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The dust sources in south Asia are associated 

with topographic-low interior basins or large 

dried plateaus.  
2

81 dust storms days per year over 

Sistan. The most active dust source in 

SW Asia (Middleton, 1986)
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Landsat 5 image showing the lower Hirmand (Sistan) Basin.
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Geological map of the Sistan Basin. [from Wittekind and Weippert

(1973) and O’Leary and Whitney (2005a, b)]
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Hydrological network and topographical map of Sistan

basin.

Topographic map of Sistan Basin and catchment area.  The 

location of Zabol is indicated by the white circle (30° 57’N, 61°

34’E). 



WHO report of 2016, 3000 cities in 103 countries
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Frequency (%) distribution of the daily PM10 for each season 

in Zabol (September 2010 – July 2011). 



Hamoun lakes complex: 

-largest fresh water ecosystem of 

the Iranian Plateau 

- one of the first wetlands in the 

Ramsar Convention. Landsat MSS false color composite (bands 4, 2, and 1) images of the 

Hamoun lakes (1976-1987). Landsat 7 ETM+ false color composite (bands 4, 

3, and 2) for 1998-2003. 7



Yearly variations of Hamoun lakes water surface identified four periods from 

1985 to 2005:

• 1. A low-water period from 1985 to 1988

• 2. A high-water period from 1989 to 1993: 

• 3. A medium-water period from 1994 to 1999: 

• 4. A dry period from 2000 to present

Percentage of water surface in July in Hamoun

lakes, as well as the annual precipitation and 

number of dusty days during the period 1985-

2005.
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Flow chart of the 

seasonal wind speed 

and direction in 

Zabol during the 

period 1963-2010. 

The percentage of 

calm periods is 

shown in the bottom 

of each wind rose.
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Monthly mean variation of the visibility (km) and wind speed 

(ms-1) in Zabol during the period 1963–2009.

Wind (Levar) peaks in morning
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RegCM4 simulations of wind velocity at 925 hPa in JJ 2001 over 

Sistan, with and without topography. Acceleration of the wind just 

north of the Sistan Basin due to topography.  

RegCM4 simulations of vector wind at 1000 hPa in JJA 

1990 for nighttime and daytime over Sistan. Very high 

(usually above 12 ms-1) winds over the Sistan Basin.  

L

Strong Levar Formation of morning cyclone



Density plot of the 5-day forward air-mass trajectories 

originated from the Sistan/Hamoun basin at 500 m above 

ground level on the dust-storm days for the June–

September months during the period 2001–2012.
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Annual frequency of dust-storm days 1966–2018 at Zabol
(31.09° N, 61.54° E). (Data source: Zabol Meteo station)



Monthly-mean spatial distribution of the Earth-Probe TOMS (left) and Aura-OMI (right) AI values over Middle East 

and South Asia on the Sistan dust-storm days during 2001–2005 and 2006 – 2010, respectively. The star denotes the 

Zabol station.
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Spatial distribution of the mean MODIS-

AOD550 during the period 2002 – 2018 

over SW Asia, superimposed by bars 

corresponding to the number of the 

annual dusty days at selected stations 

during the period 2002-2018 

Spatial distribution of the slope 

values (%) obtained from the linear 

regression of the MODIS-AOD 

trends during 2002 – 2018

Spatial distribution of 1-km AOD from 

MODIS over the Sistan Basin on 23 

August 2018. The high AOD values 

show the emission and movement of 

an intense dust storm. 



Composite-mean MSLP maps (upper 

panels) and Geopotential Height at 

700 hPa (lower panels) for the 

summer (JJAS) months during Sistan

dust-storm days (vis< 1 km; 354 

cases) of the period 2001–2012.
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Composite-mean MSLP 

anomalies during the 

Sistan dust storms in 

summer months of the 

period 2001–2012.
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MSLP anomalies for the low (< mean – 1 stdev) and high (>mean + 1 stdev) CasHKI modes in Jun-Sep during 2000-

2014. 15

CasHKI = MSLPanom.CS – MSLPanom.HK



Maps of composite means of surface meridional winds over SW Asia for low and high CasHKI modes during JJAS 2000 -

2014.
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Remarkable increase in northern wind over Sistan
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MSLP anomalies from the 1981 - 2010 climatology for the dusty days of the period 1963 – 2014. The red shapes 

correspond to the CS and HK domains. The number of DDs is shown in the graph for each month.

Composite-mean spatial distribution of IDDI values from the 

2000 - 2014 Meteosat imagery over SW Asia for low and 

high CasHKI modes during winter months (November –

March).
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7:30 LST 9:30 LST 11:30 LST 10 m wind streamline maps from NASA-
MERRA on 18 July 2014. The formation, 
expansion, and gradual disappearance of 
the morning cyclone. 

Average of 10-m wind streamlines in 36 years (1979 to 2015) 
over Sistan Basin at 9:30 and 15:30 LST from ERA-Interim, 
superimposed at average 2-m temperature and 10-m winds

Dissipation of the morning cyclone during 

noon due to updraft of anabatic winds, 

increased turbulence and divergence. 

9:30 LST 9:30 LST15:30 LST 15:30 LST



22

Progressive dissipation of the morning 

cyclone with increasing height (low-level 

cyclone). 

925 hPa 875 hPa 825 hPa 775 hPa

The average streamlines and relative vorticity (× 10–5 s-1) in the
Sistan Basin at 9:30 LST in different atmospheric levels during
36 years (1979 to 2015) from ERA-interim.



2nd May 2003 

September 13, 2003

June 14, 2003 23
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14 August 2013

6 February 2019

6 February 2019 12:00 LST




