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Abstract

This study employs Landsat-8 Operational Land Imager (OLI) thermal infra-
red satellite data to compare land surface temperature of two cities in Ghana:
Accra and Kumasi. These cities have human populations above 2 million and
the corresponding anthropogenic impact on their environments significantly.
Images were acquired with minimum cloud cover (<10%) from both dry and
rainy seasons between December to August. Image preprocessing and rectifi-
cation using ArcGIS 10.8 software were used. The shapefiles of Accra and
Kumasi were used to extract from the full scenes to subset the study area.
Thermal band data numbers were converted to Top of Atmospheric Spectral
Radiance using radiance rescaling factors. To determine the density of green
on a patch of land, normalized difference vegetation index (NDVI) was cal-
culated by using red and near-infrared bands ze Band 4 and Band 5. Land
surface emissivity (LSE) was also calculated to determine the efficiency of
transmitting thermal energy across the surface into the atmosphere. Results
of the study show variation of temperatures between different locations in
two urban areas. The study found Accra to have experienced higher and low-
er dry season and wet season temperatures, respectively. The temperature
ranges corresponding to the dry and wet seasons were found to be 21.0985°C
to 46.1314°C, and, 18.3437°C to 30.9693°C respectively. Results of Kumasi
also show a higher range of temperatures from 32.6986°C to 19.1077°C dur-
ing the dry season. In the wet season, temperatures ranged from 26.4142°C to
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—0.898728°C. Among the reasons for the cities of Accra and Kumasi recorded
higher than corresponding rural areas’ values can be attributed to the urban
heat islands’ phenomenon.
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1. Introduction

Land surface temperature (LST) plays an important role in the urban environ-
ment [1]. Hence, it must be considered in the analysis of urban thermal envi-
ronment and behavior. Its environmental influence is also felt at regional and
global levels. Xiao et al [2] studied the influence of land-use and land-cover
(LULC) on land surface temperature through combining remote sensing and
geographic information system (GIS) techniques for the detection of the spatial
variation of land surface temperature. They also used these techniques to deter-
mine the quantitative relationship of land surface temperature with some bio-
physical and demographic variables based on statistical modeling for Beijing’
central area. The proportion of forest, water, and farmland per grid cell imagery
was found to explain 71.3 percent of Beijing’s LST variance [2]. According to
this study, land surface temperature was found to be positively correlated with
the percentage of low density built up, high density built-up, extremely high
buildings, low buildings per grid cell, and population density. The study found
negative correlations to exist between, land surface temperature with the percen-
tage of forest, farmland, and water bodies per grid cell. The lower layer of the
urban atmosphere’s air temperature modulates the land surface temperature, which
is also a primary factor in the determination of the radiation from the surface
and energy exchange. It also influences human comfort and buildings’ internal
climates, in urban area buildings [3]. The color of buildings, traffic loads, the sky
view factor, the physical properties of structures, street geometry, view factor of
the sky and human activities are important determinants of land surface tem-
perature [4].

Replacement of vegetation by asphalt and concrete for construction of roads,
buildings, and other structures for accommodation of growing urban popula-
tions leads to the formation of urban heat islands [5]. Anthropogenic heat emis-
sion caused by human population distribution also influences urban heat island
(UHI) intensity [6], a contributor to the urban’s land surface temperatures. Feng
et al. [7] derived land surface temperatures at Suzhou City, for spring and sum-
mer 1996, 2004, and 2016, by using seven Landsat images. The spatial factors in-

fluencing the land surface temperature patterns were also examined. The factors
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included land coverage indices, the LST location and proximity factors. The land
coverage indices were found to be the most dominant factors of LST [7].

Studies of urban land surface temperature have yielded advanced numerical
and physical models, including energy balance models [8] [9], three-dimensional
simulations [10], laboratory models [11], Gaussian models [12], and other nu-
merical simulations. Researchers have developed physical models, including ener-
gy balance models [8] [9], Gaussian models [12], laboratory models [11], three-
dimensional simulations [10], and other numerical simulations.

