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THE HUGE WAVE PREDICTION BY NUMERICAL
MODEL OF OCEAN WAVES

By Yoshito TsucHivA and Tomoaki KOMAGUCHI

Synopsis

The huge waves which are generated by monsoons and typhoons strongly depend on
the boundary conditions as well as the wind field of interest. Of particular importance is
the stochastic property of wind duration. It is the most important factor in clarifying
the generation mechanism of the huge wave. In this paper, the numerical study of the
huge waves is performed for the meteorological conditions described above. First, the huge
waves which are generated by the monsoon are discussed with fetch and duration-limited
conditions, then, the methodology of the simulation of typhoon conditions are considered.

The typhoon model simulation results indicate that the effect of wind duration plays a key
role in huge wave generation, and, if this duration is extremaly long the huge wave is
likely to occur.
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Table 1 Wave data observed at Misumi and Tottori harbours

Observation Observation Effective year
Harbour period water depth wave gage type | g, "qiatistics
1978. 4.
Misumi | —28m pressure type 5. 884
1984. 12,
1978, 1.
Tottori | —30m ultrasonic type 5.020
1983.12.

Table 2 Maximum annual wave heights generated by typhoons and their
meteorological conditions at Misumi harbour

Year | M.D.T. Maximum Wave | Order IIJQeertilz)rél Wave dir.|Wind dir,| Wind vel.
Hm)y| T(s) m T ‘ m/s
1978 10. 21. 10 3.45 7.7 6 0.981 — NNE 13.5
1979 9. 30. 22 3.3 7.3 7 0.736 NE N 3.0
1980 9. 11. 20 4.74 9.2 1 5. 884 w WNW 9.3
1981 10. 24. O 3.60 8.3 5 1.177 NW NW 9.5
1982 9. 25. 4 4.12 9.1 4 1.471 \'"Y NE 14.8
1983 9. 28. 18 4.18 8.7 3 1.961 NE NNE 16.5
. 1984 11. 20. © 4.47 9.3 2 2.942 NwW - -
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Table 3 Maximum annual wave heights generated by monsoons and -
their meteorological conditions at Misumi harbour

Maximum Return .
Year | M. D.T. wave Order | Lcrod |Wave dir.|Wind dir, | Wind vel.
H(m) | T(s) m Tn m/s
1978 12. 20. 12 4,07 9.4 6 0. 981 NwW NNE -11.0
1989 2. 1. 14 3.96 8.2 7 0. 841 W W 14.0
1980 12. 24. 18 5. 42 10.4 2 2.942 N N 12.7
1981 12. 2. 4 5.51 10.5 1 5.884 NwW NNE 9.5
1982 4, 9. 18 5.30 9.4 3 1. 961 N N 12.9
1983 12. 31. 8 4.59 9.5 4 1.471 NW N 16.2
1984 1. 3.20 4,34 8.9 5 1.177 Nw - -
e P T T/ S T
99815 monsoon At 9988 Moroem,
99,5[—* all case: 7 99.5|-2:all cases-
a9 * 99
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Y S 95 4
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(3) Misumi harbour (defined period)

Fig. 1 Applicability of Gumbel distributions to extremal wave
statistics at Misumi and Tottori harbours.

