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ASSESSMENT OF THE IMPACT OF COASTLINE DYNAMICS
ON BIODIVERSITY USING REMOTE SENSING DATA
IN THE GHIZIL-AGA] BAY, AZERBAIJAN

Ghizil-Agaj Bay is a wetland of international importance located in the southeastern part of Azerbai-
jan and included in the Ramsar Convention list. Over the past 30 years, anthropogenic impacts on this
ecosystem, along with natural factors, have intensified, leading to significant changes in the morphologi-
cal and hydrological characteristics of the shoreline. The aim of this study is to assess the dynamics of the
coastline in the Gizil-Agach Bay and to evaluate its impact on biodiversity. This study analysed shoreline
dynamics from 2000 to 2024 using Landsat and Sentinel-2 imagery, Geographic Information Systems,
and the Digital Shoreline Analysis System. Results revealed significant spatiotemporal shoreline changes,
with maximum progradation of +570 m/year and maximum erosion of — 4 m/year. Between 2000 and
2024, approximately 240 km? of land was gained, while 0.56 km? of water area was lost. These changes
influenced wetland ecosystem extent and quality, causing shifts in avifauna and biodiversity: migratory
water bird nesting and feeding habitats declined, total water bird numbers decreased by approximately
28%, while terrestrial bird species nesting on newly emerged land increased by approximately 12%.
These findings can serve as a basis for wetland management policies under climate change conditions.

Keywords: shoreline dynamics, biodiversity, remote sensing, digital shoreline analysis system, wet-
lands.
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O3ip6ai>kaHHbIH, [bI3bIA-AraXk LUbIFaHaFbIHAAFbI
KALUbIKTaH 30HATay AepeKTepiH naiAaAaHbir,
»KaraAay XXOAbl AMHAMMKACbIHbIH, 6M03pTYpAiAikKe dcepiH Gararay

[bI3bIA-ATraX WblFaHarbl — O3ip6ar>kaHHbIH, OHTYCTIK-LLbIFbIC BOAIrIHAE OpHaAacKaH xaHe Pamcap
KOHBEHLMSCHIHbIH, Ti3iMiHE EHri3iAreH XaAblKapaAbIK, MaHbi3bl 6ap 6atnakThbl xep. CoHfFbl 30 XKblAsd
GYA IKOXKYIere aHTPOMOreHAIK acepaep TabuFn hakTOpAAPMEH KaTap KyLUEWir, KaFraAay Cbi3bIFbIHbIH
MOPMOAOTUSABIK, XKBHE TMAPOAOTUSABIK, CMMAaTTaMaAapbliHAQ alTapAbIKTal e3repictepre akeaai. bya
3epTTeyAiH Makcatbl — [bI3bIA-AraX WbIFAHAFbIHAAFBI >KAFAAQY CbI3bIFbIHbIH AMHAMMKACLIH GaFasay
>K8He OHbIH 6108pTYypAiAiKke acepiH bararay. bya 3eptrey Landsat >xeHe Sentinel-2 cypetTtepiH,
reorpadusIAbIK, aknapaTTbIK, >XYMEeAepAi XXoHe CaHADIK, >KaFaAay CbI3blFblH TaAAQy YKYMECIH ManaasaHa
oTbipbin, 2000 >xbiapaaH 2024 >KbIAFA AEWMIHM  >KaFaAay CbI3blFbIHbIH  AMHAMUKACbIH TaAAAAbI.
HoTuxkeaep >kaFaray CbI3bIFbIHbIH alTApPAbIKTaA KEHiCTIKTiK-yakbITTblK, ©3repiCTepiH KepceTTi, eH,
>KOFapbl NPOrpasaLms XblAbiHa + 570 M >K8HEe eH >KoFapbl 3p03u1st XKblAblHA — 4 M 60AAbl. 2000 xaHe
2024 XblAAQp apaAblFbliHAQ WamameH 240 km? xep urepiAai, aa 0,56 KM? cy ayaaHbl >KOFaAAbl. bya
e3repicrep 6aTNaKThl 3KOXKYMNEHIH KBAEMI MEH CarnacbiHa 8cep eTin, KyC payHacbl MeH BUOBPTYPAIAIKTIH
e3repyiHe 9KeAAi: KOHbIC ayAapaTbiH Cy KYCTapblHbIH, Y9 CaAy >KOHe KOpeKTeHY opTacbl a3anAbl, Cy
KYCTapbIHbIH, KaATbl CaHbl LaMameH 28 %-Fa a3anAbl, aA XXaHaAaH rnanaa GOAFaH XXepAEepAE Ysl CaAaTbiH
KYPAbIKTaFbl KYC TYpAepi wamMameH 12%-ra ecTi. bya HaTuxeAep KAMMATTbIH ©3repyi >arAalblHAQ
6aTnakTbl XepAaepai 6ackapy casicaTbiHbiH Heri3i 60Aa aAaAbl.

