Ry B0 R X A s
——— A3 R VR R KR TR 1 GRS O A

XTES, e

5o, W, SRR I

(B g R 2 TR B, L R B 266003)

[#%]

2005 4R HLAIR ( Katrina ) ATETEE (Rita) JEXUN 5 BT SR R R 25 HELIK IR B0 2 i oK 110 R

WA, Il T2 75 20 120 80 “RACHTII B 1K) B A5 A A A1 B0 B Lo oA Sl G 32 T 45 SR FF) I
Pho CAOGSE W& TR e ACRIANS T B TR 5 TN ANE 5E 1 23 B A 22 Y 175 4 BRI 2B 4T XU

SIBT LB
[ il
[ 4%

P444 ;X145;X43 [ SCERFR RIS ]

2005 £ 8 H, R4 LR XU 56 [ BUR )T
R TR FIEBIA, SET NHGHIE 1200 A, 15 B
5 e A 2 LI 2R U S ) T XL 3 R 8 U
K700 ~ 1300 /£3K70, FHRFITIEE] 2 000 125
JGo MR R E KRR EF R, 5 LiAH
AN DR X Ve By AR E A e B AR R R, B
1980 4 2 & & M “ &2 & W H 0 A B
( Compound extreme value distribution ) - M H A EH
R VU 0 7 R 58 Y 9 O DX A PR A S0 G =3 T 4
SRR AR T ¢ L R SRR PR F A (X
(VYRR ZR ) A1 X (B % LA Rl ) B A
B3 A1 TG K] 50 4 — 38 (B A T4 — 368 1) 8 X 5l B2
W b ok 5 ) ] SR RO B )R (NOAA) 11
SPH ( standard project hurricane ) I PMH ( probable
maximum hurricane ) fﬁm o HIER|ABRSAFEAR NG
ST BT RO ) B AT 5 L3 I 1R # B
LB AR ST R A )L 6 KOG 38 o i A0 A fol
A0 BT BB 2 B R R R RO XK R
I, 5 20 2 4K A AR 2 Al BEAR AL 1E N AR 5
FIRRE |, R JEak — 0 90 %6 h 2 4 52 & Al 0 Al

[WeA HIH] 2006 -04 -10;&F HH 2006 -06 - 01
[RemH] BEFAKXBELEEEYHH (50679076)

R LA A AAEL A 5 2 YR A RRAL A s AN EVE 0T 5 0 KU 20 Hr
A [CFEGHT]

1009 —1742(2007) 10 — 0024 - 06

( multivariate compound extreme value distribution
MCEVD) /£ 38 E ¥ QU SRR g 5 AT kTl
7 G AN 7K A TRE A5 25 7 1R O ek B A R
B i BB ORI T ST VR AT T HE AU R [ X
B 70 A, LLSRAE 2By I K H

1 X} NOAA #&Hi1%) SPH 1 PMH [1]is}18

1 FI 5% ] NOAA1900 — 1978 4F i X % K|, 2£ %
S B Poisson — Weibull & & W8 5 A 1) 11 545 45
WG EN T ANEIX (BTEENS C,B LA X, K
VA 1,2,3,4 X)) 1 SPH AT PMH 1F 57 45 4L
XL 1 TR (B AR Py kg R R T
T AR AR Sk 11 5 7 R G G R T B L s e AR
Rif) SPH Al PMH {EHX 1 356 NOAA 3R ")

mE 1 AW, C,B,2,3,4 %X ) SPH,PMH &5
1% Poisson — Weibull & & W AH 434 vH 511 50 24—
T4 3 R R 0 (AR 3R XU B ) 3 A A
AT T MEAUER VY AR A X R RVEVERT 1 X, NOAA
PR SPH Fl PMH 5 & 3 12 ik T~ 50 4 — @& Al T
SR —BAE S BURT IR 1] S B R AT Rk B

