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MULTI-TEMPORAL NDWI-BASED ASSESSMENT OF WATER RESOURCES
AND COASTAL CHANGES IN THE ABSHERON PENINSULA, CASPIAN SEA

(MpedcmaesnieHo YneHom pedakuiliHoi konezii 3-pom 2eoJt. Hayk, npod. [. O. JIsweHKom)

Background. Global warming has also caused drought in coastal areas. This is especially a pressing issue for urban
areas located on the coast. Our study area, the Absheron Peninsula, is located on the western coast of the Caspian Sea. Located
in a semi-desert and dry-desert climate, this area is home to the country’s most important economic, administrative and social
center, Baku. This both causes and is affected by climate change.

Meth o ds. Duringthe study, we used satelliteimage analysis to analyze water resources in the area. For this, we processed
satellite images from 2001, 2013 and 2023 using ArcGIS software. The 2001 satellite images were obtained from Landsat 5, the
2013 images from Landsat 8 and the 2023 images were obtained mainly from Landsat9 satellites.

Results. As a result of the analysis, it was determined that the water level in the lakes located on the peninsula has
decreased significantly. Even the water ofthe Caspian Sea has receded in coastal areas. This is one of the mostimportant problems
forthe highest and most densely populated urban area.

Conclusions. Theanalysis of multi-temporal satellite imagery shows a clear and continuous decline in water resources
across the Absheron Peninsula over the past two decades. Both inland lakes and the Caspian Sea coastline have experienced
significant water loss, reflecting the intensifyingimpacts of climate change in this semi-desert region. These changes pose serious
environmental and socio-economic risks for Baku, highlighting the urgent need for sustainable water management and climate-

resilient urban planning.

Keywords: climate change, Remote Sensing, Caspian Sea, Absheron peninsula, climate action.

Background

The most important factors determining the climate of
the world's largest water basin by area are its geographical
location (Berdimbetov et al., 2020), water exchanges
between different parts of the sea (Berdimbetov etal., 2024),
the influence of the surrounding land areas on it, as well as
the differentnature of atmospheric circulations (Dahal etal.,
2025). In particular, the mostimportantcharacteristic of the
sea climate is the predominance of anticyclonic weather
conditions here (Ciampittiello, Marchetto, & Boggero, 2024),
along with the sharp change in temperature throughout the
year, the windy and cold winterin the north, the warm winter
in the south of the sea, and the calm, dry and warm weather
over the Caspianinthe summer.

The main factors that create currents in our study area
are water currents (Al-Halbouni et al., 2022), the shape of

the coasts, underwater relief, sea depth, water density
variability, wind, and others. The most important of these
factors is wind. In general, we can describe the current
system in this way. These northerly winds, which prevail
over the Caspian Sea throughout the year, create drift
currents from north to south, mainly along its westem
shores, as a result of which these water flows are
continuously directed to the Absheron Peninsula and are
dividedinto 2 branches.

In the south of the Caspian Sea, more precisely,
between the mouth of the Kura River and the Absheron
Peninsula, there are local anticyclonic, i.e. clockwise,
currents. In the Middle Caspian, there are flows that are
southeasterly in the direction of the western shores. Starting
from the Absheron Peninsula and moving northward, the
speed of the currents in weak winds is 10-20 cm/s, while

© Amanova Shahnaz, Tsitsiagi Mariam, Jafarova Firuza, Hajiyeva Afag, Ibrahimova Leyla, 2026

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)


https://orcid.org/0000-0001-7962-7073
https://orcid.org/0009-0005-3955-1074

~ 68 ~

B 1 C H U K KniBcbkoro HauioHanbHoro yHiBepcurery imeHni Tapaca LllleBueHka

this indicatoris observed in moderate winds at30—40 cm/s,
but in strong winds the speed of movementis 60—100 cm/s.

