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Abstract: Coasts undergo constant change in the temporal universe due to a wide variety of factors, both 
spatial and linear. Delta geomorphology, formed by coastal and fluvial factors, is one of the elements most 
affected by changes occurring on the coast. Although coastal changes in many deltas around the world and in 
Turkey have been studied, there has been little research on deltas in lakes. This study examines the linear and 
spatial coastal changes between 1984 and 2024 in six delta areas (Zilan, Deliçay, Bendimahi, Karasu, Van and 
Engil deltas) located east of Lake Van, which has the largest water surface area in Turkey. First, water-land 
separation was performed using the Normalised Difference Water Index (NDWI) and threshold method analysis 
from Landsat satellite images from 1984, 1994, 2004, 2014 and 2024, and coastlines were generated. The 
quantitative dimension of linear changes occurring on the coast was analysed using statistics from the Digital 
Shoreline Analysis System (DSAS). The analyses were conducted on five different coastlines for both the long 
term (1984-2024) and two different coastlines for 10-year consecutive periods. Shoreline changes during the 
specified periods were evaluated using the Net Shoreline Movement (NSM), End Point Rate (EPR), Linear 
Regression Rate (LRR) and Shoreline Change Envelope (SCE) methods included in the DSAS tool. The 
sensitivity of coastline changes was calculated using LRR analysis results from long-term data on deltas. 
Finally, the spatial changes occurring on delta coasts were analysed using Geographic Information Systems 
(GIS). The study found that in the long-term change (1984–2024) results, shoreline accretion was dominant in 
most deltas, but a general shoreline retreat occurred during the 1984–1994 period. While high rates of linear 
and areal changes were observed in the Zilan (D1), Bendimahi (D3) and Engil (D6) deltas in particular, it was 
determined that anthropogenic effects were dominant in the Van Delta (D5) and that coastal change was at a 
low level. The Zilan delta has the highest sensitivity to coastal change. The findings indicate that delta coasts 
are trending towards advancement, which is associated with the lake's hydrological dynamics, rainfall 
variability in the basin, and the siltation effect of dams constructed on the rivers feeding the lake. 
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1. INTRODUCTION 

Coasts are among the most dynamic geomorphological areas, constantly changing and 
being shaped by a wide variety of processes, offering morphological differences (Bird, 
2008). Coasts have a hinterland and an area of influence on both the water and land surfaces. 
The geomorphological elements that form the boundary between land and water in seas, 
lakes and rivers are the coastlines. The shoreline is not a fixed element, but undergoes 
changes at different levels, affected by eustatic and tectonic movements, climatological 
factors, climate fluctuations, and local geomorphological and hydrographic processes 
(Turoğlu, 2017). This change takes the form of shoreline advance and retreat, and the 
dynamic processes that occur create areas of erosion and accumulation on the coast. As a 
result of this dynamic cycle, geomorphological elements on the coast change, and 
ecosystem differentiation and ecological interactions emerge (Davidson-Arnott, 2010). 
Coasts, where dynamic processes develop very rapidly, are among the areas where 
anthropogenic activities are concentrated, thanks to the favorable conditions they offer. 
Coasts, which are the intersection of natural and human conditions, are of strategic 
importance in sustainable environment and socio-economic development policies. It is very 
important to study, analyse and model shoreline changes for management and planning 
studies on coasts, which are subject to frequent changes in terms of space and time (Jiang 
et al., 2025). 

The shoreline and the general geomorphological structure of the coast are affected by 
eustatic and tectonic movements, wind and wave action, erosive activities, sedimentation 
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of coastal currents, lithological unit characteristics of the coast, local changes in sea and 
lake levels, precipitation patterns, fluvial factors, and anthropogenic factors such as port, 
shipyard, and breakwater construction. The aforementioned factors can alter the structure 
and geometry of the coastline, with such changes manifesting as coastal erosion due to 
sediment transport or coastal accretion due to increased sediment deposition (Mattheus et 
al., 2025). The temporal processes of changing coastal dynamics can be quite long, or linear 
and areal changes can occur on the coast in a very short time (Burningham & French, 2017). 
The differentiation caused by these changes affects geomorphological processes, leading to 
changes in the morphological appearance of coasts and causing human activities to adapt 
to these changes (Ciritci & Türk; 2020; Yasir et al., 2021). 

A lake is defined as a hydrographic unit formed by the filling of geomorphologically formed 
depressions with water, balanced by the evaporation and seepage of the specified water 
(Hoşgören, 1994). Lakes around the world exhibit diversity based on the origin of their 
basins and the chemical properties of their waters. Lakes are also highly dynamic systems 
in terms of their surface water area, which varies annually and seasonally due to their spatial 
size, climatic factors, and geomorphological influences (Khorshiddoust et al., 2022; Sikder 
et al., 2023; Akbaş, 2024; Acheampong et al., 2025). The aforementioned conditions result 
in lake shores containing various geomorphological units and exhibiting variability due to 
different factors (Busker et al., 2019). The shoreline of lakes can change due to both natural 
processes and anthropogenic factors (Woolway et al., 2020; Roland & Zoet, 2025). Lakes 
also contain various systems with natural and human elements in their interaction area with 
andoreic basin characteristics (Liang et al., 2023). Changes resulting from interactions 
between the lake shoreline and the drainage basin can occur directly or indirectly through 
other factors in the lake's drainage basin (O'Reilly et al., 2015; Zhou et al., 2020). 

