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Highlights

e The study area had the inverse effect of surface urban heat island

¢ Residential areas like open low rise contribute to the decrease of surface temperature
e Green infrastructure solutions are the most suitable in semi-arid areas

e Temperature difference between urban and peri-urban areas is increasingly worrying

o Statistical approaches (ANOVA, spatial clustering) precisely quantify the differences
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Abstract: Surface temperature is one of the critical factors used to study microclimate
conditions through Land surface Temperature (LST), a widely used data source. This paper
tests a classification approach using moderate spatial satellite resolution images to extract
surface properties of Local Climate Zones (LCZs) in a semi-arid region against measured
LSTs. However, LST is used to study and explore the spatial relationship between
temperature and urban morphology. Therefore, it is considered an alternative and reliable data

source to complement in-situ measurement, especially in developing countries.

The used methodology is based on two statistical approaches: 1) auto-spatial correlation using
Getis Ord Gi* statistic, and 2) ANOVA test. Results showed an inversion effect of surface
urban heat island - SUHI, where a strong correlation between specific LCZs and the surface
temperature was found. The urban classes represented by open-low-rise, compact-low-rise
have shown a significant decrease in surface temperature for almost two decades and in both

summer and winter seasons compared to non-urban ones.

Therefore, the outcomes of this study may have critical implications for urban planners who
seek to mitigate SUHI effects in arid and semi-arid urban areas. Also, the approach used in
this study can be helpful to follow the urban environment's spatial and temporal development

as an application framework of sustainable development.

Keywords: Land surface temperature, Remote Sensing, Analysis of Variance, Spatial-
autocorrelation, Sustainable Development

1 Introduction
Urbanized areas are among the most affected by climate variability, and the degree to

which the issues present on the territory include buildings, infrastructure, population,
activities, etc. However, the impacts of climate change have already begun to affect the
climate significantly and make places of habitat vulnerable [1]. The concept of vulnerability
to climate change is defined in the Intergovernmental Panel on Climate Change Assessment
Report — (IPCC) as “ the degree to which a system is likely to be adversely affected by the
effects of climate change without being able to cope with them ” [2]. Therefore, climate
change can be considered as a common problem, requiring joint collaborative action between
all the stakeholders. As a result, several countries have started to readjust their agendas with

new agreements; this is shown in the United Nations Framework Convention on Climate
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Change (UNFCCC) of 2015, followed by the COP22 from a previous COP21 fundamental

advance were recorded.

In practical terms, cities generally cause and experience these warming phenomena and are
thus the front line in the fight against climate change. Consequently, climate change will
affect both urban and rural populations, and it is in the cities that the effects will be felt the
hardest. As a result, they will experience the most significant temperature increases,
particularly to urban heat islands — (UHIs), whose products are amplified by human activities.
Although the phenomenon of UHI has been known for more than 200 years, it has gained
media attention in the last decade. Initially, the greenhouse effect directly enhances the heat

island effect as a driver of smaller-scale climate change.

The UHI effect influences the climate of the city, although the town generates it, its
morphology, its materials, its natural, climatic, and meteorological conditions, its
activities...etc. However, the UHI effect is an urban fact to be considered in the design and
management of the city.

When thermal remote sensing is used to analyze the UHI effect, Surface Urban Heat
Island (SUHI) is used instead. In this work, we are interested in surface temperature, where
the SUHI effect is an essential indicator of the urbanization consequences and has rapidly
changed cities' dynamics. Therefore, accurate measurements of the impacts and changes
resulting from the SUHI may provide helpful information for urban planning [3-5]. These
heat islands form because urban surfaces such as roadways and rooftops absorb and emit heat

to a greater extent than most natural surfaces [6].

Land Surface Temperature - (LST) is considered an excellent alternative to carry out the
information gap and to complete the missing data in areas where weather stations are less
existing [7]. It is generally used to estimate surface temperature from indirect measurements
of surface radiation, upward thermal radiance, and surface emissivity using thermal remote
sensing [8, 9]. In addition, LST is considered an essential parameter of microclimatic
conditions and can be accessed free of charge and globally through satellite images. Thus,
LST is one of the most important environmental parameters used for determining the
exchange of energy and matter between the surface of the earth and the lower layer of the
atmosphere.

