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Over the past few decades, the Kirkuk region in Iraq has been
seriously threatened by global warming under climate and
temperature change scenarios. Over the course of a year, the study
examines the spatio-temporal fluctuations in Land Surface
Temperature (LST) and how they affect the vegetation cover in
Kirkuk, Irag, for the period from January 1, 2019, to December 31,
2019. Utilizing satellite data and Geographic Information Systems
(GIS) techniques, the study analyzed the correlation between LST
and the Normalized Difference Vegetation Index (NDVI), showing a
fair but negative correlation (R?2 = 0.65). Additionally, the
relationship between NDVI and Kirkuk wheat yield indicated a
strong positive correlation (R2 = 0.89). The results reveal that factors
such as urban expansion, changes in cropping patterns, and global
climate change contribute to the increase in LST. The findings
highlight the importance of using remote sensing and GIS tools to
assess climatic influences on environmental conditions, which are
essential for sustainable land management and agricultural practices
in the context of global climate change.
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Introduction

The Earth's surface temperature (LST) has risen as a result of global climate change,
impacting vegetation regions, land use, land cover, water supplies, and other factors that
contribute to a variety of environmental challenges (Mukherjee and Singh, 2020). LST is the
term used to describe the temperature of the Earth's surface, including that of exposed soil,
vegetation canopy, land use, land cover, etc. (Tahooni et al., 2023). The knowledge of several
words that disrupt the energy balance at the surface is crucial for hydrologists, agronomists, and
meteorologists (Taheri et al., 2022). Nonetheless, one of the crucial factors that affects the
processes of hydrosphere-biosphere-atmosphere interaction is LST (Jia et al., 2022). LST is
also utilized in a variety of fields, including vegetation cover, hydrological cycle,
evapotranspiration, and climate change (Malik et al., 2019). It is the primary metric that is
impacted by land surface features such as soil surface permeability, vegetation cover, land use,
and vegetation type (Kabir et al., 2020). Numerous investigations have been carried out to track
variations in LST brought on by variations in plant cover and land use. The majority of research
has shown that vegetation cover and LST are inversely correlated, meaning that crop cover
lowers LST (Kumar et al., 2012). Many scholars now investigate the connection between LST,
NDVI, and land cover for land use by GIS and remote sensing techniques (Ahmed, 2014; Hasan
et al., 2021; Hason et al., 2020). To track changes in the vegetative zone, a variety of plant
cover indicators are available. However, one of the most popular, straightforward, and efficient
indices is the NDVI (Lambin and Ehrlich, 1996). Using this indicator, changes in vegetation
cover for any given area can be measured. Two sorts of methodologies, such as the standard
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methodology and the remote sensing (RS) approach, can be utilized to assess LST (Green et
al., 1994). In Shanghai, China, satellite data were utilized to ascertain the correlations between
LST and NDVI, GIS and RS tools, which are shown to be useful in identifying the effects of
climate change on the environment. The LST has changed significantly as a result of the quick
changes in land use and land cover patterns (Sruthi and Aslam, 2015). Similar to Kirkuk in Iraq,
where the area's plant cover was greatly impacted by LST increases (Aya and Kadhim, 2024;
Mahmood and Ali, 2014). The vegetation cover in Kirkuk, Irag, was greatly impacted by the
rise in LST (Salahalden et al., 2024b).

The objective of the article is to examine the impact of increasing Land Surface
Temperature (LST) due to global climate change, and how it affects land use, land cover,
vegetation areas, and water resources, which are critical factors contributing to various
environmental problems. The study seeks to explore the relationship between LST and
vegetation indices such as NDVI, and the use of GIS and RS tools to monitor these
relationships. Additionally, the article aims to present the case study of Kirkuk, Irag, where
rising LST has significantly affected vegetation cover, offering insights into the broader
consequences of climate change on both local and global scales.