TyHiH ce3Aep: >karaAdy Cbi3blFblHbIH AMHAMMKaChl, GUOBPTYPAIAIK, KALIbIKTbIKTAH 30HATaY,
CaHAbIK, >KaFaAQy Cbi3bIFbIH TAAAQY XKYHMeECi, 6aTnakTbl XepAaep.
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OueHka BAUSIHUSI AMHAMUKKW OeperoBoit AMHMM Ha GMopa3HooOpa3ue
C UCNOAb30BAaHMEM AAQHHbIX AUCTAHLLMOHHOIO 30HAMPOBaHUS
B 3aAuBe [bi3biA-Araak, A3ep6aia)aH

3aauB 'bi3bIA-ATaaK — BOAHO-00AOTHOE YIrOAbE MEXAYHAPOAHOIO 3HAYEHMs, PACTOAOXKEHHOE B
IOr0-BOCTOYHOM YacTu AsepbaiaskaHa M BKAIOUEHHOE B CNMCOK PaMcapCKor KOHBEHLMM. 3a NocAeAHMe
30 AeT aHTPOMOreHHOEe BO3AEMCTBME Ha 3TY 3KOCUCTEMY, HapsiAy C MPUPOAHbIMM (hakToOpamM, yCUAMAOCD,
UYTO MPUBEAO K 3HAUMTEAbHbIM M3MEHEHMSIM MOP(OAOrMUYECKMX U TMAPOAOTMYECKMX XapaKTEPUCTUK
GeperoBoit AMHMM. LleAblo AQHHOrO MCCAEAOBAHMS SBASIETCS OLIEHKA AMHAMMKM GeperoBon AMHUM
B 3aAMBe [bI3bIA-ArasaXX M ero BAMSHMS Ha OuopasHoobpasve. B aaHHOM mccaepaoBaHMM Oblaa
npoaHaAM3MpoBaHa AMHamuka Geperosoit AMHMM ¢ 2000 no 2024 roa € MCMNOAb30BaHMEM CHMMKOB
Landsat u Sentinel-2, reoMHopMaLMOHHbIX CUCTEM M CUCTEMbI LMDPOBOro aHaAM3a GeperoBoi AMHUN.
Pe3yAbTaTbl BbISIBUAM 3HAUMTEAbHbIE MPOCTPAHCTBEHHO-BPEMEHHbIE M3MeHeHUs 6eperoBoin AMHUKM C
MaKCUMaAbHbIM BblABMXKEHMEM + 570 M/roa U MakCMMaAbHOM 3po3ueit — 4 m/roa. B nepmoa ¢ 2000 o
2024 rop 6bIA0 Npro6GpeTeHo OKOAO 240 KM? Cylir, B TO Bpems Kak ObIA0 notepsaHo 0,56 kM2 BOAHOM
NAOLLAAM. DTU U3MEHEHMS MOBAMSIAM HA MPOTSXKEHHOCTb M KAYeCTBO 3KOCUCTEMbl BOAHO-OOAOTHbIX
YrOAMIA, BbI3BaB CABWUIM B OpHMTO(ayHe M 6GMopasHoobpasum: COKpPaTMAMCb MecCTa rHe3A0BaHus
M KOPMAEHMS MEPEAETHbIX BOAOMAABAOLWIMX MTWL, O6LAs YUCAEHHOCTb BOAOMAABAIOLIMX MTULL
COKpaTUAACh NPUMEPHO Ha 28%, B TO BpemMs Kak KOAMUYECTBO Ha3eMHbIX BUAOB MTULL, THE3ASLLMXCH Ha
BHOBb 06PA30BaBLUMXCS 3EMASIX, YBEAMUMAOCH NMPUMEPHO Ha 12%. DT pe3yAbTaTbl MOTYT MOCAY>KMTb
OCHOBOM AAS Pa3pabOTKM MOAUTUKM YNIPABAEHWSI BOAHO-OOAOTHBIMM YFOAbSIMU B YCAOBUSIX U3MEHEHUS]

