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Abstract

This study is being carried out in the cross-border area of the tri-national
Dja-Odzala-Minkébé (TRIDOM), subject of a cooperation agreement be-
tween Cameroon, Congo and Gabon in 2005. The purpose of this study is to
analyze the dynamics of changes in land use in the context of cross-border
cooperation. Geographic information systems and remote sensing were used
to produce the various land use maps. For this purpose, the MERIS satellite
images for the periods 1992, 2005 and 2018 were used. The exploration of the
different images and the field visits made it possible to identify the following
six land use classes: dense forests, degraded/deforested forests, savannas,
swamp forests, buildings and bare soils, water surfaces. It emerges that the
TRIDOM landscape is mainly occupied by dense forests which represent
97.02%, 96.72% and 96.52% respectively in 1992, 2005 and 2018. Then, de-
graded/deforested forests and savannas which would correspond to cultiva-
tion areas and fallow land only represent respectively 1.06% and 0.68% of the
landscape in 1992. This proportion in 2005 is respectively 1.22% and 0.77%,
whereas in 2018, it is respectively 1.36% and 0.81% of the massif. The land-
scape of TRIDOM has not experienced any significant land use change dur-
ing the period after the signing of the cooperation agreement. Historical rates
of deforestation are low during the period under study. They are estimated at
0.042% and 0.030% respectively for the period 1992-2005 and the period
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2005-2018. These low rates of deforestation seem to be due to the measures
taken to secure and sustainably manage the massif taken by the three coun-
tries, the low population density in this area and the still difficult level of ac-
cessibility of a large part of the massif.
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1. Introduction

Central Africa is home to the second largest expanse of dense and humid forests
on the planet after the Amazon. Indeed, these forests, covering an area of ap-
proximately 2 million km? (Mayaux et al., 1998 cited by Ernst et al., 2010) cover
most of the Congo Basin, extending from the Gulf of Guinea to the west to the
Albertine rift in the east. These exceptionally rich forests are the subject of many
threats. These threats relate to unsustainable and illegal logging, shifting slash-
and-burn agriculture and intensive agriculture in densely populated areas, ani-
mal poaching, exploration and mining.

To preserve this forest heritage, the political leaders of the countries of Central
Africa are committed to working in a concerted manner within the framework
of sub-regional and cross-border cooperation processes. To this end, several
complexes of cross-border protected areas have been set up. This is the case of
the complex of transboundary protected areas Dja-Odzala-Minkébé commonly
called tri-national Dja-Odzala-Minkébé for short TRIDOM between Cameroon,
Congo and Gabon. TRIDOM covers an area of approximately 191,541 km? (De
Wachter et al., 2008), which corresponds to 10% of the forest area of the Congo
Basin. It is one of the still relatively intact forest areas and one of the last refuges
for large fauna in the Congo Basin. It has nine protected areas and a large inter-
zone comprising forest production areas, sport hunting areas, community hunt-
ing areas, agro-forestry areas and mining areas.

With a view to the concerted and sustainable management of natural resources
in this area, the political authorities of the three countries concluded a coopera-
tion agreement in 2005. The stated objective of this cooperation agreement is to
set up and manage in partnership, the transboundary complex of protected areas
Dja-Odzala-Minkébé and its interzone in order to promote conservation, ra-
tional use of natural resources and sustainable development for the benefit of
local communities in order to contribute to poverty reduction.

The TRIDOM cross-border area faces major challenges linked, among other
things, to the concurrent use of land, which threatens the sustainability of this
forest area. Indeed, several actors with sometimes divergent objectives, interact
in this space either for the exploitation of natural resources or for the conserva-
tion of biodiversity. Such competing uses lead to problems of land use conflicts.

In fact, due to the presence of significant mineral deposits in this area and the
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infrastructure projects under development’, forest areas, particularly sites with a
high concentration of biodiversity or full of significant stocks of forest carbon
are threatened. Unprecedented pressure on forest lands due to changes in land
use could eventually fragment the forest area and have a negative impact on the
survival of wildlife and on the national forest economy?.

