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Objective: The Hamoun lakes of Sistan are among the most unstable ecosystems in Iran. Their
most important climatic features are the occurrence of severe floods and severe and widespread
droughts. Changes in the area of the Hamoun wetlands water have a very high variability
coefficient under the influence of numerous factors. The instability of the water inflow and its
low durability make any planning and sustainable development in this region difficult. Changes
in the area of the Hamoun wetlands water can double the challenge of dust in the Sistan Plain.
Method: Landsat satellite images and meteorological data were used to investigate the
relationship between changes in the water area of the Hamoun wetlands and the number of dust
events in the Sistan Plain. Using Landsat 5, 7, 8, and 9 satellite images on the Google Earth
Engine platform, taking into account the assumption of accepting a maximum of 20% cloud
cover on monthly images, the changes in the cover of Hamoon Lakes in 4 classes of water, soil,
vegetation, and water-vegetation mixture were programmed for the statistical period from 1987
to 2023, and the trend of changes in each class was plotted. Using dust phenomenon codes, the
number of events, days, and dust storms was extracted. Applying the scatter plots and R?
statistics, the correlation value of dust events with changes in water area was examined.

Results: The results showed no strong and significant relationship between the number of dusty
days in the Sistan Plain and changes in the water area of the Hamoun lakes; the reason was that
dusty days could be any day with one to eight dust reports in the Synoptic. The number of events
and its relationship with changes in the water area were examined. The results showed a strong
and significant negative relationship between changes in the water area and the number of dust
events. On the other hand, the drying of the bottom of the Hamoun lakes due to the fine-grained
sediments with high volume and the impact of upstream river sediments on their bottom affected
the horizontal field of view. The study of the relationship between dust storms and a horizontal
field of view of one kilometer and less was explained with a very good coefficient of explanation
by the trend of annual changes in the water area of the Hamoun lakes.

Conclusions: According to the results, the three main influential factors in the occurrence of
dust storms in the study area were identified as the regional circulation of the atmosphere, the
specific topography of the region, and the presence of fine-grained sediments in the Hamoun
wetlands area. During the 120-day wind season of Sistan, this route becomes dry, which as a
result increases the concentration of particles. Therefore, if it is wet, it can affect the field of
view and reduce the concentration and intensity of the dust storm. Based on the findings, the
number of dust storms showed a very strong and inverse relationship with the lack of water
cover and the drying of the Hamoun lakes’ bed. It is suggested that the water rights of the
wetlands be provided through diplomacy.
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Introduction

The Hamoun lakes of Sistan are the most unstable aquatic ecosystems in Iran. Their most important
climatic features are the occurrence of severe floods and severe and widespread droughts. Changes
in the water area of the Hamouns lakes have a very high coefficient of variability under the
influence of numerous factors. The instability of the water inflow and its low durability make any
planning and sustainable development in this region difficult. Changes in the area of the Hamoun
lakes water can double the challenge of dust in the Sistan Plain. In order to investigate the
relationship between changes in the water area of the Hamoun lakes and the number of dust events
in the Sistan Plain, Landsat satellite images and meteorological data were used. Investigating the
correlation between dusty days, climatic variables, and the amount of water inflow to the Hamoun
wetlands using multivariate regression modeling showed that the water inflow status has a greater
effect on dusty days in the region than rainfall and temperature. (Mir and Ziaee, 2024). In some
studies, changes in the water area of the wetlands were monitored over a period of time, but a
comprehensive study on monthly and annual monitoring of the wetlands’ area land covers in the
four types of water, soil, vegetation, and water-plant mixture of wetlands over an appropriate
statistical period and with a long-term time series duration has not been conducted on all of
Hamoun wetlands. Therefore, the main goal of this study is investigating the relationship between
the water area of Hamoun lakes and its role in the frequency and intensity of dust storm events,
which has not been studied so far.

Method

In order to investigate the changes in the area of Hamoun wetlands and its role in the occurrence of
dust storms in the Sistan Plain, satellite images and meteorological data were used. Using Landsat
5, 7, 8, and 9 satellite images on the Google Earth Engine platform, and considering the assumption
of accepting a maximum of 20% cloud cover on monthly images, the changes in the land cover of
Hamoun lakes were programmed in 4 classes for the statistical period from 1988 to 2023.

