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Recent years have experienced rapid urban growth in the Sharkia Governorate. These 

land demands contribute to a notable variance in Land Surface Temperature (LST), 

which aggravates the problem of Urban Heat Islands (UHI) caused by climate change. 

The purpose of this study is to monitor LST and UHI changes in the Sharkia governorate 

and its districts using remotely sensed data in conjunction with Geographic Information 

System (GIS) techniques. Three Landsat images acquired in July 2002, 2012, and 2022 

were calibrated and processed to map LST changes and identify UHI regions in the past 

20 years. Results showed that throughout the whole study period, the governorate expe-

rienced persistent spatiotemporal fluctuations in LST ranging from 20.36 to 49.76 °C. 

The highest mean LST in the whole governorate was recorded during 2022 equaling 

38.78 °C. The highest LST increase in districts was reported in Mashtul Elsuq showing 

a rise in LST by 3.14 °C and in Awlad Saqr by 14.04 °C. UHI showed a continuous 

increase to reach the maximum area in 2022 (128.14 km2). However, New Salhia is the 

only district that had a decline in the UHI areas from 2002 to 2022. The strongest UHI 

effect is seen in new cities, industrial zones, and metropolitan areas because of anthro-

pogenic heat release. This is confirmed by the significant positive correlation between 

LST and NDBI (Urban Index). Thus, it was highly recommended that when developing 

and designing new cities, urban planners and architects should take into account metro-

politan areas' thermal characteristics. 
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1. Introduction 

Land surface temperature is one of the most crucial 

variables in the physical processes of surface energy and 

water balance at local to global scales. Land Surface 

Temperature can be defined more broadly as the hotness 

of the earth's surface. From the perspective of an RS sat-

ellite, the surface is everything that can be seen when it 

looks through the atmosphere to the ground. Land 

Surface Temperature estimate provides information on 

the temporal and geographic fluctuations of the surface 

equilibrium state and is critically important in many ap-

plications [1]. 

Climate variations in and around cities and other 

built-up areas are influenced by anthropogenic activity 

changes. Urban Heat Island is the term used to describe 

the temperature differential between urban and rural ar-

eas. The UHI are areas of anthropogenic climate change 

that have an impact on the biosphere, the economy, and 

the atmosphere. The primary source of UHI is the change 

in land use, although there are other causes as well, such 

as defining characteristics and human factors. The UHI 

is also influenced by other factors, including urban 

sprawl, heat emissions from human heat sources, air pol-

lution, geographic location, and climate [2,3]. 

Sharkia Governorate is distinguished by a dense 

population that is surrounded by high structures and in-

dustrial facilities and by the lack of open spaces in urban 

areas. This rapid urban social and economic development 

may result in serious problems with the urban environ-

ment, such as traffic congestion, environmental pollu-

tion, and UHI. Among them, UHI is one of the worst en-

vironmental issues brought on by changes to the urban 

landscape [4].  

Numerous studies have used land-based observation 

stations to measure air temperature and determine the rel-

ative warmth of urban areas. Some investigations em-

ployed temperature sensors installed on cars traveling 

various routes to monitor temperatures. This approach 

may be costly, time-consuming, and problematic in 

terms of spatial interpolation. The aforementioned meth-

ods might be improved by remote sensing [4,5]. Conven-

tional UHI studies employing observed temperature data 

from stationary or mobile monitoring stations may result 

in a potential bias that may not accurately reflect the 

overall urban thermal environment [6]. 

Fortunately, remote sensing is frequently used to 

track dynamics and changes in land and air observation, 

as well as their effects on the environment. It has several 

advantages in LST and UHIs research. Remote sensing 

is also used to examine historical LST and UHIs and pro-

vide data in inaccessible areas. To provide more effi-

ciency, remote sensing is often integrated with GIS tech-

niques. By combining current remotely sensed data with 

relevant environments, these technologies provide the 

potential to obtain information on land characteristics 

and change [7].  

Roa [8] was the first to suggest that remote sensing is 

useful for examining the UHI and constructing a graph 

showing the thermal gradient of the land surface using 

the thermal infrared data from satellite images. After 

that, numerous studies frequently employed satellite im-

ages to detect and monitor LST and UHI [3, 6, and 9 - 

11]. Therefore, the current study combines remotely 

sensed data from the Landsat satellites with GIS tech-

niques to evaluate and map LST and UHI in Sharkia 

Governorate. It contributes to assessing and mapping 

LST and UHI changes in the past 20 years. 

