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Abstract
Accurate information on land use/land cover (LULC) dynamics is necessary for the selection and execution of land use 
schemes to meet the increasing demands of basic human needs and welfare. This study aims to assess the LULC dynamics 
and its impacts in Benin using the climate change initiative land cover (CCI-LC) product within a GIS environment. The 
CCI-LC maps were acquired from the European Space Agency (ESA) for the years 2001, 2008 and 2013. The maps of 2001 
and 2008 were used to simulate the LULC scenario for 2013 using Modules for Land Use Change Evaluation (MOLUSCE) 
available in QGIS software. The predicted result was compared with the observed LULC map of 2013 to validate the model. 
Finally, based on this, the prediction of future LULC scenario for years 2025 and 2037 was performed. The outcomes of this 
study revealed the rapid increase of cropland, forest and a considerable reduction of the Savannah land.
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1  Introduction

Land use/land cover (LULC) change, as one of the major 
driving forces of global environmental transform processes, 
is essential to the worldwide sustainable development 
debate. The observed modifications of the natural land-
scape of the Earth are generally termed as LULC change 
(Veldkamp and Lambin 2001; Lambin and Meyfroidt 2010). 
Moreover, besides the decline in biodiversity, LULC change 
is regarded as an important component contributing to the 
current global change (Meyfroidt et al. 2013; Van Asselen 
and Verburg 2013; Lambin and Meyfroidt 2011; Hibbard 
et al. 2010; Verburg et al. 2009; Lambin et al. 2003; Turner 
and Billie 2002; Lambin et al. 2001). According to Lambin 

et al. (2001), the important key component of Earth system 
functioning was affected by land use and land cover changes 
which are so pronounced when brought together globally. 
The biosphere is influenced in different ways by different 
anthropogenic activities and land surface changes seem to 
by far a very old process (Turner and Billie 2001). It is pos-
ited that LULC change is the most important indicator of 
human-induced alteration of the Earth’s terrestrial surface. 
Therefore, land use is known as an important factor (Foley 
et al. 2005) because of human activities such as agricul-
ture and urbanization that have a considerable impact on 
the environment. In future, these ongoing changes will lead 
to an increasing demand of food and energy for the growing 
population in the world (Schaldach 2006).

In the land change science, the integration of remote sens-
ing (RS) and geographic information system (GIS) has been 
recognized as a powerful and effective tool for the man-
agement of land and other natural resources. Thus, analys-
ing and monitoring LULC changes are vital to scientists, 
environmentalists, agriculturalist, policy makers and urban 
planners (Babalola and Akinsanola 2016). In addition, RS 
technologies facilitate the acquisition of LULC informa-
tion over large areas at no cost from local to global scales 
(Mishra and Rai 2016). Therefore, an integrated approach 
of RS and GIS is the best pathway to extract and examine 
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the past and current trends of LULC changes and to predict 
future scenarios in an efficient manner (Kumar and Shaikh 
2013; Youssef et al. 2010; Yang et al. 2008; Mishra and Rai 
2016; Mishra et al. 2018).

The transition from rural landscape to urban forms is 
possible because of the changes in the distribution of the 
population from village to town and city which contribute to 
urban growth (Thapa and Murayama 2010). According to the 
United Nations Framework Convention on Climate Change 
(2012), Moghadam and Helbich (2013) and Li et al. (2013), 
the projection by 2050 shows that more than half (72%) of 
the world’s population reside in cities. This large concen-
tration in towns is not without consequences. Thapa and 
Murayama (2010) confirmed that the urban growth conse-
quence on land use changes is a complex interaction between 
behaviour and structural factors with the demand, the tech-
nological capacity which at the end strains the environment. 
Increasing urbanization has strong impact on the ecological 
system catheterized by green spaces within the city which 
play a decisive role in cleaning the air, adjusting the micro-
climate, eliminating noise and beautifying the surrounding 
places (Byomkesh et al. 2012). In addition, socioeconomic 
processes factor (forest patterns, agricultural, migration and 
urban sprawl) also contribute to urban growth (Thapa and 
Murayama 2009). Thus, the land is used for goods and ser-
vices production and as residential land for those migrating 
from the village to the city (Lu and Sasaki 2008).

