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Article Info. Abstract

The growth of cities around the world creates difficulties for governments due to the strain it puts on resources and the
negative impact on the environment and living conditions for residents. The Kirkuk Governorate has experienced
. significant urban growth in recent years, causing various environmental, economic, and social issues. The study aims to
Received monitor the growth of Kirkuk Governorate from 1990 to 2020 using multi-spectral Landsat images to better understand
24 August 2023 urban development. Landsat-5 TM for 1990, Landsat-7 ETM+ for 2000, Landsat-5 TM for 2010, and Landsat-8 OLI for

2020 were used for this study. The Supervised Maximum Likelihood algorithm was utilized to categorize images into
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Accepted urban and non-urban areas, with accuracy rates ranging from 91.25% to 96.66% between 1990 and 2020. Post-
20 October 2023 classification change detection analysis was also conducted to observe changes in urban growth, revealing that the studied

. city expanded from 46.96 km? to 193.25 km? over 30 years. Over the past thirty years, the urban area of Kirkuk Governorate
ggggi’;egom has increased while the non-urban area has decreased. This increase is due to factors such as population growth, political

changes, and economic development. This study provides valuable information about this urban growth and can be used
as a foundation for future studies on the region's socioeconomic and environmental changes.

This is an open-access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/)

Publisher: Middle Technical University

Keywords: Urban Growth; Landsat; GIS; Kirkuk; Change Detection.

1. Introduction

The growth and expansion of urban areas around the world suggest that the future of the earth is predominantly urban, especially in less
developed countries. This highlights the dynamic nature of these regions [1]. In the last 200 years, cities have become the most important places
where people live all around the world. By 2050, 68% of the world's population will live in cities, which is called urbanization. However, this
will mean that another 2.5 billion people will live in cities by 2050, and most of this growth will happen in Asia and Africa [2]. Urbanization
refers to the transformation of rural land into urban areas, which is caused by various factors such as migration, economic growth, population
increase, natural growth, improved social infrastructure, and availability of facilities and services [3-6]. Urban growth leads to urbanization,
industrialization, and land development, but these developments have adverse impacts on the environment, traffic, and population [7]. The
complex factors affecting urban land have consequences for its development and economic activity, both in the past, present, and future.
Urbanization and its expansion have altered land use and coverage concerning climate change [8-10], the loss of forests and agricultural lands
destroying plant and animal biodiversity [11], noise, air and water pollution, thereby affecting the quality of life [12] , changing the hydrological
ecosystem [13-17]. However, changes in land use and cover have detrimental effects on natural resources and the socio-economic system, both
directly and indirectly [18, 19].

In developing countries like Irag, urbanization is a significant issue, with most community expansion occurring without proper planning. This
means that the preparation of designs and plans for communities often falls behind population growth and urbanization [20]. The Kirkuk
Governorate has experienced significant growth in recent years, largely due to the discovery of oil in the province in 1927. This led to economic
and social changes that attracted people from other provinces, as well as political conflict, wars, and economic sanctions [21]. Fast urban growth
and development lead to various issues, such as unplanned environmental pollution and the consumption of large agricultural and vacant lands.
Therefore, sustainable development is necessary that includes providing all necessary facilities and monitoring to maintain the equilibrium
within urban areas [22, 23]. Urban growth monitoring is the practice of using remote sensing data to track changes in urban areas over time.

One of the most crucial skills of remote sensing is the ability to monitor changes after the pictures have been adjusted [24]. Remote sensing
refers to the monitoring of Earth's resources without touching them by using reflected or emitted electromagnetic energy [25]. Remote sensing
technology provides various tools and techniques to monitor and measure the growth of urban areas and changes in land use through satellite
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Nomenclature & Symbols

GIS Geographic Information System USGS United States Geological Survey

ETM+ Enhanced Thematic Mapper Plus MLC Maximum Likelihood Classification

LULC Land Use/Land Cover UTM Universal Transverse Mercator

™ Thematic Mapper OLI/TIRS Operational Land Imager and Thermal Infrared Sensor

data collected at different times and locations [26-28]. In this study, remote sensing refers to the collection of land surface information through
Landsat imagery. Physical monitoring methods, on the other hand, are costly, time-consuming, tedious, and error-prone [29, 30]. Multispectral
and multi-temporal remote sensing satellite imagery is a cost-effective and rapid way to assess the effects of human activities on Earth's land
resources [31, 32] and can also provide statistically valid information on the spatial extent of cities [33, 34].

