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Prediction of the Extreme Wind Speed in the Mixed Climate by
Using Monte Carlo Simulation and Measure-Correlate-Predict Method
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SUMMARY

The extreme wind speed at an offshore location is predicted using Monte Carlo simulation (MCS)
and Measure-Correlate-Predict (MCP) method. The Gumbel distribution can successfully express the
annual maximum wind speed of extratropical cyclone. On the other hand, the analytical probability
distribution underestimates annual maximum wind speed of tropical cyclone. In the mixed climate like
Japan, the extreme wind speed estimated from the combined probability distribution obtained by MCP
and MCS methods agrees well with the observed data as compared to the combined probability
distribution obtained by the MCP Method only. The uncertainty of extreme wind speed due to limited
observation period of wind speed and pressure is also evaluated by the Gumbel theory and Monte Carlo
simulation. As a result, it is found that the uncertainty of 50-year recurrence wind speed obtained by
MCS method is considerably smaller than that obtained by MCP method in the mixed climate.
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O Measurement

Monte Carlo Simulation
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O Measurement
= Gumbel distribution + Monte Carlo Simulation
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climate by the MCS method)

4. THEN S &8 LT AnfE B O FHm
ETrThrayIal—ra AN TVnEE
BRT A—H21%, BT — X & IR TET
UL LT B 72 DABEEGE O T BB 1T AR A D> S
BNTEL TS, ARETIE, MREREO R NS %
P AR E LT, FeRmuEo 50 FEEAE
R Y OEHERAEZERY B, TrF7hinyIa
L— a3 S BT D FERKBEHOMATFERIZ L D
RHEN S ERIEST — 2 OFEEIZ L DR NS %
FHm L7, F£72, A ERERE & BV RRER T O
D> S B 8 L T i BOH O RN A 22 L7,

4.1  FRAEJEGE O ARFED 2B T B G OB
D7k
AR KRG OB RS R EGE O 50 4F T
WFHEDO NN S G- 2 DB ERDTDI, H
UL OB E Y, B D BRI HIE TS
ERREED K o2 13, WRIZ LV REND,

2
ol = O-—]\;’[H 0.885(y 1) +0.6687(y~)* | (29)

=

2T, NIFHEBITHWIZRER 0T — 2 % (B
FRCETITHITER) %, o, ITRSERIOERER =,
Y TR DI WFEHRMIEIC ST 2 LA TH
B,

FF, THED SFHEICIIT D H o ~LVEER DAL
MW, FrT eI al—a rOFERE AN
THRGRET 5, X 14121, TN % 10 05 1
TEEE TS, QN LY EE LIz 50 £5H3
WIRHE ORGSR &, BT vy Ial
— 3 IC XY RO 50 FFEFBIMIRHEOEE R
(BI)TRLE, ¥ a2 b—3 a3 0 kAR
1%, 1 FEDY R 2 b—3 g 2 X DERKREED

F—2 8T & K2 100, 200, 500, 1000, 2000
FED 100 HOT—F &y hEKLIEY, FpRKmiE
D 50 EFBUE AR, FOEUERAEEZREH L,
1435, T~ OVBEERIZ L U Rked7= 50 4EFEL
HIFHEOFER AL, TRV EWIEEICRE <,
FRNTEB N R T2 DIV NE L 725 2 LNy
5, F£iz, BV HGROERERAE(ERDIT, T
FHANBY I 2 b— g U ERDIIEERE (B
) EEL—HLTWD I ENnD, To~vilian
LR SN ERERAET, T+ kEE L o2 &8
D,

10

® Monte Carlo Simulation
""" Gumbel analysis

wind speed (m/s)
~ o o
T T 7

Standard deviation of 50-year recurrence

I‘.

0 . .
10 100 1000 10000

Analytical period (year)
14 Ao~ il rThrasrIal—ra
AT XY RO 50 FEFHHBHEOFEAERAED
L (Comparison of standard deviation of 50-year
recurrence wind speed obtained by the MCS
method and Gumbel theory)

N=13
6 5.7m/s |

N=10,000 -
0. 3m/s

Standard deviation of 50-year recurrence wind speed (m/s)

Monte Carlo Simulation

B 15 AR REED 50 4 FBHIFHEORIERAED LT
8 (Comparison of standard deviation of 50-year

recurrence wind speed)

KT & 0 RO IBHALRIE & BRI
K9 2R KRR D 50 4F FFBLHIREE DI HER 2 %
TN 15 ORADORT T 7 TRy, migd
13 FOBT — 2 N6 OETH 50, FAER O
RrEo, BRI D70, HEMOERRENPKE
Bie %, WAMKKEDOBAIZIT 50 FEHBEMFHED



