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Fig 2. Location of synoptic stations in Golestan province
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Tablel. Details of synoptic stations in Golestan province
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Elevation Latitude Longitude Establish year  Station type Station name
13.3 36.91 54.41 1363 S sLlpla
synoptic Hashemabad
44 32.27 55.20 1371 S e oSS
synoptic Gonbad Kavous
127 37.38 55.46 1380 S e s
synoptic Kalaleh
450 37.80 55.95 1372 S o & esle
synoptic Maraveh Tappeh
184 36.90 54.91 1384 S J5S oLl e
synoptic Aliabad
2 36.91 54.41 1386 Sy OB By
synoptic Gorgan airport
-10 36.91 54.06 1386 S S oS Aok
synoptic Bandar-e-Torkaman
-16 36.78 53.96 1390 S e Bk
synoptic Bandargaz
7 37.45 5472 1388 SR S 3 ez
synoptic Inchebroon
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Fig 3. Annual wind rose diagrams for ten synoptic stations of Golestan province
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Fig 4. Seasonal wind dust diagrams for Gorgan synoptic station
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extracted from Google earth Engine system
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Fig7. Dust density extracted from MODIS satellite AOD product related to July 2003
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Fig 8. Dominant wind direction in July 2003
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Fig 9. Dust density extracted from MODIS satellite AOD product related to July 2009

S5 ml 9 Sy

Google earth Engine <ol ;5 48 ~1 b L Sl axllas s
a)'l.g BEER) Qw dl.:.w‘ 63 gd>=e 42 Llale )L:..F 9 bjf olle
sl pll Slalllas i ol Fuzal (Yoo =Y AV) VA s
ol 558 s Sesls L AOD  axls svwloms 3
Sl 5 a8 bl s sl s asls ol calie 35 sl
OLS AOD asls asdllas Sl adal cods s [IVNE] o
ChlE e Sl 5 Y 1 S VL JLE 5 5 S e S sl
Ol s s Sl w5 L el WA Bl Gl 5 5 S
SLE 535 lackle 1 ol i 0 G0 0 AOD a5l
sal oy sl 5 S 3 g8 od s o Ypeme V5
5,5 altns 45 s e 0L OdS Olial 5 JLé 55 S chle
et e Sl e LS Olial s lale Bl 4 L
53 AOD a5l AUl ge Sl s ) edal Gy il
WVl L g2e AOD Sldis o VL a5 das e 0LES OldS Ol
ML\J ~/\"'\Q L:Y'\\ dlﬂﬂjﬁmﬂj ~/Y'T\ l{Y"q JLA)A b
U'-"J'.”"‘:"-”"’ JL.» 92 U'-'~‘ B S ol d‘i‘ ok Llis abuws U'l‘ .ﬁ‘ﬂ.}ﬁ
Qw‘ IS4 &)‘ﬁ u\:....lf Qb‘)))h&jhjf C_}S) IR

AOD 4«5 wsls olis S C”'b B c[Y\] Qb&w& 9 Li.:)
S 6Se lal 3 YW B YA Sles o3l Lo oVl Jau gz

VY€ oo ol.:*ua'u —oYy b)lm:s —N.b.:}il.; Jl.w

1o

Sl ol 151 (4) K5 55 (Y004 L;Yﬁrmup;@bﬁf
Glaalansl 53 T (¥ 5ol 533k g 55 (V0) JSKa s
5 NS (asSuS lide WS oliiile (a8 5y
ool Ty AOD slas L aS ol ol osls ioles adesl
w)ﬁjumwx_@u@w ls Cbllas e o)l sale
JSE)MODIS  slas 5l = st 5lé 555 oS > oy JI5
33,5 andly plsyse 5o (Ve JK8) Ol Oles 3 sk cgr 5 (4
orl e dasOLES s en s YooX (V55 5le 55 S axdly il 50 JLs
CLE S g o3y ol Lie gl Lo 55 a8 col i

il 0l 315 OleedS Oleal 4

VA S5 58 B sk e -V S
Fig 10. Dominant wind direction in July 2009

Ol ool owiigs 9 pgle



V53 5T T V55 oo ate g pBs 4 LS 53,8 el 5 S
)‘jé.\.«ld‘ﬁ\))\juﬁ)‘)uo)f}w‘)f)lkgl.@.«.AcY"Q
el ol 3505 OleedS Olil @ 5558 Il sla is

&b

1. Agjmand, M. Rashki, A. and Sargazi, H. 2018.
Monitoring of spatial and temporal variability of desert
dust over the Hamoun e Jazmurian, Southeast of Iran
Based on the satellite Data, Journal of Scientific-
Research Quarterly of Geographical Data (SEPEHR),
27(106): 153-168. (In Persian)

2. Azarnivand, H. Gholami, H. and Khosravi, H.
2006. Desert Dust in the Global System. The Tehran
University Press, Tehran, 300 p. (In Persian)

3. Dong, Z., Yu, X., Li, X., & Dai, J. 2013. Analysis
of variation trends and causes of aerosol optical depth
in Shaanxi Province using MODIS data. Chinese
Science Bulletin. 58(35): 4486-4496.

