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The Government of Kenya is in the process of establishing a National REDD+ Programme through 
the Kenya Forest Service (KFS). Two critical elements of the National REDD+ Programme are forest 
reference levels (FRL) and a National Forest Monitoring System (NFMS). This document describes 
the steps towards establishing the design of the NFMS and reference levels, through an enumeration 
and description of required tasks.

The current document builds upon the first roadmap developed in 2012 bringing in updates and 
enhancing the tasks based on current needs and the United Nations Framework Convention on 
Climate Change (UNFCCC) guidance. This is the result of a series of Technical Working Group meetings 
involving active stakeholders from REDD+ implementation agencies from Government Ministries 
and Departments, Universities, Non-Governmental Organizations, International Research Institutes 
and the UN-REDD supporting organizations. 

The development of this Road Map has assessed past and current land sector emissions estimation 
efforts in Kenya including experiences from ongoing and recently concluded projects like the Improving 
Capacity in Forest Resource Assessments (ICFRA), the System for Land-Based Emission Estimation in 
Kenya (SLEEK) and the Forest Preservation Project (FPP). The document identifies results that have 
been delivered, or will be delivered, through other ongoing initiatives such as ICFRA and the SLEEK 
program. Further, the work relied on the key documents on National Forest Monitoring System and 
Reference Levels from the UNFCCC, the UN-REDD and other global initiatives. 

Activities under this roadmap have been developed and implemented to be consistent with a number 
of key principles that comply with Kenya’s legal and customary systems and with decisions from the 
Conference of the Parties (CoP) to the UNFCCC. This Road Map for the NFMS provides background and 
a description of technical guidance including key concepts from the IPCC and REDD+ documentation 
in Appendix 1: Concepts of National Forest Monitoring Systems and Reference Levels. 

In the past few years there has been significant support to the KFS and other agencies in relation 
to the provision of software, hardware, related training, investment in data collection and related 
equipment and capacity building to create the capacity for implementing REDD+ and other climate 
change initiatives. The projects providing this support include the Forest Preservation Program 
supported by the Japanese International Cooperation Agency (JICA), ICFRA pilot project supported 
by the Government of Finland and the Natural Resources Management (NRM) Project supported by 
USAID. The ongoing SLEEK program has also been investing in hardware and software and significant 
capacity building on aspects of the estimation of GHG from the land sector. In 2015 the FAO under 
the UN-REDD has supported specific efforts in capacity building to evaluate the land cover maps 
for different epochs that are available in Kenya and has developed the appropriate techniques for 
change detection, critical to emissions estimation for forests. 

The engagement in these projects has included relevant agencies with skills and expertise such as 
the Kenya Forest Research Institute (KEFRI), Department of Resource Surveys and Remote Sensing 
(DRSRS), Survey of Kenya, Kenya Wildlife Service (KWS), academia and research institutions as well 
as KFS. As a result to a large extent the ‘physical’ requirements for supporting and enabling the 
NFMS in KFS and its partner institutions have been put in place. 

The challenges that persist are related to the skills, experience, understanding and grasp of the 
concepts of GHG emissions from LULUCF and the international context of relevant staff in the 
responsible agencies. The full time roles of individuals compete with additional tasks and assignments 
that are needed for responding to climate change policy settings and demands of initiatives, projects 
and programs such as REDD+. Additionally the underlying knowledge and exposure to the related 
concepts and context has not been feasible to date. There is a need to boost the exposure, strengthen 
insights and deepen the understanding of technical managers and mid-management staff across the 
relevant agencies. A sensible first grouping to work with would be the REDD+ Technical Working 
Group, which represents the relevant stakeholders well. 

Building this capacity in the understanding of the requirements, the process, the context and the 
tasks for REDD+ is not only conventional ‘training’ but also ‘learning by doing’ under guidance. This 
approach would require the participants to be significantly focused and committed to grasping 
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some basic to complex concepts through ‘structured’ working through the ideas, requirements and 
the methods of REDD+ and emissions estimation for the land sector. An approach that addressed 
capacity building in this way would also improve understanding of the processes essential to a 
functioning NFMS that include standardized setting, decision making and documentation, planning, 
data agreements and project management. 

Following a mapping of tasks and components of the NFMS, REL and MRV being developed or already 
from the FPP, KFS, ICFRA, SLEEK the tasks of the NFMS are set out in tabular form, one task per table. 
Based on consultation with existing projects, examination of past projects, REDD+ Technical Working 
Group inputs; a timeline and budget was developed for the National Forest Monitoring System 
development. Very detailed planning has not been undertaken for each aspect but indications of 
timing and funding requirements have been prepared. These are contained in a spreadsheet, the 
summary of which is contained in Figure 1. 

The total budget is estimated at US$5 788 000 noting that this includes US$3 500 000 for the National 
Forest Resource Assessment as designed by the ICFRA Pilot Project. The costs for implementation 
based on these preliminary estimates for the non-FRA is US$2 288 000. 

The duration of the work envisaged is four years. Many of the tasks will be completed within three 
years and a year of implementation is included to enable adjustments to scheduling and duration that 
may arise or be needed for further refinement and a year of operational use to assess sustainability 
and enable incorporation of the tasks into routine operations by the agencies with the relevant 
mandates. Some activities are ongoing in nature or continuous. 
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1.	 Introduction 

a.	 Objectives
The Government of Kenya is in the process of establishing a National REDD+ Programme. Two 
critical elements of the National REDD+ Programme are forest reference levels and a national 
forest monitoring system. This document describes the steps towards establishing the design of the 
national forest monitoring system and reference levels, through an enumeration and description of 
required tasks.

b.	 Principles
Activities under this roadmap have been developed and implemented to be consistent with a 
number of key principles that comply with Kenya’s legal and customary systems and with decisions 
from the Conference of the Parties (CoP) to the United Nations Framework Convention on Climate 
Change (UNFCCC). Kenya is seeking to apply these in all REDD+ efforts:

■■ Inclusive of all relevant aspects of a National REDD+ Programme. The roadmap 
considers how the national forest monitoring system and reference levels fit into a larger 
picture of REDD+ implementation and national accounting of greenhouse gas emissions;

■■ Alignment with UNFCCC decisions. The roadmap recognizes all relevant decisions 
of the CoP with regards to a national forest monitoring system and reference levels;

■■ Consultation with all relevant stakeholders. Consultations on the development and 
implementation of this roadmap were done within the government agencies responsible 		
for REDD+ implementation, but also with stakeholders in other areas of government and County 
governments, lower administrative levels in forestry, universities and research institutions, non-
governmental organizations, private sector parties and local communities living in or near forests;

■■ Recognizing cross-cutting issues. Governance in forestry is considered a crucial element 
for the successful implementation of a National REDD+ Programme and it permeates all 
areas of intervention. Gender equality will be respected and fostered throughout the 
development and implementation of this roadmap and the National REDD+ Programme itself;

■■ Recognizing secondary benefits. A successful National REDD+ Programme will recognize the 
need to sustain the livelihoods of the communities living in or near the forest, as well as the overall 
economic development of Kenya. Many secondary benefits in timber and non-timber forest 
products can be received from the results of the National REDD+ Programme that supplement the 
core benefits that will accrue to the local communities for their efforts in implementing REDD+;

■■ Other, non-tangible or non-monetary benefits can be obtained as well, such as enhanced 
protection of water towers and the preservation and enhancement of biodiversity. 
The NFMS must facilitate the monitoring and quantification of these benefits.

c.	 Development approach
The development of this roadmap was coordinated by the Office of the National REDD+ Coordination, 
NRCO1  hosted at the Kenya Forest Service. In the development of the Roadmap the following key 
considerations were applied:

■■ Strategic. This roadmap is a document that drives further design, development and 
implementation activities. It is intended to draw the outlines of what needs to be done, 
by whom, when and how. It will recognize the Kenya Constitution 2010 and the process of 
restructuring the administration of the forestry sector;

■■ Cooperative. The Government of Kenya will work closely together with all relevant stakeholders 
to develop and implement the roadmap. These stakeholders include the international 
community, multi-lateral agencies and the donor community at the international level and all 
interested parties in Kenya;

■■ Multi-phased. The roadmap and its activities will be developed and implemented over three 
key phases, in accordance with the decision of the Conference of the Parties to the UNFCCC

1.	 	Formulating policies for the national forest monitoring system and reference levels 	
and building capacity for designing and implementing these;

Described in the FCPF R-PP - “National REDD+ Coordination Office (NRCO): The NRCO will be constituted immediately upon approval of the R-PP by 
the FCPF with the designation of an Interim National REDD+ Coordinator.

1
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2.	 Implementation of the national forest monitoring system and construction of the 
reference levels and capacity building for operators at all levels of stakeholders;

3.	 Full operation of the national forest management system;

■■ Action-oriented. Activities will be designed to deliver concrete and tangible outcomes 
and will be supported with capacity building initiatives to ensure effective on-the-ground 
implementation; (Decision 1/CP.16, paragraph 73):

■■ Realistic. Activities will be designed and implemented in a practical and realistic manner that 
reflects the national priorities and institutional capacity of Kenya;

■■ Time-bound. Each activity will be given an indicative timeframe, where possible, to track and 
monitor the implementation of the roadmap.

d.	 Task details
The current document builds upon the first roadmap developed in 2012 bringing in updates and 
enhancing the tasks based on current needs and UNFCCC guidelines and guidance.  This is the 
result of a series of Technical Working Group meetings involving active stakeholders from REDD+ 
implementation agencies from Government Ministries and Departments, Universities, Non-
Governmental Organizations, International Research Institutes and the UN-REDD supporting 
organizations. The document identifies results that have been delivered, or will be delivered, through 
other ongoing initiatives like the Improving Capacity for Forest Resource Assessment (ICFRA) and the 
System for Land Based Emission Estimation (SLEEK).

The tasks for the NFMS are described showing the current status of each issue as discussed by the 
TWG, the implementation budgets and schedules noting the aspects below.
 

■■ Stakeholders. The list of stakeholders is based on a comprehensive stakeholder analysis done 
in parallel to this roadmap. Due to the changing government administrative guidelines that 
relate to line ministries, and government departments, the roadmap identifies the group of 
institutions responsible for implementing the specific task and it is expected that the TWG will 
give the technical guidance under the coordination of the NRCO. The implementation of the 
tasks will however be guided by the mandates of the institutions and their capacity to deliver;

■■ Schedule. The schedule is indicative only, as implementation is dependent upon external 
support for design and implementation and also the available capacity. Of more interest 
than the specific timing of individual tasks is the sequence in which certain tasks need to be 
implemented. For example, the definition of “forest” and the preparation of a set of standards 
and protocols for data collection, processing and management are critical for the design and 
implementation of many other tasks;

■■ Budget. For design and especially implementation of many of the tasks it is difficult to 
determine the required budget, as this is dependent upon design decisions and a capacity 
building needs assessment of the stakeholders implementing and operating the task. For 
purposes of generating realistic estimates, the budgets were developed based on experiences 
from ongoing and recently concluded projects like the ICFRA, the SLEEK and the Forest 
Preservation Project (FPP).
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2.	 Key documents on the National Forest Monitoring System and 	
	 Reference Levels

Kenyan context
■■ Kenya Constitution 2010, with devolution of authority to lower levels of government and 

engagement of local communities in resource management
■■ Kenya Vision 2030, the long-term strategy of the Government of Kenya
■■ The Forest Conservation and management Bill 2014
■■ The Kenya Climate Change Response Strategy
■■ Kenya REDD+ Readiness Preparation Proposal
■■ The ICFRA field manual - Field Manual Tree analyses data for modelling biomass and volume
■■ The ICFRA field manual – Biophysical manual
■■ The SLEEK manual for land cover and land cover change mapping
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3.	 System Settings and Decisions
All reports on greenhouse gas emissions and removals that countries submit to the UNFCCC have 
to follow the methodology adopted by the IPCC. The UNFCCC has formally adopted the “1996 IPCC 
Guidelines for National Greenhouse Gas Inventories” for the reporting of National Communications. 
In more recent Decisions, the UNFCCC has encouraged “to use the most recent Intergovernmental 
Panel on Climate Change guidance and guidelines, as adopted or encouraged by the Conference 
of the Parties2”, being the “2006 IPCC Guidelines for National Greenhouse Gas Emissions”. The 
guidelines can be downloaded for free from the internet 3.

a. IPCC Guidelines key con cepts
The key concepts that the IPCC Guidelines use in the estimation of emissions and removals of 
greenhouse gases from anthropogenic origin are adhered to in order to apply the same principles 
in REDD+, guaranteeing consistency with the national forest monitoring system for REDD+ and 
the National Communications to the UNFCCC. The decisions Kenya has made in respect of those 
concepts and requirements and progress on them where decisions are in process are set out below. 
The discussions and documentation of these decisions was undertaken by the Technical Working 
Group for REDD+ convened by the KFS and supported by FAO under the UN-REDD Programme. The 
TWG for REDD+ has membership from across the agencies that have a role in emissions estimation 
and includes representatives of the ICFRA pilot project and SLEEK program as well as international 
actors such as CIFOR. 

Tiers
In order to accommodate different levels of information, knowledge and inventory capacity in 
different countries, the IPCC defines three Tiers for the estimation of emissions and removals of 
greenhouse gases. Increase in Tiers implies increasing accuracy of the estimates due to an increased 
use of local data and more evolved estimation methods. Estimates based on higher Tier methods 
and parameters have a higher (implied) confidence and are thus able to generate higher amounts of 
results-based benefits.

Tier 1 estimates – using default parameter values given in the IPCC Guidelines – should only be used 
if there is no other option. For Kenya’s REDD+ programme, this may apply in the case of litter which 
is a largely stable pool, with insignificant emissions and where not much research has been done and 
may not be justifiable. Application of Tier 1 default parameters is assumed to result in a conservative 
estimate of the size of the carbon pool – meaning that the size of the pool is estimated in such a way 
that the actual, but unknown, amount of the carbon pool is likely to be larger.

Tier 2 estimates apply nationally-appropriate methods and/or parameters. This is the recommended 
minimum Tier for REDD+. It implies that there is detailed information on the forest land and the 
forest types in the country and that at least basic information is available about species composition 
and merchantable timber volume for the different forest types. 

Tier 3 methods are the most complex in terms of monitoring of status and processes, changes in land 
use in a spatially-explicit manner, knowledge of biophysical processes and required data to make 
the estimates. The IPCC Guidelines do not present any methods for Tier 3 estimation, only good 
practice guidance. For REDD+ purposes, a Tier 3 method could be the development and application 
of an allometric equation for the estimation of one or more carbon pool(s) on the basis of the 
measurement of a few key properties of a tree or a forest stand. 

Estimation methods from different tiers may be freely combined within a reporting period or over 
time, as long as proper documentation of estimation methods is provided.

UNFCCC Decision 4/CP.15 “Methodological guidance for activities relating to reducing emissions from deforestation and forest degradation and the 
role of conservation, sustainable management of forests and enhancement of forest carbon stocks in developing countries”, paragraph 1(c). UNFCCC 
document FCCC/CP/2009/11/Add.1. 
http://www.ipcc-nggip.iges.or.jp/

2
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Status

The national system for Kenya is identified in documentation for the SLEEK program to be developed 
with the intention to improve step-wise for national GHG reporting from Tier 1 level 1 to tier 2 level 
2 and ultimately Tier 3 level 3 as recommended by the IPCC guidelines. In the Kenya R-PP, it was 
identified that “Kenya will use at least a Tier 2 level of data for its estimate of historic emissions/
removals”.

The formal documentation of a decision on Tiers and Levels is not yet complete. 

Land-use categories
The IPCC identifies six land-use categories for estimation of emissions and removals of greenhouse 
gases of anthropogenic origin:

1.	 Forest Land 
2.	 Cropland 
3.	 Grassland
4.	 Wetlands
5.	 Settlements
6.	 Other Land

Estimation of emissions and removals of greenhouses gases is only done for areas of managed 
land, that is land which is subject to human impacts for production, ecological or social functions. 
This implies that REDD+ can only be applied to those areas of forest land which are classified as 
managed. In general, any forest which is generally accessible to people can be classified as managed 
since “management” is not restricted to formal types of management under control or license of the 
state or by private ownership. 

Status

Kenya has adopted these land-use categories.
 
The land-use categories may be further subdivided for estimation of emissions and removals and 
reporting purposes. Kenya has undertaken further sub-division of the land-use categories including 
forests, which is reported below. 

In Kenya, all Forest Land can be classified as managed.