Land cover plays an important role in land surface temperature. The drivers
land-use/land-cover change were categorized by [13] into four classes, namely,
political, demographic, economic, and environmental forces. High population
growth rate, a demographic factor, frequently results in over exploitation of nat-
ural resources. Population growth is considered by scholars as a major driver of
land use change, especially in developing countries [14] [15] [16]. Accra’s urban
population has expanded fast, leading to rising demand for housing facilities and
corresponding infrastructure [17]. The rapid increase in Ghana’s urban popula-
tion is reflected in the expansion of the Settlements land cover class. In 1975, the
urban areas covered 1460 km?. In 2000 and 2013, it grew to 2560 km? and 3830
km?, respectively [18]. Since the mid-1980s, Ghana has rapidly been urbanized.
The country’s population more than doubled between 1984 and 2013, with an
annual population growth of 4.4%. During this period, Ghana’s urban popula-
tion grew from less than 4 million to almost 14 million [19]. A significant popu-
lation of Ghanaians are urban dwellers, with approximately half of the Ghanaian
population living in urban centers as of 2010. The population is expected to rise
to 70% by 2050 [20].

In a study on growth of human population and increase of temperature, with
the increase in urbanization, number of motor vehicles and magnitude of green
area in Erzurum city, Turkey, [21], established that, there were statistically
significant relationships between the growth of population and the maximum
temperature. The variation between the number of vehicles and minimum tem-
perature was also found to be statistically significant [21]. Addae and Oppelt
[22] carried out a post classification change detection on several Landsat images
to map and analyze the land use/land cover change extent and rate in the greater
Accra metropolitan area for the period 1991 to 2015. The results of this study
revealed that there was an increase of approximately 27.7% in built-up areas over
the study period. Forest areas had however, experienced significant drops,
decreasing from 34% in 1991 to 6.5% in 2015. Land use map projections by
[22] show that 70% of the study area in Accra, Ghana will be urbanized, a sig-
nificant rise in comparison to 44% in 2015. This rise could influence the sur-
face land temperature. There have been studies comparing temperatures of Ku-
masi and Accra using Ghana’s meteorological stations data [23]. Others, such as
[24] have used Landsat data to quantify the extent of green cover loss in Kumasi

and its impact on surface temperatures. In Accra, [25] used satellite data to
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investigate the relationship between Land Surface Temperature (LST) and ve-
getation abundance in the Accra Metropolitan Area. It is important to note
that none of these studies in Accra and Kumasi was specifically focused on
comparing Land Surface Temperature (LST) of the two cities using Landsat 8
satellite data. The objective of our study is to retrieve the LST over Accra and
compare the trend and average value of LST with Kumasi using Landsat-8 Op-
erational Land Imager (OLI) thermal infrared satellite data. These two cities
were chosen because of the location. While Accra serves as capital, it is located
on the Gulf of Guinea along the Atlantic Ocean. Kumasi on the other hand,
serves as administrative and commercial center, and it is located in the interior
of the country in the forest region of Ghana. These two different set of locations
will allow this study to investigate the spatial variation of temperatures between

the cities.

2. The Study Area

2.1. Accra Metropolitan Area

Accra became the capital city around the year 1877 when the capital city of Gold
Coast was moved from Cape coast. Accra is globally known to be the capital of
Ghana situated along the Atlantic coast of the Gulf of Guinea (Figure 1). It cov-
ers an area of about 225.67 km? (87.13 sq mi). The region has a tropical savanna
climate with rainy and dry seasons. The rainy season spans from April to
mid-July and October and temperatures hoover around 24°C and 28°C all year
round. The rainfall of Accra is usually down below 800 mm (31.5 in) [26]. The
months that Accra experiences heavy rainfall are May and June. Occasionally the
first half of July experiences also heavy rainfall [26]. Odaw River flows through
Accra with approximately 60% of the Metropolis living in its catchment [27].

