFMUG operational forest management planning 
and operations should constitute a natural follow-up to be implemented by a successive 
project. 
 
Moreover, the CBFMUG approach presents the opportunity to couple the traditional and 
local knowledge on forest resources, and natural resources in general, with some 
modern techniques like advanced Remote Sensing, Database and GIS techniques to be 
applied to forest management in an innovative manner. 
 
In the Section above we have outlined the necessary steps deemed necessary for 
implementation of MRV at CBFMU level.  
 
The roles and functions of local CBFM practicing groups are emphasized in: 

i) preparation phase (step 1);  
ii) steps involved in activity data measurement phase (steps 2 – 4); and  
iii) Two of six steps involved in emission factor measurement phase (steps 6 and 7) 

for implementation of field inventory. 
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More specifically, enabling the CBFM groups to participate meaningfully in REDD+ 
requires them to acquire: 

 Knowledge and awareness about the possible benefits and disadvantages and/or 
risks associated with establishing REDD+ activities; 

 Knowledge and skills involved in delineating forest boundaries; 

 Basic understanding of the land use map of CBFM area and ability to interpret 
the map to some level; 

 Ability to understand the basic and specific parameters on which the forest area 
is stratified and the sample plots are located; 

 Knowledge and skills of doing forest inventory and recording the data; 
 
Key role and functions of the DFO and its field staff revolves around the facilitation of 
whole process involved in all phases of Table. They need to do social/institutional 
mobilization in close coordination with existing local and district level relevant CSOs and 
NGOs and at the same time be technically capable to train the CBFM groups on point 2) 
to 5) above.  
 
DFO staff will also need to record, maintain and manage the measurement related data 
and communicate with the MRV team at district and sub-/national level MRV teams. 
 

3.1.3 Creating Awareness on REDD and Seeking Free, Prior, Informed Consent 
(FPIC) for   participation in REDD+ 

 

In order to understand the need and significance of creating awareness on REDD+ 
among the participating communities and seeking their FPIC, the MRV project team 
undertook a case study in the pilot areas of ICIMOD/ANSAB/FECOFUN implemented 
REDD+ pilot project in Gorkha and Chitawan districts. The findings of the case study 
reveal that  

 Most CFUG members perceive an additional benefits in terms of payment for 
carbon through REDD+ 

 IPs and Dalit groups within CFUG found REDD+ to be supportive with respect to 
strengthening their forest rights and enhancing their livelihoods; 

 There has been significant rise in women’s participation in forest protection; 

 Those engaged in fuel wood and fodder harvesting take special care not to 
damage new saplings and sprouting shoots of plants; 

 Incidences of fire hazard in adjoining forests rarely communicated timely and 
urgently between concerned CFUGs prior to REDD+ pilot project implementation 
have now become a regular practice; 

 In Kayarkhola pilot area of Chitawan district a drastic decrease in shifting 
cultivation has been reported;  

 Forest dependent households who in past had often found CF threatening to 
their forest based livelihoods found incentive to engage in forest protection due to 
alternative livelihoods provided under REDD+; 

 
Key findings as regards REDD related knowledge and awareness creation are: i) it 
should ideally be undertaken by locally trusted and credible CSOs/NGOs; ii) Awareness 
should be created on all possible likely issues, challenges and risks associated with 
REDD+ in future, not only the possible monetary benefits; iii) General bodies of all 
participating CBFM groups should be well informed and should decide for participation; 
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An all agreed format for FPIC should be prepared for CBFM groups to submit for 
planned REDD project. 
The case study findings suggest that in future REDD+ project areas in Nepal: 

 Awareness creation and capacity building will have to be undertaken extensively 
prior to embarking on the project implementation. This should include all 
stakeholders at all levels of the project.  

 Capacity building should follow all the steps mentioned in table 3. Communities 
should have opportunity to engage in agreed process of FPIC.  

 Communities participating in REDD+ should understand i) the forest boundary 
delineation, ii) land use maps development process and interpretation, iii) basic 
criteria used for forest area stratification and identification of sample plots for 
periodic measurement. At least two pairs of men and women members of each 
CFUG should be able to undertake inventories and measurements as per the 
agreed standards and record the data in standard format.  
 

