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ABSTRACT

The continuous development of metropolitan urban areas would lead to
an environmental phenomenon known as Urban Heat Island (UHI). It is
mainly due to the emission of heat to the lower layer of the atmosphere. UHI
was proven to negatively impact human activities in terms of productivity,
lifestyle and health issues. It also affects the healthy state of animals and
vegetation. The research hypothesis considers that the increase or decrease in
the emissivity-corrected Land Surface Temperature (e-corrected LST) in an
urbanized area is due to Global Warming (GW), Regional Drivers (RD), and
UHI. The study area selected is EL-Senbellaween city located in Dakahliya
governorate in the delta of Egypt. It represents the Land Use/Land Cover
(LU/LC) changes from cultivated land into an urbanized environment. This
research utilized Landsat 5 TM in 1998, 8 Operational Land Imager (OLI) in
2018 and Thermal Infrared Remote Sensor (TIRS) remotely sensed data.
Different digital image processing and Remote Sensing (RS) techniques were
applied to restore the satellite images and carry out the needed enhancement,
analysis, image classification and information extraction. The digital image
processing and RS techniques used include calculating the e-corrected LST,
LU/LC, Normalized Difference Vegetation Index (NDVI) and UHI. Two
GIS-based models were designed and developed using the ArcGIS Pro model
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builder tool to calculate the e-corrected LST using TIRS data and then
calculate the UHI considering the GW and Regional Drivers effects.

Results indicated that the study area suffers from significant UHI effects.
Some changes in LU/LC, such as the changes from vegetation to urban, have
a significant negative impact on the climate by more than 13 times the global
warming effects.

Keywords: Global Warming (GW), Urban Heat Island (UHI), emissivity-
corrected Land Surface Temperature (e-corrected LST)
INTRODUCTION

Remote Sensing (RS) is considered a vital resource in Earth observation.
The RS technology utilizes different platforms and sensors mounted on
satellites and aircraft to obtain information about objects and features of
certain phenomena remotely without direct contact. Remote sensors are
passive or active (Tomlinson et al., 2011). RS applications are humerous in
different fields including, natural resources management, Agriculture,
Geology, Hydrology, study the Land Use/Land Cover, Urban Heat Islands
(UHI) and Land Surface Temperature (Sobrino et al., 2004; Navalgund and
Roy, 2007; Avdan and Jovanovska, 2016; Simo et al., 2016; El-Hattab et al.,
2018).

Thermal Infrared Remote Sensing (TIRS) primarily processes and
explains the data acquired in the TIR region of the electromagnetic spectrum.
All objects with a temperature above absolute zero emit Thermal Infrared
electromagnetic radiation. There is a wide range of applications for the TIR

data, such as monitoring Land Surface Temperature (LST). The LST term
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usually refers to the radiative temperature that can be felt with the direct
touch of different objects on Earth's surface. Avdan and Jovanovska, 2016
created an algorithm for automating LST maps using Landsat 8 OLI satellite
data, using Thermal Infrared Band 10. Suresh et al., 2016 succeeded in
estimating the LST of the mountain landscape of Devikulma Taluk. They
used the Single Window algorithm. They calculated the emissivity based on
the Normalized Difference Vegetation Index (NDVI), Band 4 and 5 with 30
m spatial resolution. Sekertekin and Bonafoni, 2020 studied different LST
retrieval algorithms using TIR. Their study mainly focused on using Land
Surface Emissivity (LSE) as an essential factor that enhances the LST
calculation. They applied different methods such as Single Channel
Algorithm (SCA), Mono Window Algorithm (MWA), Split Window
Algorithm (SWA) and Radiative Transfer Equation (RTE) as effective LST
retrieval methods by processing different Landsat imageries (Landsat 5, 7 and
8).

The results indicated that the MWA having a slight accuracy over the rest
of the methods used. Hence, the MWA was applied in this study to retrieve
the emissivity-corrected LST. Wang et al., 2015 presented an Improved
Mono Window Algorithm to calculate the LST from Band 10 data of the
Landsat 8 TIR. The algorithm proposed in this study required the use of three
parameters: ground emissivity; atmospheric transmittance; and effective mean

atmospheric temperature. Rongali et al., 2018 and Wang et al., 2015 only
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used the Landsat 8 TIRS Band 10 data, neglecting the TIRS Band 11 data.
The reason behind neglecting Band 11 data in calculating LST was that the
calibration notification published by the United States Geological Survey
(USGS) showed that Band 11 data of Landsat 8 TIR sensor has considerable

uncertainty. Hence, It was recommended to use TIRS Band 10 only.