Geomorphological accumulation forms that occur on coasts due to the effects of both 
coastal and fluvial processes are called deltas. Deltas form in various geometric shapes 
depending on the coast's current, wave direction, wind effect, geomorphology, lithological 
units, bathymetric characteristics, the amount and size of material carried by fluvial 
elements, the flow velocity and discharge of the river, and its bed (Nienhuis et al., 2020). 
In this regard, deltas are primarily formed by river-based, wave-current-based, and tidal-
based processes. Dynamic delta coasts with intense deposition and erosion also harbour 
wetlands and exhibit high biodiversity in terms of flora and fauna (Kuleli et al., 2011). 
Deltas are influenced by coastal factors and natural and anthropogenic processes in the 
drainage basin, creating different temporal and spatial change dynamics (Foutrakis et al., 
2007; Bombino et al., 2022). Deltas located on lake shores in andoric basins, with their 
wetland characteristics and exposure to direct or indirect anthropogenic factors, are among 
the most important areas to be studied in terms of the variability of natural dynamic 
processes (Gumus et al., 2022; Uzun, 2024b). Delta coasts located along ocean and sea 
shorelines worldwide undergo diverse changes over short periods (Siyal et al., 2022). In 
recent years, it has been noted that coastal erosion is occurring at a very rapid rate in many 
deltas as a result of siltation caused by dams built on the main rivers in the drainage basin 
that feed the deltas (Kale et al., 2019; Uzun 2024c). In many lakes with different 
morphological characteristics, delta coastline changes, coastal processes, hydrogeological 
variability of lakes, global climate change, and anthropogenic activities in lake basins are 
undergoing changes (Rahman et al., 2022). The spatial and temporal analysis of changes 
occurring in coastlines, deltas, or lake surface areas can be conducted in detail using 
Geographic Information Systems (GIS), Remote Sensing techniques, and other 
technological advancements developed in recent years (Mullick et al., 2019; Hu & Wang, 
2020; Özpolat et al., 2021; Murray et al., 2023). In particular, water surface extraction is 
performed using various algorithms based on multispectral satellite images such as Landsat 
or Sentinel, which are freely accessible, and coastal changes are analysed temporally and 
spatially (Esmail et al., 2019; Hovsepyan et al., 2019). In recent years, the Digital Shoreline 
Analysis System (DSAS), a product of the United States Geological Survey (USGS) that 
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enables statistical and spatial queries and the creation of models for the future, has been 
widely preferred in many different coastal change studies (Ataol vd., 2019; Nassar vd., 
2019; Samra & Ali, 2021; Song vd., 2021; Akdeniz & İnam, 2023; Dinç, 2023; Kılar, 2023; 
Uzun 2024c; Yayla vd., 2025). 

The aim of this study is to examine the linear and areal changes in six different delta coasts 
on the eastern side of Lake Van using statistics and other GIS analyses obtained from 
Landsat satellite images from 1984, 1994, 2004, 2014, and 2024, using statistics from the 
DSAS tool and other GIS analyses. 

 
1.1. Study Area 
The research area consists of six different delta coasts east of Lake Van, located in eastern 
Turkiye, which has the largest water surface area (3602 km2) in the country (Figure 1). 
Lake Van was formed by tectonic depressions that were reshaped morphologically by 
Quaternary volcanic activity. The lithological influence of the Nemrut and Süphan volcanic 
masses to the west and north of Lake Van has made the lake's waters salty (Degens et al., 
1984). The high masses surrounding the lake to the south, west and north have resulted in 
a very narrow drainage basin in this area. In the eastern part of the lake, however, there is 
a wider drainage basin. Therefore, the relatively longer rivers flowing from this area have 
formed deltas due to the lower coastal relief. The deltas examined in this study are listed 
from north to south as the Zilan River Delta (D1), Deliçay River Delta (D2), Bendimahi 
River Delta (D3), Karasu River Delta (D4), Van Delta (D5), and Engil River (D6) (Figure 
1). 

 
Figure 1: A) Location of Lake Van basin in Turkiye, B) Location of Lake Van basin and studied 
deltas, C) Deltas studied east of Lake Van and shorelines by year 

Lake Van exhibits a complex structure, formed first by tectonics and karstification in the 
tectonic depression area stretching from the eastern plateau to the Muş plain, and later by 
the formation of lava barriers by the Süphan and especially Nemrut volcanoes (Hoşgören, 
1994; Selçuk Biricik, 2009). The volcanic materials in the lake basin and its immediate 
surroundings have caused the lake to become one of the endorheic lakes with high salt and 
soda concentrations. The total annual average discharge of Van Lake is 2.2 km3, 
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approximately 80% of which occurs during the spring months due to snowmelt 
(Kuzucuoğlu et al., 2010). The lake's soda-rich chemical properties, alkalinity, and high 
evaporation rate have limited the lake's biodiversity. The total area of Lake Van's closed 
basin is 15,495 km². Although the lake's level and surface area vary, its water area has been 
calculated to be 3,602 km² (Akköprü et al., 2019). The lake's average elevation above sea 
level is 1,646 m, its average depth is 170 m, and its deepest point is 450 m. The total 
shoreline length of the lake is 430 km (Kuzucuoğlu et al., 2010). The wide drainage basin 
to the east of the lake and the fact that the relief is less rugged than to the west have resulted 
in low-lying shores on the eastern side of the lake. The formation of the deltas covered by 
the study has occurred in relation to the geological and geomorphological characteristics of 
the lake shore, its bathymetric conditions and fluvial processes. Dams have been 
constructed on the rivers discharging into the lake from the deltas, resulting in siltation. 
Findings from drilling and other methods conducted in the lake have revealed changes in 
the lake's water level and surface area. These changes were observed at +108 m and -340 
m levels 105,000 years ago and 8,400 years ago, respectively (Kaden et al., 2010; 
Kuzucuoğlu et al., 2010; Akköprü et al., 2019). In the last 3,000 years, the change in lake 
level has been within the range of 1-2 m. Changes in lake level, surface area, and 
consequently along the shoreline are observed along the Van Lake shoreline through 
various geomorphological features such as cliffs, lacustrine terraces, deltaic sedimentary 
deposits, bed changes, and shoreline indentations. 
 

2. DATA AND METHODOLOGY 

The main data sources for this study are Landsat TM, ETM, and OLI multispectral 
satellite images from 1984, 1994, 2004, 2014, and 2024, obtained from the United 
States Geological Survey (USGS) Research Institute (Table 1). The moderate spatial 
resolution of the data (30x30), the availability of temporal resolution, and free access 
(Baig et al., 2020) made them the preferred choice for this study. 

Table 1: Landsat satellite images and characteristics used in the study 

 Date (m/d/y) Sensor Resolution Cloudiness Path/Row Type 
1 06/06/1984 Landsat 5 TM 30 m 3.21% 170/033 Geotff 
2 07/04/1994 Landsat 5 TM 30 m 0.03% 170/033 Geotff 
3 06/13/2004 Landsat 7 EM 30 m 1.0% 170/033 Geotff 
4 07/11/2014 Landsat 8 OLI 30 m 1.76% 170/033 Geotff 
5 06/20/2024 Landsat 9 OLI 30 m 1.00% 170/033 Geotff 

The study's procedural methodology consists of different stages (Figure 2). First, 
radiometric preliminary examinations of the acquired satellite images were 
conducted, and the images were prepared for use in ArcGIS 10.5 software and 
analyses. Subsequently, water-land surface separation was performed, and the 
coastline extraction process was carried out. In this context, previous studies were 
reviewed and experiments were conducted using satellite images (Yılmaz, 2023; 
Karakus, 2025). In this study, it was concluded that the Normalised Difference Water 
Index (NDWI) provided the most appropriate and usable results. The NDWI analysis 
is calculated using the following formula (Equation 1). 