Historically, the pressure on the forests of the Congo Basin has been compara-
tively low, but there are signs that this situation is unlikely to continue as pres-
sure on forests and other ecosystems increases (Megevand, 2013). Satellite tracking
data has shown that annual gross deforestation rates have doubled in the Congo
Basin since 1990 (Megevand, 2013). In fact, the annual rate of net deforestation
in the Congo Basin increased between the periods 1990-2000 and 2000-2005,
from 0.09% to 0.17% (Ernst et al., 2010). The causes and drivers of tropical de-
forestation are complex, and the interaction of several direct and underlying
factors has a synergistic effect on deforestation (Megevand, 2013). Indeed, de-
forestation in the Congo Basin is correlated with the density of populations and
the expansion of subsistence activities (subsistence agriculture and harvesting of
firewood) which are done to the detriment of the forest.

Many studies conducted in the TRIDOM landscape are essentially focussed on
biodiversity conservation through the assessment of the wildlife in the protected
areas of the three countries. No study has been yet conducted in the whole land-
scape to understand the importance of the land use change and its consequence
on biodiversity conservation in the area.

The interest of this study is to know if the TRIDOM landscape follows the
same trajectory as the whole of the Congo Basin. By signing the TRIDOM coop-
eration agreement, the countries have agreed to work together to preserve this
forest area. This study aims to assess whether the cooperation agreement has ac-
tually contributed to the reduction of anthropogenic pressures on the forest area,
by analyzing the changes in forest cover in the area before and after the signing of
the agreement. It is based on the assumption that the integrity of TRIDOM is

threatened by land use changes and multiple anthropogenic pressures.

2. Material and Methods
2.1. Study Area

The study area is limited to the protected border areas between Cameroon, Ga-
bon and Congo, especially the identified areas of ecological connectivity of large
fauna. To this end, the study area covers six protected areas and the contiguous
forest areas. It is:

e the Nki and Boumba-Bek national parks, the Dja wildlife reserve, the Ngoyla

wildlife reserve and the Ngoyla-Mintom forest massif in Cameroon;

'"These are the Cholé hydroelectricity dam project at the Congo-Cameroon border, the railway line
project on the south-eastern ridge at the port of Kribi in Cameroon, the transnational road con-
struction project Cameroon-Congo, Cameroon-Gabon and Congo-Gabon.

*The three TRIDOM countries are wood producers and some such as Cameroon and Congo are en-
gaged in the REDD + process.
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e the Odzala-Kokoua national park and its northern interzone (forest conces-
sions, Messok-Dja forest massif, Djoua-Ivindo forest) in Congo;

o the Minkébé national park and its eastern interzone (Djoua-Zadié forest, forest
concessions) in Gabon.

The area of the study is estimated at 114,059 km?, which represents approxi-
mately 60% of the total area of TRIDOM. The Cameroonian part covered by the
study covers an area of approximately 37,963.5 km? and is located in the south-
eastern zone of the country, between the eastern regions (Haut-Nyong and Boumba
and Ngoko departments) and the South (Dja and Lobo department). On the
other hand, the Congolese segment dedicated to the study has an estimated area
of 32,190.9 km? and is located in the northwest of the country straddling the de-
partments of West Cuvette (districts of Mbomo and Etoumbi), Cuvette (districts
of Ntokou and Makoua) and Sangha (districts of Souanké, Sembé, Ngbala, Pik-
ounda and Mokeko). Finally, the Gabonese segment studied covers an area of
approximately 43,904.5 km? and is located in the North-East of Gabon in the
provinces of Woleu-Ntem (Haut-Ntem, Woleu and Okano departments) and
Ogooué-Ivindo (departments of Ivindo and Mvoung).

Geographically, the area is located between longitudes 12°50'E - 15°E and
latitudes 1°N - 3°10'N (Figure 1).
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Figure 1. Location of the study area in TRIDOM.
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The relief of the area consists of a plateau with an altitude between 300 and
1000 m (PFBC, 2006). In several places, notably in the regions of Minkébé in
Gabon and Dja in Cameroon, this plateau is punctuated by iselbergs (PFBC,
2006). Likewise, along the Gabono-Congolese border, the landscape is cut from
north to south by a vertical escarpment 75 km long which represents a total drop
of more than 100 m.

The annual rainfall is between 1600 and 2000 mm (PFBC, 2006). Since the
area is located roughly on the climatological equator, the climate is bimodal with
two seasons of less rainfall, centered on January and July, and two rainy seasons,
centered on October and April-May (PFBC, 2006). The annual average tem-
peratures are between 23°C and 25°C in the area. Relative humidity is always high
(between 70% and 80%) with monthly maxima that can exceed 90% (Ngoufo et
al., 2012).