MATERIALS AND METHODS
Study Area: EL-Senbellaween city, located in Dakahliya governorate, Egypt,
was selected as the study area for this research. The total approximate area of
EL-Senbellaween city is 23 Km? (calculated from the administrative
boundaries of CAPMAS using ArcGIS Pro v2.8), with a total population of
108,395 inhabitants (as mentioned in the attribute data of the CAPMAS base
map of 2017). (fig. 1).
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Fig. (1): EL-Senbellaween city study area

The average annual temperature in Dakahlia governorate is 20.5°C,

where the average annual rainfall is 56 mm (fig. 2). June has the least amount

of rainfall (average of 0 mm), where the most precipitation falls in January

with an average of 13 mm. The average temperature measured varies during

the year by 13.9°C.
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Fig. (2): Climate graph of Dakahliya Governorate (www.Climate-Data.org)
This research integrates RS and Geographic Information System (GIS)
technologies to monitor the UHI issue in the study area. The TIR bands of the
satellite images will be processed to extract the emissivity-corrected Land
Surface Temperature (e-corrected LST) to calculate the UHI effects.
1. SOFTWARE: Software packages used in this research study were ERDAS
imagine and ArcGIS Pro version 2.8. First, the Landsat imagery Layer
Stacking process was applied using ERDAS Imagine. Finally, image

classifications and model building were conducted using ArcGIS Pro.
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. DATA: The data used in this research were satellite imagery of Landsat 5

(TM) and Landsat 8 (OLI) in August 1998 and August 2018. In addition,
optical and TIR Sensor data were utilized. These images were acquired
and pre-processed properly. The attribute and spatial data were used,
including Administrative Boundaries of Egypt (Governorates, Sectors, and
Sub-Sectors).

METHODS: The layer stacking technique was applied to merge single-
band imageries into a single multi-band image, excluding the thermal
band. The conceptual model of this research study is as follows:

Image classification is carried out to produce LU/LC maps.

Monitor the LST of the study area using thermal bands of Landsat.
Measure the UHI by applying change detection techniques on both dates.

Fig. (3) shows the conceptual framework of the proposed method applied.
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Fig. (3): Process flow diagram of the proposed model to analyze the UHI

In this research study, two main models were designed and developed:

1. Model (1): Calculating the Emissivity-Corrected LST for Landsat 5, Land
7, and Landsat 8 imageries (Fig. 4), and

2. Model (2): Extracting the changes of UHI from 1998 to 2018 (Fig. 5).
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Fig. (4): Emissivity-Corrected LST Complete Model for Landsat 5, 7 and 8
imageries using ArcGIS Pro model builder — Model (1)
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Fig. (5): Change detection Model of UHI after removing the effects of Global
Warming and Regional Drivers for both Study Areas using ArcGIS

Pro model builder - Model (2)
The process workflow diagram of the Model (1) is referred to as

Calculating the Emissivity-Corrected Land Surface Temperature (CECLST)
model. This model utilizes the Mono Window Algorithm (MWA) technique
to retrieve the e-corrected LST from Landsat TIRS data (Qin and Berliner,
2001; Sobrino et al.,, 2004; Wang et al.,, 2015; Rongali et al., 2018;
Sekertekin and Bonafoni, 2020). The model output is used as a tool inside the
ArcGIS Pro to calculate the e-corrected LST for Landsat images. In addition,
Model (1) output is used as input for Model (2), which calculates the UHI by
considering Global Warming and regional drivers' effects. Both models were
designed and built by the Model Builder module inside ArcGIS Pro (fig. 4
and 5). The equations and techniques applied in Model (1) were introduced
by (Qin and Berliner, 2001; Sobrino et al., 2004; Wang et al., 2015; Rongali
et al., 2018; Sekertekin and Bonafoni, 2020). The processes of Model (1) are
summarized as follows:

e Calculate the Normalized Difference Vegetation Index (NDVI). This

indicator is used to measure the health and density of the vegetated areas;

