
Key Points 
 • To qualify for future REDD+ financial incentives, both for deforestation and forest degradation reductions, countries need to 

assess historical forest-cover changes and establish forest reference emission levels, i.e. CO2 emissions resulting from changes in 
forest cover. The establishment of a national forest definition is essential to monitor changes in forest areas and a prerequisite to 
develop a consistent system to monitor forest reference emission levels. 

 • The establishment of such a monitoring system requires choices on many variables (e.g. mapping unit, forest thresholds, remote 
sensing techniques). The choices made will have technical, political and economic implications that are difficult to predict and 
that will have impacts on, among others, the type of forests monitored, the methods and data required to provide accurate and 
reliable information, and possibly, the people deriving their livelihoods from forest land. 

 • The minimum mapping unit selected by countries has to be adapted to the spatial resolution of the remote sensing data 
employed, and selected as a balance between the ease of visual interpretation (processing and quality control) and the feasibility 
of the work load. The forest definition has to be adapted to every country and each ecoregion; otherwise, forest maps will not 
reflect the natural conditions and will derive misleading deforestation and degradation area estimates.

 • Current attempts at mapping forest cover and forest-cover changes globally are seen by countries as potential baseline data 
for assessing and monitoring forest-cover changes on their national territory. However, there are important differences in the 
reported forest cover and forest-cover change estimates depending on sources. 

 • The Tanzania case study shows that i) global data sets on forest cover and forest-cover change misrepresent several land-cover classes; 
they need to be carefully assessed for accuracy and integrated with locally relevant data before being used for national statistics or 
baseline forest change scenarios, and ii) the commonly used “30 metres (m)” Landsat data are unsuitable for mapping areas with 
fragmented and degraded forests, as in many areas with forest cover of 20%-90% is difficult to accurately quantify; we suggest that 
5-m resolution data (e.g. from the RapidEye sensor) demonstrates a viable potential for current and future land-cover estimates.

 • Carbon stock estimates for degradation monitoring remain difficult to retrieve directly with optical remote sensing data, while 
field surveys at the national level are very expensive and time consuming. Estimation of carbon stock at national levels could 
be feasible using a combination of high resolution optical satellite and limited field data. For this, satellite data need to be 
affordable for countries and field data collected with remote sensing imagery in mind; this would facilitate the correlation of 
forest biophysical variables and remote sensing parameters. However, more work is needed in developing adequate and reliable 
methods with needs adapted according to the ecoregion. 

 • The reflectance and textural properties of high resolution imagery can be correlated to forest biophysical variables that are 
related to biomass; therefore, biomass prediction models can be developed from remote sensing parameters. Country forest 
biomass maps can be obtained by extrapolating adequate models, which have to be adapted according to the ecoregion.

 • In order to exploit field data for monitoring forest degradation, the field survey has to be specifically designed for linking with satellite 
images. This is needed to avoid geolocation problems and sampling bias. Moreover, the field survey has to include a balanced data 
set from all the ecoregions in the country, as information collected in one vegetation type cannot be exploited in others. 

 • In this Infobrief, we outline the rules and choices to be addressed by participatory countries in REDD+ activities, and show some 
technical problems they can face, and some options they can adopt. 
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Monitoring deforestation and forest 
degradation for REDD+
The activities proposed in 2011 under the Reduced Emissions 
from Deforestation and forest Degradation (REDD+) framework 
brought new requirements for monitoring deforestation and forest 
degradation at national levels (UNFCCC 2011). Deforestation is 
defined as a direct human-induced decrease in tree- crown cover 
below 10%-30% of forest areas with a minimum size of 0.05-1 
hectare (ha) (UNFCCC 2001), and degradation as a loss of carbon 
stock with a decrease in the tree-crown cover not below 10%-

30% (IPCC 2003). Within the ranges provided by these general 
definitions, each country has to specify its own thresholds for 
the minimum size, tree-crown cover and tree height of a “forest”, 
to be used for national accounting of greenhouse gas (GHG) 
emissions (UNFCCC 2007). Moreover, to qualify for future REDD+ 
financial incentives, countries need to assess historical forest-cover 
changes and establish forest reference emission levels (FREL). 
The establishment of a national definition of “forest” is essential 
to monitor changes in forest area and a prerequisite to develop a 
consistent FREL monitoring system.
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one with trees between 2-5 m would be classed as degradation. 
Instead, if the minimum height is set at 5 m, the same change 
would be classed as deforestation. Similarly, a minimum height 
set at 2 m would result in deforestation if trees of 2-5 m were to 
become lower than 2 m, while the same change would be classed 
as “no-change” if the minimum height were set at 5 m. This will 
have important consequences for forest management, as areas 
such as regenerating forest or logged-over forest will fall under 
different legislation depending on the land category. 