In the southern Caspian, in the Baku Archipelago region,
we can say thatthe southern currents, which areobserved ata
speed of 10 cm/s, have a particular advantage. It should also
be noted that in this area, the maximum flow speed of 40—
50 cm/s was observed during the period of strong north-
westerly windsobserved here. In the South Caspian, southery
flows are observed along the eastern coast of the area during
the April-September period throughout the year. The average
speed of these flows varies, being especially high in strong
winds and 50-60cm/s, and less in moderate winds, i.e.
15-30 cm/s(Amanova, Hajiyeva, & Jafarova, 2024).

To ensure the methodologicalframework is firmly rooted
in the regional context of the South Caspian, we have
updated the literature review to prioritize local studies
concerning the specific lithological, hydrological, and
geomorphological characteristics of the Absheron
Peninsula. This approach replaces previous references to
disparate endorheic basins, allowing for a more accurate
interpretation of coastal erosion and accretion processes
that are unique to the local tectonic and climatic environment
of Azerbaijan.

Although existing studies are mainly focused on the
study of individual hydrometeorological indicators or local
water bodies, a complex assessment of the combined
impact of climatic and geological factors in multi-tem poral
and spatial terms has notbeen sufficiently carried out. In this
regard, long-term analysis of the dynamics of water
resources on the Absheron Peninsula using the capabilities
of remote sensing and geographic information systems is
relevant both for filling the scientific gap and for practical
decision-making processes.

The dynamics ofthe Caspian Sealevel are expressed here
asthe cumulative dedinerelative to the -27.0m (BS) baseline.
Historical moitoring dataindicates a progressive lowering of the
sealevel: arecordeddrop of 0.6 min 2007, whichdeepened to
0.9m in 2020, and reached 1.1 m by 2023. These values
represent the vertical recession of water surface, which, given
the shallow bathymetry of Absheron coastal zone, translates
into a significant horizontal of shoreline.

The hydro-dynamics of the Absheron Peninsual are
strongly influenced by the interplay between large-scale
Caspian anticycllonic circulation and regional arid climate
patterns. The dominant northerly winds drive coastal
currents toward the Absheron Peninsula, which physically
define the sediment transport and shorline stability of the
Baku Archipelago. However, the connectivity between these
macro-scale marine processes deficits and regional
groundwater recharge mechanisms. Persistent anticyclonic
weather conditions, characterized by high
evaportranspiration rates and limited precipitation,
exacerbate the water deficitin these isolated inland basins,
while the retreating Caspian Sea level reduces the potential
for sea-to-lake groundwater exchange, further accelerating
the desiccation process observed in the inland water bodies.

The main objective of this study is to assess the
spatiotemporal dynamics of water resources on the
Absheron Peninsula using NDWI-based remote sensing
analysis for 2001, 2013, and 2023. The specific tasks
include: (1) mapping water bodies and their changes over
time, (2)regionalizing the study area according to the
intensity of water resource changes, (3)analyzing
anthropogenic impacts along the AB profile, and
(4) monitoring shoreline and island area variations using
historical satellite imagery from 1984-2025. These tasks
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ensure a comprehensive understanding of both natural and
human-induced factors affecting water resources in one of
Azerbaijan's most densely populated and economically
active regions.

Our findings demonstrate a significant decline in inland
water bodies and a retreat of the Caspian Sea shoreline,
consistent with previous studies on regional water scarcity.
However, unlike broader basin-scale analyses, this study
provides detailed local-scale mapping of NDWI dynamics,
the first systematic AB profile assessmentforthe Absheron
Peninsula, and quantification of island area expansion
(Chilov, Pirallahi, Shahdili) over four decades. This
comparative approach highlights both the consistency with
prior research and the novel contribution of fine-scale, mult-
temporal remote sensing analysis for local water resource
managementand planning.

Methods

During the study, we used the NDW index to study water
resources and water basins.

Description of values: Water bodies have values greater
than 0.5 (Salehie et al, 2022). Vegetation has smaller
values, which makes vegetation easier to distinguish from
water bodies (Stakhiv et al., 2025). Built-in features have
positive values between zero and 0.2 (Deroin, 2025).

NDWI = (Green—NIR) / (Green + NIR).

