
 

 

 

 

 

 

 

 

 

 

 

 
 



A SOURCEBOOK OF METHODS AND PROCEDURES FOR 

MONITORING AND REPORTING ANTHROPOGENIC 

GREENHOUSE GAS EMISSIONS AND REMOVALS 

ASSOCIATED WITH  DEFORESTATION, GAINS AND 

LOSSES OF CARBON STOCKS IN FORESTS REMAINING 

FORESTS, AND FORESTATION  

Background and Rationale for the Sourcebook  

This sourcebook provides a consensus perspective from the global community of earth 

observation and carbon experts on methodological issues relating to quantifying the 

greenhouse gas (GHG) impacts of implementing mitigation activities re lated to the forest 

land use in developing countries (REDD+). At current status of negotiation five forest -

related activities have been listed to be implemented as mitigation actions by developing 

countries, namely: reducing emissions from deforestation (w hich implies a land -use 

change) and reducing emissions from forest degradation, conservation of forest carbon 

stocks, sustainable management of forest land, Enhancement of forest carbon stocks (all 

relating to carbon stock changes and GHG emissions within managed forest land use, 

including forest expansion on non - forest land). The UNFCCC negotiations and related 

country submissions on REDD+ have advocated that methodologies and tools become 

available for estimating emissions and removals from deforestation and forest land 

management, including forest expansion, with an acceptable level of certainty. Based on 

the current status of negotiations and UNFCCC approved methodologies, the Sourcebook 

aims to provide additional explanation, clarification, and methodol ogies to support 

REDD+ early actions and readiness mechanisms for building national REDD+ monitoring 

systems. It complements the Intergovernmental Panel on Climate Change (IPCC) 2006 

Guidelines for National Greenhouse Gas Inventories and it is aimed at bei ng fully 

consistent with this IPCC Guidelines and with the UNFCCC reporting guidelines on annual 

GHG inventories. The book emphasizes the role of satellite remote sensing as an 

important tool for monitoring changes in forest cover, provides guidance on how  to 

obtain credible estimates of forest carbon stocks and related changes, and provides 

clarification on the use of IPCC Guidelines for estimating and reporting GHG emissions 

and removals from forest lands.  

The sourcebook is the outcome of an ad -hoc REDD+ working group of ñGlobal 

Observation of Forest and Land Cover Dynamicsò (GOFC-GOLD, www.fao.org/gtos/gofc -

gold/ ), a technical panel of the Global Terrestrial Observing System (GTOS). The working 

group has been active since the initiation of the UNFCCC REDD+ process in 2005, has 

organized REDD+ expert workshops, and has contributed to related UNFCCC/SBSTA side 

events and GTOS submissions. GOFC -GOLD provides an independent expert platform for 

international co operation and communication to formulate scientific consensus and 

provide technical input to the discussions and for implementation activities. A number of 

international experts in remote sensing, carbon measurement and reporting under the 

UNFCCC have cont ributed to the development of this sourcebook.  

With some REDD+ decisions already adopted, Dec. 4/CP.15, Dec. 1/CP.16 and Dec. 

12/CP.17, but with political discussions and negotiations ongoing, the current document 

provides the starting point to support th e development of national forest monitoring 

systems (par. 71, Dec. 1/CP.16) and forest reference emission levels and forest 

reference levels (section II, Dec. 12/CP.17) considering current technical capabilities to 

monitor GHG emissions and removals from d eforestation , reforestation and activities in 

forest land remaining forest land. This sourcebook is a living document and further 

methods and technical details can be specified and added with evolving negotiations and 

science. Respective communities are in vited to provide comments and feedback to 

evolve a more detailed and refined guidelines document in the future.  

http://www.fao.org/gtos/gofc-gold/
http://www.fao.org/gtos/gofc-gold/
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1  INTRODUCTION  

1.1  PURPOSE  AND  SCOPE  OF THE SOURCEBOOK   

This sourcebook is designed to be a guide to assess historical data for reference emission 

level (REL) and reference levels (RL), and to design a national forest monitoring system 

for monitoring REDD + activities, and estimating according to reporting guidelines, 

carbon stock changes and non -CO2 emissions from deforestation and management of 

forest lands ïincluding their expansion (reforestation and afforestation). All the 

indications provided by this sourcebook are based on the general reporting requirements 

set by the United Nations Framewor k Convention on Climate Change (UNFCCC) and the 

specific methodologies for the Agriculture, Forestry and Other Land Use (AFOLU) sector 

provided by the Intergovernmental Panel on Climate Change (IPCC).  

The sourcebook introduces users to: i) the key issues a nd challenges related to 

monitoring and estimating carbon stock changes and non -CO2 emissions from 

deforestation and management of forest land; ii) the key methods provided in the 2006 

IPCC Guidelines for National Greenhouse Gas Inventories for Agriculture , Forestry and 

Other Land Use (GL -AFOLU); iii) how these IPCC methods provide the steps needed to 

estimate carbon stock changes and non -CO2 emissions iv) the key issues and challenges 

related to reporting under the UNFCCC.  

The sourcebook provides transpare nt methods and procedures that are designed to 

produce accurate estimates of changes in forest area and carbon stocks and non -CO2 

emissions from deforestation and management of forest land, in a format that is user -

friendly. It is intended to complement th e IPCC AFOLU Guidelines by  providing additional 

explanation, clarification and enhanced methodologies for obtaining and analyzing key 

data meanwhile ensuring consistency of that information with IPCC works.  

The sourcebook is not designed as a primer on how  to analyze remote sensing data nor 

how to collect field measurements of forest carbon stocks as it is expected that the users 

of this sourcebook would have some expertise in either of these areas.   

The sourcebook was developed considering the following guiding principles:  

Ç Relevance: Any monitoring system should provide an appropriate match betw een 

known REDD+  policy requirements and current technical capabilities. Further 

methods and technical details can be specified and added with evolving political 

negotiations and decisions.  

Ç Comprehensiveness: The system should allow global applicability wi th 

implementation at the national level, and with approaches that have potential for 

sub -national activities.  

Ç Consistency: Proposed methods/activities shall be cons istent with IPCC methods 

and with current provisions on reporting under the UNFCCC.  

Ç Effi ciency: Proposed methods should allow cost -effective and timely 

implementation, and support early actions.  

Ç Robustness: Monitoring should provide appropriate results bas ed on sound 

scientific underpinnings and international technical consensus among exper t 

groups.  

Ç Transparency: The system must be open and readily available for independent 

reviewers and the methodology applied must be replicable.  
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1.2  UNFCCC CONTEXT AND REQUIRE MENTS   

The permanent conversion of forested to non - forested areas in developing countries has 

had a significant impact on the accumulation of greenhouse gases in the atmosphere, as 

have forest degradation caused by high impact logging, over -exploitation fo r fuel wood , 

intense grazing that reduces regeneration, and fires. Annual Carbon emissions from 

tropical deforestation and degradation during the 2000s accounted for about 10 -20% of 

the total anthropogenic emissions of greenhouse gases 1.  

For a number of reasons, activities to reduce emissions from deforestation and forest 

degradation or activities to enhance forest carbon stocks, with the exclusion of AR -CDM, 

in developing countries are not accepted for generating carbon credits under the Kyoto 

Protocol. However, the compelling environmental rationale for their consideration has 

been crucial for the recent inclusion of the REDD+ in the Cancun Agreemen t (Decision 

1/CP.16 Chapter III   ñPolicy approaches and positive incentives on issues relating to 

reducing emissions from deforestation and forest degradation in developing countries; 

and the role of conservation, sustainable management of forests and enhancement of 

forest carbon stocks in developing countriesò) that is the basis for a future global climate 

agr eement. In this context the IPCC methodologies and UNFCCC reporting principles 

have been already identified as the basis for the future REDD+ mechanism. 

Methodological issues need to be urgently addressed in order to produce estimates that 

are comparable, i.e. ñresults based, demonstrable, transparent, and verifiable, and 

estimated consistently over timeò2 ï this is the focus of this sourcebook.  

 

 LULUCF in the UNFCCC and Kyoto Protocol  1.2.1
To understand the assessment of the forest related emissions and removal s under the 

Convention and through the application of the IPCC methodologies it is convenient to 

have a close look to which are the arrangements for the LULUCF sector for the developed 

countries under the Convention and the Kyoto Protocol. This approach ha s its basis also 

in the contents of the Decision 1/CP.16 that is requesting consistency between the 

REDD+ and NAMA (National Appropriate Mitigation Action) moni toring and MRV 

requirements. Among these requirements there are also a national GHG inventory an d a 

national inventory report which until now where requested to Annex I parties only.    

Under the current rules for Annex I Parties (i.e. industrialized countries), the Land Use, 

Land Use Change and Forestry (LULUCF) sector is the only sector where the 

requirements for reporting emissions and removals are different between the UNFCCC 

and the Kyoto Protocol (Table 1.2.1). Indeed, u nlike the reporting under the Convention 

-  which includes all emissions/removals from LULUCF - , under the Kyoto Protocol  the 

reporting and accounting of emissions/removals for the second commitment period, is 

mandatory only for the activities under Art. 3.3 and forest management under Art. 3.4, 

while it is voluntary (i.e. eligible) for other activities under Art. 3.4 (see Table 1. 2.1). 

These LULUCF activities may be developed domestically by Annex I Parties or via Kyoto 

Protocolôs flexible instruments in other Annex I Parties territory or in non-Annex I Parties 

(i.e. developing countries) as Afforestation/Reforestation projects und er the ñClean 

Development Mechanismò (CDM). For the national inventories, estimating and reporting 

guidelines can be drawn from UNFCCC documents 3 and the IPCC 2006 Guidelines in 

which the Agriculture and LULUCF sectors are integrated to form the Agricultur e, 

Forestry and Other Land Use (AFOLU) sector. The IPCC 2006 Guidelines have been 

adopted by COP 17 for Annex - I Parties to report under UNFCCC 4, while the use of IPCC 

                                           

 

1 Baccini et al (2012), Pan et al (2011 ); Harris et al. (2012)  
2 UNFCCC Decision 2/CP.13. http://unfccc.int/resource/docs/2007/cop13/eng/06a01.pdf#page=8 .  
3 For a broader overview of reporting principles and procedures under UNFCCC see Chapt er 6.2.  

4 Decision 15/CP.17 FCCC/CP/2011/9/Add.2  

http://unfccc.int/resource/docs/2007/cop13/eng/06a01.pdf#page=8
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Good Practice Guidance for LULUCF has been encouraged for non -Annex - I Parties so 

being th e basic IPCC text for reporting REDD+ activities. In this sourcebook we make 

reference to the 2006 guidelines (as GL -AFOLU) because they represent the most 

relevant and updated source of methodological information 5 and are fully consistent with 

IPCC GPG fo r LULUCF.  

