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The essential wetland ecosystem of Iraqg, called Al-Dalmaj Marsh, has undergone major
environmental changes due to natural and human sources of influence. Time-based
monitoring of this ecosystem is vital for implementing sustainable management and
conservation plans. Evaluation of water bodies along with land use/land cover changes is
possible through satellite imagery from Sentinel-2_L2A. Landscape mapping in
marshlands is achieved through the combination of Support Vector Machine (SVM), a
supervised classification analysis, Normalized Difference Vegetation Index (NDVI) and
Normalized Difference Water Index (NDWI) assessment methods. This study reveals
substantial metamorphosis within Al-Dalmaj Marsh territory because of water
management practices in the river source regions and natural climate phenomena and
escalating agricultural operations, and urban growth. The finding revealed a decrease in
water and vegetation in the study period. The decrease in water coverage happens most
severely because of insufficient water inflows. Dynamic changes in the area of marsh
waters become clear in classified maps. In 2017, the marsh recorded area was 190 km=
but by 2020, it had expanded significantly to 270 km= representing a growth of
approximately 42%. However, the amount of water area decreased significantly, by over
fifty percent between 2020 and 2023, to just 125 km?. Between 2023 and 2025 change in
surface area was 52%, falling to 60 km?. Water classification performed at a high
accuracy with the user accuracy of 0.80, producer accuracy of 1.00, and a kappa
coefficient of 0.88 in 2017. In 2023, the reliability of the classification was decreased;
since the kappa was found to be 0.82, and only 9 new water pixels were identified in
2020, implying that water bodies were not expanding very much. The combination of
remote sensing and GIS provides multiple benefits that lead to sustained monitoring at
reasonable expenses and support officials in applying essential conservation practices
promptly.

1. INTRODUCTION

change impacts [7]. Nonetheless, coupled hydrological,
ecological, and socio-political analyses remain very limited

Wetlands throughout the world, including arid and semi-
arid zones, encounter serious peril because of environmental
change as well as human modifications and unwise land usage
decisions [1, 2]. During the past few decades, Iraq has
experienced substantial ecosystem deterioration throughout its
historically diverse marshland territory, which includes
historically diverse wetland systems [3]. Since the 2000s,
research on Iraqi wetlands, especially the Mesopotamian
Marshes, has increased, although it is still quite low in
comparison to international levels [4]. The first analyses
concerned the ecological degradation as a result of drainage
and military effects [5, 6]. Newer literature focuses on earth
observation through satellite, loss of biodiversity, and climate
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[8]. The interdisciplinary research is urgently needed to advise
a sustainable approach to restoring and managing wetlands [9].
The Al-Dalmaj Marsh distinguishes itself as a vital water
reservoir, along with being an essential hydrological and
ecological system that shelters diverse species [10]. The
extensive alterations in the marsh require ongoing evaluation
and tracking through permanent monitoring to preserve its
sustainability because of natural and human-caused
modifications [11, 12].

Remote Sensing (RS) and Geographic Information Systems
(GIS) have turned into essential tools that enable the
assessment and analysis, along with temporal-spatial
monitoring of wetland evolution [13-16]. Al-Dalmaj Marsh
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evolves based on domestic and ecological changes through
multi-temporal satellite data analysis and spatial modeling
using GIS applications for marsh management development
[12, 17]. The scasonal Al-Dalmaj Marsh serves as a
fundamental water reservoir in the center of Iraq to preserve
biodiversity alongside consolidating regional hydrological
mechanisms [18]. The marsh receives its water mainly from
precipitation along with surface water that enters through
adjacent rivers as its water source, while showing signs of
fragility due to hydrological transformations [19]. Multiple
environmental elements have reduced the size and caused
damage to the marshland during various periods [20]. The
Marshs suffer from degradation because of three essential
causes, including extended dry periods, modified upstream
water control, overdrawn subsurface water supplies,
agricultural land expansion, and urban settlement
advancement [21]. The decreasing marshlands create strong
environmental impacts through reduced biodiversity and
damaged habitats, and worsened water quality [22]. The
patterns and quantities of time-period changes require analysis
through both space and time using a spatial-temporal
methodology [5].

