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Introduction: Dust storms in arid regions lead to air pollution that jeopardizes
human health and the environment. Monitoring the temporal and spatial
variations of these events is crucial for mitigating their risks.

Materials and Methods: This study analyzed dust events in Iran, classifying them
as internal (coded 07, 30-35, 98) and external (coded 06). The frequency of each
dust type was calculated for every city, and the proportion of internal and external
dust events was determined. Then, the contributions of both internal and external
dust sources were examined in Iranian arid cities. Finally, using Mann-Kendall
test, the study analyzed changes in external-origin dust in these cities.

Results: Over 58% of recorded dust events originated from external sources.
Significant increases in external dust frequency were found in most months for
Tabas, Kashan, and Bandar Abbas (|Z statistic| > 1.96), while significant decreases
were observed in Bam, Zahedan, and Iranshahr ((|Z statistic| > 1.96). A seasonal
increase in external dust was prevalent in 72%, 7%, 58.6%, and 62.1% of Iranian
cities during winter, spring, summer, and autumn, respectively. Annually, 75.9% of
the cities experienced rising levels of external dust, while 17.2% faced decreasing
trends.

Conclusion: The results can be used as an efficient tool to improve
management policies and programs in order to reduce the negative effects of
dust on the environment and community health in dusty urban areas.

Citation: Ebrahimi-Khusfi Z, Soltanianzadeh Z. Temporal Changes Trend in External-Origin Dust in Arid Cities of
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Introduction

In recent decades, dust storms have had severe

Respiratory and cardiovascular diseases, allergies,
and skin problems are some of the adverse

local and regional impacts on the Middle East '.
These storms can cause significant damage to
buildings, roads, and other infrastructure, leading
to increased repair costs and disruptions to
transportation systems 2. Reduction of productivity
in various economic sectors, agriculture, industry,
increase in medical costs, and reduction in tourism
are among the economic effects of dust storms > *.

consequences of dust particles on human health®”.
One of the significant environmental challenges
facing the Middle East, including Iran, is the
recurring occurrence of dust storms® ’. Dust events
impacting Iran originate from both internal and
1% 1 Identifying trends in these
events across different regions is crucial.
Researchers have correlated variations in Iran

external sources
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atmospheric aerosol concentration with changes in
dust event frequency 2.

Studies have indicated a rise
concentration between 2000-2010, followed by a

in aerosol

decline from 2010 to 2018. Soil moisture has been
identified as a main factor influencing these trends
1 Approximately 84% of dust-laden events in
southwestern Iran between 1997 and 2018
originated from external sources, with only 16%
being local™*.

In a study, the analysis of internal dust
variations across various Iranian cities was
conducted using the Dust Storm Index (DSI).
Results showed a rise in these occurrences in 17%
of the cities, while a decrease was noted in 13% of
cities on a yearly basis '°. Baghbanan, Ghavidel
and Farajzadeh '° analyzed the evolution of dust
days in 40 synoptic stations across Iran from 1986
to 2017 using the Mann-Kendall test, revealing a
notable rise in dust days across all time scales.

Lotfinasabasl, Gohardoust " found that over
half of dust events in Bam and Anar cities of
Kerman province originated from external sources.
In contrast, dust events in other parts of the
province were primarily domestic.

Understanding the contribution of external dust
events and their trends can help us determine
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whether these events affect urban air quality. While
previous research has primarily focused on internal
dust sources in arid regions, the significant role of
external dust sources in air quality change has
often been overlooked. This study aimed to bridge
this research gap by investigating the following:
(1) Quantify the contributions of internal and
external dust events in urban areas in arid regions
of central Iran.

(2) Analyze temporal trends in external dust
events across different time scales and cities within
arid regions of central Iran.

Materials and Method

Study area

Urban areas in the arid climatic zone of Iran are
the focus of this study. The arid regions of Iran
cover approximately 843,556 km?, representing
over half of the country (Fig. 1). Dust-prone areas
in Iran cover a total of 100,682.4 km?, of which
around 61% (61,909.9 km?) are located within
Iran's arid climate (National spatial planning
document, Planning and Budget Organization of
Iran, 2020). The average air temperature, wind
speed, and rainfall in this region are approximately
19°C, 2.3 m/s, and 137 mm, respectively .

