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Abstract:

Egypt had two problems: population growth and population concentration, which were
solved by moving to new cities. Rapid urbanization and changing lifestyles have
disrupted the ecological structure of cities. This has given rise to the phenomenon of
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urban heat islands (UHI). This phenomenon is characterized by higher air and surface
temperatures in cities than in rural areas. The research into this phenomenon is based
on land surface temperatures (LST), which are closely related to land use
characteristics (LU). Researchers can now measure LST across wide areas with great
temporal and spatial accuracy using remote sensing (RS), Geographical information
systems (GIS), and statistical approaches. Google Earth's high-resolution maps also
help identify LU classes. All of these assisted in achieving the study's main goal of
examining the impact of LU on LST and hence the phenomena of UHI in new cities.
The LU diversity was determined using high-resolution Google Earth maps, while the
LST was extracted using free RS data. The study concluded that paved and unpaved
roads, as well as unoccupied places, absorb considerable amounts of solar radiation,
leading to increased heat storage and UHI. The coldest temperatures were reported in

residential and green regions.
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1. Introduction:

Egypt had two major issues: the problem of rapid
population growth, which caused urban sprawl in
agricultural areas (Hamdy et al. 2014), and the
problem of a significant concentration of
population and activities in a limited region of the
map that barely exceeded 4% of Egypt's total
territory. For example, the annual loss of
agricultural land in some Cairo districts exceeds
15% (M. Salem et al. 2020), and 29 agricultural
plots were converted to residential buildings until
2016 (Osman et al. 2016). So the solution was to
head to the Egyptian desert and coast in order to
create new cities (E. O. Salem and Monir 2017). It
aims to accommodate the increasing demand for
housing and provide an opportunity to loosen the
focus around the narrow Nile Valley and redraw the
urban map of Egypt (Ibrahim and Masoumi 2016).
The policy of establishing new cities was launched
in the seventies of the last century, with the
establishment of the Tenth of Ramadan City as the
first new Egyptian city, and then the New Urban
Communities Authority took over the establishment
of the new cities (Hegazy and Moustafa 2013). So
far, over 50 new cities have been constructed in
Egypt, divided into four generations. This helped to
reduce encroachment on agricultural areas, provide
dwellings for various parts of society, and create
work possibilities by creating numerous industrial
facilities (Ellahham 2014). Urban expansion, on the
other hand, entails more impermeable constructed
surfaces(Liu et al. 2021), which may have an

impact on air quality and urban climate (Wang et
al. 2020), (Robbiati et al. 2022), (Unal Cilek and
Cilek 2021).

The wurban heat island phenomenon (UHI) is
regarded to be one of the most important factors
influencing the urban climate (Bahi, Mastouri, and
Radoine 2020). This phenomenon is one of the
most serious challenges facing humans in the
twenty-first century, and it is a result of the
urbanization and industrialization of human society
(Memon, Leung, and Chunho 2008). It is a
phenomenon that has a negative impact on cities,
and is characterized by an increase in air and
surface temperatures in cities when compared to
rural areas (Shafiee et al. 2020), (Chen, Shan, and
Yu 2022), (Yin et al. 2019), (Voogt and Oke 2003).
UHI has been shown to have a deleterious impact
on the health and thermal comfort of city dwellers
(Zhang et al. 2021), (Liu et al. 2021), (Taripanah
and Ranjbar 2021), (Stache et al. 2021). Because
they are subjected to higher temperatures than
residents of the surrounding area (Zou et al. 2021).
Increased temperatures exacerbates human heat
stress by reducing the effectiveness of convection,
conduction, and cutaneous perspiration in cooling
the body (Huang et al. 2021), (Wu et al. 2021).
During hot summers, this leads to an increase in the
rate of heat-related disorders and an increase in the
death rate (Zou et al. 2021), (Zhang et al. 2021). As
a result, residents have resorted to excessive energy
consumption in buildings to avoid the effects of
high temperatures in an attempt to cool down and
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obtain thermal comfort, which has the opposite
effect of increasing the external temperature and
thus exacerbating UHI (Huang et al. 2021),
(Mushore, Odindi, Dube, and Mutanga 2017),
(Tran et al. 2017), (Zhang et al. 2021),
(Santamouris 2014).