The evaluation process of environmental resources becomes
more efficient due to remote sensing technology applications
on extensive scales [23-26]. Processing systems obtain crucial
information through Landsat, Sentinel, and other satellite
platforms to recognize changes in water bodies and observe
vegetation patterns [27-31]. Scientists use trend mapping
through GIS approaches to analyze change factors, thus
enabling them to make predictions about marsh sustainability
[32-34]. Previous data assessment provides researchers with
the ability to perform environmental studies across time
through remote sensing systems and historical data about
present-day circumstances [5]. The development of effective
policy decisions for wetland management depends on precise
spatial and temporal data analysis methods, which should be
utilized by decision-makers and conservationists [35, 36].

The analysis of remote sensing data becomes more precise
when GIS technology utilizes its monitoring system to study
wetlands [13, 37]. Scientists utilize GIS technology to obtain
analytical tools that help identify environmental relationships
that affect water areas [14, 15]. Through GIS tools,
conservation planning receives support through generating
thematic maps as well as performing spatial statistics while
conducting suitability assessments [38]. The combination of
remote sensing and GIS proves crucial for wetland
conservation according to multiple scholarly studies [39-43].

Al-Dalmaj Marsh sustainability remains vital because it
protects both its ecological system functions and provides
necessary support to nearby communities that maintain their
existence from agricultural activities and fishery industries,
and access to freshwater from the wetland [19].

Wetlands degraded from improper management lead to
major socio-economic problems by reducing crop output and
causing abandonment of local resource-based economies, and
producing increased risk from environmental events [44].
Decision-makers implement remote sensing with GIS systems
to create strategic planning of unstable areas restoration
programs, which improves water resource operations and
moves toward sustainable land use systems [3, 45]. Real-time
data monitoring enabling strategic improvements of
management techniques [46].

The past studies conducted on Al-Dalmaj Marsh were also
restricted to the poor resolution of image usage, and there was
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no temporal monitoring, due to which the changes to be
observed are long-term or seasonal. Most of the previous
studies failed to couple several indices, such as NDVI and
NDWI, and use more superior classification methods, such as
SVM, which decreases the adequacy of land cover evaluations.
Moreover, the influence of the upstream water management
policies and the local human impact traditionally remained
ignored. The mapping of dynamic vegetation health with water
bodies has not received the requisite focus either.

The article gives coverage to these shortcomings since it
presents the integrated indices and high-resolution Sentinel-2
images with machine learning classification. The objective of
this investigation entails tracking temporal and spatial
developments of Al-Dalmaj Marsh in Iraq through remote
sensing and GIS analyses to support environmental
conservation. The study uses SVM, NDWI, alongside NDVI
to evaluate water body and vegetation cover transformations
across different periods of time.

The research demonstrates the immediate necessity to
implement sustainable water policies and ecological programs
for marsh restoration to control ongoing degradation.

2. STUDY AREA

Al-Dalamj Marsh occupies an area that spans from latitudes
3149 to 3238' N and longitudes 44 56' to 4544' E in the
southwestern parts of Wasit Governorate and eastern and
southeastern regions of Al-Diwaniyah Governorate [20].
Figure 1 shows the study area of Al-Dalmaj Marsh in Iraq.

This water reservoir exists officially between Wasit
Province and Al-Qadisiyah Province. This area incorporates
both ponds and shallow water areas, which remain shallower
than one meter deep.

Fluidity in Dalmaj Marsh water level emerges because the
Ministry of Water Resources regulates the main estuary's flow,
while the lake depends on rainfall for water supply [10].
Climate and hydrological statistics in the study region have
been downloaded from an online source via the
NASA/POWER Application. In order to analyze the changes,
monthly and annual climate and hydrological data from
01/07/2017 to 30/05/2025 were introduced as a chart in Figure
2. The location of the dataset is determined on the map as
Latitude 32.149, and Longitude 45.612 inside the marsh area.
Al-Dalmaj Marsh demonstrates explicit seasonality, and the
highest extent of water coverage in the marsh is usually
observed in spring when the rainfall and upstream flow are
higher.

