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ABSTRACT: Sustained drought and reduced precipitation in the Sistan region, Iran, has dried the
Hamoun Lake and local vegetation, significantly reducing ground cover. These conditions have permitted strong wind erosion on already susceptible land. Analysis of data collected from the synoptic
station in Zabol from 1999 to 2004 revealed that after 1999 the total number of dust storm events
(DST) increased considerably. Accordingly, the number of hours of dusty air and the Dust Storm
Index (DSI) have increased and horizontal visibility has decreased. Increasing DST and DSI values
and decreasing horizontal visibility are indicators of dustiness in the region. The highest DST and DSI
values —74 and 149 d, respectively — were observed in 2001. The indexes were higher in July and
August every year. Additionally, a relationship was observed between increasing DST and DSI,
drought occurrence and wind speed. Drought occurrence, an increase in wind speed and Lake
Hamoun dryness have severely intensified dustiness in the region.
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1. INTRODUCTION
Dust storms are not only weather phenomena, but
also geomorphic processes around which much research has been undertaken in the context of land
degradation or desertification (Zhang 1984, Pye &
Tsoar 1991, Tucker et al. 1991, Wang et al. 1996, Xia
& Yang 1996, Fang et al. 1997, Shi et al. 2000, Wang
2000, Reynolds & Stafford-Smith 2002). Their occurrence, development and transport are related to the
dynamics of weather and climate patterns at a range
of different scales (Chang et al. 1996, Qiu et al. 2001,
Tao et al. 2004). The formation of dust storms depends on 3 conditions (Xia & Yang 1996, Wang et al.
2001): (1) strong winds (the driving force for sand –
dust erosion and transport); (2) susceptible surface
material to wind erosion (the material supply condition); and (3) unstable atmospheric conditions (local
thermodynamic and also neutral conditions are typical for wind erosion). Shi & Zhao (2003), presenting a
forecast system of sand and dust events, note that soil

type, vegetation characteristics, land-use type and
topsoil water content are important parameters for
modelling atmospheric transport of sand. Many factors, such as vegetation (Wiggs et al. 1995, Lancaster
1998, Zhang et al. 2004), soil crust (Li et al. 2001,
Eldridge & Leys 2003, Hupy 2004), topsoil moisture
(Liu et al. 2003), aerodynamic roughness of cultivated
topsoil (Zhang et al. 2002), soil texture (Zobeck 1991,
Dong & Li 1998) and organic matter (Chepil 1954,
Zobeck 1991, Li et al. 2001, Eldridge & Leys 2003),
can control soil erosion.
Broad-scale wind erosion can be approximated
using meteorological data that reports the frequency of
occurrence of dust events (dust storms and local dust
events) weighed according to their intensity as a Dust
Storm Index (DSI; Squires 1995). Spatial and temporal
changes in wind erosion rates are measured by using
the DSI, and the impacts of land use are approximated
by comparing measured DSI values with the rates predicted by a wind erosion model (Ew model) (Burgess
et al. 1989, McTainsh et al. 1990).
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To the best of our knowledge, no report has as yet
been published on the dust storms in Iran, although a
methodology has been developed by the Forests,
Rangelands and Watershed Organization of Iran, which
is being applied to gather data countrywide (Tac Sabz
2002).

2. STUDY AREA
The Sistan region in the southeast of Iran (Fig. 1)
has very varied climatic conditions. Iran is situated in
the desert belt of the Northern Hemisphere, and a
large part of the internal lands and southern border of
Iran has a dry and semidry climate. The annual precipitation in the lower Sistan Basin is about 50 mm
(WAPCOS 1975). The Helmand River plays a major
role in the Sistan region by draining the snowmelt
waters from the mountains of the southern Hindu
Kush.
Based on satellite image analysis, Vekerdy et al.
(2006) described 4 different flow periods that can be
discerned over the last 20 yr in Lake Hamoun, including a low-water period from 1985 to 1988, a high-water
period from 1989 to 1993, a medium-water period from
1994 to 1999, and a dry period from 2000 to 2004.
The Sistan region is subject to severe winds (the
120 d winds, also known as Levar) that set in at the
end of May to the middle of June, and blow at wind
speeds occasionally reaching 30 m s–1 for about 3 mo.
Levar always blows from the northeast (McMahon
1906), and is thought to be modulated by the intense
solar heating of the South Asia landmass, since it is
only a summer phenomenon. The physical mecha-

nism that leads to such an atmospheric system has not
been satisfactorily explained; however, it has been
attributed to the formation of an intense shallow low
pressure system over South Asia due to a strong positive turbulent sensible heat flux (Hossenzadeh 1997).
Other studies suggest that the Levar might also be a
limb of the return flow of the Indian Monsoon circulation (Hahn & Manabe 1975). Another possibility
could be local heating of the Sistan Basin, leading to a
plains–basin thermally generated flow (De Wekker et
al. 1998). It is also possible that all forcings interact.
After the 1999 drought, owing to land-use change
(abandonment of agricultural land) and the drying up
of Hamoun Lake (located in the north of the region;
Fig. 2), the frequency and severity of dust storms have
increased significantly. At present, a wide portion of
the region is subject to soil erosion that, in turn, is a
source of dust storms. Fig. 3 shows photos of Zabol
city before and after the dust storm occurrence of
1999.