There are several ways to retrieve LST using satellite images [10-15], where LST data

is affected by four mains factors:1) land surface type, 2) surface moisture, 3) illumination, and
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4) atmospheric conditions. The advantage of using satellite images for retrieving LST is high
spatial resolution and temporal frequency for a large area [16]. However, many studies
showed the reliability of LST data based on satellite images instead of in-situ measurements
[17-19].

Understanding the urban thermal environment is vital for improving urban planning
and strategy development when mitigating urban heat islands. However, LST acquired from
satellite images can be used to study the temperature characteristics of Local Climate Zones —
(LCZ) classes by providing continuous data on surface temperature[20] . The effect of urban
development on local thermal climate is widely documented in scientific literature. The
classification of urban environments into LCZs allowed a deeper understanding of urban
dynamics [21] . In addition to its substantial usefulness in urban climate studies, LCZ
provides additional data for applications such as disaster mitigation, urban planning, and
population assessment [22] . With its ability to provide accurate data on the urban
environment, LCZ also provides reference information for achieving Sustainable
Development Goal [23]. LCZ classification can be considered as a good combination of
accuracy, low-time consuming, and low-cost mapping method, especially for cities without

land use/land cover (LULC) maps, despite some zones' misclassification.

Arid and semi-arid areas such as the Marrakech-Safi region in Morocco are highly
vulnerable to increased drought frequency and intensity, they will be most severely affected
by water scarcity in the future [24]. Thus, this study aims to analyze the variations in LST due
to urban land cover types in Ben Guerir city using Landsat images from 2004 to 2020; to
identify and understand the peculiarities of the urbanized semi-arid environment concerning
LST.

For this reason, we started this work to provide a quantitative framework on soil temperature

variations resulting from different LCZ over Benguerir city and the surrounding areas.

The specific research objectives include:
e Constructing a database based on LST time series to visualize the actual
magnitude of LST changes between 2004 and 2020 ;

e Applying Ord Getis G* statistic on LST change data to extract urban
temperature clusters (hot spots vs. cold spots) and to detect the spatial pattern of
such statistically significant temperature;

o Interpreting the transformation of urban morphology using LCZ classes
integrating statistical approaches.
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Finding the balance between the urban thermal environment and human activities is
critical in the heat island effect mitigation strategy. Thus, several researchers have tried to
find a significant relationship between urban sprawl and the urban heat island effect. And this,
through physical measurements from different sources of data [25].

Several works presented LST as an indicator to study the urban dynamics against the surface
heat island phenomenon. These works can be categorized into two main contributions:

Authors have proposed a Framework based on a purely statistical approach to study the
differences between LCZs using LST [26]. Generally, researchers used moderate to high
spatial resolution data combined with large scale vector data [27-30]. Other works have
inserted vegetation indices (V1) as an additional parameter, and a main component of an urban
ecosystem [31, 32]. Using very high spatial resolution data is also proposed [33, 34] .
However, they started from the premise that the higher the resolution, the more accurate the
data are and the more accurately they can reveal variation on a local scale. All previous works
used simple linear models to test the impact of LST in each LCZ. However, a second category
is an approach combining statistical analysis and spatial autocorrelation techniques [35-37].
The findings are convincing, with a certain limitation: the remote sensing images' spatial
resolution. Thus, the following researchers used different spatial resolution images [38].
While other authors used moderate to high spatial satellite images in the most vulnerable

areas suffering from semi-arid and arid climates [39, 40].

2 Material and Methodology

2.1 Study area
Ben-Guerir city (32.23680, -7.950349) is part of Rhamna, a predominantly rural

subdivision of the region Marrakech — Safi - MS. As mentioned in figure 1B, Ben- Guerir
located in the north of the region MS, where the province area is characterized by rugged
terrain, and it 1s 445 m above sea level. The study area is characterized by a semi-arid climate
with minimum temperatures ranging between 4.3° and 5.1° C and maximum ranging from
37.5 to 39.3 °C. Rainfall remains among the lowest recorded in Morocco, which means an
increasingly structural drought [41]. The province contains the Rhamna massif and the
Gantour plateau, which constitutes a significant phosphate wealth. However, Ben-Guerir city
considered a futuristic city targeted by the Office Chérifien du Phosphate — OCP group
(which is a Moroccan company specialized in mining exploration) to become an innovative
and sustainable city [42]. Studying the spatial and temporal variations of the local climate can

contribute to the proper orientation of the development projects of the old city, as well as the
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green city. However, understanding the evolution of the LCZ through surface temperature
allows all stakeholders to have key information on one of the climate parameters that can be

used to support their future decisions.
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Figure 1. Ben Guerir city (D) and the surrounding areas in relation to its province (A) and region (B).