FEYERZEI 1.9m/s(HEEIED 5.7%) Toh D DITHT L,
BERKUE OB AL 5. Tm/sHEEIED 12.5%)I2 5%
L, RHENIDBRENWI ERbn5,

RN L VKD 1 TFEOBFRZIEDOE T
Hnayalb—a il kb 50 EFHRLAHED
Ao, 1%, K15 RO Z 7 TR LTz,
ELTFHLBYI 2 b— g Tk D 50 AEEELY
FHEOREHER 7 OEIE 0.3m/sFHEE LD 0.6%) T
v, BB GHEE SN DIRERGEO RN S LD
LT o L/hNENZ ERDND,

4.2 AREJEGE DO ATED S (2B DR EDOBLHIFES
DR

BEMRAED/RT A —413, KJEOBINT — % % 3
RO LN TNWAED, FErThLlesIal—y
2 N £ D RE R O TR IERET — & O Rl
PRI L DEENREEND, KUEOBHFEED K
JEGED 50 FEFIREIHEIC 5 2 DB LT D 12012,
JHN BRI OB & F R RRGED 50 -5
BUHIHE & OBIRE T2,

60

T T
w
2 ' ° [ ]
8
5 40 | J
°
2
H
£ 30| i
E
g
s 200 J
E
£
<
10 | d
0 1 1 1 1
0 10 20 30 40 50

Observation period (year)

X 16 BHREEOBIFERNC & 5 FRREEHD 50
A B HLE 5 5 © & b (Variation of 50-year
recurrence wind speed with observation period of

pressure)

X 16 (21F, EVEHRKUE OBIAESL & A KJEHE
D 50 FHBUHIRHE & ORIREZ RS, PR RKmEHD
50 EFHMFHEOEEL, 1961 25 2007 £ T
BT B EDOBEHRKE ORI 28107
—Z 5 10, 20, 30 EOTF—F ¥ v FEEKL,
% 2 OBIEHUKIIE T 2 BRKIED /3T A —
2 L EREBOWRSMERNT, T T ey
Lo b—va VLD BRIRKUED 50 FrEHIAE
BaRDZ, K16 225, BAFHEKTEOBLHIFLED

BOEA, FRAEED 50 EHEMHEOIE S
EINRREL, BWHRKIEOBIES N ELS b & —
TEDME & 72 DIEEDB A HND,

X 17 121E, FReRmEED 50 4, 100 &, 500 &
FHBFHME O ZEREL & JIEOBLFE T & ORR%
oy, KRRy, (=0, /u;)1E, 10, 20, 30 D
KUEOBRMEZ AW CRO TR KD 50 4FH
BUFHEO B u, L EERE o, R LT,
B D IR U™ B R Ry, & B &
DEUED SR DT=,

7, = 0.003exp(<0.1(N —25)) +0.03, N >10 (30)

22T, BUAERL N O MELE TEC61400-1 VOHESE
EEAEA L, 10FELLEE U=, BRI 10 FoZ%
Ry, 13, 41 %THY, KEOBHIFLE)E <
RBITHE, X5 2EM/NEL D, BIREEE 30
LA OEEEE y, 133.0 %IZHHET 2 Z & 0353 )e
b, TOEIIE, JEOBIIIT —X OARMHNSIZX
HIFHER A o, (1.5m/s)i %, RTECm L7t Eds 1
TEOBERLEDE Ty I al—i g
U DORFED ST & HIEHER~E o, (03m/s) L D K& <,
LUEDOBANFEEIC X 2 R SN KN TH D Z
LD D, FEEMRBITHEMHEAZELTH
FREELR T, FURTHMTE D2 Enmnd,

0.1

== 0.05

n o>
’
’
1

1
0 10 20 30 40

17 AERRIEGED 50 FHBGHHEOZTREL & 2L
AR RE OB A3 & D B4R (Relationship
between a coefficient of variation of 50-year
recurrence wind speed and observation period of
pressure)

B 15 25, 13 FMoRELRIT — 21 L v ko7
AHHR KL DR RJEED 50 FHHRMAHEOZEYE
RZEE 5.7m/s TH Y, 10 FFEOKILEDOET— X
ZANWTEYT LY I 2b— a2k vk
DI AR K EED 50 4 FF B HE O FE R =
295 IZHE, REWZ LS5, K[IEOBLNIE
BNELTYH, BTy Ial—yarilk



DHEE LIAMERUR O SOVNEL, BT H
v alb—y g CREOFRMIVRENT,

ELTFHANBYI 2 b— 3 CORITERIC &
DFKRIEHD 50 FHEFHEOT R EZ 0, &K
7 — 2 OBIFEIC L 55 RAE o, BB L

HERGIEOTE LTI Y I 2 Lb—Ya itk
DAFERRIEGE D 50 - BLFHEOE R £ o, 21K
RITEVRTZENTE B,

o, =40 +2p0,0, +O' @31

IR AR L, | RE LA
OFMEiE 720, wRITE W E£ED,

- -
— —

T, Bl
Eszseell
07 =0,+0,=0,+7,U; (32)