3.2  Decentralized functions, including personnel, training needs and 
equipment 

 

3.2.1 The Sub-National Level REDD Cell and MRV Section 
 

Sub-national level institutional and technical arrangements for REDD and MRV is of 
utmost importance for Nepal given the remarkable diversity in its forest conditions in 
different physiographic and development regions. Differences in nature, rate and 
intensity of impact of a range of parameters responsible for deforestation and 
degradation of forests also demands sub-national level REDD and MRV arrangements 
and this has been justified by adopting a nested approach for the country. 
 
As shown in the proposed institutional framework for the MRV system, under the policy 
and strategic guidance of the central level REDD division the sub-national MRV will 
remain integrated with the national MRV system. The sub-national REDD MRV 
institution will provide policy and operational guidance for the implementation of MRV at 
CBFMU level and to REDD FMUs other than CBFMUs (e.g., government managed, 
collaborative, protected and leasehold forests). It will also oversee and guide the 
capacity building of various stakeholders and beneficiaries of REDD+ engaged in such 
projects. Its major technical functions will be i) coordination and implementation of forest 
inventory and field verification of GIS based forest maps produced from central MRV; ii) 
data processing and reporting to central MRV; iii) technical/capacity and other defined 
support at local project (FMU) level;  
 
The sub-national level REDD MRV institution (could be called cell, section or unit) 
located in the sub-national or regional forestry directorate office) will coordinate with and 
guide the district/local government level forestry institutions and also supervise and 
monitor their REDD and MRV related activities. It will be managed by a sub-national 
level REDD and MRV coordinator (a forestry expert) assisted by an IT/monitoring expert 
skilled at operationalizing the MRV related data base. Institutional and human resources 
capacity strengthening responsibilities at sub- national level will be taken care of by the 
relevant Regional Training Centre and this will be coordinated by the already existing 
Regional Forestry Director/Directorate. The forest inventory unit of the central MRV will 
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provide technical assistance to the Regional Training Centres to plan and organise the 
capacity building activities for all districts in sub-national level. 
 
Human Resources requirements for sub-national level REDD and MRV Unit while 
no/few REDD+ projects exist in Nepal and sub-national level MRV responsibilities could 
be taken care of from the regional forestry directorate’s office, could be limited to 
maximum 3, - 1 sub-national REDD and MRV coordinator, 1 IT/MRV database expert 
and 1capacity building expert.  
 

3.2.2 The District/Local Governance Unit Level REDD and MRV Section 
 

The role of existing DFOs is foreseen to be the depository of REDD related knowledge , 
official entry point of all sorts of information/data generated in course of REDD+ 
implementation and as facilitating agency for effective REDD+ implementation at local 
CBFM and other FMU level. These roles have been well recognized by all stakeholders 
from national down to local level as revealed from the case study undertaken by the 
MRV project team (refer to case study working paper)  
 
Despite the fact that participatory approach to forest carbon measurement and 
monitoring is advocated by all stakeholders, the verification and validation of such data 
will have to be done by DFO prior to their entry into the national MRV database6. DFOs 
have presence down to the range post level and each range posts are responsible to 
provide forest protection and management services in tentatively 4 to 10 VDCs. Forest 
technicians located in range posts work closely with local communities promote CBFM 
as and where applicable.  
 
At the DFO level therefore, a REDD and MRV section will need to be established with 
computer and internet based database management arrangements. Forest carbon 
measurement data from all CBFM units and other FMUs participating in REDD+ will 
have to be validated by the DFO, refined and entered in the database maintained there. 
For this purpose it will need a computer operator skilled at data entry, its maintenance 
and management in DFO.  
 
An adequate number of DFO field staff should be trained to work as a facilitator capable 
of providing technical assistance to local forest managers of CBFM and other FMUs as 
and when required. They might also need to create awareness and train the local forest 
managers involved in participatory forest carbon measurement activities.  
 