Materials and data acquisition

Study area

The City of Kirkuk is located in the northwest of Irag. The study area is bordered by the
Zagros Mountains to the north, the Hamrin Mountains to the south, the Lesser Zab Mountains
to the west, and Al-Sulaymaniyah City to the east. Geographically, Kirkuk City is situated
between latitudes 35 13" and 36 29’ N and longitudes 44 00’ to 44 50" E. The total area of this
city is roughly 9,679 km? (Shareef et al., 2020). The distance from Baghdad, the capital of Iraq,
is about 250 kilometers (Fig. 1). In the study area, the climate is semiarid and Mediterranean,
with chilly winters and hot, dry summers (Jaber et al., 2022). Rainfall is minimal or nonexistent
throughout the summer months, with the majority of precipitation falling between December
and March (Stathi et al., 2023). Temperature plays a significant role in the climate, with peak
temperatures reaching approximately 48 °C during summer and dropping to -1 °C in winter.
The city of Kirkuk is located between 340 and 360 meters above sea level on the steep northern
portion of the Kirkuk plain (Mohammed et al., 2024). The plain's eastern and northern borders
are delineated by the Hamrin structure and the Lesser Zab River, while its western and northern
borders are delineated by the Kirkuk structure (sometimes called the Baba Dome) and the
Hamrin structure (Salahalden et al., 2024a).
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Fig. 1. Study area in Kirkuk City.
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Data and pre-processing
Data used

The data used in this study are taken from the Landsat-8 multispectral sensor. Landsat-8
is officially launched on 11 February 2013, and is considered the eighth satellite in the series
of Landsat family. It has a two-sensor aboard, including the Operational Land Imager (OLI)
and the Thermal Infrared Sensor (TIRS), which are detailed in reference (Shen et al., 2021).
The thermal sensor consists of two thermal bands: bands 10 and 11, which are generally used
to provide the surface temperature with high accuracy and are collected at 100 meters. The
thermal images include radiometric rescaling of the TIRS thermal to be used to extract the
surface temperatures. In this study, we have used band 10 to extract the surface temperature;

moreover, some of the Landsat-8 categories are illustrated in Table 1. All images were

downloaded for free from the USGS Earth Explorer (https://earthexplorer.usgs.gov/) with a
cloud coverage of less than 2%, for summer and winter seasons.

Table 1. Landsat-8 categories.

Categories/ resolution (m)
Band 1 to band 7 and band 9 with resolution

Sensors OLI (30-60m) 30 m, band 8 is 15 m,
TIRS(100m) Bands 10 and 11 are 100 m
Altitude 705 Km
Inclination 98.2
Orbit Polar, sun-synchronous
Methods

In this article, ArcGIS, meteorological data, and ENVI software are used in order to
determine the temperature changes in 2019 from January to December. The following flowchart
(Figure 2) illustrates the procedure for the methodology.

Data used

- L
Landsat data Vector data
Preprocessing and
radiometric process
¥
Spatial distribution of temperature information
for the year 2019 for 12 months

l

Validation

!

Calculation the surface temperatures

L |

Fig. 2. Overall methodology.
Normalized Difference Vegetation Index (NDVI)

One of the most often used indices in vegetation remote sensing is the Normalized
Difference Vegetation Index (NDVI), which was created by Rouse et al (1973). It uses the
visible (0.45 to 0.67um) and near-infrared (0.85 to 0.88um) regions within the electromagnetic
spectrum to assess remote sensing data and determine whether the target being detected consists
of actual green plants. This index is used for various purposes, particularly those related to other
ground characteristics such as the percentage of landscape cover, plant activity or season end,
water surface, vegetation density, and biomass (Bagherzadeh et al., 2020).
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Therefore, the NDVI is derived by concentrating on satellite bands like red and near-
infrared that are most sensitive to vegetation. Next, observe how many of the rays that fall on
the plant are absorbed and reflected. The majority of the visible light is generally absorbed by
healthy plants. On the other hand, it reflects a lot of the near-infrared. In contrast, poor
vegetation reflects a lot of visible light and a little amount of near-infrared light (Roznik et al.,
2022). By subtracting the red reflectance values from the near-infrared, the NDV1 algorithm
divides the result by the sum of the red and near-infrared bands.

1)

NDVI = (Pyr = Prea ) /(Prig + Prea)

Where: p,, is the reflectance or radiance in a near infrared channel (0.78-0.90 um
TM/ETM+ and 0.72-1.1 pm AVHRR) and p,, is the reflectance or radiance in a visible channel
(0.63-0.69 um TM/ETM+ and 0.58-0.68 um AVHRR)(Chen et al., 2016).

When applied to well-vegetated sites, NDVI readings, which are expressed as a ratio with
a range of (-1 to +1), take on comparatively high values (0.3-0.6) (Chen et al., 2016). The
determined NDVI values are often divided into two categories: non-vegetation (NDVI <0) and
vegetation (NDVI >0), which includes deciduous and evergreen monsoon forests (water bodies,
barren and rocky land). Consequently, apart from the capacity to distinguish between places
that are vegetated and those that are not (e.g., bare soil and roads). Water and other land cover
can be distinguished using the NDVI (Bhagat and Sonawane, 2011).