In addition to the technical matters that indeed will play a role in setting 
the parameter’s levels, eminently political choices will have to be made. 
In the best-case scenarios, such choices will have to be discussed and 
agreed upon in broad national consultations. For example, let us assume 
that a country with large areas of already degraded forest (e.g. low 
canopy cover and few tall trees) decides to adopt low thresholds in its 
definition of forest. It could decide this for technical reasons: the baseline 
area of forest (on which present emissions and future changes will be 
reported) will be larger than with higher thresholds. But it could make 
the same decision for more political reasons: some degraded areas (for 
instance, those from where rural communities generally derive their 
livelihoods) could be included in the forest class to encourage community 
participation in the REDD+ process and foster community engagement 
in nation-wide environmental processes. Certainly, financial reasons can 
steer these political decisions from one definition to another; for example, 
emission levels could give potential financial credits, if levels are reduced. 

While the number of REDD-related country-led initiatives is increasing, 
a few global attempts at measuring forest cover and change (e.g. in the 
form of global maps) have also been made in recent years. Although 
such efforts are generally too crude for small national-scale definitions 
and measurements, some countries have seen them as an opportunity 
for assessing historical land-cover changes and establishing reference 
emissions levels. However, such maps – and the data and information 
derived from them – must be handled with extreme caution when used 
for REDD+ purposes. To highlight the difficulties that may arise in using 
available maps at face value, and to alert practitioners and policy makers 
to the care needed when devising national policies based on such maps, 
we compared forest areas and forest-area changes for Tanzania from 
three publicly available global maps and datasets.

The Tanzania case study

Monitoring deforestation
Deforestation has been successfully monitored at regional and national 
levels using moderate spatial resolution satellite data, predominantly 
from the 30-m spatial resolution Landsat sensor. The Joint Research 
Centre (JRC) of the European Commission has assessed forest-cover 
change in the tropics over 1990-2000, 2000-2005 and 2005-2010 using 
Landsat images, supporting the FAO Forest Resource Assessment (FRA) 
remote sensing survey (FAO et al. 2009). The sampling units are classified 
at a minimum mapping unit of 5 ha (50,000 square metres or about 12 
acres). While the data are targeted at continental estimates, they can also 
be used for large countries such as Tanzania (about 94.7 million ha), as 
a guide to overall forest area and forest-change trends. More recently, 
the University of Maryland and Google have produced global forest-
change maps — the High-Resolution Global Maps of 21st-century Forest 

For methodological guidance to the countries, the UNFCCC stated that 
REDD+ should be implemented by establishing monitoring systems 
that “use an appropriate combination of remote sensing and ground-
based forest carbon inventory approaches, with a focus on estimating 
forest area changes, forest carbon stocks and anthropogenic forest-
related greenhouse gas emissions by sources and removals by sink” 
(UNFCCC 2009). While monitoring deforestation implies assessing forest 
carbon stock changes from one land-cover class to another (e.g. from 
forest to agriculture), monitoring degradation also implies monitoring 
transitions within the same class (i.e. forest remaining forest, but with 
lower carbon content). Again, countries can define their own methods 
(e.g. remote sensing techniques, field sampling or carbon estimates) 
according to their policy goals, available data and means, and particular 
land cover characteristics and dynamics. 

In the framework proposed by the UNFCCC, forest is an area of land 
with at least 0.05-0.5 ha and a minimum tree-crown cover of 10%-30%, 
with trees that have reached, or could reach, a minimum height of 2-5 
m at maturity in the same location (OECD and IEA 2007). Inside these 
limits, the national forest definition selected by countries will have its 
own technical and political consequences; for instance, the definition 
will affect the forest baseline area and change estimates. However, it 
is not easy for both practitioners and policy makers to determine a 
priori the exact future repercussions of the chosen forest definition; 
these will depend on the proportions of different forest types and 
changes, as well as on the spatial and temporal scales at which they 
take place. At least three major concepts need clarification as they may 
foster better understanding of the potential future impacts of chosen 
definitions: the minimum mapping unit, the minimum canopy cover and 
the minimum tree height.
1. The minimum mapping unit (MMU) is the smallest land unit 

