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The land surface temperature (LST) of the Earth is one of the most
important factors influencing the exchange of energy and moisture
between the Earth's surface and atmosphere. Through this, it can
describe the distribution of thermal radiation emitted from the
Earth's surface spatially and temporally. LST is critical in many
areas and for wvarious purposes, including agriculture,
environment, and environmental protection. The primary
objective of this study is to study the changes in the temperature
of the Earth's surface occurring in Karbala, Irag, with the help of
GIS geospatial techniques to estimate the temperature of the
Earth's surface for 2013 and 2023. The Landsat 9 and 8 OLI/TIRS
images are processed using the software ArcGIS v10.8. The
results show an increase in LST values between 2013 and 2023 of
about 4 degrees. The analysis of LST maps show that the
minimum temperatures exist in the water bodies, while the
maximum temperatures are found in the category of built areas.
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Introduction

Land surface heat changes are one of the most significant challenges facing the
infrastructure of concrete buildings and urban cities. The phenomenon is known as "urban
islands", a marked increase in the city's temperature compared to the surrounding villages and
rural areas (Blake et al., 2011). This increase can cause several problems, including
(Temperature increase, energy consumption, air pollution, and health effects).

Temperature increase: thermal islands absorb and store heat, resulting in higher
temperatures within cities in general. This is related to the phenomenon of thermal reflection,
as the concretizing surfaces of these buildings, streets, and other solid surfaces reflect heat and
produce additional air heating.

Energy consumption: When storing heat, cooling city buildings is important because of
high temperatures. This poses an additional burden, resulting in increased electrical power
consumption due to the excessive operation of the conditioning devices.

Air pollution: increased temperatures contribute to increased air pollution within urban
cities. This is actually due to the cause of warming, then the air situation becomes more stable
and then the excess pollution moves more slowly in the atmosphere, after which it accumulates
pollutants and in turn affects air quality (Manisalidis et al., 2020).
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Health effects: increased temperatures lead to increase heat-related conditions and
diseases such as sunstroke, fatigue, thermal fatigue and heat stress (Piracha et al., 2020).

Several solutions and actions can be taken to address these challenges, including planting
evergreen trees that bear high temperatures, allocating green spaces within the city's design to
reduce heat absorption, cooling and tempering the atmosphere. In addition to enhancing the
design of buildings with heat-insulating materials.

Remote sensing and Geographic Information Systems (GIS) are considered pioneering
technologies in analyzing the phenomena related to climate changes, such as floods,
desertification, and land cover changes (Al-Hussein and Yahyaa, 2019; Sobrino et al., 2014;
Woulder et al., 2019). The assessment of land surface temperature (LST) holds a significant
importance in various land cover phenomena and environmental studies. Generally, the LST is
used to estimate the temperature spatial distribution change, a major climate parameter related
to surface energy balance (Stathopoulou and Cartalis, 2007). LST means "the surface
temperature that is observed if directly contact or touch it with, also referred to as the skin
temperature of the surface”. The Land Surface Temperature (LST) is an essential parameter in
climate systems, with multiple applications including the examination of the earth's surface
energy budget (Le Marshall et al., 2006; Ghada and Sabah, 2021) the prediction of climate
patterns (Valor and Caselles, 1996), the analysis of climate variability, the investigation of
global sea circulation (Heldens et al., 2023), and the estimation of soil moisture (Rhee et al.,
2010). The LST parameter is of great significance in the realm of urban climate research, as
emphasized by balance (Li et al., 2013). Numerous studies have been conducted, and diverse
methodologies have been suggested to estimate LST using satellite Thermal Infrared (TIR) data
through the use of various techniques and algorithms (Olioso, 1995; Qin, 2001). Remote
sensing data are suitable for understanding the change in land cover relative to fundamental
physical properties in terms of surface radiation and emissivity. Currently, many satellites
provide data with global coverage on the thermal band of the spectrum in various spatial and
temporal resolutions. For example, the Landsat satellite provided global imagery since 1984.
Landsat 8 was launched in 2013 giving continuity to the data record. Landsat 8 satellite acquires
thermal data of the Earth's surface by utilizing two specific bands, namely band10 and band11,
which possess a spatial resolution of 100 meters. The estimation of surface emissivity from
satellite data has been documented by Li et al. (2013). Many methods were proposed to estimate
the emissivity based on NDVI. The reason for this phenomenon can be attributed to the strong
link observed between the Normalized Difference Vegetation Index (NDVI) and surface
emissivity (Jimenez-Munoz et al, 2014; Alsalmany et al, 2023).

