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Abstract
The spatial and temporal characteristics of dust storms

in the Middle East were studied by an analysis of the

visibility reduction in that region. Eight ‘three-hours’

mean values for each month for a period of 21 years

(1973–1993) were used. Data were subjected to cluster

analysis of their temporal behaviour. Four main re-

gions were identified and mapped. Stations within

each cluster (region) have a similar temporal behav-

iour different from the behaviour of stations out of that

cluster. Sudan, Iraq, Saudi Arabia and the Persian Gulf,

are the regions that reported the greatest occurrence of

dust storms. Dust storms in Iran, north-eastern Iraq

and Syria, the Persian Gulf and southern Arabian

Peninsula are more frequent in summer. In western

Iraq and Syria, Jordan, Lebanon, northern Israel,

northern Arabian Peninsula and southern Egypt they

occur mainly in the spring, while in southern Israel and

in the Mediterranean parts of northern Egypt, in winter

and spring.

Introduction

Dust storms are among the most severe environmental

problems in certain regions of the World. Where they

occur most of the dust in the atmosphere is from aeolian

origin. Estimates of the total aeolian dust from deserts

in the atmosphere are about 5� 108 tons � yr�1 [1]. Several

authors [2–4] have estimated that the Sahara desert

alone contributes 2� 108–3.3� 108 tons � yr�1 or between

40–66% of the total dust. Dust storms may be traced as

far as 4000 km from their origin.

Dust storms may cause a variety of problems. One of

the major problems is a considerable reduction of visibility

that limits various activities, increases traffic accidents,

and may increase the occurrence of vertigo in aircraft

pilots [3,5–8]. Other environmental impacts, reported in

the literature [5,9–15] include reduced soil fertility and

damage to crops, a reduction of solar radiation and

in consequence the efficiency of solar devices, damage

to telecommunications and mechanical systems, dirt, air

pollution, increase of respiratory diseases and so on.

Three main categories of reduced visibility are often

used to describe the severity of dust storms:

. Blowing Dust – the horizontal visibility (due to

aeolian dust), is less than 11 km.
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. Dust Storm – the horizontal visibility is less than

1000m.

. Severe Dust Storm – the horizontal visibility is less

than 200m.

In some seasons in certain regions of the Middle East

and North Africa and for about 30% of the time on

average, the dust conditions in the lower troposphere fall

into one of these three categories. Thus, in these regions,

dust storms are a very frequent phenomenon and a better

knowledge of their spatial and temporal distribution is

of prime importance.

A positive correlation exists between the quantity of

dust in the air, and the wind velocity. Whereas, a negative

correlation exists between dust amount and the particles’

size. Precipitation and/or vegetation coverage may reduce

considerably the amount of dust in the air for a given

wind velocity and/or particles’ size [16–18]. Thus, a

study of the atmospheric circulation and its impact

on the precipitation regime in a given region is crucial to

understand the dust distribution in that region.

A previous attempt to delimit the regions in the Middle-

East according to the seasons of main activity was done

by Middleton [19]. He analysed the dust distribution

over Syria, Lebanon, Jordan, Israel, Saudi Arabia, Yemen,

Iraq and Iran and his analyses were based on short periods

of data recording and on other data collected over varying

lengths of time from the 1950s and 1960s. The present

study extends Middleton’s analysis in three ways: (a) the

study area was extended to include also data from Turkey,

Cyprus, Egypt and Sudan, (b) the analysis period was

extended to 21 years (1973–1993) and (c) the clustering

of the different stations into coherent regions was done

in an objective way using cluster analysis.

Data and Methodology

Visibility reduction data (below 11 km) at 117 synoptic

stations in the region delimited by the 258E and 608E
meridians and the 128N and 388N parallels were used

(Figure 1). The temporal distribution at each station was

described by 96 data values. For each month, 8

three-hours mean values at 00UTC1, 03UTC, 06UTC,

etc., for a 21 year period (1973–1993) was used. Each

data value is an average of about 630 values (30 days� 21

years). The data was obtained from the National Climatic

Data Center (NCDC) at Asheville.

The data enabled the clustering of the stations into

homogeneous regions according to the similarity of

1Universal Time Conversion; UTC is also known as GMT, or Greenwich Mean Time.

Fig. 1. Location Map.
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their temporal distributions. When clustering data, there is

a trade-off between the number of clusters and the

correlation coefficient (c.c.) within each cluster (Figure

2). The c.c. decreases as the number of stations included in

each cluster increases and/or the number of clusters

increases. The c.c. will be maximal (¼ 1.00) if each cluster

includes only one single station. However, in such a case

there would be 117 different clusters with no regionalisa-

tion at all. On the other hand, if all stations were clustered

into one single cluster, the c.c. would be at a minimum

and there would be no coherent temporal behaviour

in that cluster. Cluster analysis enabled us to define the

optimum number of clusters that on one hand, would

have a relatively high and significant c.c. within each

cluster, and on the other hand, was constructed so that

the entire region was divided into a relatively small number

of clusters. An additional requirement that we imposed

was that there would be a geographical link between

the different stations included in each cluster. We used

the UPGMA (Unweighted Pair Group Method using

arithmetic Averages) clustering method.

Results and Discussions

Table 1 presents the change in number of stations,

number of clusters and number of stations per cluster as

a function of the c.c. level (data taken from Figure 3).