NDVIT — Enir— Bred
Ryir+ Rred (Equation 1)

Where Rnir and Rred represent the spectral reflectance of Near-infrared and
Red bands, respectively for Landsat 5, 7, and 8 sensors;
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e Extract by mask process (for non-thermal bands);
e Retrieve Minimum and Maximum pixel values;

e Calculate the Proportion of Vegetation (Pyv) using the following equation

_ ( NDVI— NDVigin )2
v NDVIg guwe— NOVIgin

(Equation 2)

Where NDV Imin and NDV Imax represent the minimum and maximum NDVI,

e Calculate Land Surface Emissivity (LSE) using the following equation
LSE = 0.004 B, + 0.986 (Equation 3)

Where LSE is the Land Surface Emissivity. It was calculated from Py using

the NDVI threshold method proposed by (Sobrino et al., 2004);

e Extract the Thermal bands (band 10 - Landsat 8 & band 6 - Landsat 5);

e Convert Digital Number (DN) to Top-Of-Atmosphere Spectral Radiance.
This process converts DN values to Spectral Radiance and then to Top of

Atmosphere reflectance (TOA). The following formula is for Landsat 5:

LMAX,-LMIN
Ly = (22 ) Qe — Qe min) + LMIN,

Qcal max— @eal min (Equation 4)
Where;

L. = Spectral Radiance at the sensor’s aperture [W/(m2 - sr - um)],

Qcal = Quantized calibrated pixel value which represents thermal band (DN),
Qcamin = Minimum quantized calibrated pixel value (DN = 0) corresponding

to LMIN;,
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Qcaimax = Maximum quantized calibrated pixel value (DN = 255 for sensors

TM and ETM) corresponding to LMAX;,

LMIN;, = Spectral at-sensor radiance scaled to Qcal min [W/(m2 - sr - um)],

LMAX; = Spectral at-sensor radiance scaled to Qcal max [W/(m2 - sr - pm)].

For Landsat 8, the TOA spectral radiance (L) is calculated (Equation 5):

Ly=M, X Qcar + 4; (Equation 5)

Where:

L, = TOA spectral radiance (watts/(m2*ster* pm))

My = Band-specific multiplicative rescaling factor obtained from Metadata

file (RADIANCE_MULT_BAND_10) = (0.000342)

AL = Band-specific additive rescaling factor obtained from Metadata file

(RADIANCE_ADD_BAND 10) and is equal to (0.1)

Qca = Quantized and calibrated product pixel values (DN)

e Conversion of Radiance to At-Sensor Temperature (BT) to Celsius using
the following formula (equation 5):

BT = ——o . 27315
Inl —
L (Equation 6)
Where;

BT = At satellite brightness temperature in Celsius (°C),

K1 = Thermal Band Calibration Constant 1 in (watts/(meter squared * ster *
um)). K1 is obtained from the metadata files. For Landsat 5, K1 = 607.76 and
for Landsat 8 (band 10), K1 = 1321.08.
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K2 = Thermal Band Calibration Constant 2. K2 is obtained from the metadata
files. For Landsat 5 K2 = 1260.56 Kelvin. Whereas for Landsat 8 (band 10),
K2 = 777.89 Kelvin.

L, = Top of Atmosphere Spectral Radiance in watts/(m? * ster * pum).

o Calculate the e-Corrected LST in Celsius using the following formula:

I BT
S {1+ [(A«BT/p) In LSE]} (Equation 7)

Where;
s = IS the emissivity-corrected LST in Celsius (°C);
BT = At satellite Brightness Temperature in Celsius °C;
A = the wavelength of the emitted radiance of Band 10 (A = 10.895);
LSE = Land Surface Emissivity calculated in Equation (3); and
—Rst
p =1.438 x 102 m K.
Where ¢ is the Boltzmann constant which is (1.38 x 10-23 J/K), h is the
Planck’s constant (6.626 x 10—34 J s), and c is the speed of light.
Similarly, the main processes included in Model (2) are as follow (fig. 5):
1. Extract the required study area,
2. Apply change detection technique for the e-corrected LST raster data
generated from the previous model (Model 1) (for 1998 and 2018),
3. Remove the effects of Global Warming per two decades, which is 0.4°C,

from all emissivity-corrected LST data generated from Model (1),
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4. Clip the e-corrected LST data and calculate the mean temperature value
for the reference area,

