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Abstract: The study aims to reveal the transition features of agricultural land use in the Groundnut
Basin of Senegal from 2009 to 2018, especially the impact of urbanization on agricultural land and the
viewpoint of farmland spatiotemporal evolution. Integrated data of time series MCD12Q1 land-use
images of 2009, 2012, 2015, and 2018 were used to provide a land transition in agricultural and urban
areas through the synergistic methodology. Socio-economic data was also used to serve as a basis for
the argument. The results highlight that: (1) Agricultural land increased by 14.53%, with a dynamic
index of 1.45 from 2009–2018. (2) Over the same period, urbanization increased by 2.80%, with a
dynamic index of 0.28. (3) In different regions, the transition of agricultural land in Kaffrine is most
intense (expansion rate: 22.80%). The same situation of urbanization happened in Thiès Region with
a value of 7.94%. Except for Thiès, agricultural land in other regions has not yet been subject to major
pressure due to urbanization. Overall, the farming system in Groundnut Basin is an extensive model,
the recommendations from the point of view of land-use planning and land law are necessary to
ensure efficient agricultural land management in the area.

Keywords: agricultural land transition; urbanization; land management; groundnut basin; Senegal

1. Introduction

Land-use changes are consistently the principal driver of habitat change on approxi-
mately half of the earth’s terrestrial surface [1]. From 2000 to 2015, the global land cover
trend indicated a net loss of natural/semi-natural lands. These losses of land resulted
from many processes. Among the processes, we can identify deforestation, unsustainable
agricultural practices, urbanization, land tenure, and poverty [2]. This situation is more
visible in industrialized countries, in Europe or Asia. Therefore, the land-use study is of
fundamental significance, as the land resources play a strategic role in the determining
man’s economic, social and cultural progress [3].

Indeed, the global land system faces unprecedented pressures from growing human
populations and climatic change [4]. Urban sprawl on agricultural land has become a
global phenomenon plaguing all countries of the world, rich or poor [5]. This phenomenon
has attracted the attention of social researchers since the mid-20th century [6]. Thus, many
researchers are interested in the causes and consequences of urbanization. Some authors
such as G. Duranton and D. Puga highlight that economic growth drives urban expansion in
constructing businesses, dwellings, roads, leisure centers, transportation, etc. [7]. Therefore,
the metropolitan regions face the growing problems of urban sprawl, including a decline in
natural vegetation, wildlife habitats, and agricultural land [3]. More than 8.8% of European
Union (EU) land is used for residential, commercial, and industrial purposes [8]. Other
very important factors are the quality of the environmental conditions of agricultural
production, population density, and net migration [9], which also affect agricultural land.
Therefore, it is important to note that the life of more than 7.7 billion human beings
today [10], 9.73 billion by 2050, and 11.2 by 2100 will depend on the soil availability for
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food production [11]. As long as urban populations continue to grow, the challenge of
maintaining food security is increasing [12]. In Eastern and Central European countries,
namely in Hungary, Slovak Republic, Poland, Estonia, Lithuania, and Latvia, agricultural
land prices were gradually increasing in these countries during the past decade [13], and
this price depends on the market forces of the supply and the demand [14]. In Romania,
the political and socio-economic changes began in the early 1990s had a strong impact
on land, especially on the quantity and quality of agricultural terrains [15]. Furthermore,
we found that in Bulgaria arable land abandoned without cultivation, represents a very
large area because of a shortage of financial resources [16]. In addition, land privatization
and farm restructuring are inseparable issues for agriculture and the rural sector in the
transformation to a market economy [17]. The case of Slovakia illustrates this. Indeed, the
pressure from investors has increased in creating new residential, commercial services and
shopping centers, logistic and industrial parks, which is consequently reflected in land-use
changes [18]. In summary, in Europe the areas with the most visible impacts of urban
sprawl are in countries or regions with high population density and economic activity like
Belgium, northern Italy, the Paris and Madrid regions, and Germany [19].

The south Asian region as a whole is experiencing expansion and intensification of
cropland and urbanization, shrinking of forests and grassland [20]. On the other hand, in
China, for example, the problems in urban-rural spatial structure and food security have
been the hot spots of land use research [21]. It is because China has urbanized rapidly
over the past three decades, underpinned by rapid economic growth. It has many rapidly
growing cities and some that have had declining populations [22]. As such, the per capita
area of farmland fell from 0.106 ha in 1996 to 0.092 ha in 2008, raising concerns about food
security [23]. Therefore, migration, rural economic development, and urbanization are the
primary forces driving the conversion from farmland to non-agricultural uses in China [24].
Other researchers attest that immigration plays an important role in land-use transitions
because it leads to urban expansion and farmland occupation [25].