that is mapped. The adopted MMU will affect the most suitable 
type of satellite data to use, and therefore the type and amount 
of work required for monitoring a country. For example, a larger 
MMU facilitates visual interpretation by expert analysts, but also 
means that one land unit will most likely contain mixed land-cover 
types (e.g. forests in different states of degradation). Therefore, 
clear protocols on land-cover legends will be needed to deal with 
such mixed types. In contrast, a smaller MMU implies more work 
involved in quality control because the number of land units to 
check will be larger; however, digital image processing will be more 
reliable by avoiding mixed classes (i.e. improved spectral purity). 

2. The minimum canopy cover is the minimum area of a land 
unit that has to be covered by trees’ canopies to be classified 
as forest. The selected minimum canopy cover will influence 
the classification of the land units (i.e. forest or non-forest) and 
therefore affect estimates of changes occurring in the carbon 
pools. For example, setting the canopy cover threshold at 30% will 
place degraded forests with a canopy cover between 10%-30% 
into the non-forest land use type, and therefore would not be 
included in any reporting system. The opposite will be true with a 
lower threshold (i.e. 10%), allowing those degraded forests to be 
included as forest in the baseline and change estimates.

3. The chosen minimum height of trees would similarly impact 
the land-cover transitions on which carbon pools changes are 
estimated. For example, if the minimum height is set at 2 m, an 
area that shifts from a situation with trees higher than 5 m to 



No. 124
June 2015

3

Cover Change (henceforth Global Forest Maps or GFM) — based on 
a synthesis of the Landsat archive for 2000 to 2012, where each pixel 
cell is given a tree cover percentage (Hansen et al. 2013). Data are also 
provided on a yearly basis for “forest losses”. 

In this case study, we compared the GFMs with data from the JRC 
and with the published FAO FRA country statistics derived from the 
Tanzania Forest Service. We compared both the forest baseline area 
for the year 2000 and the forest-cover change between 2000 and 2010 
for Tanzania. We did not compare among identical classes because 
the datasets have different legends and mapping units (albeit trees 
are defined as higher than 5 m in all three). However, the differences 
in magnitude in reported values are so big that they call for further 
enquiry. Indeed, not only are the baseline forest areas very different, 
but also the JRC and the FAO FRA estimates (FAO 2010) result in annual 
forest losses that are more than double the values reported by the 
GFMs with the 10% canopy cover threshold (i.e. about 400,000 ha/year 
vs. a maximum of 160,000 ha/year) and a stunning 25-fold difference 
with the 75% threshold (Table 1).

For assessing historical land-cover changes and establishing reference 
emissions levels for REDD+ purposes, the wall-to-wall GFMs can be 
seen as the best choice for countries: the FAO FRA country statistics 
are not spatially specific and the JRC sampling scheme is not targeted 
for a specific country. For instance, the Democratic Republic of the 
Congo has recently used the GFMs in official documents prepared 

for the Forest Carbon Partnership Facility Carbon Fund (FCPF 2014). To 
examine the consistency of the GFM, we compared it with very high spatial 
resolution (VHR) images1 for four sites (7x7 km) in the main ecoregions of 
Tanzania. The sample sites are close to Kisarawe (tropical rainforest), Ikwiriri 
(tropical moist deciduous forest), Mtera (tropical dry forest) and Mgongila 
(tropical shrubland) (Figure 1). We chose them because field data were 
available from previous fieldwork carried out by the JRC in 2012, 2013 
and 2014. The field survey comprised of a targeted sampling aimed to 
characterize the main forest types and conditions along with the collection 
of biomass-related variables such as height and diameter at breast height 
(Hojas Gascón and Eva 2014). The VHR data were classified into tree, shrub 
and non-woody classes in land units of 0.5 ha. Tree height was estimated 
from the image texture information calibrated with the field data. The 
classifications were overlaid with the GFMs and the tree percentage for the 
year 2010 was compared by a cross tabulation (Figure 2). 

