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 Context :  

The Sistan region, located in the Iran-‐Afghanistan-‐Pakistan borders (30‐31°N 61‐62°E) is the most active dust 

source region of the south western Asia. The town of Zabol is subjected to frequent dust storms and severe 

reduction of visibility and became the most polluted city during the last years. Yet, the drivers of dust emissions 

in the Sistan are relatively unknown. Indeed, it is a region with a complex topography, and under the influence of 

different atmospheric systems ranging from local to global scales. 

 
Objectives / scientific questions : 

The objectives of this project are to better understand the complex dust sources from Sistan region and the 

contribution of the local and the global atmospheric dynamics that activate the dust emissions. This was 

achieved with complementary modeling tools (RAMS and Chimere), satellite observations (from MODIS, IDDI) 

and surface data from meteorological stations of Iran, provided by D. Kaskaoutis and A. Rashki, researchers in 

Iran. 

 
Main results: 

For all studies, we defined two domains, one including the Sistan region only (61-‐62°E; 30-‐31°N) and a larger 

domain including the Arabian Peninsula and the Middle East (25W-80E; 2.56S-45.26N). The dust emissions were 

simulated with the Dust Production Model (DPM), as a function of the surface properties initially established at 

1/16° using POLDER satellite Instrument to estimate the surface roughness and the 10-m surface wind speed 

provided by ECMWF (European Centre for Medium-range Weather Forecasts) forecast data. These 

surface winds have been tested and validated by comparison to the data from 37 SYNOP stations over Iran and 

Pakistan. 

To identify representative years in dust emissions and also remarkable dust events, we used MODIS combined 

Dark Target and Deep Blue AOD (Aerosol Optical Depth) derived from MODIS/Aqua and the infrared METEOSAT 

IDDI product. Dust temporal and spatial variability over the Sistan were investigated through the analysis of 14 

years of MODIS/Aqua aerosol retrievals (2003-2016). This confirmed the seasonal cycle (maximum in summer 

and minimum in autumn and winter) in agreement with a previous publication by Rashki et al. (2014) and 

highlighted the high inter-‐ annual variability of summer dust events. Moreover, satellite data revealed moderate 

dust activity in the recent years (2015‐2016) and an inhibition of dust source when water covers the Hamoun 

lakes. The year 2012 appears as a very interesting period with dust activity being detected both in summer and in 

winter. On the contrary, 2016 presents a lower dust activity, except in July where intense and short dust events 

are noticed. The IDDI product confirmed the specificities of these two years, highlighting the dust plumes and 

the influence of the topography on their shape. 

In order to investigate the spatio‐temporal variability of dust, dust emissions were simulated with the CHIMERE 
Chemistry-Transport Model, over the period 2008-2016. The complete dust cycle (emission, transport, deposition) 

was also simulated with CHIMERE for 2012 and 2016 to investigate specific cases studied at regional scale. On 

the entire studied zone, results showed a large inter-annual variability of the simulated dust emissions. The 

annual cycle exhibits two maxima: one at the end of winter (Feb. to April) and a larger one during summer (July 

to October). In the Sistan region, the dust seasonal cycle is marked by only one maximum in summer, in agreement 
with Miri et al. (2010) and Rashki et al. (2012). This seasonality is explained by the presence of the Levar wind 

(called wind of 120 days) and the drying out of the Hamoun lake. In 2012, the higher dust emissions took place 

along the border between Iran and Afghanistan (N‐E of the Balouchistan region in Pakistan) and also in the Lut-

‐desert (S-E of Sistan, in Iran) (Fig. 1). This intense signature in the Sistan region is retrieved by both model 

simulations and satellite observations, for most of the years, indicating that Sistan region is a significant dust 

source of the dust belt. 



 

To understand the link between the dust emissions and the local and regional atmospheric dynamics caused by 
geographical context (valley, mountains, lake drying out…) and the latitude position (local, trade and monsoon 

winds), 3D modeling of atmospheric dynamics was achieved using the RAMS model (Regional Atmospheric 

Modeling System) coupled on line with the DPM. We focused on the 13‐15 July 2016 dust event and those of 

March and June 2012. Atmospheric dynamics modeling retrieves the three wind patterns : 

Shamal wind from NW over Arabia, the strong wind (20 m.s-1) over Arabian sea from monsoon (SW), activating 
Arabian dust sources and those of the Somalian coast, and the moderate wind from N and NE (Levar wind) over 
the Sistan. The analysis of meteorological parameters from modeling and from meteorological station at Zabol 
during dust event (Fig. 2) showed a consistent evolution between strong wind and low visibility. RAMS was able 
to simulate correctly the general wind evolution pattern. 

 
Figure 1 : Simulated annual mineral dust 

emissions (Tg) for year 2012 from 

CHIMERE results. 

 
Figure 2 : Measured 10m wind speed (blue) and visibility (purple) 
and simulated wind speed at the first model level of RAMS (orange) 
and ECMWF (green) from 11 to 15 july 2016 at Zabol. 

Figure 1 shows that even if the Sistan is a small region, it is a significant mineral dust source compared to other 

Arabian regions and should be taken into account in the dust belt. As presented in Figure 2, RAMS retrieves the 

dynamic evolution of meteorological parameters linked to dust emission conditions. This study applied to specific 

cases, allows us to better understand which kind of wind activates the dust sources and how this is linked with 

synoptic wind circulation and meteorological context. 

 Future of the project :  

In this project, many tools were used in synergy to understand the mineral dust emissions and sources in the 

Sistan region. These results could be reinforced on a more quantitative basis by comparing systematically the 
simulated AODs to the satellite (MODIS) and ground based AOD (AERONET) and the simulated PM10 concentrations 

to the measurements from different ground- based stations (Zabol, Zahedan) available from the Iran 

collaborators. Once validated, the simulations could be used to estimate the radiative impact of mineral dust 
in this region. The role of the dry lake as an additional dust sources could be investigated by accounting for the 

change in its surface from year to year as detected by satellite. Finally, this study should be extended to 
other aerosols sources, to obtain a complete picture of particulate pollution in Sistan cities. 
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