The review of the literature also conduced us to examine land tenure. Indeed, land
tenure security refers to the right of individuals and groups of people to effective protection
by their government against forcible evictions [26]. Therefore, in the agricultural sector,
securing land tenure has regularly been prioritized by policy-makers to ensure and develop
more productive agriculture [27]. In that sense, secure tenure is widely recognized as
an essential foundation for achieving a range of rural economic development goals [28].
However, land tenure security is central to agricultural production and sustainable use
of natural resources [29], and the links between tenure security and agricultural produc-
tivity are of primary interest [30]. This may imply that land tenure systems can affect
agricultural productivity by influencing the efficient use of inputs and the adoption of
modern technology [31]. On another note, secure access to productive land reduces the
vulnerability to hunger and poverty to the millions of poor people living in rural areas
and depending on agriculture. It influences their capacity to invest in their productive
activities and the sustainable management of their resources [32]. From then on, land
tenure security is important not only for agricultural production, but it also allows people
to diversify their livelihoods by using their land as collateral, renting it out, or selling it [33].
Finally, strengthening land tenure security is key to achieving efficient land allocation
among farmers in both in land abundant and land-constrained areas as it facilitates land
markets [34].

In the above background, it is important to analyze the evolution of the population
to in order to understand rapid urbanization. Globally, more people live in urban areas
than in rural areas [35]. We found that 54 percent of the world’s population live in urban
areas. In view of this, we noted that the urban population of the world has grown rapidly
since 1950, from 746 million to 3.9 billion in 2014 [10]. Along with this, the medium-variant
projection indicates that the global population could grow to around 8.5 billion in 2030 [36].
Hence, prior work has highlighted that urbanization is a problem because urban expansion
inevitably covers some agricultural land.
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In contrast, changes in land values and land markets around cities often result in va-
cant land as the owners anticipate their gains from selling it or using it for non-agricultural
uses [22]. Therefore, the changes in land use arise from competing for economic, politi-
cal, social, and environmental goals [37], and urban sprawl dynamics will also play an
important role in the future land-use change in some countries like India [38], and Africa
countries. In summary, land-use change is characterized by a high diversity of change
trajectories depending on the local conditions, regional context, and external influences [39].
Therefore, it is important to understand the underlying technological, institutional, and
economic drivers of land-use change and how they play out in different environmental,
socio-economic, and cultural contexts [40].

According to the literature review, the drivers of the agricultural land transition are
mainly non-agricultural activities—for instance, residential construction. The more human
activities intensify, the more agricultural land is threatened. Therefore, as Senegal is a
developing country, this study is important from the point of view of understanding the
mechanisms and the main factors influencing the transition of agricultural land. Given
this worrying situation, the objective of this work is to (i) understand the degree and trend
of transition and evolution of agricultural land space and time. Then, our interest is to
(ii) identify the keys drivers of this transition and evolution of agricultural land in the
Groundnut Basin. In this study, we will focus on these important issues.

2. Study Area

Senegal is located in the West African continent, with a land area of 196,722 km2.
It is located between the latitudes 12◦20′ and 16◦20′ N and the longitudes 11◦20′ and
17◦30′ W [41]. Ecologically and agriculturally, the country is subdivided into six geograph-
ical eco-zones [42]. Our research concerned the Groundnut Basin. It covers the administra-
tive regions of Diourbel, Thiès, Kaolack, Fatick, Kaffrine, part of the Tambacounda region
(departments of Koumpentoum and part of the department of Tambacounda) and the
department of Kébémer [43]. Therefore, our study focuses only on the five administrative
regions (Figure 1). They are considered most important in this area because they occupy
almost all the arable land in the Groundnut Basin, and constitute an area of very high
agricultural production in Senegal [44]. It has a population of 6,436,912 people according
to the population censuses in 2013 [45], and covers a total area of 34,964.36 km2, with
a density of 184.10 people per km2. The distribution of arable land by agro-ecological
zone shows that the Groundnut Basin represents 70% of arable land [46]. Throughout the
Groundnut Basin, the cropping systems are mainly cereal-leguminous rotations [47], and it
is dominated by subsistence production of millet, maize, groundnuts, cowpeas, and bissap
(hibiscus) [48]. Groundnut Basin is characterized by degraded and patchy open forests
dominated by Bombax costatum, Lannea acida, Pterocmpuserinaceus, Sterculia setigera, Khaya
senegalensis, Daniellia oliveri, Detarium senegalensis [49].