KAUMaTa.

KAoueBble cAOBa: AMHamMmKa

6eperosoit

AVHUKM,  OGUOpasHoobpasue,  AMCTAHUMOHHOE

30HAMpOBaHUWe, LMppPoBas cMcTeMa aHaAnM3a GeperoBoit AMHUM, BOAHO-O0AOTHbIE YTOAbS.

Introduction

Almost half of the world’s population lives near
ocean and sea coasts. The position of the shoreline
changes under the influence of numerous natural
and anthropogenic factors. Recently, due to global
climate change and population growth, the issue
of geomorphological changes in shorelines has be-
come particularly acute. Therefore, assessing and
mapping shoreline dynamics is one of the most
important factors in achieving sustainable develop-
ment goals and urban planning (Darvish, 2024). It
should be noted that many studies are currently be-
ing conducted around the world on this issue.

Senthilkumar et al. (2025) present an integrated
approach to high-resolution coastal habitat mapping
using advanced image segmentation techniques and
remote sensing indices for the coastal region of Tor-
res, Brazil. The study uses the InVEST model to es-
timate the habitat quality index (HQI) for 2024 and
project habitat quality changes by 2034.

Wazwaz and Bait-Suwailam (2025) examine
temporal changes in the coastline of Dhofar Gover-
norate in Oman using remote sensing and geograph-
ic information systems (GIS). Satellite imagery data
from various sensors, such as TM, ETM+, and OLI,
were used to monitor shoreline fluctuations and as-

sess coastal erosion risks. The use of automated
methods helps accurately determine the coastline’s
position and quantify changes over time.

Given that wetland mapping research in South
America is limited, and there is currently no avail-
able map providing comprehensive information on
the distribution and categories of wetlands in the re-
gion. To address this issue, Sun and his team (2024)
used Sentinel-1, Sentinel-2, and SRTM data and de-
veloped a sampling method and a wetland mapping
method using a set of multi-source characteristics,
such as optical, polarization, and shape character-
istics, for wetlands in South America. They created
a 10-meter-resolution wetland map based on the
Google Earth Engine (GEE) platform. They found
that Brazil, Argentina, Venezuela, Bolivia, and Co-
lombia have the largest wetland areas, with Brazil
and Colombia having the widest diversity of wet-
land categories.

Coasts are subject to multiple natural hazards,
which are increasing nowadays. Coastal flooding
and erosion are some of the most common hazards
affecting coastlines. Being aware of the vulner-
ability of coasts is important to achieve integrated
coastal management. The coastal vulnerability in-
dex (CVI) is a common index used to assess coastal
vulnerability because it is easily calculated. Tsokos
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et al. (2025) developed a ModelBuilder model us-
ing ArcGIS Pro (ESRI) tools. Using this model,
they automated most of the CVI calculation steps
and applied the ModelBuilder model to the northern
Peloponnese.

Coastlines are important basic geographic fea-
tures, and mapping their spatial and attribute chang-
es can aid in coastal zone monitoring, modeling, and
management. Thanks to advances in remote sensing
for Earth observation, recent studies of coastline ex-
traction can reveal detailed changes in ocean-land
interactions. Suna et al. (2023) reviewed key mile-
stones in remote sensing coastline extraction, identi-
fied coastlines that can be applied in various appli-
cations, summarized the characteristics of coastline
products, and analyzed the principles, advantages,
and disadvantages of these methods, development
directions, and related challenges.