2. Materials and Methods 

2.1 Study Area 

Sharkia Governorate is one of the East Delta gover-

norates and is situated in Egypt's Eastern Nile Delta. It 

extends between latitudes 29º 54` and 31º 12` N and lon-

gitudes 31º20` and 32º 15` E (Figure 1). Sharkia Gover-

norate is bordered to the north by Manzala Lake and Da-

kahlia Governorate, and to the west by Qalubia Gover-

norate. Ismailia and Port Said are two Suez Canal Gov-

ernorates that are located to the east of the Governorate. 

Because of its location in the Nile Delta in the middle of 

a fertile district, Sharkia is a center of the cotton and 

grain trade in Egypt. The governorate extends over 

457586 acres. In terms of topography, the region is ele-

vated at a height of around 13 m above mean sea level 

(a.m.s.l.). The main source of water for Sharkia Gover-

norate is the Damietta branch of the Nile, which is lo-

cated at the governorate's western border. The gover-

norate is surrounded by several significant irrigation ca-

nals, including the Manayef Canal in the north, the Bahr 

Moyes and Bahr Faqous in the middle, and the Ismailia 

Canal in the south. Also, the governorate is traversed by 

significant agricultural drains such as the Mahsama and 

Bahr El Baqar Drains [12]. Sharkia Governorate consists 

of 25 districts, their geographic locations and the area are 

shown in Figure (2). The largest district is 10th of Rama-

dan (Desert) with a total area of 578.06 km2, however, 

the smallest one is Zagazig, (1st Sector) with a total area 

of 4.95 km2.  

2.2 Landsat Data Acquisition and Analyses  

Landsat Imagery Acquisition and Preparation  

In this study, three satellite images were acquired 

from Landsat-7 with Enhanced Thematic Mapper Plus 

(ETM+) and Landsat-8 with Operational Land Imager 

and Thermal Infrared Sensor (OLI/TIRS) (path 176, row 

039) in July 2002, 2012, and 2022. To distinguish be-

tween the various land cover types of spectral finger-

prints, summer photos were selected. Sensor-target-illu-

mination geometry, air absorption and scattering, sensor 

calibration, and satellite data processing techniques, 

which tend to change over time, are just a few of the var-

iables that have an impact on spectral data collected by 

satellite sensors. It is required to do a radiometric correc-

tion to monitor actual landscape changes as shown by 

fluctuations in surface  reflectance from multitemporal 

satellite imageries. During image processing, a series of 

methods known as "radiometric calibration" is employed 

to adjust for topography, sun angle, distant sensor sensi-

tivity, and atmospheric scattering/absorption. Landsat 

data were calibrated primarily using radiometric and at-

mospheric corrections (Table 1) [13]. 
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Figure (1). The location map of the study area. 

 
Figure (2). Geographic location of Sharkia Districts

 

Retrieving land surface temperature 

The temperature data acquired by the Landsat sensors 

is stored as a digital number (DN) having a value be-

tween 0 and 255. There is a two-step procedure that can 

be used to convert these DNs to degrees Kelvin. The DNs 

are first converted to radiance values using the bias and 

gain values unique to each scene, and then the radiance 

data from step one is converted to degrees Kelvin in the 

following phase [14, 15].  

i. Conversion of a digital number to spectral radi-

ance 

At sensor radiance 𝐿𝜆, the digital numbers (DNs) 

were transformed into tangible measures. Initially, Eq. 

(1) was used to transform DNs to radiance for Landsat-

7, and Eq. (2) for Landsat-8.  

Lλ =  
Lmaxλ−Lminλ

QCalmax− QCalmin
 x (Qcal − QCalmin) + Lminλ (1) 

 

Where, 

▪ Lλ  represents sensor radiance, 

▪  Lmaxλ is maximum radiance of band 6, 

▪  Lminλ is minimum radiance of band 6, 

▪  Qcal is quantized calibrated pixel value in DN, 

▪  QCalmax is the maximum quantized calibrated 

pixel value in DN, and 

▪  QCalmin is the minimum quantized calibrated pixel 

value in DN. 

Lλ =  ML x Qcal +  AL (2) 

Where, 

▪  ML represents the band-specific multiplicative 

rescaling factor, 

▪ Qcal is the band 10 image, 

▪  ALis the band-specific additive rescaling factor, and 

▪  Oi is the correction for band 10. 

 

Table (1). Spectral and technical specifications of Landsat-7 and Landsat-8 satellites. 