The most important factor in understanding the interac-
tions between anthropogenic activities and the environment 
is the change in land use and land cover (LULCC) (Dewan 
et al. 2012). Both human and natural factors contribute to 
LULCC, the human activity throughout modification in land 
use/cover in the whole world currently has appeared as the 
one deeply affecting our ecological systems (Lambin et al. 
2001). Thus, the change of land use and cover driven by the 
socio-economic development results lead to environmental 
degradation (Grimm et al. 2008). Moreover, forest landscape 
change due to human activities contributed to carbon flux 
increasing in the atmosphere which in turn contributed to 
global climate change (Alves and Skole 1996; Dewan et al. 
2012).

In the last decades, Benin Republic experienced rapid 
population growth and urban expansion. Therefore, under-
standing the past changes in LULC and predicting the future 
scenarios are vital for proper land use planning and sustain-
able management. An increase in human population since 
2000 by about 54% from 6.7 million to 10.6 million in 2015 
is without precedent (United Nations 2017). The density of 
the population in 2000 was around 61 inhabitants/km2 which 
increased to 94 inhabitants/km2 in 2015 (INSAE_Benin 
2014; United Nations 2017). The vegetation is dominated 
by forest with two national parks between them and several 
game reserves and protected areas. Benin (114,673 km2) is 

covered by about 21.3%, the equivalent of 2,351,000 ha. 
Annually, Benin loses an average of 64,700 ha of forest 
cover and the major changes occurred between 1990 and 
2000. This amounts to an average annual deforestation rate 
of 1.95%. Between 2000 and 2005, the rate of forest change 
increased from 24.4% to 2.42% per annum. In total, between 
1990 and 2005, Benin lost 29.2% of its forest cover, about 
971,000 ha (Rhett 2007; Thomson 2007). Many people, 
particularly rural populations, mostly depend on services 
provided by the ecosystem (natural resources) and agroeco-
logical systems (Schumann et al. 2012).

Several studies were carried on LULC change analysis 
using an integrated approach of RS and GIS in the last few 
decades (Mishra and Rai 2016; Babalola and Akinsanola 
2016; Issiaka 2016; Oladoye et al. 2014; Srivastava et al. 
2013; Houessou et al. 2013; Mishra et al. 2018). Neverthe-
less, the attention on LULC change studies in Benin Repub-
lic was very limited. Most of the previous studies focused 
on the use of MODIS data with good temporal resolution 
but a coarse spatial resolution of 500 m. It could not deline-
ate small-scale vegetation areas with accuracy (Oke 1987; 
Garratt 1990; Agustan et al. 2012; Ozdogan 2010; Muñoz-
Robles et al. 2012; Vintrou et al. 2012; Begue et al. 2014; 
Zhang et al. 2014). The Landsat series satellites images like 
Landsat 5-TM, Landsat 7-ETM and Landsat 8-OLI offer 
more opportunities in LULC change studies with the spa-
tial resolution of 30 m. But, the use of Landsat images was 
restricted due to the frequent cloud cover, and the number of 
scenes to cover the entire area. Thus, for this study, another 
product from the climate change initiative and land cover 
(CCI-LC) was used.

People constantly change the land surface through con-
structions, agriculture, energy production, and many other 
activities. Change both in how land is used by people (land 
use) and in the natural cover of the Earth’s surface (land 
cover) can be described and the future land change can be 
projected using land change models (LCMs) (NRC 2014). 
LCMs are primal in trying to understand the ongoing modi-
fications brought onto the Earth’s surface and how human 
beings have been reshaping it in the past and present, and 
to forecast future landscape conditions, ending with devel-
oping policies to manage the resources and the environ-
ment at scales ranging from an individual parcel of land to 
vast expanses of planetary or global forests (NRC 2014). 
Moreover, land use models are known as the most important 
subject of LULCC in the recent decade used to predict or 
explore possible land use change trajectories.