A study by Palanikkumar et al. (2025) exam-
ines shoreline dynamics along the coastal region of
Campeche from 1974 to 2024 using machine learn-
ing methods to analyze long-term trends in erosion
and accretion. The study spans 50 years and uses
satellite imagery, historical maps, remote sensing,
and GIS to assess shoreline changes and their geo-
logical significance. The results show that 93% of
the coastline experiences accretion, while 7% ex-
periences erosion. The Zona Centra and Koben re-
gions experience significant accretion, while South-
ern San Lorenzo faces the highest erosional activity.
Understanding these dynamics is crucial for coastal
management and mitigation strategies.

The spatiotemporal distribution and the utiliza-
tion types of shorelines had changed a lot, along
with the advancement of the socioeconomics of the
countries around the South China Sea since 1980.
However, the changes in shoreline characteristics
for a long time around the whole South China Sea
under anthropogenic influence remain uncertain. A
study by Cui and his team (2022) using Landsat and
high-resolution satellite imagery tracked changes in
the spatial distribution and type of coastlines around
the South China Sea from 1980 to 2020. Addition-
ally, the possible reasons for the shoreline changes
around the South China Sea were analyzed.

Ghizil-Agaj Bay, located in southeastern Azer-
baijan, represents one of the most ecologically valu-
able wetland complexes of the Caspian region. Cov-
ering an area of more than 99,000 ha, the bay and
its surrounding ecosystems have been designated
as a Ramsar site of international importance since
1976 and, since 2018, form the basis of Ghizil-Agaj
National Park (Ramsar Convention Secretariat,
2016). This area is distinguished by its high biodi-
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versity and serves as a critical stopover and winter-
ing ground for migratory waterbirds along the Cen-
tral Asian flyway (UNEP-WCMC, 2017). Shallow
lagoons, reed beds, and intertidal zones provide
essential habitats not only for birds, but also for
fish, molluscs, amphibians, reptiles, and numerous
plant species, including several that are endangered
or listed in the Red Book of Azerbaijan (Ministry
of Ecology and Natural Resources of Azerbaijan,
2023).

Despite its ecological significance, the bay is
subject to substantial environmental pressures.
Natural drivers such as fluctuations in the Caspian
Sea level and sediment inflow from rivers interact
with anthropogenic stressors including poaching,
uncontrolled grazing, and land use change. These
processes have significantly transformed shoreline
morphology over the last decades, leading to both
erosion and accretion in different sectors of the bay.
Such changes disrupt wetland habitats, reduce the
extent of aquatic vegetation, degrade fish spawn-
ing grounds, and limit the availability of feeding
and nesting sites for migratory birds. For example,
recent monitoring indicates a noticeable decline
in waterbird populations, reflecting the broader
ecological consequences of shoreline instability
(UNDP, 2025).

Studies conducted in other Ramsar-listed wet-
lands demonstrate that shoreline dynamics are
among the most important drivers of biodiversity
change (Nicholls and Cazenave, 2010; Kuleli et al.,
2011). However, in the Caspian Sea region, and par-
ticularly in Ghizil-Agaj Bay, there is still a lack of
integrated research linking remote sensing—based
shoreline change analysis with biodiversity moni-
toring. Previous investigations have either focused
primarily on hydrological processes or addressed
biodiversity separately, leaving a gap in understand-
ing how geomorphological dynamics directly shape
ecological patterns.