CCBY 4.0
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Figure 1: Study cities and dust-prone areas in Iran

Data used

In the present study, three-hour data of dust
events with internal and external origin recorded in
synoptic stations located in dry areas of Iran in the
period of 2000-2018 were used. These data were

Internal and external dust can be measured
based on registered codes in synoptic stations. Dust
events recorded with codes 07 to 09, 30 to 35, and
98 indicate internal dust, while events recorded
with code 06 indicate external dust . The

acquired from the Iran  Meteorological descriptions of dust codes are given in Table (1).
Organization.
Table 1: Synoptic weather codes related to sand and dust events '
SYNOP Code Weather Description
06 Dust haze
07 Raised dust or sand
08 Well-developed dust whirls (dust devils)
09 Distant or past dust storms (distant at the time of observation or past station in the past hour)
30 Decreased slight or moderate sand or dust storm with visibility < 1000 m but > 200 m
31 Stable slight or moderate sand or dust storm with visibility < 1000 m but >200 m
32 Begun or increasing slight or moderate sand or dust storm with visibility < 1000 m but > 200 m
33 Decreased severe dust storm with visibility
34 Stable severe dust storm with visibility <200 m
35 Begun or increasing severe dust storm with visibility < 200 m
98 Thunderstorm with dust storm or sandstorm

To address the primary objective, the monthly
and annual frequencies of events originating from
both internal and external sources were calculated

CCBY 4.0

for each city. Subsequently, the proportion of
events from internal and external sources was
determined.
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To address the primary objective, the study
calculated monthly and annual frequencies of
events originating from both internal and external
sources for each city. The proportion of events
attributable to each source was then determined.

Investigating the trend of changes in external-
origin dust

The most important presupposition in
parametric tests is that the distribution of the
studied population should be normal, while a non-
parametric Mann-Kendall test does not require
any assumptions about the distribution of the
statistical population or the investigated time
series, which is one of the important advantages
of this method. Its insignificant effect on the limit
values that exist in some time series and the use
of data ranking instead of quantitative values
makes it possible for data outside the minimum
trend range to be considered in the analysis,
which is another advantage of this method ***.
Accordingly, the current research employed the
Mann-Kendall test to analyze the trend of external
dust events across various time scales. Although
lack of detection of sudden changes and the
severity of the trend is one of the limitations of
the Mann-Kendall method, it was used in this
study due to its strengths. This test was initially

developed by Mann *

and later modified by
Kendall **. Unlike parametric tests that assume a
normal distribution of the population, the non-
parametric Mann-Kendall test imposes no such
requirements on the distribution of the statistical
population or the time series under study, offering
a key advantage. Furthermore, the test utilization
of ranking instead of absolute values enables
consideration of data points beyond the minimum
trend range, enhancing its analytical capabilities
21,22

The null hypothesis of the Mann-Kendall test
posits the absence of a discernible trend in data
series at a specified significance level. Rejecting
the null hypothesis implies the presence of a trend
within the data time series. The Mann-Kendall
statistic was computed based on relationships
outlined below.
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In the given relationships, n represents

observational data count, and Xk and XI denote kth
and Ith data points, respectively. The parameter q
signifies the number of formed groups (each with
equal data and more than two members), tp stands
for the count of identical data in the pth group, and
Zn represents Kendall's statistic value. A negative
Z, value suggests a decreasing trend, while a
positive one indicates an increasing trend within
the data set. At a 95% significance level, if |Z,| <
1.96, the null hypothesis is rejected, implying a
significant trend in the studied parameter time
series; otherwise, it is deemed to have no
discernible trend.

Results

Contribution of internal and external dust in
dry cities of Iran

Table (2) shows the frequency of internal and
external dust events in arid cities of Iran from 2000
to 2018, while Figure (2) illustrates the relative
contribution of each type of event. The table
reveals that Zabol, Zahedan, and Jask faced the
highest number of dust storm events, with 6567,
5183, and 4827 events, respectively, over a 19-year
period. In contrast, Shahrood, Semnan, and
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Kashmer had significantly fewer events, totaling
63, 190, and 222, respectively, suggesting better
environmental conditions in these cities.
Comparing the prevalence of internal and
external dust events, it is observed that 14 cities
were primarily affected by internal-origin dust,
while 15 cities were predominantly impacted by
external-origin dust events. Notably, 49% of the
cities in arid regions experienced air pollution

Temporal Changes in External-Origin Dust in Iran

primarily due to local dust sources, whereas 51%
suffered from air quality deterioration caused by
dust transported from distant areas (Figure 2). This
highlights the importance of monitoring external
dust events in arid Iranian cities, a factor often
overlooked in previous research. The subsequent
section of the study delves into the temporal trends
of external dust events in these regions.