4. Fallah zazuli, M. Vafaeinezhad, A. R. Kheirkhah
zarkesh, M. M. and Ahmadi dehka, F. 2015. Source
routing of dust haze phenomenon in the west and
southwest of Iran and its synoptic analysis by using
remote sensing and GIS. RS & GIS for Natural
Resources. 5(4):61-78. (In Persian)

5. Goudie, A. S., & Middleton, N. J. 2000. Dust
storms in south west Asia. Acta Universitatis Carolinae,
Supplement, 7383.

6. Iran Manesh, F. Arab Khedri, M. and Akram, M.
2005. Investigation of dust origin and characteristics
of their spreading in Sistan’s storms, Iran region, using
image processing. Scientific Information Database.
18(2): 25-33.

7. Jafari, M. Zehtabian, Gh. and Mesbahzadeh, T.
2018. Statistical analysis the phenomenon of Dust Storm
(case study: Isfahan), Iranian Journal of Rangeland and
Desert Research, 25(4): 863-876. (In Persian)

8. Justiniano-Santos, A.M. 2010.
Saharan aerosols on phytoplankton biomass in the

Influence of

tropical North Atlantic Ocean (Doctoral dissertation).

9. Klingmiiller, K., Pozzer, A., Metzger, S.
Stenchikov, G. L., & Lelieveld, J. 2016. Aerosol optical
depth trend over the Middle East

YEo o Ll —0F o ,)lons —p23 5L Jlw

"

ol 53 55 6503 Slalllas sl aze /TYY ey SLe B VAT
S eslinad U Sl ity Co bl s sline el S Oler
OLLS a8 sl odnsy plosil 4 (6592 51 Shamiws SLSUSS 5 a3
U8 e os Y Ges k3 5 pla e o sl b das
D] s S jasinly jle 55,85 Sl gble 385 b g
3o sk DV pame Sl S s sla s s ax S
5 b Sldlas Ll (ol o eslizad AOD asls il
o sd B ml stanls ot Swl Sldlas ppoas
)@jaﬁwu&zbjdﬁw&ao&\ﬁaﬂ;uﬁ}u
[aa] sl r_aa\_)e B

5 OkdS Ol s Le 5 35 ey Cuenl w2 S
(s opl Gldal Kos slaakal 53 OF €V &l uis IS W5,
35 g8 Olessn ol s 5 g 5 lad sl LAl aalllas
g5 4 ols 528 5l Jle bl 5 CS > 55555 s OLE
Lile ol pll Oldlas & 53 ssd (3l sy
o2l 5l A el slasalr 5 [V] 0L 5 (s her
osbizl Slabe 5 £V JLé 55,8 e sl shie 4 AOD
oarls sl eslanal Ly 5le 55 8 clle ol s Wy, 505 S
LG 5o ol g e Ly cpl s ol el eslinl
SLoLAS 5 AVl GlasldS e 5 L Jle cilois gl > LI
)Jal{q@?éﬂbdaQLiJeguleg@bjdmfbalM
Lol 2B 5 o5 o8 s 5 o OlE 528 gy Ol
S 3l 3055 oS Olies) 5 5ml Joad 53 5o g Il
35 45 A e 0L 2 L VA 55 AOD e Ls aallls s
s 5l 5 3,8 e 5 S e Oliess 5l e
AOD _astls 5l st andllas 55 55 V¥ OLSar 5 5 sitames
S b Ol 0 s Slale sl 50 8 B ol sl Cgr
AOD Ol3n (s iy 45 313 OLE soal sy gl 33 5 ealiz
Al o (Ol 5 5le) S STE Ll (baole a0 Lg e

J%fguﬁﬁwduwwﬁqu‘ 3L g andllas o
A= 5ke 558 asdly 55 bl il 5 eds o3 L
o3le] ooy ame ol s Aol 5 (Yo ed N5 5 VoY 6Y53)
sl sl s poses Dbl OO L aS das e 0L
Ll & ol SliaS 55528 UL Oliad b gla)ls 55 5
212 Ol ol et g 6 585 4 5L 53 8 Gbsedoy )3 5L g
OledS Ol Glasle 5 5.5 55 OS5 5 4iS BB 5 0340
Ol 55t andllas 3 50 PIT] 0L 5 ) pdeses ool K 5eS
AOD o=l 5l edal coy Jle 53 5 S miF S sl
el Jloim g S (S Gl s g0 o iz

oslsale polal Sy (,m b asdls 1 Ll (’K BE
Y33 5 YT V55 S gle 558 axdly 93 55 s s
G ol Lsy 5 AOD Sl &l i 65 sls 0lis (Yer4

1. Justiniano Santos

Ol S 135l (omwsias 9 @ole



18. Soleimany, A. Mohammad-Asgari, H. Dadolahi-
Sohrab, A. Elmizadeh, H. and Khazaei, S.H. 2016.
Evaluation of optical depth from MODIS satellite
imagery in the Persian Gulf, Journal o Marine Science
and Technology. 14 (4): 75-83. (In Persian)

19. Sorek-Hamer, M., Kloog, 1., Koutrakis, P.,
Strawa, A.W., Chatfield, R., Cohen, A., Ridgway,
W.L. & Broday, D.M. 2015. Assessment of PM2. 5
concentrations over bright surfaces using MODIS
satellite observations. Remote Sensing of Environment,
163:180-185.