Satellite Sensor Bands Wavelength 

(µm) 

Spatial Resolution 

(m) 

Landsat- 7 

Enhanced The-

matic Mapper 

Plus (ETM+) 

Band 1– Blue 0.44 – 0.51 

30 

Band 2 – Green 0.52 – 0.6 

Band 3 – Red 0.63 – 0.69 

Band 4 – NIR 0.77 – 0.9 

Band 5 – SWIR 1 1.55 – 1.75 

Band 6 – TIR 10.31 – 13.36 60 

Band 7 – SWIR 2 2.06 – 2.35 30 

Band 8 – Pan 0.52 – 0.90 15 

Landsat- 8 

Operational 

Land Imager 

and Thermal In-

frared Sensor 

(OLI/TIRS) 

Band 1 – Coastal aerosol 0.43 – 0.45 

30 

Band 2 – Blue  0.45 – 0.51 

Band 3 – Green 0.53 – 0.59 

Band 4 – Red 0.64 – 0.67 

Band 5 –NIR 0.85 – 0.88 

Band 6 – SWIR 1 1.57 – 1.65 

Band 7 – SWIR 2 2.11 – 2.29 

Band 8 – Panchromatic 0.50 – 0.68 15 

Band 9 – Cirrus 1.36 – 1.38 30 

Band 10 – TIRS1 10.60 – 11.19 
100 

Band 11 –TIRS2 11.50 – 12.51 
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ii. Conversion of radiance values to at-sensor 

brightness temperature: 

The spectral radiance was transformed into at-sensor 

brightness temperature using Eq. (3); 

𝑇𝐵= 
𝐾2

ln ((
𝐾1
𝐿𝜆

)+1)
                                                 (3) 

Where; Where; 

• 𝑇𝐵 is the brightness temperature in Kelvin (K), 

• 𝐿𝜆 is the spectral radiance in W𝑚−2𝑠𝑟−1 

• K1 and K2 are the prelaunch calibration constants: 

For Landsat-7 K1= 666.09, and K2= 1282.71 

For Landsat-8 K1= 774.8853, and K2= 1321.0789 

iii. Estimation of the Land Surface Emissivity from 

Normalized Difference Vegetation Index 

The brightness temperatures acquired above must be 

adjusted using the emissivity of surface materials to ob-

tain the land surface temperatures. The range of emissiv-

ity applied to urban surfaces has been 0.87 to 0.97, with 

the majority of readings falling between 0.92-0.95. The 

emissivity is retrieved using El-Zeiny and Effat [14] and 

Alsultan [16]. 

iv. Land Surface Temperature Retrieving 

After obtaining the emissivity images, the LST can 

be determined using Eq. (4): 

LST=
T𝐵

1+(
𝜆𝜎T𝐵

ℎ𝑐
)𝑙𝑛𝜀

  -273.15                               (4) 

Where 𝜆 is the effective wavelength (10.895 µm for 

band 10 TM+), σ is Boltzmann constant (1.38 x 10−23 

J/K), h is Plank’s constant (6.626 x 10−34Js), c is the ve-

locity of light at a vacuum (2.998 x 10−8 m/sc), ε is emis-

sivity [14]. Temperatures were classified into appropri-

ate ranges and color-coded to generate a thermal pattern 

distribution map of LST over the study area. 

v. Urban Heat Island Mapping 

The difference between the average temperature of 

the urban area and that of the rural area is used to deter-

mine the intensity of UHI [17]. 

LST> μ+0.5× δ referred to the UHI area. 

Where μ and δ are the mean and standard deviation of 

temperatures in the study area, respectively. 

Data analysis 

The spatial distribution of LST and UHI was 

mapped using ArcMap 10.5 software. Data Analysis 

toolbox from the Excel computerized program was used 

for statistical analysis. Minimum, maximum, mean, and 

standard deviation were calculated for LST  

 

 

3. Results and Discussion 

Assessing Land Surface Temperature in Sharkia Gov-

ernorate  

Statistics of LST in Sharkia Governorate over 2002, 

2012, and 2022 are illustrated in Table (2). It was noticed 

that the high LST was recorded in 2022, ranging between 

20.36 – 49.76 °C with a mean of 38.78 °C (SD= 2.24). 

Figure (5) shows LST spatial variations over the gover-

norate. It was found that the high LST was compatible 

not only with the urbanized area but rather it was in-

creased over the desert (bare land) areas. This is at-

tributed to the lack of water bodies and vegetation in the 

desert. These findings agree with El-Zeiny and Effat 

[14], who reported that LST was elevated in the urban-

ized and bare-lands areas than in the agricultural lands 

and water bodies. 