[MEHRAT XAEH (1936 —) 50, W ECHR T A, o 16 i 3 O 2 T R% 2 e o8z, 18 0 A G, A 483 v TR 3R 88 | 7 99 9 B T 5 1 B i

WFIT

4 P TR



285 Zone

TR SR BT AR AE T AL e T B R

c I B I A 1l 21 21 .
o TR M -7 097 S BB B PR R R 5T )
T P, for SPH N N
’ I #1 PNLTCED 537 SR R AR & I
27.5 == N
IR KA W8 PR3 IR 4
o0 L Lot R B A Table 1 The calculated results with some return
E 265 periods at New Orleans using PNLTCED
g SR I L
26.0F ! ! P, for PMH T/ a 1 000 100 50 10
I |
L D ninnt B RGE /me s 7! 89.4 70.6 64.2 44.1
255 P, per 1000 a 7 i | .
ol KA/ m 7.6 4.11 3.35 2.04
25.0r ! "
- J& 4 3 1/ h 149 107 96 60
24’50 5 10 15 20 25 30

Distance/n mile X 10>

K1 S0 S NOAA B H
Fig.1 Comparison between the results
of PWCEDand NOAA '

BUR R E LG TR L, SPH b & v K Hi , REPLIE
200 £ 300 4 FILYI OB IE RS B FOWR T fH
¥4 8 Poisson — Weibull & & M AH 7 A BLiG 1145, 36
[E NOAA MK SPH HUAH 2 T 38 4F 8, iy 4
HLGRRE W L DA 2 58 AE
[FIFE , A5 HT 285 2002 4F LLSKOB R ¥ —Fh 2 4t
HE WA B A — - RE =4 R A
4 M {8 43 A6 (Poisson — nested logistic  trivariate
compound extreme value distribution, PNLTCED) i
s TR X R G AT I R DL R I A R
R ,2005 4 LA 4 TF R S 0 3 i B
P AR T PNLTCED [N (K 2)

80
70— [ PNLTCED
760
750t Coles et
£ 10 al,2003
@ Georgiou et
= 30 al, 1983
20 —e— Casson et
10 al,2000
T 3373567801011
X HE R X

B2 AR 7 5T A IR P
Fig.2 Comparison of 100yr—hurricane wind speed

calculated by different methods'*’

PNLTCED f#il 45 7R (W3R 1) TG EHL 50
I IR 4 A KK 64,2 m/s, KA 3. 35
m, FE XTI 96 h, 5= 4 B0 & XU o A I, 0 2

2 AN E PR TR 22 YE A MR BB AE T

T RIS PP r Y.

TEUF FRANGVE TARUET oh R 7ERE R R 0
IS 24l R O U 0 4% A 4 A ST S 1R AL
F&. 50 4l L 50 SE IR AL, HAE
RGP R I VA G W A (oL /8 8 =%
(K20 4, T P st R P i v

FE T DA TR T XU 0 5 % R s B 35 4% 1 11
SR IR R A0 A v S5 0 LA 2% P % RE AN
P, SEHLE S8 T it R LA A (AT 56 1 1 B
HUAS S, FLIB A PR MR 5 1 B I 4% 1 2 LS 1
MU, B AR LM, IR, 0 2505 ] 5 4k B4 Wk R B
W, A R TE A S e AT AN [ 28 4 W06 2 L O P MG %
GiE, S M 2 BR IR BT 63 R 5 e 95 b v S o 4% 26 T
TR BE T HEAT KU T A 32 BB 22 30

TS 53 A AN S 4 T R 4 I £ W
RS T R KR R BSR4 o 1
2.1 VR AR E YA B

50 4F—38 | F AR — BT, AU R T
Rtk E R i AAE [ R TR R
i e AR E A, SEE APT RIS (D A
MR AR AT MR AE 19967 ) th %8 /45 75 b 42 31
A — S U RN 1A R Rk L K
s AT SR FUE W, 5 W 4 A 2 1 U R
F (W AW R RGE R R
C., WEAR IR B AR (0 2 B ) v, B B R
o B85 A7 A P o7 i e

BT I I AN i VE R 5 S HEAT I R ¥ T
2z A VPG BT, by T Ol i
R R RS S AN N U P s R A AR )
Wz v Y D S5 ) R £ R X 4 A G 2 4
ML B #0245 2 % F, R. M. Langley fl A. H.

