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Extended Abstract

Introduction

Dust storms have become a serious problem in Iran, and the scope of this issue is
increasing steadily. The country of Iran, due to its geographical location and climatic
conditions, is particularly susceptible to dust storms. Dust storms and the spread of haze
in various regions of the country have been some of the most significant environmental
challenges in recent years, affecting not only Iran but also the Middle East and Western
Asia. These challenges have had adverse social, economic, environmental, and
commercial effects on the people of this region, severely disrupting their daily lives.
Additionally, dust is considered a significant source of heavy metals in the environment.
The aim of the present research is to examine meteorological codes and evaluate the
performance of detection algorithms in identifying dust storms in Kerman Province. This
study aims to provide a better understanding of dust phenomena in this province and
assesses the accuracy and efficiency of various algorithms in detecting dust storms.
Furthermore, it identifies the most effective algorithm for this purpose.

" .Corresponding author: Hamzeh Saeediyan  Email: Hamzah.4900@yahoo.com Tel:09163900827
How to cite this Article: Madanchi, P. , Saeediyan, H. , & Damizadeh, M. (2024). Evaluation of
meteorological data and satellite images in identifying dust phenomenon in desert areas (Case
study: Kerman province). Journal of Geography and Environmental Hazards, 13(4),291-313

M ©2024 The author(s). This is an open access article distributed under Creative Commons

Attribution 4.0 International License (CC BY 4.0)


mailto:Hamzah.4900@yahoo.com
https://doi.org/10.22067/geoeh.2024.87528.1476
https://orcid.org/0000-0002-7887-5574

Material and Methods

Kerman Province, with an area of 182,301 km?, is located in the southern part of Iran
between 53°26' to 59°29' east longitude and 25°55' to 32° north latitude. It is the largest
province in terms of area. The northern boundary of the province is bordered by the
provinces of Khorasan and Yazd, the southern boundary by Hormozgan Province, the
eastern boundary by Sistan and Baluchestan Province, and the western boundary by Fars
Province. The average annual rainfall in the province is 145 millimeters, which is
approximately 58% of the national average and 19% of the global average rainfall.

To evaluate meteorological data and satellite images in detecting dust phenomena in
Kerman Province, data from thirteen synoptic stations covering a period of 20 years (2000
to 2020) were obtained from IRIMO. MODIS images were used to analyze the dust
phenomenon. To detect dust, codes 06 and 07 were applied, along with algorithms such
as Ackerman, TDI, TIIDI, Roskovensky and Liou, NDDI, and Miller.

Results and Discussion

Dust storms are common phenomena in arid and semi-arid regions of the world. In recent
years, the occurrence of frequent and intense dust storms has become one of the most
destructive environmental disasters in the Middle East, with Kerman Province being one
of the regions most severely affected. This province has been given particular focus in
this research.

The results showed that Sirjan station has the highest occurrence of dust storms with both
local and regional origins, while Golbaf station has the lowest occurrence. Bam station
recorded the highest annual frequency, while the least occurrence was observed in Babak
city, with only two days of dust per year. Among the studied algorithms, the TIIDI and
TDI algorithms demonstrated better performance compared to others. Overall, the annual
frequency data with a horizontal visibility of 1,000 meters or less indicates an increasing
trend in dust storm occurrence from 2000 to 2011, followed by a decline until 2020.

Conclusion

Although the Ackerman algorithm showed relatively acceptable performance in detecting
dust, it performed poorly in northern regions and near dust source areas. Studies on other
algorithms indicate inadequate performance in detecting dust phenomena in the studied
area. Therefore, it is recommended that, considering the specific conditions of Kerman
Province, serious attention should be given to identifying dust source areas and planning
strategies to control and mitigate the negative effects of dust storms. This is essential for
future research projects to prevent potential damage to industrial and agricultural facilities
and other vital infrastructure.

Keywords: Dust Storms, MODIS Data, Meteorological Codes, Detection Algorithms,
Kerman Province Dust.
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Table 1- Description of the codes related to dust storms (Zangeneh, 2014)
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Definition Code
el sdal ol 4 33 BB 51 aS St 5 0 0B s S a3 Glee JLE s S 06

Dust suspended in the air caused by a sand storm and dust that came to the station
from far away.

el 0l il by el 3 OF (Sos5 b g oKyl 3 b aloga a5 2 L Sl s § 07
Dust or sand that has been lifted by the wind at or near the station during the watch.
el o oaline OF Gl bl b 5 olKausl 555 3 anly ol (glasts S 08
Evolved tornadoes have been observed in or around the station itself.
sl Gl s ledys cele 3 Slgs 5 0l g 09
Dust storms watched around the station.
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A mild or moderate storm of dust or sand that has decreased in intensity over the
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past hour.
cl 03 S5 et O s w2238 cele (b oS 3 L Sbigs S bgte b oSl 0B g 31
A mild or moderate storm of dust or sand whose intensity has not changed over the
past hour.
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A mild or moderately dusty storm that has increased in intensity over the past hour.
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The severe dust storm or sand, which has reduced the intensity of the storm over the
past hour.
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Severe dust or sand storm that the intensity of the storm has not changed over the
past hour.
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Severe dust or sand storm that has increased in intensity over the past hour.
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Table 2 - Specifications and Application of MODIS Satellite Images
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Table 4- Frequency of days with dust (2000-2020)

Vs 7 as
e&ﬁ‘
& Code 7 Code 6 )
sum s o s o Station
Percentage Sum Percentage Sum
St
10 60 6 40 4
Anar
61 53 32 47 29 =
Bam
8 25 2 75 6 =
Jiroft
i)
8 375 3 625 5 (oblor) 2
Jiroft (Miandeh)
8 75 6 25 2 S
Rafsanjan
o8y ,3) Olond
4 50 2 50 2 (4522,2) S
Rafsanjan(Airport)
12 50 6 50 6 =

Zarand
3 100 3 0 0 Ol o




VEoF Olins oF o jlas A“ﬂ.\lq-k;k?w leabmjl:ﬁ‘jv- 4yl

Y.y

18

25

16

21

196

61

722

50

36

31.25

9.52

49.95

100

9.52

13 27.7
1 50
9 64
5 68.75
2 90.47

90 50

32 90.47
1 0

Sirjan
5 shgd
Shahdad
L Sl e
Sharehbabak
5le
16 LS
Kerman
11 el
Kahnouj
LY
19 i
Golbaft
106 -
Plural
S|
29 e
Maximum
5|
0 Sl
Minimum

<

39y [ Sloss
- 4 1 % ©

@/5 Sum in Station WKyl s e
\Y¥44-1YVY L;JLJ 093 ‘_;E QLAJS ol ‘_;Lhe\gi.wi‘ ‘_;|J.3 JL,'FJ;; ;‘J&J J‘J‘f’ SNl tM -Y JS.J:

Fig. 2. The total annual frequency of dust occurrence for stations in Kerman province
during the statistical period of 2000-2020
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Fig. 3. The annual average of the frequency of dust occurrence for stations in Kerman

province during the statistical period of 2000 -2020
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Fig. 4. The total annual frequency of dust occurrence for Anar station during the
statistical period of 2000-2020
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Fig. 5. The total annual frequency of dust occurrence for Bam station during the
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Fig. 6. The total annual frequency of dust occurrence for Jiroft station during the
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Fig.7. The total annual frequency of dust occurrence for Jiroft (Miyandeh) station
during the statistical period of 2000-2020
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Fig.16. The total annual frequency of dust occurrence for Golbaf station during
the statistical period of 2000-2020
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