The objective of this study is to examine the fluctuations in LST within the region of
Karbala, Irag. Geospatial techniques are employed to analyze the land surface temperature data
for the years 2013 and 2023. The utilization of Landsat imagery was observed in the context of
Landsat 9 and 8 OLI/TIRS missions, while the processing of satellite imagery is conducted
through the application of ArcGIS 10 software.

Study area

Karbala, an Iragi governorate, has been influenced by Islamic elements, which have
significantly contributed to the growth of its urban and population structure. This effect is
evident in the organization of land uses inside the city. The city of Karbala is considered one of
the archaeological and historical cities in Iraqg, as it includes many archaeological sites and holy
shrines visited by millions of visitors every year. Over centuries, Karbala has witnessed
significant urban change as a result of population growth and economic development. Karbala
is located in the Mesopotamian region, specifically positioned to the western side of the
Euphrates River in the central part of Irag. It is positioned around 100 km southwest of
Baghdad, with coordinates ranging from 42°- 45°E longitude and 32°-33°N latitude. The total
land area of Karbala spans approximately 5,034 km? (Al-Madhlom et al., 2017). It represents
1.14% of the area of Irag, which amounts to 438,320 km?. The study area is geographically next
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to the Anbar Governorate to the north and west, the Najaf Governorate to the south, and the
Babil Governorate to the east (Fig. 1). Irag's climate is considered variable and diverse due to
its geographical location and the diverse terrain that the country enjoys. Karbala governorate's
climate is characterized by a subtropical desert climate, classified under the Képpen climate
system under the category BWh. The governorate is subjected to high year-round temperatures,
with January being the coldest month with an average minimum temperature of 9.7 °C. The
governorate becomes particularly hot in July and August with temperatures reaching 44.7 °C
and 44.4 °C respectively (Weather Atlas, 2024), with annual rainfall ranges approximately
11.79 mm (Weather and Climate, 2024).
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Fig. 1. Location of the study area.
Materials and Methods
Dataset

Since its inaugural flight in 1972, the Landsat satellites have been diligently observing
and documenting the Earth's surroundings, thereby establishing a comprehensive and
frequently updated worldwide repository of data. Landsat images are extensively utilized as a
primary source of remote sensing data due to its notable spatial characteristics, including an
optical resolution of 30 meters and thermal resolution ranging from 60 to 120 meters (Table 1).
Additionally, Landsat images offer spectral resolution with a minimum of seven bands,
incorporating one or two bands dedicated to thermal infrared analysis. Furthermore, Landsat
images possess a temporal resolution that allows for returning to the same location every 16
days. Consequently, these distinctive features contribute to the widespread adoption and
application of Landsat images in remote sensing studies (Li et al., 2023). This study uses
Landsat 8 multispectral images to generate LST maps. The image specification is illustrated in
Table (2). Cloud-free images are downloaded for September 2013 and 2023.
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Table 1: Landsat 8 and 9 bands specifications (NASA, 2024 a, b).

Product Bands Wavelength Spatial resolution (m)
(micrometers)

Band1: coastal/aerosol 0.435-0.451 30
Band 2: Blue 0.452 - 0.512 30
Band 3: Green 0.533-0.590 30
Band 4: Red 0.636 - 0.673 30
Band 5: Near Infrared (NIR) 0.851-0.879 30
Landsat 8 Band6: SWIR 1 1.566 - 1.651 30
Band7: SWIR 2 2.107 -2.294 30
Band 8: Panchromatic 0.503 - 0.676 15
Band 9: Cirrus 1.363 -1.384 30

Band 10: TIRS 1 10.60 - 11.19 100* 30

Band 11: TIRS 2 11500-12500 100* 30
Band1: coastal/aerosol 0.433-0.453 30
Band 2: Blue 0.450 - 0.515 30
Band 3: Green 0.525 - 0.600 30
Band 4: Red 0.630 - 0.680 30
Band 5: Near Infrared (NIR) 0.845-0.885 30
Landsat 9 Band6: SWIR 1 1.560 - 1.660 30
Band7: SWIR 2 2.100 - 2.300 30
Band 8: Panchromatic 500 - 680 15
Band 9: Cirrus 1.360 - 1.390 30

Band 10: TIRS 1 10300 - 11300 100* 30

Band 11: TIRS 2 11500-12500 100* 30

Table 2: presents the specifications of the Landsat images (https://earthexplorer.usgs.gov/).