According to the Ghana Statistical Services [28], Greater Accra region has a

Figure 1. Study area (Accra). Image courtesy [29].
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population of about 5,055,883 becoming the most populated city in Ghana [28],
[29]. Accra’s rapid population growth and physical expansion occurred in an
unstable economic environment marked by nearly a decade of economic stagna-
tion in the mid-1970s and early 1980s, followed by nearly two decades of struc-
tural change [30]. The region has experienced tremendous growth in population
over the years.

Accra is known to be the economic and industrial hub of Ghana. Some eco-
nomic activities in the region includes, trading, clothing and textiles, the finan-
cial and commercial sectors, fishing, and the manufacture of processed foods.
Accra is also well noted for its historic travel destinations and is characterized by
beautiful beaches along the coast with various resorts. This has become a thriv-
ing source of income for people in the tourism industry such as tourist guides,
those in the arts and craft industries, travel and tour agents etc. Some major
tourist sites in the region includes Jamestown light house, Kwame Nkrumah
Memorial Park, Arts Center for National Culture amongst others. Accra has re-
cently become the focus of international research and assistance programs re-

garding the health and socioeconomic issues of a dense urban population.

2.2. Kumasi Metropolitan Area

Popularly known as Oseikrom, Kumasi boasts of about 36.2 percent of the total
population of Ashanti region which estimates to about 1,730,249 people accord-
ing to the Ghana Statistical Service [20]. It is also known to be the “Garden city”
in the past due to the numerous flowering species found in the region. Kumasi
covers an estimated area of about 250 square kilometers (km?). It is located in
the transitional forest zone of Ghana and is about 270 km north-west of Accra
[31]. The region is characterized by a bi-modal rainfall system; thus, its major
raining season begins from April to June and minor seasons in September and
October. Kumasi has a tropical climate and is sited in the semi deciduous eco-
logical zone of Ghana. Kumasi is drained by several rivers and streams including
the Aboabo and Sisa rivers that flow through the city centers [32]. Trees around
River Aboabo have been cut down to provide space for human settlements and
hence, increased erosion leading to siltation of the river and flooding [32].

According to [33], about 55% of Kumasi Metropolitan Area is occupied by
Urban green space of which about 61% is composed of tree cover such as home
gardens, plantations, natural forest, parks, grasslands and farmlands. Kumasi is
the home of Ghana’s gold and cocoa and is the central point for most commer-
cial activities due to its geographical position (Figure 2).

Following Ghana’s independence from the British in 1957, Kumasi was desig-
nated as the capital of the Ashanti region. The city is still an important trading
center and is involved in a variety of industries, including the manufacturing of
agricultural products and timber, as well as the manufacture of consumer goods
such as textiles and foodstuffs. Kumasi is home to a number of educational in-

stitutions, including Komfo Anokye Teaching Hospital, Kwame Nkrumah
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Figure 2. Study area (Kumasi and its environs) [34].

University of Science and Technology and Wesley College. Kumasi’s physical
structure is concentric, with undulating landforms forming slopes and ridges.

The metropolis’s spatial structure has promoted growth in all direction [35].

2.3. Data Collection

Landsat 8 (Operational Land Imager) images listed in covering Accra, Ghana
were acquired from the United States Geological Survey Earth Explorer free On-
line Data Services for land Surface Temperature (LST) analysis [36]. The images
were acquired with minimum cloud cover (<10%) from both dry and rainy sea-
sons (Table 1). Accra’s dry season is between December to March and the rainy
season between May to August. The footprints of the images are shown in Fig-
ures 3-6.

2.4. Image Processing

To process the images, three tasks were performed. These included: Image pre-

processing and rectification.

2.4.1. Image Pre-Processing

In Image pre-processing, both visual and digital image processing were done,
and prior to image processing, images were imported into ArcGIS 10.8 Software
for further processing. Thermal Infrared bands ie. bands 10 and 11 were se-
lected for further analysis. Accra and Kumasi shapefiles were used to extract

from the full scenes to subset the area of interest.

2.4.2. Image Rectifications

Image rectifications were performed in order to correct the data for distortion
which may have been developed from the image acquisition process using the
Impact toolbox developed by the European Union Joint Research Centre. To
ensure accurate identification of temporal changes and geometric compatibility

with other sources of information, the images were geocoded to the coordinate
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Table 1. Landsat images used in the land surface temperature mapping of Accra.

