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ABSTRACT

Neglecting coastal erosion can lead to environmental hazards that are among
the main factors affecting human communities and facilities. Paleontology
researches demonstrate tens of meters fluctuation in water level of the Caspian
Sea. The shores of the Caspian Sea have variable topography and land use
including lowlands (estuaries of rivers, gulfs and progradation) and sandy
uplands. In this study, spatiotemporal analysis was used to analyze the changes
in sandy coasts in relation to land use changes and the adaptation of the coastal
line in the study area within the framework of coastal cells. Land use data for
the years 1975 and 2020 were extracted using SAGA and ENVI software, and
land use changes were analyzed using IDRISI software. The results showed that
68 kilometers of the coast have been unstable, with the majority of these areas
experiencing erosion due to human activities (land use changes), including cells
10 and 3. Also, the erosion of unstable cells 5, 6, and 1 is of natural erosion type
(sea level changes), and the erosion of unstable cells 9 and 2 is of natural-human
erosion type. The remaining 24 kilometers of the studied coastline have been
stable coasts, with the majority of coastal areas experiencing natural erosion
(sea level changes), including cells 7 and 8. Cell 4 has had sustainable coasts
with erosion of a natural-human type.
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Introduction

Coastal areas are highly vulnerable because they are involved with both sea hydrodynamic processes and
human activities. Coastal geomorphology is considered a prominent way to analyze coastal processes.
Paleontology studies demonstrate tens of meters of fluctuations in the water level of the Caspian Sea. The
shores of the Caspian Sea have variable topography and land use, including lowlands (estuaries of rivers,
gulfs, and progradation) and sandy uplands. There is a slight slope in the lowlands that causes the flooding of
lands when the sea level rises and with the increased piezo metric level of coastal aquifers. This has led to the
abandonment of some coastal areas in recent years, a process known as managed retreat or shoreline
realignment. With the rise of sea levels, significant changes will occur in cities, ports, and low-lying areas
surrounding coastal lines around the world. One of the most important issues that must be considered in the
future development planning of coastal areas is a proper space between constructions and seas that allows
natural processes. The process of erosion and desertification affects human societies, agricultural lands, and
natural resources in coastal areas. Neglecting coastal erosion can lead to environmental hazards that are among
the main factors affecting human communities and facilities. The examination and prediction of coastal
erosion levels helps managers to adopt management approaches to protect the coasts based on the level of
erosion. The investigated region is a 93.4 km coastline in three cities Talesh, Rezvanshahr, and Anzali.

Methodology

The susceptibility of coastal areas in Guilan province to changes in relation to changes in land use was
analyzed using temporal-spatial analyses as one of the evaluation methods in coastal areas. Coastal erosion
originates from two natural and human sources. In this study, the number of eroded areas was obtained by
selecting the coastal area from Talesh to Anzali, and the land uses were classified into four categories for the
period of 1975 and 2020. The agricultural, forest, urban, and sandy land uses were investigated in this study
based on the research objectives. Changes in the first three land uses are affected by human activities, and
changes in sandy land use are affected by both human activities and eustatic changes in the Caspian Sea.
LandSat 2 satellite images for April 10, 1975, and LandSat 8 images for May 28, 2020, as well as ENVI,
IDRISI Terrset, SAGA, and Arc GIS software as the main research tools were used for the analysis.

Results and Discussion

To analyze eroded coasts, cells were classified into two stable and unstable groups based on temporal changes
and three groups of natural (eustatic changes in the sea), human (land use changes), and natural-human based
on spatial changes. In almost all cells, both natural and human factors affected beach degradation, thus the
classification was based on the contribution of each to the destruction. Sustainable coasts are those that have
maintained their stability and balance against changes over time. As such, if an area of the coast has been lost
over time, it has been compensated for by changes in human activities, such as agricultural and building land
uses or river sedimentation. Unstable coasts are those that have lost their stability and balance over time, so
that if an area of the coast has been lost over time, it has not been compensated for and the sandy beach area
has decreased over time. These coasts are classified into three groups based on spatial changes and the origin
of erosion. Cells with natural erosion are mostly caused by natural factors such as sea level changes. Cells
with human erosion are mostly caused by human factors such as land use changes. Cells with natural-human
erosion are equally affected by both natural factors (sea level changes) and human factors (land use changes)
affecting their erosion.

