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Abstract: Land surface temperature plays an essential role in estimating radiation budgets, in heat
balance studies and as a control for the climate dynamics and modeling frame, and in studying the
impact of LULC changes at regional level. The paper provides a comprehensive evaluation of the
relationship between Land use and Land Surface Temperature (LST), through a landscape dynamics
assessment based on multi-source and multi-sensor remote sensing technologies. In particular, the
study was performed using the Landsat satellite 5 TM, ETM and OLI 8 data for three different dates
(1985, 2001 and 2017) and aimed to assess the land use/land cover changes effects on the LST distri-
bution in the region of Taroudant, Morocco. Spatial and statistical analysis and comparison of maps
generated from remotely sensed data using GIS indicate the existence of different changes in the
Taroudant region between 1985 and 2017. These changes are predominantly characterized by an
increase in built-up areas and bare ground and a decrease in natural areas (vegetation, forest...). The
average temperatures in 1985, 2001 and 2017 in open forests were 32.74 °C, 34.37 °C and 39.17 °C
respectively. The farming greenhouse temperatures were 24.09°C, 28.5°C, 35.58 °C, and barren soils
37.14 °C, 38.38 °C, 40.01 °C. The average land surface temperatures of farming lands were 24.31 °C,
27.87 °C and 28.61 °C, respectively. As a result, the soil artificialization and everything associated
with such as greenhouse gas emissions, and abusive consumption of farming and natural land, are
likely to be the origin of environmental problems and climate change marked mainly by these
changes in surface temperature and irregular rainfall and unprecedented periods of drought.
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1. Introduction

Deforestation, agriculture, and urban sprawl are the principal causes of land use
changes, consequently impacting climate, biodiversity, and natural resources. As a result,
land use change maps are essential to understand the significant changes generated by
anthropic activities and natural factors at the scale of territory to manage better and plan
its development [1-3]. Thus, given its synoptic and multi-temporal capabilities, remote
sensing has become a veritable tool in the characterization, mapping, and evolution over
time of large physical soil units. In this sense, several supervised or unsupervised classi-
fication approaches have been developed over the last few decades to make the best use
of satellite images [4—6]. This study aims to detect and map major changes in land cover
from satellite and multi-temporal data and assess their impact on surface temperature in
the Taroudant region between 1985 and 2017. The interest of this work is to characterize
the state of the large physical units of the soil and their spatio-temporal dynamics to iden-
tify better the threats weighing on the environment and natural resources.
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2. Study Area

The Taroudant region, which is part of the Souss plain, is located in southwest Mo-
rocco, approximately between longitudes 9°6” and 7°47" West and latitudes 29°70" and
31°11" North (Figure 1). This area is characterized by a semi-arid to the sub-desert type of
climate, but the mitigating effect of the Atlantic Ocean current and the mountainous bar-
rier of the Anti-Atlas constitute a protection against the desert influence. Annual rainfall
is low and irregular: 200 mm/year on average in the plain. The temperatures are moderate;
the annual average is about 19 °C, the average of the maxima reaches 27 °C and the min-
ima 11 °C. In general, the high level of sunshine (3.000 h of sunlight per year) and the
mildness of the climate provide this region an opportunity for intensive off-season crop
production. At the Moroccan level, the Souss plain is today the first Moroccan region for
producing citrus fruits (more than 40%) and early fruits (more than 60%).

Ouled Teima
Guerdane

Figure 1. Location of Taroudant area.

3. Data and Methodology

The spatial and temporal dynamics of land use in the Taroudant region, where agri-
culture is the main activity, require a diachronic analysis based on a series of satellite im-
ages.

The images used in this study are from the TM (Thematic Mapper), ETM+ (Enhanced
Thematic Mapper Plus) and OLI (Operational Land Imager) sensors, and the Thermal In-
fra-Red Sensor (TIRS) of Landsat. They were acquired in the same period of the year to
reduce problems due to differences in sunlight angles, phenological changes in vegetation,
and soil moisture differences [7]. In addition to satellite images, the documents used are
topographic maps at 1:100,000.

The methodology adopted to identify the changes at different dates consists of the
application of a series of preprocessing (geometric, radiometric, and atmospheric correc-
tions) and numerical treatments (Principal Component Analysis (PCA), Calculation of the
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vegetation index (NDVI), Classifications). The satellite images derived from these tech-
niques are transformed into thematic maps of land use for the three selected years and
then into maps of change during the observed period. The analysis, interpretation, and
comparison between the different maps will help to better understand the changes that
this region has experienced during the studied period.