Human resources required at DFO level will be at least two forestry technicians with 
additional knowledge and skills of IT and database maintenance/management. For 
facilitation and capacity building of local forest managers, at least 4 rangers and 8 forest 
guards should be trained on REDD and MRV related social and technical aspects.  
 
  

                                                 
6
 DFRS exists at the central level and does not have field presence in districts. It therefore, needs to coordinate 

with DoF and DFO for forest inventory and forest carbon measurement and recording at sub-national and district 
level. 
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3.2.3 Functional Relationships along the Three Tiers of MRV System Governance 
Mechanism 

 

The national/central level MRV Section is overall responsible for all MRV related 
functions under the policy/strategic guidance of the REDD Division and technical 
guidance from the Survey Division of the DFRS. It will need to ensure that the sub-
national level MRV system is well integrated with the national level. The central level 
MRV provides all technical/technological support, procures the human resources and 
builds capacities and infrastructure required for effective management and 
operationalization of the sub-national MRV. It also steers and supervises the Sub-
national level MRV functions.  
 
In addition to performing the MRV functions the sub-national MRV institution also 
provides the technical oversight, guidance and capacity support to the DFOs for 
effective and timely forest inventory, participatory forest carbon measurement, data 
entry and maintenance of database in DFO.     
 

3.3 Technical approach for MRV at Sub-National level 

 

3.3.1 Remote sensing and mapping at Sub-National Level 
 

In Section 2.6.1.5 we have discussed the importance of a nested approach to monitor 
carbon stock, where a national level is integrated with more detailed local studies in 
areas of special interest. The general framework of the MRV nested approach is 
reported in the Working Paper 2. Sub-national studies can be defined at different levels, 
for example regional or local. The MRV nested approach is focused on the local level 
because a locally-based approach that also involves the community in planning, data 
collection, analysis, and decision making, can potentially generate local support and 
ownership for the monitoring programme, enhancing its longevity (Palmer Fry 2011). 
Moreover, in a large portion of Nepal forest there is a direct involvement of local actors 
in the active management of forest. Thus, this is a consolidated approach and local 
community can directly benefit from a policies oriented to the reduction of carbon 
emissions. This is a resource that can be used to increment the reliability of the MRV 
carbon stock estimations. Other sub-national levels can be defined in the future with 
some adaptation that can be sensitive to the size of the study area and to the desired 
level of accuracy of the results. 
 
A land cover change assessment at local level necessarily need a higher spatial 
resolution of satellite images than that used at national level, a more detailed 
classification system and more accurate information from the field both for the 
calibration and for the validation of the classification. This implies higher cost that can 
be partially reduced by the direct role of local institution and local communities. 
The main requirements for a forest cover monitoring system at local level in Nepal are 
the following: 

 It must be financially sustainable (cost-effective), where the cost must be a 
minimal part of the potential compensation from the REDD+ mechanism; for this 
reason local studies must have a size above at least 10,000 hectares. 
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 It must be technically feasible, particularly taking into account the technical 
resources of the MRV Remote Sensing/GIS unit that will have to take care both 
of the national and local level 

 The level of detail must be higher than the national level, e.g. a reference 
(nominal) scale of 1:25,000 should be used (corresponding roughly at a minimum 
mapping unit of 1 hectare). 

 It must be consistent when used over time, but as the same time must be flexible 
in order to use different data source: higher resolution data are costly and it can 
happen that different sensors will be available at the different point in time. As no 
very high resolution images are available for the 20th century, historical trend at 
local level must be based on an integrated analysis of medium (e.g. Landsat) and 
high resolution images. 

 The result must be consistent with the national level: whenever the land cover 
and land cover change assessment at local level are different from the results 
produced at national level, the national level should be corrected using the 
information from the local level (although some difference can be accepted taking 
into account the different reference scale) 

 The methodology must be efficient when performed on a large number of limited 
and sparse areas (e.g. if many images have to acquired, pre-processing must be 
simple and fast). 

 The approach must include a direct and active involvement of local actors (CFO, 
CBFM-UG). 