 

 

Table 1.2.1 . Existing frameworks for the Land Use, Land Use Change and Forestry 

(LULUCF) sector under the UNFCCC and the second commitment period of the Kyoto 

Protocol.  

Land Use, Land Use Change and Forestry  

UNFCCC (2003 GPG and 

2006 GL - AFOLU)  
Kyoto  Kyoto - Flexibility  

Six land use classes and 

conversion between them:  

Forest  land  

Cropland  

Grassland  

Wetlands  

Settlements  

Other Land  

Article 3.3  

Afforestation / Reforestation,  

Deforestation  

 

Article 3.4  mandatory  

Forest management  
 

Article 3.4 elective  

Cropland management  

Grazing land management  

Forest management  

Revegetation  

Wetland drainage and 

rewetting  

CDM  

Afforestation /  

Reforestation  

 

Deforestation= forest  land  

converted to another land 

category  

Controlled by the Rules and Modalities (including 

Definitions) included in COP/MOP Decisions (for a full 

set of, see www.unfccc.int )  

 

 

 Definition  of forests, deforestation and d egradation  1.2.2
For the new REDD+ mechanism, many terms, definitions and other elements are not yet 

clear. For example, although the terms ódeforestationô and óforest degradationô are 

commonly used, they can widely vary among countries. As decisions for REDD+ will 

likely build on the current modalities under the UNFCCC and its Kyoto Protocol, current 

definitions and terms potentially represent a starting point for considering refined and/or 

additional definitions, if it will be needed.  

For this reason, the definitions as used in UNFCCC and Kyoto Protocol context, 

potentially applicable to REDD+ after a negotiation process, are described below. 

Specifically, while for reporting under the UNFCCC only generic definitions on land uses 

                                           

 

5 Decision 12/CP.17 on REDD+ Safeguards and reference levels indicates that non -Annex I  Party 
ñaiming to undertake the actions listed in decision 1/CP.16, paragraph 70, should include in its 
submission trans parent, complete, consistent with guidance agreed by the COP, and accurate 

information for the purpose of allowing a technical assessment of the data, methodologies and 
procedures used in the construction of a forest reference emission level and/or forest reference 
level. The information provided should be guided by the most recent IPCC guidance and 
guidelines, as adopted or encouraged by the COP, as appropriateò. 

http://www.unfccc.int/
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are used, the Kyoto Protocol reporting pre scribes a set of definitions to be applied for 

LULUCF activities, although some flexibility is left to countries.  

Forest land  ï Under the UNFCCC, this category includes all land with woody vegetation 

consistent with thresholds used to define Forest Land i n the national greenhouse gas 

inventory. It also includes systems with a vegetation structure that does not, but in situ  

could potentially reach, the threshold values used by a country to define the Forest Land 

category.  Moreover, the contemporary presence  of other uses which may be 

predominant should be taken into account 6.  

The estimation of deforestation is affected by the definitions of óforestô versus ónon-

forestô land  that vary widely in terms of tree size, area, and canopy density. Forest 

definitions are myriad, however, common to most definitions are threshold parameters 

including minimum area, minimum height and minimum level of crown cover. In its 

forest resource assessment of 20 10 , the FAO 7 uses a minimum cover of 10%, height of 

5m and area of 0.5h a stating also that forest use should be the predominant use.  

However, the FAO approach of a single worldwide value excludes variability in ecological 

conditions and differing perceptions of forests.  

For the purpose of the Kyoto Protocol 8, Parties should select a single value of crown 

area, tree height and area to define forests within their national boundaries. Selection 

must be from within the following ranges, with the understanding that young stands that 

have not yet reached the necessary cover or  heig ht are included as forest:  

Ç Minimum forest area: 0.05 to 1 ha  

Ç Potential to reach a minimum height at maturity in situ  of 2 -5 m  

Ç Minimum t ree crown cover (or equivalent stocking level): 10 to 30 %  

Under this definition a forest can contain anything from 10 % to 100% tree cover; it is 

only when cover falls below the minimum crown cover as designa ted by a given country 

that land is classified as non - forest. However, if this is only a change in the forest cover 

not followed by a change in use, such as for timbe r harvest with rege neration expected, 

the land remains in the forest classification. The specific definition chosen will have 

implications on where the boundaries between defor estation and degradation occur.  

The Designated National Authority (DNA)  in each developing country is  responsible for 

the forest definition, and a comprehensive an d updated list of each countryôs DNA and 

their forest definition can be found on http://cdm.unfccc.int/DNA/ . 

The definition of for ests offers some flexibility for countries when designing a monitoring 

plan because analysis of remote sensing data can adapt to different minimum tree crown 

cover and minimum forest area  thresholds. However, consistency in forest classifications 

for all R EDD+  activities is critical for integrating different types of information including 

remote sensing analysis. The use of  different definitions impact s the technical earth 

observation requirements and could influence cost, availability of data, and abilitie s to 

integrate and compare data through time.   

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/C MP.1, the UNFCCC defined deforestation as: ñ...  the direct, human - induced 

conversion of forested land to non -forested land.ò   

                                           

 

6  The presence of a predominant forest -use is crucial for land  use  classification since the m ere 
presence of trees is not enough to classify an area as forest land (e.g. an urban park with trees 

exceeding forest threshold should  not be considered as a forest land) .  

7 FAO (2006 ):  Global Forest Resources Assessment 2005. Main Report, 
www.fao.org/forestry/fra2005  

8 Decision 16/CMP.1 http://unfccc.int/resource/docs/2005/cmp1/eng/08a03.pdf#page=3  

http://cdm.unfccc.int/DNA/
http://www.fao.org/forestry/fra2005
http://unfccc.int/resource/docs/2005/cmp1/eng/08a03.pdf#page=3


 1-5 

Effectively this definition means a reduction in crown cover from above the threshold for 

forest definition to below this threshold.  For example, if a country defines a  forest as 

having a crown cover greater than 30%, then deforestation would not be recorded until 

the crown cover was reduced below this limit.  Yet other countries may define a forest as 

one with a crown cover of 20% or even 10% and thus deforestation would  not be 

recorded until the crown cover was reduced below these limits.  If forest cover decreases 

below the threshold only temporarily due to say  logging, and the forest is expected to 

regrow  the crown cover to above the threshold , then this decrease is not  considered 

deforestation .   

Deforestation causes a change in land use and usually in land cover. Common changes 

include: conversion of forests to annual cropland, conversion to pasturelands, conversion 

to perennial plants (oil palm, shrubs), and conversio n to urban lands or other human 

infrastructure.  

Forest degradation  and enhancement of carbon stocks within forest land  ï In 

forest areas where there are anthropogenic net emissions (i.e. where GHG emissions are 

larger than removals), during a given time p eriod (no longer than the commitment 

period of the accounting framework) with a resulting decrease in canopy cover/biomass 

density that does not qualify as deforestation, are classified as subject to forest 

degradation.  

The IPCC special  report on óDefinitions and Methodological Options to Inventory 

Emissions from Direct Human - Induced Degradation of Forests and Devegetation of Other 

Vegetation Typesô (2003) presents five different potential definitions for degradation 

along with their pros and cons.  The rep ort suggested the following characterization for 

degradation:  

 ñA 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 

deforestationò. 

The thres holds for carbon loss and minimum area affected as well as long term need to 

be specified to operationalize this definition. In terms of changes in carbon stocks, 

degradation therefore would represent a direct human - induced /anthropogenic  decrease 

in carbon  stocks, with measured canopy cover remaining above the threshold for 

definition of forest and no change in land use. Moreover, to be distinguished from 

forestry activities the decrease should be considered persistent. The persistence could be 

evaluated by  monitoring carbon stock changes either over time (i.e. a net decrease 

during a given period, e.g. 20 years) or along space (e.g. a net decrease over a large 

area where all the successional stages of a managed forest are present).  

Considering that, at nati onal level, sustainable forest management leads to national 

gross losses of carbon stocks (e.g. through harvesting) which can be only lower than (or 

equal to) national gross gains (in particular through forest growth), consequently a net 

decrease of forest  carbon stocks at national level during a reporting period would be due 

to forest degradation within the country.  Conversely, a net increase of forest carbon 

stocks at national level would correspond to forest enhancement.  

Therefore, it is also possible that no specific definition is needed, and that any 

òdegradation of forestò will be reported simply as a net decrease of carbon stock in the 

category ñForest land remaining forest landò at national or sub-national level.  

Given the lack of a clear definiti on for degradation , or even the lack of any definition,  it 

is difficult to design a monitoring system.  However, some general observations and 

concepts exist and are presented here to inform the debate. Degradation may present a 

much broader land cover chan ge than deforestation. In reality, monitoring of 

degradation will be 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.  However, a time series of national forest inventories 

can properly identify and quantify, with high accuracy, changes in forest covers and 

related carbon stocks.  
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Many activities cause degradation of carbon stocks in forests but not all of them can be 

moni tored well with high certainty, and not all of them need to be monitored using 

remote sensing data, though being able to use such data would give more confidence to 

reported net emissions from degradation.  To develop a monitoring system for 

degradation, it  is first necessary that the causes of degradation be identified and the 

likely impact on the carbon stocks be assessed.    

Ç Area of forests undergoing selective logging (both legal and illegal) with the 

presence of gaps, roads, and log decks are likely to b e observable in remote 

sensing imagery, especially the network of roads and log decks. The gaps in the 

canopy caused by harvesting of trees have been detected in imagery such as 

Landsat using more sophisticated analytical techniques of frequently collected  

imagery, and the task is somewhat easier to detect when the logging activity is 

more intense (i.e. higher number of trees logged; see Section 2.2).  A 

combination of legal logging followed by illegal activities in the same concession is 

likely to cause mor e degradation and more change in canopy characteristics, and 

an increased chance that this could be monitored with Landsat type imagery and 

interpretation. The reduction in carbon stocks from selective logging can also be 

estimated without the use satellit e imagery , i.e. based on  methods given in the 

IPCC GL-AFOLU for estimating  change s in carbon stocks of ñforest land remaining 

forest landò. 

Ç Degradation of carbon stocks by forest fires could be more 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.  Practically all  fires in  tropical forests  have anthropogenic  

cause s,  as there are little to no dry el ectric storms in tropical humid forest areas.    

Ç Degradatio n by over exploitation for fuel  wood  or other local uses of wood  is often 

followed by animal grazing that prevents regeneration, a situation more common 

in drier forest areas . 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.   

 

 General method for e stimating CO 2  emissions  and removals  1.2.3
To facilitate the use of the IPCC GL -AFOLU and G PG reports side by side with the 

sourcebook, definitions used in the sourcebook remain consistent with the IPCC 

Guidelines. In this section we summarize key guidance and definitions from the IPCC 

Guidelines that frame the more detailed procedures that foll ow.  