Stratification 
Land-use (sub) categories can be stratified in order to obtain more homogeneous units for which 
separate estimation methodologies or conversion factors exist. The IPCC suggests a stratification 
of the Forest Land category along ecological zones and climatic domains (between which one may 
expect a large variance). Further stratifications can be made on forest type – e.g. broad-leaf, needle 
leaf, deciduous, evergreen, mangrove, plantation. Stratification should strike a careful balance 
between the overhead costs of having to estimate emissions and removals of greenhouses gases 
from every stratum, with its concomitant burden of establishing an estimation method and/or set 
of conversion parameters for each stratum, and the (assumed) higher accuracy of the estimate that 
is obtained. 
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Status

Kenya has discussed and decided on a stratification of land as follows:

1.	 Forest Land
	 Level II

■■ 	 Dense (>65% Canopy)
■■ 	 Moderate (40%-65% Canopy)
■■ 	 Open Forest (15-40% Canopy)

	 Level III (Requires stratification data and Ancillary data)
■■ Montane and Western Rain Forests
■■ Mangroves and Coastal Forest
■■ Plantations
■■ Dryland Forest

2.	 Cropland
	 Level II

■■ Perennial Cropland 
■■ Annual Cropland

	 Level III (Requires Ancillary data)
■■ Tea
■■ Coffee
■■ Sugarcane
■■ Rice
■■ Wheat
■■ Maize
■■ Other agricultural land

3.	 Grassland
■■ Wooded Grassland
■■ Open Grassland

4.	 Wetland
	 Level II

■■ Vegetated Wetland
■■ Water Body

5.	 Settlements

6.	 Other Lands

Land-use Conversion
Over time, land use can change from one category to another. The IPCC identifies separate 
methodologies for land staying within a certain land-use category between reporting periods and 
land converted to another land-use category during a reporting period. For REDD+ purposes one 
land-use category and two land-use conversions are of interest:

■■ Forest Land Remaining Forest Land 
■■ Other Land uses Converted to Forest Land
■■ Forest Land Converted to other Land use (any of the other land-use categories)

After a conversion the area is counted under the new land-use category, but in a “transition period” 
specific estimation methods for the carbon pools are used to properly estimate the carbon dynamics 
until a new equilibrium is reached. The IPCC default period for such an equilibrium lasts for 20 years. 

There has been ongoing discussion at the technical level on methodologies for remote sensing 
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to detect forest cover change (SLEEK and FAO). FAO has been providing Technical Support (TS) to 
KFS on identifying a method to detect change. Training has been provided and testing of potential 
approaches has been undertaken.

The estimation of area change under each land use category has been progressed under the technical 
support being provided by FAO UN-REDD building on its global insights and experience and previous 
work by F-PP. The results of the accuracy assessment led by FAO of the KFS Forest Resource Maps 
showed that the 1990-2010 stable layers were reliable to use as a forest / non-forest mask, but that 
the change layers (loss and gains) could not be used to reliably locate areas of change and estimate 
deforestation, degradation and/or reforestation. The estimates of changes could still be used as an 
indicator, but the levels of uncertainty around them were very high. 

The change detection efforts will need to move into field work on degradation to improve processes 
to capture emissions from forest degradation. Canopy cover is limited as a factor as the canopy class 
can vary due within the class range due to degradation which is not readily detectable using current 
methodologies. Two maps of land cover have been developed by the automated system for the 
years 2010 and 2014. The 2012 map will be out very soon. 

From the two maps several points: 

■■ Mapping of forests looks consistent over time and the system may capture forest accurately 	
	 over the time;

■■ The mapped forest areas for 2010 were not significantly different from what was mapped 	
	 by the PASCO-JICA-FPP project for the same year. The forest area in PASCO project was 	
	 6.99% 	while the current mapping gives it about 7%;

■■ The three strata of forests (dense, moderate, and open) will be captured by remote sensing 	
	 but the second level of strata (plantation, western rain and montane, coastal, and dryland 	
	 forests) will be captured using auxiliary data;

■■ There is a need to identify the auxiliary data that will be needed, who collects it, how can it 	
	 be made available, what needs to be done to ensure consistency over time.

Status

The assessment of land cover is being contributed to by DRSRS as lead in the relevant Element 
Working Group of the SLEEK program and includes participation from KFS, KEFRI, universities and 
RCMRD. 

■■ The work at DRSRS will create sustainable approaches for:
•	 Land Cover Classification of forest and non-forest provided on an annual basis since 

1990.  For now only the 2010 and 2014 analyses are completed. The work includes 
developing a manual on Land Cover Classification and a process manual,

•	 Land Cover Change Detection for deforestation/reforestation. A pixel based land cover 
change method is being piloted including an attribution algorithm. Once complete, 
these have to be verified to ensure accuracy and applicability across the time series and 
among land cover classes.

■■ KFS for the NFMS needs to deal with the other aspects of REDD+ which will need to be 	
	 developed for the NFMS in terms of working out the measurement, recording and 	
	 reporting, namely:

•	 Reducing emissions from forest degradation;
•	 Conservation of forest carbon stocks;
•	 Sustainable management of forests;
•	 Enhancement of forest carbon stocks.



8

Greenhouses gases
In the 1996 Guidelines the IPCC identifies a number of greenhouse gases, from the well-known 
carbon-dioxide (CO2) to complex molecules such as the family of halocarbons (used in refrigerators, 
air conditioners and power transformers). All of these gases have what is termed Global Warming 
Potential (GWP) in the atmosphere, which is expressed in CO2-equivalent units (CO2e). For the AFOLU 
sector, and thus REDD+, carbon dioxide is the principal greenhouse gas of consideration, with a few 
notable exceptions, which must be estimated and reported and include:

■■ In mangroves and seasonally flooded forests, a non-negligible amount of methane (CH4) 	
	 and nitrous oxide (N2O) may be formed in and released from the soil4,

■■ If soils in plantations are being fertilized, nitrogen oxides (NOx) will be released, which are a 	
	 precursor to the greenhouse gas nitrous oxide,

■■ Forest fires release nitrous-oxides and sulfur-dioxide (SO2).

Status

The TWG for REDD+ considered the gases for reporting and noted Ethiopia and the Congo only 
reported on CO2. For Kenya the potential importance of changes to agriculture, decomposition of 
organic matter, mangroves and fires suggests that reporting on Methane should be considered. 
There could also be N2O emissions from fertilization especially in plantation forests where trees are 
raised together with crops through the Plantation Establishment and Livelihood Scheme (PELIS).
 
Kenya should try to maintain consistency with their GHG inventory and should provide a justification 
for omissions if any gases are not going to be included in the REDD+ estimations.

Carbon pools
The IPCC recognizes five carbon pools for the AFOLU sector; Above-ground biomass (AGB), Below-
ground biomass (BGB), Dead wood, Litter and Soil organic matter (SOM). The 2006 IPCC Guidelines 
saw the addition of a new carbon pool: Harvested Wood Products (HWP), components of trees that 
are converted into timber, board, paper/pulp, etc. which store carbon after removal from the forest. 
The TWG for REDD+ discussed the five carbon pools and noted that in time it may be that all five 
pools will be reported as capacity and data increases. In the discussion it was noted: 

■■ The countries that have submitted a Reference Emission Level, 15 to 20, most are opting to 	
	 report only on Above Ground Biomass (AGB) with Below Ground Biomass (BGB) being a ra-	
	 tio to the AGB. Zambia is reporting all pools except Soil Organic Carbon (SOC). This 	
	 suggests that Kenya should do at least AGB;

■■ Kenya may experience significant fluxes in SOC with forest clearing. At present dead wood 	
	 is removed for local use or as charcoal and fuelwood; so any transition will mean little or no 	
	 contribution to emissions from that pool (it is already being fully consumed – emitted);

■■ In Kenya there is little value in litter as it is ‘cycling’ and may not be a significant flux;
■■ SOC is difficult to measure and monitor so setting up a system of monitoring is a challenge. 	

	 The SLEEK EWG on Soil Carbon is progressing and as their work matures the inclusion of 	
	 SOC could be considered. 

Status 

The decision on pools to be measured and reported by Kenya requires finalisation and documenting. 
Discussion has confirmed that Kenya should do at least AGB. The ICFRA programme piloted the 
collection of data on the different pools and also developed manuals for collection of data on the 
specific pools. However sampling for SOC still needs agreements with the KARLO where the soil 
research mandate is domiciled. The report of the piloting has not been finalised. 

The IPCC Guidelines provide estimation methodologies for these greenhouse gases under the land-use category of Wetlands. In many countries, 
however, mangroves and particularly seasonally flooded forests are accounted as forests and reported as Forest Land in the National Communications. 
The Guidelines allows for such deviations from the categories listed, but these need to be clearly documented and applied consistently in subsequent 
National Communications. In practice this means that the methodology for Wetlands can be applied to estimate emissions for Forest Land.

4
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Key categories
In order to reduce the effort in compiling National Communications and focusing resources on those 
areas where the majority of emissions and removals take place, the IPCC identifies key categories. A 
key category is “one that is prioritised within the national inventory system because its estimate has 
a significant influence on a country’s total inventory of greenhouse gases in terms of the absolute 
level, the trend, or the uncertainty in emissions and removals”. As such, key category analysis is a 
task for the national authority that compiles the National Communications, to be applied on each 
sector individually. Key category analysis aims to identify those categories within the sectoral scope 
– such as AFOLU – that have a significant influence on the inventory. For Forest Land this implies that 
the following questions need to be answered:

■■ Which management activities are significant?
■■ Which CO2 emissions or removals from various carbon pools are significant?
■■ Which non-CO2 gases are significant?

Typical key categories in forestry are:

■■ AGB for all forests that have undergone or are undergoing human impacts. For managed 	
	 forests that have not suffered such impacts – such as National Parks or wildlife reserves 	
	 – AGB does not necessarily have to be estimated because the carbon dynamics from 	
	 human impacts will be minimal, unless there are special management actions such as 	
	 fire management;

■■ If there is a significant amount of deforestation: SOC and dead wood in Forest Land 	
	 converted to some other category (BGB is instantly converted to dead wood upon 	
	 deforestation);

■■ If there is a significant amount of forest regeneration: SOC, AGB and BGB on LandConverted 	
	 to Forest Land;

■■ SOC in mangroves and peatlands.

Other key categories may be identified based on national circumstances. The key categories should 
jointly comprise a substantial part of emissions and removals – 95% as established by the IPCC. 

Status

A key category analysis is a task to be accomplished after data collection and analysis. The task 
can also be tied to the 1st and 2nd national communications but these have been much generalised 
specifically in the LULUCF sector. 

b.	Approaches to Calculation: Stock-Difference and Gain-Loss5 
There are two methods described by (IPCC, 2006) to estimate changes in carbon stock6.

■■ Stock-Difference method; estimation of difference in carbon stocks of a land unit by 	
	 comparing carbon stocks for the same location at time 1 and 2. It generally requires 	
	 comparing measurements from national forest inventory cycles;

■■ Gain-Loss method. This method is applicable at all IPCC Tiers and subtracts biomass carbon 	
	 loss from biomass carbon gain.

Section 2.1 of the GFOI Methods and Guidance Document (GFOI, 2014) discusses gain-loss and 
stock-difference (or stock change) methods as applied to REDD+ activities and has a decision tree 
on the choice between them. In the methods and guidance  the GFOI identifies that the IPCC notes 
that the stock change method provides good results where there are relatively large increases or 

This topic was the subject of a briefing note to the TWG that sets out the issue more clearly. This was discussed in the TWG meeting in November 
2015. 
UN-REDD 2015. Technical considerations for Forest Reference Emission Level and/or Forest Reference Level construction for REDD+ under the 
UNFCCC. 

5

6
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decreases in estimated biomass, or where countries have very accurate forest inventories. Since not 
all countries possess an NFI, this restricts application of the stock change method, and so the advice 
in the MGD focuses more on the gain-loss method7.

The gain-loss method estimates annual emissions or removals of CO2 as the sum of gains and losses 
in carbon pools occurring on areas of land subject to human activities. Changes in the carbon 
pools are often estimated as the product of an area of land and an emission or removal factor that 
describes the rate of gain or loss in each carbon pool per unit of land area. The gain-loss method 
does not require an NFI, although information from an NFI can be used to derive emission and 
removal factors, as well as provide insights into the causes of gains or losses of carbon pools.

Status

The decision on Approaches to Calculation remains to be further discussed and finalised. The TWG 
discussed the Stock-Difference and Gain-Loss methods and noted:

■■ SLEEK is developing the Gain-Loss method as it was not feasible to conduct an inventory for 	
	 each time period to assess the difference as would be required for the Stock-Difference 	
	 method. It was further noted that the changes to be detected were not necessarily very 	
	 large and the certainty of identifying them with an inventory approach was not high;

■■ In regard to inventory an option would be to implement a national inventory and then use 	
	 Permanent Sample Plots (PSPs) to re-measuret and reduce the costs and effort;

■■ It was suggested that REDD+ requires an inventory to develop the baseline;
■■ For the Gain-Loss method most of the activities that create forest change are not under 	

	 the control of the KFS or other government land managers, being degradation activities, 	
	 fires, charcoal, encroachment and so on; much of it in dry land forests. Most losses 	
	 are in 	areas outside the government managed lands on non-gazetted lands so the 	
	 monitoring approach needs to include those changes. In particular techniques are required 	
	 for degradation activities. 

The discussion was engaging and dynamic with a range of contributions but a clear decision was not 
made.

c.	REDD+ activities and sampling8 
If a country decides to participate in the REDD+ mechanism of the UNFCCC, all the managed Forest 
Land in that country needs to be included in REDD+ accounting. In this sampling, a number of issues 
should be clarified including: 

1.	 The design, of the inventory to include the strata
2.	 The number of plots to be measured
3.	 The sizes of the plot and their orientation in reference to one another
4.	 The attributes to be measured at different levels within the plot
5.	 The repeatability of measurement in cases of permanent sample plots

The Kenya Indigenous Forest Conservation Program (KIFCON) provides the earliest systematic forest 
inventory in Kenya and extensively covered 15 blocks of indigenous forests of Kenya in the period 
1990 - 1994. The SLEEK program is digitising these inventory datasets to allow their integration into 
the national forest inventory datasets and possibly use them for defining the forest stocking levels 
of the country.

Apart from the periodic inventories for commercial purposes done in plantation forests of Kenya, 
an NRM funded project carried out a national inventory of all plantation forests in the country in 
the period 2009 – 2011 which has been used to characterise plantation forest stocking by species, 
management type and age.  

GFOI (2013) Integrating remote-sensing and ground-based observations for estimation of emissions and removals of greenhouse gases in forests: 
Methods and Guidance from the Global Forest Observations Initiative: Pub: Group on Earth Observations, Geneva, Switzerland, 2014.
The material in this section is partially drawn from the manuals and reports of the Improving Capacity for Forest Resource Assessment Pilot Project 
(ICFRA).

7

8
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A pilot of a National Forest Inventory focused on the REDD+ objectives has been done through the 
ICFRA programme and a sampling scheme prepared to implement the full NFI including the marking 
of permanent sample plots. The inventory has been done based on the nationally adopted manuals 
and covers the five carbon pools. It also defines sampling for unique forests like mangroves, natural 
forests and bamboo forests. The pilot project has produced field manuals and laboratory manuals 
and a proposal for the National Forest Resources Assessment. 

Status 

The National Forest Resources Assessment requires funding. No likely funding sources for the forest 
and biomass inventory have been identified at this stage. 

d.	Data Quality Assessment and Internal Verification
All the information that is reported to the UNFCCC in the National Communications needs to be 
assessed for its quality and an estimate of accuracy and associated uncertainty is highly encouraged. 
The sampling design enables the computation of an estimate with a known error for the number of 
samples, given the average and standard deviation of the parameter under consideration (biomass, 
litter, dead wood, etc.) and an established confidence interval. 

Assessment of data quality can take place in the temporal domain – cross-reference repeated 
measurements over time – and in the spatial domain – compare estimates with those from other 
REDD+ areas in the same forest stratum. 

Data quality analysis should therefore not be a last step before data is inserted into national accounts 
of greenhouse gases; instead it should be used to provide feed-back to practitioners of REDD+ on 
potential improvements in procedures and implementation.

The REDD+ TWG noted the progress in development of quality assurance procedures through 
development of process manuals in land cover mapping and forest inventory. Such manuals have 
been developed using the IPCC good practice guidance and the MDG document of the GFOI. The 
manuals have also been developed in consultation with international experts in mapping forest (FAO 
UN-REDD, SLEEK and JICA) inventory (FAO UN-REDD, SLEEK and ICFRA) and soil analysis (SLEEK and 
ICFRA). These manuals comprise a Quality Assurance component for REDD+ reporting that has been 
used in the preparation of the two years of land cover assessment. 

Status

The TWG noted the role of KEFRI as a Quality Control unit in the FPP and ICFRA programmes being 
the lead institution in forest research. Support can also be provided by the universities offering 
forestry programmes and JKUAT can also provide quality control support to the remotes sensing and 
mapping processes.
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4.	 National Strategies and Action Plans for REDD+ implementation
Countries wishing to participate in the REDD+ programme need to develop strategies and action 
plans for the implementation of REDD+ activities. These describe how emissions will be reduced, 
how forest carbon stocks will be enhanced, conserved and sustainably managed. Such strategies 
are derived from an analysis of the national circumstances, policies and stakeholders engagements.
 
The Kenya government launched its national climate change response strategy during COP 15 at 
Copenhagen in December 2009, which was developed using a consultative process that included 
seeking views from participatory regional workshops. Kenya’s resulting national strategy incorporates 
areas of response such as adapting agriculture, energy and infrastructure to climate change. The 
Kenya Forest Service (KFS) was designated as the body responsible for coordinating REDD+ readiness 
activities in Kenya and established a secretariat for the purpose. 