Table 2: The frequency of internal and external dust events in cities located in arid regions of Iran (2000-2018)

Row Study cities

1 Zabol 6484
2 Zahedan 2859
3 Jask 4770
4 Bandarabas 3118
5 Bushehr 1564
6 bandarlengeh 3117
7 Nehbandan 1189
8 Tabas 587
9 Yazd 914
10 Iranshahr 2252
11  Saravan 1690
12 Khur-va-biyabanak 326
13 Chabahar 732
14  Esfahan 123
15  Abadeh 473
16  Anar 532
17 Kerman 387
18 Baft 30
19  Kahnouj 258
20  Sabzvar 491
21  Ferdos 334
22  Kashan 101
23  Bam 198
24 Torbatheydariyeh 320
25  Shahrbabak 317
26 Sirjan 111
27  Kashmar 120
28  Semnan 33
29  Shahroud 37

CCBY 4.0

Internal dust frequency External dust frequency Total

83 6567

2324 5183
57 4827
1628 4746
2373 3937
197 3314
2003 3192
2366 2953
1980 2894
381 2633
553 2243
1309 1635
865 1597
1471 1594
859 1332
634 1166
324 711
634 664
272 530
36 527
93 427
319 420
204 402
53 373
34 351
137 248
102 222
157 190
26 63
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Figure 2: Contribution of internal and external dust events in dry cities of Iran during 2000-2018

The trend of monthly changes of external-
origin dust events in arid regions of Iran

Time series data on monthly variations in the
frequency of external dust in the studied cities, as
shown in Figure (3), reveals a wide range of

JEHSD, Vol (9), Issue (4), December 2024, 2433-50

changes in external event frequency spans from 0-
6 in Shahrbabak, Sabzevar, and Torbat Heydarieh,
to 0-179 in Tabas, 0-145 in Nehbandan, 0-122 in
Esfahan, and 0-118 in Bushehr.
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Figure 3: Monthly time series of external dust events in study cities located in arid regions of Iran

Results from Mann-Kendall analysis revealed
that in April and June, 75.9% and 72. % of cities,
respectively, experienced an increase, while in
January, March, and May, this figure reached 69%,
in October and February at 65.5%, and in July and
September at 55.2% and 48.3%, respectively. In
August and November and also December, 41.4%

JEHSD, Vol (9), Issue (4), December 2024, 2433-50

and 34.5% of cities faced an increasing trend in
external events, respectively (Table 3, Figure 4).
Except for August and December, where most
cities either showed no trend or a decrease in
monthly external event frequency, in other months,
a prevalent increasing trend in this parameter was
found across the majority of cities under study.
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August recorded a higher number of cities with
negative changes compared to other months, while
more cities showed positive changes in April and
June. Mann-Kendall analysis identified significant
incremental changes in most months in Tabas,

Temporal Changes in External-Origin Dust in Iran

Kashan, and Bandar Abbas. Among the cities
examined, Bam, Zahedan, and Iranshahr in the
southeast of Iran demonstrated significant
decreasing changes in 4, 3, and 2 months,
respectively, surpassing other cities in this regard.
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Figure 4: Mann-Kendall statistics values related to monthly changes of external-origin dust in arid cities of Iran
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Table 3: Percentage of cities with positive, negative, and stable trend changes in the monthly frequency of external-

origin dust in Iran

Month Cities with stable trend (%) Cities with a positive trend (%) Cities with a negative trend (%0)

Jan 24.1
Feb 17.2
Mar 34
Apr 0

May 3.4
Jun 0

Jul 13.8
Aug 13.8
Sep 20.7
Oct 6.9
Nov 31

Dec 37.9

69 6.9
65.5 17.2
69 27.6
75.9 241
69 27.6
724 27.6
55.2 31
41.4 44.8
48.3 31
65.5 27.6
41.4 27.6
34.5 27.6

The trend of seasonally and annually changes
of external-origin dust in arid regions of Iran

Mann-Kendall statistic values for changes in the
frequency of external dust events on a seasonal and
annual scale are depicted in Figures 5 and 6,
respectively.

