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Globally, there is a rapid development of urban heat island (UHI) detection tools, and their results can be
accepted regardless of their accuracy in measuring the real impact of the phenomenon. In this study, we
investigated various UHI measuring tools and analysed their findings to better interpret their reliability.
The tools in the current research adopted remote sensing and field measurements including those using
air temperature monitors and thermal imaging technologies to examine the multiple urban structures of
four cases in the Greater Cairo Region. The results showed that UHI detection by remote sensing analysis

ﬁg:vcgds: was affected by normalised difference vegetation index. In contrast, field measurements were also influ-
Ambient air temperature enced by the albedo of morphological materials present. The conclusions revealed that the tools do not
Egypt provide the same results and indicate that studying UHIs in the built environment differs from investi-
Land surface temperature gating it in a two-dimensional layer using remote sensing.

LCZs © 2021 THE AUTHORS. Published by Elsevier BV on behalf of Faculty of Engineering, Ain Shams Uni-
SPSS versity. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

1. Introduction

The urban heat island (UHI) phenomenon occurs when cities
replace natural land cover with dense concentrations of pave-
ments, buildings, and other surfaces that absorb and retain heat.
It is also a form of air pollution and is the main cause of global
warming. UHI increases the temperature of urban areas, such as
city centres, compared to that in the surrounding rural and subur-
ban areas [1]. Consequently, this effect increases energy demand in
cities [2,3]. In this respect, a considerable amount of literature has
been published on global warming and the UHI [4-6]. In addition,
UHI is aggravated by climate change [7]. Climate change raises the
air temperature [8] and increases the severity of heat waves in

Abbreviations: AAT, Ambient Air Temperature; AST, Average Surface Tempera-
ture; DWT, Digital Wireless Thermometer; GCR, Greater Cairo Region; GIS,
Geographical Information System; LCZ, Local Climate Zone; LST, Land Surface
Temperature; ST, Surface Temperature; NDVI, Normalised Difference Vegetation
Index; SPSS, Statistical Package for the Social Sciences (SPSS); UHI, Urban Heat
Island.
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terms of intensity and frequency [5]. Consequently, urban areas
that suffer from UHIs bear the brunt of these harsh heat events
[94].

Previous studies have depended on different methods and tools
for measuring UHIs [10-12]. In contrast, many current tools and
techniques developed are being used for scientific research regard-
less of their appropriateness in measuring the UHI phenomenon or
defining its limitation, which this study attempted to achieve. No
previous studies on UHIs have focused on presenting the differ-
ences in the measurement results of various tools [13]. However,
each tool can provide different measures for the same area.

This study tackles the challenging problem of the rapid devel-
opment of UHI detection tools used for credentials, aside from its
credibility in measuring the exact effect of the phenomenon. Vari-
ous tools yield different results in similar cases, and this might
require verification of the results to ascertain appropriateness
and to help make better judgement. Building on the gap in the lit-
erature and the research challenge, we aimed to test the UHI phe-
nomenon using contemporary methods in four areas in the Greater
Cairo Region (GCR), Egypt. The purpose was to verify the different
measurement results various tools provided in similar-sized areas
in metropolitan cities.

To verify the study materials, four study areas were selected
representing the different urban structures of neighbourhoods in
GCR: Fatimid Cairo, Garden City, Nasr City, and Alsherouk City.
Similar to previous studies, the cases with different urban forms
were chosen to neutralise the urban aspect to ensure the reliability
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of the results in the case of contradiction or similarity [14-16]. UHI
was estimated using three complementary methods for verifica-
tion, analysis, and induction, in line with these studies. The study
adopted remote sensing techniques, air temperature monitoring
devices, and thermal image processing technologies to verify the
selected cases.

The added value highlights the contradiction in the results
using the three selected methods. The novelty includes applying
the measurement methods in the four study areas in the GCR.
However, having a limited number of sites for verifying the mea-
surements may require further research.

This study is structured in four sections after this introduction.
The first section provides the background for the UHI phenomenon.
The second section demonstrates the methods and materials used
to perform the empirical study and explains the nature of measure-
ment in the four selected study areas. In the third section, the
results showed that applying different tools to the same area for
measuring the UHI did not provide the same results, and measur-
ing the phenomenon on the two-dimensional (2D) layer does not
reflect the exact effect of the phenomenon. The final section
includes the conclusions of the study and highlights areas for
future research.

