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Introduction
This report presents forest-cover change maps for the study areas identified for WP 1 in the four
target countries of the REDD-Alert project: Cameroon, Vietnam, Peru and Indonesia. The maps are
accompanied by a short description of the methods and results. When available, other publications
are referred to for details on the methods used to produce these maps.

Cameroon
Location of the study sites
The work in Cameroon focused on the humid forest zone (HFZ) of Cameroon (Fig. 1, Fig. 2), and
has been performed at two levels. Firstly, a regional map of forest cover change for the HFZ was
realized based on coarse resolution data, to identify the broad patterns of change and locate hotspots
of forest change (Fig. 3). Secondly, study areas were selected and analyzed with high-resolution
time series (Fig. 2).

Figure 1. Indicative location of the humid forest zone (HFZ) of Cameroon. The delimitation of the HFZ,
colored in green, is based on the MODIS images.

1

Figure 2. Forest zoning plan in South Cameroon and location of the two study sites. The brown line
delimitates the HFZ, based on the MODIS images. Study area 1, outlined in red, is included in the Centre
and South regions. Study area 2, outlined in blue, is in the East region and includes the city of Bertoua. The
main features of the land zoning plan include protected areas (green), forest management units (sand),
community forests (medium pink), mining extraction areas (purple), council forests (light pink). Source of
data: Interactive Forestry Atlas of Cameroon, Global Forest Watch.
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Regional forest cover change map of the Humid Forest Zone
The map of vegetation change was created using MODIS data at 500m spatial resolution from
2001/2002 and 2008 (Fig. 3). The Normalized Difference Moisture Index (NDMI) was used in
order to detect changes in vegetation cover as this index has proved to be powerful in forest change
detection analyses (Hayes et al. 2008). Given the persistence of cloud cover in the coastal zone of
Central Africa, we combined three independent differences of NDMI derived from three pairs of
images. Thresholds of change (vegetation increase/decrease) were performed uniformly, to make
the detections comparable.
The map shows a sharp separation in terms of vegetation change between the southern and the
northern part of the HFZ. Indeed, few changes are observed in the South, especially in the southeast
quarter which, according to the land zoning plan, is mainly composed of forest concessions (forest
management unit) and protected areas. Forest exploitation in this area consists of selective logging
that has little impact on the signal received by low resolution satellites.
In the Centre and South regions, characterized by a higher population density, vegetation decreased
around the main urban centers like Yaounde, Ebolowa, and scattered along the road network
between Ebolowa and the Dja Reserve.
The north of the HFZ showed some major changes along the transition between evergreen and
semi-deciduous forest at the forest/savannah belt. In the more accessible and densely populated
areas some changes are undoubtedly related to the expansion of agricultural activity driven by an
improvement of the road network, e.g. in the northeast of Yaoundé. Yet, it is difficult to distinguish
real changes from the effects of seasonality on vegetation reflectance, and to identify the impacts of
typical land cover dynamics in that area. Both fires and tree expansion on the savannah land may be
favoured by the expansion of agriculture and would deserve a dedicated analysis.
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Figure 3. Change detection in the HFZ in south Cameroon between 2001/2002 and 2008. Increase in
vegetation cover is shown in green, and decrease in red. Hatches mask areas of the HFZ without data due to
cloud cover. Light grey masks the areas outside the HFZ.
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Study area 1 in South/Central Cameroon
Most of the deforestation and degradation processes at the ‘forest margin’ in Cameroon are driven
by small-holder agricultural activities and selective logging. Conversions (e.g. forest to agriculture)
and modifications (undisturbed forest to degraded forest, extensive fallow based systems to
intensive short fallow rotational systems) are gradual and fine grained, and challenge accurate
detection by remote sensing. Existing regional maps derived from remote sensing (e.g. GLC2000,
GlobCover) aggregate non forest classes into “mosaic” or “rural complex” classes and do not
consider degradation. In Cameroon the agricultural mosaic extend over about 4.3 Mha, and is made
of fields, fallows, agroforests, secondary forests and patches of degraded forest.
In a selected site in the South Region one Aster scene for 2007 and 2004 and the corresponding
subset of a Landsat image of 2001 were analyzed to detect fine grained Land Use Land Cover
changes (Fig. 2 and Fig. 4). The study is part of an ongoing larger effort to map changes along a NS transect of 1.2 Mha.
Change detection was applied to derive changes between 2001-2007 maps. The maps were
classified following a stepwise procedure that aimed at separating forest and natural vegetation
(swamps and waterlogged) areas where no changes had occurred in the time laps considered, from
areas of land cover conversions and modifications that were analyzed in major detail. To do that we
combined an object-oriented classification of forest patches with a pixel based classification of the
areas of change with a 1 ha Minimum Mapping Unit.
Images were classified according to a hierarchical legend that was used to characterize the observed
changes. The general classes were used to identify land cover conversions (Forest/Agriculture, see
F/A changes in Fig. 5a and b), and the more detailed classes were used to identify land cover
modifications within the global classes (Fig. 5c).

