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Abstract

Dust storms represent a significant atmospheric phenomenon and constitute a major environmental crisis in
desert and arid regions. These events generate substantial adverse impacts across environmental, social, and
economic dimensions in affected areas. This study investigated dust storms in North Baluchistan by
analyzing their spatial distribution, temporal patterns, and transport pathways using MODIS satellite imagery
and the HYSPLIT model. Daily dust events occurring between 2013 and 2023 were initially examined
through the Giovanni web platform. Subsequently, MODIS Aqua sensor imagery corresponding to identified
events was acquired for detailed analysis. The Aerosol Optical Depth (AOD) index was derived from
MODIS imagery for each dust event, while dust storm trajectories were reconstructed using both backward
and forward trajectory analyses in the HYSPLIT model. The findings revealed that barren lands and sand
dunes exhibited the highest AOD values among land use categories. The year 2022 emerged as the most
critical period, recording an average AOD index of 0.36. Temporal analysis demonstrated considerable
variability in both the frequency of dusty days and mean AOD values throughout the study period.
Specifically, both parameters showed an upward trend from 2013 to 2018, followed by a decline through
2020. A subsequent increase occurred until 2022, after which both metrics decreased through 2023.
HYSPLIT trajectory analysis identified multiple dust source regions, including international sources in
Turkmenistan, Afghanistan, and Pakistan, as well as domestic sources within the provinces of South
Khorasan, Kerman, and Hormozgan. These results provide a scientific foundation for developing
management strategies and control measures to mitigate dust particle emission in the North Baluchistan
region.
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Extended Abstract

Introduction

Arid regions worldwide experience significant impacts from dust storms (19). The northern Baluchistan
region is particularly vulnerable to the adverse effects of dust storms driven by monsoon winds. This area is
characterized by low precipitation, extreme temperature fluctuations, and high evaporation rates—conditions
that make dust storms a critical limiting factor for local inhabitants and result in substantial social, economic,
and environmental damage. Research indicates that the Northern Hemisphere's primary dust-generating
regions are concentrated along the west coast of North Africa, the Middle East, Central Asia, East Asia, and
China (11). A study focusing on the Jazmurian wetland identified several critical dust source areas, including
Zabol, the Iran-Pakistan border region, the Makran coasts, and the Jazmurian basin itself (2). Analysis of
dust sources in the southern plains and Qihua-huan desert regions from 2001 to 2016 revealed that seasonal
lakes constituted the largest dust sources on a per-unit-area basis (14). Previous research has demonstrated
that the integrated application of the HYSPLIT model and MODIS imagery provides an effective approach
for identifying dust storm sources and tracking dispersion pathways. The present study's innovative
contribution lies in the concurrent examination of dust storms through satellite data analysis and HYSPLIT
meteorological modeling over the study period. Accordingly, this research aims to conduct a comprehensive
spatial-temporal analysis of dust storms and trace their trajectories both preceding and following storm
events during the period from 2013 to 2023.

Material and Methods

The study area encompasses 3,535,308 hectares within Sistan and Baluchistan Province (Figures 1 and
2). The methodological framework of this research is illustrated in Figure 3. To analyze dust storm
events, daily dust occurrence data for each year within the study period were obtained from the
Giovanni web platform. Events exhibiting the highest dust concentrations were subsequently identified,
and corresponding MODIS Aqua sensor imagery for the specified dates was acquired. The Aerosol
Optical Depth (AOD) index was calculated using MODIS imagery processed in ENVI 5.3 software to
enhance visualization and quantify dust concentrations. Image specifications are detailed in Table 1.
Based on AOD index values, regions experiencing the highest dust concentrations were delineated.
Annual AOD maps were generated for each year spanning the 2013-2023 period. The HYSPLIT model
was then employed to investigate dust dispersion patterns across the study area during this timeframe.
Trajectory analysis of dust storms was conducted using both backward and forward tracking methods to
determine source regions and transport pathways.

