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Abstract: Under extreme wind conditions such as typhoons, the observed wind speed data are often in-
sufficient and unevenly distributed , making it difficult to apply the traditional stage-wise extreme value
method based on extreme value distribution probability functions to estimate extreme wind speed with
areturn period. This study systematically reviewed two commonly used threshold methods for estimat-
ing extreme wind speeds with small samples—peak over threshold (POT) and method of independent
storm (MIS). Combining the Monte Carlo stochastic simulation theory, pseudo wind speed samples
following six common wind speed probability distributions were randomly generated, enabling prior

acquisition of theoretical extreme wind speeds with specific return periods. Based on this, the sensitivi-
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ty of the POT and MIS methods to threshold selection and their differences in estimating extreme
wind speeds with return periods were compared. The wind speed probability distributions under three
climates —mixed climate (without differentiation between normal wind and typhoon data), normal cli-
mate, and typhoon climate—were compared using the daily maximum wind speeds and hourly wind
speeds with a 10-minute interval under typhoon conditions from 1971 to 2007 at the Chongming mete-
orological station, China. Additionally, extreme wind speeds with different return periods were esti-
mated under different climates using the stage-wise extreme value method and two threshold methods.
Based on the comparison of estimation differences among these methods, the accuracy and applicabili-
ty of different methods were clarified. This study provides a reference for estimating extreme wind
speeds with return periods based on observed data under typhoon climate.

Keywords: typhoon; normal wind; peak over threshold method; method of independent storm; return

period; extreme wind speed
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Table 1 Parameters of parent distributions of wind speeds
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2% A 7 o o Y o " o o " Y
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Table 2 Estimated parameters of POT for different par-

ent wind speed samples
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Table 3 Estimated parameters of MIS for different par-

ent wind speed samples
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Table 4 Estimated extreme wind speeds with different samples and threshold methods
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Fig.3 Comparison of threshold sensitivity between POT and MIS methods for different parent distributions
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Table 5 Parameter estimation of distribution functions for parent wind speed samples
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Table 6 Parameter estimation of extreme value distribu-
tions of annual maximum wind speeds under nor-

mal and typhoon mixed climates

DA 21 u o y
s 1 & 14.5 1.8 —
[EERIE! 6.4 7.4 6.2
A8 1 7Y 22.2 7.5 3.7
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Table 7 Extreme wind speeds with different return peri-

ods under normal and typhoon mixed climates

BN em/s
I 104 50 4F 1004F 1504
Mef 1 & 18.6 21.6 22.9 23.6
e 11 74 17.1 20.3 22.0 23.1
EEN g 18.1 19.6 20.0 20.2
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Table 8 Comparison of extreme wind speed data before
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FRAE T Y A A (1 29 R A {8 (I 750 — b 25 st A i B
WX RS A A A T I A (i R AT T
FE TR K ALK eR BG4 3 R FH 48 B o A L OE
4345 \Rayleigh 3 4\ Weibull 43 5 % & 1F 25 23 £ii
F SO AR 53 A H R AR AU R 35 A5 16 HE 2R 9 A
BRI B 1 S A T A R0 G B SR 1 DL 2% 9, R 7 1 A
REEMLWME S frn, FAETTLIEE, ) R E
43 A5 bR BB A B B A (T IR 2 8y <<0, B R A A T
RYAy A ) O BUIE A 40 AR IR Z L 18 B0 i BL A B i
ZZERGIREG RGN, EEH T 6 KEE R
AKX ARG i B FE MR K (£ 8) o

R RKEEHFSHRHSHMEIT

Table 9 Parameter estimation of distribution functions for parent wind speed samples
Sy A ZEH Bk EA Weibull Rayleigh XFROE A& ISR AR
MEUSAE —38209 —29 029 —29 049 —31030 —28 069 —28 004
B A 7 c o y o P 5 P o y
1/6.4 6.4 2.1 7.1 3.1 4.8 1.8 0.3 1.7 5.5 —1.6e "
0.35 =1 = XL i 5% N
T F10 RESBERANERES FSHMAIT
0.30F Il e B Table 10 Parameter estimation of extreme value distribu-
—b— JEIR . . .
0.25}¢ . tions of annual maximum wind speeds under
#oool [l 0 - Weibull normal climate
B/ O IR —
ﬁ 0.15 RS % o y
bidl] _
0.10 [l WAE T A 13.8 1.6
0.0 |Hr M #1172 8.2 4.7 5.4
{05
il . A A I 7 22.2 8.1 4.7
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FE / (mes)

K5 RS R E S
Fig.5 Fitted distributions of probability density of parent

wind speed samples under normal climate
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Table 11 Extreme wind speeds with different return peri-

ods under normal climate i .m/s
I 104 50 4F 1004F 150 4
Mef 1 & 17.3 20.0 21.0 21.7
WA 11 75 15.4 18.0 19.3 20.1
A 1 7Y 17.1 18.6 19.1 19.3

IS0 5 P DR AR X T TR S A A AR AT it/ L B
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Table 12 Parameter estimation of distribution functions for parent wind speed samples

AR EiR EE Weibull Rayleigh X HE S ISR AE
X SR —7088 —5671 —5657 —5920 —5789 —5640
P A " o o o 7 o o 7 Y
1/7.6 7.6 2.7 8.5 5.7 2.0 0.4 2.5 6.5 —0.2
0.35 #£13 ARKEPOTH MIS & # fliit{&
— P s
030F e FWM Table 13 Parameter estimation of POT and MIS under
- —— E#& .
0.25F - - <= = Rayleigh typhoon climate
®oog0r  [iluf  ===-- Weibull %%
s o20r  (HiAR T - ﬁ%%& S8 2 o y or u Alw) or r(u)
¥ o1} - SR POT 7.5 2.8 y=—0.2  Aw=30.3
010} MIS 7.5 3.1 n="7.9 r(u)=>5.2
0.05
- = BT A A (] A0 0 8 AL
0 8 10 12 14 16 18 20

JEE / (mes™")
BI6 G WBEREAE 3R B A ALl
Fig.6 Fitted distributions of probability density of parent

wind speed samples under typhoon climate
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Fig.7 Variation of ¢" and y with the threshold value of u for

typhoon wind speed samples
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Table 14 Extreme wind speeds with different return peri-

ods under typhoon climate PN m/s
I 104F 50 4F 10045 150 45
POT 16.6 17.7 18.0 18.2
MIS 19.8 24.9 27.0 28.3
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WAE IR AR Ry 5 R0 25 2 T 2 BEEL, X B 45 51 L
# 16, EXMHEL:
err=(x—x, )/1‘,, * 100 (12)
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Table 15 Extreme wind speeds with different return peri-

ods under different climates Hifi.m/s
SAESEE AR5 EE 104E S504E 0 1004F  1504F
i W T 18.6 21.6 22.9 23.6
RE
- TR 171 203 220 231
K
WAMA 181 19.6 20.0 20.2
1)
. W TR 17.3 20.0 21.1 21.7
o, WAET AR 154 18.0 193 20.2
WS
WmmRE 171 18.6 19.1 19.3
= POT i 16.6 17.7 18.0 18.2
A MIS & 19.8 24.9 27.0 28.3

F16 FREKEZFGRERELE R
Table 16 Comparison of extreme wind speed results un-

der different climates

Y am/
S AR " Wz/% 2/ %
(mes ') (mes ") (mes 1)
104E 17.1 18.1 6.0 19.8 16.1

504F 18.6 19.6 5.3 24.9 33.9
100 4¢ 19.1 20.0 4.9 27.0 41.7
150 4F 19.3 20.2 4.7 28.3 46.3
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