In the period since in the REDD+ processes Kenya has produced a series of reports and products that 
frame up and consider some of the key issues of drivers of deforestation and forest degradation; 
forest governance issues, gender considerations and ensuring full and effective participation of all 
relevant stakeholders. 

The documentation to date includes:

■■ Social inclusion in REDD+ -workshop Report - Nairobi Dec 2012
■■ Roadmap for Establishing REDD+ RL and NFMS
■■ Kenya’s REDD+ Readiness Preparation Proposal (R-PP)
■■ Kenya R-PP Annex
■■ Kenya Water Towers , Forests and Green Economy- A National Dialogue
■■ Forest Governance, REDD+ and Sustainable Development in Kenya
■■ Draft SESA Road Map -Sep 2013
■■ Charcoal Value Chain Analysis
■■ Analytical Study on Corruption Risk Assessment for REDD+ in Kenya
■■ Analytical Study on Carbon Rights and Benefit Sharing for REDD+ in Kenya
■■ Analysis of Demand and Supply of Wood Products in Kenya
■■ Analysis  of Drivers of Deforestation & Forest Degradation in Kenya

The R-PP has not been implemented, however more broadly under the Constitution 2010 Kenya 
is also addressing land tenure issues, gender and full and effective participation of all relevant 
stakeholders. This is being implemented in part with the devolution process to the County level.  

Related issues include: 

■■ Policies and Measures for REDD+ implementation – the actions and strategies that the 	
	 government identifies to guide the implementation of REDD+ activities;

■■ Information on Safeguards - measures designed to mitigate risks. The process of REDD+ 	
	 is expected to be beneficial to livelihoods and ecosystems. Every implementation country	
	 willing to participate in the REDD+ programme is expected to document safeguards 	
	 associated with the implementation;

■■ Benefit sharing mechanisms - REDD+ implementation may be associated with the benefits 	
	 or incentives assigned to the implementers. Therefore policies and measures associated 	
	 with REDD+ implementation should identify incentives that encourage specific actions from 	
	 stakeholders.

The Road Map notes these issues and allocates resources so that as they are developed the inputs 
and interaction required from the NFMS and during its development can be enabled. 
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5.	 Capacity Building for NFMS/RL for REDD+ in Kenya

a. Introduction
The analysis and discussion with institutions in Kenya identified the following strengths and 
challenges. 

■■ Strengths 
•	 The issues of REDD+ and climate change are growing in profile and the capacity to work 

on them is increasing. Previous projects have provided both infrastructure and capacity 
building but also created some interactions between agencies that are ongoing;

•	 The capacity for land cover mapping and preparing basic maps is in place and the 
procedures and skills are better understood. The basic trends around land management 
have been identified and gathering of more information has been planned;

•	 There is an emerging insight on the roles of institutions such as KFS and awareness of 
the need for political will to support the efforts of REDD+ and related initiatives. There 
is a need for the managers in those institutions to have an improved understanding of 
the climate change aspects of land including REDD+.

■■ Challenges 
•	 The information and data exchange between agencies is only enabled on a case by case 

basis, generally difficult to achieve and remains a major challenge;
•	 Some skills are limiting among institutions such as data handling and data transformation 

skills;
•	 Communication need – the decisions informed by appropriate technical input (such 

as Forest Definition) are not being communicated and properly appreciated and 
understood by the participants and stakeholders;

•	 Devolution from national to county level has potential to pressure the transfer of forest 
land to county control and possible risks to management effectiveness and of conversion 
to other uses;

•	 KFS has relatively weak and poorly supported units in the field specifically at the forest 
station level;

•	 Majority of CFAs have low capacity, institutional arrangements are poorly implemented, 
they are short of their potential to be local providers of data and information on forests 
and land;

•	 Traditional arrangements are declining with the eroding of cultural values and religious 
traditions of forest protection.

b.	Participatory Community Monitoring
The REDD+ guidance notes that local communities – including indigenous peoples – have 
demonstrated in many ways that they are effective custodians and managers of the forest that 
makes up part of their daily life and livelihoods. They are often knowledgeable about the forest 
in aspects that are not covered by professional forest inventory and, through their physical and 
socio-economic condition, well placed to manage the forest on a daily basis. In Participatory Carbon 
Monitoring (PCM) the National REDD+ Coordinating Office, forestry agencies, forest owners and 
local communities collaborate to collect data on the carbon stored in the forest.

The Forest Act recognizes the roles of communities and other stakeholders in the management and 
conservation of forests. The legal entity is the Community Forest Association which is registered 
under the Society’s Act and normally has user groups. Such user groups comprise of communities 
with different uses and interests in the forest. Some of the user groups are also interested in on farm 
tree planting to reduce overdependence on the forest. 

The National Alliance of Community forest Associations (NACOFA) which is a network of Community 
Forest Associations (CFA) in Kenya do no formal data collection but could provide information from 
a CFA perspective, which could include basic information on effects, impacts and management of 
natural forests. The network receives uncoordinated information on illegal activities taking place 
in different forests of the country. There is a project underway at present, funded by GTZ and 



14

implemented by WWF, in the Transmara forest block of the Mau Forest Complex that seeks to 
provide a case study of monitoring illegal activities. 
 
People have been engaged as “scouts” with some training to report their geo-referenced 
observations. Such observations include encroachment, legal and illegal extractions, forest 
regeneration characteristics and community interactions with forests. 

The data collection for REDD+ will be relatively straightforward, focusing on easily measured 
properties of the forest such as species name, DBH and density (number of trees per sampling plot). 
Local communities need to be trained on measurement protocols, data recording and management 
and analysis (review) of results. Initial establishment of the sampling plots needs to be supported by 
professional foresters or a certified implementing partner.

PCM could be presented as part of the broader Participatory Forest Management. KFS has to develop 
procedures for measurement of forest properties with the local communities or owners taking 
primary responsibility and KFS providing support to this process and undertaking more complicated 
tasks. The data that is thus collected should be available to the communities/owners and feedback 
should be given on quality of the data and amount of carbon stored.

There are some activities under REDD+ that do not directly relate to measurement of trees, but 
which would require the involvement of communities, such as patrolling for encroachment, fires, 
illegal grazing and illegal logging; assessment of biodiversity and other ecosystem properties. Such 
activities should be an integral part of PCM/PFM and likewise be recorded in the information system.

Challenges to Participatory Community Monitoring 
It was noted that Community organizations face many challenges as a consistent data source for the 
NFMS. A number of the CFAs have management plans and have signed a management agreement 
with KFS. However, this has only been possible through support from agencies and institutions 
such as Nature Kenya, KFS and NMK who house the CFA offices at the Forest stations. Other major 
problems facing communities include governance. Some CFAs do not hold elections and leaders 
tend to remain in power.  There were efforts to train communities on governance initiated by the 
forest Action Network and Kenya Forest Working Group and these efforts are now spearheaded by 
the Community Development Trust Fund (CDTF) which has funded most of the forest management 
plans in the country. 

There is a need to formulate a strategy for CFAs to be able to effectively fulfil their potential to 
contribute to the NFMS and to participate in REDD+ more broadly. Steps to implement this have 
been included in the Road Map; notably a review of community based monitoring approaches that 
have been applied, trialled or considered for Kenya; identification of the preferred approach(es) and 
methods to use for participatory monitoring, a plan to pilot the preferred method for participatory 
monitoring in Kenya that accounts for the forest stratification and then implement the pilots on 
participatory monitoring.

Status

The opportunity to review, confirm and pilot PCM has been included in the NFMS Road Map. 

c. Capacity Building 
Following discussion with stakeholders and review of the materials and documentation of past 
projects and ongoing efforts a list of the ‘ideal’ situation was set out under suitable descriptors. This 
included physical, human, processes and institutional considerations. 

In the past few years there has been significant support to the KFS and other agencies in relation 
to the provision of software, hardware, related training, investment in data collection and related 
equipment and capacity building. The projects providing this support include the Forest Preservation 
Program supported by the Japanese International Cooperation Agency (JICA), the Improving Capacity 
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for Forest Resource Assessment (ICFRA) pilot project supported by the Finnish Government and the 
Natural Resources Management (NRM) Project supported by USAID. 

The support from the Government of Japan under the Forest Preservation Program had assessed 
capacity in respect of physical assets and infrastructure of KFS and stakeholder organizations and 
then made strong contributions to meet those needs. 

The ongoing System for Land-sector Emissions Estimation of Kenya (SLEEK) has also been investing 
in hardware and software and significant capacity building on aspects of the estimation of GHG 
from the land sector. The emphasis for hardware for land cover classification and forest monitoring 
was with DRSRS but the staff involved came from KFS, DRSRS, SoK, RCMRD, AWF and universities. 
This work has included forest categorization and monitoring and the collection and collation of 
existing land sector related data sets. SLEEK has also supported development of methodologies and 
techniques for soil organic carbon, forest biomass, crop biomass and integration of the data for 
estimates of emissions through modelling. In 2015 the FAO UN-REDD has supported specific efforts 
in capacity building to evaluate the land cover maps for different epochs that are available in Kenya 
and has developed the appropriate techniques for change detection, critical to emissions estimation 
for forests. 

The engagement in these projects has included relevant agencies with skills and expertise such as 
the Kenya Forest Research Institute (KEFRI), Department of Resource Surveys and Remote Sensing 
(DRSRS), Survey of Kenya, Kenya Wildlife Service (KWS), academia and research institutions as well 
as KFS. 

As a result to a large extent the ‘physical’ requirements for supporting and enabling the NFMS in 
KFS and its partner institutions have been put in place and are sufficient as demonstrated by their 
current use to prepare a time series of land cover maps for Kenya. This includes:

1.	 Infrastructure and Physical Assets
■■ Buildings
■■ Hardware and software
■■ Communications – internet access and band width
■■ Equipment for field work
■■ Laboratories and analytical equipment for remote sensing, biomass assessment and 	

	        soils

2.	 Human capacity 
■■ Capacity for data collection 
■■ Capacity for land cover mapping and change detection 
■■ Capacity for documentation and publication of field work results to allow access and 	

        peer review
■■ Capacity for information Dissemination e.g. maintaining active and updated 

The current infrastructure and human capacity are sufficient for the aspects noted above and 
the residual needs are for maintenance and operations only. The capacity needs are largely for 
consistency and sustainability of processes as set out below. 

d.	 Addressing Challenges by Building Capacity
The challenges, gaps and needs that persist are related to the skills, experience, understanding and 
grasp of the international context of relevant staff in the responsible agencies. The full time roles 
of individuals compete with additional tasks and assignments that are needed for responding to 
climate change policy settings and demands of initiatives, projects and programs such as REDD+. 
Additionally the underlying knowledge and exposure to the related concepts and context has not 
been feasible to date. There is a need to boost the exposure, strengthen insights and deepen the 
understanding of technical managers and mid-management staff across the relevant agencies. A 
sensible first grouping to work with would be the REDD+ Technical Working Group, which represents 
the relevant stakeholders well. 
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The needs included elements that are in most cases general management and organization skills 
and procedures. This sort of capacity is created through staff implementing existing systems of 
filing, recording and reporting, policy development, data handling, quality assurance and contract 
administration. As required the continuous improvement of these systems and approaches also 
contributes to building capacity. These systems are in large measure in place in the key agencies, 
certainly in KFS. 

The building up of capacity over time for KFS as the lead agency for REDD+ includes: 

1.	 Human capacity needs such as:
■■ Capacity for biometrical and other analysis of data collected 
■■ Capacity for Planning, contract administration, management 
■■ Capacity for strategy development and coordination of policy needs
■■ Capacity for documentation and publication of field work results to allow access and 	

	        peer review
■■ Capacity for QA both internal for data collection, processing, analysis and compilation
■■ Capacity for community based forest monitoring 
■■ Human Resources and Succession Planning
■■ Identify, arrange and structure opportunities to optimise the delivery of the skills 		

	        and experience necessary for the NFMS.
 

2.	 NFMS and Project Processes such as:
■■ Data availability and exchange to strengthen inter-agency and external to government 	

	        data transfers and support.
•	 MOUs and agreements for data supply and  access in specific situations as appropriate

■■ Project and contract management

While there were no specific technical and scientific needs identified in the analysis as they are 
identified during planning, implementation and continuous improvement of the NFMS they should 
be addressed by targeted specialist capacity building. 

Building this capacity in the understanding of the requirements, the process, the context and the 
tasks for REDD+ is not conventional ‘training’ but rather ‘learning by doing’ under guidance. This 
approach would require the participants to be significantly focused and committed to grasping some 
basic to complex concepts through a ‘structured’ working through the ideas, requirements and the 
methods of REDD+ and emissions estimation from the land sector. An approach that addressed 
capacity building in this way would also improve understanding of the processes essential to a 
functioning NFMS that include standard setting, decision making and documentation planning, data 
agreements and project management. 

The mobilisation and activation of existing systems with a focus on NFMS requirements does not 
require particular or specific support. There may be value in providing additional resources to 
agency systems for the appropriate staffing levels to be established that support effective system 
and administrative processes. 
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6.	 Mapping Tasks and Components: NFMS, REL, MRV and 	SLEEK
The efforts being undertaken in Kenya to track GHG emissions in the land sector have been initiated 
at different points in time, by different donors and in partnership with different institutions. The 
R-PP was submitted in 2010 and the SLEEK Program commenced implementation in April of 2013. 
The ICFRA funded by the Government of Finland and supported technically by the Natural Resources 
Institute of Finland (Luke) has completed its pilot phase including field plots, sampling design and a 
“National Forest Resources Assessment Field Manual Biophysical Survey Kenya”. These efforts have 
overtaken some of the requirements for the NFMS and refined others with much of the work to 
develop the NFMS remaining. The linkages that are formed tend to be ad hoc and largely based on 
individuals. In response to this, there is a need to bring coherence to work taking place across Kenya, 
including SLEEK, ICFRA, FAO UN-REDD, other projects and relevant stakeholders. REDD+ has a focus 
on forest land only, while SLEEK is working across the whole land sector including forest land as well 
as grassland, cropland and other land uses. There is a need to avoid duplication, avoid repetition and 
increase efficiency. 

The NFMS is built on three ‘pillars’ that support the development of REDD+ NFMSs under the 
UNFCCC:

■■ Pillar 1: A Satellite Land Monitoring System (SLMS) to collect and assess, over time, the 	
	 Activity Data (AD) related to forest;

■■ Pillar 2: National Forest Inventory (NFI/FRA) to collect information on forest carbon stocks 	
	 and changes, relevant for estimating emissions and removals and to provide emissions 	
	 factors;

■■ Pillar 3: A national GHG Inventory as a tool for reporting on anthropogenic forest-related
	 GHG emissions by sources and removals by sinks to the UNFCCC Secretariat.
 
Kenya is fortunate in having significant elements of these pillars already developed or in development 
or planned through the efforts of past projects (F-PP, FCPF RPP) and present projects (SLEEK for Pillar 
1 and ICFRA for Pillar 2). UNEP has been supporting capacity building and development for Pillar 3. 

SLEEK is planned as a highly integrated system that will compile information from Kenya’s forestry 
and agricultural sectors providing monitoring capabilities for existing emissions and sinks and create 
the measurement, reporting, and verification capacity for Kenya to predict future Green House Gas 
(GHG) emissions and sinks. 

The SLEEK, through DRSRS the mandated Kenyan agency, will provide MRV capability for: long term 
annual monitoring of land cover change; a multi-temporal, fine resolution data series; identifying 
land cover change through time; a comprehensive and credible account of Kenya’s land based 
emissions and sinks; meeting the reporting requirements under international and other protocols.
  
SLEEK will be a comprehensive system for the Measurement Reporting and Verification (MRV) of 
emissions of GHGs resulting from Land Use, Land Use Change and Forestry (LULUCF) that will also 
support REDD+ readiness activities and reporting requirements. Notably it will not provide all of 
the requirements for REDD+ in its initial phase and so those needs have to be provided through the 
implementation of the NFMS Road Map. SLEEK draws participation from key Government agencies 
with institutions that have mandates for carrying out the specific activities being given the lead 
roles to implement those activities. For example the Department of Resource Surveys and Remote 
Sensing leads the land cover mapping while KFS and KEFRI lead the biomass estimation.

A series of collaboration meetings were held with the assistance of the FAO UN-REDD Technical 
Support and identified that in respect of the NFMS:

1.	 SLEEK WILL create the sustainable approaches for:
■■ Land Cover Classification of forest and non-forest is being delivered with 2010 and 2014 

completed and each two years from 1990 contracted to be completed by November 
2016 – 17 maps in all. The work includes a manual on Land Cover Classification and a 
process manual;

■■ Land Cover Change Detection for deforestation/reforestation through assessment of 
       non-forest, forest and classification into strata. 
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2.	 The work of SLEEK in remote sensing analysis WILL NOT deal with the other aspects of 	
	 REDD+ which will need to be developed for the NFMS in terms of working out the 	
	 measurement, recording and reporting, namely:

■■ Reducing emissions from forest degradation
■■ Conservation of forest carbon stocks
■■ Sustainable management of forests
■■ Enhancement of forest carbon stocks

3.	 Other aspects NOT being delivered by SLEEK are:
	 Reference Level for forests 

■■ Establish the historic time period during which emissions will be estimated,
■■ Consider REDD+ requirements for identifying areas of deforestation and forest 

degradation,
■■ Identify significant pools using Key Category Analysis,
■■ Calculate the carbon stock change on areas defined as deforestation,
■■ Calculate the carbon stock change on areas defined as degradation,
■■ Assess the uncertainty related to the Reference Level,

	 Conduct in-depth analysis, description and decisions on:
■■ Drivers of deforestation,
■■ National circumstances,
■■ Historical reference emission level,
■■ Land use and forestry policies for reference levels.

