
Vol.:(0123456789)

Natural Hazards (2019) 97:229–241
https://doi.org/10.1007/s11069-019-03637-w

1 3

ORIGINAL PAPER

Spatial and temporal variations in the incidence of dust 
events over Iran

Azar Beyranvand1 · Ghasem Azizi1  · Omid Alizadeh‑Choobari2 · 
Ali Darvishi Boloorani3

Received: 13 June 2018 / Accepted: 30 May 2019 / Published online: 13 June 2019 
© Springer Nature B.V. 2019

Abstract
Dust events are natural hazards that frequently occur in many regions of Iran. The fre-
quency of different categories of dust events over Iran during the period 1987–2016 and 
the first and second half of this period is analysed using visibility and the present weather 
data of 44 synoptic stations across Iran. These categories include dust in suspension, blow-
ing dust, dust storm, severe dust storm and widespread dust. The frequency of dust events 
over Iran is calculated based on analysis of the three-hour-interval dataset of the synoptic 
stations and represented on a daily basis. Only one report in each day is enough to consider 
it as a dust event. Results indicated that the frequency of dust in suspension is extremely 
high over south-western and western Iran, while Zabol in eastern Iran has experienced the 
most frequent blowing dust and dust storm phenomena. In terms of seasonal variation of 
dust activity over different regions of Iran, the maximum and minimum frequency of dust 
events is observed in summer and winter, respectively. The frequency of dust phenomena 
during 1987–2001 is also compared against that during 2002–2016. It is found that the fre-
quency of dust in suspension in most regions of Iran is significantly increased in the second 
period, particularly in western and south-western Iran. This implies that transport of dust 
towards western and south-western Iran has significantly increased in recent years. The fre-
quency of blowing dust is also significantly increased in south-western Iran in 2002–2016 
compared to that in 1987–2001, while changes in the frequency of blowing dust over Zabol 
in these two periods are negligible. The frequency of widespread dust is also analysed, and 
it is found that it only occurred over western and south-western Iran, with a much higher 
frequency during 2002–2016 than that of 1987–2001.
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1 Introduction

The annual global dust emission ranges from 1000 to 3000 trillion grams (Tg), which con-
tributes about half of the total tropospheric aerosols (Cakmur et al. 2006). Thus, globally, 
dust is the most abundant aerosol by mass in the atmosphere. Among different sources of 
dust aerosols across the globe, the Arabian Peninsula which is located within the Earth’s 
‘dust belt’ region (Prospero et  al. 2002) is acting as a major source, ranking the second 
source of atmospheric dust on the global scale after North Africa (Tanaka and Chiba 
2006). Indeed, based on a numerical investigation conducted by Tanaka and Chiba (2006), 
approximately 11.8% of the total global dust burden originates from the Arabian Peninsula. 
In particular, several years of war and water mismanagement in the Middle East region 
over the last few decades make this region more prone to dust events (Al-Ansari and Knuts-
son 2011). Some recent studies have suggested that arid regions of Syria and Iraq also 
significantly contribute to the significant dust burden in and downwind of these regions 
(Alizadeh-Choobari et al. 2016; Azizi et al. 2012). Dust events in this region are generally 
associated with either the north-westerly Shamal winds in summer or low-pressure systems 
moving eastward from the Mediterranean in winter and early spring (Alizadeh-Choobari 
et al. 2016).

Recent studies have shown that the frequency of dust events has been increasing over 
some parts of the Middle East region in recent years, particularly over Iraq and western and 
south-western Iran (e.g. Shao et  al. 2013; Alizadeh-Choobari et  al. 2016). Indeed, inap-
propriate farming practices and mismanagement of water resources in Iran exacerbated the 
effects of an already dry climate. This combined with desertification of Iraq in recent years 
(IAU 2012) has contributed to the increase in the frequency of dust and sand storms across 
Iran in recent years. This highlights the importance of investigating changes in the fre-
quency of dust events over Iran over the last few decades.

