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Summary

One of the effects of drought is the loss of vegetation, drying of wetlands, and desertification,
which in turn can create an appropriate substrate for the dust and increase the concentration of
aerosol. In this research, with the aim of understanding the spatial and temporal changes of dust
storms in Golestan province over a period of 20 years (2000 to 2020), AOD (Aerosol Optical
Depth) data from MODIS were used. So, dust detection when the AOD value was greater than 0.5,
was considered a dust event. Also, the monthly horizontal visibility data of 10 synoptic stations
with appropriate distribution in the province were used to validate the AOD product. Monthly
horizontal visibility data is obtained by averaging three-hour horizontal visibility at 10 synoptic
stations in Golestan province. With the aim of investigating the annual and seasonal distribution of
dust in the Golestan province, a diagram of the number of days with dust in the study time was
obtained. Then, the map of the spatial changes of dust was also presented. To investigate the
intensity of influence of Golestan province from the deserts of Turkmenistan, in addition to
tracking the dust transfer path using the output of the HYSPLIT model for a selected event from
each season, synoptic analysis was also performed using ERA5 data. Also, the trend of dust
changes in the Golestan province and deserts of Turkmenistan was investigated. The validation
results with a correlation of 0.66 show the ability of AOD data to present the dust distribution in
Golestan province. According to the obtained results, in fact, there are two time periods with low
occurrences of a dust storm (2000 to 2007 (except 2003) and 2016 to 2020) and one-time period
with high occurrences of a dust storm (2008 to 2015). The highest number of days with dust is in
the summer season and the lowest is in the winter season. In terms of spatial distribution, the
northern regions of the province, i.e., Gonbad-e kavus, Aqgala, and Gomishan, are more involved
in dust phenomena than other parts of the province. During the statistical period, the highest AOD
value occurred on 7" September, 2020 with a value of 4.1. Tracing the dust transfer path using the
output of the HYSPLIT model in the region showed that the main source of dust in the province
was from Turkmenistan and especially the deserts of the Balkan province. Tracking the dust
transfer route using the output of the HYSPLIT model in the region showed that the main source of
dust in the province is mainly from the desert areas of Turkmenistan. The synoptic analysis of the
selected day from each season generally indicates a strong pressure gradient in the region of
Turkmenistan and north of Iran in such a way that the northerly winds in Golestan and the east of
the Caspian Sea are significant, which causes the soil to rise, and it is transported to Golestan
province. Also, on the selected days of spring, summer, and autumn, there is a ridge pattern and
stable atmospheric conditions in the middle level of the troposphere, leading to dust persistence. In
the winter, due to the presence trough of low in the middle of the troposphere and the occurrence of
precipitation, the intensity of the dust is weaker. Also Comparing the annual and seasonal
distribution of dust storms in the Golestan province and Turkmenistan shows the simultaneity of
events.
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Backward trajectories ending at 0300 UTC 28 Mar 08
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Job 1D: 113580 Job Start: Sat Oct 8 06:16:44 UTC 2022

Source 1 lat.: 37.282795 lon.: 54.552612  height: 500 m AGL

Tra clo Dlrecuon Backward _ Duration: 10 hrs
lotion Calculation Method: Model Vertical Velocity
Me(eorology 0000Z 22 Mar 2008 ‘GDAS1

jow,?)ij\iug‘fu));)u})gﬂw
a5 Ul ols 08 Ol 4 0T s 58 JUis!
5 ety Sl 1 ey Sl 515 S
p0 o e (VY JSC8) ailate s ol oIl