The term ñCategoriesò as used in IPCC reports refers to specific sources of emissions and 

sinks of removals of greenhouse gases. For the purposes of this sourcebook, the 

following categories are considered under the AFOLU sector:  

Ç Forest Land converted to Crop land, Forest Land converted to Grass land, Forest 

Land converted to Wetlands, Forest Land converted to Settlements, and Forest 

Land converted to Other Land , are commonly equated with  ñdeforestation ò. 

Ç A net decrease, at national or sub -national scale,  in carbon stocks of Forest Land 

remaining Forest Land is commonly equated to ñforest degradationò. A net 

increase, at national or sub -national scale, in this category would refer to the 

enhancement of carbon stocks.  

Ç Non- forest land converted to forest lan d would generally be referred to as 

forestation and is reflected in new forest area being created.  

The IPCC Guidelines refer to two basic inputs with which to calculate greenhouse gas 

inventories: activity data and emissions /carbon -stock -change  factors. ñActivity dataò 

refer to the extent of a category, and in the case of deforestation , forestation  and forest 

degradation / enhancements  refers to the areal extent of those categories, presented in 

hectares. Henceforth for the purposes of this sourcebook, activ ity data are referred to as 
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area data. ñEmission factorsò refer to emissions/removals of greenhouse gases per unit 

area, e.g. tons carbon dioxide emitted per hectare of deforestation. Emissions/removals 

resulting from land -use conversion are manifested in changes in ecosystem carbon 

stocks, and for consistency with the IPCC Guidelines, we use units of carbon, specifically 

metric tons of carbon per hectare (t C ha -1), to express carbon -stock -change factors for 

deforestation and forest degradation.  

 

 Assessing  activity data  1.2.3.1

The IPCC Guidelines describe three different approaches  for representing the activity 

data, or the change in area of different land categories (Table 1.2. 2): Approach 1 

identifies the total area for each land category -  typically from non -spatial country 

statistics -  but does not provide information on the nature and area of conversions 

between land uses, i.e. it only provides ñnetò area changes (e.g. deforestation minus 

forestation) and thus is not suitable for REDD. Approach 2 involves trac king of land 

conversions between categories, resulting in a non -spatially explicit land -use conversion 

matrix. Approach 3 extends Approach 2 by using spatially explicit land conversion 

information, derived from sampling or wall - to -wall mapping techniques. Similarly to 

current requirements under the Kyoto Protocol, it is likely that under a REDD+ 

mechanism that land use changes will be required to be identifiable and traceable in the 

future, i.e. it is likely that Approach 3, or Approach 2 with additional in formation on land 

use dynamic, can be useful for land tracking 9 and therefore for REDD+ implementation.  

  

Table 1.2. 2 . A summary of the a pproaches that can be used for the activity data.  

Approach for activity data: Area change  

1.  total area for each land use category, but no 

information on conversions  (only net changes)  

2.  tracking of conversions between land -use categories 

(only between 2 points in time)  

3.  spatially explicit tracking of land -use conversions 

over time  

 

 Assessing emission factors  1.2.3.2

The emission factors are derived from assessments of the changes in carbon stocks in 

the various carbon pools of a forest.  Carbon stock information can be obtained at 

different Tier levels (Table 1.2.3) and which one is selected is independent of the 

Approach selected. Tier 1 uses IPCC default values (i.e. biomass in different forest 

biomes, carbon fraction etc.); Tier 2 requires some country - specific carbon data (i.e. 

from field inventories, permanent plots), and Tier 3 highly disaggregated national 

inventory - type data of carbon stocks in different pools and assessment of any change in 

pools through repeated measurements also supported by modelling . Moving from Tier 1 

to Tier 3 increases the accuracy and precision of the estimates, but also increases the 

comple xity and the costs of monitoring.  

 

                                           

 

9 To achie ve accuracy, units of land where use or management practices changed over time shall 
be identified and tracked to ensure the most appropriate emissions factor is applied for estimating 
GHG net emissions.  
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Table 1.2.3 . A summary of the Tiers that can be used for the emission factors.  

Tiers for emission factors: Change in C stocks  

1. IPCC default  factors  

2. Country specific data for key factors  

3.  Detailed n ational inventory of key C stocks, repeated 

measurements of key stocks through time and  

modelling  

 

Chapter s 2.1 and  2.2  of this sourcebook provide guidance on how to obtain the 

activity data, or gross and net change in forest area, w ith low uncertainty. 

Chapter 2.3  focuses on obtaining data for emission factors and providing 

guidance on how to produce estimates of carbon stocks of forests with low 

uncertainty suitable for national assessments.  

Moreover, IPCC within Tier 1 provide a simplified modelizatio n for estimating changes in 

carbon stocks. A more complete modelization is applied at tier 2 while at tier 3 countries 

are free to produce their own models that should provide more complete and accurate 

estimates (see table 1.2.4).  

 

Table 1.2. 4 . Mandatory pools to be estimated according to IPCC Guidelines . 

FLrFL LcFL FLrFL LcFL

LB AB

BB

DOM DW

L

SOM SOM

FL

TIER 1
Conversion from forest 

to other land uses

Conversion from forest 

to other land uses

TIERS 2 and 3
FL

 

In red, pools whose carbon stock changes have to be estimated, in white carbon pools 

assumed, by default, to be in equilibrium.  

HWP = Harvested Wood Products (may also be reported applying instantaneous 

oxidation), LB = Living Biomass pool (AB = aboveground biomass, BB = belowground 

biomass), DOM = Dead Organic Matter pool (DW = dead wood, L = litter), SOM = Soil 

Organic Matter pool.  

FL = Forest Land, FLrFL = Forest Land re maining Forest Land, LcFL Land converted to 

Forest Land.  

For Forest Land, in practice, under tier 1 only the aboveground biomass pool accounts 

for gain (due to vegetation growth) and losses (assumed immediate oxidation of carbon 

stocks transferred to any o ther pool).  

According to the IPCC, estimates should be accurate and uncertainties should be 

quantified and reduced as far as practicable. Furthermore, carbon stocks of the key or 

significant categories and pools should be estimated with the higher tiers (s ee also 

section  3.1.5). As the reported estimates of reduced emissions will likely be the basis of 

an accounting procedure (as in the Kyoto Protocol), with the eventual assignment of 

economic incentives, Tier 3 should be the level to which countries should  aspire. In the 

context of REDD+, however, the methodological choice will inevitably result from a 

balance between the requirements of accuracy/precision and the cost of monitoring. It is 
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likely that this balance will be guided by the principle of conserva tiveness , i.e. a tier 

lower than required could be used ï or a carbon pool could be ignored -  if it can be 

demonstrated that the overall estimate of reduced emissions are likely to be 

underestimated (see also section  1.2. 4). Thus, when accuracy of the esti mates cannot 

be achieved, estimates of reduced emissions should at least  be conservative, i.e. likely 

underestimated.  

  

 Reference  levels  and b enchmark  f orest  area m ap  1.2.4
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 represents expected 

business -as-usual carbon balance from forest related human activities at national or sub -

nationa l level and is based on historical data and national circumstances.  

Credible reference levels can be established for a REDD+ system using existing 

scientific and technical tools, and this is the focus of this sourcebook.  

Technically, from remote sensing imagery it is possible to monitor forest area change 

with confidence from 1990s onwards and estimates of forest C stocks can be obtained 

from a variety of sources. Feasibility and accuracies will strongly depend on national  

circumstances (in particular in relation to data availability), that is, potential limitations 

are more related to resources and data availability than to methodologies.  

A related issue is the concept of a benchmark forest area map . 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 initial forest area map is referred to here as a 

benchmark map. The use of a benchmark map will show where monitoring should be 

done to assess loss in forest cover. The use of a benchmark map makes  monitoring 

deforestation (and some degradation) a simpler task. 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 would then be updated at the start of each 

new analysis event  so that one is just monitoring the loss of forest area from the original 

benchmark map. The forest area benchmark map would also show where forests exist 

and how these are stratified either for carbon dynamic, e.g. forest types and 

management types, or fo r other national needs.  

If only gross deforestation is being monitored, the benchmark map can be updated by 

subtracting the areas where deforestation has occurred.  If forestation needs to be 

monitored, it is needed to show where non - forest land is revert ing to forests a 

monitoring of the full country territory.  

 

1.3  CLARIFYING REDD+ ELE MENTS CAUSING FOREST  
CARBON STOCK CHANGE  

In the policy texts currently in discussion under the UNFCCC, REDD is understood to 

include reduced deforestation and degradation, whil e REDD+ includes these but also 

forest enhancement, sustainable management of forests and forest conservation.  It is 

evident that between them, these five activities cover three different principles as 

regards climate change mitigation: reduction of emiss ions; enhancement of the rate of 

sequestration; maintaining existing forest reservoirs. The grouping as it currently stands 

reflects the history of the policy debate in which first ´avoiding deforestation´ was 

recognized as an important goal, to which ´avo iding degradation´ was quickly 

appended. The additional elements making up REDD+ entered the debate more recently, 

at the insistence of countries which have low deforestation rates but nevertheless feel 
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that their forest sector may play an important role i n the global carbon balance.  ´D and 

D´ are always seen as being closely related, and rather different from the other three 

elements.   

Deforestation:  is the conversion from forest land to another land use. The forest  

definition is largely decided by each country (within limits). There is, however, an 

agreement on how forest is characterized in decision 16/CMP.1 10  in terms of tree canopy 

cover, height and area thresholds.  Countries may select a canopy cover threshold o f 

between 10 and 30%, with a height minimum of between 2 and 5 meters (of trees at 

maturity), and an area criterion with a minimum between 0.05 and 1 hectare.  Whether 

an area of forest drops below the threshold and a new use occurs, then the land is 

consi dered to have been deforested . In other words, it has undergone change from 

forest to non - forest (i.e., to agriculture, pasture, urban development, etc. ). Loss of 

forest related to a change in land use that prevents natural forest re -growth usually 

results  in considerable carbon emissions, and preventing deforestation from happening is 

therefore a primary objective of REDD+ (see sections 2.1 and 2. 3 for monitoring 

techniques).  

Degradation:  while there are more than 50 definitions of forest degradation (Simu la, 

2009, Herold et al. 2011); from the point of view of climate change policy and the IPCC 

national estimation and reporting guidelines, refers to loss of carbon stock within forests 

that remain forests.  More specifically, degradation represents a human - induced 

negative impact on carbon stocks, with measured forest variables (i.e. canopy cover) 

remaining above the threshold for the definition of forest. Moreover, to be distinguished 

from (sustainable) forestry activities, the decrease should be considered  of some level of 

persistence. A group convened by IPCC to resolve the definition of degradation (Penman 

et al., 2003) was unable to produce a clear definition because losses of biomass in forest 

may be temporary or cyclical and therefore essentially susta inable, even if on average 

the carbon stock remains below that of intact forest.  Realizing that in addition to the 

variables used to define deforestation, a time element was also required, the IPCC 

expert group also recognized that selecting such a thresh old is difficult. This is in part 

because forestry cycles are usually much longer than commitment or accounting periods 

under climate change agreements.  A special UNFCCC workshop on degradation 

convened in 2008 11  and discussed various methodological issues  relating to degradation, 

but although some interesting suggestions emerged, a clear definition was not concluded 

and not agreed (UNFCCC, 2008).  

