SCAJ https://hgscaj.guilan.ac.ir
eographical Studies of Coastal Areas Journal, 2026, 6(4), Serial 23, 41-56

Research Paper

Analyzing the Challenges of Land Use Change in Coastal Cities Using Satellite Imagery
and Classification Algorithms (Case Study: Kangan County)

Babak Ejtemaei”
Assistant Professor, Department of Geography, Payame Noor University, Tehran, Iran.

d.  DOI: 10.22124/GSCAJ.2025.29694.1343 Received: 2025/01/28
Accepted: 2025/11/05

Abstract

Due to their vulnerability to climate change, urbanization pressures, and socio-economic transformations, coastal
cities increasingly require detailed analysis of land use changes. The aim of this study was to analyze land use
changes in Kangan County between 2000 and 2021, and to predict the trends of future changes for 2040,
followed by an assessment of water pollution levels. Data collection involved the use of Landsat 7 and Sentinel-
2 satellite imagery for the years 2000 and 2021, through the Google Earth Engine platform. The prediction of
land use for 2040 was conducted using the Markov Chain model. The findings indicated that urban and industrial
areas have experienced significant growth during this period, and this trend is expected to continue until 2040. A
clear correlation was observed between land use changes and water resource pollution. Specifically, the SPM
(suspended particulate matter) concentration in water sources increased from 22 mg/L in 2000 to 1515 mg/L in
2021, highlighting the impact of human and industrial activities on water quality. The expansion of
petrochemical industries, port activities, and the discharge of urban wastewater into water resources were
identified as the main contributors to this pollution. Based on the results, it can be concluded that achieving
sustainable development in Kangan County requires establishing an appropriate balance between economic
growth and environmental preservation.
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Highligh
- Kangan County, whose urban and industrial growth has increased significantly between 2000 and 2021.

- - Forecasts show that urban growth in Kangan County will increase further by 2040.

- - Onthe other hand, land use changes in this county have caused pollution of coastal waters and led to a decrease in
agricultural land.

Extended Abstract

Introduction

Kangan County, located on the southern coasts of Iran, is undergoing significant land use changes due to its rich
marine resources, population growth, and economic activities tied to coastal infrastructure. These changes not
only pose environmental risks, but also threaten natural resources and agricultural lands, endanger natural
habitats, and reduce the quality of life for residents. Urban population growth and industrial development have
been major drivers of land use changes in this county. Therefore, the primary objective of this study was to
analyze land use changes in Kangan County from 2000 to 2021 and predict future trends for 2040. The study
aimed to answer the following questions: What are the major land use changes in Kangan County between 2000
and 2021? What will these changes look like in 2040? What is the relationship between land use changes and
water resource pollution? Finally, what challenges are anticipated for the region’s future due to land use changes
and water pollution?
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Methodology

This research was applied and descriptive-analytical in nature, utilizing satellite imagery and spatial analysis
tools as the main sources of data and analysis methods. Data collection involved the use of Landsat 7 and
Sentinel-2 satellite images from 2000 and 2021 using the Google Earth Engine platform. The images were
processed using preprocessing methods such as atmospheric correction and noise reduction. Land use
classification maps for 2000 and 2021 were generated using the Random Forest classification algorithm. The
accuracy of the classification was assessed using an error matrix and the Kappa coefficient. The resulting maps
were imported into GIS software to calculate land use areas. To predict land use changes for 2040, the TerrSet
software and the Markov Chain model were employed.

Results and Discussion

The findings reveal that urban areas in 2000 had limited spatial extent, but a significant expansion of urban
regions occurred by 2021. Projections for 2040 indicated that urban areas will continue to grow substantially.
Similarly, industrial zones, which were very limited in 2000, witnessed notable development by 2021 due to
economic growth and infrastructure expansion. Industrial areas are expected to expand further by 2040.

Overall, the analysis showed an increase in urban and industrial areas accompanied by a decline in agricultural
lands and water resources. These changes are driven by population growth, infrastructure development, and the
impacts of climate change. The reduction of natural resources and the increase in barren lands have posed
serious threats to the region’s sustainability.

For 2040, residential land use is expected to maintain its current state with a high probability. However, there is
approximately a 28% likelihood of residential areas converting to barren lands and a 16% chance of conversion
to industrial use. Additionally, the area of industrial land increased from 140.45 square kilometers in 2000 to
218.68 square kilometers in 2021. The area of urban regions grew from 86.91 square kilometers in 2000 to
146.25 square kilometers in 2021.

The analysis of suspended particulate matter (SPM) in water resources also highlighted significant changes. In
2000, the SPM level was low at 22 milligrams per liter, and pollutant dispersion was limited, indicating minimal
human or industrial activities at the time. By 2021, the SPM level had increased dramatically to 1,515 milligrams
per liter, with pollutants spreading over a larger area of the coastline and sea. This increase is attributed to
intensified human and industrial activities during this period, including the expansion of petrochemical and port
industries and the discharge of urban wastewater into water resources.

Conclusion

Based on the findings, it can be concluded that residential and industrial land uses will experience the highest
growth, although there remains a possibility of some of these lands converting to barren areas. Conversely,
barren lands exhibit greater stability but still show limited changes toward other land uses.

Also, the relationship between land use changes and water resource pollution was evident. The increase in SPM
levels from 22 milligrams per liter in 2000 to 1,515 milligrams per liter in 2021 underscores the impact of human
and industrial activities on water quality. The expansion of petrochemical and port industries and the discharge
of urban wastewater into water resources are key contributors to this pollution.

Future challenges for the region include continued environmental degradation, the depletion of natural resources,
and increased water pollution. To address these challenges, sustainable management of urban and industrial
growth, appropriate planning to mitigate environmental impacts, and the implementation of effective policies to
preserve water resources are essential. Without such measures, the region will face severe issues regarding
environmental sustainability and water resource health.

Finally, this study emphasized that achieving sustainable development in Kangan County requires striking a
balance between economic development and environmental conservation. This goal necessitates collaboration
among various sectors, including the government, industry, and local communities, to implement effective and
sustainable policies
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