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Abstract
Mesopotamia in Iraq is exposed to dust events of different intensity because of adjacent extended desert or semi-desert 
areas. This study investigates the spatial–temporal distributions of dust events (including suspended dust, rising dust 
and dust storms) in Iraq by analysing dust observations based on visibility from seven meteorological stations supplied 
by the Iraqi Meteorological Organization (IMO) during 1980–2015. The annual and seasonal evaluation of all dust event 
frequencies is examined. The findings show that Iraq has been exposed to the maximum number of dust events in spring 
and summer seasons over the past 35 years. The dust was more active in summer compared with other seasons for the 
northern region of Iraq, while the south and central parts of Iraq are exposed to the largest frequency of dust storms in 
spring and summer. The cities near desert areas (e.g. Nasiriya, Basra and Baghdad) suffer from the greatest frequency 
of dust storms compared to the northern and eastern regions. According to the annual average during 1980–2015, the 
frequency of major dust storm activity in Nasiriya was 7.8 days, in Baghdad 3.1 days) and in Basra 2.3 days. Suspended 
dust is more frequent in Iraq compared with rising dust or dust storms. There was a greater frequency of dust events 
associated with high temperatures and wind speeds in the central and southern areas during summer. All three types 
of dust events show similar time trend distributions with three periods: increased frequency of dust between 1980 and 
1993, decreased frequency during 1993–2001 and increased again from 2001.
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1 Introduction

Dust events generated from dry and semi-dry areas in the 
globe have serious effects on public health, climate and 
the economy. Dust events represent one of the most com-
mon phenomena that lead to weather, ecosystem, pub-
lic health and economic problems in the world [1–5]. For 
example, transported dust from the Sahara has impacted 
soils on Mount Cameroon and in the Canary Islands [6, 7]. 
The USA Dust Bowl disaster caused significant economic 
damage and environmental disaster which impacted on 
farmers in North America in 1930s [8]. Dust storms affect 
agriculture, transportation and health sectors in Iraq and 
Iran which caused damages of approximately 1404 and 
1043.5 million dollars in 2013, respectively [9]. The main 

sources of dust in the world are located in low lands in dry 
areas with decreased vegetation, regions with an annual 
average rainfall of less than 200 mm and alluvial plains 
[10, 11]. These constitute 33% of the global land region, 
especially in Mongolia, the Middle East and North African 
deserts. Dust events in the Asian region, the Middle East 
and Sahara are estimated to produce from 200 to 5000 
million tons of dust annually [12]. The complicated interac-
tion processes between soil properties, atmospheric cir-
culation and regional/local meteorological conditions are 
termed aeolian erosion [13, 14]. Arid areas in central and 
southwestsouth-west Asia have a high probability to emit 
dust [10, 15]. After long periods of drought, the vegetation 
coverage becomes very low in the region, therefore, lead-
ing to aeolian erosion causing mobilization of dust and 
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producing strong dust events [16–18]. These dust events 
have impacts on humans who live in the dry and semi-dry 
regions, as well as transport the dust for long distances 
that can influence the climate away from the sources of 
dust. Therefore, examining the variation of dust events is 
considered an important factor when considering the air 
quality, weather, economy and health. Dust storms can 
transport a range of pollutants, such as pesticides, heavy 
metals, particulate matter (PM10 with diameters < 10 μm, 
and PM2.5 with diameters less than 2.5 μm), biological 
components (bacteria, fungi and spores), potential aller-
gens and gases, over thousands of kilometers from the 
main sources of dust such as the western USA, Middle 
East, eastern and central Asia and North Africa. Particulate 
matter loadings can far exceed global health standards 
and cause human health implications during dust storms, 
such as injuries and deaths related to transport accidents, 
skin irritation, conjunctivitis, meningococcal meningitis, 
and cardiovascular complaints [3]. Exposure to fine desert 
dust particles can lead to respiratory problems, e.g. desert 
lung syndrome as well as chronic obstructive pulmonary 
emphysema, bronchitis, asthma, and dermatological dis-
orders [19].

In the last few years, most regions of central–southwest 
Asia have been exposed to a significant rise in dust inten-
sity and occurrence [18, 20]. Annually, particularly in sum-
mer and spring months, massive amounts of dust aerosols 
originate from the dry and semi-dry areas of southwest 
and middle parts of Asia and are transferred by winds for 
thousands of kilometers over different regions such as the 
Japan Sea [21], China [22], the Arabian Sea and the central 
Asia [23]. Dust event analysis and studies have used tra-
ditional surface weather datasets to analyse the types of 
dust activity. Some researchers have used statistical analy-
sis to evaluate the seasonal variability and frequency of 
dust events over dry and semi-dry areas in Asia [17, 22, 
24–27]. A study by Furman [24] examined the dust sources 
and dust temporal properties in the Middle East, which is 
one of the areas most impacted by dust after the North 
Africa region. His results found that dust events are recur-
rent during the year, while the highest dust activity period 
varies in different Middle East areas. These dust events are 
more frequent in spring and winter in the northwestern 
Middle East, while they reach maximum activity during 
summer months in the southwest of this region. Dust 
events over the Middle East were examined and showed 
that a large frequency of dust events is seen in Iraq and 
Saudi Arabia associated with predominant northeast and 
northwest winds, while those in Afghanistan and Iran are 
associated with northwest winds (called 120-day winds). 
Dust events have different seasonal distribution in various 
areas of the Middle East. In the western Middle East, dust 
episodes are more frequent in winter while in the eastern 

