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Abstract: Deforestation and land degradation remain two major economic and environmental threats
in Cote d’Ivoire. This study assessed land use and land cover (LULC) change and farmers’ percep-
tions of the drivers and effects of deforestation and land degradation in south-western Cote d'Ivoire.
We used remotely sensed data to determine LULC change trends, and a household survey to col-
lect farmers’ perceptions of deforestation and land degradation. A total of 411 households were
interviewed using a structured questionnaire and the focus group discussions involved 25 farmers.
Landsat image analysis reported a drastic LULC change and a conversion of forestlands into agri-
culture from 1987 to 2015 at a rate of 1.44%/year and 3.44%/year for dense forests and degraded
forests, respectively. The household survey revealed that the major causes of deforestation perceived
by farmers included population growth (79.3%), extensive agriculture (72.9%), migration (54.2%) and
logging (47.7%). Land degradation evolved, from a shortened fallow period (46.7%) and an inappro-
priate application of inputs (31.4%). The perceived major effects linked to deforestation encompassed
land degradation (70.6%), loss of biodiversity (63.8%), global warming (56.9%) and loss of livelihood
assets (54.3%). Therefore, this study recommends participatory landscape planning, reforestation
and capacity building of stakeholders for sustainable intensification of the production systems to
reduce LULC challenges for enhanced productive and protective functions of remaining forests.

Keywords: farmer perception; impacts; deforestation; land degradation; change detection; LULC drivers

1. Introduction

Forests play an important role in the socio-economic wellbeing and livelihoods of
the rural population [1]. Land degradation and deforestation hurt rural people and the
rural economy by exacerbating poverty and food insecurity [2—4]. Estimated at 16 million
hectares in the 1900s, Cote d’Ivoire’s forest cover declined from about 7.9 million hectares in
1990 to 3.4 million hectares in 2015 [5,6]. This rate of deforestation is one of the highest rates
in the world [7] and is mainly due to anthropogenic pressures on forests for agriculture,
timber and fuelwood needs [8,9]. In recent decades, the south-east and south-west regions
were the most exposed to deforestation due to the existence of important pioneer fronts at
the limits of forest massifs [10]. As a result, the south-west region, one of the main cocoa
supply zones in the world, has faced dramatic deforestation in the last three decades [11],
food and nutrition insecurity [12], pests and epidemics, and a loss of biodiversity [7,13,14].
This region has attracted hundreds of thousands of migrants from other parts of the country
and neighbouring countries, resulting in a high population density [15]. This situation
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led to rainforest clearance for the establishment of agricultural plantations, mainly cocoa,
rubber and oil palm [15,16]. Additionally, illegal logging of forest resources has contributed
to deforestation and significant degradation of forests in rural areas as well as in the public
and private domains including national parks, nature reserves and gazetted forests [17].
Furthermore, the shift of Cote d’Ivoire’s cocoa belt from the east to the west in the 1980s
caused by the massive expansion of cocoa plantations [18], coupled with illegal logging [17]
and the dense road network [19], led to the removal of most of the forests and degraded
most of the remaining forestland [11]. This situation caused an unprecedented loss of bio-
diversity and ecosystem services [13,20,21], land degradation [11,22], and pest and disease
outbreaks [23]. Moreover, since the 1970s, a change in rainfall patterns has been observed
in the region, a sign of climate change and human action on the environment [24-26].

Several underlining causes of deforestation were identified, including agricultural
expansion, population growth, illegal logging, wildfires and mining [27-29]. These studies
showed variation among the causes of deforestation and land degradation. However, the
dynamics of these drivers, their link to regional- and national-level socio-economic context
and farmers responses in developing adopTable Solutions are poorly understood.

The growing demand for the sustainable management of vulnerable landscapes has
called for the development of strategies to address key landscape-related issues such as
climate change mitigation, biodiversity conservation, deforestation reduction and improve-
ment of living conditions in rural areas. In the region, the land use and land cover (LULC)
is constantly changing, resulting in a fragmented ecosystem. The main drivers of these
changes include complex socio-economic and environmental factors combined. Among
these causes, demographic pressure and population dynamics, the importance of cash
crops, unrealistic rainfall trends, markets and the local economy could be the most im-
portant causes [30-32]. To reduce pressure on remnant forests, it is therefore important to
balance the needs of agricultural production with the protection of the environment.

In this Upper Guinea forest landscape, the Tai National Park (TNP), a World Heritage
Site and Biosphere Reserve, remains the main natural and undisturbed rainforest [11,20].
Agricultural land expansion coupled with the recent political crisis in the country has
increased pressure on the wider region of TNP and threatened the environmental sustain-
ability of the landscape.

Despite the massive deforestation, conservation incentives have mainly focused on
protected areas (National Parks, Gazetted Forests, etc.) and local populations are not
always involved in their protection and their perceptions considered.

With the ongoing rapid changes of the LULC in the region, climate projections showing
perpetual deterioration and regarding requirements of developing sustainable landscape
management strategies, it is important to understand the perceptions of local people on
experienced changes in their environment, its effects on their livelihoods and strategies to
be adopted.

This article seeks to characterize the current trend in LULC change in the south-west
region, farmer perceptions on the drivers and effects of deforestation and land degradation
and proposes recommendations for the sustainable management of the remaining forests
and advise stakeholders on appropriate decision-making. To achieve this, the trends and
drivers of LULC were mapped out and local farmers’ perception were compared to the
outputs of remote sensing data analysis. The assumptions tested are threefold: firstly, it is
stipulated that forestlands are converted into agricultural lands with a high deforestation
estimate, while secondly, it is asserted that farmers” perceptions of deforestation and LULC
trends rely on the socioeconomic characteristic of the households; thirdly, it is envisaged
that farmers have a reliable perception vis-a-vis to the trends of each LULC type.

The specific questions addressed in this study included:

- How and why is LULC changing in the wider Tai region? What are the trends of each

LULC type?

- What are the drivers of LULC change? Which ones are the most relevant direct and
indirect driving forces of deforestation and land degradation?
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- How reliable is the perception of local farmers?

Common methods for the identification of driving forces of LULC change in the
forest ecosystems are remote sensing, statistical analysis, interviews of local actors or a
combination of the above-mentioned methods [33].

The current study employed a combination of methodological approaches, which
allows the analysis of trends and drivers of LULC change and provides details on the
reliability of local farmer perception by comparing the findings.

2. Materials and Methods
2.1. Study Area

The study was conducted in the peripheral zone of the TNP so-called Espace Tai. It is
composed of the TNP (a biodiversity conservation area and largest protected rainforest in
West Africa) and its surrounding subdistricts (Figure 1). This area is located between 4°50/
and 6°42' north latitude and between 6°30" and 7°56’ west longitude, comprised between
the Cavally and Sassandra rivers, with an altitude ranging between less than 100 m above
sea level (m a.s.l.) in the south and more than 250 m a.s.l. in the north.
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Figure 1. Map of the study area showing surveyed localities in south-western Céte d’Ivoire.