With a poverty rate of 47% in 2011 [50], agriculture in Senegal has always been seen
as the foundation of the country’s socio-economic development [51]. In terms of economic
activities, this sector is dominated by agriculture and occupies 74% of the population in
the area [52]. Its average in terms of gross domestic product (GDP) ranged from 21.24%
(1960–1989) to 15.26% (1990–2011) [53], and further to 16.1% in 2017 [54]. According to data
from the National Agency for Statistics and Demography (NASD) site, in 2020, the areas
planted (in hectares) in peanuts represent, respectively, 55.16% (2017) and 63.15% (2018)
of the national areas (in hectares) planted. In 2013, the population censuses showed that
70% of farms were small family farms with an area of fewer than five hectares [45]. In the
study area, the median value of annual rain-fed crop sales per household in 2018 is around
$246.61. According to the NASD site, the percentage of farm household members with
agricultural education vary from 5.34% in 2017 to 0.67% in 2018.
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Figure 1. Geographic information: (A) represents the blue color represents the localization of the
study area within Senegal; (B) represents the Groundnut Basin with five regions.

In fact, in Africa, particularly in the Sahel, after the rainy periods of the 1960s, many
researchers noted anomalies of rain in the early 1970s [55]. The consequences of this rainfall
deterioration are reflected in Senegal by the degradation of the natural environment, with
drought leading to the degradation of the plant cover, the soils being subjected to erosion
and runoff, and the accentuation acidification and salinization [56]. In addition, the factors
of low annual rainfall, frequent dry spells, and the rainy season shortening affect the
vegetative cycle of crops [57]. Severe droughts, especially in northern regions, appear
as the biggest risk in estimated aggregate losses to crop and livestock [58]. In Senegal,
agriculture is mainly rain-fed and depends heavily on seasonal rainfall amounts, and
distribution [59]. Therefore, the combined effect of rainfall, land surface temperature,
and solar radiation explain approximately 40% of the variation in cropland productivity
over West Africa at the 95% significance level [60]. This situation underlines the fact that
the evolution of agricultural land, and climate are closely linked. Drought is a recurring
phenomenon in the coastal zone of Senegal and its hazards affect the economies of the
predominantly agricultural population [61].

The main factors affecting land-use in Senegal are manifold. Firstly, lots of land areas
were changed by the urban setting and associated rapid growth and transformation of
human societies in Senegal [42]. In 2015, Senegal’s population was estimated at 14,356,575
people with an average annual growth rate of 2.7% [45]. The growth of the rural population
has brought greater pressure on land and natural resources and contributed to land frag-
mentation, particularly in densely populated and high-potential areas with easy access to
markets [62]. As a result, in Sangalkam, around Dakar (capital of Senegal), some 7.64 km2

of agricultural land use was officially developed in the area between 2003 and 2009 [63].
The law n◦ 64–46 of 17 June 1964, governs land management in Senegal, which stipulates,
land does not belong to the State, territorial communities, or users, but the “Nation” [63].
Local governments are responsible for the allocation/dedication of land in the national
domain for rural activities [64]. Secondly, the chronological summary of agricultural policy
in Senegal has gone through several phases. The literature shows the Agricultural Program
(1960–1980), the New Agricultural Policy (1985–1994) and the Agricultural Development
Policy Programs, letters and Declaration (1995–2003). Since the 2000s, we have seen a
reconfiguration of the situation regarding agriculture. For example, we have the Law of
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Agro-Sylvo-Pastoral (LOASP) in 2004. Since 2013, Senegal has defined a new agricultural
policy called the Program to Accelerate the Cadency of Senegalese Agriculture (PRACAS).
Despite all these agricultural policies, Senegalese agriculture still faces difficulties [65].
Third, soils in Africa affected by water erosion ranging from medium to high effect cover
an area of more than 12 million hectares, or 18.5% of the total national territory [66]. The
Groundnut Basin is today confronted with chemical and physical-biological degradation
which has become more intense. Thus, the soils are impoverished, restructured, chemically
exhausted by wind and water erosion, recurrent droughts [67].

3. Materials and Methods
3.1. Data Sources

The data presented in this study are derived from different databases (please see
Table 1). The analysis model aims at analyzing the agricultural land evolution and transi-
tion in terms of area and soil occupation change over ten years chronological series between
2009 to 2018.

Table 1. Data sources information.

Types Information

Spatial data Source

The spatial data used for this study are obtained from USGS
(United States Geological Survey) and NASA (National

Aeronautics and Space Administration), Modis land
cover-Modis MCD12Q1V6 (acquisition data: 26 March 2021)

https://earthexplorer.usgs.gov/

Types
cropland; grassland; urban and built-up; permanent

wetland (four images in 2009; 2012; 2015, and 2018 between
June and October)

Socio-economic
data Source

National Agency for Statistics and Demography (NASD)
(acquisition data: 30 March 2021)

https://satisfaction.ansd.sn/

Types
Evolution of the population; characteristics of farm

household members; farm household members with
agricultural education.