2.2 Methodology
The Methodology used in this paper is composed mainly of three processing steps, as

mentioned in the workflow (figure 2). A pre-processing first step of Landsat satellite images
is used to estimate LST data and to execute the classification of LCZ maps. The second one
consists of validating the classification results for the LCZ and processing the LST by
affecting the temperature value of each class. Finally, applying the statistical approach to
study and analyze the behavior of surface temperature in each urban structure. In this case,
two statistical approaches were adopted: The first consists of using local spatial association
method indicators based on Ord Getis G* statistic [43], this method used to discover the
spatial pattern by drawing a particular focus on identifying temperature hot spots and cold
spots as spatial outliers. Thus, the second approach completes the analysis of the previous

spatial pattern and evaluates the differences in surface temperature using LCZ classes.
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Figure 2. Flowchart of the study

2.2.1 Hot Spot Analysis calculation
The concept behind hot spot analysis is to identify statistically significant spatial

clusters composed of high values (hot spots) and low values (cold spots). The analysis
generally groups feature when high or low similar values are found in a cluster. The hot spot
analysis concept works by looking at each feature in the dataset within the context of
neighboring features in the same dataset. This processing allows the creation of new output

data with a z-score, a p-value, and a confidence level bin for each entity.

In the literature, there are several methods to study and understand the distribution of a
phenomenon, particularly to know more specifically whether (or not) there are clusters of
high/low values. The most used are local techniques, where they prevailed because of their
ability to identify locations with elevated values. In this case, we reviewed two famous
techniques, 1) Getis-Ord Gi* [43] , and Local Moran’s I [44] . The choice of the appropriate
method generally depends on the main question in our research, which is finding high values

surrounded by high values.

Local Moran’s I technique only indicates that similar values occur together, and it does not
indicate whether any cluster is composed of high or low values. By contrast, Getis-Ord GI*
statistic can indicate whether high or low values are concentrated over the study area.
However, by finding general G statistic, we can significantly measure statistic points

surrounded by a concentrated point that are statistically significant.
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2.2.2  Analysis of variance
Analyzing whether there is a significant difference between the LCZ class and the LST

values is used to reconcile the variations better. In other words, the study focuses on whether
values of LST are more likely to take place in some LCZ classes rather than others. A simple
linear model is applied to assess the mathematical relationship between LCZ class ~ LST-
values in the summer and winter seasons. ANOVA test is applied to check if differences are

statistically significant by comparing LST values among LCZ classes.

2.3 Data preprocessing
2.3.1 Land surface temperature estimation

Several studies have shown the usefulness and quality of LST data from the Landsat
constellation [45, 46]. The spatial and temporal resolution of the Landsat series is largely
sufficient to study the phenomenon at a regional and global scale [47] . The method presented
by Sofia Ermida [48] is adopted in this study consisting of the estimation of LST data using
the Google Earth Engine - (GEE) platform. The authors provided a code repository that
allows computing LSTs from Landsat 4, 5, 7, and 8 within GEE. The proposed workflow
used the Statistical Mono-Window - (SMW) algorithm developed by [49] where the algorithm
uses the brightness temperature - (BT) of the thermal infrared - (TIRS) band, mean and
difference in land surface emissivity for estimating the LST of an area as mentioned in
equation (1) :

LST =22+ W+ ('%T) «In(e) (1)

Where,

LST = Land surface temperature in Kelving

BT = brightness temperature at satellite temperature in Kelving
W = Wavelength of emitted radiance

p = h*c/s (1.438*10-2 mk)

h = Plank’s constant (6.626*10™* Js)

s = Boltzmann constant (1.38*10% J/K)

¢ = Velocity of light (2.998*108 m/s)

p =14380

Mono-windows algorithm has two main advantages: 1) easy to implement and
calibrate, and 2) it uses a single thermal band. GEE platform allows two other datasets, which

are essential to calculate the emissivity value at the pixel level. The first one is atmospheric

data from the re-analyses of the National Center for Environmental Prediction - (NCEP) and
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National Center for Atmospheric Research - (NCAR) [50]. The NCEP re-analysis is the only
global Total Column Water Vapor - (TCWV) dataset available on GEE that covers the full
period of operations of the Landsat series. The second database is surface emissivity from the
Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Emissivity
Database - (ASTER GED) developed by the National Aeronautics and Space
Administration’s - (NASA) and Jet Propulsion Laboratory - (JPL) [51] .