Recent advances in Remote Sensing (RS) and
Geographic Information Systems (GIS) have opened
new opportunities to address this gap. Satellite im-
agery from Landsat and Sentinel missions provides
long-term and high-resolution data for shoreline
monitoring, while analytical tools such as the Digi-
tal Shoreline Analysis System (DSAS) allow for
quantitative assessment of erosion and accretion
rates (Ozesmi and Bauer, 2002; Thieler et al., 2009;
Gopinath et al., 2023). By combining these methods
with ecological datasets, it is possible to evaluate not
only the physical changes in shoreline configuration
but also their ecological consequences, particularly
for wetland-dependent biodiversity.
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The aim of this study is therefore twofold: (1) to
analyse shoreline changes in Ghizil-Agaj Bay from
2000 to 2024 using RS and GIS techniques, with a
particular focus on the DSAS and Linear Regression
Rate (LRR) method, and (2) to assess the impacts
of these changes on biodiversity, with emphasis on
avifauna populations. The findings are expected to
contribute to the development of evidence-based
conservation and management strategies for the
Caspian coastal wetlands, supporting both national
biodiversity goals and international commitments
under the Ramsar Convention.

Initial Data and Research Methods

For this study, Landsat 5 TM, Landsat 7
ETM+, Landsat 8 OLI/TIRS, and Sentinel-2 MSI

satellite images were used as the primary data
sources. Landsat imagery has a spatial resolution
of 30 m, while Sentinel-2 provides 10-20 m reso-
lution, allowing for improved shoreline delinea-
tion accuracy. Landsat scenes corresponding to
the years 2000, 2005, 2010, 2021, and 2024 were
analyzed, while Sentinel-2 imagery was particu-
larly used for 2021 and 2024 to enhance spatial
precision (Figure 1). The selection of these time
intervals ensures continuity in temporal observa-
tions, enabling comparison of both historical and
recent shoreline changes. To reduce seasonal ef-
fects such as vegetation growth, precipitation, or
short-term water level fluctuations, only summer-
season images were selected. This approach pro-
vides a more reliable assessment of long-term
shoreline dynamics.

Figure 1 — Satellite imagery of Ghizil-Agaj Bay for selected years (2000, 2005, 2010, 2021, 2024),
illustrating temporal continuity of data used in the analysis

Preprocessing of Satellite Images. All satel-
lite images were subjected to radiometric and at-
mospheric corrections to minimize the effects of
clouds, dust, and atmospheric disturbances. Land-
sat data were corrected using LEDAPS processing,

while Sentinel-2 imagery was preprocessed with
the Sen2Cor algorithm. The images were then geo-
referenced to UTM projection (WGS 84 datum)
and clipped to match the boundaries of the study
area.
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Shoreline Extraction and Digitization. Ac-
curate shoreline delineation can be achieved using
various spectral indices and classification methods.
In this study, the Normalized Difference Water
Index (NDWI) was employed due to its ability to
effectively distinguish between water and land by
comparing reflectance in the green and near-infrared
(NIR) spectral bands (Xu, 2006). Alternative meth-
ods, such as the Modified NDWI (MNDWTI) or the
Automated Water Extraction Index (AWEI), could
also be applied, but they are primarily more effective
in urban environments or under conditions of strong
cloud shadows. Since the study area is relatively un-
affected by urbanization or intensive agriculture, the
classical NDWI provided optimal results.

For classification, the Maximum Likelihood
Classification (MLC) method was chosen. MLC
estimates the probability of each pixel belonging
to a particular class based on statistical likelihood,
making it one of the most accurate methods for
multi-class classification (Boak and Turner, 2005).
Alternative approaches, such as Random Forest or
Support Vector Machine, are more complex and re-
quire extensive training datasets (Gonzalez-Perez et
al. 2022; Darwish, 2024). Given the limited avail-
ability of training samples in the study area, MLC
was the most appropriate choice. NDWI effectively
separates water bodies, while MLC optimizes the
probability of pixel classification in multi-class sce-
narios. Together, these approaches enhance the pre-
cision of shoreline delineation (Xu, 20006).

The NDWI is calculated as follows:

Creen—NIR

NDWI = Green+NIR

Where, Green represents reflectance in the green
band (e.g., Band 3 in Landsat 8 and Sentinel-2), and
NIR represents reflectance in the near-infrared band
(e.g., Band 5 in Landsat 8, Band 8 in Sentinel-2).