Remote sensing data, specifically moderate-resolution Landsat images, offer a suitable option for monitoring land use and land cover changes
in developing countries where geospatial technologies are not well established [35, 36]. Due to their capacity to offer consistent coverage, a
holistic view, instant data collection, and precise and economical details on transformations in land use and land cover [37, 38], The use of
Landsat images and GIS technology is a common method for monitoring urban growth and its impact on ecosystems. GIS is a computer system
that captures, stores, analyzes, and presents geographic data and has become an important tool for determining the direction of urban
development [39, 40]. The flexible framework provided by GIS makes it possible to gather, store, display, and analyze the digital data required
for change detection [41]. As a result, they have been widely used to create accurate urban development maps that can be used in urban planning
and governance in several studies [42-45]. These studies show that using Landsat imagery is useful for tracking urban development by
identifying changes in land cover and creating maps of it.

To accurately assess these changes, it is necessary to classify the satellite images. This classification process is crucial in digital image analysis
and involves creating separate categories of land cover, also known as themes [25]. The most popular methods for classifying satellite images
are supervised classification and unsupervised classification. Furthermore, unsupervised LULC classification techniques include fuzzy C-means
clustering, K-means clustering, ISODATA (lterative Self-Organizing Data Analysis), self-organizing maps, and neural networks, unsupervised
classifiers such as ISODATA automatically classify satellite imagery into a user-defined number of groups based on similar spectral
characteristics [46]. Unsupervised classifiers are useful when there is no prior knowledge available, but combining similar land use and land
cover classes can be difficult and lead to lower accuracy. On the other hand, supervised classification methods like MLC, K-Nearest Neighbor,
Support Vector Machines, and Random Forest Classifiers are beneficial [47]. However, supervised techniques can extrapolate or extend the
available land cover data from known image sectors to classify unknown image sectors [48]. It is more controlled by the user than unsupervised
classification. The LULC classifier that is most frequently used is MLC because it provides excellent accuracy by using land cover signatures
that the user supplies [49-53]. Managing and regulating the expansion of cities in line with national urban development plans is a top priority
in modern urban planning [54]. One useful method for tracking changes in the urban environment is the change detection technique. This
technique allows for quantitative analysis of changes in the distribution of various categories within a given region. Increases or decreases in
any category can be measured simultaneously [30]. This study aims to use remote sensing techniques to examine how urban and non-urban
areas in the Kirkuk governorate have changed between 1990 and 2020. It also seeks to create a geographic database that includes spatial and
descriptive information layers to assist decision-makers and planners in understanding the development and expansion of the governorate.

2. Materials and Methods

2.1. Study area

One of Irag's historic areas, Kirkuk is home to a variety of ethnic groups and is known for its vibrant culture and illustrious past. It has a roughly
5,000-year history and occupies a key geographic spot between central and northern Iraq [21] which is located about 250 kilometers north of
the country's capital (Baghdad). With a mean elevation of 350 m, it is located between latitudes 35° 23" and 35° 32" and longitudes 44° 26' and
44° 18", Its approximate area is 9,745 km?, making up 2.2 percent of all of Irag's land. Kirkuk, Haweeja, Daqug, and Dibis are the four districts
that make up the governorate of Kirkuk, as shown in Fig. 1. It covers a large area, has a wide range of natural features, and has had multilingual
inhabitants for hundreds of years. Kirkuk experiences warm, semi-arid weather that is both much hotter and drier in the summer and cooler and
more humid in the winter [55], Along with diverse economic resources, this city is described as having a diverse religious and ethnic population.
It features substantial oil and gas reserves, which are regarded as one of Irag's main financial resources. Additionally, it is made up of a variety
of geographical regions, including plateaus, mountains, lowlands, and plains. Kirkuk serves as a prime example of productive land. Arable land,
multiple irrigation projects, and fertile ground [56].

2.2. Data source

The study's objective can be easily accomplished with the aid of the technology offered by the various Landsat satellites. Since the launch of
the first Landsat satellite in 1972, the program has played a significant role in supplying useful data for environmental monitoring, natural
resource management, and worldwide change study because of the medium spatial resolution and the availability of long-term data [46], [55],
Landsat is jointly managed by the United States Geological Survey (USGS) and NASA. The land sat satellites make a complete round of the
world every 16 days, taking pictures as they fly overhead, covering the whole surface.