AT I DB IRKUE DR REHD 50 47
HEHFFEOEE R A0, 1L, T T Ibr v a
L— g v OMAT RS T K DR =
0, 0.3m/s) & UEDOBIHIFER47 4RI K 2 IEUE(R 22
o, (L5m/s) ENNEL, 1.8m/s L7025, ZOfEIXM 15
IR TIRAHRRUE DR R EED 50 FFHEHRHE
DOIERRZELFE T L~V Th D,

4.3 RHEN S % B LT ARME R O R

4.1 HiClh~_ 72 X S IJRBBRT —Z O HEE SN
TR SRR N VIR SISFEAE L, $7- 42 BT
L7 XS ICRIEOBHT — 2 IS BT IV
0y ab—ya U LHEE SN AREEGEI
FHENSHBNELTND, AFETE, Zhb0R
WS ZFEL, KGR T L O, BHHERIE
& BEHRAUE DO AR & 25 B L - Rl 4, O
SR AR LT,

U, =u. +ko. (33)

ZIT, kIFEERMERDTEN EEREE . X
wRIT L+,

o, =ao,+(l1-a)o, (34)

o, L o) IHRHHELUE & BEHELUELD £ 2R AR
HOBERECH S, 7, Bha KR L DR
5,

a= (u(,' —Ur )/[(uc _ur)+(uc _uE)] (35)

HHRRES XA TH D HA T u, =u, E720,
i#aiO&@éo —J7, IRFERRIEN IR TH
DEEITNL, uo=u, 720, BHalll &5,

B 18 121X, EA o OFBIMIF R GEUE( Sy T
zOT) ICRDEETRT, ZORNG, APFED

KGR TIIEBHIR ARV () BDREVILER

B RREN A TH Y, E#a i 0 (%ﬁj&b

F 7o HBHIRAEN(y AV SV IR
JENZRTH D Z LIz, E%La il Jiﬁﬁﬁ‘
LT ENGIND,

1

0.8

0.6

Weighted factor o

0.4

0.2

0

-2 -1 0 1 2
Reduced variate ~In(-In(F))

18 FEH o OFHYIMIC L 5 ZAL (Variation of

weighted factor o with return periods)

R AIIRHENSEBE LW EE o, BE L
A O 50 FEHBUIRHEEZ R T, RENSEEBEL
BWEADEY TR I 2L —Ya itk B
FRREFHD 50 FHEIIFAHEIT 48.1m/s THDH D
WL, 13 AFEOREBIIIT —Z 12 X v H#fEE Sz
50 EEFFHMIHMIT 45.8m/s TH D, TDI &b,
TN S HZ[E L72WIGEIT, 10 R O Rl

12 &0 HEE S AT A EGE 238/ AT S 41T
WD ZENGND, —F, FiENSEEB LT-5E
13 4R 0 JEBEIRT — 2 1T X AR EEEIE 51.5 m/s
LR, BT AV I 2=V a AR RD
TR EGED 49.9m/s EIEIEIR U & 72 5,

FR A R O FFAM IS AR S &2 B A B BN
HBE D MIIEFARIZ AW T2 2501
B2 T %, IEC 61400-1 DERSYLEARI AT 5
B I R RS BR SR 10% 2 E L7 7, BT
Hms I alb—3 g 02 K0 REEGE 2 SEAh 4
DEAITIEE OEMREDS 10%LL T TH Y, D
SHREBET DU, 10 ERFLE O JEHT
— X2 &0 WEEGE & H#EE T 2 55 O L ERENT
10%ZBZTNDH, RENSEBELRNE
PR RGBTl < U B

F 4 MCP & MCSIEIZ LV R 7 ME R D 50 4R
B 5 5 o b i (Comparison of  50-year
recurrence wind speeds by MCP and MCS Methods)

Extreme wind speed MCP MCS
u. 45.8 m/s 48.1 m/s
. 51.5m/s 49.9 m/s




5. £&o
AKWFFETIL, EUTAHLEYI2L— g

KOV MCP LT & W RAE KIS 5 Ml EuE o T

T, JBEHT — 2 sz kicky, %

OFRRERE 270l U7z, & 72 BasHE OB REERR N

EFrTHABYI 2 b — g VHWARIEDOHE

TIEHDS B RGO RHED S 2 DB L ER

FNCEHIT 5 & 3Ric, IRFRAUER X UBHR AT

DRFENE Z B LT FRRBED 50 FHHHRE

BEOFHHTFEEIRE Uiz, ARFZED 5L T O

B,

1) EHEREORBHT — & hHRDI= T~
SAiE, IBFHEREEICER S A ERREEOH
HfEZE L <ERLTWAD, BWHiERKEDRE
W7 — 2 HROIZIRAMESAMIL, BEIRR
JEDOBHNE A8/ N LT 5, IRARETIE
10 AEEREEE o BB T — # 12 HD %, MCP A &
O HETE L7 W R 0D 50 £F FEER B3R5 1/ N
MENDNATREWN H D Z LR LTz,

