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Abstract

The current study used satellite data and a geographic information system
(GIS) to detect changes in land use and land cover (LULC) in Al-Hillah city,
central Irag from 1990 to 2022. The study aimed to calculate the NDVI, NDWI and
LULC of Al-Hillah using Landsat 5 TM and Landsat 8 OLI images. The results
showed that there was an apparent expansion in the urban area from 20.5 km? in
1990 to about 57 km? in 2022. On the other hand, there is a slight increase in
agricultural areas and water, while the barren area decreased from 168.7 km? to
122 km? in 2022. Long-term urban planning, which is based on LULC analysis, is
an effective tool for decision-makers to study future patterns in urban expansion in
parallel with the expected rise of the population in Iraqg in the coming years. While
there was a slight increase in water and agricultural areas. The continuous urban
expansion led to a reduction in barren areas in favor of urban areas. Urban planning
for a long period, which is based on LULC analysis, where demographic changes
greatly affected land use in the city of Al-Hillah, and the increase appears
significantly in the urban and residential areas.
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1. Introduction

The creation of land use and land cover (LULC) maps is one of the most
significant applications of remote sensing and geographic information system (GIS).
Land use is the term used to describe the objectives of a land survey, encompassing
tourism, animal habitat protection, agriculture, urban development, and the majority of
areas where humans have an effect. Whether it is vegetation, water, bare soil, urban
development, or anything else, land cover refers to the surface cover [1, 2]. As a result
of changes in the earth's surface and urbanization (land cover), this study relied on the
criteria of the thematic strata factor for land use, land cover types, built-up areas, and
green spaces [3, 4]. Land cover originally refers to the physical state of the earth's
surface, the variety of the soil, the surface and ground waters and the soil type land use.
On the other hand, describes how people use land and its resources, such as via
agriculture, urban growth, pastoralism, logging, and mining [5-7]. However, the
definition of LULC is the replacement of one form of LC on the earth's surface with
another [8]. Using Landsat images to record the spatiotemporal pattern of LULC,
researchers can identify the factors that influence changes in human activity patterns as
well as their causes [9, 10]. LULC in Irag and its changes have a significant impact on
the natural environment and economic activities of humans. The surface vegetation
index is an important indicator for monitoring global changes. Therefore, many
researchers have focused on the type of canopy and the distribution and diversity of
plants and trees. At the same time, the vegetation index can also be used to assess
environmental issues, such as crop products, land cover assessments or land-use surveys
[11, 12]. Detecting changes in LULC and keeping track of interactions between natural
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phenomena and human endeavors are both made possible by optical remote sensing
(RS) [13, 14]. Additionally, RS reduces prices, energy use, and time. RS optical data is
now often employed to identify LULC dynamics, including satellite sensor pictures and
aerial photography. The results of LULC mapping are utilized for leading landscape
scales, change detection, global, regional, and local mapping. It is possible to think of
the categorization of remote sensing images as a collaborative endeavor between
technologies for image processing and classification [15, 16]. A key method in the
quantitative analysis of remotely sensed images is multispectral image categorization.
Typically, a pixel (image element) from a multispectral image has its attributes captured
on many spectral channels [17, 18].

There is a previous study dealing assessing land use in Al-Hillah (Zahraa Abbas
and Hussein Sabah Jaber, 2020) [19], (Mohammed Irzoqy, I.M., Ibrahim, L.F. and Al-
Tufaily, H.M.A., 2022, March) [20], (Fahad, K.H., Hussein, S. and Dibs, H., 2020)
[21].

The extraction of data from remote sensing includes the classification of images.
This research aims to calculate: i) Normalize difference vegetation index (NDVI); ii)
Normalize difference water index (NDWI); and iii) Supervised classification of LULC
from 1990-2022 in Al-Hillah city.

1.1. Study Area
The current study area was conducted in Al-Hillah district, located at 32° 28' 46"
north and 44° 25' 58" east. Al-Hillah its full original name, and has a total area of 270
km?. Its land slopes towards the south rise 35 m above sea level. A desert climate
prevails which is characterized by low rainfall and high temperatures in summer and
reach 50°C, and whereas a warm climate prevails in winter. Al-Hillah has a population
of about 317,835 [22], which is in the shape of a square or rectangle as shown in Fig. 1.
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Figure 1: Location of the Study area.
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1.2. Data Sources
The Landsat images of Al-Hillah acquired in January during the clear and rainy
weather and used in the current investigation. These images are available on the USGS
website, Earth Explorer [23, 24]. The Landsat 5 images were acquired on January 8 of
1990, 2000 and 2010 as shown in Table 1, while Landsat 8 images were acquired on
January 8, 2022, as illustrated in Table 2.

