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A Comparison of Typhoon Wind Models with Observed Winds
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The sea-surface winds during the passage of 64 typhoons for 1979-1999 were simulated using two different
typhoon wind models, ie, typhoon parametric model(TPM) and primitive vortex model(PVM). The model hind-
cast winds were compared with the winds observed at JMA ocean buoys(22001 and 21002) and Kyushu ocean
observation tower. The analysis of rms and relative errors between hindcast and observed winds was made to
find the accuracy and sensitivity of the typhoon wind prediction models. Both hindcast winds of TPM and PVM
underestimate the observed typhoon winds, but PVM winds are more closer to the observations with less rms
and relative errors. Relative errors of two model winds were small within 200km from typhoon center, but
TPM'’s relative errors increase up to 70% as the radial distance from typhoon center increases beyond > 200 km
although PVM’s relative errors remain in 20% with less sensitive to the distance from typhoon centers.
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Fig. 1. Nested moving grid system for PVM simulation.
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Table 1. Typhoons for wind model simulations.
Year Name
79 Irving, Judy
80 Ellen, Ida, Orchid, Wynne
81 Ike, June, Ogden, Agnes, Clara
82 Cecil, Ellis
83 Forrest
84 Ed, Gerald
85 Hal, Jeff, Kit, Lee, Mamie, Odessa, Pat, Brenda
86 Nancy, Vera, Abby
87 Thelma, Alex, Dinah, Kelly
89 Judy, Vera
90 Robyn, Zola, Abe
91 Caitlin, Gladys, Kinna, Mireille
92 Irving, Janis, Polly, Ted
93 Percy, Robyn, Yancy
94 Walt, Brendan, Doug, Ellie, Orchid, Seth
95 Faye, Janis
96 Kirk,
118" 520 122°  124° 126° 128" 130" 182" 134" 97 Peter, Tina, Winnie
Fig. 2. Surface wind fields by PVM(06 Z, Aug. 12, 1996). 98 Yanni
99 Neil, Olga, Paul, Ann
Table 2. Locations of JIMA ocean buoys and Kyushu ocean tower.
Name Location Height of anemometer
Ocean buoy 22001 28.17°N, 126.17°E (East China Sea) 8.5m
Kyushu ocean tower 33.77°N, 130.45°E (Kyushu) 17m
Ocean buoy 21002 37.92°N, 134.53°E (East Sea) 85m




Fig. 3. Locations of the JIMA ocean buoys and the Kyushu ocean
tower.
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Fig. 4. Location of meteorological stations.
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Table 3. Typhoon Faye parameters analyzed from U.S. Air Force data.

Typhoon Name Date (GMT) Pc (mb) Rmax (km) Pa (mb)
95071806 986 59.2 1012
95071906 975 512 1012
95072006 975 43.2 1012
95072012 968 384 1012
Faye 95072112 940 33.6 1011
(9503) 95072200 938 320 1010
95072212 938 32.0 1010
95072306 950 27.2 1010
95072400 993 40.0 1010
95072506 1004 56.0 1010
Date: 9U4r05/15 19:27 (9402)
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Fig. 6. Comparison of PVM winds with TOPEX satellite data ([J:
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Fig. 7. Comparison of model winds with JMA ocean buoy data. (a) Dinah (1987), Buoy22001. (b) Percy (1993), Buoy21002
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Fig. 8. Comparison of hindcast and observed winds; rms error and correlation(R) for PVM and TPM are denoted. (a) Buoy21002, the Eist/
Japan Sea, (b) Buoy22001, the East China Sea, (c) Kyushu tower, the South Sea.
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Fig. 9. RMS error of wind speeds with the radial distance from typhoon
center.
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Fig. 10. Relative error of wind speeds with the radial distance from
typhoon center.