Conclusions

In this study, the spatiotemporal analysis was used to analyze the changes in sandy coasts in relation to land
use changes and the adaptation of the coastal line in the study area within the framework of coastal cells. The
coasts were divided into two stable and unstable groups based on temporal changes of erosion, and three
natural (sea level changes), human (land use changes), and natural-human groups based on the spatial changes
of erosion. Moreover, 68.9 km of the coastal area under study are unstable beaches, where erosion has occurred
in the highest percentage of the beach due to human activities (28.9% of the coastline length), which includes
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cells 10 (Anzali) and 3 (Lisar). Furthermore, the erosion of unstable cells 5 (Kerganroud), 6 (Navroud), and 1
(Shirabad) is the type of natural erosion (sea level changes) and the erosion of unstable cells 9 (Shafaroud)
and 2 (Khotbeh Sara) is the type of natural-human erosion. Besides, 24 km of the coastal area under study are
stable beaches, where the erosion has occurred in the highest percentage of the beach due to natural factors
(18% of the coastline length), which includes cells 7 (Khalehsara) and 8 (Dinachal). Cell 4 (Nilroud) had
stable coasts with natural-human erosion.
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Fig 3: Cellularization of the study area (Talesh - Anzali).
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Fig 2: Research flowchart.
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Tablel: Specifications of coastal cells in Talesh — Anzali.
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Fig 4: Erosion rates on stable beaches (Talesh - Anzali)
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Fig 5: Stable beaches of the study area (Talesh - Anzali) (1975-2020)
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Fig 6: Managed relocation of coastline on stable beaches (Talesh - Anzali).

SIEVING ERROR: 0.2% SAMPLE STATISTICS
SAMPLE IDENTITY: NO.23 ANALYST & DATE: Alizadeh, Oct 2021
SAMPLE TYPE: Bimodal, Moderately Well Sorted TEXTURAL GROUP: Sand
SEDIMENT NAME: Slightly Very Fine Gravelly Medium Sand
nm ® GRAIN SIZE DISTRIBUTION
MODE 1: 3025 1.747 GRAVEL: 0.3% COARSE SAND: 1.8%
MODE 2: 1525 2737 SAND: 99.7% MEDIUM SAND: 60.1%
MODE 3: MUD: 0.0% FINE SAND: 37.0%
D1o: 1371 1.559 V FINE SAND: 0.6%
MEDIAN or Dso: 268.7 1.896 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.0%
Dso: 3394 2.866 COARSE GRAVEL: 0.0% COARSE SILT: 0.0%
(Dso / D1o): 2.475 1.838 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 0.0%
(Dso - Dio): 2022 1.307 FINE GRAVEL: 0.0% FINE SILT: 0.0%
(D7s 7 D2s): 1.956 1.574 V FINE GRAVEL: 0.3% V FINE SILT: 0.0%
(D75 - D2s): 152.0 0.968 V COARSE SAND: 0.2% CLAY: 0.0%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic | Geometric Logarithmic Description
pm pm ¢ pm ¢
MEAN (X) 260.9 2343 2.093 2340 2.095 Fine Sand
SORTING (o): 178.2 1.485 0.570 1.422 0.508 Moderately Well Sorted
SKEWNESS (Sk) 11.35 0.623 -0.623 -0.489 0.489 Very Fine Skewed
KURTOSIS (X) 180.0 7.210 7.210 0.601 0.601 Very Platykurtic
100
SAMPLE IDENTITY:  §o.23 Grayel
TEXTURAL GROUP: ~ Sand @
SEDWENT NAE: ~Sighty Very Fne Graely \
Medium Sand
i \
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Fig 7: Sediment granulometry of stable coasts with natural erosion (cell 8) (Talesh - Anzali).
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Table2: Granulometry parameters of stable coasts with natural erosion (cell 8) (Talesh - Anzali),
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Fig 8: 1: Barrier (cell 7), 2: paresar breakwater (cell 8) in stable coasts (Talesh - Anzali).
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Fig 9: Unstable beaches with natural erosion (Talesh - Anzali).
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Fig 10: Erosion rates on unstable beaches with natural erosion (Talesh - Anzali).

azily

Sl colled Kl

-
G
=

Juka

15200

4215000 4216000 4217000 4218000

4214000

v
4218000

4217000

ik
3
2.
Hi
=

4184000

.
<

31”’) mopo 32")‘(!) mopo 32”‘(!) 32405” 325@ m 322000 323000 324000

A
B

4192000
4182000

4190000
4181000

4182000

4181000

N
i + ———m A

4182000

316000

316800 317600 318400 319200

Al
319000 320000 321000 322000 323000 324000 325000 326000

g £
g (8] : ]
gl |&l. ]
B | ¢ o
Tl

L4

oty £
g 4 S ) 4
g - o
3 =

g (C'i 8

g - g
Sl F 3
§
@ .