2.3.2 Local Climate Zones classification
Based on the photointerpretation of very high spatial satellite resolution images and

the city's development plan, the categorization process allows the classification of different
LCZs. Protocol for LCZ extraction at level 0 is described by Wang & Ren [52], allowing a
satellite-based method. A pixel-based supervised classification approach with a random forest
algorithm has been used to extract LCZ classes [53]. The first operation in manipulating raw
data consists of digitizing the training areas for the supervised classification using Landsat
data [54] . The classification was calculated and conducted by the random forest classifier
based on similarities between the training samples and the rest of the study area [55] . The
procedure used is universal and characterized by several criteria that aim to obtain a simple

treatment method to use, fast, and without associated cost.

For more accuracy, the Google Earth images were regarded as the reference data, which is
accurate enough to reflect the proper land cover to validate the classification result. Training
areas are obtained according to the characteristics of the LCZ classification system given by
[20]. Seven classes of 17 possible classes were found, and Table 1 shows the classes found in
the study area with a brief description of LCZs. Thus, figure 3 shows different urban
structures in the study area. Most of the city’s morphology comprises the low-compact-rise
and small vegetated areas. Other urban forms in the south are composed of neighborhoods of
open-low-rise areas, were tiny houses with high standing architecture. Besides, the region's
semi-arid nature allows the lightweight rise as a dominant class around the city. There are
some irrigated plantations in the south of the city for green areas, which are considered low-
planting classes and forestry plantations to combat desertification in the region. To facilitate
displaying the following graphs and the interpretation of the results, LCZ classes have been
re-coded. Table 1 presents the new coding adopted, which will be used in the following

sections.
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Table 1. Local Climate Zone (LCZ) classes retained and recorded for Ben Guerir city based on (Stewart
and Oke, 2012) classification.

ID Class Description

01 Compact Low — Rise | Small buildings with a very dense structure, and the vegetation
cover is almost zero

02 Open Low — Rise Buildings of medium standing made up of average areas of
habitat. The vegetation cover is present with a spaced road
network

03 Lightweight Low — Itis a group of dwellings very well known in the Maghreb

Rise countries, bringing together individuals linked by a kinship based

on a common ancestry in paternal line.

04 Scattered trees Scattered trees generally are forest plantations all around the
city

05 Low plants Multi-annual crops grown by farmers in peri-urban areas

06 Paved or Rock areas | Areas with a rocky structure that appears in black in satellite
images / or paved areas, like the one in the military base near the
city

07 Bare soil or Sand Considered any land use that remains in the image

600005

59102000

Tr0895€

Low plants Compact low - rise

587062000 557232000

TT099SE

Open low - rise

Scattered Trees

501142.000

597912000

F554050.000

TTOZ9SE

Paved areas

Bare soil or Sand

Figure 3. Local Climat Zone (LCZ) classes found in Ben Guerir city and the surrounding areas over false
color Landsat image
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3 Results and discussion
The classification of LCZs was carried out on 4 successive dates (2004, 2013, 2016 and

2020). As mentioned above, the training plots are ground truth polygons based on a
digitization on Google earth Images. The result are thematic maps with the 7 proposed classes
with a spatial resolution of 100m. Table 2 shows the accuracy assessment for each date,
where overall accuracy was higher than 0.7 in 2004, 2013, and 2016, except for 2020, which
gave an overall accuracy of 62%. Also, the degree of confusion between the classification
result and the ground truth is shown in table 2, where the diagonal matrix indicates good
accuracy in different classes. A refinement allowed to increase even more the precision of
final classification by doing a manual adjustment of the marginalized classes classified pixels.
In this improvement process, Google Earth images used as a reference and up to date data.

Figure 4 shows different classification of LCZ maps after the refinement.