TRIDOM landscape is entirely in an area of dense humid rain forest. Most of
the landscape is covered with forests (PFBC, 2006). There are dry land forests
and flooded forests. Among the dryland forests, we can recognize dense mixed
semi-deciduous forests rich in Meliaceae, Ulmaceae and Sterculiacea (in par-
ticular Triplochiton scleroxylon) with an abundance of Terminalia superba and
Lophira alata; sparse forests with Marantaceae, forests dominated by Gilbertio-
dendron dewevrei; old secondary forests and young secondary forests in Musanga
(PEBC, 2006). On the other hand, the flooded forests are represented by large
expanses of riparian forests with Uapaca heudelotti, swamp forests with Hallea
sp., Palm groves with Phoenix reclinata (along the Mambili) and raphiales (PFBC,
2006).

The average population density in most of the landscape is of the order of 1 to
2 inhabitants/km?, but it reaches 3 - 4 inhabitants/km? in the region of Djoum
and Somalomo in Cameroon (PFBC, 2006). Large areas, especially in Gabon and

Congo, are totally uninhabited.

2.2. Methodology

2.2.1. Collection of Data

The methodological approach adopted focuses on the use of geographic infor-
mation systems and remote sensing for the production of land use maps. Due to
the strong cloud cover and the unavailability of certain Landsat satellite image
sheets for the periods requested in TRIDOM landscape, the satellite images from
the MERIS sensor for the periods 1992, 2005 and 2018, with a resolution of 300
pixel meters were used. Indeed, the MERIS sensor is made up of five Charge
Coupled Currency (CCD) networks and has a bandwidth of 1150 km. These
images acquired between the periods 1992, 2005 and 2018 made it possible to
draw up the various land use maps using Envi 5.3 and Arcmap 10.8 software.
The dates of acquisition of the images correspond to the period before the sign-
ing of the TRIDOM agreement, the date of signing of the agreement and the pe-
riod after the signing of the said agreement by the three countries. These images

were acquired during the dry season (November to March) to minimize cloud
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cover and take into account seasonality.

2.2.2. Data Analysis

Data analysis consisted of preprocessing the images, detecting changes and cal-
culating the historical rate of deforestation.

e Images preprocessing

Image preprocessing was performed after data acquisition. It was structured
around the following steps: geometric correction of input data to achieve a third
pixel geolocation accuracy, cloud filtering, land/water reclassification and at-
mospheric corrections.

Then the classification of the land use was carried out. This classification aimed
to transform the reflectances of the surface. The performance of this classifica-
tion was based on three stages:

1) a classification algorithm for defining homogeneous land cover objects based
on one (or at most two) multispectral reflectance composite (s);

2) a land cover discrimination algorithm consisting of iterative multidimen-
sional clustering techniques;

3) a labeling procedure based on reference classifications such as regional prod-
ucts from Global Land Cover (GLC 2000), then adapted to MERIS. The valida-
tion was done by field visits. In this context, several sites in the Cameroonian
(Ngoyla-Mintom massif, Dja and Boumba-Bek complex) and Congolese (Od-
zala-Kokoua complex, northern interzone) segments were visited in order to
improve the quality of image processing. The aim is to compare the processed
images with the large landscaped areas of the study area.

e Detection of changes

Change detection analysis involves finding the type, amount and location of
land use changes over time (Yeh et al., 1996). Among the change detection ap-
proaches, post-classification comparison (PCC) was used for this study to iden-
tify changes in land cover.

The change assessment was applied to the classification results of individual
images from the best performing Large Margin Separator (LMS) model to iden-
tify trajectories of change on two respective dates: 1992-2005 and 2005-2018.

The gain and loss were calculated for the three classified images (Pontius Jr. et
al., 2004; Braimoh, 2006). The gain is the amount of a land use class “i” that was
added between time 1 and time 2, while the loss is the amount of land of the use
class “5” which is lost from time 1 to time 2.

e Calculation of the historical rate of deforestation

The annual rate of deforestation results from the ratio of the rate of deforesta-
tion over a period by the number of years between the two pivotal years of the
period (Menon & Bawa, 1997; Ramesh et al., 1997; Narendra Prasad, 1998; WRI,
1995).

As part of this study, the annual deforestation rate was calculated using the
formula proposed by Puyravaud (2002). It is presented by the following rela-

tion:
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¢p=- 1 in fa %100
L-t, A
With:
t dates to year 1 and & dates to year 2;
¢ : Annual deforestation rate over the period between £ and & in [%];
Aj: Forest area in year #; A,: forest area in year &;

Ln: Neperian logarithm.

