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carbons have been included in RegCM model (Qian et al. 
2001; Solmon et  al. 2006). The effects of suspension liq-
uid in the form of dust and gas in the air directly and indi-
rectly have been included in this model in the version of 
RegCM3 by Giorgi et al. (2003a). Since dust mass highly 
effects on short and long wave radiation, it has received 
special attention (Christopher et al. 2003). The study region 
is the Sistan plain in eastern Iran. Dust storm occurrence 
which is a highlighted phenomenon in the Sistan plain 
and has long been existed in this region has been studied 
by many authors (McMahon 1906a; Huntington 1905). In 
the book entiteled “Sistan history” which dated back to 
fifth century, wind erosion and dust storms were equaled 
security. In fact, dust storms are considered as highlighted 
and natural climate phenomena in “wind land” (McMa-
hon 1906b). Besides, major sources of dust in the inte-
rior of Iran and along its eastern border were investigated 
using the WRF3/Chem regional model in conjunction with 
available observations, including satellite datasets and 
ground-based measurements (Alizadeh-Choobari et  al. 
2014). Middleton (1986) was showed that frequent occur-
rence of extreme winds in low levels, along with their long 
persistence have led the Sistan plain to be considered by 
80.7 days the highest average annual number of dust storm 
days in South–West Asia and the most important meteoro-
logical feature that affect the area is the high velocity wind 
of 120 days especially in warm season. Formation of a con-
tinuous high-pressure system over the elevated mountains 
of Afghanistan, combined with a summertime thermal low 
over desert land of eastern Iran and western Afghanistan 
produces a strong pressure gradient (Alizadeh-Choobari 
et  al. 2014). Despite of long history and rich background 
on dust storm study in the Sistan plain (Sivall 1977; Rashki 
et al. 2012; Whitney 2006), mechanism of dust storms and 
dust storm structure in the Sistan plain is still considered 
an open topic to discuss. The main objective of the pre-
sent paper is to identify sensitivity of the RegCM model in 
obtaining chemical outputs of atmosphere with two resolu-
tions including 20 and 80 km because: (1) there are not any 
previous work over the Sistan plain by using different reso-
lutions, (2) selected season with emphasis on the local and 
regional effects. In fact, in this study with the aim of inves-
tigating effects of meso-scale and micro-scale systems on 
the dust storms, the Sistan plain is selected to run model by 
test of two resolutions. The occurrence of extensive storms 
in stormy region of the Sistan plain, as well as indicating 
role of the regional factors and especially local ones (plain 
and mountain) on the occurrence of dust storm were the 
main necessity to define such project. To provide chemical 
output of atmosphere, model is coupled with dust module. 
The dust module includes emission, transport, gravitational 

settling, wet and dry removal and calculations of dust opti-
cal properties (Zakey et al. 2006).

Although the Sistan plain is a strong source of airborne 
dust, thorough analysis of different types of dust events has 
not been performed for the region. The present research is 
addressed to identifying the dynamics of dust storms in a 
complex terrain as Sistan plain, by using RegCM4 as cli-
mate chemistry model. Performance of the RegCM4 model 
has been evaluated for cold periods of 2000 and 2002 years, 
using two horizontal grid spacing of 20 and 80 km in 6-h 
time step in 23 sigma levels along the vertical position.

Methodology

Study region

The Sistan plain is located in eastern Iran close to the Ira-
nian borders with Pakistan and Afghanistan (Fig.  1). Its 
climatic conditions are fully described in several studies 
(Moghadamnia et al. 2009; Rashki et al. 2012, 2013). The 
Sistan plain covers a region of approximately 15,197 km2 
and has a population of about 400,000. Its main cities are 
Zabol and Zahak. Hamoun Lake, with a horseshoe-like 
shape, is located in the north of the region. Sistan lies on 
the world Desert Belt and has an arid and semi-arid cli-
mate. The aridity of the climate is manifested by very low 
precipitation (55  mm), humidity, cloudiness, high evapo-
ration rates (around 2700 mm/year), high annual tempera-
ture (22 °C) and frequent droughts (Meijer et al. 2006). The 
most important meteorology-atmospheric phenomenon 
over the region that controls the dust activity, air quality 
and human health is the Levar northerly wind, commonly 
known as the “120-day wind”, which causes frequent dust 
and sand storms, especially during June–August (Goudie 
and Middelton 2006). The region is subjected to severe 
winds; occasionally wind speeds reach 120  km per hour. 
This renders Sistan one of the windiest deserts in the world. 
The 1999 drought which was caused Hamoun Lake to dry 
up and also changed the land use from agricultural to waste 
land, has increased the susceptibility of the soil to erosion. 
The area subject to soil erosion has increased which is also, 
in turn, a cause for dust storms (Miri et al. 2009).