Middle East, dust episodes are more frequent in summer 
[28]. Mashat et al. [29] recorded that annual mean number 
of dust events was 24.6 in southwestern Saudi Arabia, with 
higher average numbers of dust days in June (29.25), July 
(29.96) and August (30.16). Pi et al. [27] indicated consider-
able spatial variability of dust storm frequencies in the Xin-
jiang Province in northwest China, where the annual mean 
number of dusty days was 111.3 in the south and 10.9 in 
the north. Pokharel and Kaplan [30] analysed dust events 
at the NASA DFRC in Lancaster, California, USA during the 
15 years. The results showed the maximum percentage of 
the dust activity was during autumn (44.7%) and spring 
(38.3%) while the minimum percentage of the dust activity 
was during summer (8.5%) and winter (8.5%).

Aerosol Index (AI) values from TOMS (Total Ozone Map-
ping Spectrometer platform) satellite data were plotted 
to analyse the spatiotemporal distribution of dust events 
and identify main source areas of desert dust in the world 
[11]. TOMS satellite observations showed that the central 
and southern parts of Iraq have higher AI values from 
May to June, while lower AI values were recorded in the 
northern region in winter [31]. The World Meteorology 
Organization (WMO) has classified dust events based on 
visibility into four dust types: (1) Dust haze (suspended 
dust) when the horizontal visibility more than 10 km; (2) 
Blowing dust (rising dust) with horizontal visibility from 
1 to 10 km; (3) Dust storms when horizontal visibility is 
between 200 m and 1 km; and (4) Severe dust storms 
when horizontal visibility less than 200 m [32, 33]. The 
codes for these dust types used by WMO are displayed in 
Table 1. Studies of dust events have widely used the tra-
ditional surface weather station datasets to analyse types 
of dust activity [27, 28, 33, 34]. Despite the Middle East 
being considered a significant source of dust, few studies 
have analysed various dust types for this area. The objec-
tive of the study is to investigate of dust event variability 
which represents an important factor when considering 
air quality, climate change, economy and health. The study 
by Varoujan et al. [35] showed Iraq is exposed to numer-
ous dust events annually based on reports from the Iraqi 
Environment Ministry which documented 122 extreme 
dust storms and 283 dusty days through the year. Thus, 
the climatological analysis of dust events in this region is 
a subject of increasing interest. This study aims to analyse 
the spatial–temporal variability of dust event types (sus-
pended dust, rising dust and dust storms), to get a better 
understanding and knowledge about spatial–temporal 
variability of dust events based on 35 years of ground 
observations from seven meteorological stations over 
Iraq that identifies the dominant dust type. The present 
work concludes by considering if there is any difference 
in the spatiotemporal distribution of dust events between 
surface stations. This study will be useful to researchers in 
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the environment and climate sector to reduce and combat 
atmospheric dust activity in the future.

2  The study site

The Iraq study region, located in southwestern Asia cov-
ers most of Mesopotamia, extending between 29°–37° N 
and 38°–48°E. The study region is bordered by the Syrian 
and Jordan deserts in the west, Kuwait and Saudi Arabian 
deserts in the south, the Persian Gulf in the southeast, 
arid areas of Iran in the east and arid regions of Turkey 
in the north. The topography of Iraq includes the alluvial 
plains in the Euphrates and Tigris Basin. The alluvial plains 
are surrounded to the south and west by arid lands that 
occupy approximately 40% of total area of Iraq, and to the 
north and east by mountain chains that exceeds 3550 m in 
height [36]. Snow cover frequently forms during the win-
ter in the mountain regions. It may cause extensive floods 
as it melts in spring. The Arabian Peninsula in the Middle 
East is characterised by large deserts that occupy an area 
of around 2,330,000 square kilometers. These deserts 
extended from Syria and Jordan to Oman and from the 
Persian Gulf to Yemen. Rub’al-Khali Desert represents one 
of the large deserts at a global scale and is attached to 
the An-Nafud Desert in northern Arabia via the Ad-Dahna 
Desert in the east part of Arabia [32]. The climate of Iraq 
can be characterized as hot in summer (temperature mean 
40 °C and can exceed 48 °C). It is an arid subtropical envi-
ronment, with an annual mean of precipitation of 250 mm 
in winter while precipitation is very rare in the summer 
season. The relative humidity (RH%) value is low in Iraq, 
in the north ranging from 22.9 to 28.1%, in centre from 
23.8 to 28.6% and in the southern regions from 20.6 to 
25.3% [31].

Iraq has a largely arid and semi-arid landscape and as a 
result is a significant producer of dust, while, in addition, 
it is known that dust from adjoining territories, including 

North Africa are transported to Iraq. Due to the different 
climates in Iraq, various regions in Iraq were chosen for a 
thorough analysis of the different types of dust and the 
frequency of dust events. The meteorological observations 
between 1980 and 2015 utilized for the dust event type 
analysis have been taken from seven weather stations situ-
ated in five parts of Iraq (Fig. 1). Weather stations in the 
northern part are located in Mosul and Kirkuk. The central 
weather station is located in Baghdad, an eastern weather 
station is located in Khanaqin and in the west the weather 
station is located in Rutba. In southern Iraq weather sta-
tions are located in Nasiriyah and Basra.

