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Abstract

Dust storms are frequent in the desert and semi-desert areas including Iraq. This paper aims
to examine the types of dust activity and its relationship with some meteorological factors
using ground and remote sensing measurements. Dust types are classified into three types:
floating/ suspended dust (visibility range > 10 km), blowing/ rising dust (visibility range
between 1 and 10 km), and dust storms (visibility range below 1 km). The outcomes of this
study revealed three periods for dust activity. The study showed three durations according to
the recurrence of all dust activity: 1983-1992, 1993-2000 and 2001-2013. A negative
correlation between annual mean precipitation and dust activity was detected. The
relationship between precipitation with floating dust and blowing dust were increased in the
south area of Irag. In this area, the relationship coefficients between the annual mean of
suspended and rising dust activity with precipitation were -0.13 and -0.39. Moreover, the
relationship between the annual total suspended dust event and precipitation over Iraq were -
0.298. Furthermore, a reduced direction in precipitation amounts and an elevated direction in
air temperature averages through the study period. Any changes in temperature averages and
precipitation mean during the long term are represented to be an indicator of climate change
in a specific region. Thus, atmospheric factors examined consider necessary to get
information on the past, present and future weather patterns of this given study region.

Keywords: Dust types, temperature, precipitation, satellite remote sensing, and atmospheric
factors.

1. Introduction

Dust storms play a significant role in various fields at the global scale such as the economy,
human health, environment and climate (Goudie, 2014; Kok et al., 2018). Alluvial plains and
dry areas (annual mean of precipitation at less than 200 mm and low vegetation) situated in
low territories in considering major dust sources at global scale (Ginoux et al., 2012).
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Aeolian erosion includes the complex process of reactions between local or regional climate
conditions, the atmospheric circulation and soil type characteristics (Wang et al., 2015). The
southwestern and central of Asia consist from deserts regions and these regions have a large
probability to produce dust events (Ginoux et al., 2012). The long aridity seasons lead to
decrease vegetation, thus causing the Aeolian erosion and leading mobilization dust
motivation and generating sever dust storms (Notaro et al., 2015). Dust events can transport
for long distance and they affect climates and human societies in the dry regions and remote
regions from dust sources. There are areas in the southwestern and middle Asia faced
increased in severe dust storms frequency during the recent years (Zoljoodi et al., 2013). Dry
and semi-dry lands in the central and southwestern Asia produce huge quantities of airborne
mineral dust particles during the spring and summer seasons and these particles travelled for
many thousands of kilometres per year by wind across various areas in the world such as
central Asia and the Arabian Sea (Orlovsky et al., 2013), China (Guan et al., 2015) and Japan
Sea (Irino and Tada, 2000). Climate observations from ground stations are applied to study
and analysis dust events. There are studies employed the statistical methods to assess and
analysis of dust events according to frequency and the seasonal variability in dry and semi-
dry lands over Asia (Furman, 2003; Notaro et al., 2015; Pi et al., 2017). Furman (2003)
suggested the Middle East region represents as one of important dust source areas after Africa
desert (Sahara) and this study investigated in the temporal characteristics of dust phenomenon
and its source areas in this region. The findings of this study revealed dust activities are high
in the summer season over south-west parts of the Middle East while much recurrent during
winter and spring above the north-west parts in this region as well as dust events occur
through different times of the year. The study by (Attiya et al., 2018) indicated that the
southern and central regions Irag (lower Mesopotamia) are considered as an important region
for airborne dust plumes in the Middle East based on the analysis results of TOMS sensor
data. Dust types classified according to horizontal visibility data based on the World
Meteorology Organization (WMO) classification into 4 dust events, (a) Suspended Dust
event (SD) with a visibility range of exceeding 10000 m, (b) Rising Dust event (RD) when
visibility range below 10000 m,(c) Dust Storms event (DS) with visibility range below 1000
m and (d) Severe Dust Storms event (SDs) with visibility rang less than 200 m (Shao, 2008).
There are little researches about different dust events analysis over the Middle East,
particularly in Iraq, although the Middle East area represents one of the important dust source
areas in the world. In recent years, Iraq suffered from several dust events yearly according to
the Ministry of Environment in Iraq that indicated Iraq faced 122 intensity dust storms and
283 days of dust during the year as shown by (Varoujan et al., 2013). The present study aims
to analyse the dust events variability and its relationship with precipitation over Iraq,
particularly above the south part of Iraq (Nasiriya), and its correlation to the annual average
for air temperatures trends and precipitation rates between 1980 and 2015 utilizing the
weather measurements by the Iraqi Meteorological Organization (IMO). This study aims to
provide good information and better understanding for spatiotemporal variability about dust
events in Iraq during this study period (35-years).
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2.  Methodology and datasets

The observations utilized for the analysis in this study contain climate data (number of days
of dust storms, rising dust and suspended dust) from the Iragi Meteorological Organization
for seven climatic stations covering the period from 1980 to 2015 in Irag. Monthly mean
precipitation observations and a total number of dust events in Iraq and the south region
(Nasiriya) were also acquired from the Iragi Meteorological Organization for the period
between 1980 and 2015. The correlation coefficients were created by a statistical program
(SPSS) for the total annual number of dust types and the total annual precipitation, and for
every dust type (overall Iraq and the south (Nasiriya) area separately). Some studies utilized
horizontal visibility observations from climate stations to assess dust phenomenon in the
Middle Eastern and Asia (Shao and Dong, 2006; Orlovsky et al., 2013; Mashat et al., 2017).
The World Meteorological Organization (WMO) recognised weather events to 99 weather
codes. Dust events have specific codes including suspended dust code (SD=06), rising dust
code (RD=07), dust storms codes (DS=09 or 30, 31 and 32), and severe dust storms codes
(SDS=33, 34 and 35; Shao, 2008). Table 1 shows dust events codes utilized in this research
according to the Iragi Meteorological Organisation (IMO).