2. Background

This section discusses UHI as a phenomenon associated with
urbanisation that ends with urban areas in hot temperatures com-
pared to rural and suburban areas [17,18]. The rise in air tempera-
ture results in an increase in energy demand, threatening water
security [19] and reducing air quality [6].

Several studies have discussed the change in temperature
between cities themselves and/or surrounding suburban and rural
zones [2,20-22]. This change makes cities hotter owing to the ther-
mal storage capacity of urban structures in urban areas [17,23-25].
Other research argues that the increase in this phenomenon is
aggravated by the geographic spread of urban expansion with its
constructed surfaces (e.g., roads and rooftops) along with the
reduction in green cover and shaded areas [8,26,77].

Studies have examined urban form parameters that affect the
increasing or decreasing of local temperature, including urban fab-
ric [27-29]. Other studies tackled surface cover [30,19] and urban
structure [4,31,32]. There have been investigations conducted on
the UHI phenomenon at the microscale (street canyons) [33-35],
local scale (neighbourhood scale), and/or macro-scale (zones/city)
[18]. The literature indicates that each scale affects and is affected
by the following plate in the hierarchy. The UHI at the local scale is
affected by the mesoscale UHI and affects the microscale UHI and
vice versa, obeying the theory of part of the whole [4].

Urban expansion, the reduction of vegetation cover, and the
arid nature of cities with impervious surfaces such as those of con-
crete and asphalt, are all the result of rapid urbanisation in many
developing countries. These impervious surfaces are the main
component of any built environment, and because of their thermo-
dynamic properties, which are different from those of the natural
land cover, they alter the energy budget of the planet [36,37].
The UHI is aggravated by the hard and arid surfaces of urban
expansion [38].

Some researchers argue that UHIs cause severe impacts, such as
the increased demand used in cooling loads, especially at elevated
summertime temperatures [2,39,40]. Research has also docu-
mented that UHIs threaten water security owing to the high evap-
oration rate, and UHI raises rainfall temperature, which affects
marine life [41,15]. Furthermore, the effects of the increase in day-
time temperature that creates a high level of pollution which
directly affects human health presents symptoms of general
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discomfort [29]. The effect of UHI also causes respiratory difficul-
ties, especially in children, heat cramps, exhaustion, heatstroke,
and heat-related mortality [17,18,42-44].

This section has explained that the UHI phenomenon is a global
challenge that covers different scales and has consequences. The
subsequent section explores the challenge of having precise mea-
surements and results. The procedures and methods for this study
are described below.

3. Methods and materials

UHISs, a global phenomenon, have been addressed using various
measurement tools [45-47]. However, the measuring methods
vary in their structures and capabilities to provide specific UHI
existence and intensity indicators. As a result, to better investigate
the thermal states of the urban envelope, the UHI phenomenon can
be assessed using other methods to understand the relationship
between the urban structure and the thermal performance [39].
Fig. 1 shows the research methods of analysis and tools investigat-
ing the temporal and spatial intensity of the UHI on the local scale
of selected sites. The research depended on studying the land sur-
face temperature (LST) and ambient air temperature (AAT) using
remote sensing, field measurements, and thermal imaging tech-
niques to obtain a holistic insight into the phenomenon.

3.1. Case study

The GCR was selected as the case for this study. It is the largest
metropolitan area in Egypt, Africa, and the Middle East, and the
world’s 17th largest metropolitan city, and the 3rd largest
metropolitan area in the Islamic countries besides Jakarta and Kar-
achi [48]. It has a population of approximately twenty-one million
inhabitants [49,50]. GCR is subjected to ongoing urban growth due
to internal migration and informal urban expansion, which has
become the defining features of GCR growth in recent decades
[28,51,59,76]. Its diverse urban tissues were also formed during
previous eras of its growth [15]. In addition, GCR suffers from an
increase in energy demand, with various poverty rates between
0.26% and 91.5% of neighbourhood residents living below the pov-
erty line. Moreover, Egypt is generally threatened by water secu-
rity issues [52]. The aforementioned factors reinforce the need
for UHI studies in GCR [53], as a case of a metropolitan city suffer-
ing from the effects of the UHI phenomenon [54].

The GCR heat map showed a distinct thermal pattern associated
with the UHI phenomenon. This thermal pattern appeared in the
elevated surface temperature (ST) of the urbanised areas, increas-
ing significantly in the condensed urban fabric [8]. Therefore, the
sites were chosen for tackling various urban fabrics to separate
the influences of urban aspects, and to ensure the credibility of
results based on the identification of contrasts and/or similarities.
Each study area represented a distinct urban structure of the GCR.
For instance, Fatimid Cairo is a clear example of a spontaneous
urban pattern, while Garden City represents an organic grid pat-
tern. Additionally, Nasr City can be described as a grid pattern
planned city, and Alsherouk City is a hybrid grid.