-7.92
LCZ : 2004

- m‘%

O Study area

LCZ Classes :

= Compact Low-Rise
Open Low-Rise
Lightweight Low-Rise

= Scattered trees
Low-plants
Bare soil or Sand

= Bare rock or paved

Figure 4. Thematic maps of LCZ classes after manual enhancement (2004, 2013, 2016 and 2020)

Table 2. Contingency matrix for each LCZ class (between 2004 and 2020) — UA : User Accuracy, PA :
Producer Accuracy, OA: Overal Accuracy

Yrs | Classes UA PA | OA PA UA | OA PA UA | OA PA UA OA
Compact 933 % 100 824% | 70% 55.6 93.8 69.4 | 86.2
Low - Rise % % % % %
RO.PE" low=-| 78.6% | 19% 0.0 - 56% | 91.7 - -
ise
Lightweight | 33.99% | 58.3 0 13.2 28.4 © 37.8 8.2 . 10.4 60 %
< Low — Rise % ° - % ° - % o [ o
S X o X 1) ° X 1) =S
Q| Seottered 20% | 20% | w0 | N - o N 133 s 2 Y 100 | 62% | Y
% %
Low plants 97.8% | 88.1 100% 61.7 77.8 16.7
% % % %
Paved or - - - - - - 100 | 88.39
Rock areas %
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Baresoilor | 96.4% | 83.5 95% | 76.7 893 | 889 99.4 | 81.2
sand % % % % %

As shown in figure 5, the surface of bare soil is dominant in the study area, of which it covers
70%, followed by a low vegetation cover of 10% composed mainly of plants scattered in the
form of green spaces in the city and wild plants in the surroundings. The urban classes
represented by the open-low-rise, which we see a slight increase in area between 2004 and
2020, followed by the lightweight, low rise class with a decrease due to the national policy to
combat slums and unstructured housing [56]. Thus, the compact-low-rise class has seen
stagnation with a slight increase between 2016 and 2020. The class of scattered trees has
experienced an increase due mainly to the projects of planting green spaces to increase the
rate of vegetation cover and the rate of renewal of forests, fight against erosion, and maintain

the ecological balance of the territory.
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Figure 5. Histogram presenting the corresponding surface area (in %) of each LCZ in the four
scenarios

3.1 Descriptive statistics
To statistically analyze the variation and identify the relationship between LST values and

LCZ classes, a set of 350 samples were taken from the different land cover types. We used a
sampling based on spatially distributed points to avoid using the whole image. The study area
is composed of an urbanized area of small size compared to the peri-urban areas, and the use
of pixel integrality (with peri-urban dominance) may bias the statistical population, resulting

in a poor quantification of spatial temperature variation.
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Figure 6 shows the surface temperature variation in different LCZ classes, and different
pattern based on the average temperature. The year 2013 was marked by a high temperature
across all classes. The report given by the World Meteorological Organization - (WMO) [57]
can explain the high values in that particular year. However, the same year was one of the five
hottest years between 2011 — 2015 ever recorded globally. The temperature was 0.57°C
(1.03°F) above the normal for the reference period (1961-1990) [57].

The average temperature showed in figure 6 varies according to the nature of the urban
structure. However, these variations generally have a downward pattern, where average
temperature values have decreased by one to two degrees between 2004 and 2020. The most
notable classes that experienced a significant drop in temperature are bare soil, compact-low-
rise, and open-low-rise. However, the bare soil class is less warm in winter when the average
temperature is rising (between 2004 and 2020). On the other hand, it is descending in
summer. This rise in temperature in winter is probably due to the nature of the soil in the
region. From a geological perspective, the province is characterized by the Rhamna massif,
composed of ornamental rocks such as green marble, and building materials such as quartz
and silica sand.

Another variation of temperature was noticed in the urbanized areas (more
particularly, open-low-rise and compact-low-rise classes). A descending average temperature
is noticed; this is generally explained by potential relationship between impervious surfaces
and LST values. Changes in surface temperatures are very dependent on urban dynamics,
more specifically on changes in urban form. In this case, the city has experienced rapid
urbanization and a spread of impervious surfaces starting from 2010. Consequently, new
neighborhoods and structures like compact-low-rise appear parallel with type open-low-rise
habitats in the city's southeast. The redevelopment works done by OCP group around the new
green city, especially the university campus, and the projects surrounding them has
contributed to the decrease of surface temperature. The statistics do not show a great variation
between the different years; and the distribution of the average temperature values does not
show the variations since most of the averages between the different classes are close
together.
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Figure 6. LST value by LCZ classes (2004, 2013, 2016 & 2020), A) for summer, & B) for winter.