.@\euaib):dfu-):;)p
0355 e 6 50 S 2l b 3 5y Jed (1
08 Sligs &S YN b VY 5y, S g3 §
(Gt JSs) ol 03,8 8 55 1, Ol 1 gL
2l (6 Ky s 4y 4 5 LA Ol 4 5ad Ol s
‘ﬂabyvfﬁrmccr)\; (5110 "CRGICAWE Ky
(oY JS2) il o OkieS 5 0L 535 51 59
VYF S 0 L (6 Sl Crns 05 55500 52
35 55 slys 6y (CFVF S) JISSl 58a
Olewl gaibie 5y ) Jlad SUL > 5 Cnl o3 S
B g 43) gy o Sl s oS
¥ e JK8) Sl 03,57 3 5 40 (e e |
Lo Sl o sia 68 g3 Sl 3155 53 (¥
Cl 5 (VP JS2) doas e Ol 1y (g )le sl

J_kfcj\xbjsz@‘)‘}jﬂfdb)éﬂv\ih

()

56.5 57
0
3
“
-3
“
0
-
el
St ptolss =
0
N
“
. N sgetemn
p 200
WosgBL g 051
i L1-15 "
S
200
0
T ~Q
56.5 51 °

()
(o Ol Joad) TooA sl YA S5 o 0keieS 5 5 0kedS Ol ailie 53 (AOD) ijslsn 55 Gos S mis (A4 K&

)j)dw)bwn)ckd)‘jh()" CLL?)')JHYSPLIT d""‘fﬁj"



VE oY Olugl of o ledd (F4 093 clad g pue) S

Geopotenttcﬂ helght (SDDhF’G)

©)

U and V component of wind (950hPa)
= /

latitude

longitude

(s)

latitude

ov§

Mean sea level pressure

longitude
()

U and V component of wind (10m)

B ,,,,;,,fx\\\\\\ M.
. SNy

60N

SSNT 7 2/ //‘,/',),,// /

SON -

45N

latitude

VALY

| 3 : \ \‘J»\' “ yfn W
S0E 60E 70E 80E
longitude —

05 4 ged O‘)Q&A{;}Tj‘c}tjjj)&}“"/\ o sbe YA 555 55 by pKle oy gt andllans ) g adlaive 53 G don (glaaiis N+ s
o ey 55 oy ISl S8 000 315 el 55 ) (0 SISl 5K o s el o e L3 (il gy b
ore gl Jsles ‘Lu“jd) Il 588 400 315 (gule sl (0 il 5 20 o 5y oy gl Sl ) gLl s ol oL (z

NOAA HYSPLIT MODEL
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GDAS Meteorological Data

Source % at multiple locations
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Job ID: 114032 Job Start: Sat Oct 8 06:39:04 UTC 2022
Source 1 lat.: 37.282795 lon.: 54.552612  height: 500 m AGL
Direction: Bad(ward Duration: 10 hrs
V lcal ion Calc Model Venx:al Velocity
Meteorology: 0000Z ‘I Jm 2015 - GDAS1

)

b e () e Sl %

ol ke sl o

Ol ad 53 &sed Olsea YoV Juy,}r;ujjj)gu\«pau.\\ Jss



latitude

)

Geo otential height SCOhPa
so S22ROte! ght ( )

55N 1
SON-,
45N 1%

%
40N -

Lo Vol P
40E

)

U and V component of wind (950hPa)

ST

S e

longitude
(5)

Ol Joad 53 4 el ul}&mg\)lg},ﬁjb

NOAA HYSPLIT MODEL
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Job ID: 113764 Job Start: Sat Oct 8 06:24:51 UTC 2022
Source 1 lat.: 37.282795 lon.: 54.552612  height: 500 m AGL
Tr Direction: Backward  Duration: 20 b
Vi cal ion Calculation Method:  Model Vemcal Velocity
gy: 0000Z 22 Sep 2014 - GDAS1
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Backward trajectories ending at 0300 UTC 29 Jan 18
GDAS Meteorological Data
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Job ID: 114242 Job Start: Sat Oct 8 06:49:12 UTC 2022 1-15
Source 1 lat: 37.68 lon.: 55.06 height: 500 m AGL
200

Trajectory Direction: Backward  Duration: 20 hrs
Vertical Motion Calculation Method:  Model Vertical Velocity
gy: 0000Z 29 Jan 2018 - GDAS1
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