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Executive Summary 

 
The objective of this study was to specify and scope, for 99 tropical non-Annex I countries, the near-
term capacity-development activities that would be required to implement an accurate forest area 
change and carbon stock monitoring system.  The focus is on actions that could be taken over the 
next five years to prepare for participation in a mechanism for Reducing Emissions from 
Deforestation and Forest Degradation (REDD), or in an intermediate funding mechanism, such as the 
one currently being debated in the International Working Group - Interim Financing for REDD (IWG-
IFR).  This Working Group was an outcome of a meeting of world leaders, hosted by His Royal 
Highness, the Prince of Wales, held in London on April 1st 2009.  Furthermore, the report may 
provide useful input to REDD-readiness processes, such as those undertaken in the framework of the 
UN-REDD Programme and the Forest Carbon Partnership Facility (FCPF). 
 
Information from various consistent global information sources was analyzed to assess current 
national capabilities and ς based on the results ς make recommendations for capacity development 
for each country.  The study used two types of information sources.  International reporting and 
communications to the United Nations Food and Agriculture Organization (FAO), to the United 
Nations Framework Convention on Climate Change (UNFCCC) and to the World Bank have been 
reviewed and analyzed along with information from global data products reflecting relevant factors 
such as availability of data and observations, forest status and threats, current carbon stocks and 
technical challenges for implementing annual forest area change monitoring.  Although the study 
considers various aspects of a national forest carbon monitoring system, there is an emphasis on 
capacities for the monitoring of forest area change and the role of remote sensing technologies. 
 
The assessment of current monitoring capabilities has emphasized that the majority of countries 
have limitations in their ability to provide a complete and accurate estimation of greenhouse gas 
(GHG) emissions and forest loss.  Less than 20% of the countries have submitted a complete GHG 
inventory so far, and only 3 out of the 99 countries currently have capacities considered to be very 
good for both forest area change monitoring and for forest inventories.  The major shortcomings in 
the current monitoring capacities can be summarized according to the relevant reporting principles 
of the Intergovernmental Panel on Climate Change (IPCC) in their Good Practice Guidelines (GPG): 

Å Consistency: Estimations previously provided by many countries are based either on single-
date measurement or on integrating heterogeneous data sources, rather than using a 
systematic and consistent measurement and monitoring approach; 

Å Transparency: Expert opinions, independent assessments or model estimations are 
commonly used as information sources to produce forest carbon data; this could potentially 
lead to a lack of transparency; 

Å Comparability: Common methodologies and guidance must be used to produce comparable 
results. Few countries have experience in using the IPCC GPG as a common approach to 
estimation and monitoring; 

Å Completeness: The lack of suitable data for measuring and monitoring forest area change 
and changes in carbon stocks in many non-Annex 1 countries is evident.  Carbon stock data 
for above ground and below ground carbon are often based on estimations or conversions 
using IPCC default data and very few countries are able to provide information on all five 
carbon pools or estimates from biomass burning.  

Å Accuracy: There is limited information on sources of error and uncertainty levels of the 
estimates provided by countries, and approaches to analyze, reduce, and deal with these in 
international reporting 

 
The capacity gap can be defined as the difference between what is required and what currently exists 
for countries to measure and verify the success of REDD implementation actions using the IPCC GPG.  



        

As a synthesis of this study, the figure below indicates the current distribution where the largest 
capacity gaps exist for countries: 

Å that have limited experience in estimation and reporting of national GHG inventories, in 
application of the IPCC GPG, and with limited engagement in the UNFCCC REDD process so 
far; 

Å with low existing capabilities to continuously measure forest area changes and changes in 
forest carbon stocks as part of a national forest monitoring system; reporting carbon stock 
changes on the IPCC Tier 2 level is considered a minimum requirement; 

Å that face particular challenges for REDD implementation that may not be relevant for all 
countries, (e.g. they have high current deforestation rates and significant emissions from 
forest degradation, biomass burning and soil carbon stocks are currently not measured on a 
regular basis) and require investments to observe more IPCC key categories and move 
towards Tier 3 level measurements; 

Å where the availability of useful data sources for REDD monitoring is constrained.  In this 
study the focus is on the availability of common satellite data sources (i.e. Landsat, SPOT, 
CBERS) that may be limited in their use due to lack of receiving stations, persistent cloud 
cover, seasonality issues, topography or inadequate data access infrastructure. 

 

 
Figure: Spatial distribution of the capacity gap for different countries analyzed.  