Model description and dataset

Model description

RegCM Model has been developed at the National Center 
for Atmospheric Research (NCAR) (Anthes et  al. 1987) 
and later at the Abdus Salam International Center The-
oretical Physics (ICTP) (Georgi and Mearns 1999; Pal 3 Weather Research and Forecasting.
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et al. 2000). It is a hydrostatic, sigma vertical coordinate 
model whose dynamics are essentially the same as the 
hydrostatic version of the mesoscale model MM5 (Grell 
et  al. 1994). The grid used in this model, a horizontal 
grid has an Arakawa–Lamb B–staggering of velocity var-
iables with respect to the scalar variables (Zarrin 2008). 
Exchange currents of land–atmosphere are based on Bio-
sphere–Atmosphere Transfer Scheme (BATS) (Dickinson 
et al. 1993). The exchange between ocean and atmosphere 
is also calculated according to Biosphere–Atmosphere 
Transfer Scheme with surface temperature of water deter-
mined by monthly mean values (Reynolds 1988). The 
model can be interactively coupled to a 1D lake model, a 
simplified aerosol scheme (including OC, BC,SO4, dust 
and sea spray) and a gas phase chemistry module (CBM-
Z) (Elguindi et al. 2011).

The RegCM system is a community model, and in 
particular it is designed for use by a various community 
composed by scientists in industrialized countries as well 
as developing ones (Pal et  al. 2007). It has participated 
to numerous regional model intercomparison projects. It 
has been conducted by a wide range of regional climate 
studies like future climate change (Diffenbaugh 2005), 
air quality, extreme weather (Pal et al. 2004), agriculture 

(White et  al. 2006), biosphere–atmosphere interac-
tion (Pal et  al. 2003), and some other seasonal forecast 
researches (Rauscher et  al. 2007; Seth et  al. 2007), as 
well as storms have been conducted and this broad range 
of applications and usages in different regions shows 
multi-purposes and the capability of RegCM system. 
RegCM model needs initial conditions and time-related 
side boundary conditions in order to calculate features of 
wind, temperature, surface pressure, and steam (Pal et al. 
2004).

Dust emission parameterizations in RegCM4

One of the advantages of RegCM model is the capabil-
ity of link with a chemical model of atmosphere. Above-
mentioned model enjoys dust scheme with active radia-
tive structure for point of deserted and semi-deserted 
grids. The representation of dust emission processes 
is a key element in a dust model and depends on the 
wind conditions, soil characteristics and particle size 
(Zakey et  al. 2006). Following Marticorena and Ber-
gametti (1995) and Alfaro and Gomes (2001), here the 
dust emission calculation is based on parameterizations 
of soil aggregate saltation and sandblasting processes. 

Fig. 1  Topographic map of Hamoun Basin and Sistan region. The location of Zabol is indicated by the white circle (30° 57′N, 61° 34′E). 
Source: http://en.wikipedia.org/wiki/Sistan_Basin

http://en.wikipedia.org/wiki/Sistan_Basin
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Zakey et  al. (2006) believe that dust emissions within 
the scheme follow four basic steps, (1) based on a three-
mode lognormal distribution determined by the soil tex-
ture class, the specification of soil aggregate size, Dp, 
distribution for each model grid cell followed by (2) 
the calculation of a minimum threshold friction veloc-
ity based on empirical parameterizations of Marticorena 
and Bergametti (1995) which leads to (3) the calculation 
of the horizontal saltating soil aggregate mass flux, dHF 
(Dp), defined as:

where, E is the ratio of the erodible surface to total surface, 
�a is the density of air, g is the gravity, u∗ is the wind fric-
tion velocity, R

(

Dp

)

 is the ratio of the minimum threshold 
friction velocity to the actual friction velocity and dSrel

(

Dp

)

 
is the relative surface of soil aggregate of diameter Dp. 
Finally, (4) the calculation of the vertically transportable 
dust particle mass flux generated by the saltating aggre-
gates is performed (Marcella and Eltahir 2010).

The dust module has a size range from 0.01 to 
20.0 µm, which is divided into 4 size-bins, each covering 
part of the whole spectrum of particle diameter: i.e. the 
fine (0.01–1.0  µm), accumulation (1.0–2.5  µm), coarse 
(2.5–5.0 µm), and giant (5–20 µm) particle mode. The evo-
lution of each bin is described by a prognostic equation 
for the dry size of the dust particular (Zakey et  al. 2006; 
Solmon et al. 2006).