 The objectives of this study are: (1) to assess the dynam-
ics of LULC with their related implications on biodiversity, 
(2) to predict future LULC change scenario in the Benin 
Republic in 2025 and 2037. This type of analytical study 
could be used significantly in the sustainable development 
and management of an area.
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2 � Study Area

The area for this study is Benin Republic, West Africa 
(Fig. 1) located at 6°N–12°N, 0.4°E–3°E and an area of 
114,673 km2. The climate in Benin is characterized by three 
regions: the Sudanian, Sudano-Guinean and Guineo-Congo-
lian region (White and Hopkins 1987; Mayaux et al. 1999). 
The northern part of Benin Republic has a continental tropi-
cal climate with both dry and rainy seasons; and the southern 
part has a sub-equatorial climate, with two rainy and two dry 
seasons. The middle of the country experiences a transitional 
climate. Throughout the year, average rainfall varies between 
700 mm (extreme north) and 1500 mm (extreme southeast). 
In terms of biological resources, the primary forest forma-
tions found in Benin are mainly woodlands and Savannahs 
(centre and northern parts), and semi-deciduous and decidu-
ous rain forests in the southern part (MEHU 2011). The pro-
tected areas are divided into two national parks (869,867 ha), 

three hunting zones (443,679 ha) which belongs to the 
regional centre of Sudanian endemic (White and Hopkins 
1987), 46 classified forests (1,302,863 ha), seven reforesta-
tion areas, and sacred forests covering about 0.2% of the 
territory. The fauna is quite diverse and contains several 
species of mammals, reptiles, birds, and invertebrates. In 
terms of biological resources, the primary forest formations 
found in Benin are mainly woodlands and Savannahs (centre 
and northern parts), and semi-deciduous and deciduous rain 
forests (Ministère de l’Environnement et de la Protection de 
la Nature 2009).

3 � Materials and Methods

3.1 � Data Used

The Climate Change Initiative Land Cover (CCI_LC) maps 
from the European Space Agency (ESA) were acquired 
for three different years: 2001, 2008 and 2013 (CCI-LC 
2017). This project delivers a consistent global LC map at 
300 m spatial resolution, annual images from 2001–2013 
(ESA 2016). The coordinate reference system used for the 
global land cover database is a geographic coordinate sys-
tem (GCS) based on the World Geodetic System (WGS 84). 
Table 1 summarises the CCI-LC products and shows an 
example of the land cover map of the world. The CCI-LC 
products are already classified maps. They proceed from 
a unique baseline LC map which brings forth times to the 
entire medium resolution imaging spectrometer (MERIS FR 
and RR) archive from 2003 to 2012. From this baseline, LC 
modification is observed at 1 km based on the advanced very 
high resolution radiometer (AVHRR) time series between 
1992 and 1999, Satellite Pour l’Observation de la Terre of 
vegetation (SPOT-VGT) time series between 1999 and 2013 
and Project for On-Board Autonomy, with the V standing for 
Vegetation (PROBA-V) data for years 2013, 2014 and 2015. 
When MERIS FR or PROBA-V time series are available, 
changes detected at 1 km are re-mapped at 300 m.

3.2 � Data Processing

Data processing consisted of the reclassification of CCI-
LC product in ARC Map and QGIS environment. Seven Fig. 1   Location of the study area as viewed on SRTM DEM

Table 1   CCI land cover products

Data type Spatial coverage Temporal 
coverage

Spatial resolution Temporal resolution Sensor Projection Format

CCI-LC Global 2001 300 m 1 year MERIS; FR/RR SPOT-VGT; AVHRR; 
PROBA-V

WGS84 Geotiff
2008
2013
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LULC classes were considered in the process: cropland, 
forest, Savannah, wetland, urban, bare land and water bod-
ies. Change detection was carried out on the reclassified 
products.