The study used four satellite images: Landsat- 5 Thermic Mapper sensor (TM), Landsat-7 Enhanced Thematic Mapper Plus (ETM+), and
Landsat- 8 Operational Land Imager and Thermal Infrared Sensor (OLI/TIRS) as shown in Table 1. taken ten years apart from each other for
thirty years between 1990 and 2020 they were obtained freely in Geotiff format with 30m-resolution from the USGS Earth Explorer
https://earthexplorer.usgs.gov/ The USGS archive contains satellite images dated to 1972 and onwards of the entire world. To purchase imagery
from the USGS, | had to create an account on their website to place an order for a download. All of the Landsat images utilized in this study
are geo-referenced to the Universal Transverse Mercator (UTM) projection system (zone 38N, World Geodetic System 84). The relationship
between the amount of cloud cover on satellite images and the quality of the classification of images is inverse. As a result, all images have
been selected in the summer season with clouds covering less than 10% and free of haze contamination.
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Fig. 1. Kirkuk Governorate, case study
Table 1. Landsat satellite images used in the study
Satellite Sensor Year Resolution(M) Acquisition Date Path/Row
landsat5 ™ 1990 30 1990/08/19 35/36
landsat7 ETM+ 2000 30 2000/08/22 35/36
landsat5 ™ 2010 30 2010/07/09 35/36
landsat8 OLI/TIRS 2020 30 2020/07/20 35/36

Source: USGS GLOVIS
2.3. Ancillary data

The relationship between population and urban growth is a fundamental aspect of modern society; in addition to the multispectral and multi-
temporal images mentioned above, Population data of Kirkuk Governorate are used to view and compare changes over time, as shown in Table
2 from the Iragi Ministry of Planning, Central Statistical Organization [57]. The growth rate was extracted using the population growth equation
(Eq.1) [58] :

R="1" 1 x100 1
= |50 1

R: population growth rate, P1: The population in the next census, Po: The population at the previous census, T: The number of years between
the two censuses
Table 2. The population of Kirkuk Governorate and growth rate between (1997-2020)

Year No. of population Rate of growth
1997 753171 2.3%
2009 1325853 4.8%
2020 1682809 2.2%

Table 2 provides data on the rate of population growth, the number of people, and the corresponding years for three specific points in time:
1997, 2009, and 2020.

2.4. Methodology
The suggested methodology is divided into several major stages, as shown in Fig. 2.
2.4.1. Preprocessing images

It is a fundamental step that is necessary for preparing raw data for more advanced procedures [59]. The Landsat images have been processed
and analyzed with ArcGIS 10.3. The USGS Level-1 data is provided as individual band images in the Georeferenced Tagged Image File Format
(also known as Geo TIFF). To work with these images, all the individual band images should be combined into a single image. All bands are
combined using ArcGIS 10.3, excluding the thermal band due to its coarse resolution. To obtain the overall LULC information for the study
area, bands 3, 2, and 1 of Landsat TM were combined to generate false-color images. For Landsat ETM+ images, bands 5, 4, and 3 were
combined. For Landsat OLI/TIRS images, bands 7, 6, and 4 were combined, which improved the visual interpretation and increased the spectral
separation to distinguish the urban class from other land cover classes. Then, two images were acquired and mosaicked for each of the years of
the study to cover the whole study area, which was clipped using a common shapefile.
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2.4.2. Image classification

Supervised classification is a common image-processing method for identifying changes in land surface features in various multi-spectral global
datasets [60]. It is more accurate than other classification methods. In supervised classification, software used to analyze images is trained to
identify pixels with similar spectral features [61]. To observe and quantify urban growth, the maximum likelihood supervised classification
(MLC) method in ARC GIS 10.3 was employed for classifying the Landsat images because of its simplicity and robustness, which predict pixel
probability for the highest likelihood based on Bayes’ theorem [62, 63]. Based on the statistical characteristics of the training samples for each
class developed by the user, the algorithm determines the likelihood that a pixel belongs to each class. The pixel is then given the class with the
highest probability.