 The classification system must include a further level of detail compared to the 
classes used at national level. 

 

3.3.1.1 Proposed Remote Sensing methodology at Sub-National level 
According to the requirement analysis discussed in the previous section, to the official 
guidelines and to the results of the test done on a pilot area , the best methodology at 
local level can be synthesises as a temporally and spatially explicit land cover change 
assessment of the study area and conversion between classes based on high resolution 
images (e.g. Aster at 15 m resolution, Rapid Eye at 5 m resolution) classified using an 
automated image segmentation approach with a preliminary expert-based interpretation 
(supervised classification or visual interpretation) followed by a collection of feedbacks 
from the local actors and then finalized with a further visual interpretation to integrate 
the information based on the local knowledge. The minimum mapping unit should be at 
least 1 hectare. The assessment should be repeated at every reporting time (e.g. every 
2 years). The image interpretation will be carried out by the Remote Sensing/GIS unit of 
the MRV section at central level in coordination with local communities and local 
institutions that will provide key information to improve the interpretation and field data 
for the final accuracy assessment. Monitoring at ground level is also essential in 
addressing the other REDD+ components such as sustainable forest management, 
forest conservation, biodiversity, and safeguards. 
 
This approach grants a full and effective engagement of indigenous peoples and local 
communities to the assessment of forest cover change, and the contribution of their 
knowledge to monitoring and reporting activities (Larrazabal et al. 2012), creating a 
direct connection with the forestry management plans 
Below, more details and discussions are provided about different aspects of the 
methodology: data source; classification method; classification system; validation of 
results. In some cases, some alternative options are presented. The final standardized 
protocols must be defined during the operationalization of the MRV system according to 
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a number of factors, including the available financial resources and more specific 
requests to participate to the REDD+ mechanism. 
 
The satellite data source must be at a spatial resolution of at least 15 meters (or finer), 
but at the same time must be compatible with the financial resources of the project 
considering that, unless local studies will be in contiguous areas, an image per study 
has to be acquired. The cheapest option is Aster, which optical bands have 15 meters 
of spatial resolution, plus a number of other bands at 30 and 60 meters of resolution. A 
single scene of about 3,600 square kilometers costs 60 dollars (120 dollars with ortho-
rectification). It might be difficult to create mosaics of Aster image if the study area falls 
into different scenes. An alternative option is RapidEye with 5 meters of spatial 
resolution. A complete coverage of Nepal in 2010 is already available through the FRA 
project. This resolution allows a detailed discrimination of forested areas and can also 
be used to support and validate the land cover assessment at national level. RapidEye 
costs about 1.3 dollars per square kilometer, but they must be purchased in tiles larger 
than 500 square kilometers. It is possible to buy the full coverage of Nepal for about 
130,000 dollars. This can be good options if many local areas must be analyzed, also 
considering that the same images can be used at national level (see Chapter 3). If no 
financial resources are available, Landsat images can be used, applying more detailed 
interpretation techniques and extensive data from the field. This option is not 
recommended because the results would be in any case similar to those of the national 
level. A partial improvement can be obtained with the fusion of the panchromatic band 
(15 meters) with optical and near-infrared bands. For the future, an interesting 
perspective for monitoring the local level is offered by the unmanned aerial vehicle. 
 
 
For the classification method, automatic and semi-automatic methods (e.g. 
segmentation + supervised classification) can be used as basis for the assessment and 
supervision of the analyst which can also take full advantage of field data and local 
knowledge, stimulating the involvement of local actors. In this case it is important to give 
a major to the operators in the interpretation/classification in order to take into proper 
consideration the feedback from the local communities (a rigid automatic classification 
would limit the role of local actors only to carry out the field surveys for data validation). 
The final classification should be performed by the analyst integrating all the available 
information in a holistic perspective. The minimum mapping unit should at least of 1 
hectare (or smaller). A finer “detection unit level” at approximately 0.5 hectare can be 
used (according to the resolution of the selected data source) in the segmentation 
process and labelling step before aggregation to 1 hectare objects for the interpretation 
phase. Detection of changes from the benchmark objects at very reporting time, rather 
than a new interpretation to be compared to the original, is recommended to detect only 
real and relevant changes. 
 