3.3 � LULC Change Prediction and Validation

Change detection was carried out using 2001, 2008 and 2013 
satellite images. It helped to observe the evolution of forest 
and other land covers during the last two decades. In this 
study, multi-layer perceptron artificial neural network (MLP-
ANN) based on great significance of LULC transitions that 
occurred on the geographical area was used to study LULC 
changes between 2001 and 2013. It allows generating a class 
statistics and a transition matrix of land use and land cover 
change. The class statistics describes changes that occurred 
in LULC between initial and final periods. The transition 
matrix depicts the number of pixels that change from one 
of LULC type to another. The outputs from this analysis 
were used to predict the future land use land cover using 
MOLUSCE (Modules for Land Use Change Evaluation). 
MOLUSCE is one of the QGIS Plugins. It is designed to 
analyse and simulate current and future land use and land 
cover. The prediction of LULC change includes different 
steps given as:

•	 Change detection: in this step, transition matrix and 
change maps were generated and subsequently used in 
the modelling process.

•	 Selection of variables: distances to major road were used 
as a variable to improve the accuracy of the model.

•	 Transition potential using the MLP-ANN method, gen-
erates a probability matrix that underpins the prediction 
model.

•	 Land use and land cover prediction: the MLP-ANN simu-
lation tab was used to predict land use and land cover for 
2025 and 2037.

The transition potential modelling was performed for the 
time period between 2001 and 2008 to predict the LULC 

map of 2013. Nevertheless, validation model is performed 
by comparing the predicted and observed map. Thus, the 
model was validated by comparing the predicted LULC map 
of CCI-LC of 2013 with the observed map of 2013 using 
kappa index statistics (Kamusoko et al. 2009; Wang et al. 
2012; Asia Air Survey and Next GIS 2017). The compo-
nents of kappa are: kappa overall (Kovr), kappa histogram 
(Khisto) and kappa location (Kloc) (Asia Air Survey and 
Next GIS 2017). Finally, the predictions for 2025 and 2037 
were carried out using MLP-ANN and the plausible changes 
in LULC were determined.

4 � Results and Discussion

4.1 � Identification of Major Land Use and Land Cover 
Type for CCI‑LC

The paramount LULC was Savannah, while the bare land 
occupied a small portion of the area. For example, in 2001, 
Savannah occupied 38,829.06 km2 (35.0%), cropland 
37,059.21 km2 (33.4%), forest land 34,313.49 km2 (30.9%), 
water bodies 408.51 km2 (0.4%), urban 232.38 km2 (0.2%), 
wetland 94.23 km2 (0.1%), and bare land 4.8 km2, respec-
tively (Table 2, Fig. 3).

Similarly, in 2008, cropland covered the large portion 
spatially 38,087.1 km2 (34.3%) in opposition to the other 
LULC types. Nevertheless, this land cover type increased. 
Thus, cropland increased in this period and covered 38,087.1 
km2 (34.3%), Savannah 36,832.86 km2 (33.2%), forest land 
35172.63 km2 (31.7%), water bodies 380.79 km2 (0.3%), 
urban 350.9 km2 (0.3%), wetland 114.93 km2 (0.1%), and 
bare land 2.4 km2, respectively (Fig. 4). In addition, in 2013, 
Savannah decreased, but cropland reclaimed additional area 
from other land cover types (Fig. 5).