Agricultural data Sources

World Bank (W.B) and Food and Agriculture Organization
(FAO) (acquisition data: 30 March 2021)
http://www.fao.org/faostat/fr/#data

https://donnees.banquemondiale.org/indicator

Types
Fertilizer consumption; permanent cropland (% of land

area); agriculture value added (% of gross domestic
product)

Climatic data Sources
Types

Data Portal: Center for Hydrometeorology and Remote
sensing—available online: https://chrsdata.eng.uci.edu/

(acquisition data: 28 August 2021)
Rainfall data (between June and October)

3.2. Methodology

The spatial data used in this study are obtained from NASA LPDAAC Collections-
Modis Land Cover—MCD12Q1V6 (Earth Explorer USGS). However, due to their character-
istics, pre-processing is necessary to have more clarity. Therefore, several steps have been
taken. First, to optimize the quality of the images, the layers were re-projected according
to the reference projection system of the study area, which is World Geodetic System
(WGS)_1984_Complex_UTM_Zone_28N (EPSG:31028). In addition, the strips were cut ac-
cording to the size of the study area. To make the classified land cover images comparable,
we resampled the images to 50 m, which is the common resolution for all images [68]. This
resampling allows us to obtain common results between the processed images. Second,
after this geometric correction, we used supervised classification to categorize the land

https://earthexplorer.usgs.gov/
https://satisfaction.ansd.sn/
http://www.fao.org/faostat/fr/#data
https://donnees.banquemondiale.org/indicator
https://chrsdata.eng.uci.edu/
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cover components used in our study. The land-use types are mainly classified into four cate-
gories: cropland, grassland, urban and built-up, and permanent wetland. Then, concerning
the spatial analysis, four temporal remotely sensed images were selected for evolution
and transition land use detection, namely, Modis Land Cover of USGS in 2009, 2012, 2015,
and 2018. All four images, respectively, were used to examine the area’s evolution and
transition land-use dynamics. The area information was used as a basis for analyzing the
quantitative change in land use. After the conversion of raster data to vector data, we had
to use ArcGIS 10.6 platform to analyze the change pattern of cropland, grassland, urban
and built-Up, and permanent wetland.

3.2.1. Analysis of Land Use Dynamics

Dynamics of land use are expressed as an increase or decrease in area. Therefore, this
method positively affects the analysis of the evolutionary pattern of land use in the study
area. In addition, it gives an idea of the future dynamics of transition and evolution of land
use over time.

KT =
Ub−Ua

Ua
× 1

T
(1)

where KT is the dynamic attitude of the pattern using during the study period, Ua is the
area of the pattern at the beginning of the study period, Ub is the area of the pattern at the
end of the study period T is the time interval of the study years [69].

3.2.2. Calculation of the Land Evolution

The degree of evolution in each tenure category will be assessed by calculating the
rate of evolution E (i, k) in the area of land use as follows [70].

E (i, k) =
Sk− Si

Si
× 100 (2)

(Si) the area of a land-use category of the year i and (Sk) the area of a land-use category
of year k, with k > i. E (i, k) will be equal to: If E (i, k) = 0, it is concluded that this land use
category is stable, if E (i, k) < 0, it is concluded that there is a regression of this category,
and if E (i, k) > 0, there is an extension or evolution of this category.

3.2.3. Analysis of Agricultural Land Transition

To visualize the land cover transition, we merged the layers using the intersection
tool in the ArcGIS platform. Then, we used the equation below to show the different
transitions between the spatial data and used the pivot table function in Excel to produce
statistics according to a couple of classes. Initially, the results of the four components
studied showed fourteen different land-use change classes. Since not all land-use change
classes have the same degree of importance, those representing the main changes were kept
and the others were unified. For example, when we considered the relationship between
grassland and permanent wetland, we obtained two different couple of classes change:
grassland to permanent wetland and permanent wetland to grassland. Accordingly, the
difference in change between these two couple of classes is maintained. In addition, we
opted for this methodology to highlight the most important or the dominate transition
between couple classes. This operation allowed us to keep the four most representatives,
land-use change classes.

T = Layer A + (−) + layer B (3)

Layer A = corresponds to the year of beginning, Layer B = corresponds to the year of
arrival, T = result of the transformation. (This method is used by GIS and RS solutions).

3.2.4. Analysis of Climatic Data: Rainfall

To better understand the factors of evolution and transition of agricultural land in
the Groundnut Basin, we have analyzed the inter-annual evolution of rainfall over the
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period from 2009 to 2018. Indeed, Senegal has two main seasons that mark the climatic
regime: a dry season from November to April–May, and a rainy season from May–June
to October, depending on the geographical location [41]. Accordingly, the rainfall values
used in this analysis only concern the period from June to October, which coincides with
the rainy season in our study area [71]. The methodology adopted is based on a statistical
approach, using the averages of the five months of rainfall for each year in the series.