The local-scale study area was cropped from each location to
represent a neighbourhood scale (approximately 0.8 km?). Stewart
and Oke (1984) [1] classified urban fabrics to facilitate the study of
the urban climate in different urban areas. They classified them
into ten types under local climate zones (LCZ). The LCZ is a zone
of uniform surface cover, including its urban structures, materials,
and residents, and extends several kilometres in the horizontal
dimension. According to the LCZ classification, the urban structure
of the four studied areas varied among compact low-rise, compact
mid-rise, compact high-rise, and open low-rise structures in
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Fig. 1. The research method.

Fatimid Cairo, Garden City, Nasr City, and Alsherouk City, respec-
tively [14], as shown in Fig. 2.

3.2. Remote sensing technique

UHI is measured at the local scale using remote sensing tech-
niques based on retrieving the LST and conducting the UHI spatial
distribution [46]. Landsat imagery was processed and analysed
using remote sensing applications, such as a geographical informa-
tion system (GIS), to perform this process. In this respect, the pre-
sent work depended on studying the spatial and temporal
distribution of the UHI at a local scale. Analysis of Landsat 8 images
was performed in the summer when the UHI was at its peak inten-
sity [47]. The spatial resolution of Landsat 8 is 30 m. This pixel
might represent streets, trees, or buildings. Each of these parame-
ters has specific material albedo, distinguished in each study area
with streets more expansive than 30 m. However, in the compact
irregular urban pattern of Fatimid Cairo, one pixel may have a

value for streets and buildings, as streets are smaller than 30 m.
This error was negligible when looking at the streets materials
and the structures in Fatimid Cairo, which were interlocking tiles
for streets and bricks for buildings. The albedo of the two materials
is close (0.3 for bricks and 0.225 for interlocking tiles) [55,56].

Table 1 illustrates the technical details of the analysed satellite
images. LST and UHI were detected in the study area. In addition,
the normalised difference vegetation index (NDVI) was analysed
for the study areas for precise induction of UHI interpretation.
NDVI is an indicator for measuring the condition of the vegetation
in terms of health and spread, and it is measured using remote
sensing depending on the number of reflected lights [57,58]. NDVI
has a direct relationship with the UHI. These are inversely corre-
lated [59].

The first step in image processing involves applying the radio-
metric correction on the thermal bands 10 and 11 using the follow-
ing formulas [45]:

L, :ML*QCGI+AL (1)
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Fig. 2. The four locations of the study areas in GCR.

Table 1

The Landsat image metadata details.
Season Satellite Sensor Acquisition Time Path and Row Spatial resolution” Cloud Cover
Summer LandSat 8 OIL_TIRS 20.8.2019 176/39 100 9.54
" Resolution is resampled to 30 m.

where, L, is the spectral radiance (digital numbers) of the images to BT(OC) =BT -273.15 (3)

radiance values (W/(m? * sr * pm)), M is the radiance multiplicative
scaling factor, AL is the radiance additive scaling factor, and Qc, is
the Landsat band 10 and band 11 [60,61].

K,

BT(AK) = ——>—
In(f-+1)

(2)

where, BT is the sensor brightness temperature; L, is the spectral
radiance; Ky, K; = thermal conversion constants. The calculated BT
is shown in Kelvin, and to convert it to Celsius degree, the received
temperature is added to the absolute zero (approximate = —273.
15 °C).

Because of the calibration noises in the Landsat 8 band 11,
depending on whether using band 11 in measuring the LST can
involve error ratio. In so doing, the mean brightness temperature
BT,, was taken as an average between the two analysed bands.

The NDVI was calculated depending on the near infrared band
(NIR) and red band [46] as follows:

NIR(Band5) — Red(Band4)

NDVI'= NiR(Bands) + Red(Banda) 4)

where, NDVI is the normalized difference vegetation index.
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NDVI — NDVImin. \*
) (5)

Py = (NDVImax. ~ NDVimin.