According to the results presented in Figure 5
and Table 4, over 7% of the studied cities
experienced an increase in the frequency of winter
dust storms, with significant changes observed in
Isfahan, Khorobiabank, Shahroud, Zabol, and
Tabas. Conversely, 24.1% of cities exhibited a non-
significant decrease, while the remaining cities
showed no clear trend. Regarding spring dust, a
significant ascending trend was observed in 76%
of cities, while 21% experienced a descending
trend. Approximately 3% showed no specific
trend. Notably, significant changes were observed
in Isfahan, Kashan, Khorbiabank, Semnan, Sirjan,
Tabas, Torbat Heydarieh, and Yazd for cities with
increasing trends, and in Bam for cities with

CCBY 4.0

decreasing trends.

In summer, 58.6%, 31%, and 10.3% of cities
experienced increasing, decreasing, and stable
trends in external dust, respectively. Substantial
changes were observed in Abadeh, Kashan, Sirjan,
and Tabas for cities with increasing trends, and in
Bam and Iranshahr for cities with decreasing
trends.

For autumn, a significant increase trend was
seen in 62.1% of cities, particularly in Abadeh,
Kashan, Khorubiyabank, and Tabas. Conversely,
34.5% of cities experienced a non-significant
decline, while 3% exhibited no specific trend.

A notable trend emerged in annual dust patterns,
with 75.9% of cities experiencing an increase,
17.2% a decrease, and 6.9% showing no significant
change. The most significant increases occurred in
Abadah, Isfahan, Kashan, Khorubiyabank,
Semnan, Sirjan, Tabas, Torbat Heydarieh, and
Zabol, while the most significant decreases were
noted in Bam and Iranshahr (Figure 6, Table 4).
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Figure 5: Mann-Kendall statistics values related to seasonal changes of external-origin dust in arid cities of Iran
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Figure 6: Mann-Kendall statistics values related to seasonal changes of external-origin dust in arid cities of Iran

Table 4: Percentage of cities with positive, negative, and stable trend changes in seasonally and annually frequency
of external-origin dust in Iran

Temporal Cities with Cities with a Cities with a
scale stable trend (%) positive trend (%) negative trend (%)
Winter 3.4 72.4 241
Spring 34 75.9 20.7
Summer 10.3 58.6 31
Autumn 3.4 62.1 34.5
Annual 6.9 75.9 17.2

In general, changes in the external-origin dust
frequency in dry areas of Iran from January to May
have shown a significant increase, followed by an
insignificant increase in other months (except

CCBY 4.0

August). Only in August, the trend of changes in
foreign events had a decreasing and insignificant
Furthermore, arid regions of Iran
experienced significant increases in external dust

trend.
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events during winter, spring, and autumn, as well
as annually. In contrast, summer saw primarily
insignificant changes (Table 5).

Table 5: Mann-Kendall statistics values related to
changes of external-origin dust in arid region of Iran in
different time scales

Month Z-value Season Z-value
Jan 2.7%*
Feb 2.4* Winter 2.6*
Mar 2.2*
Apr 2.7%*
May 2.4* Spring 2.7
Jun 1.8
Jul 15
Aug -0.2 Summer 11
Sep 0.7
Oct 1.7
Nov 1.3 Autumn 2*
Dec 1.3
Annual 2.2*

* and ** are significant at a = 0.05 and o = 0.01 levels,
respectively.

Discussion

The rise in dust events signifies the worsening
of wind erosion, land degradation, and the spread
of desert ecosystems in various regions > *°. The
occurrence of dust storms in nearby areas (internal
origin) and sometimes far from urban
environments (external origin) cause air pollution
and increase the concentration of suspended
particles in the atmosphere >” **. This could result
in a rise in respiratory and cardiovascular issues
among nearby residents and a deterioration in their

2939 Therefore, in addition to

quality of life
determining the contribution of internal and
external dust events, it is crucial to understand the
trend of their changes in different regions,
especially dry urban environments. According to
the study findings, internal-origin dust prevailed in
49% of dry cities of Iran, while external-origin
dust prevailed in the remaining 51% of cities. The
findings of this study are consistent with those of
some Iranian researchers on the greater proportion
of external dust events in certain regions of Iran,
particularly in the southwestern regions '*. The
dust in this area primarily originates in Iraq from
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land prone to wind erosion, then drifts to Iran *'.

The trend of changes in external events in over
65% of arid cities in Iran from January to June
showed a significant increase, while in other
months, the trend was negative and insignificant.
There was a seasonal increase in dust pollution
from external events in over 58% of the cities
studied during autumn and summer and in
approximately two-thirds of urban areas during
winter and spring. Generally, over 7% of Iran’s
arid cities experience an annual increase in dust
pollution from external storms.

