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Abstract

Land surface temperature (LST) is one of the important essential climate variables for climate
change studies. It helps in giving valuable information to characterize land surface states and
land-atmosphere exchange. This study presents LST's spatial and temporal patterns in Basra, Thi-
Qar, and Maysan, which are three provinces in southern. Dependent on Landsat 5TM and 8OLI
imagery in 1990, 2013, and 2022. The LST was estimated in July (representative for summer)
and December (representative for winter) of each year. Using ArcGIS 10.8, supervised
classification was made to quantify the spectral pixels of the LST into different ranges. The
results showed for July that there was an apparent increase in temperatures in the study area,
especially in Basra and Zubair districts in Basra province. This study investigates most of the
areas of Thi-Qar, such as Shatra, and some of the Maysan areas, as they are considered humid
areas due to the existing marshes. The LST values ranged from 23-58 °C for Basra, 21-55 °C for
Thi-Qar, and 23-57 °C for Maysan. In December, the values ranged 3-24 °C for Basra, 3-28 °C
for Thi-Qar, and 4-23 °C for Maysan. The results also showed that LST was mainly related to
changes in land surface cover. Generally, in the whole area of the three provinces, there was a
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significant increase in LST from 1990 to 2022, especially for the thermal range (41-51 C°) in
summer. Similarly, in December, there was a continuous increase in LST of 16-22 C°, which was
evident with more intensity in 2022 in Basra and Maysan.

Keywords: Land surface temperature, Urban areas, Landsat, Remote sensing; GIS.

Introduction

Land surface temperature (LST) is considered one of the main parameters in studying the
transformation of urban surfaces such as natural land cover (e.g., vegetation, water bodies, bare
ground, parks, trees, etc.) into impervious surfaces such as roads, buildings, and other urban
features, which have a significant impact on the urban environment[1][2][3]. The urban
environment can absorb most of the incoming radiation, and as a result, the air in contact with
the Earth's surface becomes warmer than the surrounding rural areas. The difference in land
absorption of sunlight between urban areas and rural areas has led to a gives rise to a
phenomenon known as urban surface heat island (SUHI)[4][5]. LST is temperature of the
Earth's crust, while its measurement can provide important data on energy balance, physical
surface temperature, microclimate, and human activities, so it plays a crucial role in ecosystems,
environmental protection, and ecology[6][7]. Human activities are recognized to be the primary
cause of this phenomenon and the increase in surface temperature [8]. Many studies addressed
LST due to its usefulness in many fields such as water cycle, urbanization change, climate
change, evaporation, and monitoring of green surfaces and the environment[9][10]. Thermal
remote sensing stands out among several available methods that allow the spatial estimation of
LST in large urban areas using satellite imagery with infrared bands. Based on medium-
resolution Landsat images, many studies have been estimated to capture the LST scene[11][12].
Many studies used LST information to calculate relationship with LULC changes as shown.
Zhang et al,,( 2019) Investigated The effects of land use and cover on the thermal properties
of urban land were discussed from three angles: the relationship of surface temperature with

