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Abstract

This study aims to predict the vulnerability caused by hurricane crises and highlights the
importance of effective crisis management in Khash City. Using a storm threshold speed of 15
m/s, the monthly, seasonal, and annual wind patterns of Khash City were analyzed with WRPLOT
8.0.2 software. To predict storm return periods for intervals ranging from 1 to 100 years, the
Gumbel method and partial series method were applied based on the latest recorded data (1986—
2018).

The analytical results revealed that storm return periods were predicted with greater intensity
using the partial series method compared to the Gumbel method. For the 100-year return period,
the Gumbel method estimated the most severe monthly storms with intensities of 29.1 m/s, while
the partial series method predicted stronger storms with intensities of 32.2 m/s, 31.7 m/s, and 30.4
m/s.

The results suggest that the partial series method provides a more reliable prediction of hurricanes
than the Gumbel distribution. This method's higher upper-limit estimates are particularly valuable
for ensuring the safety of structures and for developing strategies to reduce human and financial
losses. Consequently, the partial series method is recommended for hurricane prediction and
optimal crisis management planning in Khash City.
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Fig.1. The location of the study area
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Table 1- The location of the Meteorological Station in Khash
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Type of station The statistical period  Elev Latitude Longitude Station name
Sty g 1986-2018 1394 28° 13" 61° 12' Sl
Synoptic Khash

VE s Ol s Ol b3l 58 Olo3l 1ae

Source: Weather Organization of Sistan and Baluchestan 2021
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Fig.2. Daily Maximum Wind Speed Changes in the City of Khash from 1986 to 2018
Source: Weather Organization of Sistan and Baluchestan 2021
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Table 2- The results of the Run-Test for the maximum daily wind speed data of Khash city
(1986-2018)
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Table 3- Statistical characteristics of storms in Khash City (1986-2018)

Sle
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ole Koo LS 5 . Ea bl Standar (i 5o 5 RYENS sls
Max Min i ewnes i )
Month Kurtosis S Variance deviatio Average Num. of Num
n wind Storms
speed

St 22 15 025 0.78 4.48 2.12 17.04 0.73 24
Apr
ey

— 27 15 -0.46 1.04 8.11 2.85 17.95 1.85 61
May
sls =

) a 27 15 0.31 0.96 9.10 3.02 18.08 2.27 75
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f, 27 15 0.16 0.98 9.25 3.04 18.11 2.55 84
u

|

s 30 15 6.35 2.33 8.04 2.84 17.10 255 84
Aug

IR 24 15 3.00 1.73 4.86 2.20 16.97 2.15 71
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LT
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5
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Table 4- Monthly storm prediction for Khash city in the Gumbel distribution

ol Probability Jlz= 7.1 1.2 7.5 /.10 7.20 /.50 7.99
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Month () c2850 6,08

Return Period(yr) 100 >0 20 10 > 2 !
ADr. 255 247 234 216 203 189 16.7 128
May =zgs ) 283 265 241 223 204 175 122
Jun.sis = 29 271 246 227 207 176 12
Jul. 291 272 247 228 207 176 119
Aug.ls 274 256 233 214 195 16.7 11.4
Sep. ;e 249 236 217 203 189 166 125
Oct. - 25 236 218 204 19 168  12.7
Nov. ot 218 209 197 188 178 164 137
Dec. il 214 206 194 185 176 16.2 135
Jan. > 205 197 187 179 17.1 158 135
Feb. oe. 268 252 231 215 198 173 126
Mar. ail 24 228 211 198 185 165 128
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Table 5- Prediction of seasonal and annual storms in Khash city using the Gumbel distribution

Probability Ju> 7.1 /2 75 710 720 /.50 799

o 5 Jod -
(Jl) <2850 6,93
Season & year 100 50 20 10 5 2 1
(Return period yr)

Winter ol 282 264 240 222 203 174 121

Spring L 275 258 235 217 198 17 118

Summer ol 234 222 207 196 183 165 131

Autumn .. 239 227 21 198 184 164 127

Annually <. 263 248 227 211 194 169 122
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Table 6- Calculation of partial series parameters for the monthly time period of Khash city

oo ubjb Sldas

Month Number of Storms £ P pInk w
Jul. 84 2.55 3.11 2.90 19.7
Aug.sls 84 255 2.10 1.96 18.2
Sep. ;5 4 71 2.15 1.97 1.51 17.6
Oct. ¢ 97 2.94 2.10 2.27 185
Nov. ol 84 2.55 1.60 1.49 17.4
Dec. sl 37 1.12 1.38 0.16 16.0
Jan. s 19 0.58 1.00 -0.55 15.0
Feb. e 13 0.39 2.69 -251 14.0
Mar. xi 20 0.61 1.80 -0.90 15.1
ADPI. 3553 24 0.73 2.04 -0.65 155
May igys) 61 1.85 2.95 1.81 18,5
Jun.sis = 75 2.27 3.08 2.53 19.3
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Table 7- Monthly storm prediction for Khash city using partial series method