— 5 -

(4) Tottori harbour (defined period)
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Table 4 Maximum wave heights in the defined period generated by typhoons
and their meteorological conditions at Misumi harbour
Maximum wave Return :
Year | M.D.T. Order | eriod |Wave dir.|Wind dir. Wind vel.
H(m) | T(s) m Tn m/s
1978 10. 21. 10 3.45 7.7 7 0. 841 - NNE 13.5
1979 9. 30. 22 3.35 7.3 8 0.736 NE N 3.0
1980 9, 11. 20 4,74 9.2 1 5. 884 w WNW 9.3
10. 14. 18 3.48 8.4 6 0.981 NE N 12.2
1981 10. 24. 0 3.60 8.3 5 1.177 NwW NwW 9.5
1982 9. 25. 4 4.12 9.1 4 1.471 W NE 14.8
1983 9. 28. 18 4,18 8.7 3 1. 961 NE NNE 16.5
1984 10. 21. 10 3.20 8.3 9 0. 654 W - -
11. 20. © 4.47 9.3 2 2.942 NWwW - -
9995 T 1] g o RRRRREE
99.9 e " isum; 7 999 e Misami
998113 Tottorf 7 99.8[(8 Yisumi
99.5 / 99,50 Kashiwazaki
99 A 99
98 98
w 90 / w 90 / 5
80 80 3 F
50 - 50 A
L ./ / A;ﬁﬁ
10 b 10 < -+
O'I /i ! s #
1 3 5 s 9l 3 5 7 3
Hirz (m) Hisz (m)
(1) Typhoon (annual) (2) Monsoon (annual)
yrrsEmRaRRRERvARARRAuNREN
, ; . -
sasl- s 9558 Mo
99.5 / 99.5
99 99
98 98
R 95 o5 P
w 90 7 w 90 4
80 A 80
50 50
10 10
! !
0.y 3 5 7 9 Ol 3 5 9
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(3) Typhoon (defined period)

(4) Monsoon (defined period)