Among the study cities, Isfahan, Kashan, Khuro-
va-biyabank, Yazd, Semnan, and Tabas exhibited a
more severe situation compared to others. These
cities not only had a higher frequency of these
events but also showed an incremental and
significant trend in their changes during the study
period. The results of this study are somewhat in
line with the findings of Yarmoradi et al. (2020),
who highlighted the rising trend in dust event
frequency at Tabas station. They also noted a
significant increase in dusty days at Zabol and
Zahedan stations, contrasting with the present
study results. This discrepancy can be attributed to
their focus on dusty days as opposed to the
examination of external origin events. Increasing
trends in dust pollution can exacerbate respiratory
problems, especially in high-risk cities for
vulnerable populations such as children and the
elderly’®. Reducing air quality can affect the
performance of urban infrastructure such as public
transport systems, streets, and water pumps and
can lead to a reduction in economic activities,
especially in the agricultural and tourism sectors’>
* In general, dust events can be considered a
natural crisis in most of the dry cities of Iran, and
city management should formulate crisis response
and preparedness plans and raise awareness with
the citizens in this regard.

Dust pollution resulting from the entry of external
particles into the mentioned residential zones
signifies an increase in land degradation and the
expansion of desert areas in the erodible vicinity.
Yazd-Ardakan Plain, located approximately 60 km
northwest of Yazd city, serves as a major dust
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production source *>*. Given the prevailing erosive
winds from the northwest in this city ', it is likely
that the Yazd-Ardakan plain contributes to the
external sources of dust particles causing air
pollution in the area. There are many areas prone to
dust production around the cities of Kashan and
Semnan. The main direction of dusty winds is from
the southwest *, and abandoned agricultural lands,
poor pastures, and bare lands are identified as areas
prone to dust production around them (Figure 1).
Therefore, it can be said that these areas are sources
of dust particle erosion that, after the occurrence of
dust storms and the transfer of particles towards
these cities, can cause air quality deterioration. The
city of Isfahan was also identified in this study as
one of the most affected cities by foreign dust. As
shown in Figure (1), areas susceptible to wind
erosion and dust storms are mainly in the southern
and eastern regions. During hot seasons, dusty
winds come from the west and south-west *,
making these areas unlikely to collect dust particles.
It appears that eroded dust particles are transferred
from other areas to Isfahan, requiring further
research, which is not part of the present study
goals.

The results can also contribute to a deeper
understanding of dust challenges in Iran and can be
used as a tool for better awareness of global
environmental impacts. In general, the findings
showed that 58% of dust events in dry areas of Iran
have external sources. This shows that many of the
country's dust problems are affected by
environmental and climatic factors outside the
borders of Iran. This issue can be related to the
issue of desertification and climate change,
especially in neighboring countries®.

Generally, the study highlights a significant
increase in external-origin dust across many
Iranian cities, indicating a need for several urban
management interventions: enhancing monitoring
and early warning systems, expanding green
spaces such as parks and green roofs to mitigate
dust effects, considering urban design and density
to reduce wind speed and dust emissions, and
enforcing stringent air quality regulations to limit
emissions, particularly during dusty seasons.

CCBY 4.0
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Conclusion

This study has investigated the long-term trend
of changes in the frequency of external dust
events in arid urban areas of Iran in the period of
2000-2018. The results showed that external dust
events have increased significantly in dry urban
areas of Iran, especially in recent years. This
increase has directly affected the air quality and
the health of citizens, indicating that air pollution
in these areas is mainly caused by external
sources. The seasonal and spatial patterns of dust
events also show that the central regions of Iran
are more exposed to this phenomenon. The
findings  highlighted the importance of
comprehensive and integrated management of
dust sources in dry areas of Iran. Measures such
as revitalization of vegetation, stabilization of
moving sand, improvement of water resource
management, and development of dust monitoring
and forecasting systems can be effective in
reducing the destructive effects of this
phenomenon. However, to achieve better results,
there is a need to carry out more extensive studies
in the field of dust transmission mechanisms, its
health effects, and to evaluate the effectiveness of
control strategies. Given that external sources of
dust have not been specifically identified for the
studied cities, establishing a direct relationship
between these trends and climate change remains
challenging. Therefore, it is recommended that
future studies focus on identifying these sources
and exploring their climate impacts on external
events to increase our understanding of the main
drivers of changes in these events.
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