By assessing the LST in Sharkia Districts, it was 

found major fluctuations in LST during the whole period 

of study. Most districts recorded a continuous increase in 

LST from 2002 to 2022. This was shown in 10th of Ram-

adan (1st Sector), 10th of Ramadan (2nd Sector), 10th of 

Ramadan (Desert), Abu Hammad, Abu Kabir, Belbeis, 

Fakous, Menya Elqamh, Mashtul Elsuq, Kaf Saqr, 

Qeniat, San Elhagar, Zagazig (1st Sector), and Zagazig. 

On the other hand, Derb Negm, Ibrahimia, Hehia, and 

Zagazig (2nd Sector) showed the same LST in 2002 and 

2012, then increased in 2022, respectively. However, 

LST followed the order of 2012 < 2002 < 2022 in Awlad 

Saqr, Fakous (Sector), New Salhia (Desert), New Salhia, 

Minshat AbuOmar, and El-Husseiniya as shown in Table 

(3). These fluctuations could be mainly due to human ac-

tivities, urban development and sprawl, and land recla-

mation in addition to desertification and degradation oc-

curring in each district. 

 

Table (2). Statistics of Land Surface Temperature and 

Urban Heat Islands in Sharkia Governorate over 2002, 

2012, and 2022. 

 LST (°C) UHI

s 

(°C) 

UHIs 

(km2) Yea

r 
Min Max 

Mea

n 
SD 

2002 
27.9

3 

45.5

6 
36.66 

2.0

8 

> 

37.7 
31.01 

2012 
21.4

1 

45.5

6 
35.61 

3.6

2 

> 

37.4

2 

64.71 

2022 
20.3

6 

49.7

6 
38.78 

2.2

4 

> 

39.9 

128.1

4 

 

 

Figure (3). Annual rate of decrease/increase in Land Surface Temperature (°C) during the periods of study. 



291                   International Journal of Theoretical and Applied Research, 2023, 2(2) 

 
 

 
 

Table (3). Land Surface Temperature and Urban Heat Islands Averages in Sharkia Districts over 2002, 2012, and 2022. 

 LST (°C) UHI (km2) 

Districts 2002 2012 2022 2002 2012 2022 

10th of Ramadan 

 (1st Sector) 
39.16 39.55 40.90 4.22 13.03 12.05 

10th of Ramadan  

(2nd Sector) 
36.83 38.78 39.96 3.21 8.67 7.69 

10th of Ramadan (Desert) 38.39 39.16 39.25 4.68 11.21 40.53 

Abu Hammad 27.93 29.18 40.78 0.48 2.41 6.43 

Abu Kabir 29.60 31.24 38.54 0.13 0.76 3.14 

Awlad Saqr 28.77 27.52 41.55 0.38 0.35 2.05 

Belbeis 26.25 27.93 37.66 1.71 5.99 12.67 

Derb Negm 35.65 35.65 38.59 0.01 0.01 2.07 

Fakous 27.10 27.93 39.85 0.97 1.82 7.79 

Fakous (Sector) 34.46 33.66 36.66 0.01 0.08 0.50 

New Salhia (Desert) 39.16 36.83 39.45 9.27 11.92 14.20 

New Salhia 38.39 37.22 38.50 3.21 0.68 0.48 

Minshat AbuOmar 40.69 38.39 29.96 0.94 0.81 0.88 

Menya Elqamh 28.77 31.24 39.89 0.62 1.15 3.92 

Mashtul Elsuq 34.86 38.00 38.89 0.01 0.33 0.69 

Kaf Saqr 30.01 31.65 38.61 0.07 0.50 1.21 

Ibrahimia 28.77 28.77 36.35 0.00 0.03 0.19 

El-Husseiniya 30.83 27.93 38.75 1.40 1.34 3.88 

Hehia 28.35 28.35 36.56 0.01 0.07 0.25 

Qaren 32.86 32.46 35.59 0.00 0.00 0.06 

Qeniat 27.93 29.18 40.45 0.00 0.00 0.15 

San Elhagar 27.10 27.93 28.37 2.34 1.82 2.41 

Zagazig (2nd Sector) 33.66 33.66 36.94 0.00 0.02 0.15 

Zagazig  

(1st Sector) 
36.83 37.22 38.81 0.09 0.29 0.40 

Zagazig 33.26 34.06 36.37 0.24 1.04 4.21 

 