Water levels go down drastically during the summer and
early fall, revealing much of the marsh. Such seasonal
variation exerts influence on the availability of habitat,
biodiversity, and the general ecological dynamics of the
wetland.

Iraq's wetlands require immediate adoption of innovative
monitoring methods because they face ongoing environmental
risks that demand an enhanced understanding of marshland
transformations.

The development of sustainable environmental practices in
Al-Dalmaj needs strategic cooperation from government
institutions, as well as environmental protection agencies and
residential communities in the region. The assessment of Al-
Dalmaj Marsh spatiotemporal modifications through remote
sensing technologies and GIS systems remains vital for
preserving the area's environmental resources. Al-Dalmaj



Marsh can benefit significantly from GIS through its ability to
establish wetland boundaries alongside land use change

assessment and forecasting different management outcomes.

39°00"E 42°00"E 45°00"E 48°00"E 44"01'0"E 45"29'0"E 46°40'0"E
Bhisl oy Lol % e idd 5

" - ¢

g =

o o

5 2
o
8

=z

o

=L

™

™

z z

o o

o7 o

S =

(] Muthanna S

——— Study Area 0 200 400 ——— Study Area 0 60 120
[ Jiraq Provinces  mmmmmmm———Km | | raq provinces  Wmmmmmr——— ) Km

32°19'30"N

32°9'0'N

Study Area Bordedine

2020;Sentinel-2FA|-Dalmaj Mars h $3S8s

32°19'30"N

32°9'0'N

45°1330"E

45°240°E

45°34'30"E

Figure 1. Study area of Al-Dalmaj Marsh in Iraq
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Figure 2. Climate and hydrological statistics in study region
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3. METHODOLOGY

The study methodology is based on using Sentinel-2
satellite images with mapping classifications of the study area
based on several indices, such as NDWI and NDVI, using
artificial intelligence. In addition to using the SVM
classification process in ArcGIS software.

3.1 Data collection and technical roadmap

We based on high-resolution Sentinel-2 images of 10 m
with a datum of WGS-1984. Four sensing dates have been
distinguished within the examined images of Sentinel-2 with
the lowest cloud cover rate, as shown in the table below. Table
1 represents the Al-Dalmaj Marsh datasets. The study
technical roadmap is shown in Figure 3.

Table 1. Al-Dalmaj Marsh datasets

Source Date Cloud Resolution Datum
Sentinel-2  05/11/2017  0.095 10m WGS-84
Sentinel-2  13/02/2020  0.006 10m WGS-84
Sentinel-2  20/10/2023  0.058 10m WGS-84
Sentinel-2  11/02/2025  0.922 10 m WGS-84

3.2 Data processing

The combination of geographic information systems and
corresponding technologies has become more prevalent in Iraq
to evaluate ongoing environmental transformations in
marshland areas resulting from mismanaged water resources



and Geopolitical disputes. Remote sensing technology proved
successful in measuring changes in water levels and vegetation
health, and land cover alterations, as established by previous
Mesopotamian marshes studies. The establishment of an
advanced monitoring system for Al-Dalmaj Marsh needs
similar analysis methods to analyze natural and human-
triggered environmental interactions.

Data Collection

Sentinel-2_L2A Imagery Ancillary Data (Rainfall,
(2017, 2020, 2023, 2025) Temperature, Humidity)

Preprocessing

| Atmospheric Correction || Image Clipping |
| Index Calculation | Classification & Mapping |

| Accuracy Assessment

& 3

Change Detection Analysis

Interpretation & Visualization |

Figure 3. The study technical roadmap

The proper monitoring of spatial and temporal changes in
Al-Dalmaj Marsh serves to understand the environmental
sustainability of this delicate ecosystem. Analysis of the
marshland based on independent and human-caused factors
makes use of Sentinel-2 satellite data combined with NDWI
and NDVI indices and SVM classification techniques.