NDWI values canrange from —1to 1 (Dube, Shekede, &
Massari, 2023).

Index values between —1 and 0 indicate surfaces without
vegetation or water; values closer to 0 indicate areas with
low vegetation cover or high water stress; values between
0 and 1 indicate deeperwater bodies (Titolo,2021).

To minimize the spectral confusion between water bodies
and built-up areas, we applied anadditional masking technique.
Pixels identified as built-up with positive NDWI values were
cross-referenced with high resolution Google Earth imagery
and corrected through manual classification, ensuring that the
final NDWI results accurately represent actual water surface
areas rather than urbaninfrastructure interference.

Results

We have compiled and analyzedmaps of our study area
reflecting the NDW (Normalized difference water index)
indexin2001,2013 and 2023 (Fig. 1). In this case, we used
data from Landsat5 and 8 satellites.

As a result of the analysis, 5classifications were
distinguishedin the study area based on the index indicators.
According to these classifications, areas with an index of less
than —0.2in 2001 accounted for 81.9 % of the study area,
4.2% in 2013, and 5.6 % in 2023, while areas with an index
of —0.02—-0 accounted for 13 % of the study area in 2001,
91.6 % in 2013,and 91.8 % in 2023. Areas with thisindex of
0-0.1 covered 0.4 % of the study areain 2001,0.9 % in 2013,
and 1.4 % in 2023; areas with an index of 0.1-0.2 covered
0.4 % of the studyareain 2001,2.1 % in 2013,and 1.1 % in
2023; areas with anindex of more than 0.2 covered 4.3 % of
the study areain2001,and 1.2 % in 2013.

If we look at the results of the index comparison, the
mostdramatic change in 2001-2013was observed in areas
where the indexwas less than —0.2 and more than 0.2, with
a sharp decrease in area, and an increase in areas where
the index was —0.2—-0.2. In 2013-2023, the area where the
indexwas higherthan 0.1 decreased sharply (Tab. 1).

Using the capabilities of ArcGIS software, the dynamics
of the NDW index in 2001-2013 and 2013-2023 were
analyzed and mapped according to 4 classifications based
on a comparison of differentyears (Fig. 2).
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Fig. 1. NDWindex and its dynamics
Source: The map was generated by the authors based on Landsat 5, 8, and 9 satellite data.
Table 1
Statistical indicators of the dynamics of the NDVindex
Area L Lo
Ne NDWindex 2001 2013 2023 Dynamics in 2002-2013 | Dynamicsin 2013-2014
Km? % Km? % Km? % Km? % Km? %
1 low -0.2 1648.9 [ 81.9 85.5 4.2 112.4 5.6 -1563.4 -94.8 26.9 314
2 -0.2 0 262.7 13 18422 [ 91.6 [ 1847.7 [ 91.8 1579.5 601 5.5 0.3
3 0 0.1 74 0.4 18.9 0.9 28.5 1.4 11.5 157 9.6 50.8
4 0.1 0.2 71 0.4 41.2 2.1 22.8 1.1 341 483 -18.4 —44.8
5 0.2 high 86.5 4.3 247 1.2 1.2 0.1 —61.8 =71 -23.5 —95.1
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Fig. 2. Regionalization of the study area based on the dynamics of the NDWindex in 2001-2013 and 2013-2023
Source: The map was generated by the authors based on Landsat 5, 8, and 9 satellite data.
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It was determined thatweakly changed areas accounted weakly changed areas accounted for 1.4 %, moderately
for 2.8 %, moderately changed areas for 3.8, strongly changed areas for 47.2%, strongly changed areas for
changed areasfor89.5 %, and intensely changed areas for 51.2 %, and intensely changed areasfor0.1 % (Tab. 2).
3.8 % during the 1st period. However, during the 2nd period,

Table 2
Statistical indicators of the regionalization of the study area based on the dynamics of the NDW index
in 2001-2013 and 2013-2023