���� =
(������−����)

(������+����)
 

In the NDWI formula, Pgreen band 3 and PNIR band 5 represent Landsat satellite images 
(McFeeters, 1996). NDWI results always take values between 1 and -1. Subsequently, 
water-land separation was performed using the threshold method algorithm (Reis et 
al., 2021) (Figure 3). In the results, a value of 0.01 was accepted as the threshold, and 
areas above this value were classified as water surface (Acharya et al., 2017; Hossain 
et al., 2021). After the obtained threshold value binary classification (land and water 

Equation 1 
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surface), 70 control points were marked on each delta coast for the accuracy analysis 
of the data. Based on the specified control data, the satellite image (band combination 
as water surface) of each year was used as a basis and accuracy analyses were 
performed. Accuracy analyses were conducted by examining whether the specified 
point was water (correct) or land mass (incorrect) based on the NDWI result of the 
controlled satellite image, and accuracy rates were calculated. In another stage of the 
study, the raster data obtained by NDWI analysis and the threshold method were 
converted to polygons in ArcGIS 10.5 software, and these data were converted to line 
data and applied to the shoreline extraction process for 5 different years within 6 
different deltas. 

 
Figure 2: Workflow diagram of the study 

The obtained coastlines were first subjected to length calculations and analyses in 
terms of period. In this process, the coastline length of each delta for each year studied 
was calculated, and the temporal change trend was examined using the linear trend 
method. Then, the change in shoreline length (in metres) and the proportional value 
of the change compared to the previous year were examined for consecutive periods. 
As a result of this examination, the indented structure of the delta coasts, the 
geomorphological change status and the coastal change mobility were evaluated. 
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Figure 3: NDWI analyses of the study area 

In this study, the Digital Shoreline Analysis System (DSAS), a product of the United 
States Geological Survey (USGS), was used for the quantitative analysis of linear 
changes along the coastline. The DSAS tool provides quantitative findings through 
various analyses within the tool based on coastlines (Kazı & Karabulut, 2023). DSAS 
V5.1 was used as an add-on to ArcGIS 10.5 software in this study. The Net Shoreline 
Movement (NSM), Shoreline Change Envelope (SCE), End Point Rate (EPR) and 
Linear Regression Rate (LRR) analyses included in the DSAS tool were used in this 
study. In the analysis of shoreline changes in 6 different deltas in Lake Van for 5 
different years, the baseline lake (water surface) was taken in the DSAS tool, the 
orientation from west to east and north to south was determined, and the transect 
interval was set at 10 m for the analyses. A total of 562 transects were used for D1, 
74 for D2, 163 for D3, 244 for D4, 707 for D5, and 496 for D6. 

Among the statistical analyses used in the study, NSM determines the net change 
distance based on the oldest and newest coastlines. The NSM analysis also calculates 
the difference between the start and end points of the shorelines (Himmelstoss et al., 
2018). NSM results take positive and negative values and reveal the direction of 
change (erosion or accumulation) on the coast. 

The SCE analysis in the DSAS tool reveals the total change distance (the largest limit 
of change) along the transect line between all coastlines (Himmelstoss et al., 2018). 
In the SCE analysis, the sign of the total change distance between two coastlines is 
uncertain over time, so the resulting value is always positive (Thieler et al., 2009). 
Therefore, the SCE analysis reveals the largest extent of coastal change. 

EPR analysis is calculated by dividing the distance between the oldest and most recent 
shoreline movement in the studies by the time between the two shorelines 
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(Himmelstoss et al., 2018). EPR analysis results describe the annual change in the 
distance of shorelines in m (m/y). EPR is calculated using the following formula. 

��� =
(��−��)

(��−��)
 

In the above formula (Equation 1), L1 and L2 are the distances of the old and new 
coastlines from the reference line, and t1 and t2 are the dates of the old and new 
coastlines. The advantage of EPR is that it is easy to calculate and can be calculated 
using at least two coastlines. Therefore, EPR was used in this study to calculate 
periodic coastline changes. The disadvantage of the analysis is that it ignores a lot of 
additional information when there are more shorelines and other geomorphological 
elements.  

The LRR analysis in the DSAS tool is calculated by applying least squares regression 
to all coastline points on the transect line (Himmelstoss et al., 2018). In the LRR 
analysis, a linear trend is established by considering the uncertainty value, and 
assessments are made by minimising the error rate in the results of annual data on 
coastline change. In this study, LRR analysis was used only for long-term analyses 
(all coastlines between 1984 and 2024) because it calculates based on at least three 
coastline data points. 

The sensitivity levels of annual linear changes occurring on delta coasts have been 
classified in terms of the geomorphological direction and magnitude of the change. 
The classification of shoreline change sensitivity has been revised specifically for the 
research area based on the classifications made by Selvan et al. (2016), Baral et al. 
(2018), Himmelstoss et al. (2018) and Uzun (2024c) (Selvan et al., 2016; Baral et al., 
2018; Himmelstoss et al., 2018; Uzun, 2024c) (Table 2). Since the value of annual 
change data in metres was used in the sensitivity classification, the LRR data 
determined on five different coastlines between 1984 and 2024 were used in the study. 

 
Table 2: Coastal change sensitivity classification used in the study 

Shoreline change 
rate LRR (m/yıl) 

Coastal and shoreline 
change classification 

Coastal Change 
Sensitivity 

Coastal Change 
direction 

< -5 High levels of erosion High 
Coastal Erosion -5,01 - -3,01 Moderate levels of erosion Moderate 

-3,09 - -0,51 Low levels of erosion Low 
-0,50 - 0,50 Stabil Stabil Nötr 
0,51 – 3,09 Low levels of accretion Low 

Coastal Accretion 3,1 – 5,09 Moderate levels of accretion Moderate 
> 5,1 High levels of accretion High 

Source: Selvan vd., 2016; Baral vd., 2018; Himmelstoss vd., 2018; Uzun, 2024c 

Spatial calculations for the delta coasts were analysed using the Union method in 
ArcGIS Geoprocessing. Within this scope, coastal erosion, coastal accumulation, and 
total changing coastal area calculations were performed for each delta between 
successive periods (1984-1994, 1994-2004, 2004-2014, and 2014-2024) and for the 
long period between 1984 and 2024. Additionally, the total changing delta coastal 
areas corresponding to the satellite images used in this study were calculated by 
overlaying the coastal areas for all years. 
 

