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Abstract

The impact of the preceding and approaching typhoon on track and
intensity of typhoon in Western north pacific is studied using coupled model
which consist of WRF atmosphere model and ROMS ocean model.

After passage of typhoon Ewiniar(0603) in the Philippine Sea, Typhoon
Bilis(0604) pass over the region which is cooled by preceding typhoon
Ewiniar. The result of experiments for simulated track and intensity of
typhoon Bilis using data initialized as cooling upper ocean and not cooling
indicated that although difference of track is not signigicant, intensity of
cooling experiment is smaller than not cooling experiment with about 20hPa,
because there was less heat flux and OHC