 
For each country, various indicators have been derived that help to assess their existing capabilities 
and to specify the next steps for developing a monitoring system.  Recommendations are made for 
planning and designing a national REDD monitoring system including: organizational and institutional 
frameworks, assessing current capacities and existing data sources and information; steps for 
establishing a national monitoring system including components for consistent, multi-date forest 
area change monitoring (activity data), measurement and estimation of carbon emissions from land 
use change and remaining forest areas, consideration of emissions from other carbon pools and 
biomass burning, accuracy assessment and verification; and for national estimations and 
international reporting.  Generic recommendations are provided for all 99 countries and more 
detailed suggestions are made for a selection of 30 countries in detailed country reports.  It is 
concluded that almost all the countries studied require further investments to bridge the capacity 
gap in developing and sustaining national carbon measurement and monitoring systems in the long-
term. 
 
In addition to the country recommendations, the study highlighted some recommendations for 
international efforts and activities that would help to quickly and significantly remove some of the 
current obstacles for implementing annual forest monitoring;  particularly: 

¶ Improve the satellite data coverage through investing in additional receiving stations in 
particular in Central Africa and Central America.  



        

¶ Provide resources and support ongoing activities for coordinated global forest observations 
through established international mechanisms. 

¶ Implement regionally-specific, coordinated observation strategies to overcome specific 
challenges such as persistent cloud cover, data access limitations and lack of pre-processed 
data for annual coverage. 

¶ Ensure that suitably pre-processed observation products are made available to all countries. 

¶ Engage with relevant countries and actors to ensure long-term continuity of satellite 
observations for key observation programs with global focus, i.e. from NASA (National 
Aeronautics and Space Administration) and USGS (United States Geological Survey), ESA 
(European Space Agency) and EC (European Commission), JAXA (Japan Aerospace Exploration 
Agency ) and INPE (National Institute for Space Research). 

 
The results of the study also encourage regional cooperation to ensure efficient use of resources 
(National Institute for Space Research in particular for remote sensing capacity building) and to foster 
South-South cooperation.  A number of international organizations are already working on forest 
monitoring issues in different parts of the tropics e.g. FAO Forest Resource Assessment and National 
Forest Monitoring Assessment Report, Global Observations of Forest and Land Cover Dynamics 
(GOFC-GOLD) and their regional networks.  There is also great potential for some of the non-Annex I 
countries with suitable existing capacities and long experience of conducting forest inventory and 
monitoring to engage in regional cooperation and South-South capacity development (e.g. India, 
Brazil, Mexico).  Some promising areas where, for example, regional cooperation would be a suitable 
option are in different regions of Africa (i.e. Central Africa), Latin America, South Pacific, Mekong 
river countries and other Asian and SE-Asian countries.  

 
The study emphasizes the diversity of existing forest monitoring capabilities and the important near-
term objective for any REDD readiness activities.  Based on the understanding of monitoring 
requirements, existing capacities and avenues to further develop and establish operational 
capabilities, the study results point to the urgent need and opportunity to take immediate action. 
Capacity building activities should consider the different entry points for countries in this process and 
work towards an ultimate goal that all interested countries have a minimum level of monitoring 
capacity in place within the next five years. 
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Acronyms 

 
AFOLU   Agriculture, forestry and other land uses 
ALOS    Advanced Land Observing Satellite (owned by JAXA) 
Annex 1 Countries Signatories to the UNFCCC are split into three groups: Annex I countries 

(industrialized countries), Annex II countries (developed countries which pay 
for costs of developing countries), Developing countries 

ASTER   Advanced Spaceborne Thermal Emission and Reflection Radiometer (NASA) 
CB   Capacity building 
CBERS   China-Brazil Earth Resources Satellite Program 
CEOS   Committee on Earth Observation Satellites 
COMIFAC  The Central African Forest Commission 
DMC   Disaster Monitoring Constellation (survey satellites) 
EC   European Commission 
ESA   European Space Agency 
FAO   United Nations Food and Agriculture Organization 
FCPF   Forest Carbon Partnership Facility of the World Bank 
FRA   Forest Resource Assessment 
GEO   Group of Earth Observation 
GHG   Greenhouse gas 
GLCN   Global Land Cover Network (GOFC-GOLD) 
GOFC-GOLD  Global Observations of Forest and Land Cover Dynamics 
GPG   Good Practice Guidance 
INPE   National Institute for Space Research (Brazil) 
IPCC   Intergovernmental Panel on Climate Change 
IRS   Indian Remote Sensing Satellite 
JAXA   Japan Aerospace Exploration Agency 
LC   Land Cover 
LULUCF   Land Use, Land Use Change and Forestry 
MERIS   Medium Resolution Imaging Spectrometer (NASA) 
MODIS   Moderate-resolution Imaging Spectroradiometer (NASA) 
NASA   National Aeronautics and Space Administration 
NFMA   National Forest Monitoring Assessment Report of FAO  
PRP   The PrinceΩs Rainforests Project 
REDD   Reducing Emissions from Deforestation and Forest Degradation 
R-PIN   Readiness Project Idea Note (submitted by countries to FCPF) 
RS   Remote Sensing 
SPOT    Satellite Pour l'Observation de la Terre (France) 
SRTM   Shuttle Radar Topography Mission 
USGS   United States Geological Survey 
UNFCCC  United Nations Framework Convention on Climate Change 
VCF   Vegetation Continuous Fields 
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1 Background and objective 
 