§ Juwz~I Probability 799 750 720 710 /5 /2 71
Month 32 1 2 5 10 20 50 100
Return period
Jul. s 179 201 229 25.1 272 301 322
Aug.sls - 170 184 203 218 232 252 266
Sep. ;5 4t 165 179 19.7 21.1 22.4 24.2 25.6
Oct. 173 187 207 221 23.6 255 270
Nov. ot 165 176 191 20.2 213 227 238
Dec. 5 152 161 174 18.3 19.3 205 215
Jan. ss 144 151 161 16.8 17.4 184 191
Feb. oe. 125 144 168 18.7 20.6 230 249
Mar. i 141 153 170 18.2 19.5 211 224
ADRI. 35553 143 158 17.6 19.1 20.5 22.3 23.8
May cigus 16.8 189  21.6 23.6 25.7 284 304
Jun.ts = 175 197 225 246 26.8 296 317
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Table 8- Calculation of partial series parameters for seasonal and annual time periods in Khash

city

s g Sk sl £ B B*Ing W
Season & year Number of Storms

Spring e 239 7.24 2.41 4.78 21.2
Summer ot 218 6.61 1.78 3.37 19.4
Autumn .. 52 1.58 1.73 0.79 16.8
Winter ol 160 4.85 2.88 4.54 21.2
Annually <YL, 669 20.27 2.27 6.82 23.1
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Table 9- Prediction of seasonal and annual storms in Khash city using partial series method

Probability Jl>| 71 12 /5 710 /20 750 /.99

b 5 Joad
(L) <2550 5,90
Season & year 1 2 5 10 20 50 100
Return period(yr)
Winteroke..; 198 215 237 253 27 292 309
Spring ,le 184 196 212 225 237 253 266
Summer ol 158 17 186 198 21 226 238
Autumn ;... 195 215 242 262 282 308 328
Annually <YL 218 234 255 27 286 307 323
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Fig.7. Comparison of monthly results using partial series method and Gumbel distribution for
return periods of 1, 2, 5, and 10 years
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Fig. 8. Comparison of monthly results using partial series method and Gumbel distribution for
return periods of 20, 50, and 100 years
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Fig. 9. Comparison of seasonal results using partial series method and Gumbel distribution for
return periods of 1, 2, 5, 10, 20, 50, and 100 years.
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Fig. 10. Comparison of annual results using partial series method and Gumbel distribution for
return periods of 1, 2, 5, 10, 20, 50, and 100 years.
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Table 10- Codes related to dust storm phenomena

Code definitions LaS iyl Num.

RO IS P N CO PV o I T BlE Sl 5 3 0lsb Sl 55 aS s 55 Glas Sss S 06

Suspended dust and sand in the air, brought to the station from outside areas by a dust storm.
el 0 Ay Sbds Cele 3 0T (Son5 b s oKl 3 5L A S i L Slegs S 07

Dust or sand that has been raised by the wind at the station or nearby during the
observation hour

oKl Ol bl 53 Sbas sl 3 Slegs S 06,k 09
Dust storm at the observation hour around the station
el ol analS U sb s 5l adIS ele e b S ps S e sie b oSle 0B 30
Mild or moderate dust or sand storm — the intensity of the storm has decreased during the
past hour
Wl 03,55 a5 Ol b s 2idS Celu (b5 b S 8 law e b e 040 31

Mild or moderate dust or sand storm — the intensity of the storm has remained the same
during the past hour.

Wl o s 035331 0Ll ol xS el o - b S ps S e sie b oSl 05 32
Muild or moderate dust or sand storm — the intensity of the storm has increased during the past hour.
el 03,85 ks Qb Sodd il ol (b— i b S ps S b g b oS S 33

Mild or moderate dust or sand storm — the intensity of the storm has remained the same
during the past hour.
el o 03533 Olsb s S cele (b-a b Sbiss 8 g b oSl Ol b 34
Mild or moderate dust or sand storm — the intensity of the storm has increased during the
past hour.
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Table 11- Number of dust storm events in Sistan and Baluchestan province during the period
of 1986-2018

35530 509 slas 07 506 slas
JS oKk 5 e — — HEC
RANY &) RANY €y
Total Mean Total Sum Mean Sum Mean Sum Station
s
697 28557 30 1224 667 27333 5
Zabol
Sal:
220 9031 2 85 218 8946 S
Zahedan
il
100 4095 0.8 33 99 4062
Khash
110 4509 0.5 19 110 4490 Saravanyls|
250l
145 5950 23 9% 143 5854 G
Iranshahr
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76 3105 0.05 2 76 3103 el
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