Path/Row Dates Time Sun-azimuth Sun-elevation Datum
168-37 2013/9 07:28:04 141.373 49.573 WGS84/UTMZone38
168-38 2013/9 07:34:07 139.652 52.165 WGS84/ UTMZone38
169-37 2013/9 07:27:10 142.260 47.630 WGS84/ UTMZone38
169-38 2013/9 07:33:27 144.204 44.372 WGS84/ UTMZone38
168-37 2023/9 07:38:55 138.488 54.694 WGS84/UTMZone38
168-38 2023/9 07:39:19 136.684 55.588 WGS84/ UTMZone38
169-37 2023/9 07:39:04 137.003 56.663 WGS84/ UTMZone38
169-38 2023/9 07:39:27 135.036 57.526 WGS84/ UTMZone38

Estimated LST Using Landsat Data

To estimate the LST using Landsat 8 data for the year 2013, and Landsat 9 for the year
2023, the ArcGIS software is applied following the steps illustrated in Figure (2) below:

Preprocessing (Clip,
mosic)

Converte DN to LS

Converte Radiance to
Brightness Temperature
(BT)

Compute NDVI

Determination of
Proportion of Vegetation
(PV)

Determination of Ground
Emissivity (E)

Estimation LST

Fig. 2. Methodology to estimate LST using Landsat data.
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Step 1: Sensor spectral radiance (LS) determination

The process of converting digital number (DN) data to absolute radiance involves the
conversion of pixel values representing the thermal band (B10) into sensor spectral radiance
(LS). This step is done using Equation (1) (Walawender et al., 2012; Kumar and Shekhar,
2015).

LS = gain * DN + bias ---------- (1)
where gain = 0.00033420, and bias = 0.100.
Step 2: Radiance conversion to at-satellite Brightens Temperature (BT)

The second step is converting Ls to BT using Equation (2). In this case, the thermal
constants of TIR band 10 (K1 = 774.8853, and K2=1321.0789) are utilized, and these constants
can be found in the metadata file linked to the satellite images (Walawender et al., 2012; Kumar
and Shekhar, 2015).

K2z

ln(lz—:+1)
The thermal constants K1 and K2, which are relevant to thermal infrared radiation (TIR),

can be located within the metadata file linked to the satellite images. For the purpose of

obtaining temperature measurements in percentage degrees, the concept of absolute zero, which
is exactly (-273.15) degrees Celsius, must be integrated.

BT =

Step 3: Normalized Difference Vegetation Index retrieval:

The NDVI is a direct quantitative measure used to identify and assess areas of green
vegetation that are growing increasingly. This digital index varies in value between (-1 and +
1). In general, the values ranging from 0.8 to 1 indicate the high densities of vegetation, while
the values close to 0 indicate the absence of vegetation cover. Table (3) shows the typical NDVI
values for different land cover types. The NDVI is calculated at the individual pixel level within
the images by measuring the natural variation between the red ranges, which ranges from 0.636-
0.673um to the near-infrared range with values ranging from 0.851-0.879um. This index
calculation of Landsat 8 images includes the use of band 4 representing RED and band 5
representing NIR by applying the equation as follows (Braun and Herold, 2004):

NIR-Red
virigea T ()

The NDVI index is a scale widely used and common in remote sensing studies and time
monitoring of vegetation changes. Where NIR refers to the near-infrared region. The red band
is represented by the color red. The calculation of the NDVI for Landsat 8 or 9 imagery involves
the utilization of band 4 known as RED and band 5 known as NIR.

Table 3: Typical NDVI values for various cover types (Holben, 1986).

