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ABSTRACT

Introduction

Sand dunes are geomorphological features that play an important role in various
planning processes due to their active dynamics and diverse shapes. They consist of
sand formations that move under the influence of wind speed and direction in the region.
Accordingly, sand dunes of different shapes and sizes represent the wind compression
stage and can pose a serious threat to human activities, including agricultural lands and
man-made areas. In fact, the movement of sand dunes causes severe damage to
infrastructure and rural settlements in Iran every year. Identifying active dunes and
monitoring areas with migrating sand dunes are important measures to reduce these
damages. The geographical location of Iran has led to the presence of various types of
sand dunes in many regions. Since Iran is located in the arid and desert belt of the world,
a significant portion of its dry areas is covered by sand dunes, making their movement
and the resulting sandstorms one of the major hazards in the arid and semi-arid regions
of the country. Among the areas with a high density and variety of sand dunes is the
southern coast of Iran. Given the concentration of residential and industrial areas in this
region, the movement of sand dunes can pose a serious threat. Considering the
importance of this issue, the present study assesses the morphological and dynamic
status of the sand dunes on the southern coast of Iran.

Methodology

In this study, Landsat satellite images, Google Earth images, and statistical information
from regional meteorological stations were used as the main research data. The primary
research tools included ArcGIS (for preparing the required maps), WRplot (for
analyzing wind speed and direction in the region), and the Sandrose graph (for
evaluating the status of sand indicators). Considering the subject and objectives, the
research was conducted in several stages. In the first stage, the exact area of the sand
dunes was delineated using Google Earth images, and their morphometric
characteristics were examined. Then, based on their shapes, the sand dunes were
classified into different types. In the second stage, using Google Earth images and by
monitoring individual sand dunes in the region, the dunes were divided into three
categories of activity: active, semi-active, and inactive. In the third stage, the wind
speed, wind direction, and the DPt index of the region’s winds were evaluated, and their
correlation with sand dune activity was analyzed.
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Results and Discussion

The morphology of sand dunes is directly influenced by the conditions prevailing on the sandbanks (such as obstacles,
vegetation, etc.) as well as the characteristics of regional winds. A study of the morphology of sand dunes along the
southern coast shows that, unlike those in Khuzestan, they exhibit a wide variety of shapes. Extending from the Makran
coast to the Persian Gulf, the sand dunes of the southern coast are shaped by diverse environmental conditions, which
has led to the formation of different dune patterns. In addition to climatic factors, the topographic conditions of the
southern coast are also highly diverse, directly contributing to the variation in sand dunes. A spatial analysis of dune
types indicates that on the eastern Makran coast, due to the absence of topographic obstacles and the presence of low-
slope lands, sand dunes are widely distributed, mainly appearing as thin to thick sand covers. In the central parts of the
Makran coast, sand dunes are also widespread, but due to diverse topographic conditions, their types are highly varied.
Toward the western Makran and the coasts of the Strait of Hormuz, topographic obstacles have caused the dunes to
form in a narrow strip, while on the coasts of the Persian Gulf, limited sand resources and specific topographic
conditions have resulted in scattered and very small dunes.

Conclusions

The results of this study show that the southern coastline of Iran contains a high density of sand dunes, with a total area
of more than 2,750 square kilometers. Calculations of the areas of different dune types indicate that thin sand cover,
medium sand cover, and composite width layers account for the largest portions, representing 59.8%, 10.9%, and 7.3%
of the total dune area, respectively. The characteristics of regional winds were also evaluated. Overall, wind speed and
duration on the Makran coast are higher than on the Persian Gulf coast, making the Makran dunes more active.
Moreover, due to diverse topographic conditions and the influence of winds from multiple directions, the region’s dunes
exhibit great morphological diversity. The results of the correlation analysis between wind characteristics and sand dune
displacement showed that the highest correlation coefficients, 0.514 for wind speed and 0.612 for the DPt index, were
both recorded in the spring season. This indicates that sand dune activity reaches its peak in spring. Overall, the findings
highlight that the southern coast of Iran has a high density of active dunes, which significantly affect human activities.
Considering that this region is one of the country’s key population, economic, and industrial centers, attention to the
morphological and dynamic status of its sand dunes is of critical importance.
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Figure (7): Diagram of the area and percentage of the area of coastal sand dune layers
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Figure (8): Map of coastal sand dune classification based on activity status
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Figure (9): Study area of sand dunes during 2005 and 2020
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Table (3): Calculation of threshold wind speed at the studied stations
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Table (4): Seasonal and annual wind directions at stations near the southern coastal dunes
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Figure (10): Map of station locations and annual wind-rose conditions at each station
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Table (5): Seasonal and annual DPt values at stations adjacent to the coastal dunes
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Table (6): Correlation between wind properties and sand dune movement
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