4. Results
4.1. Mapping and Evolution of Land Use

The methodology used gave very satisfactory results and showed its effectiveness for
a region with significant vegetal diversity, despite some confusion due to similarities be-
tween the spectral signatures of some thematic classes. The overall average accuracy of
the classification is 73%. In the form of digital maps (Figure 2), these results have identified
the spatiotemporal evolution of land use in the Taroudant region for 32 years (from 1985
to 2017). Examining these maps shows that the most significant change recorded for the
open forest class went from 993.28 km? in 1985 to 403.04 km? in 2017. It also indicates a
spatial expansion of the built-up area (BU) classes and bare soil (BS), which increased from
23.5% in 1985 to 46.3% in 2017, and from 2.35% in 1985 to 8.11% in 2017, respectively. For
the same period, the area of farming land increased by 14.8%. This study also showed that
the area equipped with greenhouses farming experienced an increase of 242.55% between
1985 and 2001, followed by a decrease of —43.64% between 2001 and 2017.
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Figure 2. Map obtained through overlying land use/land cover maps of 1985, 2001 and 2017.
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4.2. Spatial Distribution and changes of LST

Many factors affect LST recovery from remotely sensed thermal infrared images [8,9],
and they can be mainly classified into two aspects: atmospheric effects and land surface
effects [10]. The analysis of the maps of the spatial distribution of surface temperature
(Figure 3) showed that its variation is related to the type of land use for the maps of the
three years studied (1985, 2001, and 2017). Thus, the lowest LST, between 1985 and 2017,
are recorded in farming land, followed by greenhouses farming, built-up areas, open for-
ests, and bare soil. While the comparison between these maps of surface temperature
highlighted an average increase of 6 °C between 1985 and 2017. These changes in surface
temperature are generally controlled in addition to climate change by the changes that
this region has experienced during this period (1985 to 2017). Thus, the areas that have
recorded a significant increase in LST are those where farming land has become bare soil
due to drought and groundwater depletion (case of Sebt Guerdane).

B Cold

1 Cool

[ Chilly
[ IWarmish
8 Hot

B Very Hot

N
A 0 20 40
—— BN KM

Figure 3. Land surface temperature maps of Taroudant 1985, 2001, 2017.

5. Discussion

Land use maps (LULC) and surface temperature maps (LST), derived from satellite
images, were used to quantify the Taroudant region’s changes between 1985 and 2017.
However, to evaluate LULC and LST’s relationship, the LST image was overlaid for the
same year with the corresponding land cover map. Thus, the average surface temperature
of each LULC type was extracted. From the analysis of these results, it appears that the
surface temperature has changed over time according to the different types of land cover
and land use. Thus, the surface temperature increased at a high rate in areas where LULC
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classes have been converted to bare soil, the case of farming land and open forest (Argan).
Whereas in areas that have undergone a reverse transformation, marked by the conver-
sion of bare soil into farming land, there is a decrease in surface temperature.

Changes in land use and land cover in the Taroudant region are of both natural and
anthropogenic origin. In addition to the extension of artificial surfaces, these changes are
mainly due on the one hand to the intense exploitation of groundwater, which has caused
a significant regression in the surface of farming land, and on the other hand to climatic
changes marked by drought-related damage to the Argan forest, which has experienced
this region during the last four decades.

6. Conclusions

The results obtained from the application of automatic classifications on Landsat sat-
ellite images highlighted the changes in land cover and surface temperature during 1985—
2017. Thus, we found that the most significant changes are mainly in the forest class,
which decreased from 993.28 km? in 1985 to 403.04 km? in 2017. There is also an increase
in the built-up area (BU) and bare soil (BS) classes, which respectively passed from 23.5%
in 1985 to 46.3% in 2017 and from 2.35% in 1985 to 8.11% in 2017. For the same period, the
area of farming land also increased by 14.8%. In terms of the area equipped with green-
houses farming, this study showed an increase of 242.55% between 1985 and 2001, fol-
lowed by a decrease of —43.64% between 2001 and 2017. These land use changes have a
direct impact on the spatial distribution and temporal evolution of surface temperature.
Thus, land use and land cover significantly influence surface temperature, and strongly
depend on surface conditions. This is very well expressed in areas with significant trans-
formations, such as areas where farming land has become bare soil or where the forest has
been heavily degraded. These areas have recorded during this period 1985-2017 an in-
crease in surface temperature. In the areas with predominantly bare soil and converted to
farming land, the surface temperature has decreased during the same period. However,
in general, the Taroudant region has experienced an increase of 6 °C in average LST be-
tween 1985 and 2017, which is related to the loss of farming land due to both overexploi-
tation and groundwater depletion and the drought that has hit the region during this pe-
riod.
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