The study has been conducted by the GOFC-GOLD Land Cover Project Office at The Friedrich-Schiller 
University of Jena, with the objective of summarizing the current capabilities of tropical, non-Annex I 
countries to monitor their forest resources with respect to forest area change and associated carbon 
stock changes and making recommendations for the implementation of operational forest 
monitoring within 5 years.  The analysis was done in the context of current climate change policy 
negotiations, where new mechanisms are under discussion to ŀŘŘǊŜǎǎ ǘƘŜ ƛǎǎǳŜ ƻŦ άwŜŘǳŎƛƴƎ 
Emissions from Deforestation and forest DŜƎǊŀŘŀǘƛƻƴέ όw955ύΦ  The main idea of such a REDD 
mechanism would be to provide incentives for developing countries to reduce deforestation and 
associated carbon emissions, which are greater than the entire global transport sector.  Reductions in 
deforestation, degradation and the prevention of related carbon emissions is currently considered an 
effective mitigation option that could combat climate change and at the same time help to conserve 
biodiversity (IPCC 2007).  
  
Any such mechanism will require the systematic measuring and monitoring of national forests and 
their changes (Santilli et al. 2005).  Many developing countries have no or insufficient monitoring 
systems in place to observe their forest resources for participation in REDD.  Therefore, the aim of 
this study was to provide an assessment of ŜŀŎƘ ŎƻǳƴǘǊȅΩǎ ŎǳǊǊŜƴǘ ǎǘŀǘǳǎ ŀƴŘ to recommend 
important next steps for capacity development to implement an accurate forest area change 
monitoring system over the next five years.  The study also considered what would be required to 
progress toward higher tiers (2 or 3) of IPCC-LULUCF (Land Use, Land Use Change and Forestry) 
compliant carbon estimation and accounting.  
 
For each country, the study analyzed and worked on specific areas of information: 
1. Current monitoring and reporting capabilities for forest area change and carbon stocks, to 

quantify and report on national estimates of carbon emissions from forest change; 
2. Availability of data from remote sensing data sources for annual forest area change monitoring; 
3. Remote sensing capacity building recommendations; 
4. Capacity building recommendations with respect to country specific REDD requirements and 

opportunities and carbon stock assessments, with a focus on 30 countries; 
5. Recommendations for regional and global capacity building activities. 
 
The study aims to take a global perspective on the REDD capacity development issue.  All information 
used for this project has been derived from available worldwide data sources to allow all country 
circumstances to be analyzed in, as much as possible, a transparent and comparative manner.  
Substantial national-level capacity development for measuring and monitoring forest carbon will be 
required and this process should start as soon as possible to ensure that existing capacity gaps are 
addressed and reduced before any REDD mechanism, or interim emergency funding mechanism for 
forests, can be implemented. 
 
Recommendations and conclusions are derived at the country and at the global level, with a specific 
focus on 30 countries suggested by The PrinceΩs Rainforests Project (PRP) and the Government of 
Norway.  Thus, the results should be useful for different communities interested and involved in 
REDD capacity development including individual countries, regional centres and expert networks, 
and international organizations.  Although the current study considers various aspects of a national 
forest carbon monitoring system, it has put emphasis on the capabilities required for annual 
monitoring of forest area changes and the role of remote sensing technologies.  Thus, further 
research, assessment of capabilities and capacity building efforts are required to properly address 
the issues of measuring carbon stocks and carbon stock changes. Also, the results are intended to 
provide guidance and suggestions but should be further discussed and elaborated with the individual 
countries before they can be used in defining or implementing specific actions. 
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2 Methodology 
 
The study addressed all non-Annex I countries of the UNFCCC that are located in the humid or dry 
tropics; in total 99 countries.  Different types of indicators were developed to assess the current 
capabilities and the specific challenges of each country.  These indicators were built with respect to 
the requirements and components that are needed to establish a national REDD monitoring system 
(IPCC 2003, GOFC-GOLD 2008).  A suite of consistent global information sources were analyzed for 
each country.  International country reporting to FAO and UNFCCC was reviewed regarding current 
country monitoring capabilities.  If available, further information from submissions to UNFCCC and to 
the World Bank Forest Carbon Partnership Facility (FCPF) have been integrated as well.  In addition, a 
suite of global geo-data products have been used to analyze specific country conditions that will be 
important for developing or consolidating a national REDD monitoring system.  Such information 
includes remote sensing technical challenges (data access and availability, cloud coverage etc.) and 
country-specific characteristics and opportunities related to REDD monitoring (deforestation rate, 
importance of degradation, biomass burning, other carbon pools etc.).  The results of the assessment 
are used to develop country-specific recommendations for the capacity building.  
 