3. Results
3.1. Types of Land Use by Period (1992, 2005, 2018)

Figures 2-4 below show the different land use maps of the study area for the pe-
riods 1992, 2005 and 2018.
Following Table 1 shows the trends in land use types in 1992, 2005 and 2018.
From this table, it appears that the TRIDOM landscape is mainly occupied by
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Table 1. Land cover areas in the TRIDOM landscape between 1992 and 2018.

Land use 1992 % 2005 % 2018 %

Buildings and bare floors 22,847.38 0.20 31,512.36 0.28 34,392.61 0.30
Degraded/deforested forests 121,262.40  1.06  138,949.13 122  154,84841 1.36
Dense forests 11,065,874.78 97.02 11,032,154.28 96.72 11,008,857.46 96.52
Swamp forests 111,987.75 0.98 111,716.65  0.98 111,522.97  0.98
Savannahs 77,667.03 0.68 87,903.88 0.77 92,511.34 0.81

Water surface 6250.74 0.05 3653.77 0.03 3757.30 0.03
Grand total 11,405,890.07 100 11,405,890.07 100 11,405,890.07 100
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Figure 4. Land use in the TRIDOM area in 2018.

dense forests which represent 97.02%, 96.72% and 96.52% respectively in 1992,
2005 and 2018 of the entire forest massif. Then, degraded/deforested forests and
savannas which would correspond to cultivation areas and fallow land only rep-
resent respectively 1.06% and 0.68% of the landscape in 1992. This proportion in
2005 is respectively 1.22% and 0.77%, whereas in 2018, it is respectively 1.36%
and 0.81% of the massif.

3.2. Land Use Changes from 1992 to 2018

3.2.1. Change in Land Use between 1992 and 2005
The map below shows the land use change hotspot areas (Figure 5).

The types of land use change are summarized in Table 2 below.

From this table, the landscape of TRIDOM has not changed much in the pe-
riod leading up to the signing of the cooperation agreement. In fact, dense for-

ests occupy a very large area and this area remained unchanged between 1992

DOI: 10.4236/0jf.2021.113015

230 Open Journal of Forestry


https://doi.org/10.4236/ojf.2021.113015

M. Tadoum et al.

12°30'E

3°20'N

2°10'N

1°N

Source: Classified images 1992-2005
Environmental Geomatics Laboratory,
Department of Forestry, UDs

N

13°40'E 14°50'E 16°E

3°20'N

Cameroun
Mintom; :
O b Ngoyla

2°10'N

(Cfo]nlg[o)
'

Odzala kokoua -

0 1500 Km
| J

12°30'E

13°40'E 14°50'E 16°E

- Deforestation - Afforestation

° Localities I:I Protected area - Intact dense forests - Buildings and intact bare floors - Intact water surface

|| Intact swamp forests Intact degraded forests [ intact savannas

Figure 5. Hotspot area of land use change between 1992 and 2005.

Table 2. Types of land use changes between 1992 and 2005.

Changes between 1992-2005

Type of changes Area (ha) % Description of changes
Afforestation 63,669.47206 0.56 Conversion of degraded areas into forests
Buildings and intact bare floors 22,344.78293 0.20 No changes
Deforestation/Degradation 168,060.8601 1.48  Deforestation/degradation of forests in plantations, habitation, bare soils and savannas
Intact degraded forests 106,257.0622  0.93 No changes
Intact swamp forests 64,910.21995 0.57 No changes
Intact dense forests 10,898,764.21 95.86 No changes
Intact savannas 39,372.24043 0.35 No changes
Intact water surface 5537.22104  0.05 No changes
Grand total 11,368,916.07 100
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and 2005. They represent 95.86% of the total area of the landscape. It should also
be noted that during the period there was a slight conversion of degraded areas
into forest, or 0.56% of afforestation. On the other hand, deforestation and deg-
radation occupy 1.48% of the total area of the landscape. The rate of deforesta-
tion and degradation is still low in the landscape. However, it is observed that
deforested and degraded areas are much more concentrated around the pro-
tected areas of the three countries, which poses a serious threat to the mainte-
nance of integrity and the preservation of biodiversity in these protected areas.

3.2.2. Change in Land Use between 2005 and 2018
The following map shows the hotspot areas of land cover change during the pe-
riod 2005 and 2018 (Figure 6).

The types of land use change are summarized in Table 3 below.

