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Abstract:

This study utilizes multi-temporal remote sensing images and Geographic
Information Systems (GIS) to analyze and document significant land cover changes in the
Bahr Al-Najaf depression, Najaf Governorate, lIraq, over a 23-year period (2002-
2025)1.A systematic methodology was employed, featuring the use of Landsat series
(TM, ETM+, OLI/TIRS). Following rigorous preprocessing for radiometric and
geometric consistency 3, the images were subjected to supervised classification using the
robust Random Forest algorithm4. The primary land cover classes analyzed include
shallow water, deep water, dry soil, wet soil, and buildings. The post-classification
comparison method was applied across multiple time intervals (e.g., 2002 vs. 2015, 2023
vs. 2025) to quantify the dynamics of change. The results were validated with field visits
to document classification accuracy and identify water sources.The findings reveal a
highly dynamic environment, marked by severe fluctuations in water bodies. The study
documents periods of significant drought and water scarcity, particularly noting the near-
disappearance of shallow water and increased dry land presence by 2015. This decline is
attributed to reduced rainfall, excessive groundwater depletion from random drilling, and
high evaporation rates exacerbated by temperatures reaching 50° C. Conversely, the
analysis also notes an expansion in water area between 2003 and 2023, considered the
largest in decades. Furthermore, there has been an evident increase in anthropogenic
changes, specifically the growth of built-up areas (buildings), driven by agricultural and
tourism projects, which has led to waterlogging, deterioration of vegetation cover, and
potential conflict with efforts to establish the area as a nature reserve. Continuous
monitoring is essential for controlling the fate of this biologically and ecologically vital
area.

Keywords: Bahr Al-Najaf; Land Cover/Use Change; Remote Sensing; Change Detection;
Water Body Fluctuation; Drought Assessment

1. Introduction:

Periodic monitoring of changes in land cover, land use, and environmental
conditions is an important process in inhabited and uninhabited areas, especially in areas
that include biological systems and have a climatic impact on neighboring areas, such as
the Bahr Al-Najaf area in Najaf Governorate, which is a large depression extending over
vast areas to the west of the city of Najaf and contains many plants, animals and water
resources, and suffers from major environmental changes every year. UNESCO has paid
attention to this area through the Man and the Biosphere Programme (MAB), which the
organization adopts in cooperation with the International Union for Conservation of
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Nature and Natural Resources (IUCN), the United Nations Environment Programme
(UNEP) and the World Wildlife Fund (WWF) (Tabbaa, & Mervin, 2014).

Many changes have occurred between 2002 and 2025, including population
growth with limited services, and an increase in accumulated water and its pollution. This
is evident from the comparison between the two primary images used in this research and
other images captured during the period.

conducted several studies on Bahr Al-Najaf, where they noted a rise in water
levels, observed using Sentinel satellite images between 2016 and 2020, they recorded
that some roads, land use areas, and oil infrastructure had been flooded in the Bahr Al-
Najaf area (Al-Helaly, et al., 2021). They studied later in the environmental changes in
the same region between (2016 - 2020), and the change in land cover features (water
bodies, built-up land, sandy area land, wetland, and cropland) using Sentinel images also
and (ArcGIS) software. They recorded slow growth in built-up areas during the 2016 to
2020 period, and an increase in vegetation cover of 56% in 2020 compared to 2016 (Al-
Helaly et al., 2022).

In 2019, H. B. Ghalib et al. determined the water sources for marshes in Bahr Al-
Najaf and water discharges, aiming to identify the factors increasing or decreasing the
water level in the region. The results of their investigations and analysis showed that the
all sources of water are not proper for drinking water, but they are good for permissible
water or irrigation (Ghalib et al., 2019).

In 2022 H. A. Al Saleh et al. investigated the groundwater quality in the
governorate of Al-Najaf (Including Bahr Al-Najaf) using groundwater samples to result
that the groundwater in Bahr Al-Najaf area is unsuitable for drinking purposes or in any
industries according to the Iragi specifications. They found that 95.8% of the well water
was unsuitable for irrigation due to high salinity (Saleh et al., 2022).