land cover and population density; Seasonal changes in temperatures within cities; The
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intensification of the urban heat island effect due to the growth of built-up land in urban areas.be
used Land surface information, derived from satellite imagery, and complementary information
such as demographics [13]. Tran et al.,2017, This study examined the relationship between
LULC change and UHI impacts. The results provided an effective methodology for
characterizing universal health coverage and have significant implications for policy makers
and communities by providing a scientific basis for sustainable urban planning and management
in the city of Hanoi [14], Alahmad et al. (2020) conducted a study about LST in Kuwait.
Urbanization has replaced naturally occurring desert regions and open dirt with artificially
constructed infrastructure and surfaces. Satellite data over the last 17 years indicates an urban
cool island during the day and an urban heat island at night. This research can help with attempts
to adapt to climate change, particularly in the area of urban planning [15]. Soydan (2020) The
study presented the importance of vegetation cover on surface temperature through heat island
analysis in Nigde, Turkey. The results indicated the mitigation of heat islands and temperature
differences between cities and rural areas, which provides important insights into improving
the management strategy of environments (urban and rural) [16]. Abulibdeh et al., 2021 .
Researchers in the Arabian Gulf region conducted an examination of the heat island features of
eight towns, which are located in dry and semi-arid environments. The findings demonstrated
substantial variations in the features of heat islands among cities, which may be attributed to
environmental conditions and human activities. This conclusion was drawn based on the study
of remote sensing data and spatial analytic techniques. They proposed mitigating measures such
as expanding the number of green areas and enhancing surface coverings. The study findings
suggested enhancing architectural design and mitigating the impacts of urban heat islands[17].
Saraskanrood et al., 2023 in Iran. An investigation was conducted to analyze the influence of
land use on surface temperatures using remote sensing data. The findings revealed a distinct
thermal pattern in built-up regions as opposed to rural areas, suggesting that alterations in land
use had an impact on surface temperatures. This study offers support in enhancing urban
planning and facilitating adaptation to climate change [18]. in Iraq several studies have mapped
LST, particularly in southern part such as Basra [19] and Babylon [2] using GIS techniques.
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The study conducted by Salman and Al Razaq (2023) calculated LST values for two months in
2013 and 2021 (July and December). They discovered a stronger relationship between changes
in urban land cover and LST. Knowledge of LST distributions in a particular location is very
useful in the urban planning process and necessary for a sustainable urban environment. This
current study aims to detect the change of the land surface temperature in two different
contrasting seasons, summer and winter, in three years periods, 1990, 2013, and 2020, in three
cities for southern Iraq, The study area is an important economic area, where most people work
in agriculture, especially crops, grain production, and some common vegetables[20]. for using
Landsat 5, 8 LST.

Material and methods

Study area and data

The study area is the southernmost part of Irag, including three provinces: Basra, Thi-Qar, and
Maysan (see Fig.1). It shares boundaries with Saudi Arabia, Kuwait, and Iran. The geographical
properties of each province, such as latitude, longitude, mean elevation (m) above sea level,
and areas, are reported in Table 1. The total area of this study covers 48983 km?, which forms
11.2% of Iraq’s area[21]. Within the study area, there are wetland areas called marshlands,
which are primarily located on the floodplains of the two Mesopotamian Rivers (Euphrates and
Tigris)[22].

They are joined at Al-Qurnah in Basra and empty the water into the sea. Much of the land is
desert. The climate of the marshes region is described within the Iragi alluvial plain,
characterized by hot and humid summers and cold winters with rainfall. The temperature ranges
between 35°-50°in the summer, and in January, it reaches 0°C In the winter, the northeastern
winds prevail in the marshes, and in the summer, the northwest winds blow over the marshes
[20][23][24]. While the average rainfall is less than 25 mm/year [25].
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Table 1: Geographical properties for three Iraqi provinces.

Province Latitude (N) Longitude (E) | Elevation (M) Area (Km?) Total of The Area (%)
Basra 31° 16" 46° 34" 5 19070 4.35
Thi-Qar 30° 40" 46° 19" 13 13841 3.16
Maysan 31° 00" 46° 00" 12 16072 3.67

»

Figure 1: Study area of the southern region of Iraq comprised of Basra, Maysan, and Thi-Qar.

Methodology
The detection of LST for three southern provinces of Iraq was separately performed using

remote sensing data from two Landsat satellite images 5 Thermal Mapper (TM) and 8
Operational Land Imager (OLI). The first Landsat 5 TM is dated in only two months July and
December 1990 and the second Landsat 8 OLI is dated in the same months, but in two years
2013 and 2022. All of the images (total of 18 images) have cloud coverage of less than 10%

and were acquired from the USGS portal (www.earthexplorer.usgs.gov).Also, Landsat 5 TM
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data include one thermal infrared band (band 6) with a resolution of 120 m and six
multispectral bands with a spatial resolution of 30 m. Meanwhile, Landsat 8 OLI data used
only band 10. The selected images were georeferenced using UTM zone 38 and WGS 84

projection system with path and row as shown in Table 2.

Table 2: The satellite information used for the study.