UHI occurs primarily as a result of changes in
urban surfaces and an increase in the area of
concrete and asphalt surfaces, which results in
increased thermal storage capacity and thermal
conductivity. Which contributed to the increase in
LST and amplification of the UHI phenomenon
(Shafiee et al. 2020), (Yin et al. 2019). In climate
change research, the land surface temperature
(LST) has been frequently used as a UHI indicator,
as it is a key variable (Stroppiana, Antoninetti, and
Brivio 2014), (Tran et al. 2017), (Weng 2009).
Experts have researched some possible solutions to
reduce UHI (Memon, Leung, and Chunho 2008).
Such as increasing greening (Yang et al. 2017),
(Hag 2011), increased albedo of city rooftops, and
other measures and recommendations (Stache et al.
2021). However, directly applying the planned city-
wide mitigating measures to all blocks with various
forms of land use (LU) is difficult (Zou et al. 2021).
LST has a direct relationship with the LU
characteristics of the urban area (Weng 2009). It is
therefore necessary to consider the relationship
between LU and LST to understand how LU affects
UHI (Tran et al. 2017). Previous research has
shown that the spatial structure of impermeable
surfaces, water gaps, and vegetation cover all have
a direct impact on LST (Mushore, Odindi, Dube,
and Mutanga 2017). Studies have also revealed that
the influence of buildings and vegetation on UHI is
dependent on the density of the structures and
vegetation cover (Mushore, Odindi, Dube,
Matongera, et al. 2017). The number of
impermeable materials that can store heat is one of
the indicators of UHI (Ulfiasari and Yola 2022). As
well as human activities have a significant impact
on long-term surface temperature (Weng 2009).
Thus understanding how LU affects LST will
substantially assist planners in making decisions
that will reduce their UHI impact (Taripanah and
Ranjbar 2021).

Google Earth, as a reliable source of location data,
may be used for accurate verification, mapping, and
preliminary research, and it is freely available to
anybody interested in maps (Ragheb and Ragab
2015). Because of the great resolution of these
photos, observers can easily discern between
different land cover classes and distinguish
different components of the built environment, such
as industrial plants and individual dwellings, as
well as different roads (Hamdy et al. 2016),

(HAMDY and ZHAO 2016). Google Earth Maps
also features a date range from 2000 to the present
allowing LU mapping to earlier years. It also has
enough spatial and chromatic detail to distinguish
real-world objects. In the Google Earth desktop
application, several recent studies used Manual
photointerpretation of high-resolution images as
reasonably accurate, low-cost reference data for
producing LU maps and testing their accuracy
(Hamdy et al. 2016).

Ground measurements cannot provide data for large
areas of land due to the difficulty of conducting
LST measurements in the field. Satellites have
made it feasible to measure LST with suitable
geographical and temporal precision all over the
world, as well as comprehensive spatial data rather
than point values, thanks to the introduction of
remote sensing (RS) technologies from space (Li et
al. 2013). RS is nowadays an indispensable source
of information about the LST and the quasi-
continuous surface observation of the UHI (Kulo
2018), (Bechtel, Zaksek, and Hoshyaripour 2012).
Geographical information systems (GIS) and
statistical methodologies have also assisted
researchers in describing and investigating the link
between UHI and LU (Tran et al. 2017). GIS can
analyze, combine, and manipulate geographic data
on the surface or beneath it. Using it and remote
sensing together can assist find the optimal sites for
urban growth (Youssef, Pradhan, and Tarabees
2011).