Results indicate important differences between the two data sets. In the dry 
ecoregions, the GFMs underestimate tree cover. The maximum tree cover 
percentage recorded on the Landsat data used by the GFMs was 30%, 
while in the VHR data, supported by the JRC and NAFORMA field survey, 
tree cover percentages go up to 100%. On the other hand, in the humid 
and semi-humid ecoregions, the GFMs tend to overestimate forest cover 
(especially in the humid ecoregion). Areas classified as shrub (tree height 
lower than 5 m) from fieldwork and through examination of the VHR data 
were classified as tree cover in the GFMs. Also, significant areas where tree-
cover loss had occurred in both regions went undetected in the GFMs.

For example, in the humid forest area of Kisarawe, the GFMs failed to 
detect an area of about 100 ha that was deforested in 2008 (Area A, 
Figure 3). At the same time, shrub cover was classified as 50%-60% of tree 
cover (Area C, Figure 3). 

Conversely, in the dry forest area of Mtera, the GFMs map the full tree 
cover on the hills as only 15%-20% of tree cover (Figure 4). Tree height 
measured on the hills in the field survey was 8-10 m.

These errors of omission and commission arise due to the resolution of the 
Landsat data used to produce the GFMs and to the calibration method 
employed with respect to the seasonality and the diversity of ecoregions 
in Tanzania. For example, images acquired during the dry season over 
dry areas can be misclassified in low tree-cover classes as background 
soil will have a strong influence on the reflectance response; images with 
disturbed forests over the humid domain can be misclassified as high 
tree-cover as they can regenerate freely and appear in pristine conditions; 
also in the dry forest, minimum tree height should be lower (e.g. 3 m) 
as primary forest is shorter than in the humid ecoregion. All in all, results 
corroborate previous assessments of the possible misinterpretations 
present in the GFMs (e.g. Tropek et al. 2014). More importantly, and as also 
recommended by the GFMs’ authors, results indicate that forest maps 
produced with a global aim must be integrated with more locally relevant 
and appropriate data sets (Hansen et al. 2014). This is especially true when 
countries plan to use the resulting information — in the national REDD+ 
debates or elsewhere — to devise strategies that could have serious 
impacts on the livelihoods of their citizens and beyond.

1 From the WorldView-2, Geoeye and IKONOS-2 satellites acquired in the year 
2010.

Table 1. Tanzania’s forest area in the year 2000 and 
forest area loss between 2000 and 2010 

Source and category Forest area in 2000 (km2)

Global Forest Maps

 Tree Cover (>75%) 12,320

 Tree Cover (>40%) 97,028

 Tree Cover (>10%) 646,643

JRC

 Tree Cover (>75%) 210,184

 Tree Cover + Tree Cover  
 Mosaic (>40%)

383,655

FAO FRA 

 Tree Cover (>10%) 374,620

Source and category Forest area loss 2000-10 (km2)

Global Maps

 Tree Cover (>75%) 977

 Tree Cover (>40%) 7853

 Tree Cover (>10%) 15,572

JRC

 Tree Cover (>75%) 25,231

 Tree Cover + Tree Cover 
 Mosaic (>40%) 

37,991

FAO FRA 

 Tree Cover (>10%) 40,340
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Figure 1. Location of the sample sites for the comparison study of the Global Forest Maps with very high spatial resolution 
data in Tanzania 
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Figure 2. The distribution of forest cover percentage in the four study areas as mapped by VHR data (blue) and the Global 
Forest Maps (green)
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Figure 3. WorldView2 image subset (true color composite) of 2010 of The Pugu Hills forest reserve around Kisarawe (left) 
and tree cover percentage from the Global Forest Map for the same area and date (right).

Area A, deforested in 2008, is assessed as over 70% of tree cover. Area B is correctly assigned as over 80% of tree cover (field survey at this point found the average 
tree height to be 20 m). Area C is wrongly classed as 50%-60% of tree cover (field survey measured full canopy of shrubs with an average height of 3.6 m). 

Monitoring degradation
Monitoring degradation was introduced in the RED mechanism (now 
called REDD+) at the Bali COP 13 (UNFCCC 2008) as a response to 
reports in some high-level publications (e.g. Asner 2005). Such research 
showed that large areas of forest, notably in the Amazon, were 
severely degraded mainly due to selective logging. Nevertheless, these 
areas had still been classified as “forest” (logged areas between 1999 
and 2002 were equivalent to 60% to 123% of previously reported 
deforestation area). Therefore, carbon losses in these areas were not 
reflected in the deforestation statistics compiled by national forest 
monitoring programs. Clearly, monitoring of forest degradation is 
more challenging than monitoring deforestation, especially when 
considering regional and national levels. Indeed, the recent Brazilian 
FREL submission does not cover this issue, as it was believed that data 
were lacking to estimate it (Government of Brazil 2014). 