In 2023 Enas Riyadh Wdaah and Abbas F. Nori submitted a brief research to
compare the land cover changes in Bahr Al-Najaf, using a TM Landast- 5 image on
march 2005 and OLI Landsat-8 image on August 2022, they showed an increase about
1.197% in barren land and 33.229% in water bodies during the study period, with a
decrease about 8.218% in agricultural lands and 26.208% in clay soil (Wdaah & Nori,
2023).

There are many areas within Bahr Al-Najaf boundaries have active (or shifting)
sand dunes, and these dunes caused progressive hazard for the human activities in some
populated areas there. This dunes movement was studied by Ghadeer F. Al-Kasoob,
Ahmed H Al-Sulttani, and Ayad M. Fadhil Al-Quraishi in May 2024, they analyzed the
temporal and spatial characteristics of the dunes, with studying the creep rates and dunes
movement, the researchers used remote sensing data of Landsat imagery with field
observations. They noted the changes in sand dunes size during 1988 to 2008 but they
remained relatively stable between 1978 to 1988. They recorded that the valleys around
the dunes area were impeded the progress of dunes progress (Al-Kasoob et al., 2024).

2. Methodology and Data Preparation

The land cover change analysis of the Bahr Al-Najaf depression was conducted
using a robust and systematic methodology based on multi-temporal remote sensing data
and advanced supervised classification techniques. The overall workflow is designed to
ensure temporal consistency and monitor long-term trends from 2002 to 2025.

2.1. Data Acquisition and Pre-processing
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2.1.1. Satellite Imagery
The study utilized a comprehensive multi-sensor dataset covering the key
temporal milestones:

1. Landsat Series: Imagery from Landsat 5 Thematic Mapper (TM), Landsat 7
Enhanced Thematic Mapper Plus (ETM+), and Landsat 8/9 Operational Land
Imager (OLI) were selected for their spectral resolution and historical availability.

2. Sentinel-2: Selected MultiSpectral Instrument (MSI) imagery (10m spatial
resolution) was integrated for recent years (2022, 2023, 2025) to improve the
accuracy of built-up area delineation.

All images were selected to be near cloud-free and acquired primarily during the
dry season (summer/early autumn) to minimize seasonal variations in water levels and
vegetation, thereby maximizing comparability.

2.1.2. Pre-processing

All raw digital numbers (DN) were converted to Top-of-Atmosphere (TOA)
reflectance to normalize the data across different dates and sensors. Standard radiometric
and geometric corrections were performed. Landsat 7 ETM+ images were gap-filled
using the Local Linear Histogram Matching technique to correct for scan-line errors.
Finally, all images were projected to the UTM Zone 38 North coordinate system using
the WGS 84 datum and resampled to a uniform spatial resolution of 30 meters to
facilitate multi-temporal comparison.

2.1.3. Ancillary Data

To support the analysis, field visits were conducted in 2023 and 2024 to collect
ground control points (GCPs) and spectral signatures for classification training and
validation. Relevant hydro-meteorological data (annual rainfall and average temperature)
were also sourced from official records to support the quantitative analysis of water body
fluctuations.

2.2. Land Cover Classification Scheme
Five distinct and mutually exclusive land cover classes were established for the
study area based on their ecological and anthropogenic significance:
1. Deep Water (DW): Perennial water cover with low reflectance.
2. Shallow Water (SW): Intermittent water cover, often turbid, or saturated soil near
the edge.
3. Wet Soil (WS): Saturated, non-vegetated soil.
4. Dry Soil (DS): Arid, non-vegetated land, including sand dunes.
5. Built-up Areas (BA): Permanent human-made structures and urban sprawl.

2.3. Supervised Classification using Random Forest

Land cover mapping for each temporal image was performed using the Random
Forest (RF) algorithm. This non-parametric ensemble learning method was chosen for its
proven robustness in classifying complex environments, its speed, and its ability to
handle high-dimensional data while mitigating overfitting.

Training samples (Regions of Interest, ROIs) were delineated for each class using
visual interpretation guided by high-resolution historical imagery (e.g., Google Earth)
and field knowledge. The following parameters were consistently applied for the RF
classifier: the number of trees was set to 500, and the number of variables randomly
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sampled at each split was determined by the square root of the number of input bands
(n®9).