The vegetation (Pv) proportion reflects the percentage of vege-
tation occupying the surface in the vertical projection [62].

e =0.004 + Pv + 0.986 (6)

After calculating the surface emissivity (e), the LST was calcu-
lated using the following formula [47]:
LsT—_ Blav. 7)
1+((2)Ine)

where, BTav = mean brightness temperature; Agr = Landsat band 10;
p = (h* (C/s) where h is Planck’s constant (6.626 x 10734]s), C is the
velocity of the light (2.998 x 108 m/s) 0.01438, and & is the Boltz-
mann constant (1.38 x 10723 J/K), e = emissivity.

UHI=T =210+ pu (8)

The UHI is the area with a temperature of 1 or more standard
deviations above the mean temperature [63]. p is the mean LST,
and o is the standard deviation.

3.3. Air temperature monitoring

To assess the comprehensive understanding of urban composi-
tion influence on UHI at the local scale, local-scale analysis was
conducted to study the AAT that the people experience in the
urban space [64,65]. Four points were selected in each sample to
be monitored using field devices (Table 2) to record the air temper-
ature as the maximum radius for measuring the temperature at a
specific point from 100 to 300 m [66]. AAT was measured at each
location of the four points in each study area using a digital wire-
less thermometer (DWT). This device is handheld-portable with an
LCD screen that shows temperature and humidity. The accuracy of
the appliance was one decimal with an error ratio of 0.001%. The
monitoring took place on the same day as the satellite image catch-
ing at each study area, from 1:00 pm to 2:00 pm (the peak heat
hour) [7,67].

The following formula for measuring LCZ was used to compare
the different urban structures and air temperatures measured.

ATLCZ = Tzone x — Tzone v )

where, Zones X and Y represent the two zones where the UHI is cal-
culated as the temperature difference between the two zones.

Table 2
The measurement monitoring points.
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3.4. Thermal image processing

Thermal image analysis was performed for two primary pur-
poses. First, we verified the readings of the local-scale analysis
results to validate the remote sensing and field measurement data.
Second, we studied the effect of urban materials on the UHI inten-
sity in the ambient environment. Thermal imaging is a technique
for studying UHIs that require a very accurate device to be exam-
ined, such as high-resolution infrared thermal cameras (FLIR
T540) [68]. The thermal imaging camera receives the radiation of
a targeted object and the emission from the atmosphere (sur-
rounding radiation on the item) to provide the full thermal states
of the captured object [69]. To achieve clear photos, the authors
applied the rule of thirds to address the appearance of the three-
dimensional environment [70]. The thermal images were captured
in the four locations at the field measurement monitoring points
using an FLIR T540 Thermal Camera with 24° Lens, 464 x 348
(model: 79302-0201) [69]. The thermal images were processed
using FLIR Tools® software [71].

Each site had four addressing issues. First, two shots were taken
at each end, representing both sides of the street (365°). The data
were collected between 12:00 pm and 3:00 pm on 20 August
2019 and 21 August 2019, which were the same time period for
the satellite-captured images with the same urban characteristics
for the remote sensing analysis. Third, eight thermal pictures rep-
resented each urban form to study their thermal urban character-
istics. Fourth, air temperature and relative humidity were also
addressed using temperature sensors as required data for image
processing. Finally, the correlation between the average surface
temperature (AST) retrieved from each scene and the AAT was
determined to understand the effect of the surface materials on
the UHI [72].

The analysis was based on calculating the temperature differ-
ence between the AST and the surface temperature of each urban
material. Then, AT was correlated with the percentage of material
presence using the Statistical Package for the Social Sciences (SPSS)
to analyse its influence on the thermal warming of urban forms
[28,74].

AT = ,usr - TSuijface Temp (10)

where, T is the surface temperature (ST) of the urban materials, and
u is the mean surface temperature of the scene.

Location Fatimid Cairo

Garden City

Nasr City Alsherouk City

Study area satellite image

Coordinates 1 30°03'14.4"N 1
31°15'31.3"E
2 30°02'57.2"N 2
31°15'28.7"E
3 30°02'59.9"N 3
31°15'38.0’E
4 30°03'14.6"N 4
31°15'44.4"E

[T 3

DR

I

30°02'13.8"N

30°03'09.6"N

1 1 30°10'15.5"N
31°13'49.5"E 31°21'09.8"E 31°35'44.4"E
30°01'59.0"N 2 30°02'53.8"N 2 30°10'02.4"N
31°13'49.3"E 31°21'07.9"E 31°35'57.0"E
30°02'06.6"N 3 30°03'01.2"N 3 30°10'18.9"N
31°13'56.2"E 31°21'18.3"E 31°36/'00.5"E
30°02'14.2"N 4 30°03'13.1"N 4 30°10'18.9"N
31°14'00.9"E 31°21'21.6"E 31°36'00.5"E
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The results from analysing the thermal pattern and the NDVI on the local scale using remote sensing and records of field measurement.