The primary objective of the research is to
investigate the effect of LU diversity on LST and
its reflection on UHI in New Tiba as a case study of
new cities in Egypt using free and accessible data.
The main objective can be achieved from two sub-
goals. The first goal is to create a map of different
types of LU using free and trusted sources like
Google Earth. The second objective is to extract the
city's LST using freely available remote sensing
data and GIS. Achieving these stated goals will
provide a robust methodology using inexpensive
data that can assist urban planners in developing
countries in researching the impacts of LU on UHI.
2. The Study Area:

The new city of Tiba was initiated by Republican
Decree No. 198 of the year 2000 AD. Located 14
kilometers northeast of Luxor and 10 kilometers
from Luxor International Airport (Fig. 1), the city is
a popular tourist destination. According to
Resolution No. 329 of 2014, the overall land area of
the city is 9,496 acres, which includes an additional
4,050 acres that were added to the city limits. When
measured in acres (Fig. 2), the current urban area is
2,431 acres, which is divided into six residential
neighborhoods. Service areas covering a total area
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of 1509 acres are located in the center of them. In
addition, there is a 382-acre industrial park. It
includes an investment land area, universities, and
the central services area, among other things, with a

@n
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total land size of 540 acres (“New Urban
Communities Authority, Home Page - New Tiba,”
n.d.).

Fig. 1. The study area location.

lassification Key
Urban area
Future extension|

The Boundaries of the New City of Tiba

Fig. 2. The Boundaries of the New City of Tiba.

3. Research Methodology:

Multiple methodologies were used in the process of
conducting this research, which was carried out in
several stages. The inductive method was used to
gather information on the city and the uses of urban
area. The New Tiba City Authority provided the
relevant maps and coordinates for this research
work. The previous data was used in conjunction
with Google Earth and GIS to create a map of
urban LU with the applied approach. Satellite
images were processed using LST extraction
equations, and the resulting temperatures were
classified. Analytical methods were utilized to
investigate the link between LST and LU in order
to better understand the influence of different

usages on UHI.

3.1. The Stage of Mapping the Urban Area LU

A field trip to the newly established city of Tiba
was organized. The New Tiba City Authority
provided an AutoCAD map of the entire city, which
included all uses, extensions, and locations of the
city. This information was used to categories the
uses of urban space into eight main categories:
residential, service, under construction, green,
urban space gaps, empty areas, paved and unpaved
roads it was necessary to create a LU map of the
urban area on the GIS software, which was based
on the manual interpretation of Google Earth maps
of 2019.

3.2. LST Extraction Stage for the City
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LST was extracted for three satellite images on
6/26, 7/28 and 8/29 of 2019. LST was averaged
over the summer months. Satellite images of
Landsat 8 were obtained from the USGS(United
States Geological Survey) website:

https://earthexplorer.usgs.qgov/(USGS n.d.). The
LST was obtained by applying some equations to
satellite images (Table 1). The sequence of LST
extraction equations begins by converting digital
image values into satellite spectral irradiance values
via equation (1). Followed by the stage of
calculating the absolute temperature, or the so-
called black body temperature at the satellite in
Kelvin, through equation (2). Then the temperature
in Kelvin is converted to Celsius temperature by

equation (3).

This method of extracting LST was based on the
calculation of the NDVI (Normalized Differential
Vegetative Index): a simple graphical or numerical
indicator that expresses the intensity of greening. It
is used to analyze RS measurements, and it can be
calculated by equation (4). Then the percentage of
this vegetation cover is calculated using equation
(5), as well as calculating the emission through
equation (6). Finally, the LST is calculated by
equation (7), depending on the NDVI and the black
body temperature at the satellite as well as the
emissivity (which was calculated previously).
These equations are performed on heat bands 10
and 11 and their values are averaged.

Table 1. Equations for extracting LST.