Administratively, the Espace Tai stretches over 11 sub-districts of three regions (Nawa,
Cavally and San-Pedro). This region, covering about 17,334 km? in south-western Cote d'Ivoire,
is home to 842,640 inhabitants regrouped in 150,583 households according to the 2014 General
Census of Population and Housing [34].

The region is dominated by a subequatorial climate, characterized by the existence of
two rainy seasons alternating with two dry seasons. The heaviest rainfall is in June, during
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the long rainy season, and the mean annual rainfall is 1700 mm but varies from 1500 mm in
the north-east to 2200 mm in the south-west of the park [35]. The landscape is covered by a
rainforest ecosystem in the TNP and many cropping systems dominated by cocoa farms
within the four forest reserves and the rural zone [20].

The region is drained by numerous permanent watercourses which are divided be-
tween two large watersheds (Sassandra and Cavally) and two basins of small coastal rivers
(San Pedro and Nero) [36]. Moreover, it is covered by highly desaturated ferralitics soils
highly prone to leaching and several inland valleys located in watershed downslopes,
which are generally fertile and suitable for food crops (cassava, rainfed rice, banana, etc.)
and cash crops (cocoa, coffee, oil palm and rubber) [37-39].

Agriculture dominates the economy and contributes mainly (more than 75%) to
employment with the majority involved in cocoa production as the major source of income.
The wider TNP area belongs to the ombrophile sector [40], which was once originally
covered by tropical forest but has been severely degraded and reduced by agriculture
and logging [11,41]. Farmers practice extensive full-sun mono-cropping of cocoa, which
has degraded the environment over time [16]. Presently, the TNP, a World Heritage Site,
remains the main natural and undisturbed forest in the area [11,20]. The flora of this region
has a special character, due to the existence of endemism, which is mainly located at the
specific level, except for some genera such as Triphyophyllum, for example. In the northern
part of the TNDP, primary dense forests are of Eremospatha macrocarpa and Diospyros mannii
types [42].

This region is home to around 145 species of mammals, representing 93% of the
mammal species in the Upper Guinean forest zone [35,42,43].

2.2. LULC Analysis

LULC diachronic change was assessed using historical and current high-resolution and
cloud-free satellite images. Orthorectified Collection 1 Level-1 Landsat Thematic Mapper
(TM) and Operational Land Imager/Thermal Infrared Sensor (OLI/TIRS) images with a
30 m spatial resolution of two periods (1987 and 2015), acquired from the USGS Landsat
archive via Earth Explorer (http://earthexplorer.usgs.gov, accessed on 9 April 2021) with a
less than 10% cloud filtering, were used in this study (Table S1).

Field data collection was carried out between January 2014 and December 2015 aiming
to gather representative datasets in different land-use types and using a stratified and hier-
archical sampling framework based on the sentinel sites of 10 x 10 km each [44]. In total,
we visited 305 out of 480 plots generated purposively in three sentinel sites centred in the
localities Behebo V15 (near Nizahon), Bohie (near the Compagnie Heveicole du Cavally—CHC
headquarters) and Petit Bondoukou (near Oupoyo). Additionally, we marked 121 addi-
tional points selected in dominant land-uses during tracking plots. At each sampling plot,
the vegetation structure/strata, land-use type and history were recorded and supplemented
with a photo. All the 426 land-use points were converted into polygons by digitization
on Landsat OLI false-color composite using bands near-infrared (B5), shortwave infrared
(B6) and visible red (B4) in the corresponding red, green and blue (RGB) color channels
or RGB(5,6,4). An additional 102 polygons were digitized through on-screen scanning of
visually distinct areas such as waterbodies, rainforests and settlements from Bing Aerial
and false-colour composite on QGIS. We digitalized polygons for 1987 (Landsat TM) based
on LULC categories identified through the false-colour composite images RGB(4,5,3).

The similarity in spectral signatures of major cash crops within Landsat images did
not allow us to disaggregate data on the areas occupied by these main cash crops, except
rubber plantations. The identified independent LULC classes through colour composite
and signature check and their description are presented in Table 1.
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Table 1. LULC definitions used in this study.

LULC Code LULC Type Definitions/Description
1 Dense forests All naturally growing lands in which the trees crowd together to form a thick and
permanently leafy canopy throughout the year and with a density exceeding 60%.
Forestland with crown cover between 15 and 60%. Their low crown-cover canopy is a
2 Degraded forests sign of degradation resulting from planned or unplanned logging, mining and
agricultural activities.
3 Rubber plantations All cultivated pure rubber areas in the landscape comprised of both young and
mature rubber.
4 o Includes all other tree-crop plantations of different tree densities and age categories in the
ther cash crops land inl i d oil palm. This cl 1 tai dland
andscape, mainly cocoa, coffee and oil palm. This class also contains sparse woodlands.
Land primarily used for the production of food, mainly annual or biannual crops and
5 Food crops—fallows juvenile cash crop plantations. It also includes natural vegetation areas that oscillate
between production and fallow periods in a food production cycle. The latter are
predominantly grass, bush and shrubs.
6 Waterbodies All forms of exposed water surfaces including rivers, lakes, streams, rivers, ponds, etc.
Non-vegetated parts of the landscape including areas with high and low intensities of
7 Settlements infrastructural development and exposed soil surfaces with little or no capacity to
support plant life. This class includes roads (tarred and untarred), towns, wastelands,
mined-out areas, rock outcrops, etc.
8 Wetlands Areas where the land surface is moist for most of the year (swampy land). This class also

includes heterogeneous mixtures of vegetation, grasses, rainfed rice land, etc.

Source: [45].

Due to persistent cloud cover in the southern part of the region, the study area was
subset into two equal parts at the parallel 5°36’ N. Only the north half of the Espace Tai,
covering 10,800 km?, was assessed in this research.

2.3. Farmer’s Perceptions

This research focused on the perception of deforestation and land degradation by
agricultural households over time, used focus group discussions (FGDs) and household
interviews.

2.3.1. Interviews

’

Household interviews were conducted in June 2015 and aimed to assess farmers
perception of deforestation and land degradation in the landscape. A total of 411 women
and men were randomly selected through the use of structured interviews. The sample
size was calculated at the 95% confidence interval and a +5% level of precision [46].