Measuring forest degradation and related forest carbon stock changes is more 

complicated and less efficient tha n measuring deforestation since the former is based on 

changes in the structure of the forest that do not imply a change in land use and 

therefore is not easily detectable through remote sensing. There is no one agreed 

method to monitor forest degradation.  The choice of different approaches depends on a 

number of factors including the type of degradation, available data, capacities and 

resources, and the possibilities and limitations of various monitoring approaches (see 

Sections 2.2 and 2. 3).  

Although deg radation has been grouped with deforestation as far as REDD+ is concerned 

(it forms ¨the second D¨ in REDD+), IPCC LULUCF guidance for estimation and reporting 

on ñforest land that remains forest landò make the more logical link of degradation to 

forest ma nagement, since this reporting requires estimation of net carbon change in 

forests remaining forests (gains in carbon stocks minus losses). Net increase of carbon 

stocks ï forest enhancement  ï may be achieved through a number of human activities 

such as en richment planting, but also by regulation of off - take to levels that are lower 

than the rate of increment (this might be thought of as specular to degradation ), or by 

                                           

 

10  http://unfccc.int/resource/docs/2005/cmp1/eng/08a03.pdf  

11  http://unfccc.int/methods_science/redd/items/4579.php  

http://unfccc.int/resource/docs/2005/cmp1/eng/08a03.pdf
http://unfccc.int/methods_science/redd/items/4579.php
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forest expansion. Sustainable management of forests  (SMF) generally means bringing 

the ra te of extraction in line with the rate of increment.  The linking of degradation to 

deforestation rather than to these new elements in REDD+ is partly the result of the (in 

many cases false) idea that degradation just a step on the path to full deforestati on.  In 

reality, deforestation is usually the result of a decision by a particular actor to change 

land use, while degradation is usually a gradual process, resulting from decisions of 

many actors over time as regards to extraction of forest products.  But  the conventional 

link between deforestation and degradation is partly because degradation, like 

deforestation, is responsible for emissions, while the new elements under REDD+ have 

to do with sinks.   

Sustainable Management of Forests (SMF) is related to sustainable forest management, 

a term usually used in the context of commercial timber operations, better described as 

sustained yield management.  But there are other ways in which forest can be managed 

sustainably, for example through community forest ma nagement (CFM).   

From a practical, action -oriented point of view it would therefore seem to make more 

sense to consider degradation as a form of (unsustainable) forest management, which 

can best be tackled through improved management and strengthened inst itutional 

arrangements, rather than as a minor form of deforestation. This is because degradation 

is a manifestation of the ways that people use forest that remains forest, rather than a 

complete change of land use.  Also, from a monitoring perspective, de gradation, like 

forest stocks enhancement and SFM, requires sequential stock change measurements, 

which is rather different from what is needed for monitoring deforestation.  For assessing 

reductions in degradation, as in assessing forest stocks enhancemen t and SFM, what 

matters is the change in the rate at which carbon stock had been changing  in the 

reference level.  

The remaining item under REDD+ is forest conservation .  This concept is new to the 

UNFCCC discussions in the sense that no similar forest - rela ted concept has been agreed 

upon before by the parties.  The following considerations are important in understanding 

the role of forest conservation under REDD+:  

Ç it is an effort to decrease the threat that forests may become a source of carbon 

emissions in  the future and to ensure permanenc e by establishing long - term 

commitments to preserve forest;  

Ç it implies that disturbances due to human activities in such areas are minimal, 

and in sum, will result in a net zero carbon balance (or natural increase) in the  

near and long - term;  

Ç it may refer to any forest type within a country, but in particular to those with 

high ecological value and considered at risk of disturbance or carbon stock loss 

through human activities; and  

Ç it will result in the continued supply no t only of carbon but also of other 

ecosystem services, provided the ecosystem remains intact.  

Following IPCC good practice guidance, forest conservation can be understood as a 

specific type of forest management and is already covered under the aegis of ñforest 

land remaining forest landò.  The monitoring objective is to verify that in conserving 

forests (i.e. through a policy), the carbon -stock changes deviate from those fixed in the 

reference level 12 . So that compensation for forest conservation under REDD+  would work 

                                           

 

12  The authors do not believe that under REDD+ there will be five different reference 

levels, one for each activity. It is believed that there will be a single reference level, 

which will compensate the impact of all five activities on forest carbon stocks. Because of 

the presence of conservation, enhancemen t and degradation (deforestation is at the end 

an extreme case of degradation), the reference level could consist in a net ñreduction of 

emissions/enhancement of removalsò or in a limited increase of emissions. Otherwise, a 
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as deforestation, degradation, forest enhancement and SFM that will all be based on 

credits issued proportionally to changes in the rate of change of carbon stock.  

1.4  EMERGING ISSUES  FOR REDD+ I MPLEMENTATION  

As UNFCCC negotiations evolve and REDD+  moves to implementation, participating 

countries will need to address a number of issues in addition to developing the capacity 

to monitor and report on carbon emissions.  These issues include:  

Ç to identify agricultural and other land use activities in de veloping countries, in 

particular those that are linked to the drivers of deforestation and forest 

degradation in order to devise effective policies to reduce emissions;  

Ç the consideration of safeguards to ensure the consistency of national programs, 

trans parency, protection of biodiversity and knowledge and rights of 

stakeholders; and monitoring of displacement of emissions and permanence at a 

national scale, and  

Ç the consideration and integration of national and sub -national monitoring to 

ensure the detect ion and tracking of REDD+ activities and associated carbon 

stocks changes and non -CO2 emissions; which often are of local focus.  

Remote sensing provides some capability to address these issues, though ground -based 

information and other data from national and international census is an important 

component.  Section 2.9 highlights technical approaches to address these issues, 

focusing  on the contribution of remote sensing.  

 

1.5  ROADMAP FOR THE SOUR CEBOOK  

This sourcebook is designed to be a guide to develop reference emissions levels and 

reference levels and to design a system for monitoring and reporting carbon stocks 

changes from deforestation, forestation and in forest land at the national scale, based o n 

the general requirements set by the UNFCCC and the specific methodologies for the land 

use sector provided by the IPCC.  

The sourcebook provides transparent methods and procedures that are designed to 

produce accurate estimates of changes in forest area and carbon stocks and resulting 

emissions and removals of carbon, in a format that is user - friendly. It is intended to 

complement the GPG - LULUCF and GL -AFOLU by providing additional explanation, 

clarification and enhanced methodologies for obtaining and an alyzing key data.  

The sourcebook is not designed as a primer on how to analyze remote sensing data nor 

how to collect field measurements of forest carbon stocks as it is expected that the users 

of this sourcebook would have some expertise in either of the se areas.  

The remainder of the sourcebook is organized in three main section s as follows:  

Chapter  2:  GUIDANCE on METHODS  

Chapter  3:  PRACTICAL EXAMPLES  

Chapter  4:  COUNTRY CAPACITY BUILDING  

 

                                                                                                                                   

 

REL where only emissions associa ted with deforestation and degradation human 

activities are included, could be complemented by a RL where all removals from forest 

land and other emissions associated with the remaining REDD+ activities are included.  
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2  GUIDANCE ON METHODS  

The focus of Chapter 2 is on the descriptions of available and operational methods for 

data collection and measurements to capture changes in forest areas and carbon stocks. 

Stratification and sampling strategies for estimating forest area changes and carbon 

stock changes in the context of REDD+ activities are described. Existing approaches to 

estimate emissions due to land cover changes are described with their requirements i n 

terms of data, levels of complexity and expected outputs and accuracies.  

Chapter 2 is organized as follows:  

2.1 Monitoring of changes of forest areas (deforestation and forestation)  

2.2 Monitoring of forest area changes within forests  

2.3 Estimating car bon stocks and stock changes  

2.4 Estimation of carbon emissions and removals  

2.5 Estimating GHGôs emissions from biomass burning  

2.6 Estimation of uncertainties  

2.7 Methods to address emerging issues  

2.8 Guidance on reporting  

2.9 Evolving technologies  

Chapter 3 presents practical examples on the operational application of methods 

described in Chapter 2, with recommendations  for capacity building . 

Section s 2.1 and 2.2  present the state of the art for data and approaches to be used 

for monitoring forest a rea changes at the national scale in tropical countries using 

remote sensing imagery. It includes approaches and data for monitoring changes of 

forest areas (i.e. deforestation and forestation) in section 2.1 and for monitoring of 

changes within forest lan d (i.e. forest land remaining forests land, e.g. forest 

degradation) in section 2.2. It includes general recommendations (e.g. for establishing 

historical reference scenarios) and detailed recommended steps for monitoring changes 

of forest areas or in fore st areas.  

The Section builds from ñApproach 3ò of the IPCC GL 2006 for representing the activity 

data, or the change in ar ea of different land categories. Approach 3 extends Approach 2 , 

which involves tracking of land conversions between categories , by usi ng spatially 

explicit land conversion information . Only  Approach 3 allows estimating gross -net 

changes within a category, e.g. to detect  a deforestation followed by afforestation . 

Section  2. 3  presents guidance on the estimation of the emission factors ðthe changes 

in above ground biomass and organic carbon soil stocks of the forests being deforested 

and degraded.  

The second components involved in assessing emissions from REDD+ related activities is 

the emission factors ðthat is, the changes in carbon stocks of the forests undergoing 

change that are combined with the activity data for estimating the emissions. The focus 

in this Section will be on estimating emission factors. Guidance is provided on: (i) which 

of the three IPCC GL AFOLU Tiers to be used (with i ncreasing complexity and costs of 

monitoring forest carbon stocks) (ii) potential methods for the stratification by Carbon 

Stock of a countryôs forests and (iii) actual Estimation of Carbon Stocks of Forests 

Undergoing Change (steps to implement an invento ry). I ssues  of land stratification to 

assess carbon stock changes are also addressed. Although little attention is given here to 

areas undergoing afforestation and reforestation, the guidance provided will be 

applicable.  
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Section  2. 4  presents guidance on t he e stimation of carbon emissions and removals  

from changes in forests areas. This Section builds on previous Sections and deals in 

particular on the linkage between the remote sensing imagery estimates of changes in 

areas, estimates of carbon stocks from field / in -situ data and the use of biophysical 

models of carbon emission and removals.  

The methodologies described here are derived from the 2006 IPCC AFOLU Guidelines and 

the 2003 IPCC GPG -LULUCF, and focus on the Tier 2 IPCC methods, which require 

coun try -specific data, and Tier 3 IPCC methods which require expertise in more complex 

models or detailed national forest inventories.  I ssues  of levels of complexity of the 

models and propagation of errors will also be addressed.  

