Environmental Sciences (Environ. Sci.) Vol 22, Issue 2, 2024: 289-304

Original Article

Received: 2024.01.13
Accepted: 2024.03.04

ISSN: 2588-6177

Analyzing the Trend of Changes in the Dust Storm
Index (DSI) and Its Relationship with the
Meteorological Drought in the Arid Climate (Case
Study: Semnan Province)

Ebrahim Yousefi Mobarhan, 1* = Ali Khaleghi?

1Soil Conservation and
Watershed Management
Research Institute, Semnan
Agricultural and Natural
Resources Research and
Education Center,
Agricultural Research,
Education and Extension
Organization (AREEQ),
Semnan, Iran

2Department of
Desertification, Faculty of
Desertology, Semnan
University, Semnan, Iran

How to cite this article:
Yousefi Mobarhan, E. and
Khaleghi, A., 2024.
Analyzing the Trend of
Changes in the Dust Index
(DSI) and Its Relationship
with the Meteorological
Drought in the Arid Climate
(Case Study: Semnan
Province). Environ. Sci.
22(2): 289-304

EXTENDED ABSTRACT

Introduction: Dust is a common phenomenon in arid and semi-arid regions. One of the factors
that play a role in the occurrence of this phenomenon is the change in weather conditions, which
leads to drought, and the drying of lakes and rivers has caused crises such as sandstorms. This
phenomenon leads to negative effects on agriculture, water and soil pollution, and respiratory
diseases, as well as environmental and social challenges such as reduced visibility and road
accidents. The purpose of this research is to investigate the relationship between the DSI dust
index and SPI standardized precipitation drought index in Semnan Province.

Material and Methods: The studied area of Semnan Province is located in the southern region
of the Alborz Mountain range. To investigate the effect of drought on the amount of dust, the
daily data of dust, monthly rainfall, temperature, relative humidity and evapotranspiration of
five synoptic stations of Semnan Province within a period of 15 years (2003-2017) were used
on an annual scale. During a 15-year period, the drought storm index (DSI) was determined for
the synoptic stations using the dust storm index, and then the cumulative DSI index was
calculated. Afterwards, statistical and experimental evaluations was done on annual
fluctuations to identify potential trends. Also, experiment and linear regression analysis were
used to evaluate the correlation of standard precipitation index and dust storms, and Arc GIS
software was used for zoning.

Results and Discussion: The results showed that the average annual temperature in the region
has increased from 2003 to 2017. This rapid warming has caused drought and as a result,
temperature, evaporation and transpiration have also increased and led to a decrease in rainfall.
A month-by-month survey of wind speed in different stations showed that there is a possibility
of dust in the province in the months of June and July when the maximum wind speed prevails.
On the contrary, the months of December and January experienced the least occurrence of dust.
The annual changes of DSI (2003 to 2017) showed an irregular shape and do not have a trend.
Thus, in 2011, the intensity of dust was high and decreased in the following year, and the same
was observed in 2016. According to the SPI index, Semnan Province was in the normal drought
category with a score of 0.59. The in-depth analysis of the correlation chart between the
standardized rainfall indices and DSI showed that the DSI has increased along with the severity
of drought during the study period and there is a good correlation between the DSI index and
the meteorological drought in the region, so that when there was a drought period, the value of
DSI decreased and when it was a drought period, the value of the dust index increased.
However, there is no significant relationship between these two indicators (p =0.07 and
R2=0.22) during the 15-year research period.

Conclusion: Our findings indicated an increase in dust from the west to the east of the province
due to the increase in average dust storm days. Correlation results between SPI and DSI index
showed that although DSI index increased during the analyzed period along with the severity
of drought, the correlation between the two was not significant. However, the DSI index trend
pattern was consistent with the drought pattern trend. Finally, the correlation between drought
and DSI has always fluctuated according to droughts.
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Table 1. Specifications of synoptic stations of Semnan Province
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Fig. 2- Chart of long-term changes of annual (a) and monthly (b) precipitation of synoptic stations of Semnan Province
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Fig. 3- Chart of long-term changes in annual (a) and monthly (b) temperature of synoptic stations of Semnan Province
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Fig. 4- Chart of long-term changes in annual (a) and monthly (b) prevailing wind speed of synoptic stations in Semnan Province

VF-¥ ub.wla At a)‘.n..i) Y 0,99 ‘6"‘3;“ e,l.c aollad
Yag



S 5 By Ay

300
250
w
150 =

00

Coglie) (33255 yussd (ruSilie

50

Jan,

Feb. Mar. Apr. May June Jul.
ol

Aug Sep Oct. Nov

=l )S  l lly =mayalh = L

iaglendd yaig yusesd (yaSileo

Dec

1500

1400

1300

1200

1100

1000

900

800

2002
2003 |
2004 |
2005 |
2006
2007
2008 |
2009 |
2011
2012
2013
2014 .
2015
2016
2017
2018

ol f 0 e 8 laaly 8y als —8— s L

Obomw sl Sy g ol | () ailalo g (AIN) Yl Juiliy 3525 9yt Oy Ol i Hloged -0 JSC&
Fig. 5- Chart of long-term changes of annual (a) and monthly (b) evapotranspiration potential of synoptic stations of Semnan

st el Sulal 5 VD sl Jade b aies
o aieb Lawgte Sk o Vojleds Joozr ;o (Sl
SPl) Sl ojalinl 5 DSI Lasls oo W o
TEF (e o bl 352 gsllacl (Sten
55 slolbsls  cliilon JLSas a5 ol s laasil,
5 oy ibae @l o o5 jslailen o lui 5l L
o0 o bl asls o5 wb edls olas (VYAD) o
@l Grizres wlllige Ly oo L 5 05 L Sk
9955 £ (pitde a5 b (L OYAY) e 5 (89

ol JLSi5 sloo g o L

Province

ol (SPD) (Swijb oo o laibiwl asle 5l solinad b
G aib /0% 4, sl by JlSes oo, 5o liaw
L)uL»‘;g‘) g)b*u‘L;LuJi$;$ ;JS‘)ﬁ asas Y glggl.ﬁk*u‘odgb
L oleels o] a5 ol QT I S G glaaidl
.Q):su.n)‘)ﬁja.wjl.ob_n“&bo\)))éspl=—’/\a oLl
5 09,80 5 liows jluse 5 (SlaolKiun] o5 (sgm )|
3 &S Qs +/YF g +/A) < /YY SPIl gla ozl ol

oEiLwi‘s bﬂg} Lfﬁﬂf &g)thsA )bé Lﬂéﬁ g; i 0,

Ol ylaw! gvolus | wll p Jluslis oy alb -Y Jous

Table 3. Classification of drought based on stations in Semnan province
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