Table 1 Landsat 5 bands.

Band No. | Wavelength (um) | Spatial Resolution (m) | Bands
1 0.45 - 0.52 30 Blue
2 0.52 - 0.60 30 Green
3 0.63-0.69 30 Red
4 0.77 - 0.90 30 NIR
5 1.55-1.75 30 MIR
6 10.40 - 12.50 30 Thermal
7 2.09 - 2.35 30 MIR

Table 2 Bands of Landsat 8 OLI.

Band No. | Wavelength (um) | Spatial Resolution (m) | Bands
1 0.43-0.45 30 Coastal
2 0.45-0.51 30 Blue
3 0.53-0.59 30 Green
4 0.63-0.67 30 Red
5 0.85-0.88 30 NIR
6 1.57-1.65 30 SWIR 1
7 2.11-2.29 30 SWIR 2
8 0.50 - 0.68 15 Pan
9 1.36 - 1.38 30 Cirrus
10 10.60 - 10.19 100 TIRS 1
11 10.50-1251 100 TIRS 2

The atmospheric modifications made to the Landsat images that were used in this
investigation improved the image quality and decreased noise [25, 26]. The images were
compatible with Landsat 8 images since they feature bands with a resolution of
30 m [27].

2. Classification Techniques

Each pixel in the image or the original remotely sensed satellite data is classified
according to its kind in a process known as “classification”, which aims to produce a
good collection of land cover information. Based on the various land features, the
classification is influenced by the studied region's (rural or urban) nature, which makes
each spectral category unique. A classification differs for each single species through its
unique reflectance and diffusion characteristics. Modern classification techniques,
including supervised and unsupervised methods, are commonly used to produce land
cover maps [28, 29].

2.1. Supervised Classification
A form of machine learning known as supervised classification uses
predetermined training samples and a classification algorithm. The classification
algorithm often used in supervised remote sensing is the classification process [30]. The
supervised part is the most compelling portion of the Landsat image categorization
technique and is the sample for training [31]. The accuracy categorization is strongly
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reliant on the training samples chosen; when you are done with this; you will have a
finished product. The categorization accuracy is strongly dependent on the selected
training examples. A classification is given to every class, which the business refers to
as training [32]. The classification accuracy assessment is very important in land use
mapping and understanding map quality and reliability [33]. In supervised
categorization, the user must pick a region of interest. This will serve as a classifier in
the image [34]. All pixels in the image will be utilized. The quality of the supervised
categorization is based on the caliber of the training locations [35, 36].

3. Methodology

There were two primary phases in the current study. The initial phase involved
classifying satellite data according to LULC. The second phase centered on the
examination of this change detection in the LULC values. The satellite data analysis
includes registration, categorization, and change detection using post organization
comparative satellite data [37, 38]. The area under study is depicted by a Landsat image
that was chosen for the study period (1990, 2000, 2010, and 2022) from Landsat 5 TM,
and Landsat 8 OLI running utilizing various sensors and data acquired from USGS
Earth Explorer for thirty years with the aim of mulching during the drying season and
environmental effects in Al-Hillah. Images reserved at Al-Hillah during the drying
process and its effects on the environment are clear of clouds, (Distortions brought on
by the intervening atmospheric conditions), haze, and dust. The images were processed
and interpreted to create LULC using the imagine application (ArcGIS 10.5) [39, 40].
To identify the change in land cover, the conducted data were retrieved, examined, and
estimated. Forecasting prospects was based on data from the past.

3.1. Specification Indices

3.1.1. Normalize Difference Vegetation Index (NDVI)

Each Landsat image has its own normalize difference vegetation index (NDVI)
calculation. Healthy vegetation is an excellent electromagnetic spectrum absorber for a
clear reason [41]. Chlorophyll is a substance found in greenery that powerfully reflects
green (0.5-0.6 um), red (0.4-0.5 um), and blue (0.4-0.5 um) [42, 43]. So, a vegetation
appears in our eyes as green. Plants that are solid and have a long near IR (NIR)
reflectivity around 0.7-1.3 um [44, 45]. A plant's interior structure frequently plays a
part in this. High Ruddy retention and long NIR reflectance are the two criteria used to
determine the NDVI [46, 47]. NDVI is calculated using the formula below. NDVI is
calculated based on Eq. (1):

NDVI = R~ R 1
"~ NIR+R @)

The NDVI value is in the range of -1 to 1. Higher NDVI readings represent
greater NIR levels, which suggest thick vegetation.