NDVI =

Land cover NIR RED NDVI
Bare soil 0.28 0.27 0.03
Water 0.01 0.02 -0.26
Clouds 0.23 0.23 0.002
Snow 0.34 0.38 -0.05
Dense vegetation 0.5 0.1 0.7

Step 4: calculate proportional vegetation (Pv) from NDVI values:

This methodology provides estimates of the proportion of vegetation within each land
cover category. The proportions of vegetation and bare soil are obtained by analyzing the NDVI
of pixels that contain only pure vegetation or bare soil. The derivation of vegetation and bare
soil proportions is based on the NDV1 values obtained from unpolluted pixels. The calculation
of Pv can be determined by employing the equation (4) proposed by Zhou et al. (2003):
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The NDVI max is the NDVI for vegetation, while the NDVI mine is the NDVI for soil
(Stathopoulou and Cartalis, 2007).

Step 5: Find the emissivity of the land surface cover:

Pv = (

The next stage is to find the emissivity of the land surface cover using NDVI
measurements. Water bodies exhibit a notably stable emissivity compared to land surfaces. The
dependence of emissivity on wavelength allows for the utilization of the NDVI as a means to
measure the emissivity of diverse land surfaces within the 10-12 uym wavelength range. The
equation below is proposed initially by Ahmed (2013):

e=0.004 X Pv+0.986 ---------- (5)
The variable "e" represents the land surface emissivity derived from NDVI.
Step 6: Compute LST

The retrieval of LST can be accomplished by utilizing Equation (6), which relies on the
Brightness Temperature (BT) value of the thermal band, the Land Surface Emissivity (LSE)
generated from the Vegetation Fraction (Pv), and NDVI (Jiménez-Mufioz, 2014).

BT
LST = 2BT - - (6)

1+(T) InE

The variable denoted as LST represents the land surface temperature measured in degrees
Celsius. Meanwhile, A refers to the average wavelength.

Results and Discussion

This study shows the LST spatial distribution map regarding land cover via NDVI. The
NDVI for the study area is shown in Figure (3). Landsat 8 OLI for September 2013 and 2023
is used. All the processing steps are implemented using ArcGIS software. The examination of
the Landsat thermal images revealed alterations in LST over the region of Karbala. The
temperature range observed in September 2013 varied from 20.5°C to 45.7°C. Conversely, in
September 2023, the temperature range was recorded as 21°C to 49.3°C, as depicted in Figure
(4). During the research period, there is a notable rise in LST. Water bodies such as rivers and
lakes exhibit the lowest LST, whereas structures demonstrate the largest concentration of LST.
There exists a clear correlation between LST and the presence of buildings. Specifically, an
increase in the number or size of buildings is associated with higher LST values. Table (4)
illustrates the LST statistical data.
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Fig. 3. NDVI for the years 2013 and 2023.
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Fig. 4. LST result for the years 2013 and 2023.
Table 4: LST statistical data.

Year Min. (°C) Max. (°C) Mean (°C) St Deviation (SD)
2013 20.5 457 38.1 3.2
2023 21 494 39.5 43

We notice from figures (3 and 4) that the water bodies are of lowest temperature (about
27 °C) followed by green areas with a temperature (about 35 °C) and finally, bare soil and built-
up areas are of highest temperature (about 45 °C). In the year 2023, temperature values
increased, and this increase is likely due to increased desertification and water shortages, which
negatively affected vegetation cover, as well as increaseing urban expansion in recent years.
Analysis shows that all records of the Min., Max., and Mean statistically significant increase
about 0.5, 3.7, and 1.4 °C per decade, respectively. One of the prominent features that emerged
from Figure (4) is that the areas located in the urban and suburban areas (at the eastern side of
the area) exhibit higher increasing trends in LST values compared with those situated in the
rural areas. These clear differences in temperatures are most likely due to land use changes
during the study period, especially urban expansion.

Conclusion

The present investigation employes Landsat imagery to assess the alterations in the Land
Surface Temperature (LST) for the period spanning from 2013 to 2023. The LST parameter
holds significant importance in urban development. Modelling for estimating the LST from
Landsat thermal imagery can be considered a good, time-saving, and effective option. The
findings suggest a positive correlation between the expansion of urban development and
elevated LST, while a negative association is observed between LST and the presence of
vegetation. There is an increase in the LST values between 2013 and 2023 of about 4 degrees.
An analysis of LST maps reveals that minimum temperatures are found in water bodies which
range from (21-27 °C), while maximum temperatures are in built-up areas which range from
(45- 49 °C).
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