More specifically the SLEEK and other projects have not finalised the work related to emissions 
factors including:

1.	 Partitioning of carbon into various tree sections
2.	 Allocation of carbon losses to various management activities (what is removed during 1st 	
	 pruning, 2nd pruning, 1st thinning etc.)
3.	 Litter decomposition rates
4.	 Disturbance processes and their effects on the carbon balances
5.	 Growth curves for the various forest strata specifically in natural forests, establishment of 	
	 baseline stocks on which the model will run etc.

As such, some global data sets will be used in the interim. 



Roadmap for the establishment of Forest Reference levels and the National Forest Monitoring System

19

7.	 Status of the Three Pillars: NFMS, ICFRA and SLEEK
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8.	 NFMS Tasks and Requirements
The NFMS Road Map is set out below in the form of one table for each task. For each table, the 
responsible institution is identified and other involved institutions if needed. The Tasks are also 
reflected in the NFMS Road Map spreadsheet where each task has a tab that contains the steps 
proposed, indicative budget and timeline. 
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10 Agriculture (Farm
 Forestry) Rules, 2009 (Cap. 318).

Description
The 2006 IPCC Guidelines require that GHG em

issions and rem
ovals from

 Agriculture, Forestry and O
ther Land U

se 
(AFO

LU
) are reported in six land use categories: Forest Land, Cropland, Grassland, W

etlands, Sett
lem

ents and O
ther 

Land. REDD+ can be applied only in those areas classified as Forest Land either  in public or private lands. For REDD+ 
a clear understanding of the various land categories (the six classes) and the subcategories in each land use class are 
im

portant in describing specific forestland transitions and the associated em
ission or sinking equivalents/factors.

Rem
arks

The REDD+ TW
G has adopted the use of the land use categories defined by IPCC to identify land use transitions 

associated w
ith forestlands. In Kenya, Forestlands have been subcategorised as described in the forest definition and 

forest stratification sections. Croplands and grasslands have also been subcategorised: Sub categories of Croplands are 
perennial shrub crops (e.g tea and coffee), agroforestry and annual herbaceous crops (e.g. m

onocultures of m
aize and 

w
heat) w

hile for grasslands open grasslands and w
ooded grasslands have been defined.

N
oting the agricultural policies that seek to enhance tree cover on farm

s
10, the REDD+ TW

G discussed extensive 
cropping of tree crops like m

angoes, cashew
nuts and avocadoes and noted that the land m

anagem
ent objective is to 

enhance food security and sustainability of agricultural lands but not forestry expansion. It w
as agreed that tree only 

pPlantations on farm
s that are not for agriculture that m

eet the forest definition shall be included in forestlands. O
nly 

if the vegetation has a ‘value’ in term
s of REDD+ can it be considered as a forestland. In respect of tea and coffee w

hich 
are m

anaged purely for agriculture, they should not be included in REDD+.

The TW
G also noted that the separation of the sub-classes is currently being done by a sem

i-autom
ated com

puter 
program

m
e that uses a supervised classification algorithm

 based on sim
ilarity of features on a satellite im

age. The 
accuracy of this m

ethod depends on the technical skills of the m
apping team

 and also the ground inform
ation

Lead 
N

RCO
Stakeholders

KFS, KEFRI, KW
S, M

inistry of Agriculture, N
M

K, DRSRS
Schedule

Initiated Q
2 for com

pletion end Q
4 of Yr1

Budget
U

S$10 000
Current status and actions 
required

The basis for land use categorization is the difference in carbon stocks am
ong land uses and the associated fluxes due to 

land use conversions. An analysis of the Key categories of em
issions w

ill guide on a cost effective but accurate system
 of 

the stratification

b. Land U
se C

ategorization
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Description
The IPCCC guidelines for reporting Green House Gas inventories define three approaches for representing land use 
changes

13. The spatially explicit land use conversion approach w
hich Kenya w

ishes to adopt requires a consistent 
m

apping system
. All m

apping needs to be done in conform
ance w

ith national standards. This includes att
ributes 

of coordinate reference system
, legends, sysm

bols, scale and resolution, system
 for ground control points, and also 

standards related to data collection, analysis, processing and verification.  
Rem

arks
The Survey of Kenya is the institution m

andated to verify all m
aps produced in Kenya based on standards gazetted 

by the Director of Surveys. These standards have been dom
esticated from

 interanational standards. The projection 
system

 adopted for m
apping in Kenya is the U

niversal Transverse M
ercator (U

TM
) on the Arc 1960 reference surface. 

This system
 divides the country into tw

o zones; 36 and 37. This kind of m
apping allow

s accurate assigning of features 
into their specific ground positions, therefore m

inim
izing scale distortion. How

ever, the zones do not allow
 production 

of a national m
ap unless the zones are harm

onised into one. Therefore, the system
 requires a reprojection of the 

m
apping products to fit into the global data sets or vice versa. 

The TW
G how

ever noted that the Survey of Kenya has proposed a change in Kenya’s data projection system
 to enhance 

com
patibility w

ith regional m
aps and this m

ay call for an adjustm
ent of all the N

FM
S datasets.

The country is in the process of finalizing a land cover m
apping m

anual to support the estim
ation of the GHG em

issions 
from

 the land sector (through the SLEEK program
m

e). The m
anual captures standards of m

apping and also the 
processes. 

Lead 
SoK

Stakeholders
REDD+ TW

G, KFS, DRSRS 
Schedule

CO
M

PLETED. U
pdate Q

4 each year
Budget

 U
S$20 000 for finalising m

anuals
Current status and actions 
required

Research should be im
m

ediately initiated to identify sources of variation am
ong forest strata e.g., does a m

ontane 
The land cover m

apping m
anual should be finalised and piloted to allow

 an agreem
ent on the country’s m

apping 
procedures

d. M
apping Standards

13 2006 IPCC guidelines for N
GGI:  chapter 3- consistent representation of lands
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Description
A consistent m

ethod of m
apping the agreed land cover categories is required for consistent national planning and 

U
N

FCCC reporting. Since Kenya has adopted a spatially explicit w
all-w

all approach on land use categories, there is 
need for developm

ent of a platform
 that captures inform

ation about the land uses of all units of land in the country 
and such inform

ation should be generated using a reliably accurate m
ethod at m

anageable costs. Globally, satellite 
data of m

edium
 resolution (e.g. Landsat) has been proposed as ideal for identification of the six broad categories w

hile 
ensuring m

anageable costs.
Rem

arks
There are initiatives spearheaded by the SLEEK program

m
e of the M

inistry of Environm
ent to generate tim

e series, 
w

all-w
all m

aps based on satellite datasets. A com
plete set of landsat satellite data has been provided free by the GFO

I 
for the period 2000 – 2014. In addition, high resolution im

agery from
 SPO

T has been used to update the Google earth 
im

ages for areas of higher interest (e.g. the forested areas of the high potential zones of Kenya w
here deforestation 

and degradation and also afforestation activities are concentrated). There w
ere also w

all-w
all satellite data sets from

 
the Japanese ALO

S AVN
IR im

ages for 2010 provided to KFS through the FPP program
m

e. M
O

DIS data though low
 

resolution is also available for dow
nload on daily basis.  

In addition to the present support from
 the GFO

I, a few
 Kenyan’s have been trained on m

ethods of review
ing global 

libraries of satellite data coverage using the CO
VE tool developed by CEO

S, and dow
loading them

 and also processing 
them

 into form
ats that can generate land cover m

aps. Ancillary datasets that have been used for supporting m
apping 

have been availed from
 the m

apping institutions in Kenya such as DRSRS, RCM
RD and KFS but som

e have been sourced 
from

 Global datasets like those of the FAO
 and W

RI.
In term

s of tools and softw
are for processing land cover m

aps, the TW
G noted that there has been bias tow

ards using 
open source and freely available softw

are, an approach that w
ill support sustainability of the m

apping program
m

e. 
Already a few

 people have been trained on the use of Q
uantum

 GIS and R softw
are and these have been used for 

producing the 2010 and 2014 m
aps under the SLEEK program

m
e. 

The TW
G noted that there w

ere m
aps developed by KFS through the FPP program

m
e for the years 1990, 2000 and 

2010 but these w
ere done using a m

anual procedure that m
ay be too expensive and diffi

cult to sustain. The m
aps w

ere 
assessed by the FAO

 U
N

-REDD project in support ot KFS and confirm
ed as accurate representations of forest cover for 

the years m
apped but inadequate for change detection. Such m

aps have been incorporated as part of the ancillary 
data for the ongoing m

apping.
W

ith the available tools and datasest, the TW
G noted that the REDD+ program

m
e can obtain tim

e series verified m
aps 

that can be used to generate transition m
atrices associated w

ith forestlands. 
The TW

G also noted that the process of separation of the sub-classes is being done by a sem
i-autom

ated com
puter 

program
m

e that uses a supervised classification algorithm
 based on sim

ilarity of features on a satellite im
age. W

hat 
appears on the im

age is confirm
ed through ground truthing to validate tha m

aps. The m
aps are also peer review

ed by 
a team

 of experts. The TW
G noted that prelim

inary m
aps for 2010 and 2014 have been generated and the process of 

ground truthing is ongoing.

Lead
DRSRS

Stakeholders
REDD+ TW

G, KFS, KEFRI, KW
S, M

inistry of Environm
ent, N

M
K, JKUAT

f. Land U
se C

ategory M
apping Processes
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15N
FM

S Chapter 5 of the FREL. U
N

 REDD Academ
y learning journal

Description
A system

 for consitent representation of lands estim
ates GHG em

issions based on the land use conversions and the 
ground forest change data

15. A m
ethod that accurately detects changes in land use inform

s the areas of transition. For 
purposes of REDD+, relevant transitions include forestlands rem

aining forestlands, forest lands converted to other land 
use types and other land use types converted to forest lands.

Rem
arks

The TW
G noted that the SLEEK program

m
e of the M

inistry of Environm
ent has proposed a land cover change m

onitoring 
system

 that uses tim
e series land cover m

aps. U
nder the SLEEK program

m
e, a pixel based land cover m

onitoring has 
been proposed and this m

onitors each pixel over tim
e and assigns it a land use code. Changes in these codes im

ply 
a change in the land use. It w

as noted that through the FAO
 support and the SLEEK program

m
e, a num

ber of offi
cers 

have been trained on the use of open source m
ethods (such as collect earth) in detecting changes and enhancing 

production of accurate land cover change m
aps. 

Guided by the SLEEK land cover m
apping program

m
e, the REDD+ TW

G adopted year 2014 as the base year for 
m

onitoring changes due to the possibility of doing an accurate ground truthing. This is the year on w
hich changes 

w
ill be based chronologically both historically and in future. It w

as noted that realistic changes in forest cover should 
be m

onitored since 1990.  How
ever, noting the technolocal requirem

ents year 2000 m
ay be adopted to ensure use 

of a consitent set of satellite im
agery. The TW

G proposed a 4 year cycle of land cover change m
apping w

hich follow
s 

the international requirem
ents for reporting to the U

N
FCCC. The TW

G adopted the m
ethod of extrapolating or 

interpolating of inform
ation in years w

here m
apping cannot be done but also appreciates the SLEEK vision of a yearly 

w
all-w

all annual pixel based analysis from
 2000.

Lead
DRSRS

Stakeholders
REDD+ TW

G, KFS, KEFRI, KW
S, M

inistry of Environm
ent, N

M
K, JKUAT

Schedule
Continuous process throughout the 4 years

Budget
U

S$100 000 per year 

Current status and actions 
required

1.	
There is need to explore the various techniques of change detection to ensure accurate em

issions are reported. 
2.	

There is need to consider products from
 initiatives like GFO

I/N
ASA data cube for Kenya and the FAO

 cloud based 
Space Data M

anagem
ent System

 (SDM
S) for forest change detection.

g. M
apping Land U

se C
hange
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 REDD Academ
y learning journal

Henry, M
., Picard, N

., Trotta, C., M
anlay, R.J., Valentini, R., Bernoux, M

. and Saint-André, L. (2011) Estim
ating Tree Biom

ass of Sub-Saharan African Forests: A Review
 of Available Allom

etric Equations. Silva Fennica, 
45, 477-569. htt

p://dx.doi.org/10.14214/sf.38

1718 Description
In calculating em

issions associated w
ith forest area changes, specific values of forest forest carbon per unita area are 

needed
17. Allom

etric equations give relationships betw
een easily m

easurable tree or forest param
eters w

ith diffi
cult 

to m
easure variables like Carbon and biom

ass
18. There are generalised global equations that refer to regions but these 

can only be used in Tier 1 reporting. A country like Kenya w
ishing to report at Tier 2 and 3 is encouraged to use locally 

developed and verified allom
etric equations. 

Rem
arks

The REDD+ TW
G noted that there are m

any allom
etric equations that have been developed or used in Kenya. M

any 
such equations are available in publications and at least 52 are listed in the Globallom

etree dataset. There are also 
som

e equations that have historically been used by KFS for com
m

ercial tim
ber valuation. Som

e equations have been 
used in carbon projects specifically in Kasigau and in the M

angroves of the South Coast. There is also a w
ealth of data 

on tree density that is available at KFS and other research institutions. Som
e of the lim

itations identified w
ith the 

allom
etric equations include lack of m

eta data that defines their agro ecological range, the sam
ple size used to develop 

them
, the tree com

ponents they represent and the range of diam
eter sizes applicable for their use. 

U
nder the ICFRA program

e, a m
anual for collecting data for developing allom

etric equations has been finalised and 
piloted. O

ffi
cers from

 KFS and stakeholder institutions have also been trained on the process of analysing data for 
developing equations but such capacity is also resident in forestry training institutions and universities. 

The TW
G noted that, due to the m

any species found in the natural forests of Kenya and the variety of stratification 
levels that have been proposed an effort to develop representative allom

etric equations m
ay be very taxing and 

expensive. It w
as proposed that generalised equations should be explored for application into the specified forest 

strata as opportunities for w
idescale research are being explored. In plantation forests, it w

as agreed that effort should 
be focused tow

ards the m
ajor plantation species: Cuppressus lusitanica, Pinus patula and Eucalyptus.

Lead 
KEFRI

Stakeholders
KFS, KEM

FRI, KW
S, U

niversity of Eldoret, Karatina U
niversity

Schedule
Im

m
ediate start and continuous w

ork for years 1,2 and 3 
Budget

U
S$500 000 Based on ICFRA budget for a rigorous research program

m
e

Current status and actions 
required

Research institutions to prioritise to provide data for new
 allom

etric equations and pooling into generalised 
equations

i. D
evelopm

ent of A
llom

etric Equations



Roadmap for the establishment of Forest Reference levels and the National Forest Monitoring System

31

19
 GP

G 
fo

r L
ul

uc
f: 

htt
p:

//
w

w
w

.ip
cc

-n
gg

ip
.ig

es
.o

r.j
p/

pu
bl

ic
/g

pg
lu

lu
cf

/g
pg

lu
lu

cf
_fi

le
s/

GP
G_

LU
LU

CF
_F

U
LL

.p
df

De
sc
rip

tio
n

Th
e 

in
fo

rm
ati

on
 r

ep
or

te
d 

to
 t

he
 U

N
FC

CC
 h

as
 t

o 
be

 a
cc

om
pa

ni
ed

 b
y 

an
 e

sti
m

at
e 

of
 t

he
 u

nc
er

ta
in

ty
 t

ha
t 

in
di

ca
te

s 
th

e 
ac

cu
ra

te
ne

ss
 o

f t
he

 p
ro

vi
de

d 
st

ati
sti

cs
. T

he
 G

oo
d 

Pr
ac

tic
e 

Gu
id

an
ce

 o
f t

he
 U

N
FC

CC
19

 a
im

s 
at

 e
ns

ur
in

g 
th

at
 t

he
 

re
po

rt
ed

 v
al

ue
s 

of
 G

HG
 fl

ux
es

 h
av

e 
so

m
e 

le
ve

ls 
of

 c
on

fid
en

ce
 b

y 
a 

Q
A/

Q
C 

sy
st

em
. I

nt
er

na
lly

, t
he

 p
ro

ce
du

re
 o

f d
at

a 
co

lle
cti

on
 fo

llo
w

s a
 Q

ua
lit

y A
ss

ur
an

ce
 p

ro
ce

ss
 w

hi
ch

 e
ns

ur
es

 th
at

 d
at

a 
is 

co
lle

ct
ed

 u
sin

g 
pr

op
er

ly
 d

es
cr

ib
ed

 p
ro

ce
du

re
s 

de
ve

lo
pe

d 
us

in
g 

a 
co

m
bi

na
tio

n 
of

 so
un

d 
sc

ie
nti

fic
 b

as
is 

an
d 

fie
ld

 c
on

di
tio

ns
. S

uc
h 

da
ta

 is
 a

lso
 q

ua
lit

y 
co

nt
ro

lle
d 

by
 a

n 
in

de
pe

nd
en

t d
at

as
et

 to
 e

ns
ur

e 
th

at
 it

 is
 n

ei
th

er
 b

ia
se

d 
no

r e
xe

rg
er

at
ed

. 
Re

m
ar
ks

Th
e 

RE
DD

+ 
TW

G 
no

te
d 

th
e 

pr
og

re
ss

 in
 d

ev
el

op
m

en
t o

f q
ua

lit
y 

as
su

ra
nc

e 
pr

oc
ed

ur
es

 th
ro

ug
h 

de
ve

lo
pm

en
t o

f p
ro

ce
ss

 
m

an
ua

ls 
in

 la
nd

 c
ov

er
 m

ap
pi

ng
 a

nd
 fo

re
st

 in
ve

nt
or

y.
 S

uc
h 

m
an

ua
ls 

ha
ve

 b
ee

n 
de

ve
lo

pe
d 

us
in

g 
th

e 
IP

CC
 g

oo
d 

pr
ac

tic
e 

gu
id

an
ce

 a
nd

 th
e 

M
DG

 d
oc

um
en

t o
f t

he
 G

FO
I. 