To evaluate the classification accuracy of the four classes of water, vegetation, soil or barren, and
water-vegetation mixture, a random sampling method was used in Google Earth Engine. For this
purpose, several years were selected, and for each representative wet and dry year (Figure 2), 25
random points were selected for each class (total 100 points) to ensure a balanced distribution of
classes. Then, the sample points extracted for each class were labeled using Landsat color images of
the same year and visual interpretation of the reference points with reality. Given the lack of access
to ground data and the condition of the area, this approach was adopted as a scientifically valid
method. After preparing and marking the reference points, two modes were considered for
evaluation, including cumulative mode, in which all points from all years were combined to show
the overall accuracy of the method over the entire time period, and the year-to-year method, which
examines the changes in accuracy under different conditions. The classification method was
obtained with an overall accuracy of 76.1% and a kappa coefficient of 69%, which is suitable for
analyzing changes in Hamoon wetlands. In this study, considering the status of marsh and wetland
water bodies, etc. (natural water bodies), and the nature of their water level changes (usually
occurring in different seasons), partly covered with vegetation cover or even sand dunes, or there
may be a mixture of water and plant cover (such as reeds), in addition to identifying water bodies,
the algorithm was designed in such a way that classes related to vegetation, soil and sand dunes, as
well as the mixed water and plant part, were also extracted and the trend of changes in each class
was drawn. Using dust phenomenon codes, the number of events, days and dust storms was
extracted. Applying scatter plots and R? statistics, the correlation between dust events and changes
in water area was examined and analyzed.
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Results

The study of the trend of land cover changes showed that during the study period, the area of soil class had a
significant upward trend, and these changes have continued with a steep slope since 1999. During the study
period, 3112 square kilometers have been added to the area of the land cover class. However, the area of
water cover class had a significant and decreasing trend. During the period under study, 1527 square
kilometers of the area of the water cover class has been reduced. The largest area of this cover class in four
consecutive years from 1990 to 1993 was more than 60 percent of the total area of the Hamoun lakes. In
2001 and 2023, it completely dried up.

The study of the trend of vegetation cover changes in the study period showed that the area of this class had a
decreasing trend, in such a way that 107 square kilometers of this class has been reduced. An examination of
the trend of changes in the mixed water and plant cover class showed that the area of this class had a
decreasing trend. During the study period, the area of the mixed water and plant cover class was reduced by
567 square kilometers.

In this study, in addition to examining the relationship between the number of dusty days and the area of
water in Hamoun lakes, unlike other studies, the relationship between the number of storms and the number
of dust events with changes in the area of Hamoun lakes in all months of the year and in the period of 120-
day winds in Sistan has been emphasized. The result of examining the correlation between dust events and
changes in water area showed no strong significant relationship, and the R? value explained only 20% of the
changes in dust parameters by water changes, and 80% of it was related to the other factors. Changes in
water area and its relationship with dust were examined in the period of 120-day winds in Sistan. The results
showed a strong and significant negative relationship between changes in water area and the number of dust
storms, so that the changes in water area explain 69% of the changes in the occurrence of dust storms.
Increased drying of the Hamoun wetlands exposed more dust sources to the strong erosive winds of the
Sistan Plain, thereby expanding the area affected by wind erosion. Consequently, a strong and significant
inverse relationship was observed between the frequency of dust storms (visibility <1 km) and the decline in
wetland water area Considering the situation of the region and the constant wind and the presence of a large
volume of fine-grained materials in the bed of Hamoun lakes, dust storms showed a better relationship with
the degree of drying of the water cover of the lakes and could provide a better criterion for the relationship
between the drying of the wetland water and the occurrence of dust in the area of the studied wetlands.

Conclusions

The compatibility of the morphological conditions of the land and air currents caused by the pressure
gradient and the presence of fine-grained sediments has led to the formation of dust storms in the study area.
When the speed exceeds a certain limit, a number of particles begin to vibrate, and when the wind speed
increases, they are torn from the surface and enter the airflow. During the movement of these soil particles
by the wind, they sometimes hit the surface of the earth again, which causes many more particles to separate
from the soil and join the airflow. In the upstream area of the Hamoun lakes in the estuaries of the incoming
rivers, including the Farah River, where fine-grained sediments have accumulated, due to high wind speed,
the sediments enter the atmospheric currents and over time hit the dried surface of the Hamoun wetlands
again, especially the Bringak and Chang Sorkh Hamouns, leading to an increase in the ascent of particles
further in the wind direction. In the summer, because this path is dry, the concentration of particles increases,
but in wet conditions, the visibility would increase, and the concentration and intensity of dust storms would
reduce. Therefore, as the results of this study show, the number of dust storms demonstrated a very strong
and inverse relationship with the lack of water cover and the drying of the Hamoun bed. Providing water
rights to the Hamoun wetlands, the right time distribution through appropriate diplomacy using international
law rules, and prioritizing and properly managing the water entering the wetlands can reduce the frequency,
intensity, and continuity of dust storms.
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