3  Methods and data collection

The weather stations are a significant source of ground 
observations to assess dust events, because these sta-
tions normally supply hourly or three hourly meteoro-
logical data and visibility ranges. Many kinds of research 
have employed visibility measurements to evaluate dust 
events in southwestern Asia and the Middle East [23, 28, 
29, 32–34, 37].

Dust observations (frequency of suspended dust, ris-
ing dust and dust storms) have been collected from the 
Iraqi Meteorological Organization and these data were 
utilized to determine the annual and seasonal mean 
frequency of dust events in Iraq. Meteorological data 
[temperatures (Temp) and wind speeds (WS)] were also 
collected. These observations have been collected from 
the seven ground meteorological stations in Iraq (Fig. 1) 
between 1980 and 2015. Datasets from other weather 
stations in Iraq are too incomplete for use in this study. 
The seasonal mean frequency for each station was cal-
culated by taking the monthly average frequency of all 
dust types during the 35 years, then taking the mean 
of three months for each season (December, Janu-
ary and February for winter, March, April and May for 

Table 1  Showing synoptic weather codes of dust events applied in the present study

WMO-codes Description of synoptic weather codes

06 Widespread dust in suspension in the air, raised by wind at or near the station at the time of observation
07 Dust or sand raised by wind at or near the station at the time of observation, but no well-developed dust 

whirl(s) and no dust storms or sandstorms observed
09 Dust storm or sandstorm within sight at the time of observation or at the station during the preceding hour
30 Slight or moderate dust storm or sandstorm has decreased during the preceding hour
31 Slight or moderate dust storm or sandstorm with no appreciable changes during the preceding hour
32 Slight or moderate dust storm or sandstorm has begun or has increased during the preceding hour
33 Severe dust storm or sandstorm has decreased during the preceding hour
34 Severe dust storm or sandstorm with no appreciable changes during the preceding hour
35 Severe dust storm or sandstorm has begun or has increased during the preceding hour
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spring, June, July and August for summer and Septem-
ber, October and November for autumn). The total fre-
quency was calculated by summation of the frequency 
of each dust type during 1980–2015. The annual mean 
frequency of all dust events was calculated by taking 
the mean of the monthly average frequency of all dust 
types during the study period. The mechanisms of dust 
events classification can be changed from one area to 
another [34]. The synoptic weather codes of dust events 
according to WMO are shown in Table 1. In the present 
study, dust events were divided by the Iraqi Meteoro-
logical Organization (IMO) into three types: suspended 
dust (SD), which has a 06 WMO code; rising dust (RD), 
which has 07 a WMO code; and dust storms (SD), which 

include both dust storm and severe dust storm observa-
tions that have WMO codes (09, 30, 31, 32) and (33, 34, 
35), respectively.

The monthly average of temperatures and wind 
speeds were calculated by taking the daily average during 
1980–2015. These monthly meteorological elements from 
the selected stations were plotted on a map utilizing an Arc 
GIS program to explain its spatial distribution.

Fig. 1  The spatial distribution weather stations used for monitoring dust events in Iraq. Source: ESRI online database and ArcGIS 10.4 ana-
lytic tools, and the Iraqi meteorological weather station locations from the Iraqi Meteorological Organization (IMO)
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4  Results

4.1  Spatial variability of the frequency of each dust 
type

Figure 2 displays the spatial variability of the annual 
mean frequency of the three dust events. The dust occur-
rence is high in the southern and central regions around 
Nasiriyah, Basra and Baghdad followed by the Mosul 
region adjacent to the Syrian Desert. The eastern region 
(Khanaqin) has the lowest annual mean frequency of 
dust events.

The total frequency of the three dust events (sus-
pended dust, rising dust and dust storms) is plotted in 
Fig. 3a–c that displays the total frequency of suspended 
dust, rising dust and dust storms, respectively, for the 
period 1980–2015. It is obvious that the highest total fre-
quency of suspended dust (SD) was recorded in Nasiriya 
in the southern region probably because of the nearby 
southern and western deserts in Iraq and the Saudi Ara-
bian deserts to the southwest of Iraq (Fig. 3a). This is fol-
lowed by Baghdad, which is near the Western Desert. 
Mosul and Kirkuk in the northern region also recorded 
large frequencies of suspended dust events may be 
because of their location close to desert areas in Syria. 
Khanaqin in the eastern region had relatively low levels 

Fig. 2  The annual mean frequency of all dust events during 1980–2015 in Iraq
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of suspended dust events. This may be attributed to the 
location of Khanaqin because this city is situated away 
from the deserts and semi-deserts in Iraq.

The highest frequency of rising dust (RD) occurred in the 
southern cities (Nasiriya and Basra) close to the main West-
ern Desert dust source (Fig. 3b). In this case, the frequency 
of rising dust days in the west and central areas are lower 
than in the southern area. The overall frequency of rising 
dust events reduced gradually across the northern cities and 
declined further in the eastern region. The minimum total 
frequency of rising dust was observed in Khanaqin.

Figure 3c shows that the southern and central areas 
are exposed to a higher frequency of dust storms (DS) 
than the other parts of Iraq that are more remote from 
the main dust sources in Syria and Saudi Arabia. The east-
ern area had some dust storms, however, not as many as 
the southern and central areas. The lowest frequency of 
dust storms was observed in the northern (Kirkuk and 
Mosul) and eastern (Khanaqin) regions. When comparing 
the three kinds of dust events, suspended dust happens 
most often whereas dust storms happened the least dur-
ing the study period. It is obvious that the spatial patterns 
of annual mean dust events were most like the total fre-
quency of suspended dust since it is the dominant kind of 
dust activity in Iraq.