5. Remove the Regional Drivers effects from the previous step (changes in
the value of the e-corrected LST at the selected reference area. The
reference area was identified as a high-density vegetated area in 1998 and
still the same in 2018), and

6. Calculate the mean temperature from the LST values.

RESULTS AND DISCUSSION
Satellite Images Processing and Classification: Fig. (6) shows Landsat 5
imagery for the study area in August 1998. The color-composite shown
represents the agricultural lands in red. Also, there are some small scattered
rural urbanized areas within the agricultural lands. Fig. (7) illustrates the
Landsat 8 imagery for the study area in August 2018. In fig. (6), the vegetated
lands appear in red. In contrast, fig. (7) shows that more urbanized sites were
expanded, and a remarkable increase in scattered rural sites. This expansion
indicates that the urbanized areas were exponentially increased in August

2018 at the expense of agricultural lands.
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Fig. (6): The false-color composite image of the study area in August 1998
(Landsat-5-TM) (R: band 4 (NIR), G: band 3 (Red), B: band 2
(Green)). The reference area is depicted in the yellow box, and it

represents the area with no changes from 1998 to 2018
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Fig. (7): The false-color composite image of EL-Senbellaween city study area
in August 2018 (Landsat-8) (R: band 5 (NIR), G: band 4 (Red), B:
band 3 (Green)). The reference area is depicted in the yellow box,
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and it represents the area with no changes from 1998 to 2018
The reference area was highlighted with a yellow box in the northern-east

of the study area in August 1998 and August 2018 (Fig 6 and 7). This
reference area was selected due to no possible LU/LC changes over the years
on both dates. Fig. (8) shows the main LU/LC classes in the study areas in
August 1998. The brown color represents the urbanized area, while the green
color illustrates the vegetated area. The barren soil areas are also represented
in light brown, while the water bodies are shown in blue.

The different LU/LC classes areas in August 1998 and August 2018 and
their percentages from the total area of EL-Senbellaween city study area were
presented in Table (1). It was observed that the urbanized area was doubled
(from 3.45 Km? to 6.58 Km?). This increase in the urbanized area was at the
expense of the vegetated lands.

Table (1): LU/LC comparison at EL-Senbellaween from 1998 to 2018

Class Name Area in 1998 Area (%) in Area in 2018 Area (%) in
(Km?) 1998 from total (Km?) 2018 from total
Water 0.004 0.02% 0.05 0.21%
Urban Area 3.45 14.97% 6.58 28.56%
Vegetation 19.58 84.98% 16.39 71.18%
Soil/Desert 0.01 0.04% 0.01 0.04%

Fig. (9) shows the LU/LC classes at EL-Senbellaween study areas in
August 2018. The blue color represents the water bodies; the brown color

represents the urbanized area; the green color represents vegetated lands, and
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the light brown color represents barren soil areas. Fig. (10) shows the
urbanization changes in the study area over 30 years from 1988 to 2018.
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Fig. (8): LU/LC classes of EL-Senbellaween city study area, 1998
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Fig. (10): Change in vegetation and urbanization in EL_Senbellaween study
area in 1988, 1998, 2008 and 2018. False-color composite (R:
SWIR2, G: SWIRL, B: Red)

THE NDVI RESULT: The NDVI is mainly an indicator that utilizes the

Near-Infrared (NIR) bands in the electromagnetic spectrum to assess and

analyze healthy vegetated areas. Generally, healthy vegetated areas absorb

most of the sun's visible light and reflect a large portion of the NIR to space.

308
Vol.(50); Iss.(8); No.(5); Aug. 2021
ISSN 1110-0826
Online ISSN 2636-3178



Journal of Environmental Sciences (JES)
Faculty of Graduate Studies and Environmental Research, Ain Shams University

El-Gamily, et al.

On the other side, barren soils reflect moderately in both the NIR and the red
portion of the electromagnetic spectrum (Holm et al., 1987; Sarkar et al.,
2011). Therefore, the NDVI values produced are represented as a ratio
ranging from -1 to +1. Negative values usually represent water, values around
zero represent barren soil, whereas values over 0.6 usually represent green
vegetated areas.