4. Results
4.1. Analysis of the Land-Use Evolution
4.1.1. Cropland and Grassland Evolution

Agricultural land is becoming increasingly scarce and threatened by several factors.
This situation can be fast/slow and differs from one country to another. Therefore, the tran-
sition of agricultural land is relatively fast in developed countries due to industrialization
but is slow in underdeveloped countries. Tables 2 and 3 shed light on the rate of evolution
in agricultural land area, and urbanization has been increased in the last few decades. On
the other hand, grassland has decreased.

Table 2. The statistics of the land-use area in years 2009, 2012, 2015 and 2018 (km2).

Land Use Pattern Years/Values

2009 2012 2015 2018

Cropland 14,569.53 15,541.06 15,913.48 16,687.16
Grassland 18,656.27 17,704.38 17,295.78 16,566.23

Permanent wetland 758.80 778.41 779.76 768.63
Urban and built up 172.49 174.85 175.41 177.32

Other 807.27 765.66 799.93 765.02
The total surface of the study area 34,964.36 34,964.36 34,964.36 34,964.36

Table 3. Dynamic land-use evolution in the period of 2009–2012, 2012–2015 and 2015–2018 (%).

Land Use Pattern

Number Periods Cropland Grassland Permanent
Wetland

Urban and
Built Up

P1 2009–2012 +6.67 −5.10 +2.58 +1.37
P2 2012–2015 +2.40 −2.31 +0.17 +0.32
P3 2015–2018 +4.86 −4.22 −1.43 +1.09

The study period 2009–2018 +14.53 −11.20 +1.30 +2.80
(−) Decrease in area; (+) increase in area.

The research revealed that an increase in cropland (Figure 2), at the beginning of
the study period, which coincides with the year 2009, the cropland represented around
14,569.53 km2. On the other hand, at the end of the study in 2018, the cropland is around
16,687.16 km2. Therefore, a difference of 2117.63 km2 was noted, including an increase
of 14.53%. The dynamic attitude of cropland amounts to 1.45. This dynamic seems to be
important. This means a potential doubling of the cultivated areas around 2028.

On the other hand, our analysis shows a decrease in grassland. The grassland repre-
sented respectively 18,656.27 km2 in 2009 and 16,566.23 km2 in 2018, showing a decrease
of about −2090.04 km2 (−11.20%). Therefore, the cropland increases as the grasslands
decrease.
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study area.

As for the results between periods, the cropland also shows fluctuations. Thus, Table 3
reflects an evolution of 6.67% over the period 2009–2012. This result has decreased to 2.40%
between 2012 to 2015 with a deviation of 4.27%. Compared to the second period, we have
observed in the third period an increase of 4.86%. Therefore, if we compare the first period
to the last period, the results reflect that the cropland has not increased significantly. In
summary, the cropland has slightly increased by 1.81% between the first and last periods
(Table 3). This situation remains the same for the grassland. Respectively, the results are
decreasing by −5.10%, −2.31%, and −4.22% and the difference noted between the first and
third periods is about 0.88%. In summary, the study highlights important knowledge that
an expansion of cropland during the study period (Figure 2). These results are confirmed
by the data of the World Bank site (2020). Indeed, they show that the permanent cropland
represented 0.30% in 2009 and 0.35% in 2016, increasing 0.05% in Senegal.

4.1.2. Urban and Built Up and Permanent Wetland Evolution

Urbanization is one of the factors that affect agricultural land. Therefore, it appears
differently depending on the context and evolution of the population. In our study area,
urbanization seems to be slow and occupies the space little by little. The dynamic attitude
of urban and built-up turns around 0.28. Between 2009 and 2018, urban and built-up
represent 2.80% and permanent wetland 1.30%.

Urban and built-up and permanent wetland are not significantly represented. Indeed,
at the beginning of our study in 2009, urban and built-up represents an area of 172.49 km2

out of 34,964.36 km2, which corresponds to the total area of the study area. This area has
evolved to reach 177.32 km2 at the end of the study in 2018, including an increase of 2.80%.
However, the inter-period results show an increase of 1.37% between 2009 and 2012. This
value has changed slightly from 2012 to 2015 with an area of 0.32 km2, a decrease of about
1.05% less. For the last period, our research reflects an increase of 1.09%. In addition,
between the first and the last period, urban and built-up grew by 0.28%.
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In summary, urbanization has intensified in the second and last periods. The perma-
nent wetland reflects an increase of 2.58% in the first period, 0.17% in the second period,
that is to say, a difference 2.41%. This result continues to decrease, reaching −1.43% in the
third period. Finally, between the first and the last period, this variable has decreased by
about −1.15%.