Th
e 

m
an

ua
ls 

ha
ve

 a
lso

 b
ee

n 
de

ve
lo

pe
d 

in
 co

ns
ul

ta
tio

n 
w

ith
 in

te
rn

ati
on

al
 

ex
pe

rt
s 

in
 m

ap
pi

ng
 fo

re
st

 (S
LE

EK
 a

nd
 J

IC
A)

 in
ve

nt
or

y 
(S

LE
EK

 a
nd

 IC
FR

A)
 a

nd
 s

oi
l a

na
ly

sis
 (S

LE
EK

 a
nd

 IC
FR

A)
. T

he
se

 
m

an
ua

ls 
co

m
pr

ise
 a

 Q
ua

lit
y 

As
su

ra
nc

e 
co

m
pe

nt
 fo

r R
ED

D+
 re

po
rti

ng
.

Th
e 

TW
G 

no
te

d 
th

e 
ro

le
 o

f K
EF

RI
 a

s 
a 

Q
ua

lit
y 

Co
nt

ro
l u

ni
t i

n 
th

e 
FP

P 
an

d 
IC

FR
A 

pr
og

ra
m

m
es

 s
in

ce
 th

is 
is 

th
e 

ex
pe

rt
 

in
sti

tu
tio

n 
in

 fo
re

st
 re

se
ar

ch
. S

uc
h 

su
pp

or
t c

an
 a

lso
 b

e 
pr

ov
id

ed
 b

y 
th

e 
un

iv
er

siti
es

 o
ffe

rin
g 

fo
re

st
ry

 p
ro

gr
am

m
es

. I
t 

w
as

 n
ot

ed
 th

at
 u

ni
ve

rs
iti

es
 o

ffe
rin

g 
Re

m
ot

e 
Se

ns
in

g 
an

d 
GI

S 
co

ur
se

s  
co

ul
d 

al
so

 p
ro

vi
de

 th
e 

qu
al

ity
 c

on
tr

ol
 su

pp
or

t t
o 

th
e 

m
ap

pi
ng

 p
ro

ce
ss

es
.

Le
ad

KE
FR

I
St
ak
eh

ol
de

rs
RE

DD
+ 

TW
G,

 K
FS

, J
KU

AT
, U

ni
ve

rs
ity

 o
f E

ld
or

et
 , 

Ka
ra

tin
a 

U
ni

ve
rs

ity
, K

N
BS

, K
AR

I, 
KE

M
FR

I
Sc
he

du
le

In
fo

rm
ati

on
 a

na
ly

sis
 a

nd
 in

te
rn

al
 v

er
ifi

ca
tio

n 
ar

e 
co

nti
nu

ou
s a

cti
vi

tie
s t

hr
ou

gh
ou

t t
he

 4
 y

ea
rs

.
Bu

dg
et

U
S$

50
 0

00
 fo

r e
ac

h 
se

t o
f m

ap
pi

ng
 a

nd
 in

ve
nt

or
y 

Cu
rr
en

t s
ta
tu
s a

nd
 a
cti

on
s 

re
qu

ire
d

1.
	

Th
e 

m
an

ua
ls 

fo
r l

an
d 

co
ve

r m
ap

pi
ng

 h
av

e 
no

t b
ee

n 
fin

al
ise

d.
2.

	
M

an
ua

ls 
fo

r b
io

m
as

s d
at

a 
ne

ed
 p

er
io

di
c 

up
da

tin
g.

j. 
In
te
rn
al
 V
er
ifi
ca
tio

n 
(Q
A
/Q
C
)



32

Exam
ple Saatchi, S., M

. M
arlier, D. Clark, R. Chazdon, and A. Russell. 2009. Im

pact of spatial variability of forest structure on radar estim
ation of aboveground biom

ass in tropical forests, Rem
ote Sens. Environ.

Exam
ple - htt

p://earthobservatory.nasa.gov/GlobalM
aps/view

.php?d1=M
O

P_CO
_M

Carbon, biodiversity &
 ecosystem

 services: exploring co-benefits htt
p://w

w
w

.carbon-biodiversity.net/Content/ShortProfiles/Kenya%
20Profile%

20110408_final.pdf
Glenday, J. 2006. Carbon Storage and Em

issions O
ffset Potential in an East African Tropical Rainforest. Forest Ecology and M

anagem
ent, 235, 72-83. htt

p://dx.doi.org/10.1016/j.foreco.2006.08.014
Kinyanjui, M

.J., Latva-Käyrä, P., Bhuw
neshw

ar, P.S., Kariuki, P., Gichu, A. and W
am

ichw
e, K. 2014. An Inventory of the Above Ground Biom

ass in the M
au Forest Ecosystem

, Kenya. O
pen Journal of Ecology, 4, 619-

627. htt
p://dx.doi.org/10.4236/oje.2014.410052

2021222324

Description
M

onitoring carbon fluxes can only be possible if inform
ation on the carbon stocks in a base year are know

n. The fluxes 
are then calculated based on w

hat has changed from
 this base year or the subsequent years. Therefore, there has been 

a global effort to generate carbon m
aps w

hich stratify areas based on stocking. Such m
aps have been done for different 

pools, using different m
ethodologies and are either global, regional or country specific

20.
Rem

arks
Kenya like the rest of the w

orld is a beneficiary of the several global efforts to generated carbon/biom
ass m

aps
21 . For 

exam
ple the U

N
EP W

CM
C has generated such a m

ap for Kenya
22 using global data sets. The TW

G noted that such m
aps 

have not been dom
esticated in Kenya using ground truthed inform

ation and their applicability is not verified. The TW
G 

noted regional initiatives and research team
s have developed carbon m

aps for specific regions w
hich m

ay have higher 
accuracy but are only applicable for the specific year of data collection and for the study area only. Such m

aps include 
the m

ap of Kakam
ega done by Glenday

23 and the FPP biom
ass m

apping in the M
au forest ecosystem

24. 

The TW
G noted the need to develop a carbon m

ap for the country to allow
 a general estim

ation of the carbon stocks in 
different land use strata. Such a m

ap w
ould m

ost appropriately be for a base year that can be ground truthed e.g using 
the 2014 m

ap generated by SLEEK and for w
hich ICFRA and FPP data am

ong others can be used for ground truthing. 
Such a m

ap could also be for the year 1990 for w
hich w

e have extensive KIFCO
N

 inventory data. In addition such a m
ap 

can be generated in future and the ICFRA proposed system
 of PSPs used to ground truth it.

Lead
DRSRS

Stakeholders
REDD+ TW

G, KFS, KEFRI, U
niversities, KARI, KEM

FRI
Schedule

A one off activity undertaken throughout Yr 1 on w
hich future carbon m

aps can be based
Budget

U
S$100 000 for carbon m

apping 
Current status and actions 
required

A discussion on the developm
ent of a carbon m

ap should be initiated im
m

ediately

k. Prepare C
arbon M

ap
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Decision 14/CP.19 Paragraph 4– Cancun agreem
ents: “Agrees that the results of the im

plem
entation of [REDD+] activities, m

easured against the forest reference em
ission levels and/or forest reference levels should 

be expressed in tCO
2e/year”. 

htt
ps://unfccc.int/files/national_reports/application/pdf/course_on_review

_of_higher_tiers.pdf

2627

Description
Accounting is the com

pilation of datasets from
 various sources to show

 GHG fluxes by sources and sinks. In forestry, 
this is often the com

pilation of land use change inform
ation w

ith the forest inventory data that associates em
ission 

factors to each unit of land use change. For purposes of REDD+ the U
N

FCCC principle of com
pleteness should ensure 

coverage all land units, data from
 all sources and sinks and coverage of all possible gases. N

oting that though em
issions 

of all GHGs are im
portant, and m

ost em
issions from

 the Land U
se, Land U

se Change and Forestry (LU
LU

CF) sector 
are Carbon Dioxide (CO

2 ), EFs are m
easured in tonnes of CO

2  equivalent (tCO
2 e) 26. The other U

N
FCCC principle of 

accounting Transparency, Consistency, Com
parability, and Accuracy should also be ensured w

hen upscaling national 
estim

ates estim
ates. The data should then be sum

m
arised in the specific form

ats e.g. the Com
m

on Reporting Form
at 

(CRF) tables used in GHG inventory sum
m

aries or the Com
m

on Tabular Form
ats (CTF) used in N

ational Com
m

unications 
and Biennial reporting. A periodic com

pilation of such data is helpful in developing trends such as the Forest Reference 
Em

ission Level. 
Rem

arks
The collection of forest inventory data, developm

ent of allom
etric equations and m

apping of land uses are ongoing 
processes in Kenya and w

ill provide inform
ation for developing an accounting system

. The TW
G took note of the Full 

Lands Integration Tool (FLIN
T) being developed by the the SLEEK program

m
e of the M

inistry of Environm
ent, and w

hich 
is a generic system

 that integrates rem
ote sensing and ground data through country specific m

odels and system
s. The 

aim
 is to have a generic fram

ew
ork that Kenya can use for land based em

ission estim
ates. Since the FLIN

T can generate 
tim

e series em
issions, it is possible to m

odel the em
issions into the future. The FLIN

T proposes to use m
odels and data 

sets generated locally in Kenya and this w
ill help develop Tier 3 reporting. 

The REDD+ TW
G noted the variety of forest types in Kenya, the possible transitions and the drivers of change and 

how
 each of these influences em

ission factors. It w
as noted that the effi

ciency and acurateness of the GHG estim
ates 

provided from
 an accounting system

 w
ill depend on the data quality that is fed into the system

. It therefore calls for 
accurate procedures of data collection, m

apping and change detection through a collaborative process. This reiterates 
the need for an effi

cient Q
A/Q

C system
.

The FLIN
T can be described as a com

plex and higher tier m
odel. The U

N
FCCC

27 notes that the use of these higher tier 
m

ethods, com
plex m

odels or plant specific m
easurem

ents or estim
ations m

ay have im
proved national inventories. 

How
ever, they dem

and strong transparency of m
ethodshighly credible results. As such, the U

N
FCCC approves m

odels 
that it considers appropriate for use because they com

bine transparency and credibility of results. 
The TW

G therefore understands the caution for using higher tier m
odels and noted the need for extensive research to 

accurately capture GHG fluxes. The REDD+ program
m

e also has the option of using other U
N

FCCC accredited m
odels 

to generate its estim
ates. Such m

odels include the IPCCC m
odel and the ALU

 m
odel.

m
. D

eveloping N
ational A

ccounts
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28 Analysis of drivers and underlying causes of forest cover change in the various forest types of Kenya. M
inistry of forests and w

ildlife 2013.

n. D
rivers of Forest C

hange
D
escripti

on
In RED

D
+, ‘drivers’ are defined as actions and processes that result in deforestation and forest degradation. 

It is im
portant to understand the key D

rivers of D
eforestation and Forest D

egradation for national RED
D

+ 
strategies and/or action plans and the form

ulation of policies and m
easures. D

rivers can be direct or 
indirect. D

irect drivers are activities that directly im
pact forest cover and loss of carbon. Indirect drivers 

refer to interactions that m
ay influence changes in forests. They could be social, econom

ic, political, cultural 
or technological processes. They do not only refer to actions on forestlands but also actions in other land 
uses that m

ay influence forestlands.  
Rem

arks
A

 study on drivers of deforestation com
m

issioned by KFS has been com
pleted

28  to support the understanding 
of factors that influence changes in forests of Kenya. Further studies by the U

N
EP W

CM
C have been done 

to understand the m
anifestation of such factors and facilitate their ranking in different land uses of Kenya. 

W
ithin its forest m

anagem
ent m

andate, the KFS also has records of som
e drivers of change in som

e 
areas. Such drivers include fires, legal and illegal logging, pest and disease effects. The developm

ent  and 
im

plem
entation of m

anagem
ent plans w

ith CFA
s is also a  m

ajor source of inform
ation on drivers of change.

The RED
D

+ TW
G

 noted that drivers of change keep on changing depending on the country’s developm
ent 

phase and developm
ent priorities. For exam

ple in Kenya, the current drivers of change are m
ore tow

ards 
urbanisation as com

pared w
ith excisions of 1990s. W

hat is largely driving deforestation today is m
ore 

about infrastructure – expansion of roads (e.g the LA
PSSET project), the construction of the Standard gauge 

railw
ay, irrigation projects, U

rbanizations and grow
th of tow

ns etc. som
e indirect drivers could be related 

to policies like the expansion of agricultural areas and the energy policy of rural electrification. Therefore it 
is im

portant not only to understand the drivers of change but also the history of transition of these drivers.

Therefore the TW
G

 recom
m

ended that the report on drivers of change prepared by KFS in 2013 m
ay need 

to be revised to capture other em
erging issues including  O

il and coal exploration, irrigation projects, and 
other infrastructural developm

ent.  
Lead

KFS
 Stakeholders

RED
D

+ TW
G

, KEFRI, KEM
FRI, N

M
K, M

inistry of A
griculture, CFA

s, N
G

O
s and CBO

s, U
niversities. 

Schedule
D

evelop assessm
ents of drivers of change then periodically update from

 Q
2 to end Yr 3.

Budget
U

S $12 000 yearly to update on drivers of change
Current status and acti

ons 
required

1.	
A

 periodic analysis of drivers should be program
m

ed to capture the changing trends of drivers and their 
m

anifestations over tim
e and in different regions of the country.

2.	
A

 m
apping of drivers should be done to show

 their spatial m
anifestation and enhance developm

ent of 
PA

M
s to address them

.
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29 Decision 1/CP.16: The Cancun Agreem
ents

D
escription

The U
N

FCCC requires all countries im
plem

enting the RED
D

+ m
echanism

 to provide inform
ation on how

 
safeguards are being im

plem
ented. The safeguards

29 are generally about ensuring that im
plem

entation of RED
D

+ 
does not com

prom
ise national law

s, the rights of the local and indigenous com
m

unities, participation of relevant 
stakeholders, conservation of ecosystem

s and biological diversity and sustainability beyond RED
D

+ incentives.
 The inform

ation on safeguards needs to be linked to the Socio and Environm
ent Strategic Assessm

ent (SESA) and 
the discussion on U

N
 RED

D
 socio principles is under w

ay w
ith support from

 U
N

EP.
Rem

arks
In Kenya, m

any of the safeguards are already in place through existing law
s, policies and practices. The requirem

ent 
from

 the U
N

FCCC is not to report on the safeguards them
selves but rather to provide inform

ation on how
 Kenya 

is im
plem

enting the safeguards. This can be dem
onstrated, for instance, through the existing policies for RED

D
+ 

im
plem

entation w
hich are defined in Kenya’s RPP. 

The safeguards can be im
plem

ented largely using the data in the inform
ation system

, such as the registry of 
RED

D
+ projects and participants. An internal M

&
E system

, a system
 for dealing w

ith grievances and disclosure 
and com

m
unication protocols w

ill be necessary elem
ents of the N

ational RED
D

+ Program
m

e and these can 
likew

ise contribute to providing inform
ation on respecting the safeguards.

The Kenya Constitution 2010, the Environm
ental M

anagem
ent and Coordination Act, the D

raft
 Forest Bill, the 

W
ildlife Conservation and M

anagem
ent Act, the proposed land use policy and the Com

m
unity Land Act and 

the W
ater Act are all exam

ples of policies that have provisions that directly address several of the safeguards 
issues related to RED

D
+. The TW

G
 noted that there is an ongoing process to docum

ent safeguards in Kenya as 
docum

ented in the existing law
s and the related effort w

ould be to ensure the N
FM

S process rem
ained inform

ed 
and com

m
unicated effectively to the broader RED

D
+ efforts on Safeguards. 

M
onitor

N
RCO

Stakeholders
KFS, M

inistry of Environm
ent, N

EM
A, CCS

Schedule
Participation in their developm

ent starting Q
2 Yr1 through to end Yr3.

Budget
Participation in their developm

ent starting Q
2 Yr1 through to end Yr3.