Governorate | Satellite SENSOR Path /row | Images Time
Basra LANDSAT-5 | T™M 166/039 29 JULY 1990 23:04
LANDSAT-5 | T™M 166/039 28 December 1990 17:37
LANDSAT -8 | OLI/TIRS | 166/039 28 JULY 2013 07:24
LANDSAT -8 | OLI/TIRS | 166/039 03 DECEMBER 2013 07:23
LANDSAT -8 | OLI/TIRS | 166/039 21 JULY 2022 07:22
LANDSAT -8 | OLI/TIRS | 166/039 20 DECEMBER 2022 07:22
Maysan LANDSAT-5 | TM 166/038 29 JULY 1990 23:19
LANDSAT-5 | TM 166/038 28 DECEMBER 1990 14:25
LANDSAT -8 | OLI/TIRS | 166/038 28 JULY 2013 07:23
LANDSAT -8 | OLI/TIRS | 166/038 03 DECEMBER 2013 07:23
LANDSAT -8 | OLI/TIRS | 166/038 21 JULY 2022 07:21
LANDSAT -8 | OLI/TIRS | 166/038 20 DECEMBER2022 07:22
Thi-Qar LANDSAT-5 | TM 167/038 04 JULY 1990 21:15
LANDSAT-5 | TM 167/038 27 DECEMBER 1990 15:05
LANDSAT -8 | OLI/TIRS | 167/038 19 JULY 2013 07:29
LANDSAT -8 | OLI/TIRS | 167/038 10 DECEMBER 2013 07:29
LANDSAT -8 | OLI/TIRS | 167/038 28 JULY 2022 07:28
LANDSAT -8 | OLI/TIRS | 167/038 19 DECEMBER 2022 07:28

Land surface temperature

To produce digital LST maps, the infrared thermal band 6 (10.4-12. micron) from Landsat 5 for
the sensor (TM) and band 10 from Landsat 8 for sensor (OLI/TIRS) were used. Using digital
numbers (DN), the spectral radiance (L,) at top of the atmosphere expressed in unit W/m?. was
first calculated by the following equations (1) and (2) for Landsat 5 and Landsat 8 respectively
[26]; [4]

Lmax _Lmin
La = (QCalmaz—QCalzun) * (QCal — QCalyin) + Lininy 1)
L, = M, * QCal + A, (2)
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where QCal is the quantized calibrated pixel value in DN, QCalmax and QCalmin are maximum
and minimum quantized calibrated pixel values in DN, respectively, Lmax. i the maximum
radiance of band 6, Lmin. is the minimum radiance of band 6, M. is the radiance multiplicative
factor of the band that is located in metadata file of the Landsat images (=3.342 x10*
W/m?.sr.um); Qcal is the DN of the bands (0-255), and AL is the additive radiance scaling factor
for the TIRS bands. Secondly, L; was converted to brightness temperature (T) in °C using the

conversion formula below

T=K, * [ln (I]f—; + 1)]_1 3)

Where, K1 & K2 are the calibration constants of thermal bands. The third step includes
calculating the emissivity (€) of the earth’s surface using the equation

€ = 0.004 =« Pv + 0.986 4)

Where Pv is the proportional vegetation derived from the Normalized Difference Vegetation
Index (NDVI) as written

py = [ (NDVI=NDVImin) (5)
(NDVImax—NDVIpnin)

where NDVImin and NDVImax are the maximum and minimum NDVI. Finally, from

equations (3) and (4), LST was computed by the equation

LST = —— — 273.15 (6)

1+(T)*ln£
Where A is the average wavelength of the emitted radiation (=11.457 and 10.8 pm for Landsats
5 and 8, respectively) and p the constant value (=1.438x1073* J.s). Fig. 2 shows a diagram of the
methodology used in the present study. In order to classify LST values into several categories,
the geographic information system software ArcGIS 10.8 was used to achieve the supervised
classification process by means of the maximum likelihood algorithm. This requires many
samples for training for every class of LST images. The number of 50 samples were selected
for every class of different surfaces such as water, plants, and barren. Lastly, this work has

utilized using Google Earth for the field survey as reference data.

Volume: 3, Issue: 2, April 2025 P-ISSN: 2958-4612
996 E-ISSN: 2959-5568



Academic Science Journal

Landsat5 and 8
1990, 2013 and

DV converts to spectral [ NDVI J
radiance

A 4
PV ]
v
DV converts to spectral Y
radiance Land Surface
Emissivity

Land Surface Temperature

Figure 2: Flowchart showing the methodology.

Results and Discussion

LST distribution

Based on Egs.(2), (3),and(5), the Landsat thermal images in this study were extracted for three
cities, Basra, Thi-Qar, and Maysan at two different seasons summer and winter represented by
July and December for three years 1990, 2013 and 2022.The spatial distributions of surface
temperature through the research areas for two seasons of all years are presented in Figs. (3-5).