Case Study

Fatimid Cairo (1)

Garden City (2)

Nasr City (3) Alsherouk City (4)

LST

] 323946228 - 344

[T 34.40000001 -
] 3550000001 - 36
[ 36.00000001 -

-38

I 37.10000001

355
3
371

I 3800000001 - 40

UHI

[ 323946228 - 374
N 37.40000001 - 39.73510742

&
&

NDVI
I High: 0418916 mizdd
Low : 000414717 -
g
-
g B 2
+i
Ambient Air
Temperature
detection methods
Monitoring points T1 T2 T3 T4 T1 T2
LST 48.7 49.1 493 486 456 453
AAT 382 386 38.0 382 402 400
Average LST 48.925 45.725
Average AAT 38.25 40.225

462 458 457 456 463 466 464 469 475 468
404 403 440 448 441 448 392 39.0 391 394
46.05 46.9
44.425 39.175

—- ',7.17 -
oot e K
' L
il i
L,
iy I.- P
L] J'.

T4 Tl T2 T3 T4 Tl T2 T3 T4

4. Results and discussion

The thermal analysis of the case studies for retrieving the UHIs
showed a direct correlation between the LST and the NDVI with a
significant coefficient of —0.964. A decrease in LST followed an
increase in NDVI in the studied areas (Table 3). Number one,
two, three, and four in horizontal axis in Fig. 3 represent the Fati-
mid Cairo, Garden City, Nasr City, and Alsherouk City, respectively.

0.6
0.4
—
0 1 2
ENDVI 0.419 0.309

The results indicated that Garden City had 0% of the UHI with an
increase in the NDVI values, despite Fatimid Cairo, which was con-
densed with low NDVI and had 82% UHI density. Nasr City with
18% UHI and Alsherouk City with 29% UHI obeyed the same theory
regarding the NDVI. On the local-scale analysis of the UHI, NDVI
had a dominant influence on the LST, followed by the albedo values
of the materials. The UHI existence in Alsherouk city and Nasr City
was derived mainly from the asphalt roads that existed in the UHI

3 4
0.316 0.181

Fig. 3. NDVI calculated using remote sensing for the study areas.
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Table 4

UHI based on the air temperature records.
Location Zone Average AAT UHI
Fatimid Cairo 1 38.250 °C AT Z1-AT 72 = —-1.975
Garden City 2 40.225 °C AT Z1-AT Z3 = —6.175
Nasr City 3 44,425 °C AT Z1-AT 74 = —0.925
Alsherouk City 4 39.175 °C AT Z2-AT 73 = —4.2

AT Z2-AT Z4 = 1.05
AT Z3-AT 74 = 5.25

zone as the albedo of the asphalt material was 0.125. Therefore, the
absence of NDVI in the Fatimid Cairo zone played a crucial role in
representing it as an arid zone with the maximum UHI intensity.

The local-scale field measurements in the four study areas
showed different results from the remote sensing analysis. The
AAT captured at the four points in each zone recorded the highest
air temperature in Nasr City compared to that of Fatimid Cairo,
which showed minor AAT records. The UHI was calculated as the
magnitude of the temperature difference between LCZ represent-
ing each study area. Table 4 and Fig. 4 show the UHI of each study
area and its intensity. The research identified Nasr City as the hot-
test spot that suffered from the UHI compared to Fatimid Cairo
with a variance of 3.950 °C.

The thermal imaging analysis conducted on the four study areas
ascertained the air temperature results recorded in each zone. AST
and AAT were measured and compared to each other on a local
scale in each study area, which validated the AAT results on the
ST measured using remote sensing data. Studying UHI in a three-
dimensional environment is different from looking at it on a 2D
layer in remote sensing during the same time of the year, month,
and date. The UHI in the remote sensing analysis was affected
mainly by the NDVI, while the field measurements in the urban
composition were different and influenced by the albedo of the
urban structure.

The thermal image provided the advantage of analysing the
impact of the materials on the UHI. Each material of the urban
envelope was detected, and its temperature was calculated in the
four study areas with 16 detection points and 32 thermal images.
Figs. 5 and 6 show an example of the thermal images captured
using the thermal camera.

The analysis revealed that AAT and AST had a strong relation-
ship with the different urban structures. Considering the above,
Nasr City represented the worst case in dealing with the UHI, as
its records were the highest among those of the four study areas,
followed by Garden City, Alsherouk City, and finally, Fatimid Cairo,
which recorded the lowest UHI effect.