Current status and actions 
required

Link the safeguards to the inform
ation system

 to ensure the docum
ented safeguards are properly reported and 

m
onitored

p. Providing Inform
ation on Safeguards
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31Introduction to stakeholder engagem
ent. M

odue N
o 11 -The REDD+ academ

y

D
escripti

on
RED

D
+ im

plem
entation m

ay rely on com
m

unities and develoved units in m
onitoring forest carbon changes. 

Such com
m

unities described as individuals or groups w
ith a stake, interest or right in the forest

31 m
ay include 

private com
panies, civil society organizations, indigenous people, forest dw

elling com
m

unities, forest adjacent 
com

m
unities and sm

all holder farm
ers. The use of such groups m

ay potentially reduce som
e costs and enable 

m
ore frequent m

easurem
ents and collection of ancillary data and inform

ation  since the com
m

m
unties live 

w
ith or adjacent to the forest resource. Their participation is also potenitial incentive or m

otivation to enhance 
their positive participation in RED

D
D

+ im
plem

entation.
Rem

arks
Com

m
unity m

onitoring of forest resources has been piloted in countries like Tanzania. The TW
G

 w
as given 

illustrations of the ongoing w
ork by the Friends of the M

au W
atershed (FO

M
AW

A), a private com
pany, m

onitors 
am

ong tree farm
ing com

m
unities adajacent to the M

au forest com
plex and in Transm

ara, the Forest Action 
N

etw
ork (FAN

) runs a program
m

e in w
hich com

m
unity scouts peridocally provide inform

ation on drivers of 
forest degradation. Such a system

 can be used as a cheap source of inform
ation for a national tree/forest 

m
onitoring program

m
e. The TW

G
 noted the N

ational Alliance of Com
m

unity forest Associations (N
ACO

FA) 
and the Indigenous Inform

ation N
etw

ork (IIN
) as com

m
unity netw

orks that coordinate com
m

unities w
ith 

interest in forest resources. These com
m

unities do not have enough capacity to effectively report on forest 
resource changes and lacks the financial and technical capacity to collect forest resource inform

ation that 
could support the N

FM
S. Sim

ilarly com
m

unities in the coastal region of Kenya like the Kaya forests and those in 
Arabuko Sokoke w

ere identified as being effective in forest resource conservation including an understanding 
of forest biodiversity.
Involving com

m
unities in collection of forest resource data have been adopted in KFS program

s specifically 
the N

RM
, the FPP and the ICFRA noting that these com

m
unities have bett

er know
ledge of the forest adjacent 

to them
, can easily navigate through the forest routes and are easy to rem

unerate. Som
e of these com

m
unity 

m
em

bers w
ere found to have been very resourceful.

It w
as agreed that com

m
unity m

onitoring of forest resources as a joint venture w
ith the technical RED

D
+ 

im
plem

entation team
 should be trialled as an option that w

ould m
inim

ise on inventory costs. This brings the 
com

m
unity closer to the forest and enhances their understanding of the objectives of conservation, privding 

an incentive to participate in the objectives of a RED
D

+ program
m

e.
Lead

KFS
Stakeholders

RED
D

+ TW
G

, N
ACO

FA
, CFAS, N

G
O

S, Indigenous Inform
ation N

etw
ork, Private Com

panies
Schedule

Should be piloted then expanded to the rest of the country.
Budget

U
S$500 000 to pilot and expand to the rest of Kenya, initiating in Q

1 Yr 1 for com
pletion in Q

1 Yr4.
Current status and acti

ons 
required

A piloting of com
m

unity carbon m
onitoring program

m
e should be initiated in several forests 

r. Participatory C
om

m
unity M

onitoring
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Description
Forecasting refers to the prediction or estim

ation of the of the situation or trend  in the future. In this case it predicts 
the forest cover and stocks as w

ell as associated GHG fluxes or their trends into the future. 

Forecasting is m
ainly based on prediction m

odelling that utilises existing datastes. O
n the basis of the national 

circum
stances, historical reference level(s), and current land and forest policies a forecast can be m

ade of the forest 
cover of change trends som

e period into the future. This forecast is the business-as-usual (BAU
) scenario and it does not 

account for REDD+ interventions. It is on this basis that conservation scenarios that show
 benefits of REDD+ activities 

are developed.
Rem

arks
The REDD+ TW

G noted that the Full Lands Integration Tool (FLIN
T) developed by the SLEEK program

m
e is a generic 

system
 that integrates rem

ote sensing and ground data through country specific m
odels and system

s. The aim
 is to 

have a generic fram
ew

ork that Kenya can use for land based em
ission estim

ates. Since the FLIN
T can generate tim

e 
series em

issions, it is possible to m
odel the em

issions into the future. The FLIN
T proposes to use m

odels and data sets 
generated locally in Kenya and this w

ill help develop Tier 3 reporting.
The right construction of the forecast of the reference level(s) determ

ines to a large extent the benefits that Kenya 
m

ight accrue from
 the REDD+ Program

m
e. This is therefore a critical activity that requires testing and verification. 

U
nder the support from

 the W
orld Resource Institute, Kenya has generated m

aps of possible forest restoration and 
afforestation areas. This could be used in projecting forest changes over tim

e and can be used to create targets of forest 
cover for the future. 

Forecasts m
ay be updated regularly to integrate new

 data and reflect new
 or updated policies.

Lead
KEFRI

Stakeholders
REDD+ TW

G, KFS, CCS, N
EM

A, M
inistry of Planning, M

inistry of Lands, DRSRS, U
niversities

Schedule
Initated and com

pleted w
ithin Yr2

Budget
U

S$10 000 to do testing on appropriate forecasting m
odels 

Current status and actions 
required

Testing of m
odels should be initiated im

m
ediately to enable decision and docum

entation on the m
odels to be used in 

Kenya.

t. M
odelling and Forecasting
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Stakeholders
REDD+ TW

G, DRSRS, KEFRI, M
inistry of Environm

ent, CCS
Schedule

This is an ongoing activity, com
m

encinc Q
1 Yr 1 for com

pletion in Q
4 Yr 3.

Budget
U

S$10 000 yearly to support developm
ent of trends.

Current status and actions 
required

1.	
Kenya needs to define the base year for its construction of the forest reference level, considering the options to 
ensure REDD+ benefits for the country and the ability to generate historical inform

ation as derived from
 the land 

cover change m
apping.

2.	
Due to the m

anifestation of drivers of change w
hich differs spatially, the country m

ay be divided into regions, forest 
reference levels generated per region and an average of the country m

ade
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32 M
odalities for national forest m

onitoring system
s. Decision 11/CP.19: htt

p://unfccc.int/resource/docs/2013/cop19/eng/10a01.pdf#page=31
33 Consultancy services to develop an environm

ental m
onitoring system

 for the M
au Forest Ecosystem

 2013. AESA East Africa Ltd

D
escripti

on
The N

ational RED
D

+ Program
m

e m
ay develop a system

 that collects data from
 the sources, stores it and 

dissem
inates it to the relevant sectors. Such a system

 m
ay have the M

RV capacity. 

The system
 should have appropriate levels of accessibility for different users, stakeholders and the general 

public to ensure the integrity and m
anagem

ent of the data sets w
hile being able to inform

 users. The 
system

 should avail RED
D

+ inform
ation to all relevant stakeholders, as per the U

N
FCCC D

ecisions
32. This 

accessibility can be achieved through a w
eb-based interface. 

Rem
arks

Kenya has targett
ed to develop a RED

D
+ inform

ation system
 that is capable of doing M

easurm
ents Reporting 

and Verification. This system
 can integrate activity data from

 inventory and rem
ote sensing w

ith the drivers 
of change,  PA

M
S, national circum

stances, safeguards and benefit sharing m
echanism

s. The TW
G

 review
ed 

inform
ation from

 such system
s like the FLIN

T in SLEEK w
hich is under developm

ent. The FLIN
T integrates 

activity data from
 inventory and rem

ote sensing and links it to att
ributes of change and em

ission factors to 
generate G

H
G

 fluxes at a pixel level. 

The TW
G

 w
as inform

ed of an envirnm
ental m

onitoring system
 developed for the M

au forest com
plex

33 but 
w

hose im
plem

entation has not kicked off. This system
 has not been piloted and therefore its applicability is 

unknow
n. There is also the proposed G

FO
I/N

A
SA

 datacube w
hich is expected to use inventory and rem

otely 
sensed data to generate em

issions and hopes to be linked to policies. 
The TW

G
 w

as inform
ed of the RED

D
+ w

ebsite that has been developed w
ithin the KFS w

ebsite and has 
been displaying inform

ation about RED
D

+. N
oting the uniqueness of the RED

D
+ program

m
e and the 

need to m
ake its inform

ation available to the local and international com
m

unity, the TW
G

 proposed the 
strengthening of the RED

D
+ w

ebsite to m
ake it relevant, updated and inform

ative.

N
oting that all the review

ed inform
ation system

s are in stages of developm
ent, the TW

G
 proposed further 

discussions on the design of the RED
D

+ inform
ation system

.
Lead: 

KFS
Stakeholders

RED
D

+ TW
G

, M
inistry in charge of ICT, KN

BS
Schedule

This is an ongoing activity throughout the project.
Budget

U
S$100 000 to design a system

 and U
S$ 10, 000 yearly to m

aintain the system
 

Current status and acti
ons 

required
D

iscussions on the design of the RED
D

+ inform
ation system

 should be initiated im
m

ediately w
ith decisions 

docum
ented so the system

 can be developed. 

w
. R

ED
D

+ Inform
ation System
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9.	 Kenya NFMS Road Map – Logical Framework 

a.	The Requirements for NFMS – Interaction with other Project Efforts
As described the efforts being undertaken in Kenya to track GHG emissions in the land sector have 
been initiated at different points in time, by different donors and in partnership with different 
institutions. The R-PP was submitted in 2010 and the SLEEK Program commenced implementation 
in April of 2013. The ICFRA funded by the Government of Finland and supported technically by the 
Natural Resources Institute of Finland (Luke) has completed its pilot phase including field plots, 
sampling design and a “National Forest Resources Assessment Field Manual Biophysical Survey 
Kenya”. These efforts have overtaken some of the requirements for the NFMS and refined others 
with much of the work to develop the NFMS remaining. The linkages that are formed tend to be ad 
hoc and largely based on individuals. REDD+ has a focus on forest land only, while SLEEK is working 
across the whole land sector including forest land as well as grassland, cropland and other land uses. 
There is a need to avoid duplication, avoid repetition and increase efficiency. 

The SLEEK program has conducted its final documentation and hosted its final quarterly meeting 
in the week of 15th February 2016. The final products and documentation of decisions along with 
confirmation on progress, products and products to be finalised in the future will become public in 
due course. Indications of the substance of the SLEEK contribution and therefore the focus for effort 
by KFS and partners on the NFMS should be available in the short term. 

b.	NFMS Road Map – Baseline and Objectives
Logical Framework Baseline
A series of collaboration meetings were held with the assistance of the FAO UN-REDD Technical 
Support and identified that in respect of the NFMS SLEEK will create the sustainable approaches for:

■■ Some of the policy and system design settings that will include forest definition, carbon 	
	 pool selectin, forest stratification and land use classification;

■■ Land Cover Classification of forest and non-forest is being delivered with 2010 and 2014 	
	 completed and each two years from 1990 contracted to be completed by November 2016 	
	 – 17 maps in all. The work includes a manual on Land Cover Classification and a process 	
	 manual;

■■ Land Cover Change Detection for deforestation/reforestation through assessment of non-	
	 forest, forest and classification into strata. 

This work and related products can be relied upon by the NFMS, both initially and for future work 
and calculation. 

Logical Framework Target
The work of SLEEK in remote sensing analysis will not deal directly with all the aspects of REDD+ 
which will need to be developed for the NFMS in terms of working out the measurement, recording 
and reporting, namely:

■■ Reducing emissions from forest degradation
■■ Conservation of forest carbon stocks
■■ Sustainable management of forests
■■ Enhancement of forest carbon stocks

 
Other aspects not being delivered by SLEEK are:

Reference Level for forests 
■■ Establish the historic time period during which emissions will be estimated
■■ Consider REDD+ requirements for identifying areas of deforestation and forest degradation 
■■ Identify significant pools using Key Category Analysis
■■ Calculate the carbon stock change on areas defined as deforestation 
■■ Calculate the carbon stock change on areas defined as degradation 
■■ Assess the uncertainty related to the Reference Level 
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Conduct in-depth analysis, description and decisions on:
■■ Drivers of deforestation
■■ National circumstances 
■■ Historical reference emission level 
■■ Land use and forestry policies for reference levels

 
The NFMS Logical Framework has the objectives of:

1.	 NFMS is established and utilised in Kenya. 
2.	 FRL for Kenya is established.
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10.	Timeline of activities and Tentative Budget
Based on consultation with existing projects, examination of past projects, REDD+ Technical Working 
Group inputs, a timeline and budget was developed for the National Forest Monitoring System 
development. Very detailed planning has not been undertaken for each aspect but indications of 
timing and funding requirements have been prepared. The Tasks are also reflected in the NFMS Road 
Map spreadsheet where each task has a tab that contains the steps proposed, indicative budget and 
timeline, the summary tab of which is contained in Figure 1. 

The total budget is estimated at US$5 718 000 noting that this includes US$3 000 000 for the National 
Forest Inventory as designed by the ICFRA Pilot Project. The costs for implementation based on 
these preliminary estimates for the non-FRA is US$2 718 000. 

The duration of the work envisaged is four years. Many of the tasks will be completed within three 
years and a year of implementation is included to enable adjustments to scheduling and duration 
that may arise or be needed,  further refinement and a year of operational use to assess sustainability 
and enable incorporation of the tasks into routine operations by the agencies with the relevant 
mandates. Some activities are ongoing in nature or continuous.
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■■ United Nations Framework Convention on Climate Change. Official text of the Convention, 	
	 with details on reporting in Article 4. Document FCCC/INFORMAL/84.

■■ Conference of the Parties to the UNFCCC, 11th session, December 2005: “Reducing 	
	 emissions from deforestation in developing countries: approaches to stimulate action” (the 	
	 first submission on REDD to the UNFCCC); submission by Papua New Guinea and Costa Rica 	
	 on behalf of the Coalition for Rainforest Nations. Document FCCC/CP/2005/MISC.1.

■■ Decisions of the Conference of the Parties to the UNFCCC on REDD+:
•	 Decision 1/CP.13: “Bali Action Plan”, with reference to all five eligible activities for 

REDD+. Document FCCC/CP/2007/6/Add.1.
•	 Decision 2/CP.13: “Reducing emissions from deforestation in developing countries: 

approaches to stimulate action”. First decision on REDD, calling for demonstration 
activities. Document FCCC/CP/2007/6/Add.1.

•	 Decision 4/CP.15: “Methodological guidance for activities relating to reducing 
emissions from deforestation and forest degradation and the role of conservation, 
sustainable management of forests and enhancement of forest carbon stocks in 
developing countries”. Specific references to the national forest monitoring system. 
Document FCCC/CP/2009/11/Add.1.

•	 Decision 1/CP.16, section C: “Policy 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 countries”. Introduction of 
safeguards, reiteration of requirements for the national forest monitoring system. 
Document FCCC/CP/2010/7/Add.1.

•	 Decision 12/CP.17: “Guidance on systems for providing information on how safeguards 
are addressed and respected and modalities relating to forest reference emission 
levels and forest reference levels as referred to in decision 1/CP.16”. Details on 
preparation and submission of reference levels and guidance on providing information 
on safeguards. Document FCCC/CP/2011/9/Add.2.

•	 Decision 11/CP.19: Modalities for national forest monitoring systems: 
•	 Paragraph 2 of this decision changes the guidance given in paragraph 6 of 2/

CP.13 and paragraph 1 of 4/CP.15 into a decision and states that the NFMS 
should be guided by the most recent IPCC guidance and guidelines in estimating 
anthropogenic forest-related greenhouse gas emissions by sources, and removals 
by sinks, forest carbon stocks, and forest carbon stock and forest-area changes. 

•	 Paragraph 3 of this decision formalizes the guidance from 4/CP.15 and 1/CP.16 into 
decisions, and emphasizes the importance of following the guidance on MRV set 
out in 1/CP.13 in relation to Nationally Appropriate Mitigation Actions (NAMAs). 

•	 Paragraph 4 states that a NFMS for REDD+ has no fixed formula and will develop 
according to national circumstances.

•	 Decision 14/CP.19: Modalities for measuring, reporting and verifying: 
•	 Paragraph 3 explains that the MRV data should be transparent, and consistent 

over time and with the established forest reference emission levels and/or forest 
reference levels. 

•	 Paragraph 4 describes that the results of the implementation of REDD+ activities, 
should be expressed in tCO2e/year. 

•	 paragraph 5 indicates that an NFMS for REDD+ does not necessarily require to 
start with advanced methods and datasets but can keep on improving datasets 
and methodologies with time.

•	 paragraph 6 describes that the REDD+ results should be reported through the 
Country’s Biennial reports and the national communications.

•	 paragraph 7 indicates that for countries seeking benefits from REDD+ 
implementation, they should annex a technical report describing their 
measurements in their biennial or national communication report. 