4.2  Spatial distribution of seasonal mean dust 
types in Iraq

The dust observations from the seven cities were plot-
ted as dot maps utilizing the ArcGIS program to show the 

spatial distribution of dust events seasonally above Iraq 
during the study period (1980–2015; Fig. 4). This figure 
illustrates seasonal spatial variations of dust events with 
maximum average frequency of dust being in spring and 
summer months.

The spatial patterns of the mean frequency of all dust 
events in the winter season are given in Fig. 4a. The maxi-
mum mean of dust frequency is observed above the 
southern part of Iraq while the minimum mean record was 
in the northern and western regions. Figure 4b displays the 
spatial patterns of the mean frequency of all dust events 
during the spring season that still reveals the highest fre-
quency of dust events in the southern area. In comparison 
to the winter season, dust events started to increase in 
spring throughout Iraq, but particularly in the central and 
southern regions of Iraq.

Figure 4c shows that the highest average frequency of 
all dust events in the summer season occurs in the south-
ern region with this increased frequency spreading to 
the central regions of Iraq. The average frequency of dust 
activity was still low in parts of the northern and eastern 
regions. The spatial variability of the mean frequency of 
dust events during the autumn season can be seen from 
Fig. 4d. The maximum average frequency of all dust events 
was recorded in the southern region with an increased fre-
quency of dust spreading across the central and northern 
areas. In eastern Iraq, Khanaqin has a low frequency of 
dust events through the autumn months.

The dust events are also examined by kind and sea-
son for each selected city and area recorded above. The 

Fig. 3  The total frequency (in days) of dust events over chosen stations in Iraq during 1980–2015: a suspended dust, b rising dust and c dust 
storms



Vol.:(0123456789)

SN Applied Sciences (2020) 2:845 | https://doi.org/10.1007/s42452-020-2669-4 Research Article

seasonal and annual mean frequency of dust activity for 

Fig. 4  Seasonal mean frequency (in days) of all dust types in Iraq (1980–2015)

Table 2  The seasonal-annual 
average number of suspended 
dust days in Mosul and Kirkuk

City Spring season Summer season Autumn 
season

Winter season Annual average

Mosul 8.5 16.6 9.5 2.9 37.5
Kirkuk 10.1 11.9 6.5 2.7 31.3
Region average 9.3 14.3 8.0 2.8 34.4
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Table 3  The seasonal-annual 
average number of rising dust 
days in Mosul and Kirkuk

City Spring season Summer 
season

Autumn 
season

Winter season Annual 
aver-
age

Mosul 2.1 1.8 1.0 0.3 5.2
Kirkuk 2.4 1.3 0.7 0.5 4.9
Region average 2.2 1.6 0.9 0.4 5.1

Table 4  The seasonal-annual 
average number of dust storm 
days in Mosul and Kirkuk

City Spring season Summer 
season

Autumn 
season

Winter season Annual 
aver-
age

Mosul 0.2 0.1 0.2 0.0 0.6
Kirkuk 0.3 0.2 0.2 0.1 0.7
Region average 0.2 0.1 0.2 0.1 0.6

Table 5  The seasonal-annual 
average number of suspended 
dust days in Baghdad, Rutba 
and Khanaqin

City Spring season Summer season Autumn season Winter season Annual average

Khanaqin 2.7 2.7 1.2 0.6 7.2
Baghdad 16.1 21.1 13.6 8.1 58.9
Rutba 5.3 3.1 3.3 1.4 13.1
Region average 8.0 9.0 6.0 3.4 26.4

Table 6  The seasonal-annual 
average number of rising 
dust in Baghdad, Rutba and 
Khanaqin

City Spring season Summer 
season

Autumn 
season

Winter season Annual average

Khanaqin 1.4 0.8 0.5 0.3 3.0
Baghdad 5.9 9.5 2.7 2.4 20.4
Rutba 6.5 3.8 2.8 2.7 15.8
Region average 4.6 4.7 2.0 1.8 13.1

Table 7  The seasonal-annual 
average number of dust storm 
days in Baghdad, Rutba and 
Khanaqin

City Spring season Summer 
season

Autumn 
season

Winter season Annual 
average

Khanaqin 0.2 0.0 0.0 0.0 0.3
Baghdad 1.3 1.1 0.3 0.5 3.1
Rutba 0.9 0.3 0.2 0.3 1.7
Region average 0.8 0.5 0.2 0.3 1.7

Table 8  The seasonal-annual 
average number of suspended 
dust days in Nasiriya and Basra

City Spring season Summer season Autumn 
season

Winter season Annual average

Nasiriya 12.9 18.5 9.3 5.4 46.1
Basra 7.8 10.5 4.4 2.2 24.9
Region average 10.4 14.5 6.8 3.8 35.5
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all cities is displayed based on dust type from Tables 2, 3, 
4, 5, 6, 7, 8, 9, and 10.