But, cropland remained the dominant land type. This 
last one covered about 39029.22 km2 (35.2%), Savannah 
35556.75 km2 (32.0%), forest land 35406.99 km2 (31.9%), 
urban 455.67 km2 (0.4%), water bodies 375.21 km2 (0.3%), 
wetland 115.65 km2 (0.1%) and bare land 2.16 km2, 

Table 2   Proportion of land 
cover categories

LULC types 2001 2008 2013

Area (km2) Area (%) Area (km2) Area (%) Area (km2) Area (%)

Cropland 37,059.2 33.4 38,087.1 34.3 39,029.2 35.2
Forest 34,313.5 30.9 35,172.6 31.7 35,407.0 31.9
Savannah 38,829.1 35.0 36,832.9 33.2 35,556.8 32.0
Wetland 94.2 0.1 114.9 0.1 115.7 0.1
Urban 232.4 0.2 350.9 0.3 455.7 0.4
Bare land 4.8 0.0 2.4 0.0 2.2 0.0
Water bodies 408.5 0.4 380.8 0.3 375.2 0.3
Total 110,941.7 100.0 110,941.7 100.0 110,941.7 100.0
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respectively. Figure 2 shows the type of LULC-based slope 
gradient in percentage.

4.2 � Dynamics of LULC Between 2001 and 2013

Most researches on LULC dynamics indicated agriculture 
as a predominant land use occupying the majority of the 
active population. Furthermore, it is depicted as the main 
factor of land degradation and deforestation that jeopard-
izes environmental sustainability and climate. The study area 
experienced drastic changes in LULC and was subject to 
study for all the three years. There are significant changes 
that occurred in all LULC classes particularly in agricultural 
land, forest land and urban areas over the years (2001–2013).

The dynamics of the distribution of major LULC was 
observed during the study period. These changes have 
some negative impact on climate through loss of carbon 
sinks (Gidey et al. 2017). On the other hand, as a nega-
tive impact, modification of land use would increase the 

intensity of runoff (Hurni et al. 2005; Gidey et al. 2017). 
Agricultural expansion significantly affects runoff intensity, 
loss of biodiversity, carbon cycling and people as well as 
their livelihood (Nourqolipour et al. 2014; Memarian et al. 
2012; Sang et al. 2011). Thus, during the period 2001–2008, 
different LULC types were converted into other land cover 
types (Table 3) The analysis of land use conversion matrix 
showed that Savannah declined by 1996.2 km2 with net 
loss of 1.8% which was converted to agricultural land and 
population growth. Population growth between 1992 and 
2003 was, respectively, 5,371,226 inhabitants with 3.78% 
and 7,665,681 inhabitants with 3.38% rate growth (INSAE 
2014).

The examination of land use and land cover change dur-
ing the period 1992–2008 revealed a significant increase of 
cropland and forest, with a consequence of decrease in bare 
land and water bodies. Cropland increased to 1027.9 km2 
with the net change of 0.9% from its previous coverage. This 
increase was estimated to be 146.8 km2 per annum in 2008. 

Fig. 2   LULC type based slope gradient of the study area in percent

Table 3   Changes in land use 
and land cover from 2001 to 
2013

Years 2001–2008 2008–2013 2001–2013

LULC units Area (km2) Δ% Area (km2) Δ% Area (km2) Δ%

Cropland 1027.9 0.9 942.1 0.8 1970.0 1.8
Forest 859.1 0.8 234.4 0.2 1093.5 1.0
Savannah − 1996.2 − 1.8 − 1276.1 − 1.2 − 3272.3 − 2.9
Wetland 20.7 0.0 0.7 0.0 21.4 0.0
Urban 118.5 0.1 104.8 0.1 223.3 0.2
Bare land − 2.3 0.0 − 0.3 0.0 − 2.6 0.0
Water bodies − 27.7 0.0 − 5.6 0.0 − 33.3 0.0
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Cropland expansion is the result of population growth which 
underpins the massive demand on crop production. There-
fore, during the same period, forest land also decreased by 
859.1 km2 with an annual change rate of 107.4 km2 (0.1%). 
Beside the major changes experienced by forest, urban and 
cropland, slight decrease was also recorded in bare land and 
water bodies and a minor increase in wetland. Thus, wetland 
increases by 20.7 km2 and urban by 118.5 km2 (0.1%). Bare 
land lost 2.3 km2 of the allocated area and water bodies also 
lost 27.7 km2 in the period 2001–2008.