From the table, it can be seen that the landscape of TRIDOM has not experi-

enced a significant change in land use during the period after the signing of the
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Table 3. Types of land use changes between 2005 and 2018.

Change between 2005-2018

Type of changes Area(ha) % Description of changes
Afforestation 56,855.18168 0.50  Conversion of degraded areas into forests
Buildings and intact bare floors 37,361.12316 0.33 No changes

X . Deforestation/degradation of forests in
Deforestation/Degradation  141,125.5946 1.24 . o .
plantations, habitation, bare soils and savannas

Intact degraded forests 151,011.1009 1.33 No changes
Intact swamp forests 55,937.67698 0.49 No changes
Intact dense forests 10,833,971.6 95.29 No changes
Intact savannas 54,027.07219 0.48 No changes
Intact water surface 38,626.72418 0.34 No changes
Grand total 11,368,916.07 100

cooperation agreement. Dense forests still occupy a significant area of the land-
scape and this area has not changed much compared to the period before the
agreement was signed. They represent 95.29% of the total area of the landscape,
compared to 95.86% in the previous period. The other not insignificant fact is
the continuation of the phenomenon of recolonization of areas degraded by the
forest. This afforestation represents 0.50% of the landscape area. Deforestation
and degradation also continued, but at a rate of 1.24%, slightly lower than in the
period 1992-2005. The rate of deforestation and degradation has therefore re-
mained low in the landscape, but pressure has increased around the Dja Bio-
sphere Reserve and Odzala-Kokoua National Park with the development of

agro-industrial plantations.

3.3. Historical Rate of Deforestation from 1992 to 2018

The following tables show respectively the forest areas lost from 1992 to 2018
and the annual rates of deforestation during this period (Table 4 & Table 5).

Table 4. Forest areas and forest loss.

Area (ha) Lost surfaces

Land use
1992 2005 2018 1992-2005 2005-2018

Dense forests 11,065,874.78 11,032,154.28 11,008,857.46  —-33,720.49  -23,296.82
Swamp forests 111,987.75 111,716.65 111,522.97 -271.10 -193.68

Grand total 11,177,862.52 11,143,870.93 11,120,380.43

Table 5. Annual rate of deforestation between 1992 and 2018.

Types of forests Rate (1992-2005) Rate (2005-2018)
Dense forests 0.023 0.016
Swamp forests 0.019 0.013

Total 0.042 0.030
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During the period 1992-2005, the loss of dense forests is estimated at 33,
720.49 ha and that of swamp forests is 271.10 ha, which represents an annual
deforestation rate of 0.023% and 0.019% respectively. For the period 2005-2018,
the loss of dense forests is estimated at 23,296.82 ha and that of swamp forests is
193.68 ha, i.e. an annual deforestation rate of 0.016% and 0.013% respectively.
The estimated annual global deforestation rate is 0.042% and 0.030% for both

periods.

4. Discussion

The cross-border landscape of TRIDOM is one of the relatively intact forest ar-
eas of the Congo Basin. There are still large areas of dense forests, as illustrated
by the images on land use types from 1992, 2005 and 2018. Indeed, from 1992 to
2018, the proportion of the territory occupied by dense forests has remained
important, despite the threats to which this forest massif is confronted, due to
the presence of natural resources (fauna, wood, minerals, land reserve for agri-
culture, etc.). Dense forests represent 95.86% and 95.29% of the total landscape
area respectively during the periods 1992-2005 and 2005-2018. The forest cover
therefore remained more or less stable during these two periods. However, from
the start of the 1990s, this massif was subject to pressure from local, national and
even foreign actors, notably with the proliferation of artisanal mining sites in the
three countries and subsistence activities such as shifting on burns cultivation
and the harvest of firewood. These subsistence activities, as pointed out by
Megevand (2013), have contributed to deforestation and forest degradation in
the massif.

During the period preceding the signing of the Cooperation Agreement (1992-
2005), a large part of the TRIDOM landscape was not secure in the three coun-
tries. Cameroon has only one protected area (Dja fauna reserve) and a few forest
concessions; Similarly, Congo has only two protected areas (Odzala-Kokoua Na-
tional Park and Lossi gorilla sanctuary). Deforestation and degradation occupies
1.48% of the total landscape area during this period. On the other hand, for the
post-signing period of the cooperation agreement (2005-2018), deforestation
and degradation continued, but at a slightly lower rate (1.24%) than in the pe-
riod 1992-2005. During this phase of post cooperation agreement, many meas-
ures were taken by the three countries to secure their respective massifs. Thus,
new protected areas have been created and classified in Cameroon (Nki national
park, Boumba-Bek national park and Ngoyla wildlife reserve), as well as areas
assigned to forest and wildlife management have been classified (areas of hunt-
ing interests, forestry concessions, communal forests, etc.). Also, Congo has cre-
ated a new protected area (Ntoukou-Pikounda national park) and is committed
to the creation of another protected area at its northern border with Cameroon
(Messok-Dja, border to Nki national park in Cameroon), just as forest conces-
sions have been classified and awarded (Jua-Ikié, Talatala, Karagoua). Finally,