4.3  Northern Iraq

Figure 4 shows that dust activity happens more repeatedly 
in spring and summer seasons over the study regions in 
Iraq. Attiya et al. [31] recorded that aerosol index values 
in the northern part of Iraq rise gradually from March to 
July (spring and summer seasons). The occurrence of sus-
pended dust may be expected to be related to a light wind 
speed, as the suspended dust is probably mainly gener-
ated from local dust source regions. Mosul is located in 
northwestern Iraq in a highland area with a few forests, 
but Mosul is closer to the Syrian Desert to the west of Iraq, 
which accounts for its larger number of dust events.

Table 2 displays the seasonal and annual mean fre-
quency of suspended dust where Mosul and Kirkuk 
have annual mean suspend dust frequency of 37.5 and 
31.4 days, respectively. Table 2 shows that suspended dust 
happens more often through the summer season, which 
has a regional average of 14.3 days with suspended dust 
during the 35 years. In summer, Mosul had a mean sus-
pended dust frequency of 16.6 days, while Kirkuk had 
a lower frequency of 11.9 days. Suspended dust is also 
common in the spring season, with a regional mean of 
9.3 days (Table 2). In spring, Kirkuk had suspended dust on 
an average of 10.1 days, while Mosul only had an average 
of 8.5 days. The winter season had the minimum regional 
mean suspended dust activity on around 2.8 days, with 
Mosul and Kirkuk having suspended dust on an average 
of 2.9 and 2.7 days, respectively.

Table 3 displays the average frequency of rising dust 
days in the northern cities each season over the 1980–2015 
study period. For both cities, the highest occurrence of ris-
ing dust was noticed in the spring season, with a regional 

mean of 2.2 days for both Mosul and Kirkuk. The minimum 
regional average was in winter, but it did not vary much 
from that in autumn. Kirkuk had the highest rising dust 
frequency during spring (about 2.4 days), whereas during 
summer the rising dust frequency for Mosul and Kirkuk 
were around 1.8 and 1.3 days, respectively.

Table 4 displays the average frequency of dust storms in 
northern Iraq for all seasons. Kirkuk has the highest mean 
dust storm frequency (0.3 days) in spring compared to 
Mosul with about 0.2 days. The highest dust storm activ-
ity happens in Kirkuk during the summer (0.2 days), while 
in Mosul it is around 0.1 days. Kirkuk and Mosul had similar 
dust storm frequencies (0.2 days) in autumn. There was no 
dust storm activity in Mosul during winter, while in Kirkuk 
it occurred on around 0.1 days. The highest regional aver-
age was about 0.2 days during the autumn and spring 
seasons. Kirkuk had a higher of annual average frequency 
of dust storms on 0.7 days compared with frequency of 
0.6 days in Mosul. Kirkuk and Mosul suffered from more 
dust activity during spring and autumn seasons during 
the 35 years of study.

Generally, Table 4 illustrates that the northern region 
in Iraq was not exposed to as many severe dust storms 
during the study period compared with other regions. The 
annual average frequency of dust storms in the northern 
area is 0.6 days.

4.4  Central, western and eastern Iraq

Dust observations from three ground meteorological sta-
tions (Table 5) have been examined and analysed to docu-
ment dust events over central (Baghdad), western (Rutba) 
and eastern (Khanaqin) Iraq. The western area is character-
ized by an arid (desert) region that differs from the other 
parts. This variance of terrain can influence dust activity, 
particularly suspended and rising dust events.

Table 9  The seasonal-annual 
average number of rising dust 
days in Nasiriya and Basra

City Spring season Summer season Autumn 
season

Winter season Annual average

Nasiriya 11.3 18.1 7.1 4.0 40.5
Basra 5.6 9.8 2.7 1.7 19.8
Region average 8.5 14.0 4.9 2.9 30.2

Table 10  The seasonal-annual 
average number of dust storm 
days in Nasiriya and Basra

City Spring season Summer 
season

Autumn 
season

Winter season Annual 
aver-
age

Nasiriya 2.1 4.6 0.6 0.5 7.8
Basra 0.7 1.1 0.3 0.2 2.3
Region average 1.4 2.9 0.5 0.3 5.0
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Baghdad clearly had the highest frequency of sus-
pended dust activity during summer (about 21.1 days), 
followed by Rutba (5.3 days in spring), with annual mean 
frequency of suspended dust in the two cities of 58.9 and 
13.1 days, respectively. During the winter season Rutba 
and Khanaqin had the lowest mean frequency of sus-
pended dust activity on 1.4 and 0.6 days, respectively. The 
highest regional mean frequency of suspended dust activ-
ity (9.0 days) was during the summer, while the lowest dust 
activity (3.4 days) was during winter. In general, the sus-
pended dust frequency decreased from summer to spring, 
autumn and then winter. The results of this study can be 
described by considering the prevailing weather condi-
tions and the local topography. Khanaqin is in a region 
neighboring the highlands and does not suffer very much 
from dust activity. Table 5 showed that summer and spring 
seasons had the highest mean frequency of suspended 
dust while the lowest mean frequency of dust activity 
was in winter. In addition, Baghdad had a much greater 
frequency of suspended dust activity in the central area, 
while Khanaqin in eastern region was the least exposed.