One of the first studies focusing on the frequency of dust events in the Middle East 
region was conducted by Middelton (1986) using ground-based observations. He found that 
the highest frequency of dust events occurs across a huge closed depression area located at 
borders between Iran, Pakistan and Afghanistan. This region comprises the Sistan Basin, 
the Registan Desert and north-western Balochistan. Contribution of the Sistan Basin as a 
major source of dust in eastern to south-eastern Iran and western Afghanistan was noted 
by Hickey and Goudie (2007). Another region identified by Middelton (1986) as a major 
source of dust in South-west Asia was the Makran Desert located along the coastal plain 
of the Oman Sea. Furman (2003) investigated temporal variation of dust activity in the 
Middle East region using dataset obtained from several synoptic stations of the region for 
the period 1973–1993. He found that the peak dust activity over Iran occurs in summer. 
Boloorani et  al. (2014) found that the region between east of the Euphrates and west of 
the Tigris, western and south-western Iraq, eastern and south-eastern Saudi Arabia and 
south-eastern Iraq is the most important sources of dust in the Middle East. Also based 
on satellite imagery, dry regions of Iraq and Saudi Arabia are the main dust source for 
the south-west of Iran and the frequency of dust occurrence in the south-west is more 
than west regions of Iran (Azizi et  al. 2012). It is well documented that human has had 
impact on making the Tigris–Euphrates basin a source of dust (e.g. Al-Ansari and Knuts-
son 2011). More recently, Alizadeh-Choobari et al. (2016) used records of more than 300 
synoptic stations across Iran during the period 1991–2010. They identified five regions of 
Iran where the frequency of dust events is relatively high. These regions include the Khuz-
estan Plain and the coastal plain of the Persian Gulf both in south-western Iran, western 
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Iran, Tabas and Sistan. They found that the peak activity of dust events over Iran occurs in 
summer. A rising trend in the frequency of dust events over south-western and western Iran 
during the period 1991–2010 was also noted by them.

As Iran is located downwind of several sources of dust in Syria and Iraq, it is signifi-
cantly influenced by dust aerosols originating from arid regions of these countries. In addi-
tion to these external sources of dust, several important internal sources of dust also sig-
nificantly contribute to the high frequency of dust events over Iran. In particular, the Sistan 
Basin in eastern Iran acts as the most active source of dust in the interior of Iran (Mid-
delton 1986; Alizadeh-Choobari et al. 2016). As discussed earlier, there is some evidence 
suggesting that the frequency of dust events over Iran has been increasing in recent years, 
which is primarily attributed to disturbance of the environment by human rather than natu-
ral climate variability (e.g. Alizadeh-Choobari et  al. 2016). For example, during 1970s, 
Turkey’s extensive dam and hydropower construction have considerably reduced water 
flows of Tigris and Euphrates into Iraq and Syria, causing the occurrence of more dust 
events over both Iraq and the downwind regions (Al-Ansari and Knutsson 2011).

In spite of its importance, the frequency of dust events over Iran and its changes in 
recent years are not well known. A recent study by Alizadeh-Choobari et al. (2016) tried to 
address this gap. However, they analysed the frequency of dust events over Iran during the 
period 1991–2010; thus, changes in the frequency of dust events in more recent years have 
remained unexplored. As such, the aim of this study is to investigate spatio-temporal vari-
ation in the frequency of dust events over Iran during the last 3 decades, i.e. 1987–2016.

2  Data and method

In this study, visibility and the present weather data of 44 synoptic stations across Iran for 
the period 1987–2016 at three-hour interval are obtained and analysed. Geographic loca-
tions of these stations are shown in Fig. 1. According to the World Meteorological Organ-
ization (WMO), dust events can be classified based on the report of visibility into four 
categories as described in Table 1 (Shao 2008; Shao et al. 2013). These categories include 
dust in suspension, blowing dust, dust storm and severe dust storm. Another category is 
also included in this study, which is called widespread dust and consists of a slight/mod-
erate/severe dust storm that has been reported in at least three nearby synoptic stations. 

Fig. 1  Geographic locations of 
44 synoptic stations across Iran 
whose data are used in this study. 
Topographical features of Iran 
are also overlapped. Locations 
of Zabol, Zahedan and Tabas are 
shown
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The frequency of these dust events over Iran during 1987–2016 (hereafter referred to as 
the studied period) and the first (1981–2001) and second (2002–2016) half of this period 
is analysed. The frequency of dust events over Iran is calculated based on analysis of the 
three-hour-interval dataset of the synoptic stations across Iran and represented on a daily 
basis. Only one report in each day is enough to consider it as a dust event.

3  Results

3.1  Frequency of dust phenomena during the period 1987–2016

Annual and seasonal means of the frequency of dust in suspension phenomenon over Iran 
averaged during the period 1987–2016 are shown in Fig. 2. It can be seen that the high-
est frequency of this phenomenon has widely occurred in south-western and western Iran, 
while Tabas in eastern Iran also shows relatively high frequency of this phenomenon.

Transported dust from Iraq, where the so-called Shamal wind blows, towards this region 
mostly contributes to the high frequency of dust in suspension over western and south-
western Iran, as previously discussed by Alizadeh-Choobari et al. (2016). In terms of tem-
poral variation of dust in suspension over different regions of Iran, the highest frequency 
of this phenomenon has occurred in summer, followed by spring. The least frequency of 
this phenomenon has occurred in winter. In winter, dust in suspension is only reported over 
parts of south-western Iran and this phenomenon is not reported in other regions of Iran.