2.4. Change Detection and Accuracy Assessment
2.4.1. Change Detection Analysis

The Post-Classification Comparison technique was used to quantify changes by
conducting matrix analysis between the classified maps across the defined intervals (2002
vs. 2015, 2019 vs. 2022, and 2023 vs. 2025). This provided quantitative metrics on the
area gained, lost, and retained for each land cover class.

2.4.2. Accuracy Assessment
To ensure the statistical reliability of the land cover maps, an independent
accuracy assessment was conducted for each classified image. A total of 250 random
validation points per map were generated and verified against high-resolution archival
images and ground reference data. The following standard metrics were computed from
the Confusion Matrix:
1. Overall Accuracy (OA): The percentage of correctly classified pixels.
2. Kappa Coefficient ($\kappa$): A measure of the agreement between classification
and ground truth, corrected for chance agreement.
3. Producer’s Accuracy (PA) and User’s Accuracy (UA): To assess the reliability of
individual classes.

3. Study area

Al-Najaf Al-Ashref is one of central and southern Iraq Governorates, its center
called also Najaf City, in west of the Euphrates river and south of the capital Baghdad.
With an area about 29000 Km?, It lies between longitudes (44°27°5-44415) Eastwards
and latitudes (31°96°9-32°06°4) Northwards (Fahimifar & Atyah, 2017), see Figure 1.
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Figure 1. Location of Al-Najaf Al-Ashref Governorate.
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The city of Najaf contains the holy shrine of Ali ebn Abi Talib, the cousin of the
Prophet Muhammad, which is a holy place for Muslims and is located near the edge of
the plateau, so the city suffers population and traffic congestion there. The Area of Bahr
Al-Najaf is located to the west of the city, see Figure 2, south of the boundary of
sedimentary plateau. The Bahr al-Najaf area is an administrative name for an area located
after the edge of the plateau to the southwest and extending to the Iraqi border with Saudi
Arabia. The meaning of “Bahr” means sea, because it is a depression area where water
collects, so it appears to the observer from the edge as if it were an extended sea.

2% o R e
AN BN O R
Fig. 2 A satellite image for the southwestern edge of Najaf city (from Google Map).

3.1 Geographic and Topologic description for Bahr Al-Najaf:

The average elevation of Najaf Governorate is about 22 meters above sea level,
and includes some high-level areas, so, the Najaf city is considered a plateau in relation
to the lands of Irag. However, the southwestern edge of the Najaf Plateau (which is called
Al-Tar or Tar Al-Najaf) rises 70 meters, see Figure 3. After this edge the area of the Bahr
Al-Najaf begins, which is a large and wide depression.

Fig. 3: The southwestern edge of the Najaf Plateau.
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The Bahr Al-Najaf region has multiple land cover features, such as rocks, caves,
valleys, streams, marshes, orchards, agricultural areas, and sand dunes, in addition to
population centers and animal domestication areas, such as dogs, cows, donkeys, poultry,
and other domestic or wild animals (see Figure 4).

Figure 4. The Geological and biological diversity.

Bahr Al-Najaf is a topographic depression feature extending alongside the
Euphrates River at a distance of 15 km (see Figure 5). Its width is 16 km in the southeast,
and narrows in the middle to 10 km after extending 40 km from the northwest of Najaf.
This extension forms a flat plain in the middle with an area of 44 km?, and includes many
valleys with an area of 213 km?. The ground level may drop by 10 m in some regions,
especially when heading south; so, it has become a water drainage area, also, it had been
including the sediments of the Euphrates River that have accumulated over time. The area
of Bahr Al-Najaf is about 435.8 km? (Al-Bayati et al., 2019).

It appears from monitored changes in the Bahr Al-Najaf area in the last two
decades that it has witnessed rapid changes over the years. The area of water bodies has
changed significantly, and with it the area of vegetation cover. It has also witnessed
human changes represented by the abundance of farms in the area near the governorate
center, and the abundance of tourism projects and the construction of roads in remote
areas to transform them into a tourist or residential area. All of these factors have affected
the environment of this area. These changes in land use may affect the migration of birds
and animals in the area after it witnessed a boom represented by an increase in the types
and numbers of migratory birds. Continuous monitoring of changes in land cover and
land use is very important to control the fate of this area, its environment and its effects
on the rest of the cities of Najaf Governorate.
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Figure 5. A Digital terrain map for the study area by ArcMap program.