In order to analyze the changes that occurred in each 

period separately, the annual change in LST was also de-

termined (Figure 3). Slight variations were noticed dur-

ing the period of 2002-2012. The maximum increase of 

LST reached 3.14 °C in Mashtul Elsuq, while the maxi-

mum decrease was recorded in El-Husseiniya equaling -

2.9 °C. Contrarily, the period of 2012-2022 experienced 

major increases in LST in most districts with a maximum 

increase of 14.04 °C recorded in Awlad Saqr. However, 

Minshat AbuOmar was the only district during this pe-

riod with a decline in LST, reaching - 8.43 °C. This can 

be attributed to the district's developmental activities 

(such as urban development and desert reclamation), 

which significantly impacted land cover and, in turn, 

LST throughout this time. In addition, the relation of 

LST, NDVI, and NDBI was assessed by the correlation 

coefficient. It was found that the correlation between 

LST-NDVI and LST-NDBI were -0.77 and 0.88. This 

demonstrated that there is a substantial relation between 

NDBI and LST and an inverse correlation between 

NDVI and LST. Consistent with these findings, Mallick 

et.al. [2] and Sajib and Wang [18] revealed that there is 
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a strong negative correlation between LST and agricul-

tural areas. 

 

Figure (4). Annual rate of decrease/increase in Urban Heat Islands (km2) during the periods of study. 

 

 

 

 

Figure (5). Spatial distribution maps for Land Surface 

Temperature in Sharkia Governorate over 2002, 2012, 

and 2022.  

 

 

 

Figure (6). Spatial distribution maps for Urban Heat Is-

lands in Sharkia Governorate over 2002, 2012 and 2022.  
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Identifying Urban Heat Island in Sharkia Gover-

norate 

Statistics and spatial distribution of UHIs are illus-

trated in Table (2) and Figures (4 & 6). It was noticed 

that UHI areas continuously increased from 2002 to 2022 

reaching a total area of 128.14 km2 in 2022. Figure (6) 

showed that the spatial pattern of the UHI regions 

changed from a pattern, in which bare-land and urban ar-

eas were warmer than other areas, in 2002, and 2012 to a 

more contiguous pattern of UHI in 2022, in conjunction 

with the expansion of the urban areas. The obtained re-

sults showed that the increase of UHI area in the second 

period (2012-2022), equaling 33.7 km2, was more than 

the first period (2002-2012), reaching 81.43 km2, as a re-

sult of the increased rate of urbanization. The strongest 

UHI effect was seen in new cities, industrial zones, and 

metropolitan areas because of anthropogenic heat release 

from air conditioners, vehicles, and other artificial heat 

sources as well as air pollution. These findings were in 

line with previous studies [3, 19] that map UHI and as-

sess the associated environmental characteristics in Cairo 

and Qalyubia Governorate, respectively. Moreover, UHI 

areas were evaluated and determined in all districts as 

shown in Table (3). Most of the districts followed the or-

der of 2002 < 2012 < 2022 in UHI increase. However, 

Awlad Saqr, Minshat AbuOmar, El-Husseiniya, and San 

Elhagar had a slight decrease from 2002 to 2012, which 

was followed by an increase in 2022. Moreover, it was 

clearly found that the UHI in New Salhia decreased from 

2002 to 2022. This could be due to land reclamation and 

an increase in vegetation canopy that declines UHI ef-

fects, as stated in a study conducted by Susca et al. [20]. 

4. Conclusion 

Due to the negative effects of UHI on human health, 

energy consumption, and environmental components, 

evaluating the patterns of these phenomenon's 

distribution might significantly contribute to minimizing 

its consequences. In the current study, thermal data from 

Landsat was integrated with GIS to evaluate and monitor 

LST and UHI of Sharkia Governorate in the past 20 

years. It was found that Sharkia Governorate displayed 

noticeable variations in LST over the entire study period. 

Areas with maximum LST existed in the bare lands and 

were limited to the eastern and southern parts. From 2002 

through 2012, Mashtul Elsuq recorded the maximum in-

crease of LST reached 3.14 °C, while the maximum in-

crease of LST during the second period was found in 

Awlad Saqr with a total degree of 14.04 °C. The LST 

investigations revealed that anthropogenic activities had 

an impact on the thermal properties of the environment. 

By assessing the UHI in the governorate, it was found 

that these regions continuously increased during the pe-

riod of the study (2002-2022) reaching a total area of 

128.14 km2. Majority of Sharkia districts followed the 

order of 2002 < 2012 < 2022 in UHI changes. However, 

New Salhia had an obvious decrease from 2002 to 2022. 

The UHIs are typically associated with places where 

there are residential areas close to industrial zones and 

bare fields. Therefore, it is highly recommended that 

when creating and designing cities, urban planners, de-

signers, and architects take into account the thermal char-

acteristics of metropolitan areas. 
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