. Area in 2002-2013 Area in 2013-2014
Ne NDW index Km? % Km? %
1 Weakly changed 57 2.8 28.3 1.4
2 Moderately changed 76.8 3.8 950.9 47.2
3 Strongly changed 1801.5 89.5 1030.8 51.2
4 Intensively changed 77.2 3.8 2.5 0.1
6 Total 2012.5 100 2012.5 100

During the study, in order to conduct more accurate different years more accurately characterizes the
analyses, we constructed an AB profile in the study area. This anthropogenic changes occurringin the landscapes(Fig. 3).
profile extends from west to east fora distance of 65 km. The In 2001,the NDW index indicator on the AB profile takes
change in the index along the profile and its comparison in the highest value at a distance of 42 km from point A in the

west, and the lowestat a distance of 35 and 50 km (Fig. 4).
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Fig. 3. AB profile line at a distance of 65 km on the Absheron Peninsula
Source: The map was generated by the authors based on Google Earth imagery.

1!
T T T T T T T T T T T T T
o 5000 10000 15 000 20000 25000 30 000 35000 40000 45 000 50 000 25 000 B0 000 65 000

Fig. 4. Change in NDWindex along the AB profile line in 2001
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The largestvalue of the NDW index along the AB profile
in 2013 was observed at a distance of approximately 42 km
from the starting point of the profile, and the smallestvalue
was observed at a distance of 58 km (Fig. 5).

The largestvalue of the NDW index along the AB profile
for2023 was observed ata distance of approximately 42 km
from the starting point of the profile, and the smallestvalue
was observed at a distance of 37 km (Fig. 6).
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Fig.5. Change in NDWindex along the AB profile line in 2013
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Fig. 6. Change in NDWindexin 2023 along the AB profile line

We also used Google Earth and Google Earth Pro
programsin our study area. For more accurate analysis, we
conducted a study on the Absheron Peninsula based on
satelliteimages from January 1984, 2006 and 2025. At this
time, we selected study points near Jeyranbatan, Novkhani,
Boyukshor, Zygh, Badamdar and Lokbatan. As a result of
the analysis, we observed that water bodiesin these areas
were shrinking and were eventually replaced by residental
facilities (Fig.7 a, b, c).

Also, to monitor the dynamics of the water level in the
sea, we vectorized the land borderin the form of a satellite
image of December 1990in the area of Pirallahi, Chilov
Islands and Shahdili. Then we compared it with January
2025 (Fig. 8,9). As can be seen, the water level has
decreased significantly and the land area hasincreased.

As a resultof the level fluctuations of the Caspian Seain
1990-2024,itwas determined thatthe area of Chilov Island
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increased from 1200 ha to 2100 ha, the area of Pirallahi
Island from 1300 ha to 2400 ha, and the area of Shahdili
from 368 ha to 1300 ha. In particular, a large water area in
the western direction of Chilov Island has turned into land,
which, according to our calculations, covers an area with a
width of 1462 m (Fig. 10 a, b, c).

The studyis one of the firstto use multi-temporal (2001—
2013-2023) satellite data and the NDWIlindex to assess the
dynamics of water resources on the Absheron Peninsula.
Within the scope of the study:

o the changes in the coastline and inland lake areas
were accurately depicted on the map;

o the impact of anthropogenic and climatic factors was
determined through regionalization and AB profile analysis;

e the area changes of Chilov, Pirallahi and Shahdili
islands were numerically calculated.



~ 72 ~

B 1 C H U K KniBcbkoro HauioHanbHoro yHiBepcutety imeHi Tapaca LleBuyeHka

Google Earth

c

Fig.7. Absheron Peninsula: a—1984; b — 2006; c — January 2025
Source: The map was generated by the authors based on Google Earth imagery.

These results contribute to both cartographictheory and
water resources management and spatial planning
practices, and create an important database for the
sustainable developmentof the region.

Practical recomemendations. Based on the observed
water resource depletion and coastal retreat, we propose
the following actions for sustainable urban management:

1. Buffer zones. Establish protected zones around
inland lakes to prevent residental encroachment and
preserve groundwater recharge capacity.