Appendix 1: Concepts of National Forest Monitoring Systems and 
Reference Levels 
Official documents from the UNFCCC
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•	 paragraph 10 describes the verification of REDD+ results noting that, upon the 
request of the developing country Party seeking to obtain and receive payments 
for results-based actions, two LULUCF experts from the UNFCCC roster of experts, 
will review the country reports.

■■ There are many unofficial documents as well, such as submissions by observers on specific 	
	 issues. All of these are available from the UNFCCC web site.

Other relevant documents on specific issues
■■ Meridian Institute: “Modalities for REDD+ Reference Levels: Technical and Procedural 	

	 Issues”. Available for download at http://www.REDD-OAR.org.
■■ Meridian Inst itute:  “Guidel ines for REDD+ Reference Levels:  Principles and 	

	 Recommendations”. Available for download at http://www.REDD-OAR.org.
■■ UN-REDD guidance on governance in forestry.
■■ World Bank SESA methodology
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Appendix 2: Technical background
All reports on greenhouse gas emissions and removals that countries submit to the UNFCCC have to 
follow the methodology adopted by the IPCC. Like the UNFCCC itself, IPCC is an international body 
made up of representatives of Parties to the Panel from virtually all the countries in the world. The 
IPCC was established under the auspices of the World Meteorological Organization (WMO) and the 
United Nations Environment Programme (UNEP) to assess the extent of climate change, its causes 
and its effects. Additionally, it publishes guidelines and guidance for the reporting of anthropogenic 
greenhouse gas emissions and removals. The UNFCCC has formally adopted the “1996 IPCC Guidelines 
for National Greenhouse Gas Inventories” for the reporting of National Communications. In more 
recent Decisions, the UNFCCC has encouraged “to use the most recent Intergovernmental Panel 
on Climate Change guidance and guidelines, as adopted or encouraged by the Conference of the 
Parties”36, being the “2006 IPCC Guidelines for National Greenhouse Gas Emissions”. The guidelines 
can be downloaded for free from the internet37.

All reporting for REDD+ will be done through the Biennial reports and the National Communication 
of the individual countries participating in the REDD+ mechanism38 and will be based on IPCC 
methodology as updated from time to time. Of particular interest are Volume 1 on general issues 
and Volume 4: Agriculture, Forestry and Other Land Uses (AFOLU).

IPCC Guidelines key concepts
This section describes the key concepts that the IPCC Guidelines use in the estimation of emissions 
and removals of greenhouse gases from anthropogenic origin. Adherence to these concepts is 
important in order to apply the same principles in REDD+, guaranteeing consistency with the national 
forest monitoring system for REDD+ and the National Communications to the UNFCCC.

Tiers
In order to accommodate different levels of information, knowledge and inventory capacity in 
different countries, the IPCC defines three Tiers for the estimation of emissions and removals of 
greenhouse gases. Increasing Tiers imply increasing accuracy of the estimates due to an increased 
use of local data and more evolved estimation methods. Estimates based on higher Tier methods 
and parameters have a higher (implied) confidence and are thus able to generate higher amounts of 
results-based benefits.

Tier 1 estimates – using default parameter values given in the IPCC Guidelines – should only be used 
if there is no other option. For Kenya’s REDD+ programme, this may apply in the case of litter which 
is a largely stable pool, with insignificant emissions and where not much research has been done and 
may not be justifiable. Application of Tier 1 default parameters is assumed to result in a conservative 
estimate of the size of the carbon pool – meaning that the size of the pool is estimated in such a way 
that the actual, but unknown, amount of the carbon pool is likely to be larger.

Framework of Tier structure for AFOLU methods has been set out in the 2006 IPCC Guidelines, 
Volume 4, Chapter 1, Box 1.1 as:

■■ Tier 1 methods are designed to be the simplest to use, for which equations and default 
parameter values (e.g. emission factors) are provided in the IPCC Guidelines. Country-specific 
activity data are needed, but for Tier 1 there are often globally available sources of activity 
data estimates (e.g. deforestation rates, global land cover maps, fertilizer use, etc.), although 
these data are usually spatially coarse;

■■ Tier 2 can use the same methodological approach as Tier 1, but applies emission factors that 
are based on country- or region-specific data, for the most important land-use categories. 
Country-defined emission factors are more appropriate for the climatic regions and land-
use systems in the country. Higher temporal and spatial resolution and more disaggregated 
activity data are typically used in Tier 2 to correspond with country-defined coefficients for 
specific regions and specialized land-use categories;

UNFCCC Decision 4/CP.15 “Methodological guidance for activities relating to reducing emissions from deforestation and forest degradation and the 
role of conservation, sustainable management of forests and enhancement of forest carbon stocks in developing countries”, paragraph 1(c). UNFCCC 
document FCCC/CP/2009/11/Add.1.
http://www.ipcc-nggip.iges.or.jp/
UNFCCC Decision 11/CP.19: Modalities for national forest monitoring systems

36

37

38
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■■ At Tier 3, higher order methods are used, including models and inventory measurement 
systems tailored to address national circumstances, repeated over time, and driven by 
high-resolution activity data and disaggregated at sub-national level. These higher order 
methods provide estimates of greater certainty than lower tiers. Such systems may include 
comprehensive field sampling repeated at regular time intervals and/or GIS-based systems 
of age, soils data, and land-use and management activity data, integrating several types of 
monitoring. Pieces of land where a land-use change occurs can usually be tracked over time, 
at least statistically. In most cases, these systems have a climate dependency and thus provide 
source estimates with interannual variability. Models should undergo quality checks, audits, 
and validations and be thoroughly documented.

Tier 2 estimates apply nationally-appropriate methods and/or parameters. This is the recommended 
minimum Tier for REDD+. It implies that there is detailed information on the forest land and the 
forest types in the country and that at least basic information is available about species composition 
and merchantable timber volume for the different forest types. Countries should aim for this Tier 
in the estimation of at least above-ground biomass and preferable also for dead wood and litter 
carbon pools; if soil organic matter is an important carbon pool under specific conditions – such as 
in mangroves – use of Tier 2 estimation methods in those circumstances is recommended.

Tier 3 methods are the most complex in terms of monitoring of status and processes, changes in land 
use in a spatially-explicit manner, knowledge of biophysical processes and required data to make 
the estimates. The IPCC Guidelines do not present any methods for Tier 3 estimation, only good 
practice guidance. For REDD+ purposes, a Tier 3 method could be the development and application 
of an allometric equation for the estimation of one or more carbon pool(s) on the basis of the 
measurement of a few key properties of a tree or a forest stand. 

As such, Tier 3 methods can be aligned with participatory approaches involving a large number 
of local communities; the method is derived for local conditions and the many measurements 
provide a detailed spatial resolution of the estimate. Despite the cost and organizational burden of 
implementing Tier 3 estimation, this is the recommended target as it yields the best estimate with 
the highest confidence; the additional cost is likely to be more than offset by the higher estimate 
compared with lower Tier estimates (which are conservative) and the higher benefits that such 
estimates may generate in the international market.

Estimation methods from different tiers may be freely combined within a reporting period or over 
time, as long as proper documentation of estimation methods is provided.

Land-use categories
The IPCC identifies six land-use categories for estimation of emissions and removals of greenhouse 
gases of anthropogenic origin:

1.	 Forest Land – Land that supports tree cover following the national definition of “forest”, which 
is typically expressed in terms of a minimum area, minimum height at maturity and minimum 
crown cover. This also includes land that is temporarily unstocked (e.g. after harvesting or 
a major disturbance), but which is expected to revert to tree cover under the definition of 
forest. Depending on the national definition, land covered with certain non-tree species such 
as bamboo or palms; and some types of tree production systems, such as coffee or rubber 
plantations may also be considered forest under the national country definition;

2.	 Cropland – Land for the production of agricultural crops. This includes agroforestry systems 
under the IPCC description, but land under agroforestry use that is dominated by tree cover 
may also be counted as Forest Land;

3.	 Grassland – Pastures and rangeland that is not Cropland. Land with sparse woody vegetation 
(e.g. canopy cover is too low to be considered Forest Land) is part of this category;

4.	 Wetlands – Land that is perennially or seasonally inundated and which is not accounted under 
any of the above categories. It includes natural and artificial water courses and bodies (e.g. 
rivers, lakes and reservoirs);
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The area reported for these six land-use categories, including any sub-categories, should sum up to 
the total area of the country. Care should be taken therefore not to double-count any land use, for 
example a tea plantation, as a tree crop under Forest Land and as an agricultural production system 
under Cropland. The exact definition of the land-use categories should be done by the  assigned 
national authority that reports on greenhouse gas emissions and removals but this may be guided 
by the specific lead institutions in the different sectors with significant emissions.

Estimation of emissions and removals of greenhouses gases is only done for areas of managed land, 
that is land which is subject to human impacts for production, ecological or social functions. That 
implies that REDD+ can only be applied to those areas of forest land which are classified as managed 
(otherwise there is no estimation and reporting and thus no basis for generating results-based 
benefits in unmanaged lands). In general, any forest which is generally accessible to people can be 
classified as managed since “management” is not restricted to formal types of management under 
control or license of the state or by private ownership. 

Both managed and unmanaged land should be accounted for in National Communications, even if 
only as a validity check on the areas reported. In Kenya it is more than likely that all Forest Land can 
be classified as managed.

5.	 Settlements – Land which supports human habitation (cities, villages) and transportation and 
other infrastructure, according to national definitions;

6.	 Other Land – Land which does not fall into any of the above categories – bare (degraded) land, 
bare rocks, desert, snow and ice.

The land-use categories may be further subdivided for estimation of emissions and removals and 
reporting purposes. IPCC does not prescribe or require any subdivisions, but it does suggest that 
these may be applied in order to facilitate the estimation and reporting. 

Examples of such subdivisions related to forest and tree cover are:

Land-use category Sub-category

Forest Land • Natural
• Plantations
• Mangroves

Cropland • Agroforestry
• Perennial crops

Grassland • Woodland
• Shrubland

Settlements •Buildings 
•Road
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Stratification
Land-use (sub) categories can be stratified in order to obtain more homogeneous units for which 
separate estimation methodologies or conversion factors exist. The IPCC suggests a stratification 
of the Forest Land category along ecological zones and climatic domains (between which one may 
expect a large variance). Further stratifications can be made on forest type – e.g. broad-leaf, needle 
leaf, deciduous, evergreen, mangrove, plantation. Stratification should strike a careful balance 
between the overhead costs of having to estimate emissions and removals of greenhouses gases 
from every stratum, with its concomitant burden of establishing an estimation method and/or set 
of conversion parameters for each stratum, and the (assumed) higher accuracy of the estimate that 
is obtained. In general, stratification should at least be applied to the forest type and preferably also 
on ecological zone if the country has distinct zones based on topography or climate. Stratification is 
considered good practice by the IPCC.

Land-use conversion
Over time, land use can change from one category to another. The IPCC identifies separate 
methodologies for land staying within a certain land-use category between reporting periods and 
land converted to another land-use category during a reporting period. Whenever possible, these 
conversions should be made explicit – e.g. Grassland Converted to Forest Land – instead of generic 
– e.g. Land Converted to Forest Land. For REDD+ purposes, one land-use category and two land-use 
conversions are of interest:

■■ Forest Land Remaining Forest Land – This refers to land which is reported as forestland in 
the two instances of reporting/monitoring. However degradation activities also occur on this 
type of land use conversion and “sustainable management” of the forest qualifies as a REDD+ 
eligible activity;

■■ Other Land uses Converted to Forest Land – In case of natural regeneration upon abandonment 
of Cropland or Grassland or planned conversion to forest. Whenever possible, the origin land-
use category prior to it becoming Forest Land should be made explicit. In case of natural 
regeneration the REDD+ eligible activity of enhancement of forest carbon stocks” could be 
applied, while for planned reforestation it could be “sustainable management of forest” or 
“enhancement of forest carbon stocks”;

■■ Forest Land Converted to other Land use (any of the other land-use categories) – When forest 
is lost due to deforestation or some other disturbance. This is not a REDD+ activity of course, 
but the country has to report on all the managed Forest Land. If REDD+ activities had been 
developed on the land being converted, then these estimates may be used to estimate the 
emission from the conversion. Note that land that remains assigned for forestry purposes 
after harvesting is still considered forest – the “temporarily unstocked” situation.

After a conversion the area is counted under the new land-use category, but in a so-called transition 
period during which specific estimation methods for the carbon pools are used to properly estimate 
the carbon dynamics until a new equilibrium is reached. The IPCC default period for such an 
equilibrium lasts for 20 years.

Estimation of area for each land-use category
The IPCC identifies three Approaches to estimate the area in each land-use category:

1.	 Total area of the land-use category – In this case only national statistics on the total area 
for each land-use category is available. No details are given on conversions between land-
use categories. This might be sub-divided between administrative units, but no specific 
locations or processes are known;

2.	 Total area of the land-use category and conversions between land-use categories – In 
addition to the information from the previous category, changes between land-use 
categories are known, for instance from detailed inventories at sub-national level, but their 
locations are not. This information can be represented in a ‘conversion matrix’, which gives 
areas for each combination of original land-use category and current land-use category;
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3.	 Spatially-explicit land-use conversion data – In this case the precise locations of changes 
in land-use category are known, for instance from analysis of satellite imagery or detailed 
field surveys. As in Approach 2, a conversion matrix can be constructed.

The IPCC does not differentiate strictly in the reporting between Approaches. Countries are 
encouraged to use Approach 2 or 3 and a suggestion is made that countries can mix Approaches 
within a reporting period and over time as the need arises and knowledge and information increase.

Approaches for the estimation of areas in each land-use category are not to be confused with Tiers 
for estimating amounts of carbon pools. It is fair to suggest, however, that higher Approaches and 
Tiers should be adopted in step. It would be very odd to apply a Tier 3 estimation method for a 
carbon pool on an Approach 1 area estimate, for instance. Inversely, a Tier 1 estimation method 
could conceivably be applied on an Approach 3 area estimate – as in the case of soil organic carbon, 
which is not likely to be measured with sufficient spatial resolution to provide tailored estimates for 
all land-use categories and conversions between them.

Greenhouses gases
In the 1996 Guidelines the IPCC identifies a number of greenhouse gases, from the well-known 
carbon-dioxide (CO2) to complex molecules such as the family of halocarbons (used in refrigerators, 
air conditioners and power transformers). All of these gases have what is termed Global Warming 
Potential (GWP) in the atmosphere, which is expressed in CO2-equivalent units (CO2e). For the AFOLU 
sector – and thus REDD+ – carbon dioxide is the principal greenhouse gas of consideration, with a 
few notable exceptions, which must be estimated and reported and include:

■■ In mangroves and seasonally flooded forests, a non-negligible amount of methane (CH4) and 
nitrous oxide (N2O) may be formed in and released from the soil39;

■■ If soils in plantations are being fertilized, nitrogen oxides (NOx) will be released, which are a 
precursor to the greenhouse gas nitrous oxide;

■■ Forest fires release nitrous-oxides and sulfur-dioxide (SO2).

Carbon pools
The IPCC recognizes five carbon pools for the AFOLU sector. Countries do have the option to deviate 
from these definitions, but this is not recommended as all methods provided in the Guidelines use 
these carbon pools consistently. It is possible, however, to adapt the pool details to the current 
practice of forest survey and inventory, such as in the definition of class sizes.

The 2006 IPCC Guidelines saw the addition of a new carbon pool: Harvested Wood Products (HWP). 
HWPs are those components of trees that are converted into timber, board, paper/pulp, etc. which 
store carbon after removal from the forest. It is fundamentally different from the other carbon pools 
in several respects:

■■ The carbon is not stored on-site;
■■ HWPs have a life-cycle that is different from that of the forest. For every product a “half-life” 

period can be defined, which is used to determine the amount of product still remaining 
after a certain period of time; the rest is assumed to have oxidized and thus emitted into 
the atmosphere as CO2. The half-life has a default value of 2 years for paper and 30 years for 
timber products;

■■ HWPs are not reported together with the other carbon pools for a certain area. Instead they 
are reported at the national level, in order to account for them together with imports and 
exports of wood-based materials;

The IPCC Guidelines provide estimation methodologies for these greenhouse gases under the land-use category of Wetlands. In many 
countries, however, mangroves and particularly seasonally flooded forests are accounted as forests and reported as Forest Land in the National 
Communications. The Guidelines allows for such deviations from the categories listed, but these need to be clearly documented and applied 
consistently in subsequent National Communications. In practice this means that the methodology for Wetlands can be applied to estimate 
emissions for Forest Land.
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Biomass Above-ground biomass (AGB) All biomass of living vegetation, both woody and 
herbaceous, above the soil, including stems, stumps, 
branches, bark, seeds, and foliage.
Note: In cases where forest understory is a relatively 
small component of the above-ground biomass 
carbon pool, it is acceptable for the methodologies 
and associated data used in some tiers to exclude it, 
provided the tiers are used in a consistent manner 
throughout the inventory time series.

Below-ground biomass (BGB) All biomass of live roots. Fine roots of less than 
(suggested) 2 mm diameter are often excluded because 
these often cannot be distinguished empirically from 
soil organic matter or litter.

Dead 
organic 
matter 
(DOM)

Dead wood Includes all non-living woody biomass not contained in 
the litter, either standing, lying on the ground, or in the 
soil. Dead wood includes wood lying on the surface, 
dead roots, and stumps, larger than or equal to 10 cm 
in diameter (or the diameter specified by the country).