Results

Monthly dust storm event data for the study period (2013-2023) were extracted from the Giovanni website
and are presented in Figure 4. Seasonal analysis revealed that the highest frequency of dust-laden wind
events occurred during spring and summer months. The spatial distribution of the Aerosol Optical Depth
(AOD) index, derived from MODIS Aqua sensor products for the period 2013-2023, was computed and is
displayed in Figure 5. Throughout this timeframe, the highest AOD values in Iran were predominantly
observed in Kerman, Hormozgan, and South Khorasan provinces, as well as the Sistan region. Temporal
analysis of dust storm frequency and annual mean AOD index in the study area from 2013 to 2023 revealed
distinct trends (Figure 5). The number of dusty days increased from 153 in 2013 (mean AOD = 0.31) to 167
in 2018 (mean AOD = 0.33). Between 2018 and 2020, both parameters exhibited a declining trend, with dust
storm occurrence decreasing to 117 days and mean AOD dropping to 0.25. From 2020 to 2022, an upward
trajectory was observed, with dust events reaching 177 days and mean AOD peaking at 0.36. Subsequently,
from 2022 to 2023, both parameters declined, recording 173 dusty days with a corresponding decrease in
mean AOD index. HYSPLIT model trajectory analysis for the 2013-2023 period (Figures 7 and 8) identified
multiple dust source regions. Transboundary sources included Turkmenistan, Afghanistan, and Pakistan,
while domestic sources were traced to the Iranian provinces of South Khorasan, Kerman, Isfahan, and
Hormozgan.

Results and Discussion
Analysis of Figure 5 and Table 2 reveals the spatial distribution of AOD index values across the study
area during 2013-2023. The western portion of the study area, characterized by barren land and sand
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dunes, exhibited the highest AOD indices. Rangeland areas with poor to moderate vegetation coverage
ranked second in terms of dust concentration. These findings align with previous research demonstrating
that successive drought events have substantially reduced vegetation cover. The resulting soil exposure
and absence of protective vegetation have contributed to elevated AOD values. Notably, the highest dust
storm frequencies occurred during the dry season, particularly in May, June, July, and August (2, 15,
16). Temporal analysis of the AOD index revealed considerable variability in dust concentrations
throughout the study period, primarily attributable to hydrological drought conditions. Multiple factors
have contributed to this phenomenon: the construction of numerous dams on rivers feeding Hamun
Jazmurian in the western study area, and the presence of dams on the Hirmand River in Afghanistan that
have prevented water flow into the transboundary Hamun wetland and the Sistan region. Consequently,
these wetlands have progressively desiccated, transforming into critical dust source areas (2, 10, 18).
HYSPLIT model trajectory analysis (Figure 7) demonstrated that dust masses enter the study area via
two primary pathways under the influence of the 120-day Sistan winds. Transboundary sources were
identified in Afghanistan, Pakistan, and Turkmenistan, while domestic sources included the provinces of
South Khorasan, Kerman, and Hormozgan. These results corroborate findings from a study conducted in
Yazd Province, which identified the Sistan plain, central Iranian deserts, Turkmenistan, and Afghanistan
as the principal dust sources affecting eastern Iran (23). The findings of this study provide a scientific
foundation for developing management strategies and control measures to mitigate dust particle
emissions in the northern Baluchistan region.

Keywords: Origin of dust, Remote Sensing, Dust event, Spatial-temporal pattern.
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Fig. 1. Location of the study area in Iran and Sistan and Baluchistan Province
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Fig. 5. Spatial distribution of Aerosol Optical Depth (AOD) index across the study area during 2013-2023,
derived from MODIS Aqua sensor imagery.
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Table 1. Specifications of the MODIS satellite images used in this study

Spatial

; Bands use
separation

Date Satellite Sensor

08/04/2013

05/18/2014
04/02/2015
04/19/2016
03/19/2017
05/13/2018 MODIS Agqua 550nm MYDO4-L
08/07/2019
07/01/2020
03/14/2021
07/25/2022
06/26/2023

Table 2. Aerosol Optical Depth (AOD) index values across different land use types during dust storm events in
the study area.

Date Maximum Spatial distribution AOD index
AOD index
08/04/2013 1.28 Rangelands with poor vegetation, Barren lands, and Sand dunes
05/18/2014 111 Sand dunes and Barren lands
04/02/2015 1.4 Barren lands, Sand dunes, and Rangelands with poor to moderate vegetation
04/19/2016 0.94 Rangelands with poor to moderate
03/19/2017 0.92 Rangelands with poor to moderate vegetation
05/13/2018 1.61 Rangelands with poor to moderate vegetation
08/07/2019 1.03 Rangelands with poor to moderate vegetation, Sand dune, and Barren lands
07/01/2020 0.9 Rangelands with poor to moderate vegetation, Sand dune, and Barren lands
03/14/2021 0.98 Barren lands, Sand dune, and Rangelands with poor to moderate vegetation
07/25/2022 1.45 Rangelands with poor to moderate vegetation, Sand dune, and Barren lands
06/26/2023 1.02 Rangelands, Sand dune, Low density forest lands
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Fig. 6. Interannual variability of dust storm occurrence frequency (number of dusty days) and annual mean
Aerosol Optical Depth (AOD) index from 2013 to 2023.
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Fig. 7. Backward trajectories of dust storm events in the study area derived from HYSPLIT model analysis
during 2013-2023.
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