Table 6 indicates the mean frequency of rising dust days 
in the central, western and eastern regions of Iraq during 
all seasons. The capital city Baghdad (central region) had 
mean frequency of rising dust activity during the spring 
(5.9 days), summer (9.5 days), autumn (2.7 days) and win-
ter (2.4) days resulting in a maximum annual average of 
20.4 days. In contrast, Rutba has its maximum mean fre-
quency of rising dust activity in spring (6.5 days). Similar 
to suspended dust activity, the maximum regional average 
frequency of rising dust activity happens in the summer 
season. The minimum mean frequency of rising dust activ-
ity in each season occurs at Khanaqin (eastern region) near 
the mountain chains along the border between Iraq and 
Iran. Winter had the lowest regional mean rising dust activ-
ity frequency (1.8 days).

Table  7 displays the mean frequency of dust storm 
days in the central, western and eastern regions dur-
ing all seasons. Baghdad clearly had the highest mean 
frequency of dust storm activity during spring (about 
1.3 days), with an annual mean frequency of dust storm 
activity on 3.1 days. Rutba had the second highest mean 
frequency of dust storm activity during spring (0.9 days), 
with 0.3 days in summer, 0.2 days in autumn and 0.3 days 
in winter; therefore, Rutba has the second highest annual 
average frequency of 1.7 days. Khanaqin had the low-
est mean frequency of dust storm activity during spring 
(0.2 days) and it rarely had dust storms during summer, 
autumn and winter; as a result, Khanaqin had the lowest 
annual average frequency of only 0.3 days. The eastern 
region was exposed to very little dust storm activity during 
the 35 years. Similar to rising dust, the maximum average 
frequency of dust storm activity was in Baghdad compared 

with the other cities, especially in the summer and spring 
seasons. The average seasonal frequency of dust storm in 
Khanaqin and Rutba was less than 1 in each season, sug-
gesting that these cities are not frequently exposed to dust 
storms.

4.5  Southern Iraq

Data from two stations have been utilized to study dust 
types in the southern part of Iraq (Nasiriya and Basra). 
Basra is a coastal city surrounded by plains and it bor-
ders the Samawa Desert, Iran, northern Kuwait and the 
Persian Gulf. Nasiriya is located close to the southern and 
Western Desert of Iraq, and it also borders the Samawa 
Desert. Nasiriya and Basra are situated in areas with some 
valleys, alluvial plains, and arid and semi-dry areas; more 
significantly, they are surrounded by some marshes near 
the rivers.

The greatest mean frequency of suspended dust activ-
ity in Nasiriya and Basra is in spring and summer compared 
with other periods (Table 8). The maximum regional aver-
age frequency of suspended dust happens in summer 
(14.5 days) while the minimum mean frequency occurs in 
winter (3.8 days). The maximum annual average frequency 
of suspended dust (46.1 days) is in Nasiriya. Basra had a 
lower annual mean suspended dust frequency of about 
24.9 days.

The maximum mean frequency of rising dust days hap-
pened in summer over both Nasiriya and Basra (Table 9). 
The maximum regional mean frequency for rising dust 
activity was in summer (14.0 days), while the lowest mean 
frequency happened in winter (2.9 days). The maximum 
annual average frequency of rising dust activity was in 
Nasiriya (40.5 days), while a lower annual mean frequency 
occurred in Basra (19.8 days). Overall, there was similarity 
between the rising and suspended dust distributions (the 
regional, seasonal and annual averages).

Higher dust storm activity was observed at both south-
ern cities compared with the northern, western and east-
ern regions. Nasiriya and Basra have frequently suffered 
from dust storm activity (Table 10). Nasiriya had a higher 
mean frequency of dust storm activity (4.6 days) in sum-
mer compared with Basra (about 1.1 days). The highest 
mean dust storm frequency is in Nasiriya during spring 
(2.1 days), while in Basra it was around 0.7 days. The low-
est mean frequency of dust storm activity occurs in Basra 
during winter (0.2 days), while in Nasiriya it was around 
0.5  days. The highest regional average frequency was 
about 2.9 days during the summer season and Nasiriya 
had a maximum annual average frequency of 7.8 days. 
Nasiriya and Basra are exposed to high dust activity in 
summer. Generally, Table 10 illustrates that this region of 
Iraq experienced more dust storms over the investigation 
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period compared with the other regions. The annual mean 
frequency in the southern region was 5.0 days.

4.6  The annual time series of the total frequency 
of dust events

Figure 5 shows line graphs of the annual changes in the 
total frequency of dust events between 1980 and 2015 
from seven meteorological stations. It shows that the time 
trends of all three dust events display almost similar dis-
tributions throughout the study period. According to the 
line graphs, there are three distinct periods of the total 
frequency of dust events; the first one occurred from 1983 
to 1992, the second period occurred from 1993 to 2000 
and the third period occurred from 2001 to 2012. Between 
1983 and 1992, there was an increase in the total frequency 
of dust events. The increased dust events may be related to 
different wars that occurred during this period, such as the 
Iraqi–Iranian war in 1980–1988 and the Iraq–Kuwait war in 
1991. At these times, various heavy army equipment and 
vehicles were stationed in the dry and desert border areas 
between Iraq and the surrounding countries, as part of 
the planning and beginning of the war. Military operations 
and vehicle movements have led to terrestrial degrada-
tion of the surface thus increasing soil vulnerability that 
leads to a remarkable increase in dust mobilisation and 
transport in the air [38]. Between 1993 and 2000, the total 
frequency of dust events decreased. From 2001, the total 
frequency of dust events then increased. This increase may 
have been caused by climate change, drought and deser-
tification phenomena [17].