3.2 The impact of bare areas on LST in arid and semi-arid regions

Surface urban heat island - (SUHI) presented by the difference between LST in urban
relativity to bordering non-urban surfaces is used [58, 59]. Furthermore, the SUHI intensity

indicator was computed using equation (2):

SUHI = LSTyrpan— LSTsub-urban (2)

LSTuman represents the mean LST for the different urban form, and LSTgyp-urman represents the
mean LST of the surrounding areas. In this study, the bare-soil class considered a sub-urban

area and all other classes considered as urban.

Temperature differences showed that bare soil has higher LST values compared to
urbanized areas. Table 3 shows differences in both seasons where the most significant
differences are seen in the summer, particularly in compact-low-rise and open low-rise classes
successively in 2004 and 2013, followed by 2016 and 2020. On the other hand, large negative
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values are captured in the winter of years (2013, 2016, and 2020) compared to a low negative
value in 2004. These SUHI inversions show the seriousness of the heat island phenomenon
and its development over time in a semi-arid area. For the lightweight-low-rise class, the
difference is generally positive in all years, and the probable explanation is that there is a
spectral confusion between these urban structures and the bare soil. However, lightweight-
low-rise is generally made up of buildings with local materials of the exact nature as the bare
ground's existing components. The lightweight-low-rise class that is generally isolated in the
bare ground allows the surface temperature of the bare ground to impact it and negatively
influence it.

Table 3. Difference for SUHI in summer and winter season

Classes / years Differences in summer Differences in winter

2004 2013 2016 2020 2004 2013 2016 2020
Bare rock or paved 1.395 1.558 | 2708 | 3.676 0.379 0121 1.473 1.77
Compact Low-Rise -2.031 | -232 | -1.781 | -1.791 -2.003 -3.825 -3.602 -3.266
Lightweight Low-Rise | 0166 | 1.909 | 1.942 | 0.713 0.084 -0.616 0.773 -0.22
Low-plants 1.282 1.9 0614 | -1.937 1.493 -1.79 0.811 -0.288
Open Low-Rise -1.955 | -0.948 | -1.045 | -1.323 -1.206 -2.041 -2.195 -1.525
Scattered trees -1.095 | -0.668 | -1.027 | -0.256 0.5 -1.013 -1.389 0.012

These temperature differences validate that the SUHI has a reverse effect and a general
influence on the urban environment. These findings are consistent with the works of Parvez &
Abulibdeh [60, 61]. They showed that the Spatio-temporal variations of the LST in semi-arid
climate have an inverse effect due to the nature of the peri-urban areas, which have soil with
desert characteristics.

Another explanation that allows bare soil to have higher LST values than urbanized
surfaces is heat concentration, sparse vegetation cover, low relative humidity, and topsoil
aridity in the upper layers of the sandy soil. During the summer, the sandy soil has lower
water content and a faster depletion rate, which leads to a higher LST. Bare soil in this area is
characterized by sandy soil, characterized by lower water holding capabilities and smaller
thermal inertia. On the contrary, other types of soils, such as clay soil used for planting have
higher water-holding capabilities. Thus, the higher the water content in the soil, the slower the
depletion rate, which results in a lower LST.

Previous results on the average distribution of LST values in Figure 6 shows an overlap

between the surface temperature and the classes being different in terms of LST values. At
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this stage, we cannot judge whether the observed differences are random or there is a
fundamental difference that is statistically significant.

However, we employed two statistical approaches to answer the question related to the
relationship between urban morphology and LST. The first one is a spatial method, which
consists of performing a hot-spot analysis by calculating each dataset entity's Getis Ord G*
statistic [62]. The second approach is purely attributive, and it is based on a linear model.
Thus, the approach evaluates the relationship in its entirety between groups that correspond to
the modalities of a qualitative variable (LCZ classes) and the calculated averages from a

continuous variable (LST values).