2007 FEEE 9 B 10 ] 25



El — Shaarawi £ % I 55 K< 0F K B3 R
F 100 4 — 38 s A O v vk bk, ak ORI v
Grand Banks i [X 30 %R 8T TILA IMRAE T |
0. 10, Weibull 43 i , X} 4 1F 4 43 i , Poisson —
Gumbel &5 WAE 754, Gamma 73 A7, 0 80 — B2 R i
WA S B o3 A, = 2 BOWSR B o0 A+ Fh 22 %) L
THE, B/ ARk KR TR S G R A K &
K86, AR RE0% K - S 1867, Cramer — von Mises
%, Anderson — Darling 7%l Q — Q % ( quantile —
quantile plot) 55 , f 2% H 17 /S e LU 24T 0 LG, X
AT AE Q — Q BRI RALARVE o A8 45 B A
T VI IR, A 2R 20 Al DU A A5 3, AR Poisson
— Gumbel 5 &5 B AR 73 A A0S £ 1E 2 73 A il 4 1%
WX T AR B AR L B3 A T N Rl
PRI 45 2R, L8 25 1 22 BRAE W T AN e

PE 3 AT (R 2,
15
LOGNORMAL
FT-1
14+ POISSON
-GUMBEL
g WEIBULL
€ 13+
=
bl FT-3
1 1 1 1 1 1 1L 1
0 20 40 60 80 100 120

HIUY /a

B3 AR 5 s L
Fig.3 Comparison of calculated results

using different models'"*’

e 2 Sy R A A A P A S U DA I SR DL K
P P s 2 8 A vl o ) R 0 R HEAT R v
g ANE TS R S J7 VR RO AN E 1
SR T AR H E, POT BUFE i, ] Gumbel,
Weibull 2} 45 HEAT 45
2 L AR v R I N E PR AT
Table 2 Uncertainty analysis of design waves
(North Sea and South China Sea)

AN 5 2 T Bl 3 [ i
7 A A i 52 A 0.06 0.08
il RE A W o Tk 0.096 0.09
g8 U A o 0.10 0.10
AN E T 0.15 0.156

26 IIE TR

2.2 YR RS E Y SRR A B LR SR A

TEMG S I 20 R0 117 9 2 ) TR vl op 48
S T B G Ml B % 5 o S S I A BN B %
Wi kRAE I . 7R TR B R 50 4F— 8
W v AR 3 8 7K (50 4E— 38K AT ) (R 4L 5 7 [
ST G BT B S P APT SR 10 T4l ik
TR AR (R R T 4L Sk B R v, T
Aty A O B O MR | R 4% 2K AR IE W I
AR (1) 64 )

SRLIT 20 2 4F (RFST T AR 5 4l w5 1
XL LA AR R 6 P 1 % i B L AR 6 4 W 2% ok
07 AMLGE R T o = e sk s
T L 58 B T = 4 LA b 2 A4 ik 9 565 MR o B LSS 00K
B e se i T 2% Kirby S5 46« % (8
LKA BT IE 50 4F B gh 7 i 4 10 75 28, 400 3
TR EURE R0 IBE  ME 26 45 4 i 5K 4 5 4k K R 4
I SE ISP NIOE 3= V(S R

3 T AN E A A RN 22 4R G 2 1 X

g
3.1 Bl B R A KU VT A

AT HEAT R 2B I R YR [ R 4 AT T
AR T 0 SR T 7 SR R T R A
Delft 243%™ P54, 43 BUBIN T B3 o AN e 1k
O3 BT R N 35 i KA I B Ak 2 a0 BT, L 4 St ] 4
B, IR g SRR SR T OBV R
PEXT TS5 IR g, RIS gh T 50 4 — 383 =
FRR ity v 7K A7 4 A TR 6 A5 5 LU AR N T 186 4F —
I8 T 20 A — 38k w5 R K AT 2L A A YT
107 38,50 4 —iE 3k w5 ot m K A7 24 S WY
74 XA BT U AN
PR W00 025 R i i KA L T KA R AN 2
K SR BRAT TR R AU (R TA IR
3.2 [HEACF G R EEE AT