Moreover, even if analyst-based approaches are more subjective and have limited 
repeatability (although they can still be verified), over small areas are usually simpler, 
faster, and more practical. They are very flexible and can be adapted to availability of 
expertise and data from different remote sensors. Moreover, analyst-based approaches 
can better help to keep consistency between local and national level, and can improve 
the classification of classes with similar spectral response and classes with fragmented 
spatial patterns. 
 
The classification system starts from the classification at national level, adding a 
further hierarchical level where floristic composition attribute is added to forest classes 
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(e.g. Sal, Tropical Mixed Hardwood, Birch, etc.) through the information provided by the 
local forestry experts that integrates the information directly derived from remote 
sensing.  
 
The validation of the results can be carried out by local communities with the support 
of local forestry institutions through field survey and the local knowledge of the area, 
according to a sampling schema defined by the central MRV Remote Sensing/GIS Unit. 
 

3.3.1.2 Integration with the National Level 
It is important that the land cover change assessment at local and national level over 
the same areas is consistent. The local level will provide more detailed information, it is 
thus acceptable that, for example, small patches of forest are detected in the local level 
but non at national level (due to the different MMU). The difference must be limited to 
these specific cases: wherever the two levels disagree, generally the national level 
should be corrected using the information coming from the local level.  
 
The spatial consistency can then be achieved using the local level to calibrate/validate 
the national level, while, whenever the national level is available before the local level 
analysis is performed, the local assessment can start from the result of the national 
level. The semantic consistency is given by the use of a hierarchical legend, so that 
classes at local level will be a more detailed specification of the classes at national 
level. The coordination between the two levels can be tuned once the system is 
operational. 
 
 

3.3.2 Forest inventory 
 

Some details on the forest inventory work to be carried out at sub-national level 
including CBFMU and other management regimes have been highlighted in section 3.1 
above ‘Implementation of MRV at CBFMU level’. Summarizing the following steps are 
required: 

i. Preparation for the field work and capacity building of local communities 
ii. Pilot inventory for variance estimation 
iii. Field work 
iv. Quality assurance and quality control 

 
The methodologies to be applied at sub-national level must be consistent with the 
proposed CFI at national level in terms of Carbon Stock to be measured, in order to 
ensure a coherent implementation of the nested approach. Similarly to CFI at National 
level, the Sub-National forest inventories must provide estimates of: 

 Number of trees per hectare 

 Species composition 

 Diameter distribution 

 Status of regeneration 

 Stem volumes 

 Stem biomass 

 Total tree biomass 

 Seedlings, saplings, shrubs and herbs biomass 
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 Total above ground biomass, including tree and non-tree (shrubs and non-
vascular plants); 

 Dead and decaying wood 

 Total belowground biomass. 

 Total biomass 

 Total Carbon Stock 
 
The main difficulty in defining the protocols for forest inventory at sub-national level is 
that, while for the National level the size of the population to be sampled is well defined 
(i.e. total forests and other wooded land of Nepal), for the sub-national level the area of 
interest will be necessarily variable, depending on the number and size of the Forest 
Management Units (FMU) that will participate in the REDD+ mechanism. 
 
Different FMU can be envisaged depending and the land tenure and management 
regime, like: 

 Community forests 

 Collaborative forests 

 Government managed forests 

 Protected forests 
 
Each FMU should be regarded as a different stratum from the statistical point of view, 
and sampled independently. 
 
Within each FMU further stratification will be carried out according to the vegetation 
types defined by the Remote Sensing component. 
 
The Sub-National approach on forest inventory should be based on the FMU concept. A 
FMU should be defined as a significant territorial unit from the forest management point 
of view, representing: 

 Relatively homogeneous Land Units and Land Systems; 

 Land tenure and forest management current status and perspectives; 

 Social aspects (including ethnicity, poverty, and other social indicators); 

 Environmental risks, including deforestation, forest degradation, soil erosion and 
risk of biodiversity loss, for instance. 

