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esearch Article L o . L )
as one of the climatic components in arid and semi-arid regions is considered one of the

most important environmental problems in these regions. Sand dunes are one of the most
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Received 08 January 2024 affected by numerous climatic factors. Since the phenomenon of quicksand movement is
Accepted 15 September 2024

Published online 23 December
2024 Sistan and Baluchestan province and climatic factors also play a significant role in this

considered one of the important processes of land degradation and a serious challenge in

phenomenon; therefore, investigating and understanding these factors in terms of their
impact on the occurrence and intensification of quicksand mobility is an undeniable
necessity to prevent the intensification of environmental crises. Therefore, in this study, the

Keywords: activity of sand dunes based on the Lancaster index in Iranshahr city in Sistan and

ganghdahr, Baluchestan province was investigated. The aim of this study is to investigate the effect of
and dunes, _ . . . . .

Sensitivity analysis, climatic conditions on the mobility of quicksand in Iranshahr city.

Lancaster index, Methods: To achieve the goal, hourly data related to wind events in the 15-year statistical

Dust storm. period (2003-2017) and data related to rainfall and temperature in the statistical period

were used. Also, the DSI index was used to analyze and investigate the wind regime and
the occurrence of dust storms. Finally, the effects of possible changes in climatic elements
on the mobility of quicksand were predicted.

Results: The results of the correlations showed that the relationship between the Lancaster
index and the annual rainfall, wind and aridity index was significant. The results of the
sensitivity analysis also showed that if the frequency of erosive winds and potential
evapotranspiration increased by 30%, the sand dune activity at the Iranshahr station
increased by 25 and 23%, respectively. On the other hand, with a 30% increase in rainfall,
the sand dune activity decreased by 30%.

Conclusions: Given the condition of the sand dunes, which are in an active and fully
active state, necessary measures are needed to stabilize them in this city.
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EXTENDED ABSTRACT

Introduction

Dust storms affect different regions of the globe countries and Iran. The dust storm events
were considered as one of the climatic components in arid and semi-arid regions and it is
called one of the most important environmental problems of these regions. In addition, sand
dunes are the most sensitive natural form of the earth, which are affected by wind erosion, and
their activities classes is affected by many climatic factors. Therefore, in this research, the
activity class of sand dunes were investigated based on the Lancaster index in Iranshahr city
in Sistan and Baluchistan province. The aim of this study is to investigate the climatic
different conditions on the mobility of sand dunes in Iranshahr city.

Methods

Meteorological data for synoptic station of Iranshahr were collected from the Iranian
Meteorological Organization for 15 years (2003 to 2018). To determine the aridity of the
studied station, the annual aridity coefficient was calculated using the aridity index of the
United Nations Environment Program (UNEP), which is provided to measure the aridity
coefficient of climate. The index proposed by UNEP is widely used to investigate the climate
and is directly based on the average total annual rainfall compared to the average air
temperature. After examining the wind speed velocity in Iranshahr, and extracting the
seasonal and annual Wind rose diagrams, Dust Storm Index (DSI) was calculated. For
surveying sand dunes activities using Lancaster index. Sensitivity analysis is a method to
change the inputs of a statistical model in an organized (systematic) way so that the effects of
these changes can be predicted on the output of the model. Which is used in order to
investigate the possible effect of the climatic elements changes on the mobility of sand dunes
and the intensification of the dust phenomenon after calculating the activity of wind erosion.
The use of sensitivity analysis is used to determine the relationships between the variables of
the model and also to determine the priority of the impact of the parameters on the output of
the model. Considering this issue and because some important climatic elements such as rain,
wind and evaporation have a significant effect on the mobility of sand. Therefore, the desired
variables are changed in a reasonable range and the effect of these changes is calculated in the
output of the model and the amount of sand movement.

Results

According to the three-hour wind speed data of the meteorological data and using the WR plot
software, the wind regime was checked. Results showed that corrosive winds in Iranshahr
station blow mostly from the west and north. Wind speed and frequency are higher in spring
and summer rather than in autumn and winter. The highest percentage of wind with high
speeds is related to the months of June, July and August. The range of annual changes ranges
from 3.40 to 1.65 meters per second. The highest wind speed blows in July. The lowest wind
speed is in December. Annual DSI index values were calculated using wind and visibility data
from Iranshahr station. The results showed that DSI values have decreased over time since
2015 and show significant changes (P = 0.04, R = 0.36) within the 99% confidence level.
Using the Lancaster model, which originates from the relationship between sand mobility and
climatic variables, the mobility potential of sand dunes was evaluated. Based on the results of
all the studied years except 2016, the sand dunes have been active. The relationship between
the Lancaster index and the climatic factors showed that the higher the aridity index
(representing wetter periods), the lower the mobility index of sands (Lancaster) and the hills
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will become inactive. Also, the effect of rainfall on the mobility of sand dunes is similar to the
aridity index, increasing the amount of rainfall has reduced the mobility and activity of sand
dunes. The higher percentage of erosive winds, showed the more active sand dunes. The
sensitivity value of Lancaster index against the changes of climatic factors was investigated in
the range of positive 30% and negative 30% for Iranshahr station. The results of the
sensitivity test analysis showed that the mobility index of sand has a positive correlation with
the changes caused by the wind and a negative correlation with the changes caused by the
rain.

Conclusion

The present study was defined with the aim of investigating the activity of sand dunes
considering climatic factors and wind regime in Iranshahr city. Because, dust storms and the
movement of sand dunes have caused many economic, livelihood, and health problems in arid
and semi-arid areas. Seriously it has caused the migration of people in many areas, this issue
itself is considered a social problem. Due to the occurrence of climate change, significant
decrease in rainfall, increase in temperature and the occurrence of consecutive and severe
droughts in Iranshahr city in recent years, the mobility situation of sand dunes has worsened
and seriously threatens the residents of these areas. It is possible that in the coming years the
villages adjacent to these areas will be deserted and migrate to other cities, which will cause
many problems. Therefore, restoration activities to stabilize sands, both biological and non-
biological, such as mulching in areas that do not have environmental restrictions, are highly
recommended. Those in responsibility, especially the General Administration of Natural
Resources and Watershed Management of Sistan and Baluchistan Province, should plan and
take action to carry out the necessary executive plans and projects.
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