Section  2. 5  (Estimating GHGôs emissions from biomass burning ) is focused on fires in 

forest environments and approaches to estimate greenhouse gas emissions due to 

vegetation fires, using available satellite -based fire monitoring products, biomass 

estimates and coefficients.  It provid es information on the IPCC guidelines for estimating 

fire - related emission and on existing systems for observing and mapping fires and 

burned areas.  

Section  2. 6  (Estimation of uncertainties ) aims to provide some basic elements for a 

correct estimation on u ncertainties. After a brief explanation of general concepts, some 

key aspects linked to the quantification of uncertainties are illustrated for both area and 

carbon stocks. The Section  concludes with the methods available for combining 

uncertainties and wi th the standard reporting and documentation requirements . 

The proper manner of dealing with uncertainty is fundamental in the IPCC and UNFCCC 

contexts.  

Section  2. 7  (Methods to address emerging issues ) focuses on the remote sensing 

contributions to emergin g issues for REDD+ implementation. These issues include:  

Ç to identify land use, land -use change and forestry activities that are linked to the 

drivers of deforestation and forest degradation;  

Ç the consideration of safeguards to ensure the consistency of national programs, 

transparency, protection of biodiversity and rights of stakeholders, and 

monitoring of displacement of emissions and permanence at a national scale; and  

Ç the consideration and integration of national and sub -national monitoring to 

ensure the tracking of REDD+ activities.  

Section  2. 8  (Guidance on reporting) gives an overview of the current reporting 

requirements under UNFCCC, including the general underlying principles and the typical 

structure of a GHG inventory. The major challenges that developing countries will likely 

encounter when implementing the reporting principles are outlined. The reporting 

concepts already agreed upon in a UNFCCC context are described together with a 

conservative approach which may help to overcome some of the po tential challenges.  

Under the UNFCCC, the information reported in a Partyôs GHG inventory represents the 

basis for assessing each Partyôs performance as compared to its commitments or 

reference scenario, and therefore represents the basis for assigning eve ntual incentives 

or penalties. The quality of GHG inventories relies not only upon the robustness of the 

science underpinning the methodologies but also on the way this information is compiled 

and presented.  

Section  2. 9  (Evolving technologies) describes n ew technologies and approaches which 

are being developed for monitoring changes in forest area, forest degradation and 

carbon stocks. These evolving technologies and data sources are described with 

consideration of their development status, complementary p otential, availability for 

developing country, resources needed for implementation, future perspectives of utility 

enhancement. The descriptions are limited to basic background information and general 

approaches, potentials and limitations.  
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2.1  MONITORING OF  CHANGES IN FOREST AR EA  

Frédéric Achard, Joint Researc h Centre, Italy  

Ruth Defries, Columbia University, USA  

Devendra Pandey, Forest Survey of India, India  

Yosio Edemir Shimabukuro, National Institute for Space Research, Brazil  

 

 Scope of Chapter   2.1.1

Section  2.1 presents the state of the art for data and approaches to be used for 

monitoring forest area changes at the national scale in tropical countries using 

remote sensing imagery. It describes approaches and data for monitoring 

changes of forest areas (i.e.  deforestation and forestation) and includes 

general recommendations (e.g. for establishing historical dataset) and detailed 

recommended steps for monitoring changes of forest areas.  

The section  presents the minimum requirements to develop first order nati onal forest 

area change databases, using typical and internationally accepted methods. There are 

more advanced and costly approaches that may lead to more accurate results and would 

meet the reporting requirements, but they are not presented here.  

The remo te sensing techniques can be used to monitor changes in forest areas (i.e. from 

forest to non - forest  land ï deforestation ï and from non - forest  land to forest land -  

forestation). The techniques to monitor changes in forest areas (e.g. deforestation) 

provi de high -accuracy óactivity dataô (i.e. area estimates) and can also allow reducing the 

uncertainty of emission factors through spatial mapping of main forest ecosystems. 

Monitoring of forestation area has greater uncertainty than monitoring deforestation.   

This Section  describes the remote sensing techniques to monitor changes in forest areas 

(i.e. deforestation and expansion of forest area).  

 

 Monitoring of changes of forest areas -  deforestation and 2.1.2

forestation  

 General recommendation for establishing a hi storical reference scenario  2.1.2.1

As minimum requirement, it is recommended to use Landsat - type remote sensing data 

(30 m resolution) for years 1990, 2000, 2005 and 2010 for monitoring forest cover 

changes with 1 to 5 ha Minimum Mapping Unit (MMU). It might be necessary to use data 

from a year prior or after 1990, 2000, 2005 and 2010 due to availability and cloud 

contamination. These data will allow assessing changes of forest areas (i.e. to derive 

area deforested and forest regrowth for the period considered) a nd, if desired, producing 

a map of national forest area (to derive deforestation rates) using a common forest 

definition. A hybrid approach combining automated digital segmentation and/or 

classification techniques with visual interpretation and/or validati on of the resulting 

classes/polygons should be preferred as simple, robust and cost effective method.  

There may be different spatial units for the detection of forest and of forest change. 

Remote sensing data analyses become more difficult and more expensi ve with smaller 

Minimum Mapping Units (MMU) i.e. more detailed MMUôs increase mapping efforts and 

usually decrease change mapping accuracy. There are several MMU examples from 
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current national and regional remote sensing monitoring systems: Brazil PRODES s ystem 

for monitoring deforestation in the Brazilian Legal Amazon region (6.25 ha initially 13 , now 

1 ha for digital processing), India national forest monitoring (1 ha), EU -wide CORINE 

land cover/land use change monitoring (5 ha), óGMES Service Elementô Forest Monitoring 

(0.5 ha), the Peruvian Ministry of Environmentôs deforestation monitoring program (0.1 

ha), and Conservation International national case studies (2 ha).  

 

 Key features  2.1.2.2

Presently the only free global mid - resolution (30m) remote sensing imagery are from 

NASA (Landsat satellites) for around years 1990, 2000, 2005 and 2010 with some 

quality issues in some parts of the tropics (clouds, seasonality, etc. ). All Landsat data 

fro m US archive (USGS) are available for free since the end of 2008. Brazilian/Chinese 

remote sensing imagery from the CBERS satellites is also freely available in developing 

countries.  

The decade 2000 -2010 is more representative of recent historical changes and 

potentially more suitable due to the availability of complementary data during a recent 

time frame.  

Specifications on minimum requirements for image interpretation are:  

Ç Geo- location accuracy < 1 pixel, i.e. < 30m,  

Ç Minimum mapping unit should be betwe en 1 and 6 ha,  

Ç A consistency assessment should be carried out.  

 Recommended steps  2.1.2.3

The following steps are needed for a national assessment that is scientifically credible 

and can be technically accomplished by in -country experts:  

1.  Selection of the approach :  

a.  Assessment of national circumstances, particularly existing definitions 

and data sources  

b.  Definition of change assessment approach by deciding on:  

i.       Satellite imagery  

ii.  Sampling versus wall to wall coverage  

iii.  Fully visual versus semi -automated interpretat ion  

iv.  Accuracy or consistency assessment  

c.  Plan and budget monitoring exercise including:  

i.       Hard and Software resources  

ii.  Requested Training  

2.  Implementation of the monitoring system:  

a.  Selection of the forest definition  

b.  Designation of forest area for acquiring  satellite data  

c.  Selection and acquisition of the satellite data  

d.  Analysis of the satellite data (preprocessing and interpretation)  

e.  Assessment of the accuracy  
  

                                           

 

13  The PRODES project of Brazilian Space  Agency (INPE) has been producing annual rates of gross 

deforestation since 1988 using a minimum mapping unit of 6.25 ha. PRODES has quantified 
approximately 750,000 km2 of deforestation in the Brazilian Amazon through the year 2010, a 
total that accounts for approximately 17% of the original forest extent. PRODES is being extended 
to include reforestation and to cover all Brazilian territory.  
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 Selection and implementation of a monitoring approach -  deforestation  2.1.2.4

2.1.2.4.1   Step 1: Selection of the  forest definition  

Currently Annex I Parties use the UNFCCC framework definition of forest and 

deforestation adopted for implementation of Article 3.3 and 3.4 (se e section 1.2.2) and, 

without other agreed definition, this definition is considered here as the working 

definition. Sub -categories of forests (e.g. forest types) can be defined within the 

framework definition of forest.  

Remote sensing imagery allows land cover information only to be obtained. Local expert 

or field information is needed to derive land use estimates.  

2.1.2.4.2   Step 2: Designation of forest area for acquiring satellite 

data  

Many types of land cover exist within national boundaries. REDD+ monitoring needs to 

cover all forest areas and the same area needs to be monitored for each reporting 

peri od. For the first element of  a REDD+ mechanism related to decreases in forest area 

it will not be necessary or practical in many cases to monitor the entire national extent 

that includes non - forest land types. Therefore, a forest mask can be designated ini tially 

to identify the area to be monitored for each reporting period (referred to in Section 

1.2.2 as  the benchmark map).  

Ideally, wall - to -wall assessm ents of the entire national extent would be carried out to 

identify forested area according to UNFCCC f orest definitions at the beginning  and end of 

the reference and assessment periods (to be decided by the Parties to the UNFCCC). This 

approach may not be practical for large countries. Existing forest maps at appropriate 

spatial resolution and for a relati vely recent time could be used to identify the overall 

forest extent.  

 

 

 

 

 

 

 

2.1.2.4.3    Step 3: Selection of satellite imagery and coverage  

Fundamental requirements of national monitoring systems are that they measure 

changes throughout all forested area, use consistent  methodologies at repeated intervals 

to obtain accurate results, and verify results with ground -based or very high resolution 

observations. The only practical approach for such monitoring systems is through 

interpretation of remotely sensed data supported by ground -based observations.  Remote 

sensing includes data acquired by sensors on board aircraft and space -based platforms.  

Multiple methods are appropriate and reliable for forest monitoring at national scales.   

Many data from optical sensors at a variety  of resolutions and costs are available for 

monitoring deforestation (Table 2.1.1).  

 

 

 

Important principles in identifying the overall forest extent are:  

  

Ç The area should include all forests within the national boundaries  

Ç A consistent overall forest extent should be u sed for monitoring all forest changes 
during assessment period  
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Table 2.1.1 .  Utility of optical sensors at multiple resolutions for deforestation 

monitoring.  