Likewise, the periods 2001–2008, and 2008–2013 have 
experienced a decrease in Savannah, bare land and water 
bodies, but there was an increase in cropland, forest, wetland 
and urban. Thus, Savannah declined by 1276.1 km2 (1.2%), 
bare land by 0.3 km2 and water body by 5.6 km2. Cropland 
increased by 942.1 km2 (0.8%), forest land by 234.4 km2 
(0.2%), wetland by 0.7 km2 and urban by 104.8 km2 (0.1%). 
It was observed that the increase of cropland was considera-
ble during the period 2001–2008 (0.9%) compared to that of 
in the period 2008–2013 (0.8%). Similarly, the decrease rate 
of Savannah was higher in 2001–2008 (1.8%) than that of in 
the period 2008–2013 (1.2%) (Table 3). This result indicates 

that the increase of urban areas mainly resulted from crop-
land and wetland during the period 2001–2013. The highest 
LULC types observed was the cropland and Savannah that 
occupied the largest area. This result is corroborated by the 
study of Houessou et al. (2013) in the northern part of Benin 
that reported agricultural land, tree, and the shrub Savannah 
as the most dominant land cover types.

Furthermore, during the period 2001–2013, the result 
showed the greatest increase in cropland, forest land, urban 
and wetland (Table 3). Cropland increased by 1970.0 km2 
(1.8%), forest land 1093.5 km2 (1.0%), urban 223.3 km2 
(0.2%) and wetland 21.4 km2, respectively. For each LULC 
type, the annual rate of growth was seen in cropland by 
151.3 km2, forest land by 84.12 km2, urban by 17.2 km2 and 
wetland 1.7 km2. The USGS EROS (2016) between 1973 
and 2013 reported that the important change in land cover is 
the large expansion of agricultural land in large area classes. 
It increased to 9.2–27.1% of the total country area or an 
increase of over 5% (about 600 km2) per year between 1975 
and 2013. According to the same author, the areas where the 
cropland showed the highest recorded change were in the 
south in the Pénéplaine Bénino-Togolaise Sud alongside the 

Fig. 3   LULC map of Benin for year 2001 Fig. 4   LULC map of Benin for year 2008
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Dassa-Savè axis. The agriculture in Benin is characterized 
by cropland mixed or associated with palm trees.

This study indicates a decrease of Savannah during the 
period 2001–2013. Despite this decrease, it remains the 
dominant land in the study area. Similarly, USGS EROS 
(2016) reported that despite the decrease in Savannah area 
by 23% since 1975, it remains the dominant land cover unit 
in Benin and still covers more than half of the territory. The 
decrease in Savannah could be due to population growth 
linked to the requirement of land and urban supplies.

In addition, forest land that was the second domi-
nant LULC unit after cropland increased over the period 
2001–2013. The gain in forest area might be due to the 
actions of afforestation projects. Such projects are imple-
mented by Office National du Bois (ONAB). ONAB is 
an institution of Benin Republic in charge of protected 
areas. According to MEHU (2011) and Ministère de 
l’Environnement et de la Protection de la Nature (2009), 
ONAB is in charge of seven reforestation areas covering 
about 0.2% of the territory area. Unlike our study, USGS 
EROS (2016) indicated a continuous decrease in forest area 
in the period 1975–2013.

4.3 � Analysis of Spatial Trend of Change

The spatial trend of change analysis is an effectual approach 
to visualize and provide the generalized patterns of changes 
using the observed map. The spatial trend of transition from 
the different LULC classes to cropland and urban areas dur-
ing the years 2001, 2008 and 2013, respectively, is shown 
in the Fig. 3, 4 and 5.