Sentinel-2 image preprocessing functions as a necessary
step that leads to improved analysis accuracy. The principal
objective of image enhancement involves processing specific
images to create outputs that better fulfill designated

application requirements as opposed to raw image content [47].

The European Space Agency (ESA) provides Level-1C Top of
Atmosphere (TOA) reflectance images that undergo
radiometric and atmospheric corrections through the
implementation of the Sen2Cor processor to generate Bottom
of Atmosphere (BOA) reflectance results. The preprocessing
ensures both georeferencing the images to WGS 84 / UTM
Zone 38N and executing cloud masking to remove
atmospheric effects.

The Scene Classification Layer (SCL) included in the
Level-2A product is used to conduct the cloud masking. It
distinguishes clouds, cloud shadows, and cirrus with the help
of predefined classes, giving the possibility of excluding
affected pixels. Such an action increases the reliability of
classification by correcting unclear surfaces of land or water
analyzed.

Surface water extent changes can be assessed through the
implementation of the Normalized Difference Water Index
(NDWI). The NDWI requires two types of data from Sentinel-
2 imagery:

(BO3 — B08)

NDWI = ——— -
(BO3 + B08)

(1

where, BO3 represents the green band and BO8 the near-
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infrared band.

The applied thresholding method differentiates water areas
from other regions through its classification process with a
dark blue color.

NDVI requires two sensors to evaluate vegetation health
and coverage through the following formula:

(B0OS — B04)

NDVI = ———=
(B08 + B04)

2)

The analysis depends on two spectral bands: B0O8 signifies
the Near-Infrared spectrum, while B4 reflects the red spectrum.
The density of vegetation corresponds with higher NDVI
values, whereas sparser vegetation causes lower values. NDVI
time-series analysis shows vegetation growth patterns as well
as stress indicators and decline indicators that link to water
accessibility, while showing the effects of present land usage
practices.

Support Vector Machine (SVM) serves as the method to
classify land cover because it performs supervised machine
learning on various surface types such as water bodies,
vegetation, bare soil, and urbanized areas.

In this study, we relied on the GIS-based Train Support
Vector Machine Classifier from the Segmentation and
Classification tool of the GIS toolbox. Al-Dalmaj Marsh was
classified using two major classes, water and non-water areas,
as the SVM classification. The samples to be used in training
were directly chosen out of the satellite imagery, and the water
samples were taken out of the bright green areas on the photos
that clearly indicated open water, whereas the non-water
samples were taken in the surrounding vegetation, bare soil,
and other areas. The classification was to maximize the
separability of the two classes, and sufficient representative
pixels of both classes were used as the number of training
samples to  accomplish accurate  water-non-water
discrimination.

A performance evaluation of the SVM classifier depends on
the kappa coefficient and overall accuracy metrics. The
equation of SVM can be reported as:

r

f(x) = sign (Z o yik(x, x;) + b)

i

)

To represent each of the r training cases with their class
description (y;) the spectral response uses the vector (x;). This
spectral response includes Lagrange multipliers «; (i=1-r)as
well as the kernel's item k(x, x;) and the value (b) indicates
the distance between the beginning point and the hyperplane
space.

4. RESULTS AND DISCUSSION

NDWI maps of Al-Dalmaj Marsh for four different periods,
2017, 2020, 2023, and 2025, were mapped as shown in Figure
4. The Sentinel-2 imagery provides fundamental data for
creating maps that show how water is distributed throughout
the marsh area over successive time intervals.

Observations from the NDWI maps in water areas in Al-
Dalmaj Marsh appear limited in 2017 (Figure 4(a)) because
extensive portions of the marsh territory exhibit low NDWI
values, while blue areas representing water remain small and
clustered in particular sections.
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Figure 4. NDWI maps of Al-Dalmaj Marsh

The area of water distribution in Figure 4(b) of 2020 has
experienced a considerable expansion compared to the
previous year. The wide areas with high NDWI values in the
marsh reflect either better water availability or seasonal
changes.