ISSN 1728-3817

2. Urban planning. Integrate our multi-temporal NDWI
mapping into Baku's master plan to identify high-risk zones
forcoastal erosion.

3. Monitoring network. Implement a systematic
monitoring system for local aquifers to mitigate salinization
risks linked to sea-level fluctuations.

4. Infrastructure resilience. Future coastal projects must
incorporate the identified shoreline dynamics to avoid long-
term environmental hazards.
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"~ Fig. 8. Pirallahi, Chilov Islands and Shahdili area (December 1990)
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Source: The map was generated by the authors based on Google Earth imagery.
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Discussion and conclusions

The conducted remote sensing analysis clearly
demonstrates thatthe Absheron Peninsula and the adjacent
Caspian coastal zone have undergone significant
hydrological transformations over the past decades. NDWI-
based assessments for 2001, 2013, and 2023 reveal a
continuous reduction in water bodies, a shiftin index classes
toward drier conditions, and widespread landscape
modification. The regionalization results indicate that
strongly and moderately changed areas dominate both
study periods, reflecting the cumulative influence of climate
change, sea-level fluctuations, and anthropogenic pressure.

The analysis reveals significant hydrological decline on
the Absheron Peninsula. NDWI assessments for 2001—
2023 shows a continuous reduction in water bodies and
shoreline retreat. The AB profile confirms a sharp decline in
water indices at the 42 km mark due to anthropogenic
pressure. Numerical data validates coastal recession:
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ig. . irallahi, Chilov Islands and Shahdili Territory (January 2025)
Source: The map was generated by the authors based on Google Earth imagery.
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Chilovisland expanded from 1200to 2100 ha, Pirallahi from
1300 to 2400 ha, and Shahdili from 368 ha to 1300 ha.
These findings underscore the urgency of integrating multi-
temporal remote sensing data into urban planning to
mitigate climate-induced ecological risks.

Comparative analyses of multi-year satellite imagery
(1984-2025) further confirm the shrinkage of inland lakes
and the retreat of the Caspian Sea shoreline. The
substantial expansion of Chilov, Pirallahi, and Shahdili
islands provides physical evidence of declining sea levels
and altered coastal geomorphology. These observations
emphasize that water scarcity and environmental
degradation are intensifying in one of the most densely
populated and economically active regions of Azerbaijan.

Overall, the findings highlight the importance of continuous
monitoring using remote sensing tools and the need for
effective water resource management strategies to mitigate
future ecological risksin the coastal Caspian environment.
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Fig.10. Dynamics of the border of: a— Chilov Island; b — PirallahiIsland; ¢ — Shahdili territory in 1990-2024
Source: The map was generated by the authors based on Google Earth imagery.
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'BakuHCLKMit AepxaBHUit yHiBepcuTeT, Baky, Asep6aiiaxaH

2TGinicbKuit AepXaBHUI yHIBepcuTeT iMeHi IBaHe [pkaBaxiwsini, T6inici, Mpysis
3Asep6anaxaHCLKNUI AepXaBHUN eKOHOMIYHMI yHiBepcuTeT, Baky, Asep6anaxaH
“HaxiyeBaHCcbKuit AepxaBHUI yHiBepcuTeT, HaxiueBaHb, AsepGanaxaH

BArATOYACOBA OLIIHKA BOOHUX PECYPCIB | 3MIH BEPEFOBOI NHII
AMWEPOHCBKOIO NMiBOCTPOBA KACMIMCbKOIro MOPA HA OCHOBI IHOEKCY NDWI

B c Ty n. Mo6anbHe nomenJsiHHA cpuYuHUIIO 3acyxy, 30Kpema U y npubepexHux palioHax. Lje numaHHa € oco6s1ueo 2ocmpum 85151 MicbKux
mepumopili, po3mMiujeHux Ha y36epexki. PalioH Hawo20 docnidxeHHs1 — AnwepoHcbKuUli nieocmpie — po3mawoeaHuli Ha 3axiOHomy y36epexki Ka-
cnilickko2o mopsi. [Nepebyesaroyu 8 ymoeax HarnienycmesibHO20 ma Cyxo20 MycmesibHO20 KiiMamy, yss mepumopisi € ocepedKoM Halieax1ueiuo20
eKOHOMi4HO20, aOMiHicmpamueHo20 ma coyianbHO20 YeHmpy KpaiHu — baky. [Jo moao x ¢hikcyembcs 3miHa knimamy.