3.3 Hotspot & cold spot analysis
The process is repeated in the four scenarios, both in summer and winter. All significant hot

spots are identified by a high z-score and a low p-value. Unlike, all cold spots are identified
by a low negative z-score and a small p-value. Figure 7 shows the spatiotemporal pattern of
hot and cold spots using the LST variable between 2004 and 2020. After calculating the Getis
Ord G* statistics, results are presented where hot and cold spots were classified into seven
categories based on their Gi_Bin values: very hot spot, hot spot, and warm spot, which have
successive significance levels (99%, 95%, and 90%). Not statistically significant is an isolated
class, and finally, a cool spot, cold spot, and very cold spot have successive significance
levels (99%, 95%, and 90%).
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Figure 7. Hot Spot Analysis using Getis Ord G* method
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Descriptive statistics relating to hot and cold spots and their spatial representation are shown
in figure 8 and histograms in appendix A. The whole area is covered by a variation of thermal
anomalies. Considering the total areas of the clusters in terms of surface area - (SA), the
figure in appendix A shows the percentages of the total hot and cold spot areas in each year.
In winter, the cold spot area is almost half of the hot spot area except for the year 2013 where
the cold spot area is too small. On the other hand, in summer, we notice that the cold spot

areas have increased between 2004 and 2020.

The histogram in figure 8 represents the spatial and temporal variation of the sum of the mean
temperatures in all the cold and hot spots areas. Figure 8A shows the variations in summer
with little variation in cold spots compared to the hot zones. On the other hand, the winter
period (figure 8B) had a typical trend with decreasing values between (2004 and 2020),
particularly in cold spots. In exchange, cold spots have been grouped generally in urbanized
areas where the compact-low-rise class is presented. The same thing for the summer season, a
cluster of cold spots over urbanized areas, more particularly in the south of the city whose

open-low-rise class is present.

The overlay of the LCZs map on the clusters and the monitoring of changes in land use have
shown that most bare soil areas had become reforested areas or areas built on the new green
city of Ben Guerir. This analysis of land use validates the downward trend in temperature
between 2004 and 2020. However, the changes encountered in the clusters and represented by
constructing the University Mohammed IV Polytechnic (UM6P) campus and its entire
integrated ecosystem with the surrounding projects, located in the heart of the new green city
between 2013 and 2020. The obtained results enable us to assume that the redevelopment and
reforestation around the city between 2010 and 2020 have contributed to the decrease in

surface temperature.

The pattern analysis using clustering with a single parameter (the surface temperature) is
insufficient to explain the relationship between LST and changes in cities' urban morphology.
However, a second statistical approach is used to deepen the analysis and find the spatial

relationship.
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Figure 8. Mean LST values for total Hot & Cold spots in each year (A) for summer and (B) for winter

3.4 ANOVA test
Analyzing whether there is a significant difference between the LCZ class and the LST values

is used to reconcile the variations better. In other words, the study focuses on whether values
of LST are more likely to take place in some LCZ classes rather than others. A simple linear
model is applied to assess the mathematical relationship between LCZ class ~ LST-values in
the summer and winter seasons. ANOVA test is applied to check if differences are
statistically significant by comparing LST values among the seven LCZ classes.

Basically, the normality of data has been verified, and the plot in figure 9 draws the
correlation between the defined dataset and the normal distribution. However, it shows the
Shapiro-Wilk test calculation for each class, where the p-value is more significant than 0.05,

and all points lie approximately along the reference line for each cell.
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Theoretical quartiles

The variation of LST means among different LCZ classes is much larger than the variation of
LST within each class, and the p-value is less than 0.05. However, a significant difference
was validated by the ANOVA test. A post hoc pair comparison is applied to determine which
groups are different from the others. Figure 10 shows LCZ class pairs' visualization and
analysis of significant differences by plotting the ANOVA metrics where significant
differences do not cross the zero value. The method uses a conservative error estimate to find
the statistically different groups from one another [63].

Post hoc test revealed the unique combinations that have a significant difference. However,
LST values were statistically significantly different between the different classes, except for
the differences between bare-soil and paved areas (7-6), another non-significant difference
between scattered trees and lightweight-low-rise (4-3), and bare soil and lightweight-low-rise
(7-3). The findings obtained from the ANOVA test show a potential relationship between
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some LCZ classes and the LST. The model generally shows that urban areas (compact and

open-low-rise) substantially impact LST values.
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Figure 10. Pair comparison of LST value means using LCZ classes

3.5 Discussion

The comparison test comes to validate the results obtained previously in section 3.2, saying
that the urban classes that constitute the core of Ben Guerir city's morphology positively
impact and contribute to the decrease of the temperature.

Spatial autocorrelation showed the behavior of surface temperature towards the urban and
peri-urban fabric. The appearance of hot spots in permeable surface areas and cold spots in
impermeable areas indicates the inverse effect of SUHI in semi-arid regions. The statistical
approach based on the ANOVA test showed the different classes with a statistically

significant relationship with surface temperature.