4.7  Spatial distributions of some meteorological 
elements

The distribution of dust events in Iraq could be related 
to meteorological conditions. It is recorded throughout 
the year that the highest average temperatures—Temp 
(Fig. 6) and winds speed—WS (Fig. 7) were in the south of 
Iraq compared with the northern area. These two climatic 
elements have similar distributions throughout the year. 
For instance, the increased average temperatures (Fig. 6) 
are recorded between May and September, and then 
they gradually reduce between September and Decem-
ber. Thus, the seasonal distribution of these climatic ele-
ments could affect dust event variability during the year. 
For example, the seasons and regions with high tempera-
tures and wind speeds are associated with the highest 
frequency of dust events in Iraq (Figs. 4, 6, and 7).

The highest frequency of dust events is recorded in the 
central and southern areas during summer, which relates 
to the period of high temperatures and wind speeds. In 
addition, wind speeds play an important impact in dust 

events by helping entrainment and transport of dust for 
long-range over Iraq; thus, the frequency of dust events is 
spread over Iraq and surrounding countries. Moreover, this 
is in agreement with studies by Kaskaoutis et al. [39, 40] 
who revealed that dust aerosols release, residence period 
and transfer depends on wind speeds. In general, the sea-
sonal dust events distribution over Iraq can be related to 
the seasonal distribution of climatic conditions.

5  Discussions

According to the study results and meteorological sta-
tion observations, the seasonal dust type analyses show 
summer and spring had the maximum frequencies of 
dust activity in Iraq. Thus, the study results agree with 
prior research of dust events [11, 34], which determined 
that spring and summer represent the main dust season 
in Iraq and Middle East countries using ground observa-
tions of meteorological stations and satellite measure-
ments. Increased temperatures in early summer over the 
Syrian and Iraqi deserts result in air turbulence which 
is probably critical for generating dust events over Iraq 
[34, 41]. In addition, this study shows that the seasonal 
dust distribution from surface meteorology stations is 
consistent with the AI value distribution from TOMS and 
OMI satellites studied by Attiya et al. [31]. Attiya et al. [31] 
showed that atmospheric dust events started to increase 
during March–April (spring months), reaching their high-
est frequency through summer months (June-July) and 
decreasing to low values in autumn (September month). 
AI concentration patterns indicate larger quantities of dust 
aerosols above the central and southern Iraq, in compari-
son with the northern area, through the spring–summer 
seasons. The central and southern zones have more dust 
because of their proximity to the desert and semi-desert 
lands, densely populated cities, and various anthropo-
morphic effects; these factors lead to raised atmospheric 
dust storm events above Iraq and the other Middle East 
countries.

This research provides additional information about the 
spatial and temporal occurrence of dust events over Iraq. 
Suspended dust frequency was at a maximum in the sum-
mer season above central, southern and northern parts 
of Iraq, while in western Iraq the frequency of suspended 
dust was highest in spring. In eastern Iraq, suspended dust 
frequency was equal in summer and spring (2.7 days). 
The frequency of rising dust was highest in summer over 
central and southern Iraq while it was high in spring in 
the northern, eastern and western parts. Dust storm fre-
quency was highest in spring in all parts except for the 
south where it was highest in summer. Some studies in 
surrounding countries analysed the monthly variation of 
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Fig. 5  The annual time series of the total frequency of dust events in Iraq during 1980–2015
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dust events, which is in agreement with the current study. 
A study over Iran indicates that dust outbreaks start to 
increase in May, peak in July and weaken in September 
using the TOMS data [11]. Ghasem et al. [42] analysed 
dust events in southwestern Iran based on synoptic three-
hourly weather/dust data from twelve meteorological sta-
tions and remote sensing observations. Most dust events 
occurred in spring and summer while few dust events 
happened in autumn and winter, especially in December 
and January, when the atmosphere is unstable, and rainfall 
is likely. In the last few years, increasing dust events are 
associated with widespread drought periods or human 
factors, such as the construction of dams, agricultural 
activities and wars [42]. Furman [24] examined the dust 
sources and their temporal properties in the Middle East 
using synoptic data for a 21-year from 1973 to 1993. He 
found that dust events recur throughout the year, but the 
time of maximum dust activity differs in different parts of 
the Middle East; dust events are more common in spring 
and winter in the northwestern Middle East but reach a 

maximum during summer months in the southwest of 
this region. Mashat et al. [29] recorded that annual mean 
number of dust events was 24.6 in southwestern Saudi 
Arabia, with higher average numbers of dust days in June 
(29.25), July (29.96) and August (30.16). Aerosol optical 
depth (AOD) over Kuwait city in Middle East region using 
ground measurements was analysed during 2008–2017. 
The results revealed that the elevated values of AOD from 
0.75 to 2.91 are because of dust episodes, which are affect-
ing Kuwait with an annual average frequency of about 
20 days per year. The backward trajectories of air masses 
showed the elevated main source areas of dust affecting 
Kuwait significantly originated from Saudi Arabia with the 
contribution of the 56% and other source areas from Iraq 
and Iran that the contribution of 21% to the mean annual 
AOD [43]. Pi et al. [27] indicated considerable spatial vari-
ability of dust storm frequencies in the Xinjiang Province 
in northwest China, where the annual mean number of 
dusty days was 111.3 in the south and 10.9 in the north.