Fig. 2 Comparisons of Gumbel distributions at Misumi and Tottori harbours.
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Table 5 Maximum wave heights in the defined period generated by monsoons
and their meteorological conditions at Misumi harbour
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Maximum wave Return .
Year | M.D. T Order period |Wave dir.|Wind dir. Wind vel.
H(m)| T() m T m/s
1978 | 11. 25. 16 | 4.01 10.6 22 0. 267 — NNE 1.9
12, 11. 0 3.82 9.0 32 0.184 N ENE 8.1
12. 20. 12 4. 07 9.4 19 0. 309 NW NNE 11.0
12, 30. 0 4,00 9.1 23 0. 256 NwW NNE 9,6
1979 1. 18. 18 3.87 7.7 30 0.196 NW NW 11.5
2. 1. 14 3.96 8.2 27 0.218 W W 14.0
2. 17. 22 3.86 8.4 31 0.190 NwW N 9,5
2. 28. 6 3.57 8.0 40 0.147 NwW WNW 10.0
3. .30. 20 3.96 5.8 28 0.210 SW 4 9.0
11. 18. 16 | 3.68 8.8 35 0.168 NwW WNW 8.5
1980 1. 7. 8 4.47 8.6 10 0.588 NwW WNW 9.6
1. 17. 16 4.21 8.2 17 0.346 NwW NNW 12.9
1. 31. 12 4,81 11.1 5 1.177 NwW NwW 10.2
2. 520 4.24 7.5 16 0. 368 NwW NW 14.0
10. 25. 22 4.31 8.8 14 0. 420 SW W 16.0
11. 13. 12 3.58 8.3 39 0.151 NwW NwW 8.5
12. 4 0 4,94 8.8 4 1. 471 NwW 4 17.0
12. 13. 0 4.64 8.4 6 0.981 NwW WNW 16.0
12. 20. 8 3.50 7.6 43 0.137 NwW NwW 9.3
12. 24. 18 5.42 10. 4 2 2.942 N N 12.7
12. 28. 20 4.43 8.6 11 0. 535 NW NwW 8.1
1981 1. 3. 2 4,03 9.1 21 0. 280 NwW WNW 12.5
1. 11. 2 3.95 7.9 29 0. 203 NW NwW 4.5
2. 26. 10 4.63 8.5 7 0.841 NW WNW 17.5
3.10. 0 4,53 8.8 9 0.654 NW N 13.5
4. 20. 8 3.54 7.9 42 0.140 NW NNE 9.5
12. 2. 4 5.51 10.5 1 5.884 NW NNE 9.5
12. 20. 2 3.98 7.9 26 0.226 NE \"% 11.8
1982 1. 5. 6 3.66 7.8 37 0.159 NE N 13.5
1. 16. 18 4.06 8.5 20 0. 256 NW N 12.2
1. 28. 12 3.67 8.2 36 0.163 NW NW 10.0
4. 9. 18 5.30 9.4 3 1.961 N N 12.9
10. 25. 0 3.78 10.2 33 0.178 NWwW NwW 7.0
1983 1. 30. 18 4.32 9.5 13 0.453 NE NNE 15.0
2. 18. 12 4.25 8.7 15 0.392 NwW W 14.6
11. 17. 22 4.18 8.0 18 0.327 NwW NW 14.7
11. 26. 10 3.55 7.9 41 0.144 NwW NW 11.3
11. 30. 12 3.50 7.3 44 0.134 " W 14.3
12. 23. 4 3.99 8.4 25 0.235 NwW NW 13.0
12. 31. 8 4.59 9.5 8 0.736 NW N 16.2
1984 1. 320 4,34 8.9 12 0. 490 NwW — -
2. 6. 14 3.61 8.0 38 0.155 NW - -
5 2. 6 3.74 8.9 34 0.173 NW - -
12. 23. 4 3.99 8.4 24 0.245 NW - -
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Table 6 Maximum annual wave heights generated by typhoons and their
meteorological conditions at Tottori harbour
Year | M. D. T. Maximum wave Order 5:%51 Wave dir. |Wind dir. Wind vel.
H(m) | T(s) m P T m/s
1978 | 10. 21. 6 | 3.46 7.5 6 0.837 — NNW 8.7
1979 10. 19. 17 | 4.77 9.6 1 5.020 — NNw 7.7
1980 10. 14, 20 | 4.12 8.3 4 1.255 — N 9.8
1981 10. 23. 14 | 4.43 9.5 2 2.510 — SW 8.9
1982 9. 12. 22 | 3.59 8.4 5 1. 004 — N 5.3
1983 9. 28 18 | 4.20 8.9 3 1.673 — NE 13.3
Table 7 Maximum annual wave heights generated by monsoons and
their meteorological conditions at Tottori harbour
Year | M.D, T, | EHMUm WA | Order E:é‘?fé‘ Wave dir.|Wind dir. | Wind vel
Hm) | T(s) m T m/s
1978 1. 10. 16 5.50 | 10.8 5 1. 004 — Nw 10.4
1979 3.30. 22 | 4.32 8.2 6 0. 837 — — -—
1980 12. 24. 18 5.79 9.4 3 1.673 — NNW 12.0
1981 12. 2. 4 7.51 11.2 1 5.020 — NW 13.9