 
Following this approach, the SNU will not only represent a viable unit for implementing  
Carbon Emissions reductions, but also a FMU in the sense of the traditional practice of 
forest management, and thus having close linkages to NAFMIS. 
 
For instance the approach followed by the ANSAB Project, defined by watershed or 
sub-watershed land units seems promising. 
 
Size of the SNU Projects 
Specific attention must be paid on the size of the Sub-National Unit to be considered 
because the implementation of REDD+ and MRV mechanisms bears some fixed costs 
which are independent from the area to be considered. 
 
Such fixed costs include, among others: 

 Purchase and interpretation of satellite imageries (the smaller the area the higher 
the costs, in general) 
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 Purchase of field inventory equipment and training of local personnel 

 Administration and REDD+ transaction costs 
 
Such costs need to be supported by a sufficient Carbon Credits compensation 
expressed in CO2 tons of avoided emissions at current market price. At this stage no 
consolidated data on the likely present emissions and possible avoided CO2 emissions 
per hectare of forest is available for Nepal, so the estimation of the minimum viable area 
for a given REDD+ Project is only tentative, and is based on the existing case studies. 
 
The Sub-National MRV approaches consulted are: 

 The ANSAB / ICIMOD / FECOFUN study carried out in three pilot watersheds, 
covering around 10,000 hectares of forests, and 

 The Terai Arc Landscape Project, carried out by WWF and covering around 1 
Million hectares of forests 

 
It is evident that the difference in area is huge between the two Projects, and that the 
approaches followed so far in Nepal are very variable. 
 
Based on the analysis of these case studies, tentatively we estimate that the minimum 
area of forest for implementing a REDD+ Project at Sub-National level should be not 
less than 10,000 hectares of forests, based on logistics and economic considerations. 
However this minimum unit can be revised when data on current CO2 emission are 
available from FRA Nepal and REL Projects. 
 
As mentioned earlier, the Sub-National MRV approach will not be limited to a specific 
management regime. However, special emphasis should be given to CBFMU, in view of 
their territorial importance and of the social and environmental benefits that can be 
associated to REDD+ mechanisms at CBFMU. 
 
Now, the area of CBFMU in Nepal varies from less than 1 ha to a few thousands 
hectares. It is then evident that no single CBFMU is eligible for REDD+ and MRV alone.  
 
The average size of Community Forest area was 100 ha in the ANSAB / ICIMOD / 
FECOFUN study and 150 ha in the Terai Arc Landscape Project. Single CBFMU should 
be bundled in of FMU of sufficient magnitude.  
 
For example to form a FMU of about 10,000 ha of forests, on average around 100 
CBFMU should join. The mechanism of joint forest management among several 
communities has been successfully implemented in three watershed pilot projects and it 
is strongly recommended. 
 
Sampling design at Sub-National level 
Given the heterogeneity of the FMU at sub-National or local level no uniform and 
standard sampling design can be recommended. Sampling design can be optimized 
depending on local conditions like forest types, accessibility, management regime, size, 
etc. 
 
However some basic principles must be respected for any sampling design chosen: 

1. The area must be stratified into 
a) Forest Management Unit type, first, and subsequently into 
b) Major land cover types as defined from Remote Sensing 
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2. Each stratum will be sampled independently using a significant number of plots 
per stratum 

3. The sampling intensity will be determined for each inventory, using existing 
variance estimations, if available, or implementing a pilot inventory for variance 
estimation 

4. The number of samples in each stratum will be determined in order to achieve a 
given level of statistical error (at least a confidence limit of ± 10% at 95% 
probability should be  reached); 

5. Both systematic or random sampling can be applied, providing they follow a well-
documented and solid statistical procedure 

6. The biomass and carbon stock to be measured and reported must be identical in 
all Sub-National inventories 

 
For Sub-National inventories, given the limited size of the area and the likely much 
better accessibility, no clustering of plots is necessary, thus independent sample plots 
can be laid out using a random or systematic design. 
 