3. FINDINGS 

First, the shoreline length of each delta was calculated based on the satellite images 
examined in the study (Table 3 and Figure 4). Changes in shoreline length provide 
preliminary information about the geomorphological structure, process and dynamics of 
coastal movement.  The findings show that the shoreline length has decreased over all 

Equation 2 
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periods only on the Zilan Delta (D1) coast, while variations have been observed on the other 
deltas. When the length values of the delta coastlines were examined linearly by year, the 
R2 values were calculated as 0.965 for D1, 0.5063 for D2, 0.6675 for D3, 0.2319 for D4, 
0.02 for D5, and 0.0251 for D6 (Figure 4). The data obtained show that the lengths of all 
delta shorelines tend to decrease. The largest decrease was observed in the D1, D3 and D2 
deltas, while the smallest decrease was observed in the D5 delta. The largest values between 
years were found to be between 1984-1994 and 2014-2024 (Table 3). The findings reveal 
that the deltas are undergoing geomorphological change processes, particularly in terms of 
linear and areal changes. 

 
Table 3: Shoreline lengths and rates of change of deltas over the years 

 Delta 1 Delta 2 Delta 3 
 Length 

(m) 
Change 

(%) 
Change 

Direction 
Length 

(m) 
Change 

(%) 
Change 

Direction 
Length 

(m) 
Change 

(%) 
Change 

Direction 
1984 20,7672   1,8599   14,1064   
1994 17,0299 18 Decrease 2,0960 23,6 Increase 13,9567 1,1 Decrease 
2004 16,2828 4,3 Decrease 1,9535 6,8 Decrease 15,9546 14,3 Increase 
2014 12,1463 25,4 Decrease 1,6887 13,5 Decrease 8,9261 44 Decrease 
2024 8,1664 32,78 Decrease 1,6414 2,9 Decrease 3,9476 55,8 Decrease 

    
 Delta 4 Delta 5 Delta 6 
 Length 

(m) 
Change 

(%) 
Change 

Direction 
Length 

(m) 
Change 

(%) 
Change 

Direction 
Length 

(m) 
Change 

(%) 
Change 

Direction 
1984 6,1254   15,9482   18,3469   
1994 8,4300 37,6 Increase 19,8615 24,5 Increase 23,9840 30,7 Increase 
2004 5,9965 28,8 Decrease 19,0514 4,2 Decrease 23,2227 3,1 Decrease 
2014 5,8733 2,1 Decrease 18,3320 3,77 Decrease 26,4965 14,1 Increase 
2024 5,6739 3,4 Decrease 16,9393 7,6 Decrease 14,7132 44,4 Decrease 

 

 

 
Figure 4: Shoreline lengths and changes over the years for the deltas studied 

3.1. Shoreline Change Analyses Using Statistics from the DSAS Tool 

In the study, each delta was analysed separately using statistics from the DSAS tool for 
long-term (1984-2024) and sequential periods, each containing five different coastlines 
(Tables 4 and 5). Since there were more than two shorelines in the long-term analyses, LRR 
analysis was used in addition to NSM, SCE, and EPR analyses, but only NSM, SCE, and 
EPR analyses were used in the sequential period analyses. 
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Table 4: Results of DSAS analysis of the studied delta shorelines in successive periods 

DELTA 1 
 NSM SCE EPR 
 Mean Max Min Mean Max Min Mean Max Min 

1984-1994 -737,72 -26,75 -1545,3 737,72 1543,3 26,75 -73,23 -2,66 -153,4 
1994-2004 307,13 1542,15 -1235,47 337,52 1542,15 1,41 30,88 155,06 -124,23 
2004-2014 343,12 1322,18 -212,55 361,01 1322,18 0,78 34,06 131,25 -21,1 
2014-2024 745,28 1645 79,97 745,28 1645 79,97 74,93 165,41 8,04 

DELTA 2 
 NSM SCE EPR 
 Mean Max Min Mean Max Min Mean Max Min 

1984-1994 -38,89 -2,14 -168,16 38,89 168,16 2,14 -3,86 -0,21 -16,69 
1994-2004 19,31 98,6 -29,99 25,54 98,6 0,02 1,94 9,91 -3,02 
2004-2014 40,11 219,9 -25,47 45,04 219,9 1,84 3,98 21,83 -2,53 
2014-2024 89,29 219,21 15,79 89,29 219,21 15,79 8,97 22,04 1,59 

DELTA 3 
 NSM SCE EPR 
 Mean Max Min Mean Max Min Mean Max Min 

1984-1994 -405,24 32,53 -1579,63 407,17 1579,63 4,58 -40,22 3,23 -156,8 
1994-2004 130,34 1382,57 -214,8 158,4 1382,57 2,05 13,1 139,02 -21,6 
2004-2014 92,99 717,77 -427,84 105,01 717,77 0,05 9,23 71,25 -42,47 
2014-2024 431,09 1281,88 80,03 431,09 1281,88 80,03 43,34 128,89 8,05 

DELTA 4 
 NSM SCE EPR 
 Mean Max Min Mean Max Min Mean Max Min 

1984-1994 -300,78 26,65 -1148,16 301,71 1148,16 0,2 -29,85 2,65 -13,97 
1994-2004 231,65 1007,82 -46,93 255,86 1007,82 0,14 23,29 101,34 -4,72 
2004-2014 43,39 226,6 -17,77 44,37 226,6 0,3 4,3 22,49 -1,76 
2014-2024 81,42 186,02 0,55 81,42 186,02 0,55 8,18 18,7 0,06 

DELTA 5 
 NSM SCE EPR 
 Mean Max Min Mean Max Min Mean Max Min 

1984-1994 -277,52 52,37 -638,49 278,03 638,49 5,38 -27,54 5,2 -63,38 
1994-2004 93,73 492,13 -101,99 108,06 492,13 0,08 9,42 49,48 -10,26 
2004-2014 40,55 396,99 -200,79 57,36 396,99 0,29 4,02 39,41 -19,93 
2014-2024 118,66 447,49 -21,11 118,79 447,49 0,3 11,93 45 -2,12 

DELTA 6 
 NSM SCE EPR 
 Mean Max Min Mean Max Min Mean Max Min 

1984-1994 -599,45 24,25 -4000,34 600,46 4000,34 0,07 -59,5 2,41 -397,1 
1994-2004 139,77 2530,91 -494,89 156,7 2530,91 0,08 14,05 254,48 -49,76 
2004-2014 338,12 2519,63 -22,11 339,03 2519,63 0,23 33,56 250,11 -2,19 
2014-2024 124,69 904,84 -18,5 124,87 904,84 0,77 12,53 90,98 -1,86 