Bl vk PVM BEHOIME 20% tlwte g BA) velked i
7 EF9] visre] Afolls dslide] sl BEHolxtge vig)] A
gjexprt Fgteh. Ao ete] vlweA & 4 Xl PVM 2
9| d)dF 2o A7} TPM 23 e] A3l vls) EA A=A
= A4S A& o= TPM R3o| 7)¢te] BXE 9]
FTAAMRE Y Al SRR vehlE vhde] PVM T
Me BEo| Q18 Aol /Y] EEp)E FolPozHN BE]
SRS Rk ol T} HFG T HelAle] g M=
A e 4TS Hole Aog AztATh Wil TPM 30|
A wpEARS) HF 9] olF4 e JFS T Agded #
Azle g y#sh=t] vHE, PVM EHoME )71 4A1% oA
o B2l & Zest A NS A EEA BFE F4
AN FEIS] Aol - TAGlo] AR A e @
AE Az ARE veplie o= AlEd

=

4 B

EE A sl EFsid s dd S 8 84 P d
g AME-E I Sl HF alvE RE(TPM)E H2 1S3
THCE@lA A0 df7]-ald FAS@PBLeIA ] 814 3}
AL TE 2FHAHAE o7 Aalbsls PVM 2 o
3 1979 FE 1999 Alelol] ko 7 4 )42 F3E
6472] B)FAl BEE WFF ARE ZAHNA F EYe B
A3 SARYsT. & 2389 2oAFe) v wE shE
ZX85 s AR Adolst st r]e] gsbd AujzA lollA] TS
HAE, &, 7 g0l 220012 59 28%) x5l
Qo] Bodsle w139 s Mg §2de] Gke] viAlE A H
 HFuEAIEE B 5 3lon, F47 s dREEe] AEe 84
o] YJEkg wol Wdd AL FFelH, Folde] B4 3890 9
23 EANAH sokio] 210029 A-$olle BZE AlEo] ojn)
A o=z AFrle] Holg 2t Arigez ¥
Aol e] ) dF Fels Byt ol2F A& Ao
A BE5E AENEY F 2EA AME =

8

L

o r
PN
)
ol
ol
2



g Ade ohgE g2

(1) 524 =49t vmoMe F 239 FH& #
25t 2% woin} slEgegdolae] TPM o8 aidF
o] &A= ms FHLAVE 6~9 m/se] FHoll 2lem, PVM
L 4~ g m/sE AT E o2 A9k} BiF S YA EFE 200 km
olfjoll A #=H sAkFe tisirE PVMS At XHE)yE 5%
o]3lE Wgtort, TPMS Z-¢lle 23% A== ZA Uett.

() S #2470 vnelE F 2H THL FF7
Aellai g} 7ro] HER K} A9tor, TPM 282 rms T3k
= ~6m/s, PVM 2382 A%l ~5m/s ATE 5 F3EE]
ALy 294}, Bl EEA 02 HE 200 km o WellAE PVM
283 TPM B8 25 159099 Jx-E B3eu, 200 km
olde] AlolME TPMe] A ex17) 50%0)4e.2 A o vt
o PVME 30% PRk 2 2l ol& FadlAeY] el EES
o] FFFadollA Bk ke 7dlgt)

(3) =] el el Hxs Far S dESER A5t v
woME PYMY F£& =X Hc} 1ms A A VERE 9
9, TPM Z&A4e 1~2m/s A% 2A YTl ms $5¢]
o= F mEo AU} H|ET 4~6 m/se] WO o, BE
ZAFe) A7) 200 km PlRklM = £ 2E ] AHoakE 10%
Uolz2 28k 2, 200 km olde] AgelXE pyvMel F
220 109 W2 Aoyt a7 2ElxA] ¢gkort TPMAA
E AN 30% oo s Al vlEste] AR

Fss0) FlaFEEelglo e PvMe] AE A|Lsiiie F40)
2 A YoV BEFes pyMe] #&X 9 2T AAE
VERA21S, rms £3R= TPMel 2F 6 m/s, PVM©] <F 4 m/sO] L,
TPM2| A exle Bl ZF54lolAe] Agdl vlalste] F7Hh vk,
PVMS} A3k TPMETH 21 v w3 ds ke FA315
ok H|Z sdolA] wi$ AE BSREe) Bl Ate]A]
ok, PVM®] TPMET} Bl ZA)9) 45 4t&ol 3lo] B} A&
Aoz vyttt ey BlFESdeAY AZt 100 km W R
A Aot 238 EU)eeE A% Bole AL HEFY 4
x12] 22} 71908k ALE AIBHY, o]H3 LAE Fo)7]
M e Bt 3] elFe] SAXS HulFe] g F4
& F e AP FF FYs]ofor & Aolth