EM"-'. o I

s > B 4 s
L b, e A /
g N ——— LUV4 .
s 322000 323000 324000 325000 326000

I T GG b Gl bl Jolges (Al Ll VY S

Fig 11: Managed relocation of coastline on unstable beaches with natural erosion (Talesh - Anzali).
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SAMPLE STATISTICS
SAMPLE IDENTITY: NO.1 ANALYST & DATE: Alizadeh, Oct 2021
SAMPLE TYPE: Trimodal, Moderately Sorted TEXTURAL GROUP: Slightly Gravelly Sand
SEDIMENT NAME: Slightly Very Fine Gravelly Coarse Sand
pm [ GRAIN SIZE DISTRIBUTION
MODE 1: 605.0 0.747 GRAVEL: 4.2% COARSE SAND: 55.3%
MODE 2:| 3025 1.747 SAND: 95.8% MEDIUM SAND: 25.1%
MODE 3: 1200.0 -0.243 MUD: 0.0% FINE SAND: 1.6%
Dio:| 279.7 -0.278 V FINE SAND: 0.4%
MEDIAN or Dso: 578.4 0.790 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.0%
Dso:| 12121 1.838 COARSE GRAVEL: 0.0% COARSE SILT: 0.0%
(Dso / Dig):| 4.333 -6.622 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 0.0%
(Dso - D1o): 932.4 2.116 FINE GRAVEL: 0.0% FINE SILT: 0.0%
(D7s / Dzs): 1.965 2.737 V FINE GRAVEL: 4 2% V FINE SILT: 0.0%
(D7s - D2s):| 3329 0.974 V COARSE SAND: 13.5% CLAY: 0.0%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic | Geometric Logarithmic Description
pm pm pm
MEAN (X) 677.8 5655 0.822 568.3 0.815 Coarse Sand
SORTING (s): 462.6 1.745 0.803 1.750 0.808 Moderately Sorted
SKEWNESS (Sk) 2473 0.287 -0.287 -0.001 0.001 Symmetrical
KURTOSIS (X) 10.22 3.968 3.968 1.008 1.008 Mesokurtic
SAMPLE IDENTITY: o1 Grael wir T T ~—=1 T TTTTT
TEXTURAL GROUP:  sightyy Gravelly Sand _\
SEOIMENT NAME:  Sightly Very Fine Gravelly .
Coarse Sand L
]
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* sty 10 \
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Fig 12: Sediment granulometry of cell 1 (shirabad) (Talesh - Anzali).
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SIEVING ERROR: 0.2% SAMPLE STATISTICS
SAMPLE IDENTITY: NO.13 ANALYST & DATE: Alizadeh, Oct 2021

SAMPLE TYPE: Bimodal. Moderately Well Sorted TEXTURAL GROURP: Slightly Gravelly Sand
SEDIMENT NAME: Slightly Very Fine Gravelly Coarse Sand

um ¢ GRAIN SIZE DISTRIBUTION
MODE 1:| 1200.0 -0.243 GRAVEL: 4.5% COARSE SAND: 47.8%
MODE 2: 6050 0.747 SAND: 95.5% MEDIUM SAND: 1.4%
MODE 3: MUD: 0.0% FINE SAND: 0.2%
Dio: 5315 -0.428 V FINE SAND: 0.1%
MEDIAN or Dsp:| 1003.6 -0.005 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.0%
Dso:| 13451 0.912 COARSE GRAVEL: 0.0% COARSE SILT: 0.0%
(Dso / D1o): 2531 -2.132 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 0.0%
(Dso - Do) 813.6 1.340 FINE GRAVEL: 0.0% FINE SILT: 0.0%
(D7s / D2s): 2.031 -2.797 V FINE GRAVEL: 4 5% V FINE SILT: 0.0%
(D7s - D2s): 611.9 1.023 V COARSE SAND: 46.0% CLAY: 0.0%
METHOD OF MOMENTS FOLK & WARD METHOD
Arithmetic Geometric Logarithmic | Geometric Logarithmic Description
pm pm $ pm $
MEAN (X) 975.5 863.4 0.212 895.3 0.160 Coarse Sand
SORTING (o): 520.2 1.568 0.649 1.436 0.522 Moderately Well Sorted
SKEWNESS (Sk) 2.460 0.275 -0.275 -0.375 0.375 Very Fine Skewed
KURTOSIS (X) 11.54 4.500 4.500 0.579 0.579 Very Platykurtic
SUMPLEIETTY. o3 L ~
TEXTURAL GROUP. Sty Gravely Sand
SEDIMENT NAME:  Sligtly Very Fine Gravelly b \
Coarsz Sand
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Fig 13: Sediment granulometry of cell 5 (Kerganrood) (Talesh - Anzali).
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Table3: Granulometry parameters of unstable beaches with natural erosion (Talesh - Anzali).
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Fig 14: Barriers, 1: cell 1 (shirabad), 2: cell 5 (Kerganrood) (Talesh - Anzali).
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Fig 15: Unstable beaches with human and natural-human erosion (Talesh - Anzali).
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Fig 16: Erosion rates on unstable beaches with human and natural-human erosion (Talesh - Anzali).
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Fig 17: Managed relocation of coastline on unstable beaches with human and natural-human erosion (Talesh - Anzali).
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Fig 18: Advancing landuse. 1: cell 3 (Lisar), 2: cell 10 (Anzali) (Talesh - Anzali).
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Table4: Stability and type of erosion in the study area (Talesh - Anzali).
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Fig 19: Stability and type of erosion in the study area (Talesh - Anzali).
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