Radiometric Calibration of Landsat-8 data

This section's calibration procedure of Landsat-8 data will be used for the United States
Geological Survey Earth Resources Observation and Science USGS EROS center’s
deliverables. In addition to the Thermal Infrared Sensor (TIRS), this product often includes the
Operational Land Imager (OLI) as multispectral picture data, which is represented by
guantizing and scaling digital numbers (DN) (Bhagat and Sonawane, 2011). The products come
in 16-bit unsigned integer format, and the product metadata file contains radiometric rescaling
coefficients that can be used to rescale them to the Top of Atmosphere (TOA) reflectance and/or
radiance (MTL file). The thermal constants that were needed to convert the TIRS data to the at-
satellite brightness temperature are also included in the MTL file. Therefore, calibrating picture
data to radiance, reflectance, or brightness temperatures is the primary goal of radiometric
calibration (Shamsuzzoha et al., 2021) and that, as shown in Figure 3, we will achieve in this
section.

Landsat
bands(DN)

LLandsat Radiance J\H tandsat Reflectanc\UJ

il

Convert to temprature modeling

Fig. 3. Transformation from digital number to temperature.
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Conversion to TOA Radiance

The energy in the form of a flux or irradiance can interact with a surface area in a certain
direction and with a solid angle. This behaviour, which can be emitting, reflecting, transmitting,
or receiving, is known as radiation. It is measured at the satellite sensor and is dependent on
reflectance. However, for relatively obvious Landsat views, a decline in between-view
instability could be accomplished by way of normalization to get solar irradiance by
transforming (Markham et al., 2016). Spectral radiance at the sensor's space (L,) is certainly
determined in [watts/ meter squared * ster * um] also be computed as TOA spectral radiance
directly from OLI as well as TIRS (thermal) band data using equation (2).

Ly =MiQcar + AL 2

Where: L, = spectral radiance computed using TOA measured by {Watts/( m2 * srad *
um)}, and M = refers to specific band multiplicative rescaling factor provided in the metadata,
AL = refers to specific band additive rescaling factor provided in image metadata as a form
(RADIANCE ADD BAND-x), X = number of the band), Qca = calibrated and quantized digital
number (DN).

This equation significantly depends on rescaling factors (Table 2), which are extracted
from the metadata of Landsat-8 images.

Table 2: Spectral Radiance Range in {watts/ (meter squared * ster * pm)}.

Band Number RADIANCE MULT BAND RADIANCE ADD BAND
1 1.3325E-02 -66.62635
2 1.3588E-02 -67.94135
3 1.2442E-02 -62.21135
4 1.0538E-02 -52.68921
5 6.3945E-03 -31.97240
6 1.6111E-03 -8.05545
7 5.2408E-04 -2.62042
8 1.1870E-02 -59.35106
9 2.6278E-03 -13.13878
10 3.3420E-04 0.10000
11 3.3420E-04 0.10000

Conversion to Brightness Temperature

Using Plank's law, brightness temperatures -also referred to as blackbody temperatures -
can be calculated from the radiances on TOA calculated by satellite TIR sensors. The
assumption that the water vapor concentration of the atmosphere is constant for a relatively
small area allows the atmospheric conditions to be considered uniform and ignores the influence
of the atmosphere on the radiance temperature (Kleynhans et al., 2017). Consequently, the
dispersion of the surface temperature fields can be reflected in the at-satellite brightness
temperature. The water vapour content is known to fluctuate throughout time due to seasonality
and internal variations in atmospheric conditions. It is inappropriate to compare the temperature
shown by the satellite brightness temperature over many time periods (Chen et al., 2016).
Equation (3) illustrates how TIRS Band data can be transformed from spectral radiance to
brightness temperature using the thermal band constants included in the metadata file.

T, =— 2
b K (3)
g
In ( I, + 1)

Where: Tp = brightness temperature from satellite, K: = Band-specific thermal conversion
constant provided in the metadata, K> = Band-specific thermal conversion constant provided in
the metadata. However, the temperature constants (K1, K2) are concerned to our data have been
extracted from metadata file for thermal bands (band 10 and band 11) given in Table (2).
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Table 2: Radiometric rescaling of TIRS thermal constants.