1982 | 11. 24. 16 | 6.05 10.1 2 2.510 — WNW 15.9
1983 318 0 | 570 | 1.3 4 1.255 — — —
Table 8 Maximum wave heights in the defined period generated by typhoons
and their meteorological conditions at Tottori harbour
Year | M.D.T. | LCNMmUM WAV | Order | SR |\Wave dir. Wind dir,| Wind vel
Hm) | T() m T m/s
1978 | 10. 12. 6 | 3.46 7.5 7 0.717 - NNwW 8.7
1979 10, 7. 20 | 3.59 7.7 6 0. 837 — NNE 10.7
10. 19. 17 | 4.77 9.6 1 5.020 — NNW 7.7
1980 | 10. 14, 20 | 4.12 83 4 1.255 — N 9.8
1981 10. 23. 14 | 4.43 9.5 2 2.510 — SW 8.9
1982 9. 12. 22 | 3.59 8.4 5 1. 004 — N 5.3
9. 25. 6 | 3.16 7.5 8 0.628 — NE 9.4
1983 9. 28. 18 4.20 8.9 3 1.673 — NE 13.3
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Table 9 Maximum wave heights in the defined period generated by monsoons
and their meteorological conditions at Tottori harbour
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Maximum wave Return .
Year | M. D.T. Order | Leriod |Wave dir.|Wind dir,| Wind vel.
Hm) | T() m Ta m/s
1978 1. 1. 22 4.60 10.5 17 - 0.295 — NNE 8.1
1. 10. 16 5.50 10.8 6 0.837 — NwW 10.4
1. 22. 16 5.30 11.7 9 0. 558 — WNW 8.9
2. 1. 10 4. 60 8.8 19 0. 264 —_ WSW 8.3
2. 18. 6 4,60 9.7 18 0.279 — N. 10.8
10. 27. 22 3.63 8.7 48 0.105 — NE 7.3
11. 29, 10 5.28 11.0 10 0.502 — WNW 13.2
12. 10. 22 3.97 8.4 34 0.148 — NNE 6.8
12. 20. 0 4,43 8.6 22 0.228 — — —
12. 30. 2 5.31 9.5 8 0.628 —_ — —
1979 1. 11. 8 4.11 9.5 30 0.167 — NE 6.5
3. 1. 18 3.51 8.3 51 0. 098 — NNW 7.0
3. .30. 22 4,32 8.2 26 0.193 —_ — -
11. 13, 18 4.19 8.7 29 0.173 — SW 7.6
12. 10. 22 4.31 8.5 27 0.186 — NNW 9.1
1980 1. 7. 10 4,68 8.7 14 0.359 — WSW 17.2
10. 26. 20 4,58 10.0 20 0. 251 — SW 7.1
11. 13. 14 4.73 9.2 13 0. 386 —_ W 13.5
11, 26. 0 3.65 7.1 47 0.107 —_— WNW 11.5
12. 4. 10 3.86 8.5 38 0.132 — SW 8.4
12, 13. 8 5.35 9.9 7 0.717 — SW 11.3
12. 20. 18 3,92 8.2 35 0.143 — NNwW 6.5
12. 24. 18 5.79 9.4 4 1.255 — NNW 12.0
12. 28. 2 4. 67 10.7 15 0. 335 — SW 7.3
1981 1. 4 10 4.42 11.8 23 0.218 —_— — —_—
1. 12. 14 3.69 7.0 44 0.114 — W 13.7
1. 22. 2 4,04 8.4 32 0.157 — NNW 8.7
2. 26. 22 5.08 9.1 11 0. 456 — WSW 14.0
3. 10. 4 3.79 7.8 39 0.129 — NNW 8.5
4. 20. 10 3.75 7.3 42 0.120 — w 14. 4
12. 2. 4 7.51 11.2 1 5. 020 — NW 13.9
12. 15. 18 3.86 9.3 37 0.136 — NwW 6.6
1982 1. 7. 10 4,11 8.1 31 0.162 —_ N 8.7
1. 29. 2 4. 87 8.8 12 0. 418 — NwW 9.0
2. 4. 20 4.23 7.8 28 0.179 — NNE 12. 3
4, 9. 20 5. 87 10.3 3 1.673 — —_ —
10. 9. 10 3.77 8.7 41 0.122 — NNE 9.1
10. 25. 2 4.36 9.6 25 0.201 — NwW 9.3
11. 24. 16 6. 05 10.1 2 2.510 — WNW 15.9
12. 6. 4 4.52 8.3 21 0.239 —_ N 11.1
1983 1. 10. 12 3.99 7.9 33 0.152 — W 15.2
1. 20, 2 3.54 7.7 50 0.100 — NNW 8.3
1. 30. 20 3.65 8.0 46 0.109 — NNE 7.8
2. 19. 20 3.61 9.7 49 0.102 — SW 6.7
3. 18. 0 5.70 11.3 5 1.004 — — —_
11. 18. 16 4.38 8.7 24 0.209 — WSW 13.8
11. 26. 10 3.79 7.5 40 0.126 — NW 15.0
12. 1. 8 3.67 8.6 45 0.111 — NW 10.6
12. 11. 16 3.73 7.9 43 0.117 — \"Y 18.8
12. 18. 0 3.92 8.1 36 0.139 — NNE 9.3
12. 31. 12 4.66 8.7 16 0.314 — —_ 9.3
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Table 10 Gumbel plotting parameters and correlation coefficients