EE AR 145 m KIS E RV EHT T
PR IR it AT AL A R ST S U T S Ay
BT, 4% AP & UK 77 58 1 AF — 38 (15.6 m) |
AHDY. XGHE (52,7 m/s) FHER (1,96 m/s) TF 5T 14
(R & FE LI A 180 4F — ™ HUBUR MR h P,
=0.102 x 10 """ T A A AL T 58 A AL B
SR AE G S 2 R R i A 08 T v AN
(cov=0.15) , Bk Rl 19 K2 17.9 m, 4% UAH
[ 75 b ST A R P =0.195 x10



0.7

0.6

0.5‘- )

0.4¢

0.3

ARE /m’ »(meg7)

0.2

0.14

107 74 47 19
B /a
(1) PBER 50 45 2 5 (2) 25 58 R 1 5 M 11 42 3k [ By ol 32 B0 9 o 51
405 (3) Delft 24 30548 5 (4) % 3 [ B 5 MRV o 5548
(5) A & M) Delft 20 X0 548

B4 R B SR AR Bt S SR b
Fig.4 Comparison of overtopping experiments and

calculated results of slope breakwater

Fe e [H br B2 Sk A ) ALARP (as low as
reasonable practice ) Y . , 45K R O T
10 g AN AT 32 A, AR T 10 7° Sy AT B2 32 KUK, )
AN RV v AN E T TE B P B PR SO
BT AT S I RS KT T RS T B B AN
TEE W B A AT (1)

3.3 B ik BB bR e R 2 M
R B AR AE Y% B8 R R R SCRH

*4

WK = FH B AR A A AESCHIR[8 ], [20] o)
SR FBE LB L 52 R F1 PNLTCED HEAT T 91 5%,
SRR 3 s,

H1%% 3 W UL, A 9 077 vk B DR 3% AR 3 TN T 45
1000 4F— 38 (1 B B AL AUAH 25 T % 18 T % R A
F LA RIS T 100 ~200 4F—38, 2006 44 3%
FEREREATHER T 3.76 m /KA 7 m FER,
MR Z G W 2 h BBl W2 5 R SOR AT,
7 J SR AN T A LR X ST R R B
KYERE I, 6 E e 7 6 KUK BBl bn AE K
PRV 73 BT %5 | A 8 FE AL

®3 AFTRE S L s B bR A 4 R B

Table 3 The comparison of disaster prevention

design criteriacalculated by different methods

Iy ik Bk K AL/ m HIH/a
f48 P - 111 AU il 2% )5 % 5.86 1000
Bl AL A% 00 v 5.84 200
PNLTCED 5.89 100
3.4 RV TE L K IR XU PEAL

SO = W N PE BV IOK, 32 E TURYLE 58 R
I LAV VL R K iR Bl % S e K — 2%
K SCHAE S SER AR el | LR S D TR el o)
5l 2 8 2% AR I R K TR | A8 S il i 22 L B
POKFERRIE], L3 H PR A2 B R 51, N BEATL
BB, 73 A BEAT LLAN [ S 0 42 1 D 3% 10 DY 4
R AT BE SR M, B 4 SR R 4 P

B AR U = H R BN USR0S H

Table 4 The 3 day flood volumes with different return period of Yichang calculated by ISPUD

100 4F

18

Al 85 7 ¥0: 3 H k4 208 x 108 m®

e85 ) ¥0: 3 H kIR 236 x 108 m?

500 4F

18

T4

e ¢ 5 3% 3 H ki 248 x 108 m?