 

2.1 Foundations for forest (carbon) monitoring  
 
Although, the details for a REDD mechanism and an interim funding mechanism for forests are still 
under discussion, this study gives an overview of the capacities that are needed to implement an 
accurate forest area change monitoring system and comprehensive carbon emission estimation and 
reporting (minimum of a Tier 2 level specified by IPCC-LULUCF).  The international guidelines of IPCC 
for LULUCF and AFOLU (Agriculture, forestry and other land uses) already provide a framework of 
methods (IPCC 2003, GOFC-GOLD 2008, Herold and Johns 2007).  The knowledge and understanding 
of these methods for forest monitoring and carbon stock estimation according to IPCC GPG is a 
prerequisite for each country, as is the institutional framework that specifies responsibilities for 
different tasks within the monitoring.  
 
Several requirements need to be considered to implement a national monitoring system.  The first 
component ς forest area change monitoring ς needs to deliver forest area and spatially explicit forest 
area change, corresponding to approach 3 of IPCC guidelines for LULUCF and AFOLU.  It therefore 
requires the application of transparent and consistent datasets.  The use of remote sensing 
technologies is considered a suitable approach for most developing countries to assess historical and 
future deforestation rates (DeFries et al. 2007).  The application of remote sensing techniques 
requires technical resources, infrastructure and human capacity for data acquisition, storage, 
processing and analysis and needs to consider the national circumstances.  For the second 
component - carbon stock and carbon stock change estimation ς the IPCC GPG provides different 
tiers regarding the level of detail and accuracy (Table 1).  
 

Table 1: IPCC tiers for estimating carbon stock 
 

Tier Details 

Tier 1 IPCC methods and IPCC default values (no data collection needed) 

Tier 2 IPCC methods and country specific data for key factors (including more detailed country 
specific strata) 

Tier 3 Country specific methods or models, national inventory of key carbon stocks, repeated 
measurements of permanent plots to directly measure changes in forest biomass 

 
The application of Tier 2 requires technical resources, infrastructure and human capacity for forest 
inventory estimations.  For Tier 3, detailed measurements of carbon stock changes need to be 
provided for different carbon pools (e.g. through permanent field plots).  



  9      

 

2.2 Assessing monitoring capabilities & technical challenges 
 
Several indicators have been used to specify the current status of forest monitoring in each country 
and make recommendations.  Table 2 summarizes the key sources that have been identified and the 
information derived from each one to evaluate the current country status.  
 

Table 2: Source of information used for this study 

 

 Indicator Source 

D
e
si

g
n 

Involvement in UNFCCC 
REDD process  

UNFCCC Country Submissions for REDD 
UNFCCC Country National Communications 
FCPF Readiness Plan Idea Note (R-PIN) 

Completeness of national 
UNFCCC  reporting 

Note by UNFCCC Secretariat on financial support provided by the 
Global Environment Facility for the preparation of national 
communications (UNFCCC, 2008) 

Assessment of institutional 
framework and capacities 

FCPF Readiness Plan Idea Note (R-PIN)  
Country Reports for FAO Forest Resources Assessment 2005 

D
a

ta
 c

o
lle

ct
io

n
 

&
 a

n
al

y
si

s 

Remote sensing capability / 
Forest area time series 

Country Reports for FAO Forest Resources Assessment 2005 

Data on carbon emissions in 
remaining  forests 

UNFCCC Country National Communications 
Country Reports for FAO Forest Resources Assessment 2005 

Emission reporting from 
other carbon pools 

UNFCCC Country National Communications 
Country Reports for FAO Forest Resources Assessment 2005 

C
u

rr
e
n

t 
C

B Participation in regional and 
international networks and 
REDD readiness effort 

FAO National Forest Monitoring and Assessment Program  
GOFC-GOLD Regional Networks 
Global Land Cover Network 
FAO FRA 2010 remote sensing survey 
FCPF Readiness Plan Idea Note (R-PIN) 

R
S

 d
a

ta 

Remote sensing data 
availability 

Coverage of Landsat 5 and CBERS receiving stations  
Coverage of archived SPOT (Satellite Pour l'Observation de la Terre) 
data and assessment of cloud-free data availability 

Data access  Broadband internet speed (speedtest.net) 

