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Figure (2): Dendrogram of  circulation patterns at the 500 hPa
level during hot period
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Figure (1): Research process

1. Correlation Coefficients
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Figure (4): Pattern 2 of geopotential height at 500 hPa level
during hot period
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Figure (3): Pattern 1 of geopotential height at S00 hPa level
during hot period
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Figure (7): Pattern 1 at the sea level pressure during hot period
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Figure (5): Pattern 3 of geopotential height at S00 hPa level
during hot period
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Figure (6): Dendrogram of circulation patterns at the sea level
pressure during hot period
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Figure (8): Pattern 2 at the sea level pressure during hot period
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Figure (9): Pattern 3 at the sea level pressure during hot period
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Figure (12): Wind vector and isovelocity lines at the
500hPa, 9.8.2001, 06.00UTC
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Figure (13): Wind vector and isovelocity lines at the
500hPa, 9.8.2001, 12.00UTC
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Figure (14): Wind vector and isovelocity lines at the
500hPa, 9.8.2001, 18.00UTC
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Figure (10): Composit map of the sea level pressure and
geopotential height at the 500 hPa, 9.8.2001
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Figure (13):Wind vector and isovelocity lines at the 500hPa,
9.8.2001, 00.00UTC
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Figure (18): Wind vector and isovelocity lines at the sea level,
9.8.2001, 18.00UTC
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Figure (19): Stream lines at the500 hPa level, 9.8.2001, 00.00UTC
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Figure (15): Wind vector and isovelocity lines at the sea level,
9.8.2001, 00.00UTC
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Figure (16): Wind vector and isovelocity lines at the sea level,
9.8.2001, 06.00UTC
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Figure (17): Wind vector and isovelocity lines at the sea level,
9.8.2001, 12.00UTC
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Figure (24): Stream lines at the sea level, 9.8.2001, 06.00UTC o cslu
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Figure (20): Stream lines at the500 hPa level, 9.8.2001, 06.00UTC
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Figure (26): Stream lines at the sea level, 9.8.2001, 18.00UTC VA celw
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Figure (23): Stream lines at the sea level, 9.8.2001, 00.00UTC
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Figure (27): Composit map of the sea level pressure and
geopotential height at the 500 hPa, 3.8.2006
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Figure (28): Wind vector and isovelocity lines at the 500hPa,
3.8.2006, 00.00UTC
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Figure (28): Wind vector and isovelocity lines at the S00hPa,
3.8.2006, 06.00UTC
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Figure (33): Wind vector and isovelocity lines at the sea level,
3.8.2006, 06.00UTC
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Figure (34): Wind vector and isovelocity lines at the sea level,
3.8.2006, 12.00UTC
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Figure (35): Wind vector and isovelocity lines at the sea level,
3.8.2006, 18.00UTC
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Figure (30): Wind vector and isovelocity lines at the 500hPa,
3.8.2006, 12.00UTC
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Figure (31): Wind vector and isovelocity lines at the S00hPa,
3.8.2006, 18.00UTC
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Figure (32): Wind vector and isovelocity lines at the sea level,
3.8.2006, 00.00UTC
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Figure (39): Stream lines at the500 hPa level, 3.8.2006, 18.00UTC
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Figure (40): Stream lines at the sea level, 3.8.2006, 00.00UTC
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Figure (41): Stream lines at the sea level, 3.8.2006, 06.00UTC
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Figure (36): Stream lines at theS00 hPa level, 3.8.2006, 00.00UTC
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Figure (37): Stream lines at theS00 hPa level, 3.8.2006, 06.00UTC
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Figure (38): Stream lines at theS00 hPa level, 3.8.2006, 12.00UTC
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Figure (42): Stream lines at the sea level, 3.8.2006, 12.00UTC
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Figure (43): Stream lines at the sea level, 3.8.2006, 18.00UTC
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Expanded abstract

Introduction: increasing dusty storms has been one of the most important consequences of climate change in
recent years that directly or indirectly affected human society. Countries located in the arid and semiarid regions of
the world, including Iran, have been affected more than other parts of the globe by this natural disaster and its
harmful consequences, especially the atmospheric dust, which could bring about a wide variety of detrimental
effects such as the reduction in growth and yield of crops, the occurrence of plant plagues and diseases, an increase
in road accidents due to the decrease in the vision field, cancellation of flights, and rising health costs. These facts,
along with repeated droughts in recent years and the potential consequences of climate change as a result of
desertification, have brought the issue of dust storms and their relevant side effects, including increasing respiratory
and pulmonary diseases, a disorder in the ground and air transportation, environmental destruction, and pollution of
agricultural products to the attention of many researchers. Therefore, numerous researches have been carried out
on the increase of global and regional dust and the identification and analysis of dust-generating regions'
circulation patterns. These include Romanof (1951), Goudie and Midelton (2001), Kutiel (2003), Barkan et al.
(2005), Dayan et al. (2008), Barkan (2008), Calastrini et al. (2012), Awad and Mashat (2014), Kang et al.
(2016), Beegum et al. (2018), Hemmati( 1995), Dehghanpour (2005), Zoualfaghari and Abedzadeh (2006),
Heidari (2007), Raeispour (2008), Karami (2009), Tavousi et al. (2011), Movahedi et al. (2012) Tavousi and
Zahraei (2013), Zangeneh (2014), Khorshiddoust, et al. (2014), Omidvar and Sepandar (2018) to mention a few.

Materials and methods: as located near deserts, Ahwaz city is directly exposed to dusty storms. This study,
therefore, set out to investigate the relationship between circulation patterns that cause severe specks of dust in
Ahwaz and the environment-circulation approach. To this end, the required data were collected from the
environmental database of 390 sever dusty days of the region during 14 years (2001-2014), and the severity of
dusty days was determined according to the allowance limit index AQI (150 pg/m3) for two cold (161 days) and
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hot (229 days) periods. The data were then evaluated based on the frequency of severe dusty days throughout the
hot period. For this reason, daily network data regarding the geopotential height in 500 hPa, sea level pressure, and
the zonal and meridional wind were obtained from the database (NCEP/NCAR). Conducting an accumulation
hierarchical cluster analysis for sea level pressure and geopotential height map with matrix in 229x1617 dimension
and linkage days using Ward method, three circulation patterns were identified for level 500 hPa, and three
circulation patterns were found for sea level pressure. Moreover, for every pattern, one day has been determined as
an indicator based on the correlation coefficient of 95% threshold, and the composite maps of sea level pressure and
height patterns of geopotential in level 500 hPa, the speed vectors, and streamlines in these days have been drawn
and analyzed.

Results & Discussion: The results of the study indicated that according to patterns 1 and 2 in level 500 hPa and at
sea level pressure, severe dusty storms in Ahwaz were influenced by the eastern Mediterranean currents and low
thermal pressures of the earth surface, especially the Persian Gulf low pressure. In pattern 3, the two levels
mentioned above, cyclonic system zonal convergence of the Persian Gulf, Azores high pressure, and enhancement
of gradient pressure on the region, resulted in the distribution and transfer of the dust phenomenon in Khuzestan
province and Ahwaz city.

Conclusion: According to the findings of this study, the most important sources of dust distribution in the study
area are the deserts of Iraq, Saudi Arabia, and Syria. This study's results could be useful for preventing and
controlling dust storms via the identification of dust-generating regions. To reduce the damages caused by the study
region's dust phenomenon, an international agreement with the adjacent countries needs to be made. Moreover, the
issue requires inter-organizational cooperation of relevant entities at the domestic scale.
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