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Article Info ABSTRACT

Article type: Background and Objectives: Assessing shoreline vulnerability and
Full Length Research Paper  temporal variations is a key issue in the sustainable management of coastal
areas. The aim of this study is to evaluate the vulnerability and analyze the

Article history: spatiotemporal changes of the Gorganrud Delta shoreline in Golestan

Received: 05.25.2025 Province.
Revised: 06.27.2025
Accepted: 07.20.2025 Materials and Methods: In this study, the Gorganrud Delta region was

divided into three zones: northern, central, and southern. Using the Digital
Shoreline Analysis System (DSAS) and analyzing multi-temporal Landsat

ggiv;c’)rds. satellite images from 2013 to 2023 within the Google Earth Engine
Gorganrud Delta, platform, shoreline fluctuations were calculated and measured.

Sea Level,

Shoreline Change, Results: The results indicated that, based on the End Point Rate (EPR),
Vulnerability the central part of the Gorganrud region exhibited the greatest shoreline

retreat and displacement, with a total change of 4,924 meters. This area
falls within the high to very high vulnerability class. According to the
Linear Regression Rate (LRR), the rate of shoreline change was
calculated at 121 meters per year in 2013, increasing significantly to
4,924 meters per year in 2023.The southern part of the Gorganrud region
shows more stable conditions compared to the central and northern
sections, with the lowest rate of shoreline retreat and is thus classified as
very low vulnerability. Conversely, the central part of the Gorganrud
region, especially the lower Gorganrud Delta, has undergone the most
extensive shoreline retreat and falls within the very high vulnerability
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class. The concentration of erosion in the central zone highlights the
urgent need for targeted protective measures. Shoreline retreat varies
along different segments of the Gorganrud coast. The northern part of the
Gorganrud Delta demonstrates greater stability than the central areas and
is categorized as having moderate to low vulnerability. It appears that
both natural factors such as declining sea levels and sediment
accumulation and human activities play significant roles in driving
shoreline displacement and changes in the Gorganrud region. Overall,
identifying sensitive areas and implementing appropriate management
strategies can substantially reduce coastal vulnerability and contribute to
the long-term sustainability of coastal ecosystems.
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Figure 1. Geographical location of the Gorgan-rud Delta.
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2- Operational Land imager
3- Thermal infrared Sensor
4- Normalized difference water index
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Figure 2. Extracted shorelines in Google Earth Engine.
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Table 2. Rate of shoreline change and displacement (meters per year) in the Gorganrud region.
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