Reference . Date of
Sensor  Resolution WRS: P/R . Season  Study area

year Acquisition

2020 Landsat 8 30m 193/056 2020/01/20 Dry

Accra

2020 Landsat 8 30m 193/056 2020/08/13 Rainy

2020 Landsat 8 30m 194/055 2020/01/25 Dry

Kumasi

2020 Landsat 8 30m 194/055 2020/05/16 Rainy

Figure 3. Footprint of Landsat imagery in the study area shown in

false color composite from dry season.

Figure 4. Footprint of Landsat imagery in the study area shown in

false color composite from rainy season.

and mapping system of the national topographic maps. All the images were pro-

jected to the Universal Traverse Mercator (UTM) coordinates zone 30 North.

The spheroid and datum was also referenced to WSG84.

2.5.Image Analysis

The algorithm was created in ArcGIS 10.8. In this study Landsat 8 Thermal
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Figure 5. Footprint of Landsat imagery in the study area shown in
false color composite dry season 2020.

10 2
E— " IKilometers

Figure 6. Footprint of Landsat imagery in the study area shown in

false color composite from rainy 2020.

Infrared bands (Band 10 and band 11) were used to estimate brightness temper-
atures and bands 4 and 5 were used for calculating the NDVI. The LST retrieval
formulas were taken from the USGS web page for retrieving the top of atmos-
pheric (TOA) spectral radiance [37]. The LST was retrieved following the steps
of Figure 7. The metadata of the satellite images used in the algorithm is pre-
sented in Table 2.
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Input Band 10

Digital numbers (DN) to
TOA Radiance

Conversion to At-
Satellite Brightness
Temperature

Input Band 11

Conversion to At-
Satellite Brightness

Temperature

Calculating mean temperature
of band 10 and band 11

Digital numbers (DN) to
TOA Radiance

Input Band 4

Determination of

Input Band 5

Calculating NDVI

Calculating the
propagation of
vegetation (Pv)

ground emissivity

Calculating Land Surface
Temperature (LST)

Figure 7. Flowchart for LST retrieval [38].

Table 2. Metadata of the satellite images.

Date Sensor ID Resolution Scene Center Time Cloud (%) Location
02 January OLI and
30 m 10:15:54.6031820Z 0.01
2020 TIRS
Accra
13 August OLI and
0m 10:15:41.4738290Z 2.48
2020 TIRS
25January  OLIand
30 m 10:15:54.6031820Z 0.01
2020 TIRS .
Kumasi
OLI and
16 May 2020 TIRS 0m 10:20:54.1458440Z 30.04

2.5.1. Converting Digital Numbers (DN) to Top of Atmospheric
Spectral Radiance (TOA)

The Thermal band data DN was converted to TOA spectral radiance using the
radiance rescaling factors provided in the metadata file [38].
L =M_Q.+A ey

where

L, = TOA spectral radiance (Watts/(m**srad*pm));

M; = Band-specific multiplicative rescaling factor from the metadata
(RADIANCE_MULT_BAND_x, where x is the band number);

A; = Band-specific additive rescaling factor from the metadata
(RADIANCE_ADD_BAND_x, where x is the band number);

Q.= Quantized and calibrated standard product pixel values (DN).

2.5.2. Conversion of TOA to At-Satellite Brightness Temperature
Thermal band data can be converted from spectral radiance to top of atmos-
phere brightness temperature using the thermal constants in the MTL file [38]:

Ke 7315 )

BT =
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where

BT = Top of atmosphere brightness temperature (K);

L) = TOA spectral radiance (Watts/(m**srad*pm));

K = Band-specific thermal conversion constant from the metadata
(K;,_CONSTANT_BAND_x, where x is the thermal band number);

K; = Band-specific thermal conversion constant from the metadata
(K,_CONSTANT_BAND_x, where x is the thermal band number).