The water extent observed in Figure 4(c) of 2023 shows
lower coverage when compared to Figure 4(b) of 2020. The
measured NDWI values show a decrease in water extent,
which can be explained by climatic factors or changes in
inflow, or human-caused disturbances.

The water-covered area persists at a reduced level during
the period of 2025 (Figure 4(d)), just like in 2023. The
decreasing water availability presented through this trend
points toward natural environmental conditions or poor water
management practices in that region.

The analysis reveals that 2020 was the year the marsh
reached maximum water coverage, which then decreased in
2023 and further reduced again in 2025.

Yearly declines of NDWI values suggest one or more
obstacles, including lower water supply, and both climate
change effects and human disturbances in the ecosystem.

Figure 5 presents the shifting of Al-Dalmaj Marsh NDVI
maps across the years from 2017 to 2020, 2023, and 2025.
NDVI serves as a vital marker for vegetative health because it
shows that higher NDVI values of green shaded areas (0.2 to
1.0) indicate healthy vegetation. Pixels show bare soil and
water together with broken vegetation areas when their values
fall within the yellow and brown color spectrum (-1.5 to 0.1).

A limited vegetation area extends from the marsh borders to
the surrounding green regions (Figure 5(a) of 2017).

The NDVI values indicate unhealthy vegetation conditions
as well as sparse vegetation across most of the observed areas.

The year 2020 (Figure 5(b)) shows noticeable vegetation
expansion.

High concentrations of dark green colors indicate that
vegetation has become healthier within the analyzed area,
which might be caused by suitable environmental conditions
and better access to water resources.

Multiple dark areas on the map depict high-density
vegetation located between elevated and low-elevation areas.



The analysis from Figure 5(c) displays decreased vegetation
in 2023. Certain regions that displayed vegetation growth in
2020 show decreased green areas. The possible sources of this
together

change include drought events, with land

deterioration and depleted water levels.
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Figure 5. NDVI maps of Al-Dalmaj Marsh

The data from Figure 5(d) shows additional vegetation
reduction in 2025. Numerous sections of the ground exhibit
brown/yellow coloration, suggesting that the vegetation is
suffering stress or has been entirely lost.

Environmental changes and incorrect management of water
resources, combined with human activities including land use
expansion, reduce vegetation cover at the location.

Water extent patterns that researchers observed correspond
to the effects of political water disputes and environmental
climate changes in the region [6, 17]. Based on study [8], water
resource management or conservation initiatives during 2025
might have helped stabilize the marsh's hydrological
equilibrium based on the slight enhancement in water extent
measurements. Current trends support sustained surveillance
and environmentally sustainable managerial practices to
maintain the region [15].

A high point of vegetation cover occurred during 2020, yet
it steadily decreased from 2023 through 2025. The decline of
NDVI matches the reduction of water detected in the marsh
through the NDWI maps.

In the case of NDWI, the threshold of zero is usually used
to categorize the water bodies, as the positive values of the
threshold are typically associated with the presence of water,
whereas the negative values are associated with vegetation or
soil. Conversely, NDVI values near zero or negative are
associated with bare land and water, whereas the values above
0.2 are usually associated with vegetation cover. In Al-Dalmaj
Marsh maps, NDWI indicates the presence of open water in
blue, and NDVI distinguishes the vegetation and the non-
vegetated surfaces, which are green in color. GIS mapping has
been used in presenting NDWI and NDVI maps. The threshold
was also visually analysed based on satellite images. NDWI >
0 is used to identify water areas with the help of the clear
spectral gap, whereas NDVI > 0.2 represents healthy
vegetation. This is a sure way of classifying the dynamics of
the marsh over time.

Table 2 represents SVM classification results. Figure 6
represents the SVM map of Al-Dalmaj Marsh.

The area has been classified into water area and non-water
area. The results indicated the same NDWI and NDVT results
of Water reduction from the year 2020 to 2025.