The radiative code in the RegCM4 employs the �
-Eddington approximation for radiative flux calculations, 
and the wavelength spectrum is divided in-to 18 discrete 
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intervals between length waves of 0.2–4.5  µm. Seven of 
these span ultraviolet (0.2–0.35  µm), and covers visible 
(0.35–0.64 µm) and the remaining band cover the infrared 
or special absorption windows. Zhang et al. (2009) provide 
a detailed description of the aerosol parameters used to per-
form radiative from related forcing calculations.

Experimental design

The current research is based on dust storm days that are 
related to visibility records below 1 km according to cur-
rent weather condition codes (WW), annual (Fig.  2) and 
monthly (Fig.  3) at Zabol meteorological station during 
1963–2007. Following to annual and monthly patterns we 
were chose cold periods of 2000 and 2002 as the dusti-
est years for running model in agreement with Miri et  al. 
(2009). These intervals include: (1) 15 December 1999 to 
29 March 2000, and (2) 15 Feb to 30 March 2002.

The model domain was restricted to an area between 
20°–48°N and 42°–78°E with two resolutions of 20 and 
80 km horizontal grid spacing in 6-h time step (Fig. 4) in 
23 levels along the vertical position in Sigma system. Cen-
tral latitude of 35°N and central longitude of 61°E were 
taken in-to account. NCEP re-analysis data (Kalnay et  al. 
1996) were used to provide the initial and lateral bound-
ary conditions for the RegCM4 simulation with the method 
described by Giorgi et  al. (1993). Model outputs were 
divided into four categories including Surface (SRF), 
Radiation (RAD), Atmosphere (ATM), and Chemistry of 
atmosphere (CHE) data. In the current study, chemistry-
section and atmosphere data of model output were used to 
study the dust storms.

Fig. 2  Annual frequency of 
dust (a) WW = 05 to 09 and 
dust storms (b) WW = 30 to 35 
events in Zabol meteorological 
station during the 1963–2007
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Results and discussion

Synoptic characteristics revision

In this chapter, in order to have a synoptic view of the 
atmosphere condition during the occurrence time of the 
Sistan plain dust storms during the study period a medium 
map of factors such as geopotential height, relative vorticity 
and the wind vector in 850 hPa was prepared using NCEP/
NCAR data. Accordingly, similar to summer pattern, also 
in the cold period of the year the surface heating along 
with the development of a local low- pressure system due 
to the thermal region formed in the Sistan plain and south-
west of Afghanistan, is formed the cyclonic currents over 
the region by the strong positive values in the relative geos-
trophic vorticity. The average atmosphere circulation of the 
occurred dust storms during the study period (15 December 
1999 to 29 March 2000 and 15 Feb to 30 March 2002) in 
the 850 hPa is shown in Fig. 5. In these periods a coupled 
position in the geopotential height with low values over the 
Sistan plain and large values in the northeast of Iran and 
Turkmenistan, in connection with a similar coupled vorti-
city created a strong north wind in Sistan plain. Such wind 
begins to blown from the northern parts of the region, and 
its direction sifts toward southeast in the southern part of 
the region. This occurred in a condition that the intensity 
of the lower level jet can reaches to 15–20 m/s and to more 

than this value in the special cases. Vorticity is a critical 
parameter to study the dust distribution in the dry areas 
(Kaskaoutis et al. 2014). If the positive values were equal 
to the intensity of the lifting force, they lead to raising the 
dust and the dust storm in the area, as shown in Fig. 5.

In the end of this chapter, in order to compare AOD 
condition in the model outputs and satellite data, Fig. 6 is 
embedded using the MODIS data (deep blue at 550  nm). 
As it is shown in this period in the Iran’s eastern borders 
the particle optical depth factor or light reduction factor 
vertically shows its high development unit with amounts up 
to 1; which in fact resulted from the occurrence of aerosol 
particles of the study area atmosphere.