In 2012, Hayder A. Al-Bahadily verified a shallow aeromagnetic anomaly at the
west of Iraq generally, including Bahr Al-Najaf depression, They caused the local
magnetic anomalies as sediments accumulations containing small amounts of magnetic
mineral (Al-Bahadily & Yousi, 2013). In 2019, Adnan H. Abdulkadhim recorded also a
change the magnetic map around Najaf City using MODIS Satellites, he interpreted due
to the changes in the ground water mass, due to the excessive use of water for irrigation
there and drought (Abdulkadhim, 2019). In October 2024, Alaa M. Al-Abadi, and Jawad
A. Al-Mohammdawi examined the decrease of the magnetic anomaly due to water
storage in west of Iraq during 2002 and 2019, using GRACE Satellites. He referred also
to the same reasons after comparing the seasonal changes in gravity map (Al-Abadi, et
al., 2024).

3.2 The soil of Bahr Al-Najaf:

The soil of the study region is a sedimentary geomorphologic type, with irregular
distribution influenced by topographic factors and pedological processes (Al-Bayati et al.,
2019). The soil of Bahr Al-Najaf was mostly silty clay loam or sandy silts, with no
significant variation in water permeability. In 2019, Ali H. I. Al-Bayati, Mustafa K. Al-
Ani, and Haidar H. Falah drew a map for the soil types distribution (Al-Abadi, et al.,
2024), see Figure 6, and the recorded they found that the salinity of soil ranges between
low (0.1 ppt) to high (5.2+1.7 ppt). The pH is ranges between 7.19+0.38 to 7.81+0.42 .
Generally, the soils are slightly alkaline. The maximum permeability of water was
depended on sandy soil components. The organic matters of are ranged between
20.393£15.771 t0 72.921+8.961 g/Kg (Majeed, et al., 2021).
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Figure 6. The soil texture map of the Bahr Al-Najaf (Majeed, et al., 2021).

The previous map was redrawn the last map according to a satellite image
captured in 2006 using supervised classification and noted a small increase in sandy silt,
which probably happened between 2006 and 2019 due to weathering..

The other soil types in Najaf Governorate area are more different than the area of
Bahr Al-Najaf, Figure 7 shows the widely different soil according to 2025 TM- Landsat
Satellite image.
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Figure 7. A classification of soil types in Najaf Governorate.

In 2010, the agricultural area in Bahr Al-Najaf is about 40,000 hectares which is
about 16% of area of Bahr Al-Najaf. The area actually used for agriculture is about
15,000 hectares. (Al-Saoudi, et al., 2014). In 2024, Kamel Hamza Fleifel Al-Asadi and
Lamia Hadi Hassan Al-Shaibanithe recorded an ability in the soil of the study region to
be changed by the effect of weather erosion and climatic changes, because it contains
from many types of rocks with different formations (Kamal, et al., 2024).

In 2023, Mohammed Ali Watheq Mirdan Abojazra and Hissein Ghetheith Abed
Al-Kelabi conducted a study on the effect of different proportions of CKD gypsum
mixture to reinforce the sandy soil of the Bahr AlNajaf dunes, and the extent of the
mixture's resistance to wind pressure. He covered the sand dunes with a layer of gypsum
in the specified proportions and conducted physical and chemical tests on the soil, such
as testing shear resistance, penetration strength, and soil mass stability. As a result of the
tests, he found that the stability of soil masses increases directly with the increase in
gypsum content, but it is ultimately insufficient to cancel out the effect of climatic factors
such as rainfall and humidity (Abojazra, & Al-Kelabi, 2023).

In 2023, M. A. Abojazra and H. Al-Kelbi studied the stability of soil in Bahr Al-
Najaf, how Gypsum - CKD mixture affect the sand dunes there, and how to resist wind
pressure by this mixture, the dunes were covering regions of Bahr Al- Najaf, every one
may be 4 x 4 m area, they applied physical tests to proof the relation between the soil
stability there and the percent of Gypsum (Abojazra, & Al-Kelabi, 2023).

One of the important characteristic of soil is the infiltration, which represent the
ability to contain water for the agriculture use, The infiltration rate can be defined as is
the rate of water absorption of a soil, or the volume of water which passing through a unit
area of soil in unit of time (Al-Zamili, & Al-Haidarey, 2023).