Sensor & 

resolution  

Examples of 

current 

sensors  

Minimum 

mapping unit 

(change)  

Cost  Utility for monitoring  

Coarse  

(250 -1000 

m)  

SPOT-VGT 

(1998 -  )  

Terra -MODIS 

(2000 -  )  

Envisat -MERIS 

(2004 -  2012)  

VIIRS (2012 - )  

~ 100 ha  

 

~ 10 -20 ha  

 

 

 

Low or free  

Consistent pan - tropical 

annual monitoring to 

identify large clearings and 

locate ñhotspotsò for 

further analysis with mid 

resolution  

Medium  

(10 -60 m)  

Landsat TM or 

ETM+,  

Terra -ASTER 

IRS AWiFs or 

LISS III  

CBERS HRCCD 

DMC 

SPOT HRV 

ALOS AVNIR -2 

0.5 -  5 ha  

Landsat & 

CBERS are free; 

for others:  

<$0.001/km² 

for historical 

data  

$0.02/km²  

to $0.5/km2 for 

recent data  

Primary tool to map 

deforestation and estimate 

area change  

Fine 

(<5 m)  

RapidEye  

IKONOS  

QuickBird  

GeoEye  

WorldView  

Pleiades  

Aerial photos  

< 0.1 ha  

High to very 

high  

$2 -30 /km²  

Validation of results from 

coarser resolution analysis, 

and training of algorithms  

 

Availability of medium resolution data  

The USA National Aeronautics and Space Administration (NASA) launched a satellite with 

a mid - resolution sensor that was able to collect land information at a landscape scale. 

ERTS-1 was launched on July 23, 1972. This satellite, renamed óLandsatô, was the first in 

a series (seven to date) of Earth -observing satellites that have permitted continuous 

coverage since 1972. Subsequent satellites have been launched every 2 -3 years. S till in 

operation Landsat 7 cover the same ground track repeatedly every 16 days. The Landsat 

Data Continuity Mission (Landsat 8) will launch in January 2013 to continue the series.  

Almost complete global coverage from these Landsat satellites for early 19 90s, early 

2000s, around year 2005 and around year 2010 are available for free download through 

web -portals at USGS 14  and from the University of Maryland's Global Land Cover 

Facility 15 : the Global Land Survey (GLS) Datasets. These data serve a key role in 

establishing historical deforestation rates, though in some parts of the humid tropics 

(e.g. Central Africa) persistent cloudiness is a major limitation to using these data. On 

April 2003, the Landsat 7 ETM+ scan line corrector failed resulting in data gaps outside 

of the central portion of each image, compromising data quality for land cover 

monitoring. Given this failure, NASA, in collaboration with USGS, carried an effort to 

acquire and compose appropriate imagery to generate the GKS 2005 and GLS 2010 

data sets by combining Landsat 5 and Landsat 7 images. The GLS -2000, GLS -2005, and 

                                           

 

14  http://glovis.usgs.gov/   

15  http://landcover.org/  

http://glovis.usgs.gov/
http://landcover.org/
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GLS-2010 datasets provide almost complete coverage of the land area of the Earth, with 

less than 1% not covered. These data have been processed to a new orthorectifed 

standard us ing data from NASAôs Shuttle Radar Topography Mission.  

The USGS has established a no charge Web access to the full Landsat USGS archive 16 .  

The full Landsat 7 ETM+ USGS archive (since 1999) and all USGS archived Landsat 5 TM 

data (since 1984), Landsat 4 TM (1982 -1985) and Landsat 1 -5 MSS (1972 -1994) are 

now available for ordering at no charge.  

Until now , Landsat, given its low cost and unrestricted license use, has been the 

workhorse source for mid - resolution (10 -50 m) data analysis.  Alternative sources of d ata 

include ASTER, SPOT,  IRS, CBERS, DMC or AVNIR -2 data ( Table 2.1.2).  

During the selection of the scenes to use in any assessment, seasonality of climate has 

to be considered: in situations where seasonal forest types (i.e. a distinct dry season 

where t rees may drop their leaves) exist more than one scene should be used. Inter -

annual variability has to be considered based on climatic variability.  

 

Table 2.1.2 . Present availability of optical mid - resolution (10 -60 m) sensors.  

Nation  
Satellite & 

sensor  

Resolution  

& coverage  

Cost for data 

acquisition  

(archive 17 )  

Feature  

USA 
Landsat -7 

ETM+  

30 m  

60×180 km²  

All data 

archived at 

USGS are  free  

On April 2003 the 

failure of the scan line 

corrector resulted in 

data gaps outside of the 

central portion of 

images, seriously 

compromising data 

quality  

USA/ Japan  Terra ASTER  
15 m  

60×60 km²  

60 US$/scene  

0.02 US$/km²  

Data is acquired on 

request and is not 

routinely collected for 

all areas  

India  
IRS-P2 LISS -

III & AWIFS  
23.5 & 56 m   

After an experimental 

phase, AWIFS images 

can be acquired on a 

routine basis.  

China/ Brazil  
CBERS-2 

HRCCD  
20 m  

Free in Brazil  

and potentially 

for other 

developing 

countries  

Experimental; Brazil 

uses on -demand images 

to bolster their 

coverage.  

Algeria/ China/ 

Nigeria/ 

Turkey/ UK  

DMC  
22 -  32 m  

160×660 km²  

3000 ú/scene 

0.03 ú/kmĮ 

Commercial; Brazil uses 

alongside Landsat data  

France  
SPOT-5 

HRVIR  

10 -20  m  

60×60 km²  

2000 ú/scene 

0.5 ú/kmĮ 

Commercial Indonesia & 

Thailand used alongside 

Landsat data  

 

                                           

 

16  http://ldcm.usgs.gov/pdf/Landsat_Data_Policy.pdf  

17  Some acquisitions can be programme d (e.g., DMC, SPOT). The cost of programmed data is 
generally at least twice the c ost of archived data.  Costs relate to acquisition costs only. They do 
not include costs for data processing and for data analysis.  

http://ldcm.usgs.gov/pdf/Landsat_Data_Policy.pdf
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Optical mid - resolution data have been the primary tool for deforestation monitoring. 

Other, newer, types of sensors, e.g. Radar (ERS1/2 SAR, JERS -1, ENVISAT -ASAR and 

ALOS PALSAR) and Lidar, are potentially useful and appropriate. Radar, in particular, 

alle viates the substantial limitations of optical data in persistently cloudy parts of the 

tropics. Data from Lidar and Radar have been demonstrated to be useful in project 

studies, but so far, they are not widely used operationally for forest  monitoring over 

large areas. Over the next five years or so, the utility of radar may be enhanced 

depending on data acquisition, access and scientific developments.  

In summary , Landsat - type data around years 1990, 2000 , 2005  and  2010 will be most 

suitable to assess historical rates  and patterns of deforestation. The availability of free 

and open Landsat data has increased for the more recent years and more detailed 

assessments of less than five years coverage could be possible in many parts of the 

world.  

Utility of c oarse resolution data  

Coarse resolution (250 m ï 1km) data are available from 1998 (SPOT -VGT) or 2000 

(MODIS).  Although the spatial resolution is coarser than Landsat - type sensors, the 

temporal resolution is daily, providing the best possibility for cloud - free observations.  

The higher temporal resolution increases the likelihood of cloud - free images and can 

augment data sources where persistent cloud cover is problematic.  Coarse resolution 

data also has cost advantages, offers complete spatial coverage, and  reduces the 

amount of data that needs to be processed.  

Coarse resolution data cannot be used directly to estimate area of forest change.  

However, these data are useful for identifying locations of rapid change for further 

analysis with higher resolution d ata or as an alert system for controlling deforestation 

(see section on Brazilian national case study below).  For example, MODIS data are used 

as a stratification tool in combination with medium spatial resolution Landsat data to 

estimate forest area clear ed. The targeted sampling of change reduces the overall 

resources typically required in assessing change over large nations. In cases where 

clearings are large and/or change is rapid, visual interpretation or automated analysis 

can be used to identify wher e change in forest area  has occurred.  Automated methods 

such as mixture modelling  and regression trees  (Box 2.1.1) can also identify changes in 

tree cover at the sub -pixel level.  Validation of analyses with medium and high resolution 

data in selected locat ions can be used to assess accuracy.  The use of coarse resolution 

data to identify deforestation hotspots is particularly useful to design a sampling strategy 

(see following section).  

Box 2.1.1. Mixture models and regression trees  

Mixture models estimate t he proportion of different land cover components within a 

pixel. For example, each pixel is described as percentage vegetation, shade, and 

bare soil components. Components sum to 100%. Image processing software 

packages often provide mixture models using u ser -specified values for each end -

member (spectral values for pixels that contain 100% of each component). 

Regression trees are another method to estimate proportions within each 

component based on training data to calibrate the algorithm. Training data wi th 

proportions of each component can be derived from higher resolution data. (see 

Box 2.1.5  for more details)  

Utility of fine resolution data  

Fine resolution (< 5m) data, such as those collected from commercial sensors (e.g., 

IKONOS, QuickBird, RapidEye) a nd aircraft, can be prohibitively expensive to cover large 

areas. However, these data can be used to calibrate algorithms for analyzing medium 

and high resolution data and to verify the results ð that is they can be used as a tool for 

ñground-truthingò the interpretation of satellite imagery or for assessing the accuracy.  
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2.1.2.4.4    Step 4: Decisions for sampling versus wall to wall 

coverage  

Wall - to -wall (an analysis that covers the full spatial extent of the forested areas) and 

sampling approaches within the fores t mask are both suitable methods for analyzing 

forest area change.  

The main criteria for the selection of wall - to -wall or sampling are:  

Wall - to -wall is a common approach if appropriate for national circumstances  

Ç If resources are not sufficient to complete  wall - to wall coverage, sampling is more 

efficient, in particular for large countries  

Ç Recommended sampling approaches are systematic sampling and stratified 

sampling (see  box 2.1.2).  

Ç A sampling approach in one reporting period could be extended to wall - to -wall 

coverage in the subsequent period.  

Box 2.1.2. Systematic and stratified sampling  

Systematic sampling obtains samples on a regular interval, e.g. one every 10 km.  

Sampling effic iency can be improved through spatial stratification (óstratified 

samplingô) using known proxy variables (e.g. deforestation hot spots). Proxy 

variables can be derived from coarse resolution satellite data or by combining other 

geo - referenced or map inform ation such as distance to roads or settlements, 

previous deforestation, or factors such as fires.  

 Example of systematic sampling   Example of stratified sampling  

  

A stratified sampling approach for forest area  change estimation has been 

implemented with in the NASA Land Cover and Land Use Change program. This 

method relies on wall to wall MODIS change indicator maps (at 500 m resolution) 

to stratify biomes into regions of varying change likelihood. A stratified sample of 

Landsat -7 ETM+ image pairs is anal yzed to quantify biome -wide area of forest 

clearing. Change estimates can be derived at country level by adapting the sample 

to the country territory.  

A few very large countries, e.g. Brazil and India, have already demonstrated that 

operational wall to wal l systems can be established based on mid - resolution satellite 

imagery (see section 3.2 for further details). Brazil has measured deforestation rates in 

Brazilian Amazonia since the end of the 1980s. These methods could be easily adapted 
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to cope with small er country sizes. Although a wall - to -wall coverage is ideal, it may not 

be practical due to large areas and constraints on resources for accurate analysis.  