Test of 20 km horizontal grid spacing

Aerosol Optical Depth is the most important parameter for 
direct study of the radiation forcing. The aerosol optical 
depth (AOD), which (for a given spectral interval) is cal-
culated from the aerosol concentration and extinction coef-
ficient (σextm2 g−1) depends on the refractive index and the 
particle size distribution (Solmon et  al. 2006; Zanis et  al. 
2012). In modeling section, AOD value was used to deter-
mine the vertical and horizontal expansion of dust storms 
of the Sistan plain. Figure  7 shows the situation of AOD 
in low levels (Fig.  7a) and higher and intermediate levels 
(Fig.  7b). In low levels (1000–870  hPa) AOD is obvious 
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Fig. 3  Long-term monthly frequency of dust (a) WW = 05 to 09 and dust storms (b) WW = 30 to 35 events in Zabol meteorological station dur-
ing the 1963–2007
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with dark colors. This fact indicates high amonut of dust 
in mentioned levels. In bordering regions of eastern Iran, 
high level of dust reveals the dust storm occurrence in this 
region. Figure  7b shows the characteristics of AOD and 
vector factors in 825–25 hPa, indicating low particle den-
sity in these higher levels. No particle density exists over 
Iran in Fig.  7b. While interpreting this phenomenon, this 
fact can be pointed out that dust storms occurrence depth in 
the region and consequently suspended particles in atmos-
phere happen more in lower levels and storms are more 
observable in lower levels of atmosphere.

To study vertical extension of dust storms, medium pat-
tern of AOD and wind intensity (velocity) for dust storms 
along 31.5°N and 61°E have been provided for atmos-
phere levels. Figure  8a shows longitudinal cross section 
(meridional) of AOD and wind speed from earth surface 
till 450 hPa in 31.5°N. According to the figure, the Sistan 
plain experiences the highest speeds at low levels; so that 
the maximum wind speed exceeds 18  m/s in speed core 
located in 61.5°E. The maximum wind speed is observed 
in a height up to 500-m from earth surface (950 hPa). Here, 

the maximum AOD, in proportion with maximum wind 
speeds, happens in levels which are lower than 900 hPa and 
its value on the Sistan plain is almost 0.12. Figure 8b shows 
the desired features in 61°E. This cross section reveals the 
mean intensity of wind and AOD in 24°N–42°N. The core 
of wind speed maximum is formed in 31.5°N which is 
equal to 19 m/s in the height of 500 m from the earth sur-
face (950 hPa). Likewise, the maximum density of AOD is 
up to 0.14 units and under 900 hPa. The maps of the storm 
vertical cross section show the formation of a low level 
jet in cold periods of the year in border region of Iran and 
Afghanistan, determining formation of extreme and low 
depth dust storms in low levels of atmosphere.

After studying the condition of the dust existence in 
the region and vertical and horizontal expansion of aero-
sol particles, conditions of average pressure in sea level 
at the time of dust storm occurrence was studied. Fig-
ure  9 indicates role and effect of local factors and land 
shape on the formation of different pressure centers in 
various parts of Iran. The effect of these factors on imple-
menting 20  km horizontal grid spacing of downscaling 

Fig. 4  Land surface coverage and functions in the study region a in 20 km horizontal grid spacing b in 80 km horizontal grid spacing
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Fig. 5  Mean synoptic mete-
orological conditions over the 
Sistan during the study period. 
The composite map via NCEP/
NCAR reanalysis project 
includes the geopotential height 
(black contours every 4 gpm), 
the vector wind (m s −1) and 
the relative vorticity in 0.4 9 
10 −5 s −1 (colour shaded) at 
850 hPa

Fig. 6  Simulated MODIS AOD 
at 550 nm over the Sistan dur-
ing the study period
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was illustrated in this figure. This map shows that the 
high pressure currents located between Caspian Sea with 
central pressure of more than 1032  hPa and a deepened 
trough on the Sistan with pressure of 1024 hPa. Pressure 
gradient between ridges of high pressure in eastern Iran 
and low pressure leads to compression of pressure lines 
and increasing wind speed, forming occurrence pattern 
of dust storms in cold periods of year through Southern 
current.

Structure of dust storms according to streamlines 
and vorticity

In this section, analysis of vorticity and streamlines for 
lower half of atmosphere in cold period at the time of dust 
storm occurrence has been provided. In this period, insta-
bilities of atmosphere are resulted from the trough of upper 
and intermediate levels. During the winter, frequent passage 
of western wave trough in intermediate levels controls cli-
mate features of the surface. Studying the synoptic condition 
in this level will show mechanisms of circulating currents 

Fig. 7  Mean condition of aerosol optical depth and vector wind of dust storms in cold period (a) and (b) in low levels (1000–870 hPa) and mid-
dle levels (825–525 hPa) in 20 km horizontal grid spacing

Fig. 8  Wind velocity cross section and aerosol optical depth a 31.5°N and b 61°E in 20 km horizontal grid spacing
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of atmosphere at the time of dust storms occurrence in cold 
period of the region. In 870 hPa (Fig. 10a), noticeable dif-
ference is seen in terms of vorticity in the region; so that 
a negative vorticity is prevailed in this level as a result of 
air-current divergence in north east part of Iran. In western 

parts of Afghanistan, convergence of air currents leads to 
formation of positive vorticity in the region with 1.5 unit 
in bordering region of eastern part of Iran and Sistan plain. 
Divergent currents of air resulted from northern region are 
stretched till internal parts of eastern Iran, leading to nega-
tive vorticity with −1.5 unit in this level. This arrangement 
of atmosphere circulation with creation of northern wind 
current has led to a winter coupling pattern. This pattern 
has formed the main pattern of dust storm occurrence of the 
Sistan plain in clod period of the year.