In case of Misumi harbour | In case of Tottori harbour

o . Parameters for Parameters for
Criterion of selections Gumbel plot | Correlation | Gumbel plot | Correlation
A B coefficient A B coeflicient
maximum annual wave heights 0.521 | 4.485 0.934 0.759 | 5.490 0.963

maximum wave heights in the
defined period 0.393 | 3.923 0.992 0.615 | 4.074 0. 986

maximum annual wave heights
generated by typhoons 0.444 | 3.752 0. 969 0.419 | 3.876 0. 969

maximum annual wave heights
generated by monsoons 0.530 | 4.461 0.933 0.854 | 5.366 0. 956

maximum wave heights in the
defined period generated by 0.451 | 3.601 0.973 0.458 | 3.670 0.978

typhoons

maximum wave heights in the
defined period generated by 0.402 | 3.910 0.990 0.635 | 4.099 0. 986
monsoons

B ABEAETE, SHAOEEOANEAOEACENTRBEROARIINS L, 2ENCERDE
LXDHRIUHEREEET LTS, I, COEARERMELD bRIVEDHBIEETH 5o

—%, HREBAEEC OV TREMES XUBREOTAL bIT, ARLFHADE LS54 Gu-
mbel SHE~DBEAEILXHDTRIFTH 5. HERKI, =ZBEBIURIVET, FhZhBEOBAK
120.973 L750.978 TH D, EMADOEAIT0.990 BLV0.986 8- T do THICHLT, BRER
HEERICE > THRALIIVE 213, ERABROBA L AMKCEHAERERR &7 2580IGEVERERE
Fto COBAIIE, HERKBEEES XUENETEZNEZN0.992 8L 0.986 TH 5,

Ric Fig.21C X 3 &, BROHIBICOWTROC bbb, 7, ARICKIBESHRELSHIE
LACRLTH S, EHAOCEARSEELD S BIEOHIHREESPLDRE(ENS. ChRRE
Ric & 2EA1E, THAKBOTERICES ABRIEEEDLLIBVOT, BEAHORARTS 55, M
AOBAIR, ThHBEET I TREL, T/, REERLWAT 0T, ZHWBICENTRIEDOH
REEHSA S BEORURTH B 212, AROEAR, ERKEEEHMBEAKREZHE LIBELT,
BIEATICK VBRSO, EHROBAR, FERAREEHE LIS 0ksHisABmZmb U
FEA XD bR EVEREEERTMIEE > T B0 CHREFKBEROEAR, EREMEHE LU TRS
FHARIC LD, FANREREICK > TRELUERBSHEINZ0KH LT, MERARROESGIRE
TIEOBHEIC L > CRI SR INERRBELATNILDTHSHLEEL LN 50 Zh > DGR & rhifn
DML OMBEREE & 2B Lic & C 5, SO Gumbel HTOARIL, KIBOALLD b SIT/h
X -TWNBo CHIT, MIBEIKBOTIE, WABBOMKICED, BIEID S SICHHCRELL
) BHAC L > THBBRELTHEDTHEEEL NS,

PLEOEERN S, =Bkl ICBRSICENTIE, BRIKE > TEERNRET 2, FHAICIDEN
PIEOEEREBSRELTWAZEDBHELNEE T LIc-T, INODHIE CRERRES SECL
FelEZ ONLERRMEBREL, BBHEEEFVICKD ZOREFRZRET 5.
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2.3 %ﬁ;‘}i;‘ﬂd)#&ﬁ Table 11 Selected monsoon test cases for
) EBR#EE=EFVOEA hindcasting

T TR, HOBAREERRRICRET .
ZEMRI LABREBROREBELZDE case no. p?lriﬁ)gca{gtr meteorological condition
BREERRERE 7 VIC X DB T 50 B

1979.10.18. | depression passed through

BOBEMET ORERIC L » TEE LEER 1 | the southern part of Japan
T OHEE r — 2 % Table 11 1T5R 7 10.23. | Sea

BREREe=FVE LTREMREF YD 9 1981. 121' 22. depression passed through
—DTHBUO TBEFVEHNS, £0 12.%6. the center of Japan Sea

WEICEELTIR, B ZESP MR
DEEBHF—2 %R T 54 YHHT BHHEICLDH

EENIBLAEATE LUTANT 30 HHANS b //// %

iz, ABHENESE L, SREEEREITRMIC 0
RENELTHE Lo HEHTEMIE Fig.30 %5 N
CBET B 210, BERERERIZSSHE Licks, % pf e
TR IHEEREIONTNBD, THELSSE | —becereescense

TRy PVIRBINGE L7CfEZ RV T, Tt
(2) HERERLERBROEERE : S | D M
Fig.4 ICi2, 6MMBIKEMAOKEMBOENS | JiililllIIR

DESEOBBICE > BERAOEERT. chick [ AL il

3L, BABESTII1ANE IRK~3IEIRKEEZT 4

ORICIESE,SBE L TE D, B LA EMNIZ NE~N o

~, X5 NWAt@asuczEitl, B3 6~8m/s

oA TR LT, 20m/s IRICE TREL T 5, Fig. 3 Domain of calculation in the

%7z, COBESERILBE LI%S, LFELTL western part of Japan Sea.