MeTo aun. YxodidocnioxeHHs B0OHUX pecypcie pe2ioHy Mu 3acmocyeanu Memod aHasi3y O/l eue4yeHHs1 cynymHuKoeux 3HimMkie. Qns ybo2o
3a donomozot npozpamHoz0 3abesneyeHHss ArcGIS 6yno onpayboeaHo cynymHukosi 3HiMku 3a 2001, 2013 ma 2023 pp. CynymHuKoei 3HiMKu 3a
2001 p. 6yno ompumaHo 3 KOocMi4yHo20 anapama Landsat 5, 3a 2013 — 3 Landsat 8, a 3a 2023 — nepeeaxHo 3i cynymHukie Landsat 9.

Pe3ynbTaTtu. YHacnidok aHanizy 6yno ecmaHoeseHo, w0 pieeHb eo0u e o3epax, po3mauwoeaHux Ha rnieocmpoei, icmomHo 3HU3UEcs.
Hasimb y npu6bepexHux palioHax eid6yeaembcsi sidcmyn eod Kacnilickko2o Mopsi. Lje € oOQHieto 3 Halieaxknusiwux npo6sem 0s1s1 mepumopii 3 Hal-
euwum pieHem yp6aHizayii ma Hali6inbwor WinbHicmIo HaceseHHsl.

BucHOBKMU. AHani3 piaHo4acoeux cynymHukoeux 3HiMKie deMoHcmpye Yyimke ma 6e3nepepeHe CKOPOYeHHs 800HUX pecypcie Ha eCboMy
AnwepoHcbkoMy nieocmposi enpodoex ocmaHHix deox decsmunime. Sk eHympiwHi o3epa, mak i 6epezoea niHisi Kacnilickko2o Mops 3a3Hanu
3HayHUX empam eodu, wo eidobpaxae MocusieHHs enausy 3MiHU Kimamy e UboMy HanienycmesnbHOMy pe2ioHi. i 3miHu 3ymoentoroms ceplio3Hi
eKoJs102i4Hi ma coyianbHO-eKOHOMiYHi pu3uku Ans baky, nidkpecnrooyu HazanbHy nompeby e cmanomMy ynpaeniHHi e0OHUMU pecypcamu i adanmo-
eaHOMy 00 KniMamu4HUX 3MiH MiCbKOMY MJ1aHyeaHHi.

KnwuyoBi cnoBa: 3miHa knimamy, ducmaHuyiliHe 3oHOyeaHHsl, Kacnilicbke Mope, AnwepoHcbKul nieocmpie, 6opoms6a 3i 3MiHOI KiiiMamy.

[eknapauisi npo reHepaTUBHUI LUTYYHUM IHTENEKT Ta TEXHONOTIi, L0 BUKOPUCTOBYHOTb LUTY4YHUM iHTENneKT. [ig yac nigrotoskm
uiei cTaTTi aBTOPU He BUKOPUCTOBYBAr iH CTPYMEHTY LUTYYHOTO iHTENEKTY.

Declaration of Generative Al and Al-Assisted Technologies. During the preparation of this work, the authors did not use artificial
intelligence tools.

ETtnyHa peknapadis. [Jo cnimpkeH HS € TEOPETUYHUM aHarli30M BiOKpUTUX kepen i Henepeadayae 6esnocepeaHboil B3aemogii 3 nioopMm
4yu TBapuHamu. BignosigHo, o TpMaHHA cnewjianbHOro eTMYHOTO BUCHOBKY AN TaKOTO TUMY A0 CIi/DKEHHSIH e NMOTPIOHO.
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