Test of 80 km horizontal grid spacing

Figure  11c, d shows the average conditions of AOD and 
vector factors in various levels in 80  km horizontal grid 
spacing. While implementing the model with less resolu-
tion and consequently fewer effects of the local factors and 
surface topography, the wind speed decreases from one 
side, and, from another side, concentration of existing dust 
falls in the region. Considering Fig. 7a, b in this period of 
the year, in southern regions of Caspian Sea, strong anti-
cyclone currents with closed cells are seen. Strengthening 
this anti-cyclone system, its ridge and tongue are stretched 
to south part of Iran. From one side, a low pressure center 
is formed on the Lut plain, which extreme air currents in 
north–south direction have been formed as a result of crea-
tion of pressure gradient between these two pressure sys-
tems, leading to occurrence of dust storms in this region. 
The ridges of high pressure current of Caspian Sea are 
stretched across Iran; from another side, cyclone circulation 
of air on the eastern parts of the Sistan plain leads to for-
mation of northern-southern extreme currents.

In cold periods of the year, wind velocity increases by 
increasing height due to the effects of large and synoptic 
scale currents. Figure 12c shows that wind experiences high 
speeds in all levels in 31.5°N and the closer to the surface, 
the more the wind speed decreases. Nevertheless, one maxi-
mum speed core in a small region in lower levels on the 
Sistan plain (Fig. 12c) and generally eastern borders of Iran 
(Fig. 12d) is observable as a result of interaction of local geo-
graphical factors with large scale currents. This speed core 
is accompanied by formation of dust storms in lower depths 
layer and the lowest atmosphere level in direction of wind. 
In this pattern which indicates cross section of atmosphere 
condition at the time of dust storms occurrence, wind speed 
exceeds threshold limit at near-to-ground levels and in par-
ticular in 61°E, leading to occurrence of soil storms. Study-
ing vertical cross section of wind in direction of 31.5°N on 
the Sistan plain reveal maximum core of wind speed with 
speed up to 20 m/s in 950 hPa. Besides, aerosols in 900 hPa 
show high amounts. Figure  12d reveals above mentioned 
characteristics in 61°E. Here, wind also shows high speed 
in upper levels reducing toward lower levels. However, in 

Fig. 9  Mean condition of sea level pressure and surface wind in 
20 km horizontal grid spacing

Fig. 10  Mean condition of vorticity and streamlines in 870  hPa, 
20 km horizontal grid spacing



778 Model. Earth Syst. Environ. (2017) 3:769–781

1 3

the winter, pattern of the Sistan plain dust storms, the wind 
speed reaches high limits in lower levels, leading to storms in 
the region; so that the wind speed exceeds 15 m/s in 31.5°N, 
leading to high amonut of aerosol in 900 hPa.

Figure  13 shows the characteristics of sea level pres-
sure condition and surface wind at the time of dust storms 
occurrence in 80  km resolution. Running the model with 
this horizontal grid spacing causes to decrease the effects of 
regional land shape and to increase the role of medium and 

synoptic scale factors in formation of dust storms. In this 
figure, high pressure centers are located in north-eastern 
part of Iran between Caspian Sea and Khorasan with pres-
sure of 1032 hPa and a deepened trough with pressure of 
1024 hPa is seen on the Sistan. Pressure difference between 
these two various pressure centers also causes more com-
pression of pressure lines and increased wind speed, form-
ing northern winds in eastern borders of Iran and creating 
dust storms in the Sistan plain.