Table 2. SVM classification results of Al-Dalmaj Marsh

No. Year Area km? Change Rate %
1 -2017 190 _
2 2017-2020 270 +42
3 2020-2023 125 -54
4 2023-2025 60 -52
5 2017-2025 60 -68

Based on the SVM classification results in Table 2, the
water area of Al-Dalmaj Marsh has shown considerable
variations and an affected long-term decline between 2017 and
2025.

In 2017, the marsh recorded area stood at 190 km?, but by
2020 it had expanded significantly to 270 km?, representing a
growth of approximately 42%. Such a temporary increase can
be attributed to increased rainfall or better inflows. The growth
was not sustainable, however, and the amount of water area
decreased significantly, by over fifty percent between 2020
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32°19'30"N

and 2023, to just 125 km?. This is a drastic cut of up to 54%,
which demonstrates high susceptibility of the marsh to low
precipitation, water demand, and potential lack of
management of water inflows. The negative slope was not the
end as the lake lost another 52% of its surface area between
2023 and 2025, falling down to 60 km? Such ongoing
shrinkage unveils a picture of the growing water shortage and
environmental stress, which is probably due to regional
drought, climate change, and elevated levels of water pumping
into agriculture and domestic use. Considering the whole time
frame of 2017 to 2025, Al-Dalmaj Marsh had lost
approximately 68 percent of its water territory, which
highlights the gravity of the water resources problem in Iraq.
The change shows the rate at which a water body may fluctuate
between growth and extreme contraction and highlights the
necessity of sustainable water management policies and
conservation policies.
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Figure 6. SVM maps of Al-Dalmaj Marsh

1971

45°36'40"E 45°16'0"E 45°26'20"E 45°36'40"E
1 1 1
N
A =
o
@
[
&
o
=
o
">
o~
(2]
Km
=z
o
@
[
&
(2]
SVM 2020 Map
=z
& -5
5 [ &
sl = ) 10 ! 20
bmy] ) Marsh Water Area “—— Km
(b) 2020 Map
% i N
A=z
o
]
B
&
o
SVM 2023 Map e,
gy - Ty
- st &
i _ 0 10 20
i DMarshWaterArea ) Km
(c) 2023 Map
1 1
i =
Alz
o
(2]
1 [ =
&
el
|SVM 2025 Map =
[ I o
1.2 &
\‘\0 \‘\’b ©
& 0 2
IR 10 oKm
L L L]
45°16'0"E 45°26'20"E 45°36'40"E



An accuracy assessment has been applied to two maps of
SVM 2017 and 2020 based on available data used from
Google Earth Engine. The analysis of the assessment resulted
in Table 3.

This table delivers accuracy metrics through User-Accuracy
(U-A) and Producer-Accuracy (P-A) values to measure water
and non-water categorizations at Al-Dalmaj Marsh in the years
2017 and 2020.

Table 3. Accuracy assessment results of Al-Dalmaj Marsh

Class Water Non-Water Total U-A
Water 8 2 10 0.80
~ Non-
S Water 96 96 1.00
Total 8 98 106 0.00
P-A 1 98 0 0.98
Water 8 2 10 0.80
Non-
o
8 Water 1 89 90 0.99
o Total 9 91 100 0.00
P-A 0.89 0.98 0 0.97
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Figure 7. Accuracy assessment maps of Al-Dalmaj Marsh

U-A stands for the level of reliability that pixel
classifications demonstrate. High U-A indicates that most of
the areas classified as water or non-water have correct
assignments. Lower U-A values represent incorrect

classification since assigned pixels stem from different classes.

The classification of reference (ground truth) pixels reflects
the accuracy level measured by P-A. A high P-A value points
to the correct identification of most pixels between water and
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non-water categories. A lower P-A value demonstrates that
both classification mistakes exist simultaneously (water pixels
classified as non-water and non-water pixels classified as
water). Figure 7 shows the accuracy assessment maps of Al-
Dalmaj Marsh in 2017 and 2020.