Fig. (11) shows the NDVI map for EL-Senbellaween city study area in
August 1998 and 2018. Fig. (11 a) illustrates the result of NDVI in the study
area and its surroundings in August 1998. It is noticeable that the vegetated
areas cover most of the study area and its surroundings. The dark green color
represents the dense and healthy vegetated area, while the light green color
represents a less dense or less healthy vegetated area. The urbanized areas are
presented in brownish gray.

In contrast, fig. (11 b) shows the result of the NDVI in August 2018. The
figure shows the expansion of urbanized areas at the expense of the vegetated
lands. The high rate of growth of urban and rural slums over the vegetated
areas is abnormal. In the study area, the NDVI in August 1998 ranged
between -0.006 to + 0.683, whereas in August 2018, the NDV1 for the same
study area ranged from - 0.037 to + 0.577. This change indicates that
cultivated areas were decreased and changed into urbanized and baren soil

areas.
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August 1998 b: NDVI map in August 2018
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E-CORRECTED LST FINAL RESULTS: Fig. (12) illustrates the
calculated e-corrected LST in the study area in August 1998 and 2018. Fig.
(12 a) shows the variability of the e-corrected LST in the study area in August
1998. The e-corrected LST of the study area in 1998 ranges from 25.4°C in
the rural and surrounding vegetated areas to 38.4°C in the urbanized area
(Table 2). This variation in the e-corrected LST from rural to urban areas
might be due to the low density of urbanization and the high density of
vegetation in the rural areas.

Similarly, fig. (12 b) shows the e-corrected LST variability in the study
area in August 2018. The e-corrected LST of the study area in 2018 ranges
from 27.8°C in the rural and surrounding agricultural areas to 40.2°C in the
urbanized area (Table 2). The figure shows an increase in the e-corrected LST
in both urban and surrounding agricultural areas. This variation might be due
to the exponential increase in the density of urbanized areas at the expense of
the agricultural areas.

Table (2): The e-Corrected LST in 1998 and 2018 at the study area

Date e-corrected e-corrected e-corrected Mean
Minimum LST (°C) | Maximum LST (°C) LST (°C)
August 1998 25.4 38.4 28.3
August 2018 27.8 40.2 32.6
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a: The e-Corrected Land Surface Temperature (LST), Aug 1998
b: The e-Corrected LST, Aug 2018
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UHI RESULTS AND INTERPRETATION: Fig. (13) illustrates the results
of calculating the Urban Heat Islands (UHI) in the study area from August
1998 to August 2018. The yellow, orange and red colors represent UHI in the
study area. Where the yellow represents the lowest UHI. In contrast, the dark
and light blue colors represent Urban Cool Island (UCI) in the same study
area per two decades. The result shows that UHI dominates the majority of
the study area. The low, moderate and high dense urbanized areas led to
different levels of UHI effects. Low UHI in yellow at the lowest part of the
study area is mainly due to the agricultural lands' encroachment. A few UCI
spots were observed in the study area; this might be due to the healthy status
of the green cover and afforestation in the urbanized areas.
CALCULATE THE UHI AFTER REMOVING THE GLOBAL
WARMING AND REGIONAL DRIVERS EFFECTS: Table (3) shows
the difference in the e-corrected LST after removing the GW (0.2°C/decade)
and RD (0.6°C/decade). The change is ranging from -1.6°C to +11.6°C in 20
years. The calculated mean of the UHI in two decades for the whole study
area is +2.7°C, which means that the UHI per decade in the study area could
be estimated to be +1.35°C. This estimation per decade was based on that the
changes in the LU/LC in the study area over the period from 1998 to 2018
considered as a linear change. This hypothesis is based on that the rate of
change in urbanization in the study area is within a normal change and no
abnormal changes were observed during the period from 1998 to 2018.
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The result indicates that UHI dominates the city study area from August
1998 through August 2018. This section aims at studying the LU/LC changes
from August 1998 to August 2018 in the study area and calculate the mean
values of UHI due to the changes in each LU/LC class. These changes
include the change from vegetation to urban, vegetation to water and
vegetation to soil.