For each of the preprocessed images, a minimum of 150 training samples were collected—75 samples for each land cover category—Dby using
the Landsat Image and interpreting historical aerial images in Google Earth. Then, the software generates spectral signatures for each class
based on the supplied information. Next, the images are classified by applying the Maximum Likelihood algorithm. The (MLC) assigns pixels
that have the highest probability of belonging to that class. Two major classes of Landsat images were classified (urban areas and non-urban
areas) according to the USGS scheme of Anderson's plan [64]. All different kinds of built-up and non-built-up areas were combined, as shown
in Table 3. The Anderson schema is a flexible hierarchy system that can be used at multiple levels depending on the level of detail and scope

required by the application.
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Fig. 2. The overall workflow for this study

Table 3. Description of LULC classes

Class Description
urban areas (Residential, commercial and services, industrial, transportation, communication, and utilities)
non-urban areas (bar land, water bodies, mountains, vegetation, agricultural land)

2.4.3. Accuracy assessment

Sample points were selected (reference data) randomly researched in the ArcMap from different locations, accurately calculated by high-
resolution images from Google Earth archives. Overall accuracy is the total number of corrected samples divided by the total number of samples
and converted to a percentage. The producer's accuracy is determined by dividing the total number of pixels obtained from reference data by
the number of accurate pixels in one class. The user's accuracy is calculated by dividing the total number of sets recognized in a class by the
number of sets that were correctly identified in that class. The Kappa coefficient is one of the most popular measures for resolving discrepancies
between the actual agreement and the chance agreement [65]. Kappa values ranging from 0.61 to 1.00 are considered to be good to excellent
[66]. The Kappa statistics are computed by the following (Eqg. 2).
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where K is the Kappa coefficient, N is the total number of observations, r is the number of rows and columns in the error matrix, xii is the
number of observations in row i and column I, xi+ and x+i are the marginal totals of row i and column i, respectively [67].

2.4.4. Land cover change detection

The variation in land cover between the 1990-2000, 2000-2010, and 2010-2020 periods was determined by the difference in the values of
1990, 2000, 2010, and 2020 of the same class [68], which are shown in Equations (3).

Temporal LC change = (Area final year - area initial year)/ (area initial year) x100 ®3)

In this study post classification change matrix determines the change in land cover from classified images of 1900 to 2000, 2000 to 2010, and
2010 to 2020. This is a very popular quantitative change detection algorithm used to create maps of land cover change by comparing two or
more independently classified images from different dates.

3. Result and Discussion

3.1. Classification accuracy assessment

Accuracy assessment plays a crucial role in remote sensing analysis for land use and land cover classification. In this study, the overall accuracy
was evaluated using an error matrix employing the stratified random sample method. Table 4 presents an accurate assessment of land cover
classes for the years 1990, 2000, 2010, and 2020.

Table 4. Accuracy assessment of land cover classes for 1990, 2000, 2010, and 2020

1990 2000 2010 2020
Land Cover User Producer User Producer User User
ProducerAccuray ProducerAccuray
Accuracy Accuracy Accuracy Accuracy Accuracy Accuracy
urban 96.15 80.64 93.61 86.27 100 80.51 95.94 95.94
Non-urban 88.88 97.95 93.26 97 86.23 100 97.16 97.16
Overall
91.25 93.37 91.22 96.66
accuracy (%)
Kappa
o 0.81 0.84 0.81 0.93
coefficient

Table 4 demonstrates that the accuracy of land cover classification has generally improved over the years, with high user and producer accuracies
for both Urban and Non-urban classes. The results indicated that the overall accuracy percentages were 91% in 1990, 93% in 2000, 91% in
2010, and 96% in 2020. Additionally, the overall kappa statistics were found to be 0.81 in 1990, 0.84 in 2000, 0.81 in 2010, and 0.93 in 2020,
indicating substantial agreement between the map classifications and the actual land cover on the ground. The high overall accuracy and Kappa
coefficients suggest that the classification method used is reliable and has become more accurate over time, especially in the classification of
land cover for the year 2020.