4.2. The Regional Difference of the Study Area in Land-Use Transition

Analysis of regional differences is important to understand the dynamics of agri-
cultural land use in each region. We have firstly analyzed the cropland and grassland.
Concerning cropland, from 2009 to 2018, an increase is noted in all the five regions. The
region of Kaffrine has the highest value with 1337.95 km2 (22.80%). It is followed by
the regions of Diourbel (19.50%) and Fatick (9.71%). The regions of Kaolack and Thiès
show 3.83% and 2.53% over the ten years, respectively. This increase hides inter-annual
disparities. Between 2009 and 2012, the area of cropland in the Diourbel region decreased
by −5.81%. However, over the same period, the area increased in Fatick (4.27%), Kaffrine
(13.31%), Kaolack (7.01%), and Thies (1.70%). This approach shows that cropland evolution
is not exponential but in a sawtooth pattern. This pattern is similar to grassland. In general,
it has decreased. The Kaffrine region occupied first place with −24.81%, followed by the
Diourbel (−18.74%) and Kaolack (−7.26%). In contrast, the Thiès region shows an increase
of 0.11%.

For urban and built-up and permanent wetland, the situation is the same. Concerning
urban and built-up, the region of Thies comes in first place with an evolution of 4.02 km2

(7.94%) between 2009 and 2018 (Figure 3). This evolution trend remains the same for the
Diourbel region with 0.93%. The evolution of urban and built-up is average in the Factick
region with 0.77%. In contrast, the regions of Kaolack (−0.17%) and Kaffrine (−0.61%)
show a decrease in urban and built-up areas in the same period. Permanent wetland
concern largely the Fatick and Thiès regions. In the Thiès region, the evolution is stable.
However, in the region of Fatick, it has been recorded an increase of 9.80 km2 (1.31%).
However, this result hides disparities. In the same region shows an increase of 2.60% from
2009–2012, to reach a decline of −1.43% from 2015–2018. Finally, the analysis of regional
differences in land use shows several aspects. The first aspect shows that in the regions
of Kaffrine and Diourbel, cropland has evolved rapidly, but urban and built-up remains
low in Kaffrine (Figure 3). In contrast, urban and built-up expansion is relatively rapid in
the Thiès region, and moderate in the Diourbel region. However, in the Thies region, the
evolution of cropland and grassland has evolved weaknesses compared with other regions.
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4.3. Analysis of Land Use Transitions
4.3.1. Inter-Period Transition

To understand agricultural land transition dynamics, the series is divided into three
equal periods. The first period from 2009–2012 shows a decrease in grassland in favor of
other variables. 944.58 km2 of grassland was transformed into cropland. Then, 12.23 km2 of
grassland transformed into a permanent wetland, and 2.12 km2 became urban and built up.
This first approach shows a significant decrease of grassland at the expense of urbanism
and permanent wetland indeed. Urbanism and permanent wetland have occupied about
14.35 km2 of grassland. Urban and built-up alone, records 2.27 km2 on the grassland.

Transition in the second period (2012–2015) appears to be less intensive than in the first
period. The transformation of cropland decreased. The area transformed from grassland to
cropland went from 944.58 km2 to 363 km2, a decreasing 580.8 km2. Dynamic continues
with the changes from grassland to permanent wetland with 2 km2. Similarly, 1.15 km2

of grassland has been converted to urban up and built. This situation shows a relatively
slow evolution of urbanization. Therefore, compared to the first period, the results reflect a
difference of 1.03 km2 of grassland converted to urban up. Concerning the last period, it
witnesses transition compared to the second period. Indeed, we still note an extension of
agricultural land compared to the grassland, representing 772.12 km2.

In this last part, our analysis points to a reversal of the permanent wetland and
grassland. About 10.96 km2 of permanent wetland have been transformed into grassland.
Urbanization as for it evolved. We observed a 2.21 km2 of grassland are again transformed
into urban and built up. The inter-period analysis of land transition shows significant
fluctuations. A few areas of cropland were transformed into urban and built up, in other
cases, the grassland was transformed into cropland or urban and built up.

4.3.2. Changes That Occurred during the Study Period

Analysis done during the period of the study period highlights some changes between
the variables. Among the most significant changes, the results underline an extension
of other components on the grassland. 2083.29 km2 of grassland was transformed into
agricultural areas (Table 4). Similarly, 5.42 km2 of grassland was transformed into urban
and built up. In addition, 3.63 km2 of grassland was transformed into a permanent wetland.
We have noticed a significant change in grassland, in the study area which has continued
to increase. This change is especially noticeable in the Kaffrine region (Figure 4). The
balance of land-use changes observed over the study period shows that the most important
relationships are between grassland and the other land use pattern, namely cropland and
urban up and built.