Fig. 11  Mean condition of aerosol optical depth and vector wind of dust storms in cold period (a) and (b) in low level (1000–870 hPa) and mid-
dle levels (825–525 hPa) in 80 km horizontal grid spacing

Fig. 12  Wind velocity cross section and aerosol optical depth a 31.5°N and b 61°E in 80 km horizontal grid spacing
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Structure of dust storms according to streamlines 
and vorticity

In 870  hPa (Fig.  14), a closed anticyclone has been 
formed in north eastern of Caspian Sea, at the same time, 

a divergence centers derived from this anticyclone cur-
rent have been stretched till central parts of Iran plateau. 
A vast area with positive vorticity has been formed in east-
ern parts of Iran and between Iran and Afghanistan bor-
der till the Sistan plain which is exactly accompanied by a 
negative vorticity and anticyclone circulation on its western 
part on Khorasan Mountains. Simultaneous dominance of 
high negative vorticity around southern Khorasan Moun-
tains and high positive vorticity on eastern borders and 
the Sistan plain explains formation of lower level jets and 
occurrence of dust storms in the region. The cyclone cir-
culation is dominated on the Sistan region, which appeared 
in the form of dust storms. Considering the dry substrate 
of Hamoun Lake in the Sistan region, these southward cur-
rents pass on the dry substrate of Hamoun Lake forming 
dust storms.

Summary and conclusions

The present research is addressed to identifying circula-
tion characteristics and structure of atmosphere at the 
time of dust storms in the Sistan plain. Performance of 
the RegCM4 model has been evaluated for cold periods of 
2000 and 2002 years, using two horizontal grid spacing of 
20 and 80 km in 6-h time step in 23 sigma levels along the 
vertical position. As it is shown in Fig. 4 each of the down-
scaled forming shows significant differences in the influ-
ence amount of surface topography and applications of the 
study area.

According to model of implementation by these two res-
olutions, it is possible to realize the capabilities and sensi-
tivity of this model in different conditions. In this study, in 
order to achieve outputs of atmospheric chemistry for sur-
vey of the dust phenomenon, the RegCM model with dust 
scheme was coupled. The RegCM-Dust model is able to 
simulate the occurence of dust storm extension in different 
regions and dynamical situations (Zakey et al. 2006).

Characteristics of the dust storms, in the Sistan plain 
for model implementation under the 20  km, show close 
similarity to real conditions and results of the outputs of 
the NCEP/NCAR and MODIS. Although AOD represents 
a bias on Turkmenistan in both exponential downscaling 
(development and high values of AOD), but still imple-
mentation of 20  km could better stimulates AOD fac-
tor on the region, especially on the Sistan plain. Factor of 
the vector wind show the same directions in both simula-
tion; bout the model in implementation of 20  km is well 
able to simulate the intensity gradient of the air currents on 
the study area; so that it is possible to see the formation 
locus of low pressure and high-pressure and the closure of 
their nucleus from the direction of the currents. The fac-
tors of wind intensity and AOD in the profile status indicate 
that the implementation of the 20 km also could be more 

Fig. 13  Mean condition of sea level pressure and surface wind in 
80 km horizontal grid spacing

Fig. 14  Mean condition of vorticity and streamlines in 870  hPa, 
80 km horizontal grid spacing
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successful. In this implementation the core of maximum 
wind speed and AOD are obvious on the Sistan plain and 
eastern borders of Iran. According to the theory of forma-
tion of the lower level jets in the Sistan plain especially 
due to the Valley-like features of the region which play an 
effective role in initiation, maintenance and dissemination 
of dust storms (Kaskaoutis et al. 2014), in the implementa-
tion of 20  km and in the lower levels of the atmosphere, 
based on the parameters of wind speed and direction it is 
possible to see the occurrence of the jet in simulation of the 
RegCM4 model in this study; so that according to Fig.  7 
its speed on the eastern borders of Iran reached more than 
15 m/s. While, in implementation of 80 km such phenom-
ena are simulated as inconsiderable on the region.

Besides of above mentioned cases, due to the com-
plicated circumstances of the region and the impact of 
the geological phenomena such as plains and mountain, 
implementation of 20 km model the vorticity condition of 
the area at the time of the dust phenomenon occurrence is 
clearly visualized. Embedment status of the cyclonic and 
anti-cyclonic currents caused to formation of vorticities 
more of +1 and −1 in the region and providing favorable 
conditions for occurrence of the dust.