#Atel =

B ATe F3piete] AdAsEA e A Y -

AckAlE] 27| Aljle] dfloz SgERlon, ofgH
Ao T8 FA Oceanweather Inc.2] Cardone BHAVEZ ZHAL
=gyt

=gkt

Vg ASxpae] 2A3 BF S =@ devin 107

29, pp. 4751

F37)&H, 2000. 3 At t-371E JNE, N2-02-01-A-02.

ANA, AR, o5, 9, 2001, FFHY AE5E AT
Z slwre 2 g 4, S8 R, ), 10):
pp. 52— 56.

s A, 2001, SRS 3 AL BSPM 00066-00-1331-2.

Atkinson, G.D. and C.R. Holliday, 1977. Tropical cyclone minimum
sea level pressure-maximum sustained wind relationship for
western North Pacific, Mon. Wea. Rev., 105(2): 421—427.

Arya, S.PS., 1977. Suggested revisions to certain boundary layer
parameterization schemes used in atmospheric circulation mod-
els, Mon. Wea. Rev., 105(2): 215—227.

Cardone, V.J., 1969. Specification of the wind field distribution in the
marine boundary layer for wave forecasting, TR-69-1, Geophys.
Sci. Lab., New York Univ.

Cardone, V.J., A.T. Cox, J.A. Greenwood, and E.F. Thompson, 1994.
Upgrade of Tropical Cyclone Surface Wind Field Model, CERC-
94-14, U.S. Army Corps of Engineers.

Dvorak, V.F., 1975. Tropical cyclone intensity analysis and forecast-
ing from satellite imagery, Mon. Wea. Rev., 103: 420—430.
Fujita, T., 1962. Numerical estimation of sea waves in a typhoon area,

Papers in Meteorol. and Geophys., 26(4): 199—217.

Garratt, J.R., 1977. Review of drag coefficients over oceans and con-
tinents, Mon. Wea. Rev., 105: 915—929.

Holland, G.J., 1980. An analytical model of the wind and pressure
Japan Meteorological Agency (JMA), 1984. Data from ocean data
buoy stations, No. 7, Tkyo. profiles in hurricanes, Mon. Wea. Rev,,
108: 1212—1218.

Japan Meteorological Agency (JMA), 1984. Data from ocean data
buoy stations, No. 7, Tokyo.

Jelesnianski, C.P., 1966. Numerical computation of storm surge with-
out bottom stress. Mon. Wea. Rev., 94(6): 379 —394.

Jones, L.W., V.J. Cardone, W.J. Pierson, J. Zec, L.P. Rice, A.T., Cox
and W.B. Sylvester, 1999. NSCAT high resolution surface wind
measurements in typhoon Violet, J. Geophys. Res. (Ocean), 104(C5):
11247—11259.

Schloemer, R.W., 1954. Analysis and synthesis of hurricane wind
patterns over Lake Okeechobee, Florida Hydrometeorol. Rep. No.
31, U.S. Weather Bureau.

Shapiro, L.J., 1983. The asymmetric boundary layer flow under a
translating hurricane, J. of Atm. Sci., 40: 1984 —1998.

Smagorinsky, J., 1963. General circulation experiment with the prim-
itive equation. I: The basic experiment. Mon. Wea. Rev., 91(3):
99—164.

Thompson, E.F. and V.J. Cardone, 1996. Practical modeling of hur-
ricane surface wind fields, J. of Waterway, Port, Coastal and
Ocean Engineering. 122(4): 195—205.

20029 3¢ 13Y S
20029 7€ 64 AR AE
eI R EA s B