Band Number K; CONSTANT K, CONSTANT
10 774.89 1321.08
11 480.89 1201.14

Land Surface Temperature (LST)

The sparse and irregular distribution of weather observatories, the challenges associated
with conducting field surveys, and the complicated nature of interpolating station data present
obstacles to the continuous monitoring of harsh settings. Because of this, remotely sensed land
surface temperature (LST) is very interesting for a range of biological and environmental
applications (Abdulrahman et al., 2024). The radiative energy budget of the Earth's surface is
determined by this important factor. Since it causes the turbulent heat exchanges and outgoing
long-wavelength radiation at the interface between the land and atmosphere, the land surface
temperature (LST) is a crucial input for land-surface models that analyse evapotranspiration,
estimate soil moisture, and monitor dryness (Amer et al., 2023). Finally, the land surface
temperature is calculated using equation (4).

L L 4
ST —
1+ (1+ %) « In(e)

Where: The typical value for emissivity (€) is 0.95 (Aya and Kadhim, 2024).
Results and discussion

Earth’s surface temperature

The analysis of spatial and temporal variance in Land Surface Temperature (LST) for
Kirkuk Governorate during the year 2019 reveals distinct differences between areas with
vegetation or water bodies and those with urban or arid land. The Figures below show the results
of the present study, which looked at the land surface temperature (LST) in the Kirkuk
Governorate over time and space in 2019. It shows that the LST varied a lot between different
types of land cover, especially between urban areas, dry lands, and areas with plants and water.
These findings align with global studies on the relationship between LST, land use, and land
cover, further reinforcing the cooling effects of vegetation and water compared to urbanized
and barren landscapes.

In January, as shown in Figure 4, the satellite-derived LST ranged from 4.44°C to
15.34°C, while the measured air temperatures ranged from 13°C to 15.5°C. This indicates that
while the satellite data provides a useful estimate of surface temperature, it tends to
underestimate the actual conditions on the ground, especially in cooler months. This
discrepancy becomes even more pronounced during the hotter months, suggesting potential
atmospheric interference and limitations of remote sensing technologies in accurately capturing
extreme temperatures.

In February, LST values ranged between 6.11°C and 16.11°C, while the measured
temperatures were between 15°C and 17.5°C, maintaining a similar pattern of satellite data
underestimating real-world conditions. March shows LST values between 10°C and 16.6°C,
while ground temperatures ranged from 19°C to 21.5°C, as shown in Figure 4. As temperatures
began to rise in spring, the gap between LST and measured temperatures became more evident,
which could be attributed to increasing urban activity, a phenomenon commonly referred to as
the Urban Heat Island (UHI) effect.
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Fig. 4. Distribution of land surface temperature from January to April.

By April, the LST ranged from 17.2 °C to 19.1 °C, while the measured ground
temperatures climbed to between 24.5 °C and 27.5 °C. In May, LST varied from 18.3 °C to
21.1 °C, but measured ground temperatures reached as high as 31.5 °C to 34°C. This month is
critical as it marks the transition to summer, where the difference between LST and actual
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Fig. 6. Distribution of land surface temperature from September to December.

temperatures become even more pronounced (shown in Figure 4). For instance, in June,
LST values ranged from 23.8°C to 25°C, while ground temperatures ranged from 38.5°C to
41°C. The highest divergence occurred in July and August, where satellite-derived LST ranged
from 26.6°C to 29.4°C, but ground temperatures ranged from 44.5°C to 47°C in July and 44°C

to 46.5°C in August (as shown in Figure 5).
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In the latter half of the year, LST values begin to decrease, but still underestimate the
actual measured temperatures. For instance, in September, the LST ranged from 26.1°C to
25°C, while ground measurements were recorded between 38°C and 41°C. Similarly, in
October, LST values dropped to between 22.7°C and 20°C, while ground temperatures
remained elevated, between 34°C and 36.5°C. In November and December, the gap between
LST and measured temperatures becomes smaller again, with LST in November ranging from
15.5°C to 15°C, compared to measured temperatures of 26°C to 28.5°C. In December, LST
values were recorded between 7.2°C and 6.1°C, while ground temperatures ranged from 14°C
to 16.5°C, as shown in Figure 6.

The findings also underscore the impact of the UHI in the urban centre of Kirkuk, where
higher LST values were recorded compared to surrounding rural areas. The dense built-up
areas, concrete surfaces, and lack of greenery contribute to heat retention, exacerbating the UHI
effect. In contrast, regions with significant vegetation cover and water bodies showed
significantly lower LST values, supporting the cooling effects of evapotranspiration and the
role of natural landscapes in temperature regulation.

Table 3: Land surface temperature ranges during the year with different areas.