Between the period 2001 and 2013, a further expansion 
in urban by 223.3 km2 was observed which outpaced the 
growth rate of 2001–2008. This result was also found by 
USGS EROS (2016) which indicated that Benin’s population 
tripled between 1975 and 2013, increasing from 3,263,000 
to 10,600,000. Consequently, the surface area of villages, 
towns and cities has expanded by 24%. Urban development 
made it easy, as the land had negative impact on natural 
habitat and its biodiversity (Alphan 2003; Dewidar 2002). 
Forest and cropland areas have increased the detriment of 
Savannah and water bodies. Figure 6 showed the losses and 
gains of each LULC during the period 2001–2013.

4.4 � LULC Prediction and Validation

To achieve a validation and prediction for future, LULC 
MLP-ANN method was used to predict LULC patterns in 
2013 using map of the years 2001 and 2008. Using the tran-
sition potential modelling, the predicted LULC map for 2013 
for validation was compared to the observed LULC map of 
2013 using the kappa index statistic. The transition potential 
modelling statistics from MOLUSCE showed that the delta 
overall accuracy was ± 0.00196 which contains the differ-
ence between minimum reached error and the current error; 
the minimum validation overall error gave us 0.01062 which 
the minimum reached error on the validation set of samples 
and the current validation kappa gives us 0.90447.

The LULC change maps for future periods were made 
after successful prediction of the 2013 LULC map. 2013 
LULC map was used as base map to transition potential 
modelling maps and the future LULC change maps were 
predicted for 2025 and 2037 as shown in Figs. 7, 8 and 
Table 4 contains the corresponding area statistics of vari-
ous LULC classes. The ANN-MLP prediction for 2025 
showed that cropland would decrease from 39,029.22 
to 38,933.01 km2 between 2013 and 2025, while for the 
other LULC types, forest land would also decrease from 
35,406.99 to 35,406.45 km2 between 2013 and 2025, 
Savannah would increase slightly from 35,556.75 to 
35,664.12 km2 between 2013 and 2025, urban (settlement) 
between 2013 and 2025 would decrease from 455.67 to 
449.73 km2, water bodies would decrease between 2013 
and 2025 from 375.21 to 373.59 km2, wetland from 115.65 
to 112.68 km2 and bare land would decrease from 2.2 to 
2.1 km2 between 2013 and 2025. For 2037 prediction, it 

Fig. 5   LULC map of Benin for year 2013
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was found that Savannah would increase drastically from 
35,556.75 to 35,876.88 km2 between 2013 and 2037, 
cropland would decrease drastically from 39,029.22 to 
38,742.03 km2, forest also would decrease from 35,406.99 
to 35,405.64 km2 between 2013 and 2037, urban (settle-
ment) would also decrease from 455.67 to 437.58 km2 
between 2013 and 2037, water bodies from 375.21 to 
371.79 km2, wetland from 115.65 to 105.93 km2, and bare 
land would also decrease from 2.2 to 1.8 km2 between 
2013 and 2037.  

The change that occurred during the periods 2013–2025, 
2013–2037 and 2001–2037 is shown in Table 5. The sim-
ulation based on the first period 2013–2025 showed that 
cropland and forest decline by 96.21 km2 (0.09%) and 0.54 
km2, respectively, whereas Savannah increased by 107.37 
km2 in the same period. The other LULC types encounter 
some regression (e.g., wetland, urban, bare land, and water 
bodies). Likewise, during the period 2013–2037, cropland 
and forest still decline by 287.19 km2 (0.26%) and 1.35 
km2, respectively, whereas Savannah still increases in area 
by 320.13 km2 (0.29%). The other LULC type also experi-
enced the reduction in their coverage area during this period 
(e.g., wetland, urban, bare land and water bodies). For the 
prediction during the period 2001–2037, the mean showed 
that cropland and forest increased by 1682.82 km2 (1.52%) 
and 1092.15 km2 (0.98%), respectively. Savannah met some 
regression during this period by 2952.18 km2 (2.66%). 
Urban globally increased by 205.20 km2 (0.18%), wetland 
by 11.70 km2 and the other LULC types declined by 36.72 
km2 for water bodies and 2.97 km2 for bare land.