Topography SRTM (Shuttle Radar Topography Mission) and FAO Elevation Product  

Annual cloud coverage 
probability 

MODIS (Moderate-resolution Imaging Spectroradiometer) M3 Product 
(Cloud Fraction Mean)&  EECRA (Extended Edited Cloud Report Archive) 

G
e
n

e
ra

l 

Forest area and 
deforestation hot spots  

MODIS Vegetation Continuous Field Product 2001 (Hansen et al. 2006) 
MODIS VCF (Vegetation Continuous Fields) Hot-Spots, 2000-2005 
(Hansen et al. 2008) 

Forest degradation World map of intact forest landscapes (Greenpeace, 2005) 
Fire: GLOBCARBON Burnt Area 2000-2008 

Carbon stocks  Aboveground/belowground:  IPCC Tier-1 Global Biomass Carbon Map 
for the Year 2000 (Ruesch & Gibbs, 2008) 
Soil: Organic carbon pool (kg/m²/m) ς Subsoil (FAO, 2007) 

Relevance of forest fires GLOBCARBON Burnt Area Estimates  

 
A major information source to assess the monitoring capabilities has been the national reporting to 
the FAO Forest Resource Assessment (FAO 2006) and to the UNFCCC (UNFCCC 2008).  Every five to 
ten years, the FAO undertakes a global forest resources assessment (FRA).  Participating countries 
have to submit detailed information concerning current status and recent trends of their national 
forest resources with respect to various parameters e.g. forest area, biomass, carbon stock and 
biodiversity ς this has proven to be highly problematic for many developing countries.  Within the 
UNFCCC, all parties are encouraged to submit national communications.  In the case of non-Annex I 
countries, the communications shall include a national inventory of anthropogenic emissions of all 
GHG by sources, to the extent that the national capacities permit.  Furthermore, for 25 countries, 
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άwŜŀŘƛƴŜǎǎ tǊƻƧŜŎǘ LŘŜŀ bƻǘŜǎέ όw-tLbΩǎύ ŀǊŜ ŀǾŀƛƭŀōƭŜ.  These documents have been prepared by 
countries participating in the REDD readiness initiative of the Forest Carbon Partnership Facility 
(FCPF) and include a detailed description of current forest monitoring and GHG estimation as well as 
an assessment of identified gaps and challenges.  This study is based on the evaluation of these 
documents rather than a detailed consultation with national experts (which would be the preferred 
option if time and resources permitted).  
 

Table 3: Indicators to assess current monitoring and reporting capacity 
 

 Key requirement Indicator Description of categories 

G
H

G
 in

ve
n
to

ry
  Understanding of 

international UNFCCC 
negotiations and 
REDD process 

Engagement in UNFCCC REDD 
process  

Low: Only National Communication (NC) or no 
 documented interaction 
Medium: NC and/or at least one REDD submission 
High:  others and/or R-PIN 

Understanding of 
IPCC guidelines for 
reporting  

Completeness of national 
UNFCCC  reporting 

Low:  < 50 % 
Advanced:  50 - 99 % 
Complete:  100 % 

F
o

re
st

 m
o

n
ito

ri
n

g
 c

a
p
a

c
iti

e
s 

Forest area change 
monitoring capacity 
 

Forest area change time series 
& 
Remote sensing capabilities 

Very low: No forest  cover map 
Limited:  Forest cover map (external) 
Some: Multiple forest cover maps (external) 
Good: forest cover map in-house OR multiple maps, 

latest before 2000 
Very Good:    Regular forest area mapping most recent after 

2000 

Carbon stock 
assessment  
 

Forest inventory capacities  
(growing stock and/or biomass) 

Very low: No inventory available 
Limited: One inventory available (produced external) 
Some: Multiple inventories (produced external) 
Good: Inventories available (in-country), before 2000  
Very good:  Multiple inventories (in-country), most recent 
 after 2000 

Reporting on carbon for 
different pools 

Low: No reported carbon stocks 
Limited:  Aboveground biomass (AGB) reported (using Tier 1)  
Intermediate: Minimum AGB and soil reported (using Tier 1) 
Good:  AGB reported (using tier 2) 
Very good:   Various carbon pools (using tier 2)  

C
o

o
p
e
ra

tio

n
 

Relevant regional and 
international 
cooperation and 
monitoring activities 
 

Regional and international 
networks and  
Relevant monitoring activities 

FAO FRA 2010 
FAO NFMA  
GOFC-GOLD Regional Networks 
GLCN (Global Land Cover Network) 
 

S
p
e
c
ifi

c 
c
h
a

ra
c
te

ri
st

ic
s 

a
n
d
 r

e
q
u
ir

e
m

e
n
ts

 
 

 