Table 4. Land use transition over the study period (2009–2018) in km2.

Cropland Grassland Permanent
Wetland

Urban and
Built Up

Cropland 13,288.12 x x x

Grassland 2083.29 15,202.92 3.63 5.42

Permanent Wetland x x 747.53 x

Urban and built up x x x 166.35
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5. Discussion
5.1. Impacts of Urbanization and Population on Agricultural Land Transition

The National Agency of Statistics and Demography (NASD) site projections of popu-
lation trends in the study area show a rapid evolution. The population projections data
show that there were 5.059,331 million people in 2009 and 6.436,913 million in 2018, with
an increase of 27.23% in ten years. A rapid increase in population may be an explanatory
factor that is at the origin of agricultural land transition because evolution in population
induces demand for housing and occupation of new spaces. On the other hand, the results
highlight that urbanization is expanding rapidly in the Thiès area (Figure 3). According to
NASD site data, the Thiès region is the most urbanized and populated region after Dakar.
This region, whose land area represents less than 2% of Senegal’s land area (196,722 km2),
concentrates more than 25% of the national population [45]. As a result, the overcrowding
of the capital (Dakar), partly explains the rapid development of urbanization in the Thies
region. This region (70 km from Dakar) now serves as a secondary city to correct the
territorial imbalance; it has been the area to major state projects such as the new Blaise
Diagne International Airport. From this perspective, agricultural land fragmentation and
scarcity are still mentioned as of considerable constraints on agricultural modernization.
It could be exacerbated in the affected area due to a huge agricultural land acquired to
support urbanization and industrialization [72]. Therefore, it is undeniable that the loss of
agricultural land to urbanization is a serious threat to food security and poverty alleviation,
especially in regions where many people are already poor. Consequently, agricultural
development in Senegal has to face many challenges related to good land administra-
tion and planning for successful socio-economic development, particular rural economic
transformation.

5.2. Climatic Factors That Influence the Evolution of Agricultural Land

The links between the land and the global climate have long been known [73]. Thus,
the scientific literature provides positive examples of that problem. It points out that land
degradation is a complex process involving the natural ecosystem and the socioeconomic
system. Climate and land-use changes are the two predominant driving factors [74].
However, it is clear that climatic factors, including temperature or rainfall, can impact
land-use. In this study, the pivotal factors that can influence agricultural land’s transition
focus on the rainfall.
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Generally, the projected changes in climate include recurring climate extremes like
droughts, flooding, and outbreaks of pests and diseases exposing the region to the vulnera-
bilities of the changing environment [75]. The agricultural sector is one of the first affected
by this change [64] because rainfall is the main factor affecting agricultural production [76].
Therefore, the erratic spatio-temporal distribution of rainfall can often be the origin of an
increase or a decrease in the cropland. Past studies emphasized two normal years with a
dryness trend in 2012 and 2013 in West African, particularly Senegal [77]. This dryness can
have a negative influence on the area planted. For instance, our study shows a decrease in
cropland during the periods of 2012–2015 and 2015–2018. Indeed, the inter-annual evolu-
tion of rainfall during the period 1985–2014 in the region of Kaolack shows thirteen years
out of thirty that are deficient compared to the average of the series which is 604.0 mm of
rain. The most deficient year was 2014 with 423 mm [78]. The above background confirms
the rainfall results analyzed for the whole study area. Indeed, the analysis made on the
evolution of the rainfall shows that the rainfall varies from one year to another. Indeed,
Figure 5 shows three periods. The results of the second period show that the rainfall is
decreasing and 2014 is the most deficient year of the whole period. Similarly, after an
increase in rain in 2015, the rainfall decreased over the third period. Accordingly, the
decrease/fluctuation in rainfall during this period may explain the reduction or increase in
cropland in the Groundnut Basin.
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On the other hand, our analysis reflects the decline of urban and built-up in the regions
of Kaolack and Kaffrine. Formerly inhabited areas are abandoned, leaving the place to fal-
low. These two regions are predominantly agricultural (Figure 2). Therefore, this situation
has been proven in some studies in the past. Indeed, the decline of groundnut cultiva-
tion, coupled with the disappearance of certain industrial facilities for processing this raw
material, has aggravated the situation, leading to a massive displacement of populations
from the former urban centers of the Groundnut Basin to the metropolis of Dakar [65].
Therefore, many socio-economic and climatic factors can influence agricultural land, and
some studies demonstrate about 74% of farmers perceived that erratic rainfall seasonality
contributes significantly to the land-use change and agricultural land abandonment [79].