Many national forest monitoring systems rely on the Landsat (30-m) 
resolution sensor; monitoring of degradation can be problematic at 
this resolution. For the Kisarawe site in Tanzania, we examined the 
performance of Landsat and RapidEye (5-m) in mapping fragmented 
forests using a MMU of 0.5 ha. VHR data were employed as a reference 
of the “true” forest area. Results indicate that, in fragmented landscapes, 
Landsat fails to detect forest in areas with the 20%-90% forest-cover 
range (red area, Figure 4 right), and has high variance in areas with 
forest cover higher than 90% (blue area, Figure 5 right), while RapidEye 
data provide a far better estimate (Figure 5, left). This indicates the 
spatial resolution of the Landsat sensor is too crude for monitoring 
forest degradation in the context of REDD+.

The differences in results of forest-cover estimates that arise from 
the selection of different MMU are difficult to predict. They may also 
vary from site to site depending on the proportions of changes and 
the scales at which they take place (Eva et al. 2015). In this test, at an 

MMU of 0.5 ha (approximately the middle of range values proposed 
for REDD+), 30-m spatial resolution satellite data have been shown 
to be too crude for mapping forest cover. We noted that 5-m spatial 
resolution gives considerable improvements, despite a relatively low 
accuracy. The selection of a lower MMU could result in more accurate 
results, but also in too many land units to analyze and validate.

Monitoring forest degradation, however, consists not only of measuring 
forest-cover changes, but also of carbon stock changes. Ideally, these 
have to be measured in the field; with optical satellite data, even of high 
spatial resolution, it is difficult to determine vegetation biomass. New 
techniques and sensors are becoming more available, notably active 
radar and lidar sensors that promise to give direct measurements of 
vegetation biomass. Currently, pilot studies and products are available 
(Saatchi et al. 2011; Baccini et al. 2012). However, they remain at the 
prototype level and exhibit some major inconsistencies both in biomass 
level and spatial distribution (Langner et al. 2014). 

Forest carbon stock estimations
The carbon stored in the aboveground living biomass of trees is 
typically the largest pool and the most directly affected by deforestation 
and degradation in forest areas. In tropical rainforest, the total 
aboveground biomass of a tree can be estimated with high accuracy 
from field inventory data of tree height and basal area (essentially the 
cross section of a tree at a fixed height of 1.3 m) (Henry et al. 2011). 
Belowground carbon stock can be estimated as a proportion (often 
20%) of the aboveground stock (Santantonio et al. 1977).

Field surveys to estimate carbon stocks at the national level are very 
expensive and time consuming due to the amount of data required. 
The use of earth observation data could be more cost effective in 
mapping carbon stocks: forest biophysical variables can correlate with 
remote sensing parameters extracted from VHR (approximately 1 m) 
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data (Hojas Gascón and Eva 2014). However, more work is needed to 
develop adequate and reliable methods based on affordable satellite 
data, as VHR data are relatively expensive and cannot yet be considered 
for a countrywide survey.

For this purpose, the Tanzania case study offers a good testing ground, 
as the Ministry of Natural Resources of Tanzania (MNRT) and UN-REDD, 
technically supported by FAO-Finland (UN-REDD 2012), recently 
carried out the National Forest Monitoring and Assessment program 
(NAFORMA). The NAFORMA field survey resulted in 32,660 plots across 
the country (Tomppo et al. 2010) measured between 2010 and 2013. 
Among others, data on tree biophysical information (e.g. DBH and tree 
height) were collected for biomass calculations (NAFORMA 2010). 

Given the availability of a national field dataset, we investigated the 
possibility of using more widely available 5-m resolution satellite data 
with the in situ measurements, so as to propose a more cost-effective 
method for mapping carbon stocks. We obtained RapidEye data, 
covering 14% of the country or a total of 76 squares of 40x40 kilometer 

(km) equally distributed across the country. Through collaboration with 
the Tanzania Forest Service and the Food and Agriculture Organization 
(FAO), access was granted to the field data corresponding to those 
76 sites (670 plots). We examined the relationship between forest 
variables as measured in the field (basal area [BA] and mean tree 
height); and a set of remote sensing parameters extracted from the 
RapidEye data related to reflectance and texture properties (listed in 
Box 1). We calculated these on the 20-m radius areas of the plot and 
developed a series of prediction models of biomass-related variables. 
These models can then be extrapolated to obtain forest biomass maps.