The overall loss of LULC classes during 2001–2037 such 
as Savannah, bare land and water bodies occurred because of 
the rapid spreading of built-up area, increase of crop produc-
tion and human activities. These results reflect for the future, 
a worrisome landscape of Benin Republic that will be the 
result of a totally degraded natural vegetation. In addition, 
it draws attention about sustainable management and devel-
opment of the landscape. Meanwhile, 2037 demonstrated a 
vast decrease of cropland, urban, forest and water bodies.

In this study, using land use maps (2001, 2008 and 2013) 
and socio-economic data, MOLUSCE model was combined 
with GIS technology to successfully simulate the land use 
change in Benin Republic. The used model shows satisfiable 
results. Based on validation, MLP-ANN model is used to 
simulate the future change that will occur in 2025 and 2037. 
However, the accuracy of the prediction results is related to 
many factors. The accuracy of land use/cover maps and the 
prediction results is negative due to the resolution of the 
CCI-LC images. Then, to improve the results, image quality 
should be retrieved with high quality, and new predictions 
should be developed taking into account other variables 
(physical and socio-economic factors).

5 � Conclusions

In this study, the spatio-temporal dynamic of LULC was 
examined using an integrated approach of remote sensing 
and geographic information system in Benin Republic. To 
achieve these objectives, CCI-LC map were reclassified. 

Fig. 6   Gains and losses in LULC (in%) and contributions to net change in built up area (in%) during 2001–2008, 2008–2013, and 2001–2013
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The multi-layer perceptron (MLP) artificial neural network 
(ANN) method was used to predict the future LULC change 
scenario effectively in Benin. In addition, kappa index sta-
tistic was used to assess the accuracy of predicted LULC 
map for 2013. Simulation for 2025 and 2037 was predicted 
using MLP-ANN method. The results from the simulation 
furnish comprehension about the quantity and location of 
probable changes.

Seven major LULC types that were considered are crop-
land (Cl), forest land (Fl), Savannah (Sh), wetland (Wl), 
urban (Ur), bare land (Bl) and water bodies (Wb). The 
results indicated that cropland was dominant, while bare 
land was the submissive LULC type present in the study 
area. The present study was conducted to reveal the changes 
in LULC during the period 2001–2013. The accuracy of 
the predicted LULC map of 2013 was assessed using the 
observed LULC map of 2013. The predicted LULC map 
shows the probable change in LULC spatially and quanti-
tatively in future. The predicted results of the year 2025 
shows an increase in cropland and Savannah which were 
estimated to be 38,933.01 km2 and 35,664.12 km2, respec-
tively. Moreover, the predicted result of 2037 was estimated 

for the cropland as 38,742.03 km2, whereas the Savannah 
was estimated as 35,876.88 km2. This study shows the qual-
ity of remote sensing data and GIS combination for LULC 
change analysis and simulation for future LULC scenarios. 
Therefore, the reclassified map and the accuracy of the pre-
diction of LULC result are greatly affected by the spatial 
resolution of the CCI-LC map. So, the quality of the image 
and the result are affected.

Fig. 7   Predicted LULC map for year 2025 using MLP-ANN Fig. 8   Predicted LULC map for year 2037 using MLP-ANN

Table 4   Area statistics of predicted LULC of years 2025 and 2037

Years 2025 2037

LULC units Area (km2) Area (%) Area (km2) Area (%)

Cropland 38933.0 35.1 38742.0 34.9
Forest 35406.5 31.9 35405.6 31.9
Savannah 35664.1 32.1 35876.9 32.3
Wetland 112.7 0.1 105.9 0.1
Urban 449.7 0.4 437.6 0.4
Bare land 2.1 0.0 1.8 0.0
Water bodies 373.6 0.3 371.8 0.3
Total 110941.7 100.0 110941.7 100.0
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