Towns or villages involved in the study were sampled along defined transects in
15 census districts. A census district is a geographic area containing at least 1200 households.
Around the TNP, we selected three sites for the household survey. Five census districts
were thus selected in the east of the park, from Angagui to Zheogui, five in the north-west
region of the park from Zro to Kéibly and five in the south-west of the TNP ranging
from Djouroutou to Neka (Figure 1). About 30 agricultural households were sampled in
each district.

The household survey questionnaire was designed after a literature review about
farmer perceptions of deforestation and land degradation and its impacts on agriculture
sustainability. The questionnaire adopted was composed of closed format questions with
single or multiple choices. The interviews targeted key issues such as drivers, impacts,
consequences, control and mitigation strategies of deforestation and land degradation.

2.3.2. Focus Group Discussions and Key-Informant Interviews

Focus group discussions (FGDs) and key-informant interviews were carried out to
triangulate the obtained information from the household interviews and gain an in-depth
and detailed understanding of local farmer’s perceptions on occurred LULC changes in
the studied landscape and their associated underlying drivers. A total of 15 FGDs were
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carried out in 15 districts where household interviews were conducted in the same period.
Each FGD consisted of 25 farmers including about 15 heads of households at the end of the
survey. We used a purposive sampling method based on theoretical saturation to identify
attendees for the FGD based on their knowledge of the study area. Key data collected
are on people’s perceptions of deforestation, land degradation and perceived impacts on
their livelihoods, households” and community response strategies and possible livelihood
support options.

In this study, key-informant interviews were held in Soubré with active technical
stakeholders around the TNP who were familiar with the sustainability issues in the
study area. These key-informants included eight officers from the local office of the
following institutions and organizations: the National Rural Development Support Agency
(ANADER), the Forest Development Corporation (SODEFOR), the Ivorian Parks and
Reserves Office (OIPR), the Ministry of Agriculture (four departmental officers), and the
Ministry of Water and Forests. The discussions allowed to assess their perceptions of forest
degradation and the challenges faced by people and institutions as a result of deforestation
in the area. Two of the authors conducted key-informant interviews—Dr. Amos Gyau, an
agricultural economist, and Dr. Jean-Luc Kouassi, an agroforestry and GIS specialist.

2.4. Data Analysis

The study employed a combination of approaches and techniques, including GIS-
based processing, descriptive statistics and regression analysis for data analysis.

Firstly, LULC analysis was carried out using QGIS and R software (Figure 2). We
preprocessed downloaded Landsat images using radiometric correction and harmonization,
as well as haze reduction and histogram equalization to reduce atmospheric interference
and to improve the quality of images. Furthermore, we used image mosaicking, which
consisted of joining the identical bands of the three scenes together in a unique image and
extracted the area of the images covered by the study. We selected the Random Forest
(RF) algorithm, combining decision tree algorithms and aggregation techniques, for image
classification through the R package RandomForest [47]. The accuracy of the classified
images was assessed using ground data and confusion matrix [48]. Additionally, we
performed post-classification filtering and change detection to analyse changes between
two classified images [49-51]. The annual rate of change of each LULC class was computed
for all land types using the widely adopted formula proposed by Puyravaud [52].

Secondly, basic descriptive statistics, such as mean, frequency and percentage, were
used to provide insights into farmers’ perceptions of deforestation and land degradation
collected from individual interviews. The significance of differences between responses
on drivers of LULC changes in the different zones was assessed using the Pearson chi-
squared test at a 95% confidence interval. We used logistic regressions to identify the key
factors affecting deforestation/forest degradation experiences and good perceptions of
LULC changes (deforestation and expansion of agricultural lands). We compared farmers’
perceptions of LULC change trends with trends found in remotely sensed data analysis.
Positive values of the annual rate of change indicated an upward trend while negative value
showed a downward trend. We coded “True” when local perceptions were similar to the
GIS-based trend and “False” when a difference between the perceptions and satellite data
trend was observed. Independent variables included socioeconomic characteristics, such as
the status of the respondent, gender of the respondent and the household head, age of the
respondent, origin, household size, residence length, education, income from agricultural,
non-agricultural and forest products, number of cultivated crops (food and crops) and
cocoa farm holding. We included all these variables in a backward stepwise regression
and the best model was estimated for minimizing the Akaike information criterion (AIC)
and maximizing the likelihood ratio test (LRT). This binary logistic regression showed
the probability of the effects of the independent variables (predictors) on the dependent
variables (Lesschen et al., 2005) [53]:
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logit(Y) = a4 B1 Xy + BoXo + ... + BuXy (1)
where
e  Yis the dependent variable indicating the likelihood that Y = 1;
e« is the constant term (intercept);
e  f1... Bn are the coefficients of associated independent variables;
e Xj ... X, aretheindependent variables.
Field reference Google Landsat Data (1987/2015)
Data Earth L
i l Image pre-processing (radiometric

correction, mosaicking)

Discrimination of land use and

land cover and digitalization

— False-colour composite

l

Validation
data (30%)

Supervised classification -

Training RandomForest
sample (70%)

Accuracy assessment (error matrix,

confidence intervals)

l

Post-classification and change
detection analysis

|| R/Rstudio

QGIS l

Land cover map

Figure 2. The LULC mapping process.

We computed the average marginal effects (AME) [54], the pseudo R-squared value
(Nagelkerke) and Likelihood ratio test (Lesschen et al., 2005) in addition to model fit statistics.

These analyses were carried out using the package questionnaire [55], margins [54]
and stats of R software [56].

Data collected through FGDs and key informant interviews were coded, meaningful
descriptions were identified and a causal loop diagram was developed from insights of
these discussions. The latter, representing a thematic map of analysis, was created to
determine the relationships between perceived drivers, impacts, consequences, control and
mitigation strategies of deforestation and land degradation using VENSIM PLE.

3. Results
3.1. Trends of LULC Change
3.1.1. Classification Accuracy Assessment
The results of the accuracy assessment based on errors to estimate the quality of

the classified images produced using the RF model are shown in the confusion matrix in
Table 2. The accuracy assessment showed an overall accuracy of 97.34% and 94.53% with a
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kappa coefficient of 0.95 and 0.92, respectively, for 1987 and 2015. The out-of-bag (OOB)
error was estimated at 2.5% in 1987 and 2.63% in 2015. The results showed confusions
between dense forests, degraded forests, other cash crops and food crops—fallows.

Table 2. Confusion matrix based on pixels of the LULC of 1987 and 2015 of south-western
Cote d’Ivoire.