Preliminary results show that correlations gave better results dividing 
the data by ecoregions, probably due to the differences in the spatial 
distribution of trees and in the structure of canopy layers. Therefore, 
different linear regression models were calculated for each ecoregion. 
The models for the humid ecoregion gave better results (R2=0.73 for 
BA and R2=0.52 for height), followed by the dry forest (R2=0.38 for BA 
and R2=0.44 for height) and the tropical shrub (R2=0.35 for both BA 
and height). The models for the moist deciduous forest gave the worst 

Figure 4. Worldview-2 image subset (true color composite) of 2010 of the study area at Mtera (left) and the corresponding 
Global Forest Map for the same year (right) 
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results (R2=0.20 for BA and R2=0.11 for height). This can be due to the 
fact that plot basal area and mean tree height were calculated using 
general allometric equations grouping all species together, which can 
work worse in more diverse ecoregions. Each model was composed by 
different parameters, but all of them contained a combination of channel 
reflectance information, texture measures (usually both of homogeneity 
and variation) and a vegetation index (for instance, NDVI for the humid, 
SAVI for the dry and EVI for the moist deciduous ecoregion).

Since the national field survey had not been designed with remote 
sensing analysis in mind, the data collected were difficult to use in 
combination with the satellite images. Accurate co-location of the 
field plots with the high spatial resolution imagery was problematic, 
weakening correlations between forest parameters derived from the 
field data (basal area, height) and the remote sensing parameters 
extracted from the images. Other factors such as site heterogeneity, 
seasonality and burned areas add further complications. In general, 
results indicate that estimates of carbon stock at national levels could 
be feasible using a combination of earth observation data and field 
data. However, the national field survey needs to be designed for use 
in combination with satellite images, and more robust models need to 
be developed. 

Nevertheless, our results indicate that, in the humid domain, biomass 
measurements from field survey can be directly linked to remote sensing 
parameters; a different approach may be needed in the other domains, 
as these areas exhibit far higher variances in cover, stand height and 
condition (wet, dry or burnt). A more robust approach for these areas, 
for example, would generate broad land-cover classes from the satellite 
data, and associate biomass levels to them from the relevant field data. 

The way forward
The Tanzania case study indicates that international “best practices” 
and improved support to national parties are needed to ensure that 
consistent, repeatable and transparent methods are used in mapping 
forest areas and monitoring deforestation at national to regional levels. 

Clearly, it is in the interests of each country to assess the different 
options that exist under REDD+ definitions and the implementation 
of a measurement, reporting and verification system. These different 
options and subsequent action plans may have major financial 
implications, determine the work involved and ultimately have 
consequences on forest preservation. 

Yet the lack of consistency in forest area and deforestation estimates coming 
from reputable sources remains a major concern. Such inconsistencies can 
undermine confidence in national emissions reference levels and even lead 
to countries adopting the product that simply gives them the best financial 
rewards under a REDD+ funding system. In the context of REDD+, a critical 
mass of scientists, in conjunction with potential funding agencies, needs 
to insist on setting standards for data sets on forest cover and forest- cover 
change. Such products need to be carefully assessed for accuracy by both 
researchers and governments before exploitation for national statistics or 
baseline forest-change scenarios.

In particular, we believe the following next steps are worth considering:
1. More access to satellite data of high spatial resolution are needed in 

order to use remote sensing techniques for monitoring deforestation 
and forest degradation for REDD+ requirements. In this line, the 
forthcoming Sentinel-2 program from ESA and EU should provide 
10-m spatial resolution satellite data every five days with an open 
data access policy. 

2. Remote sensing methods to monitor deforestation and forest 
degradation need to be adapted to every country and to every 
biome. Special attention has to be paid on the selection of the forest 
definition, as it will have big implications on the results of deforested 
and forest degraded area estimates. 

3. Improved links between national forest services and remote sensing 
scientists are needed to ensure that field data can be employed in 
conjunction with satellite data to monitor deforestation and forest 
degradation for REDD+ in a cost-effective way and with better guidelines.