Figure 4. Location of the Cameroonian study area 1 in the HFZ. The area includes the western margin of the
Dja Reserve and 2 Production Concessions (FMU). Most of the land is part of the Non Permanent Forest
Domain.
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Figure 5. Map of change 2001-2007 in the study area 1 in Southern Cameroon. The difference between land
cover dynamics observed in the Permanent and in the Non Permanent Forest Domain is striking with the
dominance of forest loss processes (red in a. and b.) over secondary regeneration in fallow systems (light
green in a. and b. and blue in c.).
F = forest; A= Agriculture; O= Others;S=settlement; f= fields; v1= secondary vegetation 1; v2= secondary
vegetation2;v3= secondary vegetation3- developed fallow vegetation/very degraded forest.
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Study area 2 in East Cameroon
The second study site is located around the city of Bertoua (Fig. 2 and 6). According to the coarse
resolution analysis, this area was affected by marked changes in vegetation during the last decade
(Fig. 3). It presents a wide variety of elements composing the forest zoning plan.
The southern part of this site is mainly covered by dense moist forest with large active logging
concessions. Few changes are observed there at coarse resolution. The northern part is characterized
by a more open landscape classified mostly in the Non Permanent Forest Domain. Land cover
changes are more important in this region and are often not related to logging.
In this area, change detection will be performed with a time series including Landsat TM, ETM+,
Aster and DMC images.

Figure 6. Landsat-based infrared colour composite of the study area 2 in East Cameroon.
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Vietnam
Location of the study sites
Several sites are studied in Vietnam (Fig. 7). A first study concentrated on four small sites (villages)
located in two communes in the Northern Mountains, where most of the reforestation occurred
following the forest transition in the early 1990s (Meyfroidt and Lambin 2008a,b) (study areas 1
and 2 in Fig. 7). A second study analyzes a larger area in the Central Highlands (study area 3 in Fig.
7). The Central Highlands hold most of the remaining forests with high biodiversity value in
Vietnam, and is still a deforestation hotspot (Meyfroidt and Lambin 2008a).

Figure 7. Study sites in Vietnam.
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Study sites in the Northern Mountains
The first study analyzed four villages: Hoc and Pa Dong, located in Ta Hoc commune, Mai Son
district, Son La province in Northwest Vietnam (study area 1) and Khang and Na Da, located in
Xuan Lac commune, Cho Don district, Bac Kan province, in Northeast Vietnam (study area 2) (Fig.
8). In these four villages, the forest-cover change detection was realized for four dates: 1973/1975 –
1993 – 1999/2000 – 2007 with time series of Landsat images. Based on fieldwork groundtruthing,
supervised classifications in two classes (natural vegetation and other land) were realized, from
which trajectories of land-cover conversions were derived (Fig. 9).
In three of the four villages (Khang, Na Da, Hoc), the forest transition pattern appears, with a trend
of net deforestation until 1993, and a net reforestation afterwards. In the fourth village, Pa Dong, the
deforestation almost ceased during the last periods but no turnaround occurred. Yet, forest
degradation continued in many areas. Forest cover change was due to a combination of policy,
socio-economic, technological and biophysical factors. The perception of forest degradation played
a role in fostering the land use change that resulted in forest transition. But change in the provision
of ecosystem services had to be perceived, interpreted and evaluated before to feedback on
behaviors of the local smallholders.
More details on the analysis realized for these study sites can be found in Meyfroidt (2010).

b.

a.

Figure 8. Study areas 1 and 2 in Vietnam on Landsat infrared colour composites. a. study area 1, Ta Hoc
commune; b. study area 2, Xuan Lac commune. See Meyfroidt (2010).
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a.

c.

b.

d.

Figure 9. Forest-cover change maps for the study areas 1 and 2 in Vietnam. a. Hoc village; b. Pa Dong
village; c. Khang village ; d. Na Da village. Light and medium green identify areas reforested after the early
1990s. Author: P. Meyfroidt. See Meyfroidt (2010).

10

Study site in the Central Highlands
The study area 3 is located in Dak Nong and Dak Lac provinces, in the Central Highlands, and
corresponds to two contiguous Aster images (Fig. 10). This area has high deforestation rates due to
important immigration since several decades (through state colonization programs in the 1980s and
the spontaneously in the 1990s and 2000s), and the development of industrial crops (coffee, rubber,
pepper).
Time series include Landsat images of 2001 and Aster images of 2010. Groundtruthing fieldwork
was realized by the Research Center for Forest Ecology and Environment (RCFEE) in April 2010 to
collect 71 ground control points (RCFEE, 2010). Forest-cover change maps are under processing by
the RCFEE.