Equation Symbols meaning References
LA = Spectral Radiance at the (Abdu Yaro, Lawal
sensor's aperture, ML = Band- Abdulrashid 2017), (Asgarian,
specific multiplicative rescaling Amiri, and Sakieh 2015)
) factor from the metadata, AL=
LA =ML+ QCAL + AL Band-specific additive rescaling
factor from the metadata, Qcal =
Quantized calibrated pixel value
in DNs.
LA= Spectral Radiance at the (Abdu Yaro, Lawal
K2 sensor's aperture, K1, K2= Abdulrashid 2017), (Sekertekin
2) Tewy=—g1T— Calibration constants (from and Bonafoni 2020), (Mushore,
In (H + 1) metadata files). Its values Odindi, Dube, and Mutanga
changed according to the satellite. 2017), (Giannini et al. 2015)
3) Tee = Ty — 273.15 T(K)= Temperature in kelvins. (Al-Jashami 2018)
. (Abdu Yaro, Lawal
Band5= Near infrared bands, | Apdulrashid 2017), (Giannini
(4) NDVI = (Band5 — Band4)/(Band5 + Band4) Band4= Visible infrared etal. 2015), %EA)GUO' and Wu
bands.
NDVImin =Minimum value of (Abdu Yaro, Lawal
©) NDVI— NDVIyiy \° NDVI, Abdulrashid 2017), (Sekertekin
v= (NDW —NDVI ) NDVImax =Maximum value of and Bonafoni 2020), (Giannini
MAX MIN
NDVI. et al. 2015)
(6) £=0.004Py + 0.986 Pv = Percentage of vegetation. (ﬁbbdduuer:r:ioo’l |2_§\1/\/7a)l
(Giannini et al. 2015)
T p =Constant value
1 +(_“ *p““f)) “In(e) =h+<=(1.438+10"m K)

3.3. The Stage of Studying the Relationship
between LST and LU

The LST extracted from the RS data was
distributed over the urban area LU of the city to
study the relationship between them. To achieve
this, the average, maximum, and minimum LST
values for each LU element were determined during
each summer month. The average LST of the total
summer months was also calculated for all LU
elements. These values were studied to reach a
clear relationship between LST and LU.

4. Results and Discussion:

As part of the study's defined methodology, a LU
map of the urban area was created, as well as the
LST for the summer months and the average

between the three months. In order to attempt to
understand the relationship between LU and LST,
the maximum and minimum values of LST during
the summer months were determined for LUs
throughout the summer months. It was also
discovered what the average LST was throughout
the summer months and how it was linked to the
LUs and their surrounding area.

4.1. Urban Area LU

The LU map of urban area shows that most of the
urban area is still empty areas as shown in Fig. 3
and Fig. 4. The area of the empty areas is
approximately 930 acres (38%). It is followed in
the area by the gaps and unpaved roads, and their
areas are 696(29%) and 300(12%) acres,
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respectively. The areas of the remaining uses varied in terms of area, and its area reached approximately
as shown in Table 2. The service use was the least 32(1%) acres.
The LU of the Urban Area (
lassification Key x
Service 'é%r
Residential s :
Under construction|
Green
Urban space gaps
Empty
Paved road
Unpaved road
KM|
I E—
Fig. 3. LU of the urban area.
Table 2. The area of LU and their percentage
LU Area (acres) Percentage
Residential 96.7 4%
Service 32.3 1%
Under construction 41.0 2%
Green 54.1 2%
Urban space gaps 696.7 29%
Empty 930.3 38%
Paved road 281.0 12%
Unpaved road 300.0 12%
Total 2432.1 100%

LU Percentage of the Urban Area

1% 2%
2%

= Residential
Service

= Under construction

= Green 29%
Urban space gaps
Empty

= Paved road

Unpaved road 38%

Fig. 4. LU percentage for urban area.