3.2. Classification results

The study area’s land cover (LC) was divided into urban and non-urban categories. To accomplish this classification, the maximum supervised
classification technique was applied using GIS techniques. The resulting classified images for the years 1990, 2000, 2010, and 2020 are
presented in Fig. 3, respectively. These images serve as valuable resources for analyzing the land cover changes within the research area. Using
GIS functionality to extract classes from each cover map, Table 5 shows the area in km? of land cover classes; the urban area covered 46.96km?
(0.48%) in 1990 and increased to 59.49km? (0.61%) in 2000; these areas increased further t0113.08km? (1.16%) by the year 2010 and 193.25km?
(1.98%) in 2020. The urban area grew by (146.29) km? during the period 1990-2020. Non-urban areas, on the other hand, have decreased
substantially from 9698.31km? (99.51%) in 1900 to a mere 9685.80km? (99.38%) in the year 2000. These areas decreased further to 9632.2km?
(98.83%) by the year 2010 and 9551.84km? (98.01%) in 2020, a record loss of 146.47 km? in the 30 years of the study period. Temporal changes
in the areas are shown in Fig. 4.

Table 5. Area of land cover classes each year

1990 2000 2010 2020
Area km? % km? % km? % km? %
Urban 46.96 0.48 59.49 0.61 113.08 1.16 193.25 1.98
Non-urban 9698.31 99.51 9685.80 99.38 9632.2 98.83 9551.84 98.01
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Fig. 4. Temporal change of land cover classes during the four periods
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3.3. Land cover change dynamics from1990 to 2020

The temporal rate of change (Table 6) was utilized to analyze the land cover change in each LC (Land Cover) class and enable a comparison
among the different classes across the three periods. This approach provides valuable information regarding the rate of change for each specific
land cover class over time.

Table 6. Rate of change in land cover classes over time
Rate of change%

He 2000-1990 2010-2000 2020-2010
urban 26.68 90 70.89
non-urban -0.13 -0.55 -0.83

In 1990, there were 46.96 km? (0.48%) of urban area, this number raised to 59.49 km? (0.61%) in 2000, in 2010 the urban area covered 113.08
km?(1.16%) of the total area and 193.25 km? (1.98%) in 2020. According to this, a 26.68% temporal increase was observed over 10 years, from
1990 to 2000, a 90% temporal increase was seen from 2000 to 2010, and a 70.89% temporal increase was seen from 2010 to 2020. In 1990, the
non-urban area covered 9698.31 km?(99.51%), which fell to 9685.8 km? (99.38 %) in 2000. In 2010, the non-urban area covered 9632.2 km?
(98.83%) and 9551.84 km? (98.01%). This showed that between 1990 and 2000, a 0.13% temporal decline was realized; 0.55% temporal
reductions were observed between 2000 and 2010, and a 0.83% temporal decline was observed between 2010 and 2020.

The post-classification comparison approach was employed for detection of land cover changes from 1990 to 2000, 2000 to 2010 and 2010 to
2020, by comparing independently produced classified land cover maps. The main advantage of this method is its capability to provide
descriptive information on the nature of changes that occurs. Figs. 5, 6, and 7 show the change detection maps. Meanwhile, Tables 7, 8, and 9
provide detailed statistics regarding the transition of land cover (LC) classes.

According to Table 7, analyzing land cover changes between 1990 and 2000, there was a notable growth in the urban area, amounting to 59.47
km?2. However, a portion of this expansion was converted into non-urban areas, totaling 8.45 km? because of the government's policy at that
time, many of the people of Kirkuk were displaced. During the same period, there was a decrease in the non-urban area of 12.51 km?, indicating
a shrinkage. Interestingly, a portion of this non-urban area was transformed into urban areas, expanding by 20.97 km?,

During the 2000-2010 period, a comparable pattern to that of 1990-2000 was observed. The urban area experienced an increase of 53.59 km?,
while simultaneously a portion of its area was converted into non-urban areas, amounting to 8.76 km? due to the volatile political events
including, the 2003 war. The non-urban areas continued to decrease, reaching 9632.19 km?, with 62.35 km? of them being transformed into
urban areas, as indicated in Table 8.

Between 2010 and 2020, the urban area witnessed significant growth, expanding to 193.24 km?2. However, during this period, a portion of 14.81
km? was converted into non-urban areas because of the Iragi civil war in 2014; the once thriving urban space has undergone a profound
transformation, lost its characteristic features, and became a non-urban environment. In contrast, the non-urban area encompassed 9630.18 km?
in 2010, but by 2020, it decreased to 9,550.01 km2. Approximately 94.98 km? of this reduction were converted into urban areas, as indicated in
Table 9.