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

No | Synoptic weather codes Weather phenomenon characterization

1 |6 Suspended Dust (SD)

2 |7 Rising Dust (RD)

3 |09 or 30, 31,32,33,34,35 and | Dust Storms and Severe Dust Storms (DS)
98

3. Results and discussion
3.1  Temporal changes in dust events

Figure 1 displays line charts (time series) of the decadal and yearly changes of total dust
events during the period from 1980 to 2015. The horizontal line (orange) represents the mean
(1028) computed for the full studied duration in the study region. Based on the change of the
total number of dust days from the horizontal line (orange), the line charts in Figure 1 could
be divided into three durations: 1983 t01992 (D1) in which dust events were higher than the
mean, 1993 to 2000 (D2) in which dust events were lower than the mean, and 2001 to 2012
(D3) in which dust event return to higher than the mean.
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Figure 1: Annual total of all dust types. The solid orange line represents the mean (1028) over
the long-period for the study region

War can lead to more dust events. Between 1983 and 1992, the total dust events were more
than the mean. The increased dust events may be related to different wars which occurred
during this period, such as the Iragi-lranian 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
degradation of the surface thus increasing soil vulnerability that lead to a remarkable increase
in dust mobilisation and transport in the air (EI-Shobokshy and Al-Saedi, 1993). Between
1993 and 2000, the total frequency of airborne dust activities decreased to less than mean.
From 2001, the total number of dust events then increased to more than the mean. This
increase may have been cause by climate change, drought and desertification phenomena
(Notaro et al., 2015).

Figure 2 displays the time trend of suspended dust events. It shows a similar distribution to
that of all dust types displayed in Figure 1. The interpretation used for all dust types is fully
appropriate for suspended dust activity. This dust kind is mostly produced from local dust
sources.

The time trend of rising dust activity (Figure 3) displays an almost a similar distribution to
suspended dust, with a lower dust frequency. Rising dust clearly increased between 2001 and
2004 and then dropped below the mean after that. This remarkable increase may be referred
to anthropogenic impacts due to the second Gulf war in 2003 between the Iragi and American
military forces. The time trend for dust storms (Figure 4) has a similar pattern to rising dust,
while there is another increase in 2008. The sources of dust storms and rising dust are not
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necessarily the same as the sources of suspended dust. Dust storms and rising dust are more
possibly generated from regional and remote dust source areas.
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Figure 2: Long time-pattern of total suspended dust days from 1980 to 2015 at study site; the
orange line represents the long-term of the mean (649.5 days). The black line represents the
annual number of activity; the green line represents the trend direction.
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Figure 3: Long time-pattern of total rising dust days between 1980 and 2015. The horizontal
line (orange) represents the long-time mean (329 days) at the study site, 1980-2015. The
black line represents the annual number of activity; the green line represents the trend
direction.
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Dust storms 1980-2015
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Figure 4: Long time-pattern of total dust storms days during 1980 and 2015. The horizontal
line (orange) represents the long-time mean (329 days) at study site, 1980-2015. The black
line represents the annual number of activity; the green line represents the trend direction.

3.2  The relationship between precipitation distribution and various dust types in
Irag

Figure 5 displays the number of dust days for every dust type with the annual precipitation
distribution above Irag and the annual precipitation distribution above the southern
(Nasiriyah city) part of Irag. The correlations coefficients were computed for every dust type
using the statistical program (SPSS). With the annual precipitation over Iraq, the correlation
(R) was slightly negative between precipitation and suspended dust (-0.298), rising dust
(0.035), dust storms (-0.109) and all dust types (-0.22). Whereas, when considering the
annual precipitation over the southern region (Nasiriya), the correlation was higher between
precipitation and suspended dust (-0.39), rising dust (-0.13), dust storms (-0.22) and all dust
types (-0.35).
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Figure 5: The relationship between precipitation and type of dust activity above Iraq and the
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Figure 6: The annual total precipitation and air temperature mean for the whole of Iraq
between 1980 and 2015. Note the increasing trend in air temperatures and decreasing trend in
precipitation.

Environment and climate changes are likely contributed elements in the occurrence of dust
storms and soil erosion process by active winds in the future (IPCC et al., 2012), particularly
through the strong winds occurrence, increase the desiccation periods in several regions
(Dai, 2011). Any changes in temperature and precipitation rates over the three and a half
decades represent an indicator of climatic change in a specific area (Elagib and Mansell,
2000; Moonen et al., 2002). Thus, the climatic factors examined, such as temperatures and
precipitation amounts, are necessary to obtain a knowledge of the past, present and future
climate of a given area. Figure 6 displays the distribution of annual total precipitation and
annual average air temperatures from 1980 to 2015. Overall, note the downward trend in
precipitation rates and increasing trend in air temperatures.

4. Conclusion

In this current study, annual analyses of dust events have applied to define if there were any
large changes in dust activity for study region to provide a general view. The present work
investigated the correlation between the three dust events and rainfall rates in Irag through the
study period (35 years). The findings found that three remarkable periods that there was
variability in total dust activity through the study period over Irag. The correlation between
total dust events and annual rainfall rates are negative. Also, the correlation between
suspended dust event and total annual rainfall rates were negative, and the correlation
between both rising dust, suspended dust events with rainfall rates are higher in the southern
region (Nasiriya) in Iraqg.
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