3.1.2. Normalize Difference Water Index (NDWI)

For the examination of the water bodies, the normalized difference water index
(NDWI) is used [48]. Green and NIR bands of further discovered images were used in
the index. In most instances, the NDWI can effectively enhance water data. Building on
land while producing valuable water bodies is tricky [49]. To survey the configuration
of clear, alter zones, the NDW!I items can used in combination with the NDWI alter
items. Water bodies can reflect more light. A definite portion of the electromagnetic
wave range contained reflections. The majority of time, water bodies have higher blue
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(0.4-0.5 m) than green (0.5-0.6 m) and ruddy (0.6-0.7 m) reflectance, while they are in
their fluid condition [50].

NDWI is calculated by Eq. (2) from the difference between green short-wave
infrared (SWIR) according to Xu (2005) [51]:

NDWI = (NIR — SWIR) )
" NIR + SWIR 2)

The clear water has the strongest reflection in the blue portion of the distinct
range. The water appears blue. The NDWI value ranges from -1 to 1. Water bodies'
NDWI value is more than 0.5. Compared to correctly distinguishing trees from water
bodies, plants have substantially lower values. Positive build-up highlights have values
between 0 and 0.2.

4. Results
4.1. NDVI

Estimated NDVI values for the city of Al-Hillah for the years 1990, 2000, 2010
and 2022 were based on Landsat images. Fig. 2 shows the NDVI values for Al-Hillah
city estimated from Landsat 5 images in 1990 between 0.649 and -0.55. Most of the
areas of Al-Hillah were covered with palm groves and farms, especially on both sides of
the Euphrates River, which led to a wide coverage, represented by a high NDVI close of
0.65. Because the Greenland regions were due to the lack of large urban and residential
areas, so the values of agricultural areas became large and wide.
In 2000, the NDVI scale of the Landsat 5 image was between (0.70 - 0.60).
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Figure 2: NDVI of Al-Hillah.
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A wide vegetation cover of 0.70 was achieved through palm trees and plantations
that spread on the land on both sides of the Euphrates River. This is an increase in the
percentage of NDVI during the period (1990-2000) by 5%, due to the increase in the
expansion of agricultural lands at the expense of arid areas to comply with urban
planning standards. Whereas, 0.70 is the NDVI ratio, which is represented by palm trees
and plants scattered in the land on both sides of the Euphrates River and modern
agricultural areas.

In 2010, the NDVI scale of the Landsat 5 image was between (0.66 - 0.46). A
wide vegetation cover of 0.66, the percentage of NDVI decreased in some areas of Al-
Hillah, as well as with regards to the orchards spread on both sides of the Euphrates
River for several reasons, including drought and weak management and the most
important reasons, is the weakness of the system which caused a decrease in the water
level compared to the previous years. The is what became clear in classification of
aerial photographs, as these reasons helped land owners manipulate and turn them into
vacant lands, and some of them turned into residential areas.

Considering that this time period was characterized by an increase in residential
and commercial areas and a decrease in green areas, the results were reached in 2010
(0.66 -0.46). A significant decrease was observed in many agricultural lands and
orchards on both sides of the Euphrates in 2022, according to Landsat 8 OLI, which was
in the range (0.45-0.14). This is due to a number of factors, including drought and the
conversion of these areas into residential or arid areas. In addition, the urban area of Al-
Hillah has grown to better accommodate population growth. These are the reasons for
the decline in vegetation cover in Al-Hillah and a sharp decrease in the area of green
spaces in 2022.

4.2. NDWI

The results of the NDWI were conducted during the years of study in Al-Hillah
city. The analysis of Landsat 5 TM images for the year 1990 revealed that the NDWI
values during this period were (0.60 - 0.55), and it became clear in this year that the
highest NDWI ratio was 0.60 and the lowest ratio was -0.55. These ratios of the NDWI
index are represented in the Euphrates River and other rivers and lakes in Al-Hillah for
the year 1990.

In 2000, the NDWI scale of the Landsat 5 image was between (0.61 - 0.61) it
became clear because there was a slight increase in the value of the NDWI index by 1%,
due to the stability of the climate during this period.