Bo EHLTRNERDIDT, AKELTIIE &5 10~15m/s FIBORIKROIDDEHEETE 5,

CDOEEORBORERIE Fig.5 KR . 1 H 30 H 9REL SEESRICB WO THR 2 KER X OE/LHE

nTEy, ZOFARBIEZEBEOEMITHIE LTS, LA LILERICONTIE, T D RINEROEL

1A 5NV, CNIRILFEMTREHRORLEREIENC E0 5, BEG/NEL, HROBEMELNLS

DI LT, RS TRREEENRENIDIC NANW HHICREZE LEBHRIRL 2D EEL ONB,

Fig.6 3L OHOO=BEATOHRERREEAEE OLEKTH 5. SIHOREBEYRTEOKRE B LUEHOH

BELEAHEEORVSREBTFTHY, EEBICET ERBORELHRET L LBTE S,

Fig. 7 REAARBAES S LOMEOBETRE L 2ODESKESRKE LT, 2hZhsEAEH & AE
HERcEHL, 2O0FEDOREREL L -7BAOBERO~N, FVRTH S, BEREAGZRICE 2 E, 12022
HicKpRD» S, ¥/, 23BRBFICHEDOERICREE LIS 2 DDESERKEBICREL, 21EEICIZH
B 2 DEBRECRELRY, T0%, HRENEHUEHBSEWNICHERL, 40218 3= t—
HWER > THERRADBEHE S DESEICRE L, 0L EDEKEOHLEER 972mb ITRAK, T
DESERISICERICEATERL, BHRRFFICRELUIBISENHREBETRELLIERE-T,
BAANMICFBFVFEILT 2 O EEREORE L L~ CORICL B E, HABEOELRIZICNODESTE
DEEBTE T, 22H~2BARMPITRELIY, U4HICIZHAREOERREETEE 20m/s D&
> T3, Fig.8 ICi3C DHRICE I ABRDON7 b NVEATRT . WRIZ2BHI2BTI®RH ORE LI035 55,
LYH, TOTANF—IFEL, 4HLMACRBEEERBICE-TVE, 2O &%, BEBKTORBD
R s 0Etiz, BROELICZIZ—E LTS, UL, BALE, BRAKITEEREBICE>TH5I,

® Point in calculation
© Open boundary
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Fig. 4 Estimated wind fields in the western part of Japan Sea.
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Fig. 4 (continued)
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Wave field colculgted in
western Japan Sea(case )

Scale 5, (m)

8001. 29. 21. i

S S
S LSS S
S S S S
S S S ST
AV AP AV AV Ar e S O ararard
AR AN A AT AV ardr e G ardrard
— S S S
I AV A AVl A i i A ey 4
I AP AP AV AP AV AV oy 4 a4

(1) At 21:00 29 Jan., 1980

Wave field calculated in
western Japan Seaf(case )

Scale 5, (m)

N

8001. 30. 9. i

Y P
VPP AV
PP AR drd
PO aad
VPP e
LSS S
PO aradd
PP av A drayand
PO OO adaa
S S S S
S S
S S

(3) At 9:00 30 Jan., 1980

Wave field colculated in
wesfern Japan Sea(case l)

Scale 5, (m)

8001. 30. 21. i

S
PPN Eadd

(5) At 21: 00 30 Jan., 1980
Fig. 5 Calculated wave fields in the western part of Japan Sea.
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Fig. 7 Estimated wind fields in the western part of Japan Sea.
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Fig. 8 Calculated wave fields in the western part of Japan Sea.
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Fig. 8 (continued)
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(3) At 18: 00 23 Dec., 1980 (4) At 0: 00 24 Dec., 1980

(5) At 6: 00 24 Dec., 1980 (6) At 12: 00 24 Dec., 1980
Fig. 9 Calculated directional spectrum at Misumi harbour assuming the moving wind fields.
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(8) At 0: 00 25 Dec., 1980