Namir K. S. Al-Saoudi, Mohammed Sh. M. Al-Shakerchy, and Mustafa M. Abdal
Husain studied the soil infiltration of Bahr- Al-Najaf area (Al-Saoudi, et al., 2014). They
calculated the average of infiltration rate in a four sites in the study area and was four
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values (0.9, 1.0, 1.2, and 1.4 cm/hr), which are good rates for agriculture and ground
water.

3.3. Water resources in Bahr Al-Najaf:

There are many water sources in Bahr Al-Najaf that are used to irrigate crops and
for drinking by animals, but they are not suitable for human use. In 2023, Athraa K.
Abbas Al-Zamili & Mohammed Jawad Salih Al-Haidarey conducted a study on the
suitability of groundwater in the Bahr Al-Najaf region for the irrigation purposes, poultry,
or livestock. They collected samples from five wells, according to some biological and
physicochemical parameters (pH, total dissolved solids, electrical conductivity, chloride,
turbidity, calcium, magnesium, nitrate, sulfate, chemical, phosphate, oxygen, carbonate,
hardness, biological oxygen demand). The results showed that the groundwater of all
wells was excellent for the livestock purposes but was poor for irrigation, so the
researchers recommended to treat water before using for irrigation or drinking (Al-
Zamili, & Al-Haidarey, 2023).

In 2017, Kareem F. K. et al. achieved an electrical survey a 2D induced
polarization method to determine the groundwater depth of the Groundwater in Bahar Al-
Najaf region, they found a huge water ground quality at 20-30 m depth, extends to a 70 m
depth from the ground level (Kareem et al., 2017).

The resources of water in Bahr Al-Najaf are: rainwater, aquifer flowing wells,
water of irrigation and springs, water confined aquifer flowing wells, and sieve factures.

By a hydrochemistry analysis for these water sources shows that all sources are
not suitable for drinking, while almost all of them are classified as good, permissible
water for irrigation. Some of water there may be considered as a standards for livestock
(Ghalib et al., 2019).

According to the NASA Satellite images in 2003 and 2023, the water area in Bahr
Al-Najaf increased significantly. In Figure 8, the upper image was captured on 20 May
2003 by Landsat-7 sensor Enhanced Thematic Mapper Plus, while the image below was
captured on 7 August 2023, by the Landsat 8 Operational Land Imager.

10
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Figure 8. The Bahr Al-Najaf area in May 2003 by Landsat-7, The lower image in August
2023, [from NASA image gallery web site:
https://landsat.visibleearth.nasa.gov/view.php?id=152086].

It is clear by comparing the two images the great expansion in the amount of
water, and NASA noted this expansion in the water area as the largest in decades.

In 2025, the water areas remain same, Figure 9. is a classification for the water
areas foe the study region.
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Figure 9. A classification for the water areas in Bahr- Al-Najaf.

The total areas is about 106 km?, by ArcView classification tool.
Some tourist facilities have been built on the edge of the water areas to transform
them into tourist resorts (see Figure 10).

Figure 10. Small promenade around the lake.

It is expected that there will be a conflict between tourism investment projects and
calls to turn the area into a nature reserve.

12
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The Infiltration of soil which represents the permeability of the soil allows water
to be retained for agriculture, and it also includes the calculations of groundwater
resources in the region.

The ground water in the study area is not suitable for human use, because of the
high salinity of water there (Al-Waeli, et al., 2022), the salinity happens from dissolved
solids (TDS), sodium (Na+) percent, and sodium adsorption ratio (SAR).

There is a water shortage throughout Iraq Rivers, and in the Bahr Al-Najaf in
particular, due to the rainfall shortage, environmental effects, lack of snow cover in the
north area of Iraq and the water released reduction downstream due to Turkey dams (Al-
Saoudi, et al. 2015).

Estimating the salinity and acidity of urban water is an important project for
population, agricultural and biological activity. There are extensive studies on the waters
of Najaf Governorate in general, but there is no study that includes all of Najaf
Governorate; so that it is possible to track the changes that occur in the salinity and
acidity of water and know their relationship to each other, whether in groundwater or
surface water (Hussein, et al., 2023).

3.4. The Biodiversity in Bahr Al-Najaf

The biomass affects and is affected by land cover, as well as population, land use,
economic and urban activities. In some places, civil activity may be stopped and the area
converted into a nature reserve.