Frequency of measurements 
It is advisable to repeat field inventory every two years, to increase the consistency and 
reliability of the emission factors. The repeated field inventories will also provide a better 
understanding of the degradation processes, which may not be fully captured by 
Remote Sensing. Frequent monitoring may also be useful to maintain the momentum 
created with involvement of local communities. 
 

3.3.3 Detection of leakage 
 

Leakage is an important factor to be considered in the MRV. The concept of leakage is 
related to the idea that local communities involved in REDD activities could preserve the 
forest area designated under REDD mechanisms, but at the same time they could as 
well revert to deforestation and forest degradation in adjacent forest areas, outside 
REDD defined areas. In this case, the statistics derived from REDD committed areas 
may not reflect the true picture of carbon emission. 
For the determining the possible leakage, the following monitoring measures are 
proposed: 

 Extend the forest change monitoring, and ground samples to neighbouring areas 
using an appropriate buffer (e.g. 5 km.) or better carrying out a contextual land 
cover analysis, in order to determine which forest areas, within reachable 
distance, could be a potential source of leaking, and perform RS monitoring and 
ground  samples in order to assess deforestation and forest degradation over 
time, in such potential leakage areas 

 Potential leakage analysis will also be carried out at administrative unit level (e.g. 
District), in order to determine if Districts, where community based REDD actions 
are in place, show significant deviations from average deforestation and forest 
degradation average patterns., which might be an indication of leakage. 

 

3.3.4 Validation, Data processing and Reporting 
 

As discussed earlier the field work for Sub-National forest inventories will be carried out 
by Forest Community members. Prior to the field work community members will receive 
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appropriate training and equipment for forest measurement. On average 4 members of 
each Community (two females and two males) should be trained in forest measurement. 
 
In support, DFOs and Rangers will be responsible for: 

1. Training of Community members 
2. Supply of technical equipment 
3. Technical supervision of the field work 
4. Validation of the field measurements (at least 10% of the sampling plots should 

be revisited for quality control) 
5. Data processing and 
6. Reporting 

 
For data processing and reporting, the MRV Team has implemented a prototype of data 
entry procedure and reporting, which includes internet based user’s friendly computer 
applications for: 

1. Standard Forms for data entry, and 
2. Standard Reporting functions including volume, biomass and carbon stock 

calculations. 
 
This functionality has been integrated in the MRV web portal as a prototype. This 
application, when finalized, will be run in DFOs Offices and will permit: 

1. Immediate calculations of the inventory results at local level; 
2. Automatic upload of newly collected inventory data into the central MRV 

database. 
 

3.4  Estimated costs for MRV implementation at Sub-National level 

 
As stated earlier, a global full cost proposal for the MRV at Sub-National level cannot be 
completely formulated because the likely area of application is not known a priori and in 
a way will be determined by the success of the REDD+ initiatives at local level. 
 
What can be done at this stage is to try to determine the MRV total costs at SNU on a 
per area unit base. 
 
Assuming that 10,000 hectares of forests is the minimum unit area for REDD+ viable 
implementation, the estimated costs will be assessed using 10,000 hectares as baseline 
for calculations. 
 
According to the proposed institutional architecture, the responsibility of the SNU 
component of the MRV will be shared among the following actors, in order of 
importance: 
 

Actors Main tasks 

CBFMU Members  Verification and validation of satellite based 
map 

 Support to stratification of forest types 
based on local knowledge 

 Execution of field work 

DFO’s  Creating Awareness on REDD and Seeking 
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Actors Main tasks 

Free, Prior, Informed Consent (FPIC) for   
participation in REDD+ 

 Training of Community members 

 Supply of technical equipment 

 Technical supervision of the field work 

 Validation of the field measurements (at 
least 10% of the sampling plots should be 
revisited for quality control) 

 Data processing and 

 Reporting 

Central MRV Section  Land use and land cover mapping 

 Stratification of the project area 

 Data processing and estimation of emission 
factors and GHG emission  

 Analysis of trends 

 Detection of leakage 

 Collating and presenting the information on 
GHG emissions/removals 

 
Assuming a minimum area unit of 10,000 ha of forests, a tentative assessment the 
costs related to field inventory at Sub-National level, is summarized as follows: 
 