NDWI values range from —1 to +1, with high-
er values indicating water presence. A threshold
was applied to separate water from land. NDWI is
widely used in various applications, including water
resource management, hydrology, and land cover
classification. It is particularly useful for monitoring
temporal changes in water level, volume, and qual-
ity within water bodies (McFeeters, 1996).

Shoreline Change Analysis. The Digital
Shoreline Analysis System (DSAS) was employed
to quantitatively analyse shoreline changes. Ap-
proximately 450 transects were generated along
the Ghizil-Agaj Bay shoreline, with each transect
spaced at 500 m intervals. This configuration, con-
sidering both map scale and the extent of the study
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area, ensures optimal coverage of spatial variability
along the shoreline.

The Linear Regression Rate (LRR) method was
applied to each transect. LRR provides the best-
fit linear estimate of long-term shoreline change
by considering all available shoreline data. Com-
pared to other approaches, such as End Point Rate
(EPR) or Net Shoreline Movement (NSM), LRR is
regarded as more reliable because it accounts for
the statistical analysis of all data points rather than
only differences between two dates (Crowell et al.,
1991; Dolan et al. 1991). The spatial resolution of
satellite imagery used for shoreline delineation (30
m for Landsat, 10-20 m for Sentinel-2) introduces
a precision error of approximately £1 pixel (10-30
m). Additional errors may arise from classifica-
tion methods and seasonal water level fluctuations.
Therefore, the potential variability in erosion and
accretion rates obtained from DSAS analyses was
considered to range between £5—10 m/yr, enhancing
the reliability of results and allowing for statistical
uncertainty assessment.

Results and Discussion

Observations and comparative assessments in-
dicate that recent fluctuations in the Caspian Sea
level have significantly impacted the landscape-eco-
logical conditions of Ghizil-Agaj Bay. Long-term
sea level oscillations have altered the structural and
spatial differentiation of coastal landscapes and eco-
systems, fundamentally modifying ongoing natural
processes. Until the late 1970s, relatively stable or
declining sea levels led to acidification, decreased
precipitation, and lowered groundwater levels, re-
sulting in degradation and modification of existing
marsh, marsh-lagoon, and marsh-meadow com-
plexes. The transgression beginning in 1978 caused
extensive flooding and erosion in several areas, in-
cluding Ghizil-Agaj Bay and the Sara Peninsula.
Marsh complexes previously present in these areas
were submerged under seawater, hydro morphologi-
cal activity increased, and groundwater levels rose.
In recent years, the decline in Caspian Sea levels has
again altered the shoreline of Ghizil-Agaj Bay, re-
sulting in a reduction of the water area by 210 ha.
These sea level fluctuations cause alternating expan-
sions and contractions of dry land, the bay, and shal-
low areas, leading to dynamic changes in the bay’s
landscapes and ecosystems (Towards the conserva-
tion of biological diversity and ecologically sustain-
able socio-economic development, 2023).

Shoreline Dynamics. Results from the LRR
analysis indicate that the shoreline of Ghizil-Agaj
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Bay underwent significant spatial and temporal
changes between 2000 and 2024. Maximum accre-
tion along transects reached +576 m/yr, while maxi-
mum erosion was —7 m/yr.

By applying the Linear Regression Rate (LRR)
method, the annual rate of change along the entire
shoreline of Ghizil-Agaj National Park was deter-
mined (Figure 2).
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Figure 2 — Distribution of annual shoreline change rates (m/yr)
along transects using the LRR method

Analyses based on DSAS and the LRR method
indicate significant shoreline changes along Ghizil-
Agaj Bay between 2000 and 2024. Transect-based
results are as follows:

- Maximum accretion rate: +576 m/yr;

- Maximum erosion rate: —7 m/yr.

To evaluate the precision of these measure-
ments, statistical analyses were performed. Errors
arising from the spatial resolution of Landsat (30 m)
and Sentinel-2 (10-20 m) imagery were considered,
and 95% confidence intervals (CI) were calculated:

- Mean accretion: +315 m/yr (£42 m/yr, 95%
CD;

- Mean erosion: —3.4 m/yr (£0.9 m/yr, 95% CI).