References

Aldrian E, Dümenil-Gates L, Jacob D, Podzun R Gunawan D (2004) 
Long-term simulation of Indonesian rainfall with the MPI 
regional model. Clim Dyn 22(8):795–814

Alfaro SC, Gomes L (2001) Modeling mineral aerosol production by 
wind erosion: emission intensities and aerosol size distributions 
in source areas. J Geophys Res Atmos 106(D16):18075–18084

Alizadeh-Choobari O, Zawar-Reza P, Sturman A (2014) The “wind 
of 120 days” and dust storm activity over the Sistan Basin Atmos 
Res 143:328–341

Anthes RA, Hsie EY, Kuo YH (1987) Description of the Penn State/
NCAR mesoscale model version 4 (MM4). NCAR, Boulder, 
p. 66

Christopher S, Wang J, Ji J, Tsay S (2003) Estimation of diurnal 
shortwave dust aerosol radiative forcing during PRIDE. J Geo-
phys Res 108:8596. doi:10.1029/2002JD002787

Dickinson RE, Kennedy PJ, Henderson-Sellers A (1993) Biosphere-
atmosphere transfer scheme (BATS) version 1e as coupled to 
the NCAR community climate model. NCAR Technical Note. 
doi:10.5065/D67W6959

Diffenbaugh NS (2005) Atmosphere-land cover feedbacks alter the 
response of surface temperature to  CO2 forcing in the western 
United States. Clim Dyn 24(2–3):237–251

Elguindi N, Bi X, Giorgi F, Nagarajan B, Pal J, Solmon F, Giuliani 
G (2011) Regional climatic model RegCM user manual version 
4.1. ITCP, Trieste

Giorgi F (1991) Sensitivity of simulated summertime precipitation 
over the western United States to different physics parameteriza-
tions. Mon Weather Rev 119(12):2870–2888

Giorgi F, Mearns LO (1999) Introduction to special section: regional 
climate modeling revis-revisited. J Geophys Res 104:6335–6352

Giorgi F, Marinucci MR, Bates GT, DeCanio G (1993) Development 
of a second generation regional climate model (REGCM2). Part 

II. Convective processes and assimilation of lateral boundary 
conditions. Mon Weather Rev 121:2814–2832

Giorgi F, Francisco R, Pal J (2003) Effects of a subgrid-scale topog-
raphy and land use scheme on the simulation of surface climate 
and hydrology. Part I: effects of temperature and water vapor dis-
aggregation. J Hydrometeorol 4(2):317–333

Goudie A, Middelton N (2006) Desert dust in the global system, 1st 
edn. Springer, Berlin

Grell G, Dudhia J, Stauffer DR (1994) A description of the fifth gen-
eration Penn State/NCAR Mesoscale Model (MM5). NCAR Sci-
entific Tech Note 138. doi:10.5065/D60Z716B

Huntington E (1905) The depression of Sistan in eastern Persia 1. 
Scott Geogr Mag 21(7):379–385

Kalnay E, Kanamitsu M, Kistler R, Collins W, Deaven D, Gandin 
L, Iredell M, Saha S, White G, Woollen J, Zhu Y, Leetmaa A, 
Reynolds B, Chelliah M, Ebisuzaki W, Higgins W, Janowiak J, 
Mo KC, Ropelewski C, Wang J, Jenne R, Joseph D (1996) The 
NCEP/NCAR 40-year reanalysis project. Bull Am Meteorol Soc 
77:437–472

Kaskaoutis DG, Rashki A, Houssos EE, Mofidi A, Goto D, Bartzokas 
A, Francois P, Legrand M (2014) Meteorological aspects asso-
ciated with dust storms in the Sistan region, southeastern Iran. 
Clim Dyn doi:10.1007/s00382-014-2208-3

Marcella MP, Eltahir EAB (2010) Effects of mineral aerosols on the 
summertime climate of southwest Asia: incorporating subgrid 
variability in a dust emission scheme. J Geophys Res Atmos. doi
:10.1029/2004GL019836

Marticorena B, Bergametti G (1995) Modeling the atmospheric dust 
cycle: 1. Design of a soil-derived dust emission scheme. J Geo-
phys Res Atmos 100(D8):16415–16430

McMahon H (1906a) Recent survey and exploration in Seistan. Geogr 
J 28(3):209–228

McMahon H (1906b) Recent survey and exploration in Seistan. Geogr 
J 28(4):240–333

Meijer K, Beek EV, Roest K (2006) Integrated Water Resources Man-
agement for the Sistan Closed Inland Delta, Iran. Annex C-Water 
Supply and Demand. Water Research Institute in cooperatiion 
with ITC and Alterra. V1.2

Middleton NJ (1986) A geography of dust storms in South-West Asia. 
J Climatol 6(2):183–196

Miri A, Ahmadi H, Ekhtesasi MR, Panjehkeh N, Ghanbari A (2009) 
Environmental and socio-economic impacts of dust storms in 
Sistan Region, Iran. Int J Environ Stud 66(3):343–355