The results are in accordance with the scheme presented

in Figure 2. For c.c. level of r>0.9, only 29 stations

(out of 117) were clustered into 10 different clusters, with

an average of less than 3 stations per cluster. For r>0.8,

the number of clustered stations increased considerably

to 67, the number of clusters increased slightly to 15 and

the number of stations per cluster increased to about 4.5.

Any further decrease of the correlation level, yielded

a parallel increase in the number of clustered stations,

a decrease of the number of clusters and as a result, an

increase of the average number of stations per cluster.

However, while there is still a considerable increase in the

number of clustered stations and an important reduction

of the number of clusters, when moving from r>0.7 level

to r>0.6 level, only slight changes are observed when

moving further to the r>0.5 level. Thus, we selected

the clusters obtained for the r>0.6 level (Figure 3(d)).

This yielded four main definable regions having

similar temporal distribution of dust storms (two stations

belong to a fifth cluster that has no definable geographic

delimitation). For each region its typical annual course

was identified (Figure 4).

Region (a) in Figure 3(d), includes Iran, north-eastern

Iraq and Syria, the Persian Gulf region (Kuwait, Bahrain,

Qatar and UAE) and the southern Arabian Peninsula

(southern Saudi Arabia, Yemen and Oman). This region

suffers from considerably more dust storms than the other

regions. The averaged maximum occurs in the summer

during which for more than 30% of the time there is a level

of airborne dust that reduces visibility to below 11 km.

However, even during winter, which is the season with

the lowest number of dust events, in more than 5% of the

time on average, there is a reduction in visibility due to

blowing dust.

Region (b) comprises western Iraq, western Syria,

Jordan, Lebanon, northern Israel, the northern Arabian

Peninsula and southern Egypt. This region suffers from

Number of clustered 

stations

DecreaseIncrease 

Number of clusters             4          3          2 

IncreaseDecrease

r

Fig. 2. Schematic chart illustrating the relationship between the
number of clusters, number of clustered stations and r-values.

Table 1. The number of stations, the number of clusters and
the number of stations per cluster as a function of the c.c. level
(data taken from Figure 3).

r> #Stations #Clusters # Stations/Cluster

0.9 29 10 2.9
0.8 67 15 4.5
0.7 76 9 8.4
0.6 83 5 16.6
0.5 85 4 21.3
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Fig. 3. Spatial distribution of the different clusters for r>0.9 (a); r>0.8 (b); r>0.7 (c); r>0.6 (d) and r>0.5 (e). Stations belonging to the
same cluster on each map are represented by the same symbol.
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Fig. 3. Continued.
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dust mainly in the spring. In that season, for about 15% of

the time on average, there is a reduction in visibility due

to dust. In the winter, this figure decreases to about 5% of

the time on average.

Region (c) comprises southern Israel and the

Mediterranean parts of northern Egypt. Visibility reduc-

tion in this region occurs mainly in winter and spring. On

average, for more than 5% of the time there are visibility

limitations. This figure decreases to almost nil in summer.

Region (d) comprises stations in Cyprus. Visibility

reduction in this region is minute (less than 1% of

the time) and thus no real temporal behaviour can be

defined.

However, the figures above describe average behaviour.

This implies that for certain periods visibility reduction

due to blowing dust is higher than the figures mentioned

above. Figure 5 illustrates the spatial distribution of the

maximum occurrence of visibility reduction. The readers

should not be misled by the uneven observations’ density.

For example, Cyprus and Israel, two small countries

with dense observations are covered with small black

dots. However, most observations are less than 5%. In

Fig. 3. Continued.
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Fig. 4. Temporal distribution of the average occurrence of visibility reduction (<11km) due to blowing dust in the different regions
delimited in Figure 3(d) (solid line-region (a); broken line-region (b); dotted line-region(c)).
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Sudan, on the other hand, there are only two observations,

but both show values greater than 90%. The same should

be stated also for southern and western Egypt, central

and southern Saudi Arabia and eastern Iran. Thus, one

should not refer to the total coverage of the area by black

dots (which is a function of observation density) but rather

to their size, which is proportional to the maximum

percentage of time that blowing dust was observed.

The values obtained for Sudan, over 90%, mean that

in 9 days out of 10, there is a visibility reduction due

to blowing dust. This places Sudan as one of the countries

which is most affected by dust in the world [20]. In Iraq,

along the Persian Gulf, in Bahrain, Qatar, UAE, Oman,

Saudi Arabia and southern Yemen, in many stations,

values greater than 50% were reported, meaning that

in the majority of the time there is a visibility reduction

due to blowing dust.

Conclusions

The results presented in this study place the Middle East

as one of the regions most affected by dust, in the world,

next to Africa. Dust storms, or blowing dust are frequent

during most of the year. However, there is a clear temporal

trend of the timing of the main dust activity during the

year from north-west to south-east. In region c (Figure

3(d)) the maximum activity is observed during winter and

spring. Further south-eastward in region b, this happens in

spring. Finally, at the extreme southern and eastern region

of the study area in region a, the maximum dust activity is

observed in summer. Parallel to that delay, a considerable

net intensification of dust activity is also observed (Figures

4 and 5). Thus outdoor activity of any kind in these

regions, must take into consideration the limitations

imposed by airborne dust.
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