Challenges for 
national REDD 
actions and 
monitoring  

Proportion of country area with 
tree canopy cover > 40 %  

None: 0 %  
Some:  1-50 %  
High: > 50 % 

Amount of intact forest Low:  0 %  
Some:   1-50 %  
High:         > 50 % 

Area affected by fire (in forests) 
on annual average 2000-2008 

Low:  0 %  
Medium:  > 0 % of land area burnt annually (on average)  
High:  > 10 % of area with >40% tree cover burnt annually 

(on average) 

Carbon storage in forest 
vegetation 

Proportion of forest with high (above- and belowground) 
carbon stock (>125 t/ha) [in %] 

Carbon storage in soils as 
proportion of forest area with 
high carbon soils (> 15 g/m²)  

Low:  0 %  
Some:   1-20 % of area with >40% tree cover  
Large:       > 20 % of area with >40% tree cover 

Remote sensing 
technical challenges 
(for annual 
monitoring) 

Data availability  Percentage of country covered by Landsat 5/CBERS  
Percentage of country covered by annual, cloud-free SPOT data 
2006-2008 (in archive) 

Data access  Average internet download speeds in kbps 

Topography Percentage of country with high topography/steep slopes 

Cloud coverage Annual cloud coverage (in percent) and seasonality 
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A number of available global datasets have been processed into a common format and analyzed to 
derive additional information on forests, forest observation data, carbon stocks and forest 
disturbances (Table 2).  Table 3 describes the indicators that have been used to assess country 
characteristics and capacities with respect to key requirements for REDD monitoring.  The indicators 
have been categorized in groups to allow for a comparative analysis on the global level. 
 
 

2.3 Deriving recommendations for capacity development  
 
The design and implementation of a monitoring system for REDD can be understood as an 
investment in information that is essential for successful participation in a REDD mechanism.  
Countries should build on existing forest data and capacities available in-country.  
 

 
 

Figure 1: Conceptual framework to derive recommendations for national capacity development for this study. 

 
As exemplified in Figure 1, the evaluation of country capacities and REDD specific characteristics 
provides the basis to specify the recommendations.  Starting with an assessment of current 
capacities, additional information on country-specific characteristics and requirements for REDD 
have been analyzed through a number of indicators (Table 2, 3 and 4).  A summary of key 
components and required capacities for estimating and reporting emissions and removals from 
forests is provided in Table 4.  These components help to define the requirements that a monitoring 
system should include and deliver, following the requirements outlined in the IPCC GPG.  The 
difference between the current status and the requirements provides information on the capacity 
gap.  
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Table 4: Components and required capacities for establishing a national monitoring system for REDD. 
 

Phase Component Capacities required 

Planning 
&  

design 
 

1.  Need for establishing a forest 
monitoring system as part of a 
national REDD implementation plan 

¶ Knowledge on international UNFCCC negotiations and guidance for monitoring and 
implementation 

¶ Knowledge of national REDD implementation strategy and objectives 

2. Assessment of existing national 
forest monitoring framework and 
capacities, and identification of gaps 
in the existing data sources  

¶ Understanding of IPCC LULUCF estimation and reporting requirements 

¶ Synthesis of previous national and international reporting (i.e. UNFCCC national 
communications & FAO Forest Resources Assessment) 

¶ Expertise in estimating terrestrial carbon dynamics, related human-induced changes 
and monitoring approaches 

¶ Expertise to assess usefulness and reliability of existing capacities, data sources and 
information 

3. Design of forest monitoring system 
driven by UNFCCC reporting 
requirements with objectives for 
historical period and future 
monitoring 

¶ Detailed knowledge in application of IPCC LULUCF good practice guidelines 

¶ Agreement on definitions, reference units, and monitoring variables and framework 

¶ Institutional framework specifying roles and responsibilities 

¶ Capacity development and long-term improvement planning 

¶ Cost estimation for establishing and  strengthening institutional framework, capacity 
development and actual operations and budget planning 

Data 
collection  

&  
monitoring 

4. Forest area change assessment 
(activity data) 

¶ Review, consolidate and integrate the existing data and information 

¶ Understanding of deforestation drivers and factors  

¶ If historical data record insufficient ς use of remote sensing: 
o Expertise and human resources in accessing, processing, and interpretation of 

multi-date remote sensing imagery for forest changes 
o Technical resources (Hard/Software, Internet, image database) 
o Approaches for dealing with technical challenges (i.e. cloud cover, missing data) 

5. Changes in carbon stocks 

¶ Understanding of processes influencing terrestrial carbon stocks 

¶ Consolidation and integration of existing observations and information, i.e. national 
forest inventory or permanent sample plots: 

o National coverage and carbon density stratification 
o Conversion to carbon stocks and change estimates 