Litter Litter Includes all non-living biomass with a size greater 
than the limit for soil organic matter (suggested 2 mm) 
and less than the minimum diameter chosen for dead 
wood (e.g. 10 cm), lying dead, in various states of 
decomposition above or within the mineral or organic 
soil. This includes the litter layer as usually defined in 
soil typologies. Live fine roots above the mineral or 
organic soil (of less than the minimum diameter limit 
chosen for below-ground biomass) are included in litter 
where they cannot be distinguished from it empirically.

Soils Soil organic matter (SOM) Includes organic carbon in mineral soils to a specified 
depth chosen by the country and applied consistently 
through the time series. Live and dead fine roots and 
DOM within the soil, which are less than the minimum 
diameter limit (suggested 2 mm) for roots and DOM, 
are included with soil organic matter where they 
cannot be distinguished from it empirically. The default 
for soil depth is 30 cm.

Table 1: Definitions for carbon pools used in AFOLU for each land-use category

■■ For application in REDD+, where local stakeholders have an interest in a locally consistent 
accounting structure such that results-based benefits may be determined, HWPs are not 
relevant, particularly not when those stakeholders accrue the benefits from raw material 
being converted into HWP – e.g. harvesting of trees for pulp or timber by smallholders;

■■ If, however, harvesting of trees is managed and controlled by large companies or state-owned 
organizations, it is imperative that the local stakeholders share in the benefits of the harvest, 
because the conversion of trees into HWPs will impact the carbon balance of the forest and 
thus the amount of results-based benefits that can be claimed to support monitoring for 
REDD+.

Adapted from: IPCC 2006 Guidelines, Volume 4, Chapter 1, Table 1.1.

Pool Description
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Key categories
In order to reduce the effort in compiling National Communications and focusing resources on those 
areas where the majority of emissions and removals take place, the IPCC identifies key categories. A 
key category is “one that is prioritised within the national inventory system because its estimate has 
a significant influence on a country’s total inventory of greenhouse gases in terms of the absolute 
level, the trend, or the uncertainty in emissions and removals”. As such, key category analysis is a 
task for the national authority that compiles the National Communications, to be applied on each 
sector individually. Key category analysis aims to identify those categories within the sectoral scope 
– such as AFOLU – that have a significant influence on the inventory. 

For Forest Land this implies that the following questions need to be answered:

■■ Which management activities are significant?
■■ Which CO2 emissions or removals from various carbon pools are significant?
■■ Which non-CO2 gases are significant?

Typical key categories in forestry are:

■■ AGB for all forests that have undergone or are undergoing human impacts. For managed 
forests that have not suffered such impacts – such as National Parks or wildlife reserves – AGB 
does not necessarily have to be estimated because the carbon dynamics from human impacts 
will be minimal, unless there are special management actions such as fire management,

■■ If there is a significant amount of deforestation: SOC and dead wood in Forest Land converted 
to some other category (BGB is instantly converted to dead wood upon deforestation),

■■ If there is a significant amount of forest regeneration: SOC, AGB and BGB on Land Converted 
to Forest Land,

■■ SOC in mangroves and peatlands.

Other key categories may be identified based on national circumstances. The key categories should 
jointly comprise a substantial part of emissions and removals – 95% as established by the IPCC. 
They should be identified using quantitative data if such data are available in the country (e.g. forest 
inventory data); in the absence of such data a qualitative assessment of key categories may be made. 
Key categories should be estimated with the highest tier method possible. Other categories may be 
estimated with a Tier 1 or Tier 2 method.

In most developing countries, estimation of at least some carbon pools on Forest Land will be 
classified as key category, especially when the country participates in the REDD+ mechanism. This 
will, in all likelihood, include AGB, which can be included in a PCM protocol. Litter and dead wood 
may also be collected through PCM – as the sampling and measurement are straightforward – even 
if they are not classified as a key category. Even if they are classified as a key category, SOC and BGB 
are not amenable for inclusion in PCM due to the complexities of sampling and measurement – 
these carbon pools are best left to professional forest survey staff or researchers.

Two basic approaches to calculation: stock-difference and gain-loss40

 There are two methods described by (IPCC, 2006) to estimate changes in carbon stock41:

■■ Stock-Difference method; estimation of difference in carbon stocks of a land unit by 
comparing carbon stocks for the same location at time 1 and 2. It generally requires comparing 
measurements from national forest inventory cycles,

■■ Gain-Loss method. This method is applicable at all IPCC Tiers and subtracts biomass carbon 
loss from biomass carbon gain.

This topic was the subject of a briefing note to the TWG that sets out the issue more clearly. This was discussed in the TWG meeting in November 
2015. 
Taken from: UN-REDD 2015. Technical considerations for Forest Reference Emission Level and/or Forest Reference Level construction for REDD+ 
under the UNFCCC.

40
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Section 2.1 of the GFOI Methods and Guidance Document (GFOI, 2014) discusses gain-loss and 
stock-difference (or stock change) methods as applied to REDD+ activities and has a decision tree on 
the choice between them.

The most common approach applied so far by developing countries (discussed in FAO, 2014) to 
estimate historical emissions from deforestation for use in FREL/FRLs is to develop activity data 
through analysis of remote sensing (e.g. Landsat or higher resolution) images. Emission factors are 
estimated by calculating the difference of average carbon stock in forest biomass with the carbon 
stock in the replacing land use biomass (e.g. crop land). In this approach the average carbon stocks 
of both land uses are estimated based on NFI data (only from one cycle and not comparing two as 
with the stock difference method), literature and/or IPCC default values.

Stock Difference Method
In the MGD the GFOI identifies that the IPCC notes that the stock change method provides good 
results where there are relatively large increases or decreases in estimated biomass, or where 
countries have very accurate forest inventories. Since not all countries possess an NFI, this restricts 
application of the stock change method, and so the advice in the MGD focuses more on the gain-loss 
method42.

The gain-loss method estimates annual emissions or removals of CO2 as the sum of gains and losses 
in carbon pools occurring on areas of land subject to human activities. Changes in the carbon 
pools are often estimated as the product of an area of land and an emission or removal factor that 
describes the rate of gain or loss in each carbon pool per unit of land area. The gain-loss method 
does not require an NFI, although information from an NFI can be used to derive emission and 
removal factors, as well as provide insights into the causes of gains or losses of carbon pools.

Gain Loss Method
To calculate the emissions and removals using the gain-loss method, countries need activity data, 
i.e. information about the extent of REDD+ activities. Most activity data are areas sufficiently 
disaggregated so that they can be used to estimate emissions or removals when combined with 
emission and removal factors and other parameters which are usually expressed per unit area. 
Remote-sensing is likely to provide the major source of such area data.

For the conversions from forest to other land use which are summed to calculate total deforestation, 
the gain-loss method multiplies areas of land-use change, which may be estimated using remote 
sensing, by the difference in carbon stocks per unit area between forest and the new land use. For 
Forest Land remaining Forest Land, the gain-loss method estimates the annual change in above-
ground biomass carbon as the difference between the annual increment in carbon stocks due to 
growth and the annual decrease in stocks due to losses from processes such as commercial harvest, 
fuel wood removal, and other disturbances such as fire and pest infestation. The balance of gains 
and losses (i.e. net change) can also be estimated from sample plots representative of strata subject 
to the processes involved.

REDD+ activities and sampling43

If a country decides to participate in the REDD+ mechanism of the UNFCCC, all the managed Forest 
Land in that country needs to be included in REDD+ accounting. In this sampling, a number of issues 
should be clarified including those listed below:

i	 The design, of the inventory to include the strata,
ii	 The number of plots to be measured,
iii	 The sizes of the plot and their orientation in reference to one another,
iv	 The attributes to be measured at different levels within the plot,
v	 The repeatability of measurement in cases of permanent sample plots.

GFOI (2013) Integrating remote-sensing and ground-based observations for estimation of emissions and removals of greenhouse gases in forests:         
Methods and Guidance from the Global Forest Observations Initiative: Pub: Group on Earth Observations, Geneva, Switzerland, 2014.
The material in this section is partially drawn from the manuals and reports of the Improving Capacity for Forest Resource Assessment Pilot Project 
(ICFRA). 
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Number of samples, accuracy and confidence interval
The goal of sampling is to achieve an estimate of emissions and removals with a stated accuracy and 
confidence interval, using the least number of measurements. In all cases the average biomass in the 
forest stratum and its standard deviation need to be established. This is best done by professional 
foresters, using generally accepted techniques for sampling. In practice this implies a minimum of 30 
randomly located samples per forest stratum.

Protocols regarding confidence interval and maximum error are likely to be established nationally. 
The number of samples required to reach that confidence interval given a certain maximum error 
for each forest (type) should be determined by a professional organization, e.g. the Forest Survey 
Department, using accepted statistical practice. It can be reduced by careful stratification of forest 
ecosystem / type, because that will reduce the standard deviation of the samples in each stratum, 
and this is strongly recommended.

Sampling design
Sampling design was undertaken based on the expected information to be extracted from the 
measurements. In the case of carbon assessment for REDD+, the number of samples per forest 
stratum should be based on the sampling assessment. Where the assessment is made for and with 
communities implementing REDD+ activities, sampling should be designed such that all communities 
have regular measurements in the forest land that they manage for the national REDD+ program. 
This typically leads to a sampling density that is much higher than might be necessary statistically. 
There are a variety of reasons to support such a higher sampling density:

■■ Communities need to be able to self-assess their performance in reducing emissions and 
enhancing removals. This helps them in negotiating benefits that the community should 
receive from implementing REDD+ activities and the reduced emissions and enhanced 
removals achieved;

■■ Communities can only assess their performance if measurements are made in the forest that 
they manage, since it is unlikely that the state agencies will be able to assess the dynamics 
in the forest for each participating community from a national forest monitoring system 
using remote sensing and standard forest inventory programs alone. Areas where no REDD+ 
activities are implemented, or where implementing is lackluster or inadequate will negatively 
impact the achievements of efficient implementers, thus reducing their interest for lack of 
benefits;

■■ If measurements are made regularly, they will be made with fewer mistakes than if protocols 
are used only sporadically, both for forestry staff and community members;

■■ A higher sampling density will allow for error checking.

In practice, a single community may be managing from a few hundred to a few thousand hectares 
of forest land. This area will likely have several distinct regions in it, based on forest type, condition 
(e.g. pristine, degraded; on a steep slope, riparian buffer) or management regime (e.g. plantation, 
regeneration, sustainable harvesting). 

Each of these regions will require measurement of tree and forest properties to estimate the carbon 
balance. Given that the reporting to the UNFCCC takes place bi-annually, the measurement needs to 
be repeated with at least a bi-annual frequency.

Plot design
Plot design is a function of the parameter that needs to be measured. The plot should be large 
enough to capture enough data points (trees, litter traps, etc.) to enable the calculation of mean 
value and variance, but not so large that the measurement becomes burdensome. The ICFRA has 
carried out this assessment and the primary sampling unit is a concentric sample plot (Figure 4). 
The plots are grouped into clusters for practical reasons in order to take into account the reduced 
inventory costs. The measurement unit, i.e. a cluster, should as a rule of thumb, be measurable 
within one working day for a field crew. If some of the plots in a cluster are outside of a forest, it 
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Data Quality Assessment and Internal Verification
All the information that is reported to the UNFCCC in the National Communications needs to be 
assessed for its quality and an estimate of accuracy and associated uncertainty is highly encouraged. 
Accuracy is defined by the IPCC as “agreement between the true value and the average of repeated 
measured observations or estimates of a variable. An accurate measurement or prediction lacks 
bias or, equivalently, systematic error” and uncertainty as “lack of knowledge of the true value of 
a variable that can be described as a probability density function (PDF) characterising the range 
and likelihood of possible values. Uncertainty depends on the analyst’s state of knowledge, which 
in turn depends on the quality and quantity of applicable data as well as knowledge of underlying 
processes and inference methods”.

The sampling design enables the computation of an estimate with a known error for the number of 
samples, given the average and standard deviation of the parameter under consideration (biomass, 
litter, dead wood, etc.) and an established confidence interval. 

Assessment of data quality can take place in the temporal domain – cross-reference repeated 
measurements over time – and in the spatial domain – compare estimates with those from other 
REDD+ areas in the same forest stratum. Observed inaccuracies may have more causes than just 
measurement errors, such as:

■■ Improper stratification of the forest
■■ Differences in efficiency of intervention to reduce emissions and enhance removals
■■ (Use of) Instrument error (e.g. use of a regular tape measure gives circumference of the tree 

which might be recorded as DBH)

Data quality analysis should therefore not be a last step before data is inserted into national accounts 
of greenhouse gases; instead it should be used to provide feed-back to practitioners of REDD+ on 
potentials improvements in procedures and implementation.

44  See chapter 4.2 of ICFRA manual

may be possible to measure more than one cluster in a day. Also 25% of clusters are established as 
permanent. On permanent clusters GPS measurements are preferably done using high-precision GPS 
receiver, other measurements and markings in the permanent clusters are done in such a way that 
re-measurement is possible. Other clusters are temporary. 

There are some additional measurements on permanent plots compared with temporary plots. 
First, direction and distance from the plot centre to every tally tree are recorded. Secondly, the plot 
centre point should be marked with a 40 cm long metallic pin and about three fixed points should 
be marked and data collected, 

Note: All distances indicate horizontal distances

Figure 2: ICFRA Sample plot design44 
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Appendix 3: National strategies and Action Plans for REDD+ 
implementation
Countries wishing to participate in the REDD+ programme need to develop strategies and action 
plans for the implementation of REDD+ activities. These describe how emissions will be reduced, 
how forest carbon stocks will be enhanced, conserved and sustainably managed. Such strategies 
are derived from an analysis of the national circumstances, policies and stakeholders engagements. 
Though the UNFCCC does not prescribe a perfect way to develop national strategies, in developing 
national strategies, countries are requested to address, among others the following issues45:

■■ Drivers of deforestation and forest degradation
■■ Land tenure issues
■■ Forest governance issues
■■ Gender considerations
■■ Ensuring full and effective participation of all relevant stakeholders

Policies and Measures for REDD+ implementation
Policies and Measures (PAMS) refer to actions and strategies that the government identifies to guide 
the implementation of REDD+ activities. Normally such policies do not serve the REDD+ benefits 
only but also other developmental objectives. Such measures are normally embedded in a country’s 
environmental and forest conservation laws but for the purposes of REDD+ their effects should be 
monitored in the context of the five REDD+ activities listed below:

■■ Reducing emissions from deforestation
■■ Reducing emissions from forest degradation
■■ Conservation of forest carbon stocks
■■ Sustainable management of forests and 
■■ Enhancement of forest carbon stocks

A system for periodic monitoring the effects of these PAMS should be established to show how 
effective the policies are in the REDD+ implementation and advise on the need to identify more 
effective policies.

In association with the PAMs, the countries are also encouraged to provide information on safeguards 
and benefit sharing mechanisms.

Information on Safeguards
Safeguards are described as measures designed to mitigate risks. The process of REDD+ implementation 
is expected to be beneficial to livelihoods and ecosystems. Every country willing to participate in the 
REDD+ programme is expected to document safeguards associated with the implementation. The 
following safeguards have been identified as important in REDD+ implementation46 :

1.	 That action complements or is consistent with the objectives of national forest programmes 
and relevant international conventions and agreements;

2.	 Transparent and effective national forest governance structures, taking into account national 
legislation and sovereignty;

3.	 Respect for the knowledge and rights of indigenous peoples and members of local communities, 
by taking into account relevant international obligations, national circumstances and laws, and 
noting that the United Nations General Assembly has adopted the United Nations Declaration 
on the Rights of Indigenous Peoples;

4.	 The full and effective participation of relevant stakeholders, in particular indigenous peoples 
and local communities;

5.	 That actions are consistent with the conservation of natural forests and biological diversity, 

45  Decision 1/CP.16 paragraph 72.
46  UNFCCC Decision 1/CP.16, Appendix I, paragraph 2.
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ensuring that the [REDD+] actions are not used for the conversion of natural forests, but 
are instead used to incentivize the protection and conservation of natural forests and their 
ecosystem services, and to enhance other social and environmental benefits;

6.	 Actions to address the risks of reversals;
7.	 Actions to reduce displacement of emissions.

The countries should develop a system for providing information on how the safeguards are 
being addressed and respected throughout the implementation of REDD+ activities, and 
periodic information on how the safeguards are being addressed and respected throughout the 
implementation of REDD+ activities. 

Benefit sharing mechanisms
The success of a REDD+ implementation programme may be associated with the benefits or 
incentives assigned to the implementers. Therefore policies and measures associated with REDD+ 
implementation should identify incentives that encourage specific actions from stakeholders. Such 
policies may be direct such as cash transfers or governance incentives such as improved land tenure 
clarification. The UNFCCC notes that such incentives should support the protection and conservation 
of natural forests and their ecosystem services, and to enhance other social and environmental 
benefits.47

Many environmental laws have designed benefit mechanisms for the communities and indigenous 
people. The reporting of such benefit sharing mechanisms ensures a proper monitoring of the 
REDD+ implementation programme. 

47   1/CP.16; Appendix 1; para 2(e).
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