3. DATA SETS AND METHODOLOGY
Data including dust storm onset and horizontal visibility were collected from the Zabol synoptic station.
Data were recorded every 3 h during day and night.
According to the WMO, a dust storm is defined as a
windy day in which the wind speed exceeds 15 m s–1
and the visibility is reduced to less than 1000 m (codes
30 to 35, Table 1). We measured the total number of
dust storm events (DST) as the total number of days
(monthly and annually) which met the WMO dust
storm definition.
Dust entrainment events have recently been combined into a DSI (Squires 1995, McTainsh 1998,
Burgess et al. 1989). The DSI provides a more sensitive
measure of wind erosion than dust storm frequencies
because it measures the composite effect of a range of
dust event type, weighed according to its intensity.
The DSI is defined as:
DSI = 5 SD + MD + LDE/20

Fig. 1. Sistan region, southeast Iran

(1)

(see Table 2 for definitions).
Visibility as a standard meteorological parameter
is regularly measured at synoptic meteorological stations worldwide. It is determined mostly by the light
extinction of aerosol particles. The reduction of horizontal visibility might occur because of atmospheric
phenomena such as dust, fog, heavy rainfall, etc. The
changes within temporary wind speed can be shown
by horizontal visibility. On the other hand, horizontal
visibility depends on wind velocity. Monthly visibility
is on average ≤1 to 5 km in dusty storm conditions in the
Sistan region.

Fig. 2. Satellite images of Hamoun Lake in 1976 (left) and 2001 (right). Green: vegetation

14 Nov 1976

24 Oct 2001
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4. RESULTS
4.1. Variation in DST

Table 1. Phenomena arising from dust storms according to the
standard codes defined by the WMO. LDE: local dust event
(total suspended particulate matter <150 µg m– 3 h–1); MD:
moderate dust storm (visibility <1000 m); SD: severe dust
storm (visibility < 200 m); after Squires (2001)
Type Code Description
LDE

07

08

MD

09

30
31

32

SDE

33
34
35

Dust or sand raised by wind at or near the
station at the time of observation, but no well
developed dust whirl(s) or sand whirl(s), and
no dust storm or sandstorm seen
Well-developed dust whirl(s) or sand whirl(s)
seen at or near the station during the preceding hour or at the time of observation, but no
dust storm or sandstorm
Dust storm or sandstorm within sight at the
time of observation, or at the station during
the preceding hour
Slight or moderate dust storm or sandstorm —
has decreased during the preceding hour
Slight or moderate dust storm or sandstorm —
no appreciable change during the preceding
hour
Slight or moderate dust storm or sandstorm —
has begun or has increased during the
preceding hour
Severe dust storm or sandstorm — has
decreased during the preceding hour
Severe dust storm or sandstorm — no appreciable change during the preceding hour
Severe dust storm or sandstorm — has begun
or has increased during the preceding hour

4.2. Variation in DSI
To estimate dusty conditions and determine susceptible regions to wind erosion, Eq. (1) was applied to all
dusty stormy days with different horizontal visibility.
The value of all days were converted to the dusty days
with a horizontal visibility of <1000 m. All dusty days
were included in the DSI calculation.
The monthly variations in DSI are shown in Fig. 4.
The annual variations in DSI are shown in Fig. 5.
The DSI increased sharply from 1999 to 2001, with
a peak of 149 d in 2001. The average DSI was 13 d
during 1990–1998, while it was 88 d during 1999–
2004.

20

Dusty days

Fig. 3. City of Zabol in the Sistan region on a clear day (top)
and a dusty day (bottom)

Results show that DST has increased in the study
region since 1999. The average annual number of dust
storm events increased from 10 d during 1990–1998
(before the drought) to 54 d during 1999–2004 (after
the drought). The frequency of dust storms also
increased 5-fold after 1999 in the region. The monthly
variations in DST are shown in Fig. 4.
The dustiest year in the study period was 2001, when
DST was 74 d. DST values in 1999, 2000, 2002, 2003
and 2004 were 23, 55, 54, 69 and 46 d, respectively,
indicating that after the drought an increase in the
number of dusty days was observed. Before the
drought, SDEs happened rarely, but after 1999 the frequency and severity of dust storms increased.
As seen in Fig. 4, most of the months during
1999–2004 exhibited DST conditions, even in autumn
and winter, although dust storms usually occur more
often spring and summer. June and July, with 12 and
11 dusty days, respectively, had the worst wind speed
and visibility conditions.