 
Table 5: Long-term (1984-2024) DSAS analysis results for the deltas studied 

 NSM SCE EPR LRR 
 Mean Max Min Mean Max Min Mean Max Min Mean Max Min 

D1 629,5 1687,1 -1297,4 1337,7 2394,8 17,44 15,44 42,14 -52,79 18,77 38,88 -52,65 

D2 107,73 334,13 -23,46 150,5 449,02 16,87 2,68 8,35 -0,78 2,73 9,46 -0,43 

D3 242,35 1186,3 -107,11 658,83 1758,65 41,64 6,03 29,63 -3,56 7,05 28,87 -2,9 

D4 53,39 198,47 -32,37 366,72 1162,93 45,87 1,33 4,96 -0,81 3,78 12,38 -0,64 

D5 -23,69 297,11 -300,9 293,11 638,49 7,63 -0,63 7,42 -11,11 0,86 7,04 -11,12 

D6 4,86 257,2 -145,78 625,07 4000,34 10,13 0,12 6,42 -3,64 4,85 37,93 -3,12 

 

When analyzing the Zilan Delta, i.e. D1 analyses, the average of the long-term (1984-2024) 
NSM data was calculated as 629.5 m, the maximum value as 1687.13 m, and the minimum 
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value as -1297.46 m. According to the SCE analysis, the average is 1337.78 m and the 
maximum total shoreline change is calculated as 2384.81 m (Table 5 and Figure 5). The 
shoreline was calculated as 15.44 m/year on average in the EPR analysis based on 5 
different values over a 40-year period, while the LRR analysis calculated it as 18.77 m/year 
on average. It was determined that, in the long term, there was a shoreline change of more 
than 500 m across the entire delta, except for the narrow areas on the eastern and western 
coasts. When examining the DSAS analyses of the Zilan Delta in successive periods, the 
NSM average was negative only in the 1984-1994 period, while it showed positive values 
in all other periods. In the NSM analysis, the average values were calculated as –737.72 m 
for the 1984–1994 period, 307.13 m for the 1994–2004 period, 343.12 m for the 2004–2014 
period, and 745.28 m for the 2014–2024 period (Table 4). This shows that the delta 
shoreline receded significantly in 1994 and advanced with coastal accumulation in other 
periods. According to the SCE analysis, the maximum shoreline change in the Zilan River 
Delta (D1) was calculated to be over 1300 m in all consecutive periods. According to EPR 
analysis, the average annual coastline change was –73.23 m/y in 1984–1994, 30.88 m/y in 
1994–2004, 34.06 m/y in the period 2004-2014, and 74.93 m/y in the period 2014-2024. 
The analysis data shows that the fastest shoreline change in D1 occurs annually, followed 
by a 10-year period. 

 
Figure 5: NSM analysis of the Zilan Stream Delta (D1) A) 1984-1994, B) 1994-2004, C) 2004-
2014, D) 2014-2024 and E) 1984-2024 
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The long-term (1984-2024) NSM data average for the D2 delta formed by Deliçay is 
calculated as 107.13 m, with a maximum value of 334.13 m and a minimum value of -23.46 
m (Table 5). During this period, the shoreline shifted an average of 150.5 m, 449.02 m, and 
a minimum of 16.87 m according to SCE. According to the EPR analysis, the average 
annual shoreline change was 2.68 m/y, while this value was calculated as 2.73 m/y 
according to the LRR analysis. The distribution of long-term DSAS analysis results reveals 
that linear changes have occurred, especially at the mouth of the Deliçay delta (Figure 6). 
When successive period DSAS analyses are examined, it is determined that intense 
shoreline retreat in the NSM data of the Deliçay delta occurred only in the 1984-1994 
period. The average values of the NSM analysis were calculated as –38.89 m for the 1984–
1994 period, 19.31 m for the 1994–2004 period, 40.11 m for the 2004–2014 period, and 
89.29 m for the 2014–2024 period. According to the SCE analysis, the maximum shoreline 
change in the 1984-1994 period was 168.16 m, the maximum value in 1994-2004 was 98.6 
m, in 2004-2014 it was 219.9 m, and in the 2014-2024 period it was 219.21 m (Table 4). 
According to EPR analysis average data, the annual coastline change was -3.86 m/y 
between 1984 and 1994, 1.94 m/y between 1994 and 2004 was 1.94 m/y, between 2004 and 
2014 it was 3.98 m/y, and between 2014 and 2024 it was 8.97 m/y (Table 4). This shows 
that the shoreline first receded during the periods studied, then advanced at a relatively 
slower rate, and has been advancing more rapidly over the last 10 years. 

The long-term (1984-2024) NSM analysis average of the D3 delta formed by the Bendimahi 
River was determined to be 242.45 m, with a maximum value of 1186.3 m and a minimum 
value of -107.11 m (Table 5). During the period 1984-2024, the SCE analysis of the D3 
delta shoreline showed an average displacement of 658.83 m, a maximum displacement of 
1758.65 m, and a minimum displacement of 41.64 m. During this period, the annual 
shoreline change was calculated as 6.03 m/y according to the EPR analysis and 7.05 m 
according to the LRR analysis. It was determined that the shoreline locations with the 
highest values in terms of distance in the delta were particularly at the mouths of rivers 
discharging from several branches in the north and south (Figure 7). When successive 
periods were examined, the average values calculated using NSM analysis were –405.24 m 
for the 1984–1994 period, 130.34 m for the 1994–2004 period, 92.99 m for the 2004–2014 
period, and 431.01 m for the 2014–2024 period. According to the SCE analysis, the 
maximum shoreline change in the 1984-1994 period was 1579.63 m, the maximum value 
in 1994-2004 was 1382.57 m, 717.77 m between 2004 and 2014, and 1,281.88 m between 
2014 and 2024 (Table 4). According to the average data of the EPR analysis, the annual 
shoreline change was -40.22 m/y between 1984-1994, 13.1 m/y between 1994-2004 was 
13.1 m/y, between 2004 and 2014 it was 9.23 m/y, and between 2014 and 2024 it was 
calculated to be 43.34 m/y. Statistical analysis data from the DSAS tool shows that the 
Bendimahi River Delta (D3) experienced intense coastline retreat between 1984 and 1994, 
followed by coastline advance at a certain annual rate in subsequent periods, and rapid 
coastline advance in the most recent period between 2014 and 2024. 