¶ Technical expertise and resources to monitor carbon stock changes: 
o In-situ data collection of all the required parameters and data processing  
o Human resources and equipment to carry out field work (vehicles, maps of 

appropriate scale, GPS, measurements units) 
o National inventory/permanent sampling (sample design, plot configuration) 
o 5ŜǘŀƛƭŜŘ ƛƴǾŜƴǘƻǊȅ ƛƴ ŀǊŜŀǎ ƻŦ ŦƻǊŜǎǘ ŎƘŀƴƎŜ ƻǊ άw955 ŀŎǘƛƻƴέ 
o Use of remote sensing (i.e. for stratification) 

¶ Estimation at sufficient IPCC Tier level for: 
o Estimation of carbon stock changes due to land use change 
o Estimation of changes in forest areas remaining forests 
o Consideration of impact on five different carbon pools 

6. Emissions from biomass burning 

¶ Understanding of national fire regime and fire ecology, and related emission for 
different greenhouse gases 

¶ Understanding of slash and burn cultivation practice and knowledge of the areas 
where being practiced  

¶ Fire monitoring capabilities to estimate fire affected area and emission factors: 
o Use of satellite data and products for active fire and burned area 
o Continuous in-situ measurements (particular emission factors) 

7. Accuracy assessment and 
verification  

¶ Understanding of error sources and uncertainties  in the assessment process 

¶ Knowledge on the application of best efforts using appropriate design, accurate 
data collection, processing techniques, and consistent and transparent data 
interpretation and analysis  

¶ Expertise on the application of statistical methods to quantify, report and analyze 
uncertainties for all relevant information (i.e. area change, change in carbon stocks 
etc.) using, ideally, a sample of higher quality information 

Data 
treatment 

8. National GHG information system  

¶ Knowledge on techniques to gather, store, and analyze forest and other data, with 
emphasis on carbon emissions from LULUCF 

¶ Data infrastructure, information technology (suitable hard/software) and human 
resources to maintain and exchange data and quality control   

9. Analysis of drivers and factors of 
forest change  

¶ Understanding and availability of data for spatio-temporal processes affecting forest 
change, socio-economic drivers, spatial factors, forest management and land use 
practices, and spatial planning  

¶ Expertise in spatial and temporal analysis and use of modeling tools 

Reference 
emission 

levels 

10. Establishment of reference emission 
level and regular updating  

¶ Data and knowledge on deforestation and forest degradation processes, associated 
GHG emissions, drivers and expected future developments 

¶ Expertise in spatial and temporal analysis and modeling tools 

¶ Specifications for a national REDD implementation framework  

Reporting 11. National and international reporting  
¶ Expertise in accounting and reporting procedures for LULUCF using the IPCC GPG 

¶ Consideration of uncertainties and procedures for independent international review 
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The largest capacity gaps exist for countries: 

¶ that have limited experience in estimation and reporting of national GHG inventories, for 
application of the IPCC GPG and with limited engagement in the UNFCCC REDD process so far; 

¶ with low existing capabilities to continuously measure forest area changes and changes in forest 
carbon stocks as part of a national forest monitoring system.  Reporting carbon stock changes on 
the IPCC Tier 2 level is considered a minimum requirement; 

¶ that face particular challenges for REDD implementation, i.e. they have high current 
deforestation rates, significant emissions from forest degradation or biomass burning and soil 
carbon stocks that are currently not measured on a regular basis; 

¶ where the availability of useful data sources for forest monitoring are constrained.  In this study 
the focus on the availability of common satellite data sources (i.e. Landsat, SPOT, CBERS) that 
may be limited in their use due lack of receiving stations, persistent  cloud cover, seasonality 
issues, topography or inadequate data access infrastructure. 

 
Based on existing capacity gaps, this study has derived recommendations for capacity development 
(Figure 1).  Recommendations will be made on two levels: (a) recommendations for a world-wide, 
comparative assessment for 99 non-Annex I countries in tropical regions and (b) detailed 
recommendations for a selection of 30 countries.   
 
 

3 Results and recommendations 
 

3.1 Overview of existing country capacities  
 
An assessment of existing information and current capacity is the foundation for each country when 
designing and implementing its forest carbon monitoring systems.  The development of UNFCCC 
national communications has stimulated countries to establish national GHG inventories and related 
national estimation capacity.  Figure 2 highlights the current status and the range of completeness 
for national GHG inventories for the countries studied in this project.  Less than 1/5 of tropical non-
Annex I countries are listed with a fully developed inventory.  Of the 99 countries, 50 countries have 
taken significant steps, with inventories in the range of 50-100% complete.  About half of the 
countries currently have systems less than 50% complete.  Although the information in Figure 2 
refers to the establishment of full GHG inventories, where the LULUCF sector is only one component, 
Figure 2 provides a sense of the current capacity gap for national-level GHG estimating and reporting 
using IPCC guidelines or GPG. 
 