LULC Type Year 1 2 3 4 5 6 7 8 Class Error
1987 66432 353 0 30 b2 3 0 0 0.0062
1 Dense forests 2015 40593 16 7 123 35 0 0 0 0.0044
2 Degraded forests 1987 672 2360 1 940 0 0 0 0 0.4060
2015 26 833 3 72 2 0 0 0 0.1100
3 Rubber plantations 987 0 4 946 2 0 0 5 0 0.0512
2015 5 1 2191 68 18 0 0 0 0.0403
4 Other cash crops 1987 44 872 20 11347 224 0 9 0 0.0934
2015 151 71 54 458 354 0 1 26 0.1267
5 Food crops_fallows 1987 3% 1 0 273 2552 0 84 1 0.1334
2015 40 10 8 269 6129 0 47 56 0.0656
. 1987 49 1 0 0 0 58174 0 3 0.0009
6 Waterbodies 2015 1 0 0 0 0 18855 0 0 0.0001
1987 0 0 5 10 112 0 4314 1 0.0288
7 Settlements 2015 0 0 0 1 51 0 1139 25 0.0067
1987 0 0 0 0 9 5 3 2 0.2881
8 Wetlands 2015 11 0 12 55 105 0 34 988 0.1801

1987—Overall accuracy = 97.37% Kappa coefficient = 0.95 OOB error = 2.50%

2015—Overall accuracy = 94.53% Kappa coefficient = 0.92 OOB error = 2.63%
Note: grey cells on the diagonal represent the percentage of correctly classified pixels, while off-diagonal elements
are the percentage of incorrectly classified pixels.

3.1.2. LULC Change Analysis

The supervised classification using the RF algorithm produced LULC maps covering
1987 and 2015 (Figure 3). These maps showed that during the 28-year period, forest cover
decreased drastically, except the TNP, while agricultural land increased. The maps also re-
vealed permanent forest loss in the Goin-Debe forest reserve due to agricultural expansion.

The coverage areas of each of the eight classes identified in the Upper Espace Tai
Region and LULC change trends from 1987 to 2015 are presented in Table 3. In 1987,
dense forests were the most dominant LULC in the landscape, covering 58.15% of the
total studied area, followed by other cash crops (19.35%), food crops/fallows (10.55%),
degraded forests (6.64%), waterbodies (4.81%), rubber plantations (0.24%), settlements
(0.24%), and wetlands (0.02%). The same trend was observed in 2015 with a substantial
decrease in dense forestlands (38.88%) and an increase in agricultural lands (food crops,
other cash crops and wetlands). During the studied period, dense forests, degraded forests
and waterbodies harshly declined in the landscape with the highest net loss found in dense
forestlands (2071.56 km?) with an annual rate of 1.44% per year, followed by degraded
forestlands (432.94 km?) at a rate of 3.33% per year. Conversely, rubber plantations, other
cash crops, food crops/fallows, wetlands and settlements substantially expanded in the
same period. The highest net gain was in food crops/fallows (1793.95 km?) with an annual
rate of 3.39% per year, followed by other cash crops (338.76 km?) at an annual rate of 0.59%
per year. Rubber plantations, settlements and wetlands experienced the strongest gains at
an annual rate of 6.98%, 7.06% and 13.16% per year, respectively.
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Table 3. LULC change trends in the Upper Espace Tai Region over the period 1987-2015 in south-
western Cote d’Ivoire.

1987 2015 Net Change

Annual
LULC Type
P Area (km?) % Area (km?) % km? km?/year Rate (%)
Dense forests 6252.14 58.15 4180.58 38.88 —2071.56 —73.98 —1.44
Degraded forests 713.59 6.64 280.65 2.61 —432.94 —15.46 —-3.33
Rubber plantations 26.22 0.24 185.21 1.72 158.99 5.68 6.98
Other cash crops 2080.37 19.35 2419.13 22.50 338.76 12.10 0.54
Food crops—fallows 1134.36 10.55 2928.31 27.24 1793.95 64.07 3.39
Waterbodies 517.15 4.81 495.06 4.60 —22.09 —0.79 —0.16
Settlements 25.39 0.24 183.11 1.70 157.71 5.63 7.06
Wetlands 1.99 0.02 79.18 0.74 77.19 2.76 13.16

In the different forest management zones found in the landscape, LULC trends differed
according to their management type (Table S2).

In gazetted forests, results revealed that dense forestlands declined from 93.79% in 1987
to 37.85% in 2015 at an annual rate of 3.24% per year and a net loss of 31.09 km?/year. The
other LULC experienced substantial gains in the studied period. Wetlands (13.25%/year),
settlements (8.87%/year), rubber plantations (8.81%/year), other cash crops (8.57%/year),
food crops (8.17%/year) and degraded forests (8.09%/year) registered strong gains between
1987 and 2015. In the rural area, the results showed that the area occupied by dense
forests decreased from 23.34% to 1.6%, representing a net loss of 1201.65 km?, followed by
degraded forests, which lost 612.26 km? between 1987 and 2015. Dense forests, degraded
forests and waterbodies decreased at an annual rate of 9.57%, 8.71% and 0.14% per year.
On the other hand, wetlands experienced strong gains at an annual rate of 13.14% per
year, followed by settlements, rubber plantations, food crops/fallows and other cash
crops, increasing at a corresponding rate of change of 7.14%, 6.88%, 3% and 0.11% per
year, respectively.

3.1.3. LULC Change Matrix

The LULC changes from one class to another in comparison with the total area of
each LULC class from 1987 to 2015 were assessed using a crosstabulation change matrix.
This matrix showed the magnitude of LULC changes taking place within the landscape in
different LULC types (Table 4). In the studied area, all LULC types experienced changes
and the intensity of change differed according to their type. During the 28-year period,
91.06% of waterbodies did not experience any change, followed by rubber plantations
(84.91%), settlements (77.33%), dense forests (65.98%), food crops—fallows (47.17%), other
cash crops (39.23%), degraded forests (2.9%) and wetlands (0.63%).

Table 4. LULC change matrix from 1987 to 2015 in south-western Céte d’Ivoire.

LULC Type Area (lan’)

1 2 3 4 5 6 7 8 Total (1987)
TR NN N R N T
S LI T T Y A G
3 Rubber plantations (881) 0.2 (0.77) éigz) (132.?628) (?(%Z) 0(0) (8;;1) (88;) 26.22 (100)
onenes 55 po on iy R e @3 B ou
5 Food crops—fallows (3:32) 9079 17 (15) (Zgi“;) (5113)75.i172) (33) (541 ‘5765; (é’gg) 1134.36 (100)
et 0B Qa0 am pmmy AR s
7 Settlements 019 00y "0 Gz e o) @8 016 25.35 (100)
8 Wetlands 26 0@ 05 (54 @) el 0088 06 155 (100)
amy e me MR S Wk SRR

Note: grey cells on the diagonal
while off-diagonal cells are the

represent unchanged LULC areas and from 1987 to 2015 and their corresponding percentages in parenthesis,
areas changed from one class to another.
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Dense forests and degraded forests were mainly converted into agricultural lands
(other cash crops and food crop—fallow areas). The majority of other cash crops was
converted to food crop—fallow areas (1067.98 km?). Conversely, the majority of food
crops—fallows transitioned to other cash crops areas (504.4 km?). A small proportion of
rubber plantations (12.68%) were converted to other cash crops areas. The marginal areas
of waterbodies (34.58 km?) have become food crop—fallow areas. Moreover, 16.05% of
settlements transitioned to food crop—fallow areas. Urbanization consumed agricultural
lands (wetlands, food crops—fallows and other cash crops). Almost 64.12% of wetlands
have been transformed into food crops—fallows in the landscape.