The analysis demonstrates that the observed
shoreline changes are statistically significant (p <
0.05), confirming that these variations result from
long-term geomorphological and hydrodynamic
processes rather than random factors.

In the northern part of the bay, the shoreline
has advanced seaward due to sediment accumula-
tion and the expansion of deltaic areas, increasing
the land area by up to 240 km?2. Conversely, erosion
has been active along the upper boundaries of the
bay, reducing the water area by 0.56 km2. The net
change is approximately 239.44 km?, indicating an
overall seaward advancement of the shoreline (Fig-
ure 3).
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Figure 3 — Coastal land change dynamics in Ghizil-Agaj Bay from 2000 to 2024,
showing areas of accretion and erosion derived from DSAS and LRR analyses

Study Limitations. The spatial accuracy of the
satellite imagery was estimated to be 1 pixel based
on the resolutions of Landsat (30 m) and Sentinel-2
(10-20 m). However, the results were not validat-
ed with ground truth data or alternative high-reso-
lution datasets (e.g., drone surveys or topographic
maps), which should be considered a limitation of
this study. Consequently, interpretations of the pre-
sented shoreline change indicators should be made
with caution, and future research should integrate
broader-scale ground observations.

Impacts on Biodiversity. Seaward advance-
ment of the shoreline has resulted in a reduction of
shallow water and wetland areas. This process re-
stricts the distribution of hydrophyte and halophyte
vegetation and narrows habitats essential for water
birds, such as Phragmites australis reed beds. Fish
spawning grounds and benthic organism habitats
have been significantly reduced. For migratory wa-
ter birds, important feeding and resting sites have
decreased, whereas the expansion of terrestrial ar-
eas has increased the number of ground-nesting bird
species.

Weakening or complete loss of aquatic veg-
etation, combined with strong winds and ecological
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changes, has caused many Laridae species (gulls,
terns, etc.) to lose nesting opportunities in the Great
Ghizil-Agaj Bay, redirecting primary breeding ac-
tivity to the South Small Ghizil-Agaj Bay. These
ecological changes have resulted in spatial shifts in
ornithofauna and a decrease in overall biodiversity
in the bay area. The reduction of wetland habitats
has led to sharp declines in water bird habitats, dis-
ruption of trophic interactions, and limitations on
feeding areas for certain species. Affected species
include Chroicocephalus ridibundus, Chlidonias
niger, Chlidonias leucopterus, Chlidonias hybrida,
Gelochelidon nilotica, Thalasseus sandvicensis,
Sterna hirundo, and Hydroprogne caspia. Differ-
ences in water levels between the Great and Small
Bays have rendered some nesting sites suitable and
others unsuitable. Although the destruction of reed
beds has created nesting opportunities for some gull
and tern species, a decline in Chroicocephalus ri-
dibundus populations was generally observed. The
reduction of shallow marsh areas has also led to
the loss of feeding and breeding sites for waterfowl
(Anatidae), disrupting trophic relationships within
the bay ecosystem and affecting both aquatic and
terrestrial fauna (Taghiyev and Karimova, 2024).
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Biodiversity Trends (2000-2024). Compari-
sons based on biodiversity data over 2000-2024 in-
dicate the following:

- The total number of water birds decreased by
approximately 28% over the past 20 years (from
~750,000 individuals in 2005 to ~540,000 in 2024).

- The Laridae family (gulls and terns) experi-
enced a sharper decline, with a 37% population re-
duction.

- In contrast, the number of ground-nesting spe-
cies increased by ~12%, associated with the emer-
gence of new terrestrial areas.

Trend analyses revealed a linear decline in to-
tal water bird numbers (R? = 0.71), indicating that

changes in biodiversity represent a long-term eco-
logical trend. Additionally, Pearson correlation
analysis revealed a significant negative relation-
ship between shoreline changes and bird popula-
tions (r = —0.64, p < 0.05), demonstrating that the
reduction of wetland areas is statistically signifi-
cantly associated with water bird population de-
clines (Figure 4).