Actor Item Year 1 Year 2 Year 3 Year 4 Year 5 
 
Total 
 

CBFMUg 

Field work 
allowances 

1,000 1,000 1,000 1,000 1,000 5,000 

 
Equipment (1) 
 

1,000 - - - - 1,000 

Sub-total 
CBFMUg 

 2,000 1,000 1,000 1,000 1,000 6,000 

District Forest 
Office 

Field work 
allowances 

800 800 800 800 800 4,000 

 
Equipment (2) 
 

5,000 - - - - 5,000 

Sub-total District 
Forest Office 

 5,800 800 800 800 800 9,000 

Grand Total  7,800 1,800 1,800 1,800 1,800 15,000 

 
The calculations above are based on the following assumptions: 

 On average 100 plots are established every 10,000 ha, i.e. one plot per 100 ha; 

 Each plot will be measured in one day, meaning that 100 field inventory crew 
days are needed; 

 If, for instance , 4 (four) field crews are deployed then 25 days per year are 
required for the field inventory work; 

 The support of DFO includes awareness raising, local capacity building and 
quality control of the field measurements. 

 
Regarding the estimated needs for equipment, the following recommendations can be 
made: 
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(1) Minimum equipment requirements at CBFMUg 

 Diameter tape: for measuring tree diameter 

 Meter tape: for measuring distance 

 Compass: for measuring bearing 

 Clinometer: for measuring tree height and slope 

 Plot centre marker: for marking plots 

 Number tag: for marking trees 

 Spring Scales: for weighing destructive samples 

 Cloth bags: for collecting understorey samples 

 Hand saws/Sickles: for cutting destructive samples 

 Forms and stationeries: for recording data 

 Map with coordinates: for locating sample plots 

 Densiometer: to determine forest canopy class 

(2) In addition to the equipment above, the District Forest Offices should be 
endowed with the following equipment: 
1 or 2 GPS for plot location and boundaries delineation; 
1 or 2 Vertex + Transponder for tree height and distance measurements; 
1 PC with internet connection and 1 printer for data entry and printing of reports. 
 

Finally an attempt is made here to provide a broad estimate of the MRV costs at 
National level. Since the total area to be covered is not known a priori, two scenarios 
have been elaborated, as a minimum and maximum approach, as follows: 

a) Minimum scenario: the area under REDD+ at sub-national level is equal to the 
area to be covered by the on-going R-PIN proposal for the Terai Arc Landscape, 
covering approximately 1,000,000 ha of forests. 

b) Maximum scenario: all CBFMUG of Nepal are involved. In this case the area 
involved is estimated at approximately 3,000,000 ha. 
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For each scenario the corresponding costs are estimated as follows: 
 

MRV 
implementation at 
sub-national level 

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Scenarios Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum 

Estimated costs 780,000 2,340,000 180,000 540,000 180,000 540,000 180,000 540,000 180,000 540,000 1,500,000 4,500,000 
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4. Overall synthesis of MRV costs 

 
The following table presents a synthesis of the estimated costs for an MRV implementation in Nepal according to the proposed nested 
approach, comprising national and sub-national level, according to a minimum and maximum scenarios. The financial plan for total MRV 
implementation is expected to be between 5.2 and 9.5 Million US Dollars for a 5 year cycle.  
 
Unit US$ 
 

Estimated MRV 
implementation costs 

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

Scenarios Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum 

MRV at National level 1,168,000 1,579,000 706,000 1,117,000 616,000 770,000 616,000 770,000 616,000 770,000 3,772,000 5,027,000 

MRV at Sub-national 
level 

780,000 2,340,000 180,000 540,000 180,000 540,000 180,000 540,000 180,000 540,000 1,500,000 4,500,000 

Grand Total 1,948,000 3,919,000 886,000 1,657,000 796,000 1,317,000 796,000 1,317,000 796,000 1,317,000 5,222,000 9,527,000 

 
 