Fig. 6  The spatial distribution of monthly mean temperature between 1980 and 2015
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The spring season represents the start of the active 
season for dust activity, followed by increasing dust 
events in the summer season [34]. Dust entrainment is 
related to the synoptic scale weather, which consists of 
subtropical low air pressures that contain cold air masses 
moving across the Sahara towards the Mediterranean 
Sea and the Middle East, including Iraq. These occur in 
spring and result in strong surface wind speeds [37]. Dur-
ing summer, the interaction between the Azores High 
Ridge and the Indian Monsoon Low creates a strong air 
pressure gradient that leads to the powerful Shamal 
winds that play a significant role in dust storm genera-
tion in the Middle East [34, 37], especially on the Ara-
bian Peninsula [44, 45]. Dust activity in Iraq is influenced 
by intense, seasonal, frequent and continuous surface 
wind northwestern winds (Shamal) which produce dust 
storms lasting for hours or days and transport dust to 
adjacent areas [46]. Whereas the summer Shamal winds 
occur almost continuously, the winter Shamal blows two 
to three times monthly between December and early 
March [47].

In central Iraq, Baghdad had the highest frequency of 
suspended dust (16.1 days) in spring; the second highest 
was in Nasiriya in the southern region. The highest fre-
quency of suspended dust events in summer also occurred 
in these two cities: Baghdad (21.1  days) and Nasiriya 
(18.5 days). These high-suspended dust frequencies can 
be explained since Nasiriya is located near the southern 
desert and Baghdad is located approximately 200  km 
from the Western Desert, which are probably the sources 
of the dust. In addition, the rising dust frequency in spring 
in Nasiriya and Baghdad are 11.3 and 5.9 days, respectively. 
The reason for the rising dust frequency being half that 
of the suspended dust in Baghdad may be related to the 
stronger local winds that are required to entrain rising 
dust particles. Additionally, Basra’s rising dust frequency 
(9.8 days) was the second highest frequency during sum-
mer after Nasiriya city, these two cities are close to source 
areas of dust (the Southern Desert locally and arid areas 
in Kuwait, Saudi Arabia and Iran regionally). Nasiriya has 
the maximum frequency of dust storm activity (4.9 days) 
followed by Baghdad (1.1 days) in summer. These findings 

Fig. 7  The spatial distribution of monthly mean wind speed between 1980 and 2015
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highlight that Baghdad, which is a significant urbanized 
center in Iraq, represents one of the cities that is severely 
influenced by dust events during the main spring and 
summer dust season in Iraq. Dust particle size represents 
a major health concern when it is inhaled into the respira-
tory system. Particulate matter (PM) that has a diameter 
less than PM10 (10 µm) can lodge in the lungs while dust 
particles finer than PM2.5 (2.5 µm) can lodge deep into 
the lung and can cause respiratory and cardiovascular 
diseases [19]. In fact, the daily average PM10 levels have 
increased as a result of the increased number of dust 
storms days in the Middle East during the past decades 
[3]. The increased dust events may be related to different 
wars that occurred during the study period, such as the 
Iraqi–Iranian war in 1980–1988 and the Iraq–Kuwait war 
in 1991. Military operations and vehicle movements in the 
dry and desert areas have led to terrestrial degradation of 
the surface thus increasing soil vulnerability that leads to 
a remarkable increase in dust mobilization and transport 
in the air [38]. This increase may also have been caused by 
climate change, drought and desertification phenomena 
[17]. The variability of dust events analysed in conjunction 
with meteorological data (temperature and wind speed). 
It was noticed that the dust events were elevated over 
the central and southern areas with elevated tempera-
tures and wind speeds. The variability of the dust events 
over Iraq may be attributed to the seasonal differences 
in climatic conditions. Environment and climate changes 
are likely contributed elements in the occurrence of dust 
storms and soil erosion processes by active winds [48], par-
ticularly through the occurrence of the strong wind and 
increase the desiccation periods in several regions [49].

6  Conclusions

In this current study, analyses of annual dust events have 
been applied to define if there were any large changes in 
dust activity for the selected cities and to provide a general 
view of the different regions in Iraq. The spatial–tempo-
ral distribution of dust events in Iraq during 1980–2015 
was analysed. The results showed more frequent events 
in the central and southern cities compared with the 
northern and eastern cities, and they also showed dust 
events are more common in spring and summer com-
pared with autumn and winter during the study period. 
The temporal analysis of dust events in Iraq was in agree-
ment with the temporal distribution of dust events in 
adjacent countries such as Iran and Saudi Arabia. Sus-
pended dust events are more widespread and frequent 
compared with rising dust and dust storms in Iraq. The 
spatial–temporal patterns of aerosol index values from 
satellite have a similar distribution to dust events in Iraq. 

According to the annual averages between 1980 and 2015, 
the cities with the maximum frequencies of dust storm 
activity were Nasiriya (7.8 days), Baghdad (3.1 days) and 
Basra (2.3 days). The findings showed that periods with 
considerable variability in total dust events over Iraq could 
be related to natural and anthropogenic influences. This 
analysis of dust activity has enhanced an understanding 
of the spatial and seasonal distribution of dust events and 
climate conditions in Iraq. Thus, the meteorological factors 
analyses are necessary to understand the climate of this 
region in the past, present, and future. Countries that suf-
fer from frequent dust events in the Middle East should 
create climate and environment research institutions and 
fieldwork teams to developed methods for combating and 
controlling dust storms in the region and to reduce their 
influences and risks.
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