International Design Journal, Volume 12, Issue 3, (May 2022) @ @
This work is licensed under a Creative Commons Attribution 4.0 International License BV



http://creativecommons.org/licenses/by/4.0/

Assessing the Impacts of Land Use Diversity on Urban Heat Island in New Cities in Egypt, Tiba City as a Case Study 98

4.2. LST for Urban Area

During the summer months, three separate satellite
images were used to extract urban space area LST,
as shown in Fig. 5. The warmest temperatures were
recorded during LST in June. Temperatures ranged
from 40 to nearly 46 °C in it, on average. However,
the LST for July was the coolest during the

summer, with temperatures ranging from 38 to 44
°C on a daily basis. Afterwards, the LST began to
rise gradually in August, with temperatures ranging
from 38 to 46 degrees. The average temperature of
the urban environment fluctuated between 39 and
45 ° C throughout the summer of 2019 as a result

(Fig. 6).

LST for 26-6-2019 @ LST for 28-7-2019 LST for 29-8-2019 ™
ILST Categories ILST Categories v LST Categories| s
40-41WW43-44 — KI“‘ 38-39742-43 — &m 38-391142-43 —_Km
E 5 1 0 05 1
41-42WM44-45 39-40 M43 -44 39-40MW43-44
42-43WM45-46 40-41WM44-45 40-41 WB44-45
41-42 41-42WW45-46

LST Categories|
39-40
40-41

41-42
42-43
43-44

[ 44-45

Fig. 6. Average LST for summer 2019.

4.3. Relationship between LST and LU

LST were distributed over the LU of the urban area.
Then the LST values for all LU were compared as
in Error! Reference source not found.. The
comparison was carried out in two parts as follows:
4.3.1. Max and Min LST Value for LU: Fig. 7
shows the max values of LST for LU during the
summer months of 2019. The max values of LST
recorded for residential use for the months of June,
July and August were the lowest values recorded.
They are equal to 43.70, 41.91 and 42.71 °C,
respectively, with an average of 42.77 °C. While
the max values of LST for green spaces reached

45.76, 44.30 and 45.07 °C, respectively, which are
the highest values recorded during the summer
months of 2019 with an average of 45.04 °C. This
comparison is clearly shown in Fig. 9.

The min LST values for all LU are shown in Fig.
8. The lowest values were recorded for urban gaps
during the summer months. The average min values
recorded for urban space gaps for the summer
months were 39.03 °C. While the min value
recorded for the buildings under construction was
the highest in the values, with an average of 40.86
°C, as shown in Fig. 10.
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Fig. 7. The max average LST values in summer 2019. Fig. 8. The min average LST values in summer 2019.

Table 3. LST for LU of the urban area.

KM

LST
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The Max LST Values for LU
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Fig. 9. The max LST values for LU.

June July August Average
Max value 43.70 41.91 42.71 42.77
Residential Min value 40.49 38.03 38.79 39.10
Average value 42.31 39.98 40.99 41.09
Max value 44.00 42.34 43.11 43.15
Service Min value 40.63 38.15 39.09 39.29
Average value 42.86 40.87 41.70 41.81
Max value 43.95 41.78 43.18 42.97
Under construction Min value 42.01 39.87 40.71 40.86
Average value 43.12 41.01 41.93 42.02
Max value 45.76 44.30 45.07 45.04
Green Min value 40.47 38.04 38.73 39.08
Average value 42.19 39.95 40.92 41.02
Max value 45.64 43.81 44.64 44.69
Urban space gaps Min value 40.35 38.02 38.72 39.03
Average value 42.98 40.88 41.78 41.88
Max value 45.38 43.16 44.60 44.38
Empty Min value 41.35 39.03 40.34 40.24
Average value 43.66 41.50 42.26 42.47
Max value 45.24 43.13 44.46 44.28
Paved road Min value 40.36 38.03 38.78 39.06
Average value 43.07 40.98 41.92 41.99
Max value 45.14 42.82 44.25 44.07
Unpaved road Min value 40.61 38.45 39.69 39.58
Average value 43.47 41.20 42.02 42.23
Max Average LST Values Min Average LST Values
lassification Key “lassification Key
42.77 (Residential) 39.03 (Urban space gaps)
4315 Servicer ) 39,08 Greem)
4428 (Paved oud) 3029 (Serviee)
44.38 (Empty) 39.58 (Unpaved road)
44.69 (Urban space gaps) 40.24 (Empty)
B 45.04 (Green) 40.86 (Under constructio