3.2. Farmers’ Perceptions
3.2.1. Socioeconomic and Demographic Characteristics of Sampled Households

The socioeconomic and demographic attributes of the sampled households are pre-
sented in Table 5. Most respondents (82.2%) were men between the ages of 17 and 81 with
an average of 43.5 years. These respondents were either the head of the household (74.21%)
or relatives of the head of household (24.58%). In this population, half of the heads of
households were over 41 years old and only 5% of them were under 20 years old. The
average age of the wives of heads of households was 33 years. About 86.86% of heads of
households were married and only 9% of those interviewed were single. Regarding their
education status, 75% of the respondents were literate (having been in school for at least
five years) with an average of 2.55 years expended at school and 25% had never attended
school. A large share (75%) of their wives had spent less than five years in the formal
education system.

Table 5. Sampled household characteristics in the studied landscape (N = 411) in south-western
Cote d'Ivoire.

Household Attribute Value
Mean household age (years) 43.5
Gender (male, %) 82.2
Head of the family (male, %) 74.21
Marital status (married, %) 86.86
Education status (literate, %) 75
Education length (duration, year) 2.55
Migration status (foreign migrant, %) 50.12
Duration of residence (years) 22.06
Occupation (farmer, %) 100
Cocoa-farming (%) 75.18
Mean household size (no.) 7.92
Mean female size in the household (no.) 3.89
Mean income (>500k XOF 2 /year, %) 56.93
Sources of income (farming, %) 90
Mean cocoa farm size (hectares) 5.19

2 West African CFA Franc having a fixed parity with Euro; 1 Euro = 655,957 XOF.

The results also indicated that the household size ranged from one person to 16 people,
with an average of 7.92 persons with a 50:50 ratio between men and women. All the
sampled households (100%) were engaged in farming activities and agricultural activities
remained the main source of income for the households interviewed. It is also worth
noting that a larger proportion (90%) of households depended mainly on agriculture. The
majority (75.18%) of the respondents grew cocoa and their cocoa farm size varied from
0.5 to 71 hectares, with an average of 5.19 hectares.

3.2.2. Migration in the Region

The analysis of data revealed that more than half (50.12%) of the households in the
study were non-native migrants. Native people from surveyed localities represented 8.27%
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of the sampled population. The Ivorians from other regions occupied 41.61% of the sample.
The internal migration was strongly dominated by Baoulé (52.63%).

The respondents settled in the landscape for about 22 years. This value was 25 years
for the Ivorian non-native migrants. These trends clearly showed that non-native popu-
lations settled long before the socio-political crisis in Céte d’Ivoire. These migrants were
engaged in various activities, which impacted the land cover, as revealed the analysis of
the questionnaire and focus group discussions.

3.2.3. Perception of Forest

In a participatory rural appraisal, households defined the forest as “a set of trees” or
“a place where large trees can be found in large numbers”. The study showed that the
types of forests found in the areas were composed of primary forests (23.84%), secondary
forests (59.37%), gazetted forests (51.82%) and open forests (45.99%). The other types of
forest identified by households were sacred forests, village forests and fallows. Firewood
(91%) and lumber (69.1%) were the main wood products from the forests of these different
study locations. Populations use firewood as domestic fuel while timbers were mainly
intended for marketing.

About 59.85% of the surveyed households indicated a great contribution of non-wood
forest products to their income as opposed to the rest for whom there is no contribution.

3.2.4. Drivers of Deforestation and Land Degradation

e  Deforestation

The study indicated that the majority (89.78%) of the households found that defor-
estation was a reality in the study area. It resulted from an increase in the cultivated
area and a reduction of the forest cover and the number of trees compared to the past.
Significant differences (p < 0.05) were found between farmers’ perceptions of deforestation
and surveyed sites, while no significant differences were identified between deforestation
experience and household characteristics (age and gender). Deforestation took place at a
rapid rate according to 32.36% of questioned people, while for 33.4% and 28.95% of the
respondents, it occurred moderately and slowly, respectively. However, key informants
from different institutions and FGDs perceived that the forest cover had considerably
declined from 1987 to 2015.

The perceived causes of deforestation are presented in Figure 4. The results showed
that extensive agriculture (97.08%), shifting cultivation (48.91%), logging (47.69%) and fuel-
wood consumption (28.71%) remained the main direct drivers of deforestation. Harvesting
practices, charcoal production, bushfires and infrastructure development such as roads
and schools contributed to deforestation in a relatively small proportion (Figure 4a).

This study revealed that the main indirect causes of deforestation were population
growth (79.82%), migration (54.01%) and shifting cultivation practices (34.3%). Only a
small proportion of interviewees indicated that the misuse of fertilizers and herbicides,
education, weak legal frameworks, poor policies, increased market access, and land tenure
uncertainties were part of the underlying drivers of deforestation (Figure 4b).

Agriculture remained the main driver of rapid and moderate deforestation (94.4%)
because it represented the most important means of subsistence for households. In addition
to human activities causing deforestation, other factors mainly due to environmental issues
include droughts and bushfires driven by lightning.
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Figure 4. Perceived (a) direct and (b) indirect causes of deforestation in the study area in south-western Cote d’Ivoire.
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Land degradation

In addition to deforestation, lands were also exposed to degradation as a result of

cultural practices and other human activities (Figure 5). The study showed that nutrient
depletion (72.02%) was the most important cause of land degradation. The shortening
of the fallow period (46.72%) and the inappropriate application of inputs (31.39%) also
contribute to land degradation. Only a small percentage of people interviewed stated that
overgrazing, war and conflict, inappropriate irrigation and the occurrence and spread of
weeds and invader plants and bush encroachment could contribute to land degradation in
the study area.
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Figure 5. Perceptions of the causes of land degradation in the community in south-western Cote d'Ivoire.