The thermal image provided the advantage of analysing the
albedo effects on the UHI. However, Fatimid Cairo was the best
case with less exposure to UHI, while Alsherouk City had better
results than the remaining areas. The emissivity and albedo values
were determined for each study area with respect to LST and AST.
One of the critical findings was that the urban structure materials

50

°C
45
35
1 2

W Average LST
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significantly influenced the UHI presence in both the horizontal
and vertical dimensions.

The results of the UHI analysis based on thermal imaging ST
asserted the existence of AAT in the study areas. These results
prove that Nasr City—compact high-rise—was the area most
affected by the UHI effect. In the following positions of results, Gar-
den City and Alsherouk City followed Nasr City, and the hierarchy
ended with Fatimid Cairo, which was the case of lowest UHI
(Fig. 7). The hierarchy was contracted using remote sensing UHI
analysis.

Field measurements showed that the metalized vehicle was the
most critical urban form exposed to massive heat storage. The
results also confirmed that the following influence component
was the road asphalt exposed all day to the sun, storing its heat.
In the third position of influence, the building material itself was
concrete. The fourth was the platforms (e.g., interlock and con-
crete), and the last one was the green areas which played a signif-
icant role in reducing the UHI effect by saving shadows and
reflecting heat.

In this work, it is significant that as the presence of heat-
absorbing materials increases and the existence of heat-reflective
materials decreases, the more urban form becomes prone to UHI
on a wide scale. Furthermore, the analysis showed that parameters
with different materials, such as asphalt roads and interlock roads,
affected the thermal performance of urban composition. Asphalt
roads significantly impacted the urban form’s temperature; mean-
while, interlock roads showed a substantially decreased effect.
However, concrete buildings stored more heat than the structures
of bearing walls. Therefore, the low albedo value and high emissiv-
ity rate of some materials could be justified compared to those of
others (Fig. 8).

The local-scale analysis using remote sensing and field mea-
surement equipment provided different results and did not provide
the same UHI effect. Nevertheless, this represents another side of
the phenomenon.

In line with previous studies, it could be said that studying the
UHI at different scales (microlocal-meso) using the tools provided
in this study is essential to obtain a full image of the phenomenon
attitude in the urban form [8,21,54,73,75]. Our results indicated
that it is better to use more than one method to analyse the phe-
nomenon as the methods complete each other to formulate the
entire perspective of the phenomenon.

Our study has certain limitations. First, this study was limited to
investigating the phenomenon on its local scales involving the
effect of NDVI, which could be extended for further investigation.
Second, the tool used in the present study provided results of
UHI effects on LCZs with an overlook for the impact of urban mor-
phology on UHL

This work provided proof of the solution to the research prob-
lem of considering more variable tools when investigating UHI in
LCZ. The results lead to the conclusion that no apparent advantage
exists in utilizing our methods for analysing UHI effects in various-
sized areas.

3 4

Average AAT

Fig. 4. LST retrieved from remote sensing analysis, and the AAT detected using air temperature monitoring devices.
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Fig. 5. The thermal images analysis in Fatimid Cairo and Alsherouk City.
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Fig. 6. Analysis of thermal images in Garden City and Nasr City.
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eters can be compiled together in future research. Overall, a more
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systematic and theoretical analysis is required to fully understand
the UHI phenomenon, and its spatial and temporal distribution. In
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Fig. 8. Influence of the materials on the AST of the urban spaces in the four studied
areas.

5. Conclusion

In this study, we investigated the UHIs in four cases in the GCR.
Our results indicate that the UHI can be observed using various
measurements, methods, and tools. Our data on the four cases
were collected using remote sensing, air monitoring devices, and
thermal image processing techniques. The results provide evidence
that the UHI detection on a 2D layer is different from articulating it
in a three-dimensional (3D) environment. NDVI had a crucial influ-
ence on the existence of the phenomenon in the 2D layer, as inves-
tigated by the remote sensing analysis. At the same time, the
albedo of the materials was a significant influencer of the UHI
intensity in the 3D environment. Several questions regarding UHI
remain to be addressed. A still unsolved question is the verification
using measurements in different seasons of the year in studying
UHL

The tool used in the present study provided results of UHI
effects on LCZs, but to obtain the whole perspective about the phe-
nomenon, a future study can apply different scales (micro\meso).
Subsequently, the correlations between urban morphology param-
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