HE1 HNE2 M5 3 HAE1 HE2 MNE3 HAE1 452

EIH/a 2 2 2 3 2 4 4 2
EoAURIN SEEL 108 3

YR /108 m 42.25 43.30 42.40 43.97 42.95 46.15 44.40 42.90

EIH/a 75 4 2 70 10 6 100 4
U YT

W& /108 m? 57.49 37.62 33.25 55.50 44.03 40.12 59.51 36.49

HEILWI/a 2 45 2 8 90 2 20 300
BRI

W& /108 m? 52.80 100. 00 52.80 72.00 112.70 57.62 85.12 129.00

EIH/a 2 2 75 2 4 200 2 2
29T

/108 m? 26.41 26.80 53.23 26. 86 29.45 60.00 25.58 26.86
B & PR A /108 m? 209.3 243.0 212.5 32.0 268.0 239.0 251.0 275.0
%A EIL W /a 88 80 81 404 455 494 928 787

VE L BOHE Sk B2 CE Y £ YEBA MR B LR By TR PR N R RS A AT, P R SR 5 AR A A 1 S ,2006. 40 ~ 49
R4 I, MERIL3 HtE K 45 4£—

M HABRALAN 2 ~ 4 £ — 8K 5 3 100 4 —08

2007 FEEE 9 B 101 27



WA I 3 Ot Ol =k 4 — 8 ik i
20 % WA b, XEADAIAKBUNE Y, BHE S
BB 20 A BEARAE B P TR N HY, SEE B T A
AR HURE B 73 L &5 1332 O, 7 PK 20 #r b 1
FHEAE B

4 iR

K ANHE TEAN 22 HENR S BER 0 T IR GIN T il
JEE i A w2 i R TR R e = R 3
IR B b b R AR I B TG TS E
PRV RNE 2 &, (A T BUE 22, i 2B 3 1 )
o R AERRE B X T AR (1 O, R A 2
AR JLRUA 7R »

S R R PR R T SR iz
N6 b AL TR T RN R 1 5 B A

5 AEAR G BB bR v LA 6] B S A T
P |l B — 20 o R A

5 = ANEAE PR IR BT RN 2 ARG S R B R 2 X
B DAl R S T

Z25 3R

[1] Liu T F,Ma F S. Prediction of extreme wave heights and wind
velocities [ J]. Journal of the Waterway Port Coastal and Ocean
Division, ASCE, 1980, WW4.469 ~479

[2] LiuTF. Long term distributions of hurricane characteristics [ A ].
Proc Offshore Technology Conference[ C ], Huston, OTC4325,
1982.305 ~313

[3] Schwerdt R W, Ho F P, Watking R R. Meteorological Criteria for
Standard Project Hurricane and Probable Maximum Harricane
Wind Fields, Gulf and East Coast of the United States [ R ].
NOAA Technical Report NWS 23 1979

[4] Army Corps of Engineers. History of Lake Pontchartrain and
Vincinity Hurricane Protection Project[ R]. U. S. Government
Accountability Office, (GAO -06 —-244T) ,Nov.9, 2005.1 ~4

[5] Liu Defu, Pang Liang, Fu Gang, et al. Joint probability analysis
of Hurricane Katrina 2005[ A]. Proc. Intern. Offshore & Polar
Eng. Conf[ C]. San Francisco, USA, 2006.74 ~80

[6] Guedes G, Moan T. On the uncertainties to the exireme
hydrodynamic loads on the cylindrical pile [ A ]. Reliability
Theory and Its Application in Structural and Soil Mechanics[ C ] .
Hague, The Netherlands, 1983

[7] Georgiou P N, Davenport A G, Vickery P J. Design wind speeds
in regions dominated by tropical cyclones [ J]. J Wind Engng In-
dustrl Aerodyn,1983,13.139 ~ 152

[8] Casson E, Coles S. Simulation and extremal analysis of hurricane
events. [ J]. Appl Statist,2000,49, Part 2.227 ~245

[9] American Petroleum Institute ( API1). Recommended Practice for

Planning, Designing and Constructing Fixed Offshore Platforms -

28 hIH TRFE

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Load and Resistance Factor Design[ S]. 1993, RP 2A-LRFD
A N RIERE ATl RS SY/T 10009 - 1996. 1 [F if ¥ A7 il
RARAATIARUEL S ]

oprAe N RSL N AT M BT JTJ213 - 98. Mg HE K S MYE[ S ]
Coles S, Simiu E. Estimating uncertainty in the extreme value
analysis of data generated by a hurricane simulation model[ J]. J
of Engineering Mech, ASCE, ISSN 0733 - 9399, 20031288 ~
1294