3.2.5. Effects and Benefits of Deforestation

According to respondents, the effects of deforestation could be either positive (51.34%)
or negative (48.66%). On the one hand, the study showed that negative effects linked
to deforestation on community and ecosystems encompassed land degradation (70.6%),
loss of biodiversity (63.8%), global warming (56.9%) and loss of livelihood assets (54.3%)
(Figure 6a). Besides, deforestation increased household poverty mainly by causing a loss
of production (69.6%), reducing land availability (61.6%), the loss of biodiversity (61.1%),
increasing temperature (56%) and drought (37.7%) (Figure 6b). Furthermore, the study
revealed that deforestation had socioeconomic effects by reducing food production (89.8%),
reducing income (72%), and increasing health problems (46.2%). A small proportion (9%)
of households experienced a loss in spiritual, aesthetic, cultural landscape and heritage
values (Figure 6c).
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Figure 6. Perception of the negative effects of deforestation on (a) community, (b) production services and (c) socio-economic
activities in south-western Coéte d’Ivoire.

On the other hand, the results of the study revealed that deforestation had no-
Table Socio-economic benefits for households by contributing to livelihoods (85.6%) and by
representing a source of income (88.6%) and employment (30.2%). By deforesting lands,
farmers established food and cash crops while foresters set up sawmills that provided
income and contributed to their livelihoods. Besides, sawmills are established in the land-
scape. These farms and sawmills are a source of employment for some young people
looking for quick revenue.

3.2.6. Perceived LULC Trends

Local people experienced a dramatic change in LULC over the last 30 years in the
study area. Significant differences were found among the interviewed households in
perceptions about LULC changes and surveyed sites (p < 0.001). However, no significant
differences were observed between LULC trends and household characteristics (age and
gender). Respondents perceived that shrubland, woodland and forestland considerably
declined in the studied landscape. Results showed that 89.9%, 77.7% and 94.9% of lo-
cal communities correctly perceived that woodland, shrubland and forestland declined,
respectively (Figure 7). Conversely, agricultural land and grassland had notably increased.

Key informants from different institutions and FGDs also correctly perceived that
forest cover and woodland drastically declined in the last decades from 1987 to 2015 due to
the creation and expansion of farms, as well as mining activities. Inversely, agricultural
land and grassland increased in the studied landscape.
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Figure 7. Respondent perceptions of observed trends at the landscape level in south-western Céte d’Ivoire.

3.2.7. Strategies to Reduce and Prevent Deforestation

Deforestation could be reduced by implementing adapted strategies to the region. In
this study, the respondents argued that the main strategies to reduce deforestation were
reforestation (41.2%), forest protection (26.8%), repression (18.2%) and sensitization (16.6%)
(Figure 8). A small proportion proposed non-logging (8.1%), fallowing (3.9%), off-forest
income-generating activities (3.9%) or other strategies (10%) such as participatory forest
management, reducing agricultural lands, payment for ecosystem services, etc.

Reforestation [ 41.2
Forest protection I 2.8
Repression [N 8.2
Sensitization [[NNEGNEEEE 66
Do not know [N 143
other strategies [N 10.0
Non-logging [N 3.1
Fallowing [ 3.9
Income generating activities [ 3.9
0 5 10 15 20 25 30 35 40 45
Frequency (%)

Figure 8. Perceptions of main strategies against deforestation in the community of south-western Céte d’Ivoire.

Similar results were also revealed during key informant interviews and FGDs with
reforestation through agroforestry and forest plantation, forest protection, repression and
sensitization to fight against the loss of forest reserves.

The findings of this study in a participatory approach regarding drivers, consequences,
control measures and mitigation of deforestation and land degradation are summarized in
the simplified causal loop diagram (Figure S1).

3.3. Comparison of GIS-Based LULC Trends and Farmers’ Perceptions

Regarding GIS-based analysis, our results showed that 89.78% of farmers perceived a
change (deforestation) in the landscape. Socioeconomic factors affecting this perception
were presented in Table 6.
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Table 6. Socioeconomic determinants affecting respondents on perceived deforestation.

Model Summary Marginal Effects
Explanatory Variables
Estimate Std Error p-Value AME Std Error p-Value
Constant 0.738 0.910 0.738

Age of respondent 1.038 0.020 0.062 0.003 0.002 0.062
Origin (1-Foreigner) 1.851 0.415 0.137 0.051 0.035 0.145
Origin (2-Native) 1.14 x 107 989.37 0.987 0.144 *** 0.029 0.000
Household head education (1-Primary) 2.07 0.536 0.175 0.059 0.038 0.123
Household head education (2-Secondary) 29.592 ** 1.196 0.005 0.139 *** 0.024 0.000
Household head education (3-University) 3.117 1.317 0.388 0.082 0.069 0.234
Agricultural income (1-No income) 0.084 ** 0.830 0.003 —0.284 * 0.119 0.017
Agricultural income (2- <XOF 500,000) 0.628 0.521 0.372 —0.032 0.035 0.364
Agricultural income (3- Do not know) 1.08 x 107 1517.59 0.991 0.07 ** 0.024 0.004
Agricultural income (4- >XOF 1,000,000) 0.432 0.542 0.122 —0.065 0.042 0.123
Cultivated food crops 0.921 0.046 0.076 —0.006 0.004 0.074
Residence time 1.076 *** 0.021 0.000 0.006 *** 0.002 0.000

Pseudo R? (Nagelkerke) 0.3

Prob > Chi? 0.000

No. of observations: 359; AME = Average Marginal Effects, * p <0.05, ** p < 0.01 and *** p < 0.001.

The results showed that the household head education level, agricultural income,
origin and duration of residence positively and significantly (p < 0.05) affected experiencing
deforestation by household. For every year increase in the duration of residence, the
probability of perceiving deforestation significantly increased by 0.6%. For every discrete
change in the number of natives, the number of household heads attending secondary
school and the number of households that do not know their agricultural income positively
and significantly increased the probability of deforestation experience in the landscape
while every discrete change in the number of households without agricultural income
negatively influenced deforestation perception.

Furthermore, only farmers that perceived that forest lands and woodlands decreased
while cultivated lands, shrublands and grasslands increased had the good perception of
LULC change trends. The determinants of the good perception of forestlands, cultivated
lands, shrublands, grasslands and woodland trends are presented in Tables 52-56.

4. Discussion
4.1. Trends in LULC Change

The high kappa coefficient for RF classification models is encouraging, and the model
accuracy performance is consistent with studies that have successfully discriminated
LULC categories in other natural environments using RF [57,58]. The overall accuracies of
classifications are greater than 94% with a kappa coefficient above 0.92 (Table 2) showing
that the results of these classifications are excellent according to Landis and Koch [59]
and Girard and Girard [60]. Indeed, according to accuracy standards proposed by these
authors, a kappa coefficient higher than 0.80 shows an “Excellent” classification result,
while a kappa between 0.61 and 0.80 indicates a “Good” classification result. Confusions
identified in LULC classes could be explained by the complexity and the heterogeneity of
the landscape [61]. Additionally, issues in selecting determined LULC classes on colour
composite including similarity in different LULC class spectrum (different objects having
the same spectrum) and differences in the LULC class spectrum (same objects having
different spectra) could lead to misclassification [62].