According to the NSM analysis, the long-term coastline of the D4 delta formed by the 
Karasu River between 1984 and 2024 showed an average change of 53.39 m, a maximum 
change of 198.47 m, and a minimum change of -32.37 m (Table 5). According to the SCE 
analysis, the shoreline has shifted an average of 366.72 m, a maximum of 1162.93 m, and 
a minimum of 45.87 m. During this period, the shoreline has changed an average of 1.33 m 
per year according to the EPR analysis and 3.78 m per year according to the LRR analysis. 
In the long term, it was determined that there was coastal retreat in the western part of the 
Karasu Delta and coastal advance with maximum changes in the eastern part (Figure 8). 
When the sequential period analysis of the D4 delta shoreline was examined, it was 
determined that the shoreline changed by an average of –300.78 m in the 1984-1994 period, 
231.65 m during the 1994-2004 period, 43.39 m during the 2004-2014 period, and 81.42 m 
during the 2014-2024 period. According to the SCE analysis, the maximum shoreline 
change in the 1984-1994 period was 1148.16 m, the maximum value in 1994-2004 was 
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1007.82 m, 226.6 m in 2004-2014, and 186.02 m in the 2014-2024 period. According to 
the average data of the EPR analysis, the annual shoreline change was -29.85 m/y between 
1984-1994, 23.29 m/y between 1994-2004 was 23.29 m/y, between 2004 and 2014 it was 
4.3 m/y, and between 2014 and 2024 it was calculated to be 8.18 m/y (Table 4). DSAS 
analysis data revealed that the D4 delta experienced significant coastal retreat in terms of 
distance between 1984 and 1994, particularly at the mouth of the river, followed by coastal 
advance and a decrease in the rate of coastal change in recent years. 

 
Figure 6: NSM analysis of the Deliçay Stream Delta (D2) A) 1984-1994, B) 1994-2004, C) 2004-
2014, D) 2014-2024 and E) 1984-2024 

 
Figure 7: NSM analysis of the Bendimahi Stream Delta (D3) A) 1984-1994, B) 1994-2004, C) 2004-
2014, D) 2014-2024 and E) 1984-2024 
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Figure 8: NSM analysis of the Karasu Stream Delta (D4) A) 1984-1994, B) 1994-2004, C) 2004-
2014, D) 2014-2024 and E) 1984-2024 

According to the NSM analysis, the long-term (1984-2024) coastline change of the D5 
delta, located immediately east of the provincial centre of Van and formed by multiple short 
rivers compared to other deltas in the study area, was found to be an average of -23.69 m, 
with a maximum of 297.11 m and a minimum of -300.9 m (Table 5). In the long-term SCE 
analysis, the shoreline shifted a maximum of 638.49 m. It was determined that the shoreline 
changed by an annual average of -0.63 m/year according to the EPR analysis and 0.86 
m/year according to the LRR analysis during the 1984-2024 period. During this period, 
complex processes were observed, with general shoreline retreat north of the pier on the 
coast and both coastal advance and retreat south of the pier (Figure 9). When successive 
periods are examined in terms of the D5 delta, the shoreline changed on average by -277.52 
m in the 1984-1994 period, 93.73 m in the 1994-2004 period, 40.55 m during the 2004-
2014 period, and 118.66 m during the 2014-2024 period. According to the SCE analysis, 
the maximum shoreline change in the 1984-1994 period was 638.49 m, the maximum value 
in 1994-2004 was 492.13 m, 396.99 m in 2004-2014, and 447.49 m in the 2014-2024 period 
(Table 4). According to the average data of the EPR analysis, the annual shoreline change 
was -27.24 m/y between 1984-1994, 9.42 m/y between 1994-2004 , 4.02 m/y between 2004 
and 2014, and 11.93 m/y between 2014 and 2024. It was determined that the maximum and 
minimum locations of shoreline change differed for each period in successive periods. 

The long-term (1984-2024) coastline change of the D6 delta formed by Engil Dere was 
determined to be an average of -4.86 m, a maximum of 257.2 m, and a minimum of -145.78 
m according to the NSM analysis (Table 5). According to the SCE analysis, the shoreline 
changed by an average of 625.07 m, a maximum of 4000.34 m, and a minimum of 10.13 m 
during this period. The annual average change in the shoreline was determined to be 0.12 
m/y according to the EPR analysis results and 4.85 m/y according to the LRR analysis. It 
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was determined that large changes occurred at the mouth of the delta, while very few 
changes occurred on the coast bordered by the fault line to the north, which is not within 
the actual scope of the delta (Figure 10). In particular, the wetland structure of the delta 
shows that large changes in the shoreline occurred from the mouth towards the south. When 
DSAS analyses of the D6 delta are examined in terms of successive periods, the average 
shoreline change according to NSM was -599.45 m in the period 1984-1994, 139.77 m in 
the period 1994-2004, 338.12 m during the 2004-2014 period, and 124.69 m during the 
2014-2024 period. According to the SCE analysis, the maximum shoreline change in the 
1984-1994 period was 400.34 m, the maximum value in 1994-2004 was 2530.91 m, 
2519.63 m in 2004-2014, and 904.84 m in the 2014-2024 period. According to the average 
data of the EPR analysis, the annual shoreline change was -59.5 m/y between 1984 and 
1994, 14.05 m/y between 1994 and 2004 was 14.05 m/y, between 2004 and 2014 it was 
33.56 m/y, and between 2014 and 2024 it was 12.53 m/y (Table 4). It was determined that 
the shoreline receded by 4000 m between 1984 and 1994 at the mouth of the delta, and then 
advanced with the coastal accumulation of the delta. 

 
Figure 9: NSM analysis of the Van Delta (D5) A) 1984-1994, B) 1994-2004, C) 2004-2014, D) 
2014-2024 and E) 1984-2024 
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Figure 10: NSM analysis of the Engil River Delta (D6) A) 1984-1994, B) 1994-2004, C) 2004-
2014, D) 2014-2024 and E) 1984-2024 

3.2. Coastal Change Sensitivity 

Long-term (1984-20204) change data from the delta coasts east of Lake Van also reveal 
morphological processes involving changes of varying magnitude in certain areas of the 
coast. This highlights the need to identify the areas of the delta coast where change is most 
sensitive. By adapting the classifications from previous studies to the research area, the 
extent of change in the delta coastlines was examined in terms of LRR analysis and 
categorised into seven different classes (Figure 11).  