NDWI results were also conducted during the study years in Al-Hillah city.
Analysis of Landsat 5 TM images for the year 2010 revealed that the NDWI values
during this period were (0.56 - 0.57). The NDWI value decreased as a result of climate
change and rising temperatures. The reason is also due to drought and desertification,
which caused a reduction in water levels and a decrease in rainfall rates.

A significant decrease (0.18 - 0.39) in the level of the Euphrates, water bodies
and artificial streams was observed in 2022, according to the NDW!I ratio measured by
the classification of aerial images of the Landsat 8 OLI satellite. The city of Al-Hillah
witnessed huge fluctuations in water, because this city turns into barren lands and some
of them into residential cities as a result of the increase in population and urban
expansion, as well as a result of high temperatures and climate change that led to a high
rate of evaporation. The NDW!1 values indicated that the water levels decreased due to
the decrease in rainfall and the level of rivers compared to previous years which led to
the drying of areas far from the center of the city, as shown in the Fig. 3.
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Figure 3: NDWI of Al-Hillah.

4.3.LULC

The results of LULC show an obvious disparity in the Landsat images in 1990,
2000, 2010, and 2022 for Al-Hillah city. In 1990, the results showed that the water area
was about 8.7 km?, represented by the Euphrates River, artificial lakes and rivers (Fig.
4). The results of year 2000 showed that the water area was about 7.9 km? the
agricultural, grassland, and orchard area were 79.7 km? and the dry regions covered 160
km?. The area of residential was 22.8 km?. For 2010, the results showed that the water
area was about 12.6 km?, with agricultural, grassland, and orchard area of 128.6 km?.
The dry regions covered 78.3 km? and the residential area was 50.5 km?.

The results of 2022 showed that the water area is 15.7 km? with agricultural,
grassland, and orchard area 75.5 km? and the dry regions covered 122 km?
Additionally, 57 km? of residential space was present and arid areas decreased due to the
shifting in the residential areas.

Fig. 5 shows a comparison of LULC for the city of Al-Hillah obtained using
Landsat 5 TM for the period 1990-2000-2010, and Landsat 8 OLI in 2022. On the
contrary, the increase in residential areas and urbanization during 2022 led to a decrease
in orchards, lawns, gardens, and even arid areas.
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Figure 4: LULC of Al-Hillah.
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Figure 5: Comparison between areas of LULC classes in Al-Hillah.

5. Discussion

Al-Hillah city is the center of Babylon province, and one of agricultural regions in
Irag. The current study included calculation of NDVI, NDWI and LULC classifications
based on Landsat 5 TM and Landsat 8 OLI images obtained in 1990, 2000, 2010, and
2022. The results showed there is an apparent expansion in urban areas from 20.4 km?
in 1990 to reach about 57 km? in 2022. On the other hand, there was a decrease in some
of the areas of Al-Hillah, with regards to the orchards spread on both sides of the
Euphrates River for several reasons, such as drought and government policy according
to classification of image during 1990-2022. While barren area declined from 186.4 km?
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to 133 km? in 2022, the reason is due to the increase in the pattern urbanization and
population expansion at the expense of empty areas. The large urban expansion in the
city of Al-Hillah during the current study reflects the clear population increase in Iraq in
recent years [52]. This led to an increase in the urban area in city centers, including Al-
Hillah, at the expense of barren areas. In addition, urban expansion will put pressure on
agricultural areas in the future to accommodate the expected population increase. The
change in land use affects the amount of water, so it increases and decreases according
to the use.

6. Conclusions

This study proves that the recent developments in remote sensing techniques and
GIS provide a powerful tool for mapping and detecting changes in NDVI, NDWI, and
LULC. The results of the NDVI, NDWI, and LULC analyses in the current study
showed that the dominant characteristic of Al-Hillah city was the urban areas that
expanded gradually during the 32 years from 1990-2022. However, there was a slight
increase in water and agricultural areas. The continuous urban expansion led to a
reduction in barren areas in favor of urban areas. Urban planning for a long period of
time, which is based on LULC analysis, where demographic changes greatly affected
land use in the city of Al-Hillah, and the increase appears significantly in the urban and
residential areas. With regard to undesirable changes in land use and the need for better
sustainable development in the city, we therefore suggest that the government
reconsider the policies that apply to the area, as well as the policies of the surrounding
areas that directly or indirectly affect the development of the study area.
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