2.5.3. Calculating NDVI
The normalized difference vegetation index (NDVI), which is derived from re-
mote-sensing (satellite) data, is closely linked to drought conditions. To deter-
mine the density of green on a patch of land, the distinct colors (wavelengths) of
visible and near-infrared sunlight reflected by the plants are observed; red and
near-infrared bands Ze. Band 4 and Band 5 respectively were used for calculating
the Normal NDVI. The importance of estimating the NDVT is essential since the
amount of vegetation present is an important factor and NDVI can be used to
infer general vegetation condition. The calculation of the NDVTI is important be-
cause, afterward, the proportion of the vegetation (Py) should be calculated, and
they are highly related with the NDVI, and emissivity (&) should be calculated,
which is related to the Py [34].

NIR (band 5)—R(band 4)
NDVI = —

nir (band 5)+r (band 4)

3)

where NIR represents the near-infrared band (Band 5) and R represents the red
band (Band 4).

2.5.4. Calculating the Proportion of Vegetation

Proportion of vegetation (Vegetation Fraction) is defined as the percentage of
vegetation occupying the ground area in vertical projection. Changes in vegeta-
tion cover directly impact surface water and energy budgets through plant trans-
piration, surface albedo, emissivity, and roughness [39]. The proportion of ve-
getation P, is closely related to NDVI values for vegetation and soil. In this
study, Py was estimated following the NDVT traditional method [40].

\

NDVI-NDVI, '
B

NDVI, - NDVI,

where NDVI, and NDVI, are Maximu and Minmum NDVI respectively repre-
senting NDVT of Vegetation and NDVT of soil respectively.

2.5.5. Calculating Land Surface Emissivity

Land surface emissivity (LSE). Average emissivity of an element of the surface of
the Earth calculated from measured radiance and land surface temperature. The
land surface emissivity (LSE (&)) must be known in order to estimate LST, ince
the LSE is a proportionality factor that scales blackbody radiance (Planck’s law)

to predict emitted radiance, and it is the efficiency of transmitting thermal ener-
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gy across the surface into the atmosphere [41]. The determination of the ground

emissivity is calculated conditionally as suggested [42].

€, =¢€,P +&,(1-P,)+C,, (5)

where ¢, and & are the vegetation and soil emissivities, respectively, and C re-
presents the surface roughness (C= 0 for homogenous and flat surfaces) taken as
a constant value of 0.005 [43]. The condition can be represented with the fol-

lowing formula and the emissivity constant values shown [38].

P NDVI < NDVI,,
&, =16,P, +&,(1-P,)+C, NDVI <NDVI<NDVI, (6)
&, +C, NDVI < NDVI,,

When the NDVI is less than 0, it is classified as water, and the emissivity value
of 0.991 is assigned. For NDVI values between 0 and 0.2, it is considered that the
land is covered with soil, and the emissivity value of 0.996 is assigned. Values
between 0.2 and 0.5 are considered mixtures of soil and vegetation cover and
[44] is applied to retrieve the emissivity. In the last case, when the NDVI value is
greater than 0.5, it is considered to be covered with vegetation, and the value of
0.973 is assigned. However for this study the mean NDVI value is between 0 and

0.2 therefore the emissivity value of 0.996 was assigned.

2.5.6. Calculating Land Surface Temperature
LST or the emissivity corrected land surface temperature 7;is computed as fol-
lows [45]:

T BT )

R

where T, is the LST in Celsius (°C, (2)), BT is at-sensor BT(°C), A is the wave-

length of emitted radiance (for which the peak response and the average of the

limiting wavelength (1 = 10.895) [46] will be used), &, is the emissivity calculated
in [44] [47] and [48].

p:h§:1.438x10‘2m-K ®)

where o is the Boltzmann constant (1.38 x 1072 J/K), A is Planck’s constant
(6.626 x 107 J s), and cis the velocity of light (2.998 x 10® m/s) [46] [47].