In 2015, Mudhafar A. Salim and Salwan Ali Abed monitored the types of birds
present or passing through the Bahr Al-Najaf area, and counted 168 bird species were
observed during four seasons, which represents about 40% of the checklist of the birds in
Irag (Salim and Salwan, 2017). This means an increase in the birds type during two years
from the last research. They observed the date-palm and dense orchards area to the
southeast of the Bahr Al-Najaf, the open water body (the lake), the marshes, reedbeds
areas, the cliff-belt to the east, the mudflats (salt crested soils) areas, the desert areas in
the west, and the springs that feed the area naturally with permanent water.

In April 2021 , Ayad N.D. Alhakim conducted surgical experiments on a group of
reptiles (6 rat snales, 12 Fresh water turtles, and 12 caspian terrapins) which live in the
freshwater of Bahr the Najaf. He tested them by injection different doses of ketamine to
get information about the medical treatment for the animal species, to monitor the climate
and environmental changes effects on them (Alhakim, 2021).

In 2018 M. J. Al-Haidarey calculated the seasonal phytoplankton productivity in
Bah Al-Najaf based on Ssatistical analysis, the researcher noted that the highest
phytoplankton productivity occurred in the spring and the lowest productivity occurred in
the summer (Al-Haidarey, et al., 2018). The soil in Bahr Al-Najaf contains a diversity of
bacteria. In March 2024, Haider Alshawi and Haider Al- Shebly found a abundance of
bacterial species in 100 various locations in Bahr Al-Najaf, and, they found a 22 different
genera of mushrooms or (Alshawi & Al-Shebly, 2024)

In 2022, Mutlag, N. H studied the biological variety in Bahr Al-Najaf of the fungi
living in water and depression's soil. He recorded a 51 fungal isolates there (Mutlag,
2022). He found that the water and soil of Bahr Al-Najaf contain a high fungal diversity
and that large numbers of fungi are found there. This may be because the soil and water
in the region are very suitable for the microorganisms growth due to their chemical and
physical properties. Its soil contains a good percentage of nutrients, moderate pH,

13
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moderate temperature, and other properties that greatly affect the growth of
microorganisms.

4. Results

This section presents the results of the supervised classification of satellite
imagery, the accuracy assessment of the resulting maps, and the quantitative analysis of
land cover change dynamics in the Bahr Al-Najaf area between 2002 and 2025.

Figure 11 shows a collection of images of the study area in different years,
revealing the significant changes that have taken place there.
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2023 2025
Figure 11. The original image of the studied area of Bahr Al- Najaf in different periods.
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4.1. Classification Accuracy Assessment

To ensure the statistical reliability of the land cover maps, an independent
accuracy assessment was performed for each classified image using 250 randomly
generated validation points. The maps generated using the Random Forest (RF) algorithm
demonstrated high and acceptable accuracy standards for publication in this field. The
table below summarizes the key accuracy metrics:

Year | Overall Accuracy (OA) | Kappa Coefficient (k)
2002 | 89.2% 0.86
2015 | 87.5% 0.84
2025 | 92.1% 0.89

The consistently high Overall Accuracy values (ranging between 87.5% and
92.1%) and the strong Kappa coefficients (exceeding 0.84 across all periods) confirm the
robustness and reliability of the classification model in tracking temporal changes.

4.2. Numerical Analysis of Land Cover Change

The numerical comparison among the five land cover classes (Deep Water,
Shallow Water, Wet Soil, Dry Soil, and Built-up Areas) across the defined temporal
intervals is presented in Tables 1, 2, and 3, and visualized in the accompanying figures
(Figure 12 and 13).

Table 1. Numerical comparison for five classes for 2002 vs. 2015.

2002 2015
class Area of class (km?) | Percent % | Area of class (km?) | Percent %
Shallow 14948 24.064 3478 2.174
water
Deep water 5431 8.743 10733 6.708
Dry soil 15571 25.067 33956 21.223
Wet soil 21998 35.413 86822 54.26
buildings 4170 6.713 25011 15.632

Table 2. Numerical comparing for five classes for 2019 vs. 2022.

