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Figure 1. The study area.
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Table 1. A sample of extracting wind speed data (m/s) during day and night, 31 July 2017.
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Figure 2. Diurnal variation of mean wind speed in different month during 1999-2018.

-l



Sy ol

v bl 5 b s Olaaly s > PMIO
(80) duy o saalis by e Sl
Sl pop b (T 0L 5 Shles
oo 0033 b 3 aS dl s PMI0 clle
XX olele s mbl gl le (IYAY-1TY)
Seoald by lade Sl a4 YI-VA 5 V0-NY
A5 50 (Y1) LK 5 48 () aw, s
olele s PM10 Ji:Lia 4 L3 ges sdalin Q\J@J
Saowled by Jlie Sl 0 Cl s bl
PM10 clls ol s (65 Gl L(BA) s o
b L ot S5 sla gt b anlllaes o adlete 3
P b e Sl @S s sl
Ol pers (Y18) 0L 5 48 A3l o 5,4l
s U et sl s gl sl cll
o de poadls had e ol Sl L sl
ABSIMa 3 15a 55 Glas slpe CBE Oun; ST
(EA) Wlesgas S5 5L o ildl 1) b g
s 8l s bage Sl s Jlas OOl
Gebsldas VXY g Vore Slel o) 5,4l
el alaDe LB lde ol a5 635 e kS Y 55
ailio 53 SULE Jal,d o das e LS gl ol
A;AJYQC?.@QL:«LNMVA)@&);QW
Isa 5 odd annls 158 (SULS 1 ebslia 55

.::,qu,a Sols

L3 5 (7 K2 PM10 chle (glabesd ool i

S dase Ol sewla b (8 IK) Ll
Kl w5 seild by el sl Ol i
lasle sled L3 OLSS S Sl sk e
SVL e dsele ales s el ls 52 5 JLa
(PM10 laie 5,90) 1pn 3 Gles o3 clale
Sl ails glalamdle B Al B us o 3
chle el s o s ebsliay O ke Ll
338 e easl L i L g Glee )
Lo ge o Ve cela el g s Jls Ol geas
VEY ssa= (PM10) 1pe o5 Gle oly3 ol
O spde Bl Ls 5 caSee 3 p S S
5 A Sbe el eld S kS
5 andls alS W, lea o Ghee ols chle ok
Al J55 S 53 0 S5 S £ Sl S «
Sosba odd Bl s L 4 e a8l
53 i Sl g o Ve cele s il s
S el sy kS A Ssa 5 5,0l b
L plas addlass,se aike ;5 PM10 ol o
Sl 53 Sgysba il o 3b Co e Sl ks
slee chle wal o YU sl o w45 4,4l
SR Al o alS Bl s 5 4Bl L1 Gl
L asdlas 3y5e aikis 53 PM10 clile oo
S0 cilas Ol bl ple s Ol S
chle a wsly olas (YY) oLKes 5 Sl



: 800
% 700 A —&— June ;5
o
s 600 - -0 = July sls
= ¢ 500 A seeQeee AUGUSE 0 o
¢ 3
\é = 400 A
© 2 3001 .
A\ &0 - I <
1, 2001 - . N
. ©0.p..g..0 8. Q-0-0-0-9-0-0._
\§ 100 '8'"@“0 ~8"().0 Q++0°+0--Q 8~0-0
- 0 T T T T T T T T T T T T T T T T T T T T T T T
SS>SS5SS5SS>5SS3SS3S3SSSSSSsSs3SsSsSs53s35s°3
2888888888888888888888888
FASITBENESIS AN HNGEDOR®S S H Y
s ks sl
Local time

b st s ol slaele s 5,8k (b s (05,5 \r 3 G S b 1,3 PMI0 b gele Ol i Y IS

AFAVAYAY o 5s

Figure 3. Hourly variation of average PM10 in June, July and August during 2013-2018.
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Figure 4. Diurnal variation of mean wind speed in different month during 1999-2018.
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Figure 5. Diurnal variation pattern of wind speed and visibility in June during 1999-2018.
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Figure 6. The relationship between wind speed and visibility (a), visibility and PM10 (b), and PM10 and wind speed.
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Figure 7. (a) Monthly variation of mean wind speed and visibility at 10:30am during 1999-2018 and (b) The
relationship between monthly variation of wind speed and visibility.
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variation of wind speed during 1991-2018 (a), annual variation of the average duration of dust storms
(in hours) during 1991-2018 and annual variation of mean PM10 during 2013-2018.
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Figure 11. The relation between wind speed and DDI, DSI, PM10 and the duration of dust storms.
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Abstract

Background and Objectives: During the recent decades dust storms have become serious natural
hazards in the world. Although dust storms have been investigated in various aspects, variation in
wind speed and visibility and the frequency of dust storms require more investigation. In this study,
diurnal, monthly and yearly variation of parameters including wind speed, visibility and PM10
(particulate matter 10 micrometers or less in diameter) and frequency of dust storms was studied in
the Sistan region for the twenty seven-year period.

Materials and Methods: Sistan in the southeast part of Iran is considered as the study area. Sistan
has an arid and semi-arid climate with very low precipitation (59 mm) and humidity and high
evaporation (nearly 4820 mm) and annual temperature (22 °C). To analysis the diurnal, monthly and
yearly variations of wind speed and visibility, the collected data at the Zabol meteorological station
were obtained from the Iran Meteorological Organization for the study period. DDI (Dusty Days
Index; the days with wind speed more than 15 m/s and visibility less than 1000 m) and DSI (Dusty
Index) were applied in this study to analysis the monthly and yearly frequency of dust storms during
1991-2018. Furthermore, the hourly concentration of PM10 was received from the meteorological
and environmental stations of the respective centers during 2013-2018.

Results: The results show that the diurnal variation of wind speed, visibility and PM10 was similar
in all months during the study period. The highest PM10 concentration and lowest visibility were
observed at 10:30 am in accords with highest wind speed. The highest visibility occurred at 7:30 pm
when PM10 and wind speed were lowest. The highest DDI, DSI and PM10 values- 8 days, 15 days
and 662 ug m=3 respectively, were observed in June. The highest DDI and dust storm duration- 74
days and 3186 minutes (531 hours) were observed in 2001. The period of 1999-2004 is dustier than
the periods of 1990-1999 and 2005-2018. DSI were 174, 14 and 66 days in these periods,
respectively. Strong correlations were observed between wind speed and visibility, wind speed and
PM10 and, visibility and PM10. These correlations show that PM10 and visibility are dependent
on wind speed. Furthermore, positive correlations were observed between PM10 and wind speed,
DSI and wind speed and DDI and wind speed. These correlations indicate that variations of PM10,
DSl and DDI are highly dependent on wind speed.

Conclusion: In the study period of 27 years, the Sistan region is dustier than other parts of Iran due
to higher intensity and frequency of dust storms in this region. Dustiness in the Sistan region is
highly dependent on the situation of Hamoun Lake and thus the recovery of the lake is the best
controlling approach to reduce the intensity and frequency of dust storms.
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