This research provides a comprehensive overview of urban growth in Kirkuk, encompassing valuable information regarding the spatial
distribution and magnitude of urban expansion. Over the study period, the urban area exhibited a general increase in all directions, with particular
emphasis on expansion along highways, primarily in regions equipped with essential services for the city's residents. The study area, along with
Iraq as a whole, has faced challenging circumstances that have significantly affected its urban growth. These difficulties were primarily shaped
by volatile political events, including the economic blockade, the 2003 war, and the second Iraqi civil war in 2014. As a result, the once thriving
urban area has undergone a profound transformation, lost its characteristic features, and become a non-urban area. Kirkuk governorate is
regarded as a commercial hub in the northern region due to its exceptional geographic location that links the northern and southern governorates.
In particular, following the nationalization of oil in the province in 1972 and the subsequent improvement in economic and living conditions,
the region gained significant prominence. This attracted people from all governorates of life, particularly those seeking employment
opportunities in oil and gas companies, resulting in a notable population surge. The region has experienced exponential growth in population
due to the rising number of natural population and the successive migration from other provinces. The population of the governorate was
recorded as 753,171 people in 1997. Over time, the city's population continued to increase, and by 2009, it had reached 1,325,853 individuals,
with a growth rate of 4.8%. By the year 2020, the population of Kirkuk Governorate had grown to 1,682,809 individuals, with a growth rate of
2.2%. The significant population growth in the Kirkuk area has caused the observed changes in land cover depicted in the change detection
maps. This influx has led to rapid urbanization and has affected the morphology of the city. As a result, the urban area has expanded alongside
the increase in population. The expansion of urban areas, whether legal or illegal, has significant consequences on agricultural lands and other
land uses, resulting in adverse impacts on the environment, economy, and society Consequently, the study emphasizes the urgent need for
ongoing monitoring of urban growth trends. To curb the horizontal expansion of urbanization at the expense of agricultural lands, the promotion
of vertical building extension for residential purposes is advocated, aiming to reduce the land area utilized for construction to preserve essential
farmland for future generations.
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Table 7. Land cover change statistics (1990-2000)
change to LC 2000 (km?)
LC urban km? non-urban km? Total
change from Urban 385 8.45 46.95
LC1990 (km?) non-urban 20.97 9677.22 9698.19
Total 59.47 9685.67
Table 8. Land cover change statistics (2000-2010)
change to LC 2010 (km?)
LC urban km? non-urban km? Total
urban 50.72 8.76 59.48
change from LC2000(km?) non-urban 62.35 9623.43 9685.78
total 113.07 9632.19
Table 9. Land cover change statistics (2010-2020)
change to LC 2020 (km?)
LC urban km? non-urban km? Total
Urban 98.26 14.81 113.07
change frOﬂ; LC2010 non-urban 94.98 9535.2 9630.18
(k) total 193.24 9550.01

4, Conclusion

In this research study, a quantitative analysis was performed to examine the urban growth in Kirkuk governorate spanning from 1990 to 2020.
The study employed readily accessible Landsat images with a resolution of 30m x 30m, along with maximum likelihood algorithms and a Post-
Classification Change Matrix in conjunction with GIS, to effectively map and monitor changes in land cover. To ensure the accuracy of the
findings, an assessment was conducted on the classified images, which contributed to the provision of more reliable information concerning the
growth of the governorate. The research outcomes indicate that the combination of GIS technology and remote sensing holds substantial value
as a robust and indispensable tool in such studies.

From 1990 to 2020, the urban conurbation of Kirkuk experienced significant growth both in size and density. The urban area expanded from
46.96 km? in 1990 to 193.25 km? in 2020, indicating a substantial increase. The main catalyst behind this rapid urban growth is the continuously
growing population of Kirkuk. Given the ongoing population increase and the government's dedication to meeting the demand for residential,
commercial, and industrial lands, it is expected that urban expansion will persist in the near future. The availability of detailed spatial and
temporal data on historical urban growth plays a crucial role in enhancing our understanding of the dynamics of growth. By providing reliable
long-term urban land cover maps spanning several decades, it becomes possible to investigate the current factors driving urban growth in the
city and comprehend the resulting consequences. Moreover, such data assists in predicting the future trajectory of the city under various
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socioeconomic and environmental scenarios, bringing benefits to scientists, government institutions, private sectors, landowners, and
policymakers alike. They gain valuable insights into the outcomes of extensive urban growth and can establish policies and measures that
promote the sustainability of the city.
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