3. Results, Discussion and Conclusion

Results of Accra LST from the dry and rainy seasons are shown in Figure 8 and
Figure 9. Figure 10 shows Kumasi LST from January 2020 (dry season). Figure
11 displays Kumasi LST from May 2020. In Accra, the temperatures ranges dur-
ing the dry seasons were found in this study to range from 21.0985°C to
46.1314°C. In the wet seasons the recorded temperatures were lower than those
recorded in the dry seasons and ranged from 18.3437°C to 30.9693°C. Results of
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Figure 9. Accra LST from rainy season (August).
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Figure 10. Kumasi LST from January 2020 (dry season).

Kumasi also shows a higher range of temperatures from 32.6986°C to 19.1077°C
during the dry season. In the wet season, temperatures ranged from 26.4142°C
to —0.898728°C. Accra and Kumasi have undergone growth in terms of popula-
tions and economy. In an attempt to cater for the demand for housing for the
population and strictures for formal and informal industries, expansion in land
covered by impermeable cover has taken place. Meanwhile, the natural land sur-

faces (green vegetation, soil and water) are interfered with.

4. Discussion

Urbanization has greatly affected developing countries throughout the world
differently at rates varying from moderate to rapid. For most cities in these
countries, the initial cause of population growth is attributed to rural-urban mi-
gration, while latter growth is mainly linked to babies born to city immigrants
[49]. Like many cities in developing countries, Accra and Kumasi have been un-

dergoing population and economic growths respectively. Meanwhile, impervious
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surfaces and structures have been constructed on land that was once covered with
urban greenery, resulting in the cities experiencing warmer temperatures than
rural areas through the urban heat island’s phenomenon.

Research shows that land surface temperature is positively correlated with the
proportion of land covered by built up (low density and high density) and nega-
tively correlated with the percentage of forest, farmland, and water bodies per
grid cell. The replacement of vegetation by asphalt and concrete for construction
of roads, buildings, and other structures for accommodation of growing urban
populations and industries, etc., leads to the formation of urban heat islands [5].
Anthropogenic heat emission generated by human population distribution also
influences the intensity of urban heat islands [6], a significant contributor to the
urban’s land surface temperatures. Other factors that that influence land surface
temperature are, the color of buildings, traffic loads, the sky view factor, the
physical properties of structures, street geometry, view factor of the sky and hu-

man activities [4].
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Heat islands form as vegetation is replaced by asphalt and concrete for roads,
buildings, and other structures necessary to accommodate growing urban popu-
lations. Instead of reflecting away the thermal energy transmitted to them from
the sun, such surfaces absorb it, leading to rising of surface temperatures and
overall ambient temperatures. Removal of trees and vegetation lowers the natu-
ral cooling effects of shading and evaporation of water from soil and leaves
(evapotranspiration).

Also, the geometry and dimensions of the urban structures dictate the air flow
in the streets and hence, interfere with natural thermal and fluid flow through
the streets respectively [50]. Both of the discussed scenarios exist in Accra and
Kumasi, making them experience elevated temperatures with respect to corres-
ponding rural areas. During some days of the dry seasons, the results show that
temperatures exceeding human body average temperature were recorded in Ac-
cra. With the growth of population, decrease in urban greenery, construction of
more impervious structures and air pollution, the temperatures may gradually

rise to critical levels that are risky to human life.

5. Conclusion

The high temperatures computed during part of the year for these cities, espe-
cially Accra can impact human health and comfort. While global warming is a
universal phenomenon, urban greenery should be increased to mitigate for con-
tribution to the metropolitans’ contribution to the temperature in terms of ur-
ban heat islands’ effect. Trees also remove significant quantities of air pollutants
and hence, could boost the quality of lives in Accra and Kumasi. The findings of
this study can be used to inform and guide urban land planners and leaders to
appreciate the importance of urban green spaces. The study can be informative
to Accra and Kumasi stakeholders on the influence of land use/land cover on
urban land surface temperature. The results of this study can bring to the atten-
tion of local leaders the urgency of proposing policies that will be adopted for
future plans to expand the cities to accommodate the growing populations while
and mitigate rising urban temperatures, respectively. Finally, the land surface
temperature (LST) results in this study could be used to better understand spa-
tial variation in temperature of the two cities. This will allow city planners to

sustainably plan the two cities by reducing Urban Heat Island effect.
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