The frequency of blowing dust phenomenon over some regions of Iran with relatively 
high activity is shown in Fig. 3. It can be seen that Zabol in eastern Iran has experienced 
the most frequent blowing dust phenomenon, such that on average annually more than 
170 days of blowing dust is reported in this region. This is consistent with the results of 
Middelton (1986).

Interannual variation in the frequency of widespread dust storm during the period 
1987–2016 is shown in Fig. 4. As can be seen, the highest frequency of widespread dust 
storm has occurred from 2008 to 2012. During the studied period, the year 2008 with 
50  days of widespread dust storm ranks first, followed by the year 2009 with 35  days, 
although our analysis indicated that this phenomenon was more pervasive in 2009 and 
2012 than 2008. On the contrary, no widespread dust storm was observed in 1990, 1995, 
1997 and 1998. The absence of widespread dust over Iran in these years is consistent with 
the results of Alizadeh-Choobari et al. (2016) who found that the frequency of dust events 
is low in these years.

3.2  Comparing the frequency of dust phenomena during two periods of 1987–
2001 and 2002–2016

The annual frequency of dust in suspension phenomenon over Iran averaged during the 
first (1987–2001) and second (2002–2016) half of the studied period is shown in Fig. 5. 
It appears that in most regions of Iran, the frequency of dust in suspension is significantly 
increased in the second half of the studied period. The maximum frequency of dust in sus-
pension in the first half of the studied period was recorded in only one of the stations in 
south-western Iran, while in the second half of the studied period, most stations in south-
western and western Iran and one station in eastern Iran reported relatively high frequency 
of dust in suspension phenomenon. This implies that transport of dust towards western and 



234 Natural Hazards (2019) 97:229–241

1 3

Fig. 2  Number of days with dust in suspension phenomenon over different regions of Iran on the annual 
and seasonal bases averaged during the period 1987–2016
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south-western Iran has significantly increased in recent years. On the contrary, the only 
station over which the frequency of dust in suspension is declined in the second half of the 
studied period is Bandar Abbas in southern Iran.
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Fig. 3  The annual number of days with blowing dust over five different synoptic stations in Iran. Values are 
averaged during the period 1987–2016. SW, S, E and SE denote south-western, southern, eastern and south-
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Fig. 4  The annual number of widespread dust storm over western and south-western Iran during the period 
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Fig. 5  Number of days with dust in suspension phenomenon over different regions of Iran on the annual 
basis averaged during the period 1987–2001 and 2002–2016
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Seasonal frequency of dust in suspension over different regions of Iran during the first 
and second half of the studied period is also shown in Fig. 6. Similar to the annual fre-
quency (Fig. 5), the frequency of dust in suspension is substantially increased in the second 
half of the studied period in all seasons of the year.

During both these periods, the highest frequency of dust in suspension in most regions 
of Iran occurred in summer, followed by lower frequencies in spring. In contrast, the low-
est frequency of dust in suspension over different regions of Iran during both periods has 
occurred in winter.

The annual frequency of blowing dust in some synoptic stations with relatively high 
activity of dust during the first and second half of the studied period is shown in Fig. 7. 
It can be seen that the frequency of blowing dust in south-western Iran is significantly 
increased in the second half of the studied period, implying that emission of dust in south-
western Iran has increased in recent years. On the other hand, a significant decrease in the 
frequency of blowing dust can be seen over Bushehr and Bandar Abbas in southern Iran. 
Among all the 44 stations studied here, Zabol experienced the highest frequency of blow-
ing dust both in the first (177 days) and second (164 days) half of the studied period, with 
only a little decline in the second half of the studied period. As previously discussed, blow-
ing dust is defined here as dust raised by wind at or near the station at the time of observa-
tion. Thus, it can be concluded that the highest frequency of dust emission across Iran over 
the last three decades has occurred in Zabol in eastern Iran. The frequency of blowing dust 
in these five synoptic stations during different months of the year is also analysed (not 
shown). Results indicated that the maximum frequency of blowing dust in south-western 
Iran is from May to July, while that in eastern to south-eastern Iran is from May to October, 
with the peak value in both regions occurred in July. On the other hand, the minimum fre-
quency of blowing dust in south-western and eastern to south-eastern Iran occurred from 
November to February.

Among the 44 synoptic stations across Iran whose data are analysed in this study, the 
highest frequency of dust storm has been recorded at Zabol, particularly from June to Sep-
tember when the region is influenced by the wind of 120 days (Alizadeh Choobari et al. 
2014). Our analysis also indicated that during the studied period, severe dust storms were 
only reported at Zabol in eastern and Zahedan in south-eastern Iran, particularly in June 
and July (not shown), such that some other stations only reported very limited number of 
severe dust storms over the last three decades.