Land Surface Temperature
>15°C 15-20 °C 20-25 °C 25-30 °C >30 °C

Average
Date Area Area o Area 0 Area o Area Total %
m * o m * o m * o m * m * mdl
2019/1/1 570 0.04 3196272 2446 771611 59.05 2143904 1641 511 0.04 1306710 100 22.10
2019/3/4 0 0.00 5336336 40.84 621326 47.55 150589 1152 1168 0.09 13067166 100 21.08

2019/6/7 3228 0.25 284694  21.79 695205 53.20 305309 23.36 18281 1.40 1306717 100 22.70
2019/8/5 123948 9.49 601129  46.00 455857 34.89 85484 6.54 31873 244 1298291 100  20.04
2019/10/3 3.96  0.00 254956  19.51 459033 35.13 523691 40.08 58343 4.46 1296027 100  23.99
2019/12/1 52 0.00 272896  20.88 525128 40.19 393385 30.11 115304 8.82 1306765 100  23.84

In summary, the results show a clear inverse relationship between LST and vegetation
cover, with vegetation consistently mitigating surface temperatures. This highlights the
importance of urban planning that incorporates green spaces and water features to alleviate the
UHI effect. On the other hand, the UHI effect has a significant impact on LST, leading to higher
temperatures in cities compared to rural areas. This occurs because urban environments are
dominated by heat-absorbing materials like concrete, asphalt, and dense buildings, which retain
heat and increase surface temperatures throughout the day and night.

One of the key findings is the inverse relationship between vegetation cover and LST.
Areas with more greenery tend to have lower surface temperatures due to the cooling effects of
shade and evapotranspiration. Plants release moisture into the air, which helps to lower
temperatures and makes urban green spaces essential for reducing the UHI effect. Moreover,
there is a strong connection between air temperature and land surface temperature (LST). When
LST changes, it directly impacts the air temperature near the ground. The way they relate to
each other can be described using either a simple linear equation or a more complex nonlinear
equation, depending on various environmental and climate conditions.

Furthermore, the substantial difference between satellite-derived LST and measured
temperatures suggests the need for improved remote sensing techniques or ground-based
validation to ensure accurate temperature monitoring, particularly in extreme weather
conditions. The increasing LST trends in Kirkuk due to global climate change further emphasize
the necessity for proactive measures to combat rising temperatures and their environmental
impacts. On average, there has been an increase of 1.74 °C in LST in the Indus delta over the
past 27-year period, as shown in Table 2.

Variation in NDVI at different times in Kirkuk

The Kirkuk Governorate's NDVI indicator displays the time difference. It demonstrates
that the greatest NDVI in 2019 was in January, with 0.725. This is because of the increase in
the amount of rain. However, the seventh month of 2019 had the lowest NDVI, at 0.545. The
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temporal change in the vegetation area is depicted by these NDVI measurements. In the figure,
the brown color denotes water and arid regions with negative NDVI values, whereas the green
color indicates positive NDVI values with green flora.

LST effect on vegetation

As seen in Figure (7), the correlation between LST and NDVI is used to evaluate the
impact of LST on delta vegetation. With a coefficient of determination of R? = 0.65 and
regression equation (5), it demonstrates a reasonable but unfavourable statistical link between
NDVI and LST. Thus, as LST increased, NDVI decreased for the vegetation.

LST =-19.04 x NDVI+35 ()

30.5

LET=-19.04*NDVI+35

25.5 ® R*=0.68

205 L

LST (*C)

155

105

3.5

0.5

0.5 0.55 0.6 0.65 0.7 0.75
NDVI values

Fig.7. Relationship between NDVI and LST.
Conclusion

1. Land surface temperature (LST) in Kirkuk shows a significant variation throughout
2019, ranging from approximately 4.4°C in winter to over 46°C during peak summer
months.

2. There is a clear inverse relationship between vegetation cover (measured by NDVI) and
surface temperature, with greener areas exhibiting notably cooler temperatures due to
natural shading and evapotranspiration.

3. Urban areas in Kirkuk experience significantly higher surface temperatures compared
to rural and vegetated zones, demonstrating the urban heat island effect driven by dense
construction and limited greenery.

4. Satellite-derived LST measurements tend to underestimate actual ground temperatures,
especially during extreme heat, highlighting the need for complementary ground-based
monitoring methods.

5. The increase in LST is influenced by urban expansion, changes in cropping patterns and
global climate change, pointing to the importance of sustainable land use and urban
planning.

6. The study underscores the need for integrating more green spaces and adopting adaptive
land management strategies to mitigate heat effects and promote environmental
sustainability in Kirkuk.
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