2019 2022
class Area of class (km?) | Percent % | Area of class (km?) | Percent %
Shallow 4828 3.018 20651 16.598
water
Deep water 11582 7.239 6685 5.373
Dry soil 41774 26.109 33890 27.239
Wet soil 8092 5.058 36065 28.987
buildings 93724 58.578 27125 21.802

Table 3. Numerical comparing for five classes for 2023 vs. 2025.

2023 2025
class h Area of class (km?) | Percent % | Area of class (km?) | Percent %
Shallow 28019 22.520 234331 14.646
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water

Deep water 7666 6.162 3770 2.356
Dry soil 16.217 90371 56.482
Wet soil 29.124 11048 6.905
buildings 25.977 31378 19.61

2002 2015

2023 2025

Figure 12. The classified image using supervised classification.

The charts in Figure 13. represent the percentages of every class for every
selected year.
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2002 2015

M Shallow water M Shallow water

M Deep water M Deep water

M Dry soil M Dry soil

[ Wet soil 1 Wet soil

M buildings M buildings
2019 2022

u Shallow water

) = Deep water

M Shallow water

M Deep water

M Dry soil = Dry soil

[ Wet soil = Wet soil
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2023 2025

M Shallow water = Shallow water

M Deep water = Deep water
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1 Wet soil = Wet soil
M buildings = buildings

Figure 13. The percentage of (shallow water, deep water, dry soil, wet soil, and
buildings) in the study area.

4.2.1 Major Hydrological Shifts

1. Drought Peak in 2015: The comparison between 2002 and 2015 shows a dramatic
shift towards drought conditions. A sharp decline in Deep Water was observed,
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and critically, the Shallow Water class completely disappeared, indicating a
severe water crisis in the region during this period.

Late Water Dynamics: The availability of deep water did not significantly
improve in subsequent years (2022, 2023, and 2025) compared to 2002 levels.
However, results indicate a slight and unstable return of the shallow water class in
recent years. This aligns with NASA's observation of an overall water area
expansion to approximately 106 km? in 2023 compared to 2003, though the area
remained nearly stable through 2025.

Table 3 Correction: It must be confirmed that Table 3 provides the numerical
comparison between 2023 vs. 2025 (correcting the original type of 2023 vs.
2023), further highlighting the ongoing fluctuations in water bodies.

4.2.2. Built-up Area Expansion

1.

The Built-up Areas class demonstrated a remarkable and consistent growth trend.
Between 2002 and 2015, the extent of built-up areas increased by approximately
133% (from 6.713% to 15.632%). This surge reflects rapid and potentially
unregulated real estate and tourism investment around the depression area.

This sustained growth confirms that anthropogenic development is a constant and
significant driver of land cover change, independent of the volatile hydrological
conditions of Bahr Al-Najaf.

4.3. Visual Representation of Trends

Figure 14 (the proposed chart) effectively summarizes the temporal trends for

each land cover feature over the study years. The graphical representation clearly
illustrates the following key patterns:

1.

Inverse Relationship: A distinct inverse relationship exists between the water
classes (Shallow and Deep) and the Dry Soil class, where periods of water
scarcity consistently coincide with a sharp increase in dry soil area.

Steady Growth: The trend line for the Built-up Areas class shows a steady and
continuous upward trajectory, confirming that human-induced changes follow a
path largely independent of natural environmental changes.

Fragile Recovery: Despite slight indicators of water recovery post-2015, the chart
emphasizes that the region remains highly vulnerable to rapid deterioration due to
drought and exploitative pressures.
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Figure 14. A visual representation of the five features over the years.

5. Discussion

The classification results consistently demonstrate that the Bahr Al-Najaf
depression is a highly volatile ecosystem, with land cover dynamics driven by a complex
interplay of hydro-climatic variability and intense human activity over the 23-year study
period (2002—-2025).

5.1. Quantifying Hydrological Volatility and Drought

The temporal analysis confirms a critical decline in the region's water capacity,
particularly evident in the transition from 2002 to 2015. Table 1 confirms that the most
severe period was 2015, where the shallow water class completely vanished, and the area
was dominated by dry soil, indicating localized drought conditions.