The Min LST Values for LU

- 7] 0
ER- T - -
< = T 8 b g B B
L E O ¢ @9 9
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S E £
I
= June E LU e July
August — Average

Fig. 10. The min LST values for LU.
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4.3.2. Average LST of Urban Area LU:

The average LST for each summer month was
compared in Fig. 11. The comparison showed that
the average LST of empty areas were the highest in
values for June, July and August, corresponding to
43.66, 41.5 and 42.26 °C, respectively. While
residential use and green spaces were the lowest in
the LST average and the most close between them.
The average LST for residential use and green
spaces in June was 4231 and 42.19 °C,
respectively. While the LST average in July was
39.98 and 39.95 °C, respectively. In August, it is
equal to 40.99 and 40.92 °C, respectively.

By comparing the area with the average LST for
LU in. It is clear that green areas and residential use

are the lowest in the average temperature,
equivalent to 41.02 and 41.09 °C, respectively.
However, their area is small in comparison to the
empty areas, paved and unpaved roads, which
amounted to 930, 281 and 300 acres, respectively.
Their average LST was 42.47, 41.99 and 41.23 °C,
respectively, which had an effect on raising
temperatures in urban space gaps, which amounted
to 41.88 °C more than the effect of lowering
temperatures in residential and green areas. This
caused an increase in the average LST of the total
urban area, which amounted to 42.11 °C. This also
means UHI elevation of urban area. This difference
is clearly shown in Fig. 12.

Table 4. The area of LU and their average LST.

LU Area (acres) | Average summer LST
Residential 96.8 41.09
Service 32.3 41.81
Under construction 50 42.02
Green 54.1 41.02
Urban space gaps 696.8 41.88
Empty 930.3 42.47
Paved road 281 41.99
Unpaved road 300 42.23

By comparing the area with the average LST for
LU in. It is clear that green areas and residential use
are the lowest in the average temperature,
equivalent to 41.02 and 41.09 °C, respectively.
However, their area is small in comparison to the
empty areas, paved and unpaved roads, which
amounted to 930, 281 and 300 acres, respectively.
Their average LST was 42.47, 41.99 and 41.23 °C,

respectively, which had an effect on raising
temperatures in urban space gaps, which amounted
to 41.88 °C more than the effect of lowering
temperatures in residential and green areas. This
caused an increase in the average LST of the total
urban area, which amounted to 42.11 °C. This also
means UHI elevation of urban area. This difference
is clearly shown in Fig. 12.

The Average LST for the LU of Urban Area
43.66 4
43
41.50 2
41 ;
he
TE 0
39
38
June July August
Summer Months
B Residential Service m Under construction
u Green Urban space gaps Empty

Fig. 11. The average LST for the LU of urban area.
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Fig. 12. The area of LU and its average LST during the summer of 2019.

5. Conclusion:

The integration of freely available reference
technologies such as RS, GIS and Google Earth
helped investigate the effect of LU diversity on the
LST. This investigation resulted in some
conclusions that can be summarized as follows:

- Residences and green spaces are the places
with the lowest average LST.

- Empty areas are the highest in average LST.

- Asubstantial quantity of solar radiation is
absorbed by both paved and unpaved
roadways, as well as empty areas, enhancing
LST and increasing UHI effect.

As residential areas converge and overlap with
green spaces, it is possible that LST for residential
use has decreased as a result, which explains the
convergence of values between them. This is
because the different uses of the city affect each
other thermally, through shading, radiation, and
thermal conductivity, among other things.
Consequently, the less the empty areas and
exploited to increase the area of residential uses and
green spaces, the lower the average LST of the city,
and thus leads to a decrease in the UHI of desert
cities. Implying that residential areas and green
spaces serve as cold islands in the desert center, just
as heat islands do in the rural setting.
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