Our analysis indicated that during the period 1987–2016, widespread dust only occurred 
over western and south-western Iran, with a much higher frequency during the second half 
of the studied period. Frequencies of this phenomenon over four stations in south-western 
Iran and four stations in western Iran in different months of the year during the first and 
second half of the studied period are shown in Fig. 8. It can be seen that from February 
to August, the frequency of widespread dust over western and south-western Iran is sig-
nificantly increased during the second half of the studied period. We have also analysed 
the frequency of widespread dust in different months of the year and found that, overall, 
the highest frequency of this phenomenon over south-western and western Iran occurred 
in May and June during the first half of the studied period, while shifted o July during the 
second half.

Duration of dust activity is also an important factor that needs to be considered. Dura-
tion of widespread dust storms in those regions of Iran that are affected by this phenom-
enon during the period 1987 to 2016 is presented in Fig. 9. It can be seen that from 2008 to 
2012, duration of widespread dust storm is relatively high, such that widespread dust with 
6-day and 7-day durations was reported in 2008 and 2009, respectively.
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Fig. 6  The annual and seasonal number of days with dust in suspension phenomenon over different regions 
of Iran averaged during the period 1987–2001 and 2002–2016
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Figure 10 presents monthly variation in the duration of widespread dust for the first and 
second half of the studied period. It is clear that duration of widespread dust is significantly 
increased in the second half of the studied period. In particular, in the second half of the 
studied period, widespread dust with 6-day and 7-day duration is reported in June and July, 
respectively.
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Fig. 7  The annual number of days with blowing dust over five different synoptic stations in Iran. Values are 
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Fig. 8  Monthly variation of the frequency of widespread dust in western and south-western Iran averaged 
during the periods 1987–2001 and 2002–2016
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4  Conclusion

The frequency of different categories of dust events over Iran during the period 
1987–2016 and the first and second half of this period is analysed. These categories 
include dust in suspension, blowing dust, dust storm and severe dust storm. Another 
category is also included in this study, which is called widespread dust and consists 
of a slight/moderate/severe dust storm that has been reported in at least 3 nearby syn-
optic stations. To conduct the analysis, visibility and the present weather data were 
obtained from 44 synoptic stations across Iran during the studied period at three-hour 
interval. The frequency of dust events over Iran is calculated based on analysis of the 

Fig. 9  Interannual variation in the duration of widespread dust storms over the regions that are affected by 
this phenomenon
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three-hour-interval dataset of the synoptic stations and represented on a daily basis. 
Only one report in each day is enough to consider it as a dust event.

Our results indicated that the frequency of dust in suspension is high over south-
western and western Iran. According to the definition of dust in suspension provided 
in Table 1, this is an indicative that these regions are more significantly influenced by 
transported dust. Zabol in eastern Iran has experienced the most frequent blowing dust 
phenomenon. Based on the definition of blowing dust, this implies that the most impor-
tant source of dust in the interior of Iran is located near Zabol. In terms of seasonal 
variation of dust activity over different regions of Iran, the maximum and minimum fre-
quency of dust events over Iran is observed in summer and winter, respectively. Interan-
nual variation in the frequency of widespread dust over Iran is also analysed. It is found 
that this phenomenon was highly active over western and south-western Iran from 2008 
to 2012, while these regions are less affected by widespread dust in 1990, 1995, 1997 
and 1998. Contributing factors to this significant interannual variation in the frequency 
of widespread dust need to be investigated.

The frequency of dust phenomena during 1987–2001 is compared against that during 
2002–2016. It is found that the frequency of dust in suspension in most regions of Iran is 
significantly increased in the second period, particularly in western and south-western Iran. 
This implies that transport of dust towards western and south-western Iran has significantly 
increased in recent years. The frequency of blowing dust is also significantly increased 
in south-western Iran in 2002–2016 compared to that in 1987–2001, implying that emis-
sion of dust from this region is also increased in recent years. Nevertheless, a significant 
decrease in the frequency of blowing dust is observed over some regions in southern Iran 
during the 2002–2016, while the frequency of blowing dust over Zabol has not changed 
considerably in these two time periods. It is found that Zabol experienced the highest fre-
quency of blowing dust and dust storm during the period 1987–2016, based on which, it 
can be concluded that the highest frequency of dust emission across Iran over the last three 
decades has occurred in Zabol. The frequency of widespread dust is also analysed, and it is 
found that it only occurred over western and south-western Iran during the studied period 
(1987–2016), with a much higher frequency during the second half of this period.
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