A comparison between our findings and similar work done on Tehran, Iran, in 2016 [58]
showed almost the same conclusions on the terrestrial thermal behavior in a semi-arid climate.
The authors approved that peri-urban areas have a higher surface temperature than urbanized
areas; They used medium resolution data to evaluate SUHI in a semi-arid climate (over
several seasons in the year). Then, they employed three SUHI indicators, i.e., LST difference,
Land use /Land cover and fractional vegetation cover. As a result, authors showed that the
higher temperature in barren lands/soils around the city contributed to the generation of a

surface urban cool island, particularly in the daytime.
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In our study, we used large-scale data compared to previous studies. Thus, the spatial
autocorrelation allowed to better specify the statistically significant areas with their ground
truth. The spatio-temporal analysis showed that the urbanized areas have a descending pattern
of concentration of hot spots in summer. Our findings show the reverse effect of SUHI in this
semi-arid zone and agree with the findings of Parvez [40] which he used the same data source
of Landsat constellation between (1991 and 2016). The main objective was to identify and
understand the peculiarities of the urbanized desert environment in relation to LST in the
desert city of Jeddah in Arabie Saudia. The author has shown that his findings agree with
other studies mentioning that the increase of LST is duo to human activities. On the other
hand, the effect of increasing vegetation cover might have been overridden by more intensive
human activities and extensive urban expansion in 2015/2016 which has decreased

temperature.

A second search by [64] in a metropolitan city of Ahmedabad in India shows that the rural
zone exhibits a higher average LST than the urban area, especially in the summer season. To
assess the impact on SUHI variations, an ancillary data composed of land cover maps,
normalized differential vegetation index, surface albedo, evapotranspiration, urban
population, and groundwater level across the years are used. Results showed that the negative
SUHI intensity is due to the low vegetation present in the rural area, dominated by croplands
turning into bare land surfaces during the pre-monsoon summer season. In our case, the
vegetation cover of the area is too low, especially in summer, which causes intensive surface
heat gain. These temperatures are in general more elevated with respect to the urbanized

zones of which the vegetal cover is moderate.

3.5.1 Limitation
Application of the statistical approaches to examine the relationships between multi-temporal

LSTs and urban morphology has research merit, but also certain limitations: (i) In this study,
the need to improve Land Surface Emissivity (LSE) estimation in urban areas, where LSE is
one of the main factors affecting the accuracy of the LST estimation [65]. However,
emissivity varies with the impervious surface, which was not considered in the current sub-
pixel estimation method. (ii) To give more accurate LST values over urban areas, the use of
an in situ validation where LST obtained from satellite measurements is directly compared to
LST from ground measurements, and the absolute difference between both variables can be

investigated and analysed.
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4 Conclusion
A case study of spatial variation of urban morphology was performed to analyze the LST

spatiotemporal characteristics using RS images. Statistical models were used to examine the

relationships between the LSTs and LCZs. The main conclusions are as follows:

e The results mentioned above will encourage future construction works espacially in
new green city to adopt a sustainability strategy based on materials that allow the
absorption (even if partial) of urban heat;

e The semi-arid climate has its own characteristics which are presented in rising
temperatures and more extreme, unpredictable climate events which making
sustainable livelihoods tough for many people living in those regions. However,
investment in urban green infrastructure - (GI) approach by supporting building
resilience, mitigating greenhouse gases emissions can help to reduce artificial heat;

e Supporting the use of climate information in the local context in order to apply co-
production of knowledge, and to improve scientific research in arid and semi-arid

zones by including a range of stakeholders to think about the problem together.

As a recommandation, future studies ailowing for the urban—rural diference method with
analysis of LST variations and their relationiships with biophysical factors like (NDVI, and
Evapotranspiration - ET) to help urban planners to formulate site-specific mitigation
strategies. It may also be possible for future studies to use large-scale data from mobile or

fixed sensors for mesuring LST data in the future green city of Ben Guerir.

The use of satellite data to build a knowledge base with archived data of more than 40
years that will help to understand the spatial and temporal variations of the phenomenon; the
cross-referencing of these data with economic factors and other climatic and biophysical
parameters in order to make in-depth analyses of past changes and make the right decisions

for future interactions of decision makers.
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