In the 2017 water classification class, the accuracy rate for
categorizing water pixels measured 80% (U-Accuracy = 0.80).
All water pixels in the reference data received perfect
classification accuracy of 100%. The classifier failed to
identify any water areas (high P-Accuracy) even though it
identified 20% of pixels incorrectly identified as water or non-
water, thus triggering gentle overestimation. While in the 2017
non-water classification class, the accuracy rate for non-water
pixels demonstrated perfect results because every pixel
correctly identified as non-water turned out to be genuine non-
water space (U-Accuracy = 1.00; 100%). The reference non-
water pixels received correct classification at a rate of 98%.
Non-water area classification proved reliable since only minor
mistakes occurred during the analysis.

In the 2020 water classification class, the categories
assigned to water features showed 80% accuracy 2020 just like
2017, with similar water and non-water misclassifications.
The pixels that correctly matched water features reached a rate
of 89% (P-Accuracy = 0.89). A higher number of omission
errors emerged relative to 2017, which resulted in classifying
actual water areas as non-water, thus creating a minimal
underestimation of water bodies. While in the 2020 non-water
classification class, the measurements confirmed high
accuracy because U-Accuracy achieved 0.99 (99%), which
proved that almost all identified non-water pixels were correct.
The classification performance was similar to 2017 because P-
Accuracy reached 0.98, which corresponds to 98% accuracy.
The classification precision for non-water regions remained
very high, thus demonstrating high reliability.

The P-Accuracy fell from 100% in 2017 to 89% during
2020, leading to the classification of correct water pixels as
non-water. Reduced water coverage, together with expanding
vegetation and wetland areas, potentially contributed to water
classification issues. The assessment of non-water regions
maintained exceptional accuracy through U-Accuracy results,
which remained higher than 98%. The analysis of non-water
areas demonstrated high consistency through a P-Accuracy of
98%. The decrease in water features observed in SVM maps
can adversely impact classification precision because it could
be due to natural or human-caused water level fluctuations.
The classification between water and vegetated surfaces might
become inaccurate because of vegetation growth within
wetland areas. The Kappa values were 0.88 and 0.82 for 2017
and 2020, respectively.

Through the confusion matrices and accuracy values
associated with 2017 and 2020, a comparative analysis is the
classification accuracy of the two years (2017 and 2020) was
high, whereas the user accuracy (U-A) of water was constant,
that is, 0.80. The accuracy of producer (P-A) of water reduced,
however, from 1.00 in 2017 variables to 0.89 in 2020, meaning
that there were increased omission errors in 2020. This can be
due to hydrological changes or due to less obvious water
features in 2020 imagery. Non-water classification was,
however, exceedingly precise during both years. In general,
there was a slight improvement in the classification
performance with higher quality of images and hydrological
clarity in 2017.

Moreover, Figure 8 represents the linear trend analysis of
Al-Dalmaj Marsh. The trend also indicates a decreasing



tendency of water area between 2020 and 2025. The curve of
the water area R? of Al-Dalmaj Marsh in the period between
2017 and 2025 has a value of about 0.55. This implies that the
linear increase in time explains approximately 55 percent of
the change in water area. The R? value (0.55) shows a weak to
moderate correlation between the independent and the
dependent variable, i.e., only 55% of the variance in the
dependent variable is explained by the model. The potential
explanation behind a low R? (0.55), in environmental research
as in wetland research, values this low are usually prevalent
because nature is so complicated.
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Figure 8. Water area trend in Al-Dalmaj Marsh (2017-2025)

Figure 9. Temporal changes of Al-Dalmaj Marsh on Google
Earth Map

Figure 9 was presented as temporal changes of Al-Dalmaj
Marsh on the Google Earth Map.

The environmental and economic welfare of Al-Dalmaj
Marsh suffers negatively because of reduced water levels and
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vegetative growth. The decrease in water levels creates a
fragmented environment for aquatic species, together with
migratory birds and wetland vegetation, leading to
biodiversity decline. The reduction of water, along with
vegetation in the marsh, harms many breeding and feeding
bird species that keep the ecological balance stable. Fish
residents require stable water levels to survive, so their
numbers will decline, affecting area wildlife, together with
fisheries in that region.