According to the findings, the general trend and intensity of coastal change sensitivity is in 
the form of coastal accumulation. When the number of high accumulations transects 
containing the highest values of coastal change sensitivity was analysed for each delta, the 
total number of transects was 81.8% for D1 delta, 20.2% for D2, 41.2% in D3, 29.5% in 
D4, 1.5% in D5, and 24.2% in D6 (Figure 11). It was found that the sensitivity to coastal 
change in D1, D3, D4, and D6 deltas, which constitute the main drainage sources of Lake 
Van, is high. In areas with high sensitivity to coastal change, it was found that this 
sensitivity is present in almost all deltas, particularly at the river mouth and on both sides 
of the delta lobes. 
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Figure 11: Coastal change sensitivity and proportional graphs of deltas studied east of Lake Van 

3.3. Spatial-Area Changes in Delta Coasts 

Linear changes occurring in the deltas east of Lake Van cause both landward and seaward 
spatial changes (Figures 12 and 13). This causes coastal erosion and coastal accumulation 
on the delta coasts to vary in spatial values both in the long term (1984-2024) and in 
successive periods. All these spatial changes alter both the delta morphology and coastal 
geomorphology, as well as causing changes in the lake's surface water area. When the total 
value of spatial coastal changes occurring in all periods is examined, the greatest change 
belongs to the D1 delta, with an area of 8.7 km². Following this delta in terms of spatial size 
are, in order, the D6 (6.72 km²), D5 (4.22 km²), D3 (2.73 km²), D4 (1.91 km²), and D2 (0.23 
km²) deltas (Figure 12A). 

The total areas of change caused by coastal erosion and coastal accumulation in each 
successive period in the deltas east of Lake Van also show differences.  According to the 
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findings obtained from the analyses, the greatest spatial change in the D1 delta occurred 
between 2014 and 2024 and between 1984 and 1994, in the D2 delta between 2014 and 
2024, in the D3 delta between 2014 and 2024, in D4 between 1984 and 1994, in the D5 
delta during the 1984-1994 period, and in the D6 delta during the 1984-1994 period (Figure 
12B). Based on the 40-year change data between 1984 and 2024, the D1 delta experienced 
a change of 4.78 km², the D2 delta experienced a change of 0.16 km², 1.43 km² in D3, 0.27 
km² in D4, 0.62 km² in D5, and 1.05 km² in D6. The data reveal that the morphological 
appearance of the delta coasts exhibits significant variability both over the long term and 
across consecutive periods. 

 
Figure 12: A) Total change in coastal areas of the studied deltas throughout all periods, B) Coastal 
areas that changed within the periods, C) Seasonal coastal erosion and coastal accumulation amounts 
of delta coasts 

The long-term and sequential changes in coastal erosion and coastal accumulation for each 
delta were also evaluated quantitatively. Long-term analysis findings revealed that coastal 
deposition occurred at a rate of 84%–99% in deltas D1, D2, D3, D4, and D6, while coastal 
erosion occurred at a rate of 76% in delta D5 (Figure 12C). However, different quantitative 
values were also observed in successive periods in the deltas. Between 1984 and 1994, 
coastal erosion was observed in all deltas at a rate of 97% to 99%, while between 1994 and 
2004, coastal accumulation was observed at a rate of 87% to 97%. In the 2004-2014 and 
2014-2024 periods, it was also determined that the change pattern in all deltas was coastal 
deposition in terms of area. 
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Figure 13: Temporal change of delta coasts east of Lake Van 

 

4. DISCUSSION 

It has been determined that the general coastal change trend in deltas around the world 
and along the Turkish coastline is in the form of coastal erosion (Kuleli et al., 2011; 
Nienhuis et al., 2020; Akdeniz & İnam, 2023; Tağıl et al., 2023). In particular, the siltation 
process caused by dams constructed in the lower reaches of rivers that transport material to 
delta coasts with a geomorphological formation dominated by rivers leads to rapid changes 
in delta coasts (Öztürk & Sesli, 2015; Kale, 2019; Özpolat & Demir, 2019; Bombino et al., 
2022; Wu et al., 2022; Kılar, 2023). Different types of changes are also occurring on lake 
shores that have an andoreic basin feature and a narrower drainage area compared to 
Turkish coasts (Hoşgören, 1994; Altan Aydın & Doğu, 2018; Dereli & Tercan, 2020; Ataol 
& Onmuş, 2021; Gümüş et al., 2022; Alevkayalı et al., 2023; Uzun, 2024a). The main 
reason for these changes is the decrease in water levels in lakes, especially in regions with 
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continental climatic conditions (Aydın et al., 2020). In addition, agricultural and other 
irrigation-related uses of lakes and their surroundings have caused a decrease in water levels, 
a reduction in surface area, and changes in lake shores in many lakes in Turkey (Duru, 2017; 
Dinç, 2023; Uzun, 2024b; Yayla et al., 2025). However, previous studies have not focused 
much on the changes in deltas along lake shores (Uzun 2024b). In this study, the long-term 
changes over 40 years and sequential changes over 10 years in six different deltas on the 
eastern shore of Lake Van were identified using CBS and UA techniques and evaluated 
using different statistics. While there are various studies on Lake Van, the research indicates 
that the lake level has decreased, particularly over the past 20 years (Kuzucuoğlu et al., 
2010; Aydın & Karakuş, 2016; Altan Aydın & Doğu, 2018; Akköprü et al., 2019; Üner, 
2022). This situation affects the Zilan, Bendimahi, Karasu, and Engil deltas, which are 
among the most ecologically sensitive areas with wetland characteristics. 

In this study, five different coastlines were taken as a basis for the long term, and linear 
changes were analysed using the DSAS tool. In the long-term (1984-2024) investigations, 
according to the average result of the NSM analysis, a change of 629.5 m was found in D1, 
107.73 m in D2, 242.35 m in D3, 53.39 m in D4, -23.69 m in D5, and 4.86 m in D6. The 
average magnitude of change in the Zilan (D1) and Bendimahi (D3) deltas is particularly 
high. The anthropogenic limitation of the D5 delta's feeding conditions has caused the 
change to occur in a different direction and magnitude compared to other deltas. Some 
studies have linked the formation origin and extent of change in deltas to various factors 
(Üner, 2022). In this study, the long-term results of the DSAS indicate that, except for the 
D5 delta, the other deltas continue to undergo morphological shaping and change 
dominated by rivers. Additionally, it reveals that changes in delta coasts are influenced not 
only by wave effects but also by changes in lake levels and hydrology, annual climate 
conditions, and anthropogenic impacts (Kuzucuoğlu et al., 2010; Aydın & Karakuş, 2016; 
Altan Aydın & Doğu, 2018; Akköprü et al., 2019; Üner, 2022). In this regard, the study 
examined changes in delta coasts over successive periods. 