ANDN. Canada Oil and Gas Drilling Regulation[ S]. P. C.,
1980 ~2111, Queens Printer, Ottawa, 1980

Langley R M, El-Shaarawi A H. On the calculation of extreme
wave height: a review[ J]. Ocean Engineering, 1986, 13 (1)
93 ~118

Liu Defu, Dong Sheng, Wang Chao. University and sensitivity a-
nalysis of reliability for marine structures[ A ]. Proc ISOPE[ C].
1996, Vol. 4. Los Angeles. USA. 380 ~386.

Liu Defu, Wen Shuqin, Wang Liping. Poisson-gumbel mixed
compound distribution and its application [ J]. China Science
Bulletin, 2002, 47(22) :1901 ~ 1904

Liu Defu (Liu T F), Song Yan, Shi Hongda. Poisson-logistic
compound bivariate extreme distribution and its application for
designing of platform deck clearance[ A ]. Offshore Mechanics
and Arctic Engineering[ C]. OMAE 2003.2223 ~2228

Liu Defu, Shi Hongda, Pang Liang. Disaster prevention design
criteria for the estuarine cities; new orleans and shanghai—the
lesson from Hurricane Katrina[J]. Acta Oceanologica Sinica,
2006, 25(4) : 131 ~ 142

Liu Defu, Wang Liping, Pang Liang. Theory of multivariate com-
pound extreme value distribution and its application to extreme
sea state prediction. [ J]. Chinese Science Bulletin, 2006, 51
(23): 2926 ~2930

Liu Defu, MaLi, Jing Kun. Risk analysis of the disaster preven-
shanghai[ A ]. Proc
Offsh Mech & Arc Eng [ C]. Canada, OMAE2004. 463 ~ 467

tion design criteria for an estuarine city -

Liu Defu, Song Yan, Ma Li, et al. Combined environmental
loads criteria for marine structures [ A ]. Offshore Technology
Conference [ C]. Houston, USA, OTC2002.1749 ~ 1755

Kirby W H, Moss M E. Summary of flood-frequency analysis in
the united states[ J]. Journal of Hydrology,1987,96:.5 ~ 14

A N RS E AT B JTI298 - 98. B b B vk L5 it
HLs]

Meer van der J] W, Tonjes P, De Waal J] P. A code for dike
height design. and examination [ A ]. Proc Conf Coastlines,
Structures & Breakwaters [ C]. 1998, 5 ~ 21, (Ed. NWH
Allsop) Thomas Telford, London.

Liu Defu, Li Fengli, Jing Kun, et al. Uncertainty analysis of
breakwater wave overtopping volume, wave forces and structure
stability[ A]. Proc. Intern. Offshore & Polar Eng Conf[ C]. San
Francisco, USA, 2006.387 ~392

Marine Risk Assessment by Det Norsk Veritas, for the Health and

Safety Executive, Offshore Technology Report[ R]. 2001.3



The Lesson From Hurricane Katrina 2005

——Risk Analysis for Coastal, Offshore, and Hydraulic Engineering

Liu Defu, Pang Liang, Xie Botao, Shi Hongda, Lu Yijun
(Ocean University of China, Qingdao, Shandong 266003 ,China)

[ Abstract |

Comparison among predicted hurricane characteristics with the Poisson-Weibull compound extreme

value distribution proposed by the authors in 1982, Poisson-nested logistic trivariate compound extreme value

distribution in 2004 and hurricane disaster prevention design criteria for New Orleans ( proposed by NOAA) shows

that the compound extreme value distribution is a more reasonable model for typhoon or hurricane statistical predic-

tion. Based on the lesson from Hurricane Katrina, this paper involved the uncertainty analysis and multivariate joint

probability theory to the risk assessment for coastal, offshore and hydraulic engineering.
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Hurricane Katrina; compound extreme value distribution; multivariate compound extreme

value distribution ; uncertainty analysis; coastal, offshore, hydraulic and disaster prevention engineering; risk

analysis
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