The foundation of stable soil and erosion protection, which
roots offer, becomes weakened when plant vegetation
completely disappears. A deficiency of plant life leaves the
marsh exposed to desertification, which weakens its ability to
sustain various ecosystems. The removal of vegetation
prevents water quality from getting better since it reduces the
water filtration ability and increases greenhouse gas emissions.

The economic consequences remain severe because
marshlands provide both commercial fishing opportunities as
well as agricultural activities and tourism revenue. A decline
in water resources restricts farming output, which compels
populations to either find new income sources or relocate.
Wetland vegetation removal makes surrounding regions more
exposed to severe weather hazards by impeding their natural
flood regulatory capabilities.

The challenge of observing Al-Dalmaj Marsh stems from its
dynamic wetland ecosystem because it responds to seasonal
and extended climatic changes. Significant spatial along
temporal changes in the marsh require researchers to adopt
multi-temporal analysis methods across different time scales.
Scientists obtain important information on wetland size
transformations through analysis of remote sensing time series
data. Complete explanations regarding marsh system
deterioration processes emerge when climate factors join
hydrological modeling and socio-economic data analyzed
through GIS-based applications. Multiple disciplines working
together enable scientists to make practical conservation
strategies by uniting natural and human development
requirements.

5. CONCLUSIONS

The combination of remote sensing technology with GIS
enables researchers to gain essential perspectives about how
Al-Dalmaj Marsh has evolved in space and time. Using NDWI
and NDVI along with SVM classification methods yielded
results showing that marsh water surface dimensions remained
remarkably reduced in 2017, yet they slightly recovered by
2020. The research found that in 2017, the area of the water
bodies reached approximately 190 km?, thus a high proportion
of the water decreased (68 percent) until 2025. The analysis
was conducted on NDVI and revealed the pronounced
seasonal trend, where the vegetation indices were high in
months when the plants were actively growing spring period.
The classification accuracy was higher in 2017 because the
images were clearer, and the hydrological conditions were
stable. The time-path analysis revealed that the water area
decreased between 2020 and 2025.

These results stress the high correlation between indicators
of remote sensing and the hydrological dynamics of the
marshlands.

The classification analysis confirms the research findings
through accuracy testing. The water classification in 2017
demonstrated a user's accuracy rate of 0.80, combined with a



producer’s accuracy rating of 1.00, which signifies accurate
water detection with minimal wrong classifications. The
classification agreement displayed strong results through a
kappa coefficient of 0.88. In 2020, the water body showed
small growth through the classification of 9 water pixels. The
marsh revealed signs of susceptibility to hydrological changes
together with poor water resource management, as the water
body reduced from 2020 to 2025. Classification reliability
weakened due to increased land cover transitions because the
kappa coefficient dropped to 0.82.

Using remote sensing technology with GIS and
classification methods produces beneficial research to monitor
wetland ecosystems effectively. Sustainable water resource
policies for protecting the Al-Dalmaj Marsh from degradation
will become more effective through the data obtained from this
study, as well as through the work of policymakers and
environmental managers.

Predictive models built from hydrological and climate data
will aid in forecasting changes in order to develop strategies
for sustainable marsh management. The upstream water
resource management needs government control for
maintaining stable marsh hydrology by distributing water in a
fair manner. Observational programs make use of Sentinel-2
along with other satellite imagery services to provide ongoing
early detection of signs related to marsh deterioration.

To reduce seasonal and long-term water loss in the Al-
Dalmaj Marsh, it is also advisable that the government
reinforce management of water resources in the marsh. The
introduction of a long-term monitoring system in the
framework of remote sensing would allow monitoring the
hydrological and ecological transformations on a continuous
basis.

A sustainable water allocation policy that favors
biodiversity as well as the livelihoods of the locals should be
put in place. The accuracy of decision-making can be
increased with the help of ground observations to supplement
image-based monitoring. Lastly, there is a need for cross-
sector cooperation so as to achieve integrated management and
adjustable strategies of the wetlands.
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