Figure 10. Study area 3 in the Central Highlands in Vietnam. Infrared colour composites of the 2010 Aster
images, with outlines of the district boundaries.
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Peru
The study area is the Aguaytia watershed and Uyacali floodplain near the city of Pucallpa (Fig. 11).
The forest-cover change map was based on visual interpretations of Landsat and Aster images for
three dates: 1990, 1997 and 2007 (Fig. 12). The maps for the first two dates were developed under
the Tropical Ecosystem Environment Observations by Satellite (TREES) project (Achard et al.,
2002; Puig et al., 2000). The map of the most recent date was developed under the REDD-Alert
project. Field validation was carried out in May 2010 using digital photography, GPS receivers and
an online spreadsheet for recording information.
Quantitatively, the three main land-cover change processes that occur are, in that order, conversion
of dense forest to mosaics of shifting cultivation, degradation of dense forest through selective
logging, and intensification of cultivation from shifting cultivation to short rotation fallows. See
also Swallow et al. (2007).

Figure 11. 17,000 km2 study area in the Central Peruvian Amazon. Source: White et al. (2005)
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Figure 12. Forest cover trajectories in Ucayali (Peru) 1990-1997-2007.
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Indonesia
Description of the study site
The study area in Indonesia is Jambi Province, which is located in the central part of Sumatra (Fig.
13). The total area of the province is 53,435.72 km2 and its population density is 51.3 persons/km2.
The province has 7059 km2 of peatland, of which 58% (4067 km2) are still covered by forest. The
area under designated forest zones (kawasan hutan) is composed by 19% of protected area, 27% of
production forest, and 53% of area for other uses.
A focused study of the dynamics of land use change and the analyses of the drivers will take place
in Tanjung Jabung Barat district, which is located in the northwestern part of the province (Fig. 13).
23% of peatland area in the province is located in this district. Several other activities related to the
quantification of carbon stock and GHG emissions are also taking place in other districts (see
further).

Figure 13. Location of the study area in Jambi province and Tanjung Jabung Barat district in Indonesia.
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Land cover maps of 1990-2000-2005
The land cover map was based on automatic classification of time series Landsat imagery with a 30
m spatial resolution. Satellite images were interpreted using “hierarchical object-based
classification” approach. In this approach, image classification begins with a series of image
segmentation process. The purpose of segmentation is to produce image objects, a group of pixel
with homogeneous spectral and spatial characteristics. Following the segmentation processes, image
classification is conducted using hierarchical structure (Fig. 14). The hierarchy is divided into
several levels, where objects are classified into land use/cover types based on spectral signature,
spatial characteristics and neighborhood rules. As one moves from the simplest legend to finer and
more detailed legend, the spectral characteristics become more homogeneous and it becomes harder
to use them to identify classes, and therefore spatial characteristics and neighborhood rules play
increasingly important roles. Auxiliary and contextual spatial data might also be utilized in the finer
levels.

Figure 14. Land cover hierarchical structure of Jambi, Indonesia

Land cover maps of 1990, 2000 and 2005 of Jambi are shown in Fig. 15. The overall accuracy of
2005 land cover map is 84.6%. Accuracy assessment was conducted using 1072 GPS point
collected from various ICRAF activities in the province. For the most recent time series of
2009/2010, land cover classification is still ongoing which is expected to be completed by the end
of 2010.
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Figure 15. Land cover change of Jambi Province Indonesia: 1990 (a), 2000 (b) and 2005 (c)
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Land cover change and trajectories
Jambi land cover maps of 1990, 2000 and 2005 show a clear decline of forest cover in the
landscape. Area of undisturbed forest decreased from 34% (16587 km2) in 1990 to 21% (16901.5
km2) in 2005. Logged-over forest also decreased from 19% (9317 km2) in 1990 to 14% (6575.24
km2) in 2005. The largest forest conversion took place in the 1990-2000 period, with a
deforestation rate of 315.7 km2/y. This rate decreased to 158.6 km2/y in the 2000-2005 period.
The province is currently undergoing a rapid transition toward a much intensified landscape (Fig.
16). One of the dominant land use/cover changes in Jambi is the conversion of land to tree crop
plantation, dominated by monoculture rubber and oil palm plantations. The area covered by rubber
plantations increased from 28% of the total area (13391.5 km2) in 1990 to 32% (15434.68 km2) in
2005. Rapid expansion of rubber plantations took place in the 1990-2000 period, when 63% (1865
km2) of new plantation areas were established through the conversion of forest. Oil palm plantation
also increased sharply from only 3% of the total area (1369.1 km2) in 1990 to more than 11% (5172
km2) in 2005. During the 1990-2000 period, 88% (2297 km2) of the area of new oil palm
plantations were established through the conversion of forest, of which 1485 km2 are located on
peatland.

Figure 16. Land cover trajectories of Jambi Province, Indonesia across different zones
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Sites for ongoing activities
Plot measurements of carbon stock and other greenhouse gases (GHG) in both peatland and mineral
soils are taking place in several parts of the province (Fig. 17).

Figure 17. Locations of plot measurements related to carbon stock and GHG emissions
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