(9) At 6:00 25 Dec., 1980 (10) At 12: 00 25 Dec., 1980

(11) At 18: 00 25 Dec., 1980 (12) At 0: 00 26 Dec., 1980
Fig. 9 (contiued)
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Fig. 11 Comparison between calculated significant wave heights and periods
and those of Typhoon 8218 with extended durations.
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Table 12 Typhoon tracks which changed course in the region of low latitude

Typhoon Plﬁ:(s;%e)** Lat(igf\?f*** Typhoon PI:Z:(S;EB)** Lat(iglﬁ)e o Typhoon Pr;’:?;f)** Latl(tylgi***
4021 975.2 27 5313* 930.0 26 6624 - 988.0 20
4027 960.0 - 5405 -952.0 28 6626 960.0 31
4102 987.0 - 5412 945.0 28 6707* 1002. 0 27
4108 977.4 - 5414 976.0 32 6715 1001.0 -
4114 960.0 25 5415 965.0 22 6718 980.0 29
4125 960.0 23 5522 938.5 28 6734* 968. 0 23
4216 951.0 28 5523 985. 0 - 6804 975.0 -
4221 988. 6 - 5526 985.0 23 6810 986.0 -
4222 959.1 - 5603 998.0 19 6816 955.0 24
4312 992.0 - 5615 972.0 25 6907* 985.0 27
4314 1002. 2 23 5710 958. 0 29 6909* 960. 0 28
4315 970.0 - 5811 970.0 25 7002 955. 0 23
4326 968.8 23 5817 970.0 - 7009 975.6 -
4327 966. 7 25 5821 955.0 23 7010 960.0 -
4328 990.0 25 5822 950. 0 23 7119 940.0 30
4411 984. 8 30 5906 965. 0 30 7129% 990. 0 23
4412 973.0 - 5907 959.5 - 7206* 985. 0 25
4416 960. 0 28 5915% 929.0 27 7209 976.0 -
4420 947.0 22 5916 991.2 - 7220* 960.0 25
4506 999.0 21 6011 980. 2 - 7416 975.0 31
4511 978.0 32 6012 990.0 28 7417 1000. 0 -
4512 980.0 26 6016 973.4 - 7505 960.0 -
4516 916.6 27 6111 971.8 - 7506 970.0 -
4520 963.7 27 6115 1003.0 - 7514 1002.0 20
4609 973.1 28 6117 1000.0 33 7611 1002. 0 -
4703 1002. 5 23 6118* 925.0 27 6612 992.0 -
4704 997.0 28 6207 970.0 - 7617 965.0 28
4707 1000. 0 - 6213 980.0 29 T707* 985.0 23
4821* 943.0 31 6214 955.0 27 7808 980.0 30
4834 970.0 28 6303 991.4 - 7916 950.0 23
4902 960.0 19 6309 970.6- - 7920 965.0 24
4906 998.0 - 6420 944. 2 - 8013 962.0 25
4909 960. 0 20 6509 1002.0 23 8105 992.0 26
4910 956.8 - 6510 998.0 23 8115 965.0 -
5012 998.4 - 6515* 950.0 25 8210* 970.0 24
5028 955.0 28 6517 970.0 32 8218* 968.0 23
5029 959.1 28 6523 950.0 28 8219 978.0 21
5106 980. 8 21 6524* 955.0 23 8305* 972.0 22
5115 927.0 25 6614 998.0 - 8310 975.0 30
5202* 968.0 20 6619 992.0 30 8506* 968.3 27
5302 982, 0 20 6621 1005. 0 - 8514% 992.0 24

** Central pressure depth at the time of landing
*** T atitude where typhoon changed its direction
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Fig. 13 Examples of proposed typhoon speed which changed course in the region of low latitude.
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Fig. 14 Correlation between central pressure depth p, and duration T
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Table 13 Return period of duration
of typhoon in the region
of low latitude

Return period | Extended duration
T (year) Ty(hours)
10 82.84
20 99. 30
30 108. 76
50 120. 58
100 136. 52
150 145, 81
200 152. 40
300 161. 67
500 173.34
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