 
 

Figure 2: Status for completing national greenhouse gas inventories as part of Global Environment Facility 
support for the preparation of national communications of 99 non-Annex I tropical and sub-tropical countries 

(UNFCCC, 2008). 
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In terms of monitoring changes in forest area, Figure 3 highlights that almost all 99 non-Annex I 
countries were able to provide estimates of forest area and changes in forest area.  About 75% of the 
countries provided this information based on multi-date data and about one quarter reported based 
on single-date data.  Most of the countries used data from the year 2000 or before as their most 
recent data point for forest area, while 29 of the 99 countries were able to provide more recent 
estimates. Of the countries that used multi-date information, remote sensing has been the most 
prominent source of information. Field surveying and mapping and expert estimates are also 
common (Note: Countries may have used multiple sources for reporting such data to the FAO). 
 

 
 
Figure 3: Summary of data and information sources used by 99 non-Annex I tropical and sub-tropical countries 

to report on forest area change for the FAO FRA 2005 (FAO 2006). Note: single date estimates are based on 
assumptions (i.e. a multivariable model including population growth). 

 
A number of countries provided estimates for carbon stocks (Figure 4).  71 of the 99 countries 
reported on the overall stocks in above ground carbon pools.  Since the above ground and below 
ground carbon pools are correlated, almost the same number of countries reported on the carbon in 
below ground vegetation.  Fewer countries were able to provide data on the other pools, in 
particular for carbon in the soil (12 countries).  The reported forest carbon pool estimates are 
primarily based on growing stock data as the observation variable.  A number of different 
information sources are applied by countries for converting growing stocks to biomass (and to 
carbon in the next step), with the IPCC GPG default factors being used most commonly (Figure 4).  
Only 11 countries converted growing stock to biomass using specific and, usually, national conversion 
factors.  
 
Given the results of this assessment, the majority of the countries have limitations in providing a 
complete and accurate estimation of GHG emissions and forest loss.  Some gaps in the current 
monitoring capabilities can be summarized according to the relevant reporting principles: 

Å Consistency: Estimations previously provided by many countries are based either on single-
date measurement or on integrating heterogeneous data sources, rather than using a 
systematic and consistent measurement and monitoring approach; 

Å Transparency: Expert opinions, independent assessments or model estimations are 
commonly used as information sources to produce forest carbon data; this could potentially 
lead to a lack of transparency; 

Å Comparability: Common methodologies and guidance must be used to produce comparable 
results. Few countries have experience in using the IPCC GPG as a common approach to 
estimation and monitoring; 
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Å Completeness: The lack of suitable data for measuring and monitoring forest area change 
and changes in carbon stocks in many non-Annex 1 countries is evident.  Carbon stock data 
for above ground and below ground carbon are often based on estimations or conversions 
using IPCC default data and very few countries are able to provide information on all five 
carbon pools or estimates from biomass burning.  

Å Accuracy: There is limited information on sources of error and uncertainty levels of the 
estimates provided by countries, and approaches to analyze, reduce, and deal with these in 
international reporting 

 

 
 

Figure 4: Summary of data for five different carbon pools reported (left) and information sources used by 150 
non-Annex I countries to convert growing stocks to biomass (right) for the FAO FRA 2005 (FAO 2006, countries 

may have used multiple sources for the conversion process). 

 
 

3.2 Recommendations for national level capacity building  
 
3.2.1 General suggestion for capacity building in 99 countries 
 
Appendix A lists a number of indicators derived for this study that provide the foundation for 
countries to assess their existing capacities and specify the next steps to improve their monitoring 
systems.  The indicators should be considered with the flowchart presented in Figure 5. This 
flowchart lists the pathways and indicative cost implications for countries and requires an 
understanding of the capacity gap between what is needed for such a system and the status of 
current monitoring capacities (see Table 4 and Appendix A).  Using this information, countries may 
use the flowchart to guide them through a number of the key components (in Figure 5) that need to 
be considered and addressed during capacity development.  
 
The first step for building national monitoring capacity should specify the monitoring objectives and 
implementation framework, based on the understanding of: 

¶ Guidance for monitoring and implementation provided under the UNFCCC; 

¶ Monitoring should be part of the national REDD implementation strategy and objectives; 

¶ Knowledge in the use and application of the methods of IPCC LULUCF good practice 
guidelines; 

¶ Existing national forest monitoring capabilities; 

¶ Expertise in estimating terrestrial carbon dynamics and related human-induced changes; 

¶ The consideration of different requirements for monitoring forest changes historically 
(reference period) and for the future (accounting period). 
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Figure 5: Flowchart for the process to establishing a national monitoring system linking key components and 
required capacities (see Table 4), and indicative cost category estimates. 

 