In general, the minimum - maximum values of LST for July were 23.7 - 58.9 C° for Basra, 20.7-
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53.3 C°for Thi-Qar, and 23.8 - 56.6 C° for Maysan. For both July and December, values of
LST were mostly increasing from 1990 through 2013 to 2022 for the whole area. This
increasing in LST may belong to removing large areas of vegetation cover and also for
urbanization which enhancing the effect of heat is land See (Fig. 3, 4). However, the changing
in LST for Maysan province for July for the three years were small and insignificant See (Fig.
5). This may belongs to the effect of existence of the two marshes which help in maintaining
and conservation of LST values [27][20] .Table 3 lists the ranges of LST values for spatial

thermal intervals.
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Figure 3: Spatial distribution of LST in Basra for years:(a) 1990, (b) 2013 and (c) 2022 :
(upper: July and lower: December).
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Figure 5: Spatial distribution of LST in Maysan for years: :(a) 1990, (b) 2013 and (c) 2022:

(upper: July and lower: December)

Table 3: Interval and range values of LST for July and December in the three southern

provinces of Irag.

Month Basra Thi-Qar Maysan

Interval Range Interval Range Interval | Range
July 23-58 35 21-55 34 23-57 34
December 3-24 21 3-28 25 4-23 19
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The LST areas were divided into five subintervals according to the total area of each
governorate, as shown in Table 3. he total extent of the LST was divided into five thermal
periods for both months, as shown in Tables 4-6 for July and tables 7-9 for December, These
tables were used then to calculate the areas in square kilometers for each year. Their proportions
were then calculated according to the total individual area, using ArcGIS. In 1990, the LST of
the thermal period (51- 58) was concentrated in the northern part of Basra, like the Qurna
region, and some areas of the southwest, where oil fields are spread. In 2022, the maximum
values of LST in Basra for July was extended to the southern parts such as the Basra and Zubair
districts. This may due to the increased population, commercial and the Industrial activities.
The thermal period (7.2-11.4) was the dominant one for the year 1990, especially in the
southwest of Basra, and the LST rate increased in most areas of Basra in 2022 during the
thermal period (15.6-19.8) by 10.8% for the regions Fig. 6, 7.

Table 4: Percentages of LST subintervals in Basra for July of 1990, 2013 and 2022.

LST COLORS 1990 2013 2022

23- 30 1.364061 1.116792 0.145597
30 - 37 4.415441 4.025993 3.087032
37-44 11.218373 2.938094 9.448868
44 - 51 82.263568 77.715857 | 69.478878
51-58 0.738559 14.203265 | 17.839625

Table 9: Percentages of LST subintervals in Maysan for December of 1990, 2013, and 2022.

LST COLORS 1990 2013 2022
4-178 2.282398 0.561349 0.000005
7.8-11.6 44.362886 3.776336 0.798391
11.6-154 47.507138 39.944296 57.40083
15.4-19.2 5.548639 53.99246 36.922632
19.2 - 23 0.298939 1.725559 4.878143
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December: 1990, 2013, and 2022.

Conclusion

This study estimated the land surface temperature (LST) for the southern region of Iraq,
including the provinces of Basra, Thi-Qar, and Maysan, during the summer and winter seasons
for the years 1990, 2013, and 2022. We used satellite images from Landsat 5 TM and 8 OLI to
calculate LST, which helps to observe the impacts of land use and land cover changes over
these years. LST was computed using brightness temperature, NDVI, and land surface
emissivity, and spatial maps were created to show LST distribution, classified into five thermal
intervals. In summer (July), the highest average LSTs were 58°C in Basra, 55°C in Thi-Qar,
and 57°C in Maysan. In winter (December), these averages were 24°C, 28°C, and 23°C,

respectively. The lowest average LSTs in winter were 3°C in Basra and Thi-Qar, and 4°C in
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Maysan. In summer, the lowest averages were 23°C in Basra and Maysan, and 21°C in Thi-
Qar. In recent years, the areas with thermal ranges in the forties Celsius during summer have
decreased compared to 1990 and 2013. In winter, the heat range between 9°C and 15°C was
most significant in 1990 but decreased in 2013 and 2022.The NDVI index has an inverse
relationship with LST, meaning higher NDVI values are associated with lower LSTSs.
Conversely, built-up areas, such as city centers, have a positive relationship with LST, leading
to higher temperatures.
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