20- United Nations Convention to Combat
Desertification. 2015. www.unccd.int/,  Official
documents.

21. Wang, D., Zhang, F., Yang, S., Xia, N., & Ariken,
M. 2020. Exploring the spatial-temporal characteristics
of'the aerosol optical depth (AOD) in Central Asia based
on the moderate resolution imaging spectroradiometer
(MODIS). Environmental monitoring and assessment,
192, 1-15.

22. Zeinali, B. and Asghari, S. 2018. Evaluation of
some indicators to identify and monitor dust storm
(case study: dust storms 10 August 2008 East the Iran),
Journal of Geography and Planning, 22(65): 205-222.
(In Persian)

23. Zhou, Y., Li, N., Wu, W., Wu, J., Gu, X., & Ji,
Z.2013. Exploring the characteristics of major natural
disasters in China and their impacts during the past
decades. Natural Hazards. 69 (1): 829-843.

24. Zong, X., Xia, X., & Che, H. (2015). Validation
of aerosol optical depth and climatology of aerosol
vertical distribution in the Taklimakan Desert.
Atmospheric Pollution Research, 6(2), 239-244.

YEo o Ll —0F o ,)lons —p23 5L Jlw

a\%

10. Mei, D., Xiushan, L., Lin, S. & Ping, W. 2008, A
Dust-Storm Process Dynamic Monitoring With Multi-
Temporal MODIS Data, The International Archives
of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, Vol. XXXVII, Part B7, pp 965-
970.

11. Mirakbari, M. Mesbahzadeh, T. Mohseni saravi,
M. 2018. Temporal trend study of hydrological and
meteorological drought in Karkheh watershed. Iranian
Journal of Watershed Management Science. 12(40):
115-124.

12. Miri, M.2011. Statistical analysis - synoptic of
dust phenomenon in the western half of Iran. Master
Dissertation. Faculty of Geography. Tehran University,
110 pages. (In Persian)

13. Mohammadpour, K., Saligheh, M., Darvishi
Bloorani, A. and Raziei, T. 2020. Analysis and
comparing satellite products and simulate of AOD in
West Iran. Journal of Spatial Analysis Environmental
Hazards, 7(1): 15-32.

14. Morcrette, J.J., Boucher, O., Jones, L., Salmond,
D., Bechtold, P., Beljaars, A., Benedetti, A., Bonet,
A., Kaiser, J.W., Razinger, M. and Schulz, M.. 2009.
Aerosol analysis and forecast in the European Centre
for medium-range weather forecasts integrated forecast
system: Forward modeling. Journal of Geophysical
Research: Atmospheres, 114(D6).

15. Shahkoubi, E. 2011. Investigating the role of
climate in tourism planning in Golestan province.
SEPEHR. 20(79): 1-96.

16. Shoai, Z. 2016. Intensification of dust storms is
an important environmental challenge of the last decade
in West Asia and Iran, The 1st international conference
of iranian natural hazards and environmental crise
strategies and challenges, Ardebil, Iran.

17. Silakhori, E., Niknahad Gharmanakher, H. and
Aghtabye, A. 2018. Desertification risk assessment of
Incheh-broun area in Golestan Province using ESAs
model. Iranian Journal of Range and Desert Research.
25(1): 63-77.

Ol S 135l (omwsias 9 @ole



wole 4 pls

Ol S 13l (omwsian 9 @ole
Iran-Watershed Management
Science & Engineering

Vol. 15, No. 53, Summer 2021 Yoo oLl —0Y ojlows — e 3L Jlw

Investigation of Dust Phenomenon in Golestan Province, with Emphasis on Aerosol
Optical Depth Index and Wind Direction and Speed

S. Razavizadeh', H. Abbasi® and F. Dargahian’
Received: 01-12-2020  Accepted: 16-02-2021

Abstract

In the present study, the phenomenon of dust and the annual and seasonal trends were studied in Golestan
province over a period of 18 years (2000-2017). According to the tools and techniques of Remote Sensing and
wind dust diagrams, the dust phenomenon was studied. In order to investigate the occurrence of dust, AOD
related to MODIS sensor was used. The results show that the highest annual average of AOD (equivalent
to 0.321) was indicated in the year 2009 which shows the highest intensity and concentration of dust. Also,
in terms of seasonal changes, autumn and winter seasons have a small share of dust concentration. The
highest dust concentration in Golestan province is related to summer and especially July. Also, the seasonal
wind dust diagrams show that the dust direction is mostly from west and southwest and the role of north
winds in dust production is negligible. This result shows that contrary to popular belief that the source of
foreign dust in the province is often Turkmenistan, the role of Turkmenistan in the Golestan dust production
is small and the dust mass has entered to Iran from the west and from the northern parts of the country to
Golestan province.
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