2.1.2.4.5    Step 5: Process and analyze the satellite data  

Step 5.1: Preprocessing  

Satellite imagery usually  goes through three main pre -processing steps: geometric 

corrections are needed to ensure that images in a time series overlay properly, cloud 

removal is usually the second step in image pre -processing and radiometric corrections 

are recommended to make ch ange interpretation easier (by ensuring that images have 

the same spectral values for the same objects).  

Ç Geometric corrections  

¶ Low geolocation error of change datasets is to be ensured: average 

geolocation error (relative between 2 images) should be < 1 p ixel  

¶ Existing Landsat GLS data usually provide sufficient geometric accuracy and 

can be used as a baseline; for limited areas Landsat GLS has geolocation 

problems  

¶ Using additional data like non -GLS Landsat, SPOT, etc. requires effort in 

manual or automated  georectification using ground control points or image to 

image registration.  

Ç Cloud and cloud shadow detection and removal  

¶ Visual interpretation is the preferred method for areas without complete 

cloud - free satellite coverage,  

¶ Clouds and cloud shadows to be removed for automated approaches  

Ç Radiometric corrections  

¶ Effort needed for radiometric corrections depends on the change assessment 

approach  

¶ For simple scene by scene analysis (e.g. visual interpretation), the radiometric 

effects of topography and atm osphere should be considered in the 

interpretation process but do  not need to be digitally normalized)  

¶ Sophisticated digital and automated approaches may require radiometric 

correction to calibrate spectral values to the same reference objects in 

multitemporal datasets. This is usually done by identifying a water body or 

dark object and calibrating the other images to the first.  

¶ Reduction of haze maybe a useful complementary option for digital 

approaches. The image contamination by haze is relative ly frequent in tropical 

regions. Therefore, when no alternative imagery is available, the correction of 

haze is recommended before image analysis. Partially haze contaminated 

images can be corrected through a tasseled cap transformation 18 .  

¶ Topographic norma lization is recommended  for mountainous environments  

from  a digital terrain model (DTM). For medium resolution data the SRTM 

(shuttle radar topography mission) DTM can be used with automated 

approaches 19  

 

                                           

 

18  Lavreau J ( 1991 )  De-hazing Landsat Thematic Mapper images, Photogrammetric Engineering & 
Remote Sensing,  57:1297 ï1302.  

19  E.g. Gallaun H, Schardt M & Linser S (2007) Remote sensing based forest map of Austria and 
derived environmental indicators. ForestSAT 2007 Conference , Montpellier, France.  
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Step 5.2: Analysis methods  

Many methods exist to interpret images (Table 2.1.3 ). The selection of the method 

depends on available resources and whether image processing software is available. 

Whichever method is selected, the results should be repeatable by different analysts.  

It is  general ly more difficult to identify fore station than deforestation.  F orestation occurs 

gradually over a number of years while deforestation occurs more rapidly.  Deforestation 

is therefore more visible.  Higher resolution, additional field work, and acc uracy 

assessment may be required if forestation as well as deforestation need to be monitored.  

Visual scene to scene interpretation of forest area change can be simple and robust, 

although it is a time -consuming method. A combination of automated methods 

(segmentation or classification) and visual interpretation can reduce the work load. 

Automated methods are generally preferable where possible because the interpretation 

is repeatable and efficient. Even in a fully automated process, visual inspection of th e 

result by an analyst familiar with the region should be carried out to ensure appropriate 

interpretation.  

A preliminary visual screening of the image pairs can serve to identify the sample sites 

where change has occurred between the two dates. This data stratification allows 

removing the image pairs without change from the processing chain (for the detection 

and measurement of change).  

Changes (for each image pair) can then be measured by comparing the two multi -date 

final forest maps. The timing of imag e pairs has to be adjusted to the reference period, 

e.g. if selected images are dated 1999 and 2006, it would have to be adjusted to 2000 -

2005.  

Visual delineation of land entities  

This approach is viable, particularly if image analysis tools and experience s are limited. 

The visual delineation of land entities on printouts (used in former times) is not 

recommended. On screen delineation should be preferred as producing directly digital 

results. When land entities are delineated visually, they should also be labeled visually.  

Table 2.1.3 . Main analysis methods for moderate resolution (~ 30 m) imagery.  

Method for 
delineation  

Method for 
class labeling  

Practical 

minimum 
mapping 
unit  

Principles for use  
Advantages / 
limitations  

Dot 

interpretation 
(dots sample)  

Visual 
interpretation  

< 0.1 ha  

-  multiple date preferable 
to single date 

interpretation  
-  On screen preferable to 
printouts interpretation  

-  closest to classical 
forestry inventories  

-  very accurate although 
interpreter dependent  
-  no map of changes  

Visual 
delineation 

(full image)  

Visual 
interpretation  

5 ï 10 ha  

-  multiple date analysis 
preferable  
-  On screen digitizing 

preferable to delineation 

on printouts  

-  easy to implement  
-  time consuming  

-  interpreter dependent  

Pixel based 

classification  

Supervised 
labeling (with 
training and 
correction 
phases)  

<1 ha  

 

-  selection of common 
spectral training set from 
multiple dates / images 

preferable  
-  filtering needed to avoid 
noise  

-  difficult to implement  

-  training phase needed  

 
Unsupervised 
clustering + 
Visual labeling  

<1 ha  
 

-  interdependent (multiple 
date) labeling preferable  
-  filtering needed to avoid 

-  difficult to implement  
-  noisy effect without 
filtering  
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noise   

Object based 
segmentation  

Supervised 

labeling (with 
training and 
correction 
phases)  

1 -  5 ha  

-  multiple date 

segmentation preferable  

-  selection of common 
spectral training set from 
multiple dates / images 
preferable  

-  more reproducible than 
visual delineation  
-  training phase needed  

 
Unsupervised 
clustering + 
Visual  labeling  

1 -  5 ha  

-  multiple date 

segmentation preferable  
-  interdependent (multiple 
date) labeling of single 
date images preferable  

-  more reproducible than 
visual delineation  
 

 

Multi - date image segmentation  

Segmentation for delineating image objects reduces the processing time of image 

analysis. The delineation provided by this approach is not only more rapid and automatic 

but also finer than what could be achieved using a manual approach. It is repeatable an d 

therefore more objective than a visual delineation by an analyst. Using multi -date 

segmentations rather than a pair of individual segmentations is justified by the final 

objective which is to determine change.  

If a segmentation approach is used, the ima ge processing can be ideally decomposed 

into  four steps:  

I.  Multi -date image segmentation is applied on image pairs: groups of adjacent 

pixels that show similar area change trajectories between the 2 dates are 

delineated into objects.  

II.  Training areas are sel ected for all land classes in each of the 2 dates (in the 

case of more than  one image pair and if all images are radiometrically 

corrected, this step can be prepared initially by selecting a set of representative 

spectral signatures for each class ï as ave rage from different training areas)  

III.  Objects from every extract (i.e. every date) are classified separately by 

supervised clustering procedures, leading to two automated forest maps (at 

date 1 and date 2)  

IV.  Visual interpretation is conducted interdependently on the image pairs to 

verify/adjust the label of the classes and edit possible automatic  classification 

errors.  

 

Digital classification techniques  

Digital classification into clusters applies in the case of automatic delineation of 

segments.  

After s egmentation, it is recommended to apply two supervised object classifications 

separately on the two multi -date images instead of applying a single supervised object 

classification on the image pair because two separate land classifications are much easier 

to produce in a supervised step than a direct classification of change trajectories.  

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. Howev er, delineation is more accurate and objective since it is carried 

out at the pixel level based on quantitative values  
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The supervised object classification should ideally use a common predefined standard 

training data set of spectral signatures for each type of ecosystem to create initial 

automated forest maps (at any date and any location within this ecosystem).  

Although unsupervised clustering (followed by visual labeling) is also possible, for large 

areas (i.e. for more than a few satellite images) it is recommended to apply supervised 

object classification (with a training phase beforehand and a labeling 

correction/validation phase afterwards). An unsupervised direct classification of change 

trajectories of the 2 multidate images together implies a second step of visual labeling of 

the c lassification result into the different combination of change classes which is a time -

consuming task. The multidate segmentation followed by supervised classification of 

individual dates is considered more efficient in the case of a large number of images.  

Other methodological options ( see Table 2.1.3) can be used depending on the specific 

conditions or expertise within a country.  

 

General recommendations for image object interpretation methods  

Given the heterogeneity of the forest spectral signatures and t he occasionally poor 

radiometric conditions, the image analysis by a skilled interpreter is indispensable to 

map land use and land use change with high accuracy.  

Ç Interpretation should focus on change in land use with interdependent visual 

assessment of 2 m ulti - temporal images together. Contrarily to digital 

classification techniques, visual interpretation is easier with multi - temporal 

imagery.  

Ç Existing maps may be useful for stratification or helping in the interpretation  

Ç Scene by scene (i.e. site by site ) interpretation is more accurate than 

interpretation of scene or image mosaics  

Ç Spectral, spatial and temporal (seasonality) characteristics of the forests have to 

be considered during the interpretation. In the case of seasonal forests, scenes 

from the sa me time of year should be used. Preferably, multiple scenes from 

different seasons would be used to ensure that changes in forest cover from 

inter -annual variability in climate are not confused with deforestation.  

2.1.2.4.6    Step 6: Accuracy assessment  

An independe nt accuracy assessment is an essential component to link area estimates to 

a crediting system. Reporting accuracy and verification of results are essential 

components of a monitoring system. Accuracy could be quantified following 

recommendations of section  5 of IPCC Good Practice Guidance 2003.  

Accuracies of 80 to 95% are achievable for monitoring with mid - resolution imagery to 

discriminate between forest and non - forest. Accuracies can be assessed through in -situ  

observations or analysis of very high resol ution aircraft or satellite data. In both cases, a 

statistically valid sampling procedure should  be used to determine accuracy.  

A detailed description of methods to be used for accuracy assessment is provided in 

section 2.6 (ñEstimating uncertainties in area estimatesò). 

 

 Monitoring of increases in forest area -  forestation  2.1.2.5

Increases in forest area can occur for a variety of reasons, including recovery from fire 

or storms, natural forest regrowth following crop abandonment, fallow periods in shifting 

culti vation systems, and growth of tree plantations.  Identifying increases in forest area 

from remote sensing is generally more difficult than identifying decreases from 

deforestation.  Increases in forest area occur relatively slowly, so that increases can on ly 
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be identified after several years.  Even longer periods are needed to identify fallow cycles 

from shifting cultivation and harvesting cycles for timber plantations.  Care should be 

taken to use images separated by sufficiently long periods of time to av oid erroneous 

conclusions about increases in forest areas.  Time series of images should be used to 

distinguish seasonal behavior (in particular for deciduous forests which can appear as 

bare ground during the dry season) from regrowth of secondary forests  (e.g. from 

reforestation/afforestation or crop abandonment).  The free availability of data from 

Landsat and other sensors make it feasible to analyze multiple images in a time series 

(ideally two images: one image during dry season and another during the  wet season).  