5.3. The Means of Financial Has Effect on Agricultural Land Evolution in Senegal

This link between agricultural land transition and financial means has been high-
lighted in the literature. For instance, cropland increases in the United States, and pasture-
land decreases when government payments go up [80]. The same observation is noted
in China, where economic restructuring also influences the overall evolution of farmland
areas [25]. Despite a shortfall in rainfall in recent years, Senegal has significantly improved
its results due to the selection of seeds and strong mechanization, which have positively
impacted agricultural yields. Yields have witnessed a dramatic increase [81]. To under-
stand this phenomenon, we have analyzed the evolution of agricultural investments. This
analysis shows an identical correlation between the variables. According to data from the
World Bank site, investments in the agricultural sector in Senegal have evolved consider-
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ably during the study period. They represented 16,323 million CFA ($30,471.27) in 2009
and 51,585.6 million CFA ($96,297.26) in 2018, including an increase of 35,262.6 million
CFA ($65,826). Accordingly, we found that the agricultural investments for the Groundnut
Basin represent 17.3% [82]. Meanwhile, fertilizer use has doubled. The use of fertilizer
has evolved from 18,489,000 kg in 2008 to 37,000,000 kg in 2018, including an increase of
18,511,000 kg. These huge investments in the sector can justify the evolution of agricultural
land in the area. The evolution of agricultural land in the Groundnut Basin depends more
on financial means.

6. Conclusions and Recommendations

The findings of this study reveal that the agricultural land has not yet been subjected
to real human pressure. From 2009–2018, urban and built-up occupies only 177.5 km2

of the total area (34,964.36 km2) and increases at 2.80%, with a dynamic attitude of 0.28.
This situation is because the fact that it is an under-populated area with little urbanization.
The density represented 184.10 people per km2. Therefore, basic needs such as housing,
infrastructure, and services are poorly developed in the area. Analysis of the regional
difference shows that the Thiès region alone occupies 54.61 km2. Today, this region is
considered an integral part of the Dakar region (25% of the country’s population), which is
the most urbanized in the country [83]. The most visible case in the study is the extension
of cropland on the grassland. It represents 14,569.53 km2 in 2009 and 16,687.16 km2 in 2018,
including an increase of 2117.63 km2 (14.53%). The region of Kaffrine alone recorded an
increase of 1337.95 km2 (22.80%) and followed by Diourbel (19.50%). The justifying factors
can be related to agricultural investments and climatic performances such as rainfall or
fertilizer. The use of fertilizer is increase reaching about 18,511,000 kg over the period. For
the transition of areas is relatively intense, and the results reflected that 2083.29 km2 of
the grassland was transformed into cropland; 5.36 km2 of the grassland was transformed
into urban and built up. In general, the agricultural land in the study area has not yet
undergone a major transition.

According to these findings, recommendations are necessary to ensure efficient and
balanced management of agricultural land in the future. First, agricultural land use
planning is essential. Given the increasing urbanization and large-scale agriculture, the
establishment of an agricultural nature protection zone is necessary, to develop and seek
consensus on rules guiding the sustainable utilization of agricultural resources. Second, the
agricultural land is disappearing faster than population growth. It is therefore imperative
to move towards zero lands “artificialization”. That is to say that we must resort to the
restoration of degraded land to compensate for the land newly occupied by urban and
built up. Third, land tenure management. Secure land and property rights are critical for
reducing poverty and for enhancing economic development, gender equality, social stabil-
ity, and sustainable resource use. We propose a restructuring of the basics of law No. 64–46
of 17 June 1964 to facilitate access to and proper management of agricultural land.

Thus, the restructuring of this law will strive to put in the place a legal system
that will facilitate access to and management of land in general and agricultural land
in particular. However, it is relevant to integrate all stakeholders in the reform process,
strengthen the existing land access procedure, and to further include land issues in the
decentralization and agricultural development policy laws. In addition, access and control
over land are problematic in Senegal, especially under customary rule [84]. Therefore,
a more equitable redistribution of access to land, especially to those who can invest in
agricultural development, might be an important point in restructuring this law.

Furthermore, land issues are becoming increasingly complex due to economic devel-
opment and population growth. Thus, the lack of coordination between socio-economic
development laws can be seen as a blocking factor in the reform. Similarly, customary
laws on land rights are increasingly challenged in the context of globalization. However,
the lack of a clear delineation between the state and private domain may be a limiting
factor in the reconstruction of this law. Therefore, it is necessary to formulate rural (such
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urban) spatial planning promotes; promote the implementation of comprehensive land
consolidation projects throughout the region; and optimizes agricultural, ecological, and
construction space [85].
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