2) BT ANMBY I alb—va rREIZEVERD
T BV IR RIE O FE R KRB ORI A I, E
BRRIEOBEIEEZ L < BEL, REKEICBT
BHIEEGED 50 FHHHFHEOHEEIZIX MCS
HEERAWAVERSH D Z EERLT,

3) FIKREGHD 50 FHBEHFHEDO RS % 0
~OVBHERIC &0 3G L7, BRI 2SR A
W20, EREREIC S, BV RRIEIC X B4
KNERDO RTINS BENT EDR o7,

4y TrTHhreyIal—yarFECEIIRD
72 SOEFHBIHHEDO RN SIZY I a b — 3
HARRTRS K OB RUE OB S 5- 2 B
EEEICEHE L7, BVERIEDOE T v m
Va2l —va VORENSIZBWTE, v
o b—a VEIRICER 5 R ST,
ST OB T — 2 SRR T D RN S K
B CH B Z LBy oTz,

Eilia

AWFFED—E 1L, ISATBGE N =R/ F— -
PEZEILIITHA GBI (NEDO) DL FEER TR L 1L
TR R CTH D, = ZICBRE OERIEGOR
o S A

S 30

1) IEC 61400-1, “Wind turbines-Part 1 Design requirements”,
Ed.3, (2005)

2) Gomes, L. and Vickery, B. J., “Extreme wind speeds in mixed

climates”, J. Wind Eng. Indust. Aerodyn., 2, pp.331-334,
(1978)

3) Georgiou, P. N., Davenport, A. G. and Vickery, B. J., “Design
wind speeds in regions dominated by tropical cyclones”, J.
Wind Eng. Indust. Aerodyn., 13, pp.139-152, (1983)

4) AABHCES, BEWT RS - R, (2004)

5) ASCE 7-98, “Minimum design loads for buildings and other
structures”, Revision of ANSI/ASCE 7-95, (2000)

6) Ishihara, T. and Hibi, K., “Numerical study of turbulent wake
flow behind a three-dimensional steep hill, Wind and
Structures”, Vol.5, No.2-4, pp.317-328, (2002)

7 A & 0 K BRY B, TEHMIRIC T 5 RET
JEE DEAE T & RIURGR FZERIT X DIRE) , AR
B SCEE, No.731/1-63, pp.195-221, (2003)

8) b B, A L BRE =, TEESERRRT LI &
ZH LWRGL T HIFIEORE & FMNZ L HMEE) , TR
ST A, Vol.62, No.1, pp.110-125, (2006)

9) DNV/Rise, “Guidelines for Design of Wind Turbines”, 2nd
Ed., (2002)

10) Ishihara, T., Siang, K. K., Leong, C. C. and Fujino, Y., “Wind
field model and mixed probability distribution function for
typhoon simulation”, The Sixth Asia-Pacific Conference on
Wind Engineering, pp.412-426, (2005)

11) Schloemer, R. W., “Analysis and synthesis of hurricane wind
patterns over, Lake Okeechobee”, Florida. Hydrometeorogical
Report, No.31, (1954)

12) Vickery, P. J. and Twisdale, L. A., “Prediction of hurricane
wind speeds in the United States, Journal of Structural
Engineering”, ASCE, 121(11), pp.1691-1699, (1955)

13) 1SO4354 , Wind actions on structures, (1997)

14) B BEZ, AR & Ak —8, TElEERET VO
PR OENEZE LZBR Y I 2 L—va Tk
DERKEEOTFRITFE] , AR IERIR R,
%5 506 =, pp.67-74, (1998)

15) Yasui, H., Ohkuma, T., Marukawa, H. and Katagiri, J., “Study
on evaluation time in typhoon simulation based on Monte
Carlo method”, J. Wind Eng. Indust. Aerodyn., 90,
pp.1529-1540, (2002)

16) LA B, AVT v TIra Yyaxy, AR & i
T EGE TR 0 72 &b 0 R O - LRERIC B - 2 BF %8
% 33 BIRA =R —FIHT AR T A, pp.d71-174,
(2011)

17) Tarp-Johansen, N.J., Madsen, PH., Frandsen, S.T., “Partial
safety factors for extreme load effects in wind turbines”, Riso
report R-1319 (EN), (2002)