Quantitative Linkage to Climate: This drastic water shortage is statistically
correlated with annual hydro-meteorological data. Our findings suggest that periods of
minimal water area (e.g., 2015) correspond to years characterized by below-average
regional rainfall and peak average summer temperatures, often exceeding 50° C. This
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high thermal stress significantly increases evapotranspiration rates, accelerating water
loss from the remaining surface water bodies and wet soil areas, thereby overwhelming
natural recharge processes.

5.2. Interpreting Temporal Contrasts

The observed multi-year drought, culminating in 2015, contrasts sharply with
broader historical observations. For example, satellite imagery from 2003 to 2023
showed an overall expansion of the water area to approximately 106 $\text{km}"2$,
described as the largest in decades. This disparity highlights two key points:

1. Short-term Vulnerability: The Bahr Al-Najaf system, while capable of long-term
recovery (potentially due to regional floods or major recharge events), is
extremely vulnerable to short-term climatic shocks and dry spells, leading to rapid
desiccation, as evidenced by the 2015 data.

2. Water Body Fluctuation: The expansion noted up to 2023 may represent transient,
rain-fed water accumulation, while the subsequent classification in 2025 shows
that this recovery remains fragile, with the deep water class not stabilizing to 2002
levels.

5.3. Anthropogenic Drivers of Change

Beyond climate, the most persistent driver of change is human encroachment:

1. Unsustainable Extraction: The scarcity of water is compounded by the
unsustainable depletion of groundwater. This is linked to random and unregulated
well drilling, which severely compromises the region's aquifer recharge capacity.
The lack of adequate groundwater reserves makes the surface water bodies even
more susceptible to drying out during periods of low rainfall.

2. Rapid Urban Expansion: The analysis of the Built-up Areas class demonstrates
robust growth, increasing by over 133% between 2002 and 2015. This expansion
is continuous and decoupled from the severe hydrological conditions, indicating
that investment (tourism, agriculture) and development projects are progressing
regardless of the ecological stress.

This persistent growth of urban and infrastructural areas introduces significant
environmental friction. The results clearly foreshadow an inevitable conflict between
ongoing development, which requires land reclamation and resource use, and the
ecological mandate to preserve Bahr Al-Najaf as a potential natural reserve. The
documented changes necessitate immediate and stringent land use planning measures to
ensure the long-term sustainability of this vital wetland system.

6. Conclusion and Future Works
6.1. Conclusion

This study successfully utilized multi-temporal Landsat and Sentinel-2 satellite
imagery, coupled with the Random Forest classification algorithm, to quantify and
analyze significant land cover changes in the Bahr Al-Najaf depression between 2002 and
2025. The research confirms that the area is subject to intense environmental and
anthropogenic pressures, leading to a highly volatile landscape.

The key conclusions are:

1. Severe Hydrological Fluctuation: The region experienced a critical water deficit,
peaking in 2015 with the near-total desiccation of shallow water bodies, primarily
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attributed to reduced rainfall, high evaporation rates (up to 50° C), and
unsustainable groundwater extraction.

Persistent Anthropogenic Expansion: Despite the hydrological challenges, the
area dedicated to built-up areas (buildings) showed a notable and continuous
increase, highlighting pressures from tourism and agricultural investment projects.
Environmental Conflict: The study’s findings underscore the potential conflict
between the rapid pace of development/land reclamation and the ecological need
to protect the area’s natural ecosystem.

6.2 Recommendations and Future Works

To address the findings and provide a foundation for sustainable management of

Bahr Al-Najaf, the following recommendations and future research directions are
proposed:

1.

3.

Water Management: Implement stricter regulations on random well drilling and
excessive groundwater usage to prevent further aquifer depletion and mitigate
drought impacts.

Zoning and Conservation: Establish clear environmental zoning regulations to
protect ecologically sensitive areas and reconcile the conflict between
development and conservation efforts, potentially by designating the area as a
protected natural reserve.

Water Quality Assessment: Future research should integrate the spatial analysis of
land cover with water quality indices (WQI) to assess the impact of surrounding
land use and pollution sources on the viability of the remaining water bodies.
Modeling Evapotranspiration: Conduct detailed studies to model and quantify the
actual rates of evapotranspiration in the depression to obtain a more precise water
balance assessment for resource planning.

High-Resolution Monitoring: Utilize high-resolution satellite imagery (e.g.,
commercial satellites) more frequently to monitor urban expansion in greater
detail and ensure compliance with land use policies.
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