The scatter plot shows a significant negative
correlation (r = —0.64, p < 0.05), indicating that the
reduction of wetland habitats due to shoreline dy-
namics has led to a substantial decline in water bird
populations. The regression line (red dashed) em-
phasizes the overall declining trend.
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Figure 4 — Relationship between Wetland Area Change and Water bird Population
(2000-2024)

Implications for Land Use and Vegetation
Restoration. Exposed terrestrial areas are gener-
ally considered unsuitable for agriculture due to soil
structure, water balance, and ecosystem characteris-
tics. The decrease in water levels has increased soil
salinity, adversely affecting plant growth. More-
over, weakened soil structure raises erosion risks.
Halophyte species (e.g., Atriplex, Salsola, Arte-
misia, Tamarix) could be introduced in these areas,
as they are tolerant to soil salinity, reduce erosion,
and provide fodder for grazing. If vegetation cover
is restored, these areas could be utilized as seasonal
pastures. Furthermore, creating artificial ponds,

wetlands, and green masses can provide habitats for
birds and other wildlife. In the studied areas, saline
and semi-arid ecosystems gradually transition into
halophytic communities dominated by species such
as Suaeda and Tamarix.

Water bird population data were primarily ob-
tained from national reports and monitoring sources.
However, repeated verification methodologies (e.g.,
parallel observations, cross-year comparisons, or
integration with international monitoring programs)
were limited. This limitation may introduce some
uncertainty in the results. Systematic repetition of
ornithological surveys and alignment with inter-
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national databases (e.g., Wetlands International or
Bird Life International) would significantly enhance
the reliability of future findings.

Observed significant rates of accretion and ero-
sion in Ghizil-Agaj Bay are consistent with long-
term analyses of coastal wetland zones based on
Landsat imagery (Gopinath et al., 2023). Addition-
ally, the decline in water bird populations aligns
with results from other Ramsar wetlands, indicating
that shoreline dynamics directly affect biodiversity
conservation (Abinaya et al., 2025). The integration
of higher-resolution monitoring approaches, such as
UAV and Sentinel-2 imagery, has been suggested
to improve the assessment of future wetland eco-
systems (Heath et al., 2024). Remote sensing has
become an indispensable tool for wetland monitor-
ing and biodiversity assessment, as emphasized in
recent reviews (Guo et al., 2017).

Conclusion

Monitoring of the Ghizil-Agaj Bay shoreline
from 2000 to 2024 using DSAS and LRR methods
revealed significant changes, with a reduction in wa-
ter-covered areas of up to 240 km?. Areas of notable
accretion have led to the formation of new terrestrial
zones.

Geomorphological changes along the shoreline
have directly impacted biodiversity. Wetland re-
duction has limited the distribution of hydrophilic
and halophytic vegetation, reduced fish spawning

habitats, diminished critical water bird habitats,
disrupted trophic interactions, restricted feeding ar-
eas for some species, and caused a sharp decline in
migratory water bird populations. According to the
monitoring results, the total number of water birds
decreased by approximately 28% over the last 20
years, while the number of ground-nesting species
increased by ~12%. The decline in total water bird
numbers exhibited a linear trend (R? = 0.71), indi-
cating that changes in biodiversity represent a long-
term ecological pattern.

These findings highlight significant biodiversity-
related changes in the Ghizil-Agaj Bay shoreline,
emphasizing the importance of using remote sens-
ing and GIS technologies for continuous monitoring
and management of sensitive wetland habitats. Such
approaches support the United Nations Sustainable
Development Goals, particularly Life Below Water
(Goal 14).

Justification and Scientific Significance. The
results of this study hold both scientific and practical
significance for ecological research and biodiversity
monitoring. Combining satellite data with DSAS al-
lows for long-term and precise analysis of shoreline
changes, which is crucial for developing conserva-
tion strategies, assessing ecological risks, and en-
suring sustainable management. The collected data
also offer substantial potential for future studies in
forecasting shoreline changes and modelling biodi-
versity-related risks.
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