Moghaddamnia A, Ghafari Gousheh M, Piri J, Amin S, Han D (2009) 
Evaporation estimation using artificial neural networks and adap-
tive neuro-fuzzy inference system techniques. Adv Water Resour 
32:88–97

Nabat P, Solmon F, Mallet M, Kok JF, Somot S (2012) Dust emis-
sion size distribution impact on aerosol budget and radiative 
forcing over the Mediterranean region: a regional climate model 
approach. Atmos Chem Phys Discuss 12:17835–17886

Pal JS, Small EE, Eltahir EA (2000) Simulation of regional-scale 
water and energy budgets: representation of subgrid cloud and 
precipitation processes within RegCM. J Geophys Res Atmos 
105(D24):29579–29594

Pal JS, Giorgi F, Bi X, Elguindi N, Eltahir E, Francisco R (2003) 
Developments in the Latest Version of the RegCM. ICTP Work-
shop on the Theory and Use of Regional Climate Models. Trieste

Pal JS, Giorgi F, Bi X (2004) Consistency of recent European summer 
precipitation trends and extremes with future regional climate 
projections. Geophys Res Lett 31(13)

Pal JS, Giorgi F, Bi X et al (2007) The ICTP RegCM3 and RegCNET: 
regional climate modeling for the developing world. Bull Am 
Meteor Soc 88:1395–1409

http://dx.doi.org/10.1029/2002JD002787
http://dx.doi.org/10.5065/D67W6959
http://dx.doi.org/10.5065/D60Z716B
http://dx.doi.org/10.1007/s00382-014-2208-3
http://dx.doi.org/10.1029/2004GL019836


781Model. Earth Syst. Environ. (2017) 3:769–781 

1 3

Qian Y, Giorgi F, Huang Y, Chameides W, Luo C (2001) Regional 
simulation of anthropogenic sulfur over East Asia and its sensi-
tivity to model parameters. Tellus B 53(2):171–191

Rashki A, Kaskaoutis DG, Eriksson PG, Qiang M, Gupta P (2012) 
Dust storms and their horizontal dust loading in the Sistan 
region, Iran. Aeol Res 5:51–62

Rashki A, Eriksson PG, Rautenbach CDW, Kaskaoutis DG, Grote 
W, Dykstra J (2013) Assessment of chemical and mineralogical 
characteristics of airborne dust in the Sistan region, Iran. Chem-
osphere 90(2):227–236

Rauscher SA, Seth A, Liebmann B, Qian JH, Camargo SJ (2007) 
Regional climate model-simulated timing and charac-
ter of seasonal rains in South America. Mon Weather Rev 
135(7):2642–2657

Reynolds RW (1988) A real-time global sea surface temperature anal-
ysis. J Clim 1(1):75–87

Seth A, Rauscher SA, Camargo SJ, Qian JH, Pal JS (2007) RegCM3 
regional climatologies for South America using reanalysis and 
ECHAM global model driving fields. Clim Dyn 28(5):461–480

Sivall TR (1977) Synoptic-climatological study of the Asian summer 
monsoon in Afghanistan. Geografiska Annaler. Series A Phys 
Geogr 59(1/2):67–87

Solmon F, Giorgi F, Liousse C (2006) Aerosol modelling for regional 
climate studies: application to anthropogenic particles and evalu-
ation over a European/African domain. Tellus B 58(1/2):51–72

White MA, Diffenbaugh NS, Jones GV, Pal JS, Giorgi F (2006) 
Extreme heat reduces and shifts United States premium 
wine production in the 21st century. Proc Natl Acad Sci 
103(30):11217–11222

Whitney JW (2006) Geology, water, and wind in the lower Helmand 
Basin, southern Afghanistan. U.S. Geological Survey Scientific 
Investigations Report. 2006–5182

Zakey AS, Solomon F, Giorgi F (2006) Desert dust module in a 
regional climate model. Atmos Chem Phys 6:4687–4704

Zanis P, Ntogras C, Zakey A, Pytharoulis I, Karacostas T (2012) 
Regional climate feedback of anthropogenic aerosols over 
Europe using RegCM3. Clim Res 52:267–278

Zarrin A (2008) The Analyzes of summertime subtropical high pres-
sure onto Iran, PhD dissertation, Geophysical Geography-Clima-
tology trends, Tarbiat Modares University, (In Persian)

Zhang DF, Zakey AS, Gao XJ, Giorgi F (2009) Simulation of dust 
aerosol and its regional feedbacks over East Asia using a regional 
climate model. Atmos Chem Phys Discuss 8(2):4625–4667


	Sensitivity20
	Sensitivity 3.pdf