4. Better support to forest services is required to exploit field data already 
collected and to improve its capacities to process and analyze remote 
sensing data. Given the major effort by some national forest services in 
collecting a national data set on biomass, it is important they capitalize 
on this in a variety of ways.

Acknowledgment
This work is a collaboration between CIFOR and the European Commission’s 
Joint Research Centre. The research was conducted with the financial 
support of the UKAID-funded KnowFOR (Forestry Knowledge) program, 
the CGIAR Research Program on Forests, Trees and Agroforestry (FTA), and 
the ReCaREDD project, Commission’s Directorate-General for International 
Cooperation and Development (DG DEVCO).

References
Asner GP. 2005. Selective logging in the Brazilian Amazon. Science 

310:480–482. doi:10.1126/science.1118051
Baccini A, Goetz SJ, Walker WS, Laporte NT, Sun M, Sulla-Menashe D, Hackler 

J, Beck PSA, Dubayah R, Friedl MA, et al. 2012. Estimated carbon dioxide 
emissions from tropical deforestation improved by carbon-density maps. 
Nature Climate Change 2:182–185. doi:10.1038/nclimate1354

Eva H, Bouyer O, Maurice J, Le Crom M and Hojas Gascón L. 2015. Report 
on assessing the impact of different forest definitions on forest change 
statistics: Case studies in Ivory Coast. JRC Technical Reports. Brussels: 
European Commission.

[FAO] Food and Agriculture Organization. 2010. Global forest resources 
assessment 2010, country report, United Republic of Tanzania. Rome: FAO.

[FAO, JRC, SDSU and UCL] Food and Agriculture Organization, European 
Commission Joint Research Centre, South Dakota State University and 
Université catholique de Louvain. 2009. The 2010 global forest resources 
assessment remote sensing survey: An outline of the objectives, data, 

Box 1. Remote sensing parameters used to calculate 
prediction models of forest biomass-related variables

1. Channel reflectance: Mean and standard deviation of blue, 
green, red, red edge and near infrared channels. 

2. Texture measures after Haralick (1973): Grey level 
co-occurrence, with different formulations (standard 
deviation, correlation, contrast, angular second moment, 
entropy, dissimilarity) and at different angles of analysis (All 
directions, 0, 45, 90 and 135 degrees).

3. Vegetation indices: NDVI = normalized difference vegetation 
index, EVI = enhanced vegetation index, SAVI = soil adjusted 
vegetation index.



No. 20No. 124
June 2015

8

methods and approach. Forest Resources Assessment Working 
Paper 155. Rome: FAO, JRC, SDSU, UCL.

[FCPF] Forest Carbon Partnership Facility Carbon Fund. 2014. 
Emission Reductions Program Idea Note (ERPIN), Democratic 
Republic of the Congo, Maï Ndombe REDD+ ER Program. Date of 
Submission or Revision: 07 March 2014. Washington, D.C.: FCPF. 
http://www.forestcarbonpartnership.org/er-pins-and-early-ideas-
presented

Government of Brazil. 2014. Brazil’s submission of a Forest Reference 
Emission Level (FREL) for reducing emissions from deforestation in 
the Amazonia biome for REDD+ results-based payments under the 
UNFCCC. Brasilia: Government of Brazil. 

Hansen M, Potapov P, Margono B, Stehman S, Turubanova S and 
Tyukavina A. 2014. Response to comment on “High-resolution 
global maps of 21st-century forest cover change.” Science 344:981–
981. doi:10.1126/science.1248817

Hansen M, Potapov P, Moore R, Hancher M, Turubanova S, Tyukavina 
A, Thau D, Stehman SV, Goetz, SJ, Loveland TR, et al. 2013. High-
resolution global maps of 21st-century forest cover change. 
Science 342:850–853. doi:10.1126/science.1244693

Haralick RM, Shanmugam K, Dinstein I, et al. 1973. Textural features 
for image classification. IEEE Transactions on Systems, Man, and 
Cybernetics SMC-3 (6):610–621.

Henry M, Picard N, Trotta C, Manlay RJ, Valentini R, Bernoux M and 
Saint-André L. 2011. Estimating tree biomass of sub-Saharan 
African forests: A review of available allometric equations. Silva 
Fennica 45:477–569.