DSI
DST

15
10
5
0

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Month
Fig. 4. Monthly average dust storm total (DST) and Dust Storm
Index (DSI) in the Sistan region during 1999–2004
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Fig. 7. Frequency of horizontal visibility ≤1 and 5 km during
dust storm occurrence in the Sistan region during 1999–2004

Fig. 5. Changes in dust storm total (DST), severe dust storms
(SDE) and Dust Storm Index (DSI) during 1990–2004 in the
Sistan region
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Fig. 8. Changes in the total annual duration of dust events in
the Sistan region during 1990–2004

Month
Fig. 6. Monthly average horizontal visibility from ≤1 to 5 km
during storm occurrence in the Sistan region during
1999–2004

4.3. Variation in visibility
As shown in Fig. 6, the frequency of low visibility
(1 to 5 km) was highest in summer. Fig. 7 shows the
frequency of horizontal visibility during 1999–2004.

during 1990–1998 to 40 mm during 1999–2004. The
annual rainfall in 2000 was 7 mm. The reduction in
rainfall caused sparseness in vegetation, reduction of
superficial soil moisture and the drying up of Hamoun
Lake, followed by accelerated soil erosion and increased transport of soil particles. The values of DST
and DSI were very high between June and October
(months without any rainfall) and also after the 1999
drought (Figs. 9 & 10).

4.4. Duration of dust storms
The mean duration of dust storms was 60 and 341 h
during 1990–1998 and 1999–2004, respectively (Fig. 8).
The maximum duration was 531 h in 2001 and the
minimum duration was 6 h in 1991.

4.5. Relationship between rainfall and DST and DSI
Rainfall in the Sistan region decreased significantly
after the 1999 drought, from an average of 81 mm

4.6. Relationship between wind speed, and DST and DSI
Sparse vegetation, bare soil and the high temperature difference between the Hindu Kush Mountains
and the Sistan region after the 1999 drought contributed to a major increase in wind speed in the Sistan
region over the 10 yr period from the early 1990s. The
high wind speed caused accelerated soil erosion and
atmospheric transport, and an increase in both DST
and DSI (Figs. 11 & 12).
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Fig. 9. Relationship between monthly rainfall and dust storm
total (DST) and Dust Storm Index (DSI) in the Sistan region
during 1990–2004

Fig. 11. Relationship between annual mean wind speed and
dust storm total (DST) and Dust Storm Index (DSI) in the
Sistan region during 1990–2004
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Fig. 10. Relationship between annual rainfall and dust storm
total (DST) and Dust Storm Index (DSI) in the Sistan region
during 1990–2004

4

6

8

10

12

14

Monthly mean wind speed (m s–1)
Fig. 12. Relationship between monthly mean wind speed and
dust storm total (DST) and Dust Storm Index (DSI) in the
Sistan region during 1990–2004
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5. DISCUSSION
Although the Sistan Basin has always been one of
the crucial hubs of wind erosion in Iran, the incidence
of wind erosion has increased in recent years. The
indices DST and DSI increased dramatically from
10 and 13 d during 1990–1998 to 54 and 88 d during
1999–2004, respectively. This shift is associated with
an increase in wind speed, rainfall reduction, drying of
Hamoun Lake and drought occurrence. In the months
of June, July, August and September, DST and DSI
reached their maximum, while the horizontal visibility
was at its minimum. In conclusion, the increase in DST
and DSI as well as the reduction in horizontal visibility
after the 1999 drought in the Sistan region are indicators of an increase in wind erosion and dustiness. Our
results indicate that drought occurrence is the most
important factor in the observed increase in dustiness.
Based on the research being conducted in other
areas of Iran, the fixation of sand dunes and creation of
a green belt using native plants such as Tamarix spp.,
Atriplex spp., Haloxylon spp., Stipagrostis spp., Citrullus colocynthis, Sasola spp. and Eucalyptus spp., and
other practices such as farmland management, modern
farming approaches and soil conservation programmes
are major approaches to the control of dust storms and
wind erosion (Zehtabian et al. 2006, Safarnejad 2005,
Bahrami & Jariyani 2003, Ekhtesasi 2003). As Hamoun
Lake is the original source area of dust storms in the
study region (Iranmanesh et al. 2005), creation of a
green belt along the shores of the lake is necessary to
control the dust storms.
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