The average NSM value for all delta coasts examined between 1984 and 1994 was 
negative (-37 m to -737 m), indicating coastal retreat. In the following period, between 1994 
and 2004, coastal advance was observed in all deltas (values ranging from 19 m to 307 m). 
The changes in the deltas between 1984 and 1994 are explained in Üner's (2022) study, 
particularly in relation to the siltation caused by the dams built on the Zilan, Bendimahi, 
Karasu and Engil deltas, which provide the main river supply to the lake (Üner, 2022). The 
study by Kuzuoğlu et al. (2010) and especially the study by Akköprü et al. (2019) on the 
Engil delta indicate that the Van Lake basin received its maximum rainfall in the last 50 
years in 1993, and that the lake level rose to its maximum in 1993, 1994, 1995, and 1996, 
and that some anthropogenic activities and structures along the shores were damaged 
(Kuzucuoğlu et al., 2010; Akköprü et al., 2019). The findings of this study reveal that the 
changes between 1984-1994 and 1994-2004 were not caused by a single factor. The primary 
cause of shoreline retreat in the deltas was the rise in lake level as a result of the Van Lake 
basin receiving its maximum rainfall in 1993 and this potential being added to the 
hydrological budget over several years (the duration of water seeping underground in the 
hydrological cycle). The situation described in this study is explained by the fact that the 
D5 delta, which is less variable, is also subject to coastal erosion.  On the other hand, 
anthropogenic structures such as the Koçköprü Dam (1992) on the Zilan River, the 
Sarıahmet Dam (1991) on the Karasu Creek, and the Zernek Dam (1988) on the Engil River 
reduce material transport to the coast and increase siltation, which is another reason for the 
change in the deltas (Üner, 2022). For this reason, the linear dimensions of the changes in 
the specified deltas are greater in terms of distance. NSM and EPR analysis data in the 
deltas have revealed a permanent shoreline advance (from land to sea) over the last 30 years. 
Notably, the Morgedik Dam, constructed on the Deliçay River and operational since 2015, 
has not caused sedimentation along the delta coastline. This suggests that changes in lake 
surface area and water level play a more significant role in delta changes. 
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According to SCE analysis, the coastline along the delta has undergone significant 
changes both over the 40-year period and in successive 10-year periods. Between 1984 and 
2024, the coastline in the deltas, according to the SCE maximum data, was 2394.8 m in D1, 
449.02 m in D2, 1,758.65 m in D3, 1,162.93 m in D4, 638.49 m in D5, and 4,000.34 m in 
D6. The obtained values indicate that the morphological structure of the deltas has changed 
significantly. Therefore, a coastal change sensitivity analysis was conducted using long-
term LRR data in this study. The narrow drainage basin of the D5 delta compared to other 
deltas and the direct anthropogenic impact on the coastline resulted in a high sensitivity 
level of only 1.5% in this delta. In the Zilan delta, the coastal change sensitivity ratio is 
81.8%. In the D2, D3, D4, and D6 deltas, the sensitivity ratio for coastal accumulation is 
also very high, exceeding 20%. This situation reveals that the deltas east of Lake Van, 
which harbour wetland structures and ecological environments, are highly sensitive to 
change, and that this sensitivity has manifested itself as very high levels of coastal 
accumulation based on 40 years of data. 

Spatial changes occurring in delta coasts with dynamic characteristics affect both the 
structure of the delta and the surface area of Lake Van. According to the findings, the Zilan 
Delta has the largest total change (8.7 km2). In terms of successive periods, coastal erosion 
occurred in all delta coasts between 1984 and 1994 (between 97% and 99%). However, in 
all successive periods covering the last 30 years, it was determined that there was a 
significant amount of coastal accumulation. The findings reveal that the surface area of 
Lake Van has shrunk and that the delta coasts have advanced and accumulated. In terms of 
morphological appearance, it has been determined that the D1, D2, D4 and D6 deltas 
protrude towards the water body with a river-dominated appearance. In the Bendimahi delta 
(D3), it has been determined that coastal accumulation has filled the shallow areas in 
particular and that the delta does not protrude as of 2024 due to its location in a bay. In the 
D5 delta, geomorphological factors, particularly anthropogenic coastal engineering, have 
resulted in a more linear morphological appearance. 
 

5. CONCLUSION 

This study examines linear and areal coastal changes that occurred in six different 
delta areas (Zilan, Deliçay, Bendimahi, Karasu, Van, and Engil deltas) in the eastern 
part of Lake Van using Geographic Information Systems (GIS), Remote Sensing (RS) 
techniques and DSAS analysis tools. The findings of the study reveal that significant 
linear and areal changes have occurred in the morphological structures of the delta 
coasts east of Lake Van. These changes have also brought about geomorphological, 
hydrographic and ecological changes in the delta areas and their immediate 
surroundings. 

According to the results of the DSAS analysis in the study, shoreline change in the 
majority of the deltas is accretive, with the Zilan (D1), Bendimahi (D3), and Engil 
(D6) deltas exhibiting particularly high rates of change. This is related to the large 
drainage basins of these deltas and the significant impact of river-based sediment 
transport. The siltation effect of dams constructed on the streams feeding these deltas 
is another reason for this change. In contrast, shoreline regression and morphological 
instability were observed to be more pronounced in the Van Delta (D5), which has a 
more limited drainage area and is subject to anthropogenic interventions (coastal 
regulations, landfills). LRR analyses conducted within the scope of the study indicate 
that the sensitivity to coastal change is particularly high in the D1, D3, and D6 deltas. 
It was concluded that sensitivity is particularly high in these deltas at the river mouth, 
that the delta structure has changed geomorphologically, and that its ecological 
sensitivity has increased to a high level. In this context, it should be emphasized that 
coastal changes may lead to not only geomorphological but also ecological 
consequences. Another conclusion drawn from this study's findings is that the linear 
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changes observed along the delta coasts are shaped by fluctuations in lake level, 
variations in annual precipitation and evaporation rates, siltation processes resulting 
from dam construction, and anthropogenic activities. Areal change analyses revealed 
that the Zilan Delta, with a total change area of 8.7 km², is the delta with the most 
dynamic morphological structure, followed by the Engil, Van, and Bendimahi deltas. 
While all deltas were generally subject to coastal erosion, particularly between 1984 
and 1994, an increase in the tendency toward coastal deposition was observed in 
subsequent periods. These findings indicate that delta formation processes are 
actively continuing alongside the gradual shrinkage of Lake Van's surface area. 

In conclusion, this study reveals the dynamic nature of the delta systems along the 
eastern shores of Lake Van and demonstrates that changes in shoreline and delta 
morphology are important factors to consider for future environmental planning and 
wetland management strategies. It is suggested that the high sensitivity of delta areas, 
in particular, is critical to the sustainability of ecosystems in the region and that these 
areas require both scientific and management monitoring. 
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