Gabon has classified and allocated new forest concessions in the large forest
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massif of Minkébé. Also, with regard to the legal framework of the three coun-
tries, the forest concessionaires have the obligation to draw up management
plans and to respect exploitation standards to guarantee the rational and sus-
tainable exploitation of the forest resources of their respective concessions. These
management plans are however faced with pitfalls linked to the non-compliance
with the provisions of the said management plans by the forest concessionaires.
At the operational level, over the period 2005-2018, countries strengthened their
surveillance and anti-poaching systems. This is the case of Gabon, which, thanks
to its reinforced surveillance system, succeeded in expelling in 2011 the illegal
traffickers of gold and other resources installed inside the Minkébé National
Park.

Although a comparative evaluation of the dynamics of deforestation in a
similar forest area, but not subject to a cooperation agreement has not been car-
ried out, it is noted that the annual rate of deforestation for the period after the
signing of the cooperation agreement (2005-2018) decreased compared to the
one before the signing of the agreement (1992-2005). It is 0.030% over the pe-
riod 2005-2018, while in 1992-2005, this rate was 0.042%. This reduction seems
to be linked to the above-mentioned measures taken by the governments of the
three countries to secure and sustainably manage their respective forest areas.

The rate of deforestation in the TRIDOM area has remained very low overall
during the period under study. This annual rate of overall deforestation for the
two periods is indeed lower compared to the annual rate of deforestation for the
Congo Basin estimated at 0.09% and 0.17% respectively for the period 1990-2000
and 2000-2005 (Ernst et al., 2010). It is also well below the annual deforestation
rate estimated at 1.064%, by Tanougong (2019) in the inter-communal forest of
Belabo-Doumé and Diang in eastern Cameroon between 2000-2018. The low
deforestation rate in the TRIDOM landscape seems to be linked, in addition to
the sustainable management measures taken by the authorities of the three
countries, to the isolation of the forest massif in the three countries which makes
it difficult to access on the one hand and to the low density of populations in this

area on the other hand.

5. Conclusion

This study shows that there are six land use classes in the TRIDOM transbound-
ary landscape, namely dense forests, degraded and deforested forests, savannas,
swamp forests, buildings and bare soils, water surfaces. Degraded or deforested
forests and savannas most often correspond to cultivated areas and fallow land.
It is noted that the landscape of TRIDOM has not experienced a significant
change in land use during the period after the signing of the cooperation agree-
ment. Dense forests still occupy a significant area of the landscape and this area
has not changed much compared to the period before the signing of the agree-
ment. They represent 95.29% of the total area of the landscape, compared to
95.87% in the period leading up to the signing of the agreement. Deforestation
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rates in the TRIDOM area are generally very low during the period under study.
Indeed, the estimated annual global deforestation rate is 0.042% and 0.030% re-
spectively for the period 1992-2005 (before signing of the agreement) and the
period 2005-2018 (after signing of the agreement). These low rates of deforesta-
tion seem to be due to the measures taken to secure and sustainably manage the
massif taken by the three countries, the low population density in this area and
the still difficult level of accessibility of a large part of the massif.

However, in view of the development demands of these countries, the pres-
sure and threats are likely to increase in the coming years in TRIDOM. To pre-
vent this pressure from leading to massive deforestation, countries must develop
and/or finalize their land use plans in order to permanently secure the TRIDOM
forest estate. Therefore, they must strengthen their monitoring mechanisms for
the implementation of forest concession management plans so that the orienta-
tions of these plans are scrupulously respected by forest concessionaires. Finally,
given the biodiversity conservation objective assigned to the TRIDOM area,
countries must establish additional legal provisions that can guarantee the sus-
tainable management of forest concessions, such as forest certification. Although
certification is a market instrument, it has the advantage of allowing sustainable
management that can guarantee the maintenance of all the functions of the for-

est (economic, social and ecological).
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