There are no standard methods for identifying increases in forest cover from remote 

sensing.  The same methods for identifying loss of forest cover can be applied to identify 

increases, with the precaution that longer time series are required .  These methods 

include visual interpretation, supervised and unsupervised pixel -based classification, and 

object -based segmentation (see Table 2.1.3).  

The Brazilian monitoring system presently carried out by INPE does not identify yet 

increases in fores t area (see section 3.2.2).  The biennial wall - to -wall mapping of forest 

cover by the Indian government identifies classes based on density of tree cover (very 

dense, moderately dense, and open forest) and thereby can identify areas where the 

forest densit y has changed between time periods. Repeated measurements of 

permanent plots for forest inventories, if available also for initially non forested plots, 

can provide information about increases in forest area at the sample plot locations.  

Plantations are an  increasingly important land use in the tropics.  Multispectral optical 

remote sensing data often confuse forests and plantations, particularly with coarse -

resolution data (i.e. > 100 m resolution).  Developing technologies, including 

hyperspectral and LID AR, are promising to distinguish plantations from forests based on 

characteristic spectral responses of plantations species (hyperspectral) and vegetation 

structure (LIDAR).  Textural measures, in particular on high resolution imagery (< 10m) 

may distingui sh automatically plantations due to the regular spacing of planted trees.  

With data from a long time -series, plantations can be identified through cycles of 

clearing and/or harvesting, and planting.  
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2.2  MONITORING OF CHANGE  IN FOREST LAND 

REMAINING FOREST LAN D 

 

Gregory P. Asner, Carnegie Institution, Stanford, USA  

Martin Herold, Wageningen Universit y, The Netherlands  

Danilo Mollicone, Food and Agriculture Organization , Italy  

Carlos Souza Jr., IMAZON, Brazil  

 Scope of section   2.2.1

Section  2. 2  presents the state of the art for data and approaches to be used for 

monitoring changes within forest land (i.e. fo rest land remaining forests land, 

e.g. degradation). It includes general recommendations and detailed 

recommended steps for monitoring changes in forest areas.  

The remote sensing techniques can be used to monitor area changes within forest land 

which leads  to changes in carbon stocks (e.g. degradation). The techniques to monitor 

changes within forest land (which leads to changes in carbon stocks) provide lower 

accuracy óactivity dataô and gives poor complementary information on emission factors. 

This sectio n focuses on monitoring area changes within forest land which leads to 

reduction in carbon stocks (i.e. degradation). Techniques to monitor changes within 

forest land which leads to increase of carbon stocks (e.g. through forest management) 

are not conside red in the present version.  

 Monitoring of changes in forest land remaining forest land  2.2.2
 

Many activities cause degradation of carbon stocks within forests but not all of them can 

be monitored well with high certainty using remote sensing data. As discussed  above in 

Section 1.2.2, the gaps in the canopy caused by selective harvesting of trees (both legal 

and illegal) can be detected in imagery such as Landsat using sophisticated analytical  

techniques of frequently collected imagery, and the task is somewhat easier when the 

logging activity is more intense (i.e. higher number of trees logged). Higher intensity 

logging is likely to cause more change in canopy characteristics, and thus an increased 

chance that this could be monitored with Landsat type imagery an d interpretation. The 

area of forests undergoing selective logging can also be interpreted in remote sensing 

imagery based on the observations of networks of roads and log decks that are often 

clearly recognizable in the imagery.  

Degradation of carbon sto cks by forest fires is usually easier to identify and monitor with 

existing satellite imagery than logging. Degradation from fires is also important for 

carbon fluxes. The trajectory of spectral responses on satellite imagery over time is 

useful for tracki ng burned area.  

Degradatio n by over exploitation for fuel  wood  or other local uses of wood often followed 

by animal grazing that prevents regeneration, a situation more common in drier forest 

areas, is likely not to be detectable from satellite image inter pretation unless the rate of 

degradation was intense causing larger changes in the canopy and thus monitoring 

methods are not presented here.  

In this section, two approaches are presented that could be used to monitor logging: the 

direct approach that dete cts gaps and the indirect approach that detects road networks 

and log decks.  
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Key Definitions  

Intact forest  -  patches of forest that are not damaged or surrounded by small 

clearings; forests without gaps caused by human activities.  

Forest canopy gaps  -  I n logged areas, canopy gaps are created by tree fall and skid 

trails, resulting in damage or death of standing trees.  

Log landings  -  a more severe type of damage caused when the forest is cleared for the 

purposes of temporary timber storage and handling; b are soil is often exposed.  

Logging roads  -  roads built to transport timber from log landings to sawmills ï their 

width varies by country from about 3 m to as much as 15 m.  

Regeneration  -  forests  recovering from previous disturbance , resulting in carbon 

sequestration.  

 Direct approach to monitor selective logging  2.2.2.1

Mapping forest degradation with remote sensing data is more challenging than mapping 

deforestation because the degraded forest is a complex mix of different land cover types 

(vegetation, dead trees, soil, shade) and the spectral signature of the degradation 

changes quickly (i.e., < 2 years). High spatial resolution sensors such as Landsat , ASTER 

and SPOT have been mostly used so far to address this issue.  However, very high 

resolution satellite imager y, such as Ikonos or Quickbird, and aerial digital image s 

acquired with videography have been used as well. Here, the methods available to detect 

and map forest degradation caused by selective logging and forest fires ï the most 

predominant types of degrad ation in tropical regions ï using optical sensors only are 

presented.  

Methods for mapping forest degradation range from simple image interpretation to 

highly sophisticated automated algorithms.  Because the focus is on estimating forest 

carbon losses assoc iated with degradation, forest canopy gaps and small clearings are 

the feature of interest to be enhanced and extracted from the satellite imagery. In the 

case of logging, the damage is associated with areas of tree fall gaps, clearings 

associated with roa ds and log landings (i.e., areas cleared to store harvested timber 

temporarily), and skid trails. The forest canopy gaps and clearings are intermixed with 

patches of undamaged forests (Figure 2.2 .1).  
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Figure 2.2 .1 . Very high resolution Ikonos image showing common features in  

selectively logged forests in the Eastern Brazilian Amazon .   

 

(image size: 11 km x 11 km)  

 

There are two possible methodological approaches to map logged areas: 1) identifying 

and mapping forest canopy damage (gaps and clearings); or 2)  mapping the combined, 

i.e., integrated, area of forest canopy damage, intact forest and regeneration patches. 

Estimating the proportion of forest carbon loss in the latter mapping approach is more 

challenging requiring field sampling measurements of fores t canopy damage and 

extrapolation to the whole integrated area to estimate the damage proportion (see 

section 2.5).  

Mapping forest degradation associated with fires is simpler than that associated with 

logging because the degraded environment is usually c ontiguous and more 

homogeneous than logged areas.   Moreover, the associated carbon emissions may be 

higher than for selective logging.  

The following chart illustrates the steps needed to map forest degradation:  
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In this chart ñVery high (>5m)ò should read as ñFine (<5m)ò and ñHigh (10-60m)ò as ñMedium 

(10 -60m)ò (refer to Table 2.1.1)  

2.2.2.1.1    Step 1: Define the spatial and temporal resolution   

Sandra Englhart, GeoBio -Center of the Ludwig -Maximilians -University Munich, Germany  

Jonas Franke, RSS -  Remote Sensing Solutions GmbH, Germany  

Florian Siegert,  GeoBio -Center of the Ludwig -Maximilians -University Munich, Germany  

 

Mapping forest degradation requires an appropriate spatial and temporal resolution of 

remote sensing imagery. For example, unplanned  selective logging usually creates small 

scale impacts on the forest canopy and establishes barely any infrastructure. Timber 

trees are felled, cut into manageable pieces and then dragged along narrow skid trails. 

This procedure causes much less visible im pact than managed selective logging which 

constructs extensive infrastructure (logging roads, skid trails, and landing facilities). 

Medium resolution optical data, e.g. Landsat (with a spatial resolution of 30 m), is very 

valuable for historical and presen t analyses of forest degradation caused by fire and 

planned logging activities. Due to the minor visible damage of unplanned selective 

logging on the forest canopy, high resolution remote sensing imagery is required to 

detect the full extent of forest degr adation. The comparison of Landsat (30  m spatial 

resolution) and RapidEye (6.5  m spatial resolution) imagery within an unplanned 

selective logged tropical peat swamp forest in Central Kalimantan on Borneo 

demonstrates that medium resolution satellite data is not capable to map the whole 

extent of small scale logging ( Figure 2.2.2. ).  Figure 2.2.3. compares satellite images 

with different spatial resolutions acquired during the same period in the Brazilian 

Amazon.  
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Figure 2.2.2.  True color Landsat (left) and RapidEye (right) scenes acquired on 22 

May 2009 within an unplanned selectively logged peat swamp forest in Central 

Kalimantan on Borneo.  

 

 

Figure 2.2.3.  Unplanned logged forest in Sinop, Mato Grosso, Brazilian Amazon in: 

(A) IKONOS panchromatic image (1 meter pixel); (B) IKONOS multi - spectral and 

panchromatic fusion (4 meter pixel); (C) Landsat multi - spectral (R5, G4, B3; 30 meter 

pixel); and (D) Normaliz ed Difference Fraction Index image (sub -pixel within 30 m). 

These images were acquired in August 2001.  

 

 

 

 

 

The minor impact on the forest canopy facilitates rapid expansion and enables fast 

vegetation regrowth ( Figure 2.2. 4). Hence, not only high spatial  resolution but also high 

temporal resolution remote sensing data is required to monitor the full extent of the 

degraded forest area.  

For instance, RapidEye data with a swath of 77  km and a repeat cycle of one day has 

demonstrated to address these spatial  and temporal aspects  (Franke et al., 2012) . 

 

B C D A 
 



 2-34  

Figure 2.2. 4 . Temporal progress of unplanned selective logging activities in a tropical 

peat swamp forest in Central Kalimantan (Borneo) is shown with true color RapidEye 

images. The acquisition date is depicted above the scenes.  

 

 

A high temporal resolution of satell ite imagery is not only important for the monitoring of 

the full extent of unplanned selective logging but also for mapping burned areas. The 

rapid vegetation regrowth on areas affected by fire can hinder the detection of burned 

areas ( Figure 2.2. 5).  

 

Figure  2.2. 5 . Rapid vegetation regrowth after fire impact within only two month 

shown with RapidEye imagery (RGB: bands 452).  

 

 

 

 

 

 

 

 

 

 

 
















































































































































































































































































































































