Hojas Gascón L and Eva H. 2014. Field Guide for Forest Mapping with 
High Resolution Satellite Data. Luxembourg: European Commission, 
Joint Research Centre, Institute for Environment and Sustainability.

[IPCC] Intergovernmental Panel on Climate Change. 2003. 
“Definitions and methodological options to inventory emissions 
from direct human-induced degradation forest and vegetation of 
other vegetation types”. Ninth session of the Conference of the 
Parties (COP 9). Milan: IPCC.

Langner A, Achard F and Grassi G. 2014. Can recent pan-tropical 
biomass maps be used to derive alternative Tier 1 values for 
reporting REDD+ activities under UNFCCC? Environmental Research 
Letters 9(12) 124008. doi:10.1088/1748-9326/9/12/124008

[NAFORMA] National Forest and Monitoring Assessment of Tanzania. 
2010. Field Manual, Biophysical Survey. Dar es Salaam: Ministry of 
Natural Resources and Tourism, Forestry and Beekeeping Division.

[OECD and IEA] Organisation for Economic Co-operation and 
Development and the International Energy Agency. 2007. Financing 
mechanisms to reduce emissions from deforestation: issues in design and 
implementation. Paris: OECD and IEA.

Saatchi SS, Harris NL, Brown S, Lefsky M, Mitchard ET, Salas W, Zutta 
BR, Buermann W, Lewis SL, Hagen S, et al. 2011. Benchmark map 
of forest carbon stocks in tropical regions across three continents. 
Proceedings of the National Academy of Sciences 108:9899–9904.

Santantonio D, Hermann RK and Overton WS. 1977. Root biomass 
studies in forest ecosystems. Pedobiologia 17:1–31.

Tomppo E, Katila M, Peräsaari J, Malimbwi R, Chamuya N, Otieno 
J, Dalsgaard S and Leppänen M. 2010. A Report to the Food and 
Agriculture Organization of the United Nations (FAO) in support 
of Sampling Study for National Forestry Resources Monitoring and 
Assessment (NAFORMA) in Tanzania. Rome-FAO.

Tropek R, Sedláček O, Beck J, Keil P, Musilová Z, Šímová I and Storch D. 
2014. Comment on “High-resolution global maps of 21st-century 
forest cover change.” Science 344:981–981.

[UNFCCC] United Nations Framework Convention on Climate Change. 2011. 
Report of the Conference of the Parties on its sixteenth session, held in 
Cancun from 29 November to 10 December 2010. Bonn: UNFCCC.

[UNFCCC] United Nations Framework Convention on Climate Change. 
2009. Report of the Conference of the Parties on its fifteenth session, held 
in Copenhagen from 7 to 19 December 2009. Bonn: UNFCCC.

[UNFCCC] United Nations Framework Convention on Climate Change. 
2008. Report of the Conference of the Parties on its thirteenth session, held 
in Bali from 3 to 15 December 2007. Bonn: UNFCCC.

[UNFCCC] United Nations Framework Convention on Climate Change. 
2007. Investments and financial flows to address climate change. 
Bonn: UNFCCC.

[UNFCCC] United Nations Framework Convention on Climate Change. 
2001. Report of the Conference of the Parties on its seventh session, held 
at Marrakesh from 29 October to 10 November 2001. Bonn: UNFCCC.

 [UN-REDD] United Nations Collaborative Initiative on Reducing 
Deforestation and Forest Degradation. 2012. Draft action plan for 
implementation of national strategy for REDD+. Geneva: UN-REDD.

cifor.org blog.cifor.org

Center for International Forestry Research (CIFOR)
CIFOR advances human well-being, environmental conservation and equity by conducting research to help shape 
policies and practices that affect forests in developing countries. CIFOR is a member of the CGIAR Consortium. Our 
headquarters are in Bogor, Indonesia, with offices in Asia, Africa and Latin America.

This research was carried out by CIFOR as part of the CGIAR Research Program on Forests, Trees and 
Agroforestry (CRP-FTA). This collaborative program aims to enhance the management and use of 
forests, agroforestry and tree genetic resources across the landscape from forests to farms. CIFOR 
leads CRP-FTA in partnership with Bioversity International, CATIE, CIRAD, the International Center for 
Tropical Agriculture and the World Agroforestry Centre.

Fund

http://www.forestcarbonpartnership.org/er-pins-and-early-ideas-presented
http://www.forestcarbonpartnership.org/er-pins-and-early-ideas-presented