Table (3): Zonal Statistical Analysis for the UHI in the study area from
August 1998 to August 2018 (after removing the Global Warming
(GW) and Regional Drivers (RD) effects from the e-corrected LST)

MIN change in e-

MAX change in e-

Total Area of corrected LST corrected LST %E?Negiwj UHI per
the Study (°C) after (°C) after dega de decade
area (Km?) removing GW and | removing GW and °C) (°C)
RD RD
23 -1.6 +11.6 +2.7 +1.35

UHI: Urban Heat Island LST: Land Surface Temperature

Fig. (14) illustrates the UHI due to the change from vegetation into urban
areas from August 1998 through August 2018 in the study area. According to
table (4), the changes from vegetation to urban led to a mean change in the e-
corrected LST (after removing GW (0.2°C/decade) and RD (0.6°C/decade))
equals to +5.3°C in two decades. It means that the UHI in the study area
equals +2.7°C per decade. This increase in the e-corrected LST shows that the
impact of urbanization on cultivated lands is more than 13 times the global

warming effects per decade.
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Fig. (13): Urban Heat Island (UHI) at EL-Senbellaween city study area per
two decades (Aug. 1998-Aug. 2018 (after removing the effects of
Global Warming and Regional Drivers from the e-corrected LST)
Fig. (15) shows the UHI effects due to the change from vegetation to
water and soil areas from August 1998 through August 2018 in the same
study area. According to table (4), the changes from vegetation to water led to
a mean change in the e-corrected LST (after removing GW (0.2°C/decade)
and RD (0.6°C/decade)) equals to +2.2°C in two decades. Therefore, it means

that the UHI in the study area equals +1.1°C per decade. In contrast, the
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changes from vegetation to soil led to a mean change in the e-corrected LST
(after removing GW (0.2°C/decade) and RD (0.6°C/decade)) equals to +5.3°C

in two decades. Therefore, it means that the UHI in the study area equals

+2.7°C per decade.
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Fig. (14): Changes in the e-Corrected LST (°C) from vegetated to urbanized

areas in the study area after removing the GW and RD (1998 -
2018)
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Table (4): Changes of the e-Corrected LST in the Study area due to change in
LU/LC (1998 - 2018) after removing the GW and RD effects

MEAN MEAN
MIN MAX change in | Change in
change in change in the - the e-
AREA g g Corrected | Corrected
Class Name (Km2) the the LST per LST per
e-Corrected | e-Corrected tW([)) ong
LaTite) Lerie) decades decade
_ (°C) (°C)
Vegetation to 3.14 15 +11.6 5.3 +2.7
Urban
Vegetation to 0.04 03 +47 +2.2 411
Water
Vegestf;ti'lon © | 00054 +2.9 +7.7 5.3 +2.7

LST: Land Surface Temperature
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CONCLUSIONS AND RECOMMENDATIONS
EL-Senbellaween city study area represents most of the cities in the Nile
delta and wadis in the style of urbanization. From this study, it can be

concluded that the study area suffered from a high rate of urbanization. Most
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of the newly urbanized areas are located over agricultural lands that demolish

the cultivated lands in wadi and delta over time. The UHI issue has

consequences on the climatic change issue. The UHI is mainly due to the
expansion of urbanized areas as well as increasing the intensity and
anthropogenic activities within these areas. This study concluded that EL-

Senbellasween city study area suffered from a negative UHI effect. It is

mainly due to the change in the Land Use from vegetation into urban areas.

Comparing the values of UHI and the global warming effects per decade in

the same study area, it was noticed that the UHI effect is more than 13 times

the global warming. So, the UHI issue should be considered more seriously.

The following recommendations are raised out based on this study:

1. Disseminating social awareness regarding the UHI issue and its adverse
impacts on humans, climate and biotic environment.

2. The United Nations organizations concerned with the environment should
pay more attention and priority to UHI issues similar to or more than the
global warming issue.

3. More studies need to be carried out to utilize the recent high-resolution
Thermal Infrared remotely sensed data to enhance monitoring and
measuring the UHI values.

4. Prohibition of encroachment on agricultural lands especially in the Delta

and wadi, and encourage the vertical urbanization concept.
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