The significant decline of forestlands (dense forests and degraded forests) experienced
in the landscape during the studied period was executed to benefit agricultural activities.
This conversion of forestlands to agricultural lands was carried out for economic purposes.
Indeed, due to the constant high price of cocoa and other cash crops, farmers migrate into
the region to grow cash crops, mainly cocoa, which substantially threatens biodiversity [63].
This situation was similarly consistent in all forest management zones, except in the
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protected area, where forestlands remained unchanged. Forest conservation in this late
area is due to the protection and coercive efforts through the increased monitoring of
forests that permitted the conversion of degraded lands into forests [64,65]. However,
in the gazetted forests, forestlands experienced massive encroachment for agricultural
expansion purposes, even though there are some remaining forests ecosystems in the
gazetted forest of Cavally. Indeed, gazetted forests have been illegally infiltrated since
the 1990s following foreign migrations in the region [66]. The encroachment is ubiquitous
in areas where intensive logging has taken place in the past or in inhabited areas that
have developed over the years. The level of deterioration observed in the gazetted forests
is a sign of failure in forest management. The institution responsible for forest resource
management at the local and national level (SODEFOR) face complex challenges that
almost prevent them from fully applying forest laws. The results reported by Koné [65] and
Amani [67] identify institutional weaknesses as contributing factors to forest encroachment
in gazetted forests. Moreover, the socio-political crisis during the period 2002 to 2011
emphasised legal and institutional weaknesses and facilitated a massive migration and
infiltration of predominantly foreign populations into gazetted forests for cocoa growing,
which has negatively impacted the forestlands [28,64,68-71].

The severe forestland decline experienced in rural areas (off-protected and gazetted
areas) is due to their conversion into cocoa plantations. Indeed, landowners perceive
positive short-term returns from agricultural activities and negative returns by conserving
the forest. Therefore, agricultural expansions represent the major threat of forest ecosystems
in the landscape. Several authors underline that cocoa crops are traditionally established
at the detriment of primary forests in Cote d’Ivoire [16,21,72,73]. Moreover, some authors
reported the deterioration of living conditions for cocoa communities in rural areas due to
ageing cocoa plantations and land degradation resulting in lower productivity, increased
susceptibility of cocoa plantations to climate change impacts and pests and diseases attacks
in Cote d’'Ivoire [26,74-76]. This situation increased the migration of communities into
gazetted forests for fertile lands favourable for farming [28]. Furthermore, the results
of this study highlight that settlements expanded in the landscape by about seven-fold,
from 25.39 km? to 183.11 km?, representing a net gain of 157.71 km?Z. The high expansion
rate of settlements is due to the development of residential areas for economic purposes
(agriculture, business, trade, etc.). The presence of major roads in the landscape accelerated
the expansion of settlements and forest encroachment [19,77]. Globally, Liu et al. [78]
showed that cities have expanded by 80% from 1985 to 2015. This expansion, impacting
agricultural lands, is linked to population growth and showed the incapacity of available
inhabited lands to sustain population growth [78].

Our results suggest that wetland areas substantially changed in the landscape. The
low area of wetlands in 1987 and the high conversion rate of wetlands into other LULC
classes could be explained by the fact that heavy crown cover hides wetlands in the satellite
images. Baker et al. [79] argued that Landsat imagery is often unable to distinguish between
a feature’s different sub-classes, particularly in wetlands in heavy forestlands.

4.2. Local People Perceptions

The findings of this study, based on household surveys, FGDs, and key informant
interviews, showed that people moved to the region three decades ago. These results
were consistent with those of Varlet [80] who found that the region has experienced two
major waves of migration, the first consisting of Ivorian migrants in the 1970s and the
second composed of non-Ivorian migrants around the 1980s. The third wave of migration
occurred during the recent socio-politics crisis of Cote d’Ivoire. These migrations, for
agricultural purposes, have negatively impacted the landscape of the south-western region
of Coéte d’Ivoire [19,81].

Besides migration, local farmers perceived agricultural expansion, logging, firewood
collection, charcoal production and settlements as the important direct causes of defor-
estation in the Espace Tai. These drivers were triggered by population growth, migration,
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land misuses, lack of education, lack of law enforcement and bad policies, and land tenure
uncertainties. These findings are consistent with other similar studies done in other parts
of the world [32,33,77,82-88]. Agriculture (extensive agriculture and shifting cultivation) is
the major cause of deforestation, basically due to farming practices. Key reasons may be
the result of the relatively low usage of sustainable intensification strategies that will enable
farmers to increase production on relatively smaller land size. Most of the farmers still
use rudimentary farming practices including shifting cultivation, which is extensive and
requires more forest to be cleared when other parts are being left to fallow. Earlier studies in
Céte d’Ivoire found expansion of agricultural lands driven by population growth, flexible
immigration policies and the economic attractiveness of cash crops as the main driver of
deforestation in Cote d’Ivoire [9,19,64,65,73,89,90]. Furthermore, between 1998 and 2014,
the population of the area increased from 384,981 to 842,640 inhabitants, with an annual
growth rate of 4.89%, almost double the national rate of 2.55% [34]. Firewood collection and
charcoal production are part of the most important proximate causes of deforestation in the
region. This is also directly associated with the fact that rural populations rely exclusively
on firewood and charcoal for cooking [64]. Of course, about 87% of the Ivorian population
depend on firewood and charcoal for energy [9]. This situation is triggered by the high
poverty level and low coverage of electricity and alternative sources of energy. Additional
factors include the lack of legal enforcement and population education [65].

Regarding land degradation, the main drivers encompassed nutrient mining, shorten-
ing of the fallow period in shifting cultivation and inappropriate application of manure,
fertilizer, herbicides and pesticides as the most important causes of land degradation.
Mbow et al. [91] argued that land degradation is a multi-faceted and complex phenomenon
aggravating poverty that can be seen as both a cause and a consequence of nutrient and
land resource depletion. Moreover, Stocking and Murnaghan [92] showed that nutrient
mining is the biggest cause of fertility decline in the land degradation process. Further-
more, the drivers of this process vary from place to place and over time, according to
specific human environment conditions [93]. Land degradation can also lead to loss of
vegetation cover and thus makes them susceptible to climatic hazards such as droughts
and wildfires [93].

Local farmers interviewed for this study highlighted land degradation, loss of biodi-
versity, global warming and loss of livelihood assets as negative effects of deforestation.
Rural communities in the wider TNP area depend on sales of forest and agricultural
products and systematically perceived each change in the landscape including landscape
degradation, biodiversity loss, decline or failure of agricultural production, decline in soil
fertility, frequent and prolonged droughts and erratic rainfall. Several studies emphasised
the impact of deforestation on rainfall declining. Deforestation exacerbated evapotranspi-
ration decline and can reduce rainfall by up to 50% over the Congo basin [94]. Moreover,
deforestation affects biodiversity by destroying habitats and reducing animal populations.
Bitty et al. [13] argued that drastic deforestation in gazetted forests particularly reduced
primate populations in Céte d’Ivoire and exposed animals to poaching and trafficking.
Moreover, deforestation is driving global warming by increasing the concentrations of
greenhouse gases (GHGs) in the atmosphere, which could negatively affect cocoa farming
and the cocoa belt in Cote d’Ivoire and Ghana in the future [95]. This situation could ex-
plain the failure of cocoa replanting in the country [15,74]. The climatic uncertainty and the
decrease in the forested areas lead to an important decline in agricultural productivity [96].

Even though negative effects seem to be the norm, our study showed that deforesta-
tion can generate some very short-term and unsustainable benefits. Forest clearance for
agricultural purposes and charcoal production enhance farmers’ livelihoods and represent
the main source of income and employment in the region. Therefore, the economic benefits
from tree crops drive their expansion but not their intensification, thereby causing more
forest clearing, especially in areas with weak enforcement of forest protection laws [82].

The results of this study, according to the regression analysis of household interviews,
revealed that determinants of deforestation perception in the study area included the
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household head’s education level, agricultural income and the origin and duration of
residence. This result is likely explained by the fact that households that have more agri-
cultural income have deforested more land for producing food and cash crops compared
to households that have less agricultural income. Additionally, the duration of residence
linked to the origin of households and the different waves of migration experienced by
the region has a great part in deforestation. Natives are considered as forest-friendly users
as forests provide them several services (food, medicine, etc.) while migrants, driven by
incomprehensive land policies (“land belongs to those who cultivate it”), as well as the
desire to rapidly make a profit from their investments and take over and secure landown-
ership, massively destroy forests for agricultural purposes mainly to grow cocoa due to its
attractive farm gate price. These findings are consistent with several studies undertaken
in the region [19,80,81,97]. Wyman and Stein [98] revealed that increased household head
education was highly correlated with a decreased probability of deforestation in Belize.

We also found that forestlands and woodlands have declined while agricultural
lands, shrublands and grasslands have increased in the landscape. These results are
confirmed by the results of the remote sensing data analysis, which emphasised a drastic
decline in forestlands and a sharp increase in agricultural lands between 1987 and 2015
in the wider TNP region. The results of this study resonate with other similar studies
in Cote d’Ivoire [11,28,69-71] The socioeconomic factors that lead to the perception of
these trends by smallholder households are multi-fold, including the age for forestland
decline and the origin of respondents for cultivated land increase. This result suggests
that households lead by aged men are more likely to identify a forest cover trend in the
landscape. Migrants are susceptible to establish several agricultural activities and may find
the correct trend of cultivated lands.

Therefore, reforestation through forest plantations and agroforestry is the main strat-
egy for forest restoration in the landscape according to interviewees. These results are
consistent with several studies undertaken in the region which showed the willingness
of farmers to plant compatible tree species in their cocoa farms to sustain its produc-
tion [39,99]. Shaded cocoa agroforestry, which does not involve the total removal of trees,
has been reported to provide comparable revenues for farmers while preserving elements
of habitat critical for animal populations [13]. Farmers’ interest and willingness to adopt
this practice are driven by extension and certification programs [99]. Therefore, extension
efforts should continue and forestry policies should support certification programs and
propose other payment for ecosystem services to encourage farmers in cocoa agroforestry
adoption. Abdulai et al. [100] found that accessibility to training on good agricultural
practices, the availability of quality planting materials (access to hybrid cocoa seeds) and
the cultivation of the optimum plot size to ensure high input use and management effi-
ciency are some important factors for yield improvement to avoid potential deforestation
in the climatically suitable wetter zones or remaining forest areas. In degraded gazetted
forests, Bitty et al. [13] suggested forest regeneration focusing on native tree species in line
with forest landscape restoration principles [101] and ecological restoration principles and
standards [102]. Natural forest regeneration is more cost-effective than tree planting and
has better biodiversity outcomes including high carbon sequestration [103].

A continuum of strategies starting from avoidance (sensitization, protection, repres-
sion, stop grazing, etc.) to mitigation (rehabilitation) and then to restoration should be
implemented to tackle deforestation in the landscape. Strengthening and enforcing forest
protection laws supplemented by a large and effective awareness could minimise the extent
of agricultural encroachment into forests and preserve biodiversity within and around
protected areas [82,104]. In contrast, Kesse [105] found that the repressive forestry pol-
icy combined with land tenure legislation failed to encourage local people to use forests
sustainably and lead SODEFOR to promote a participatory forest management approach.
Traditionally, the foresters are trained as para-militaries and their advisory role is not
obvious on the ground. The new forest policy on forest preservation, rehabilitation and
expansion focused on an inclusive, participative and multi-stakeholder approach to regreen
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the country by increasing forest cover above 20% of its total area through gazetted forest
protection, agroforestry promotion and large-scale reforestation, and should therefore be
implemented in a land-use planning and incentives approaches.

5. Conclusions

The current study investigated the trends and the driving forces of LULC change in
south-west Cote d’Ivoire using a mixed-method approach including remotely sensed data,
ground-truthing data and various socio-economic data analysis.

Firstly, the remote sensing data analysis revealed that LULC trends showed massive
deforestation experienced around the TNP and in the forest reserves of Goin Débé and
Cavally. Conversely, agricultural lands showed a substantial upward trend.

Secondly, the household survey showed that the natural factors included drought,
wildfires, and soil erosion and anthropogenic factors including the conversion of forest-
lands to agricultural lands, mainly cash crops such as cocoa, oil palm, rubber and coffee,
were the main drivers. Although respondents perceived deforestation to have negative
consequences, such as a decline in land quality for production and rainfall reduction, some
positive aspects, such as its contribution to income, were perceived.

Thirdly, the comparison of the household survey and GIS-based LULC trend showed
that local farmers have a good perception of LULC change. This perception corresponds
in the majority of cases to the analysis of satellite data. At the scale of the landscape,
various strategies including awareness raising, forest protection, and reforestation have
been adopted to address the issue of deforestation and land degradation. Agroforestry also
appears to be a solution to reconcile the benefits of trees and the sustainable livelihoods of
communities through agricultural production. Further researches should focus on the way
to enhance farmers’ true participation, leading to wider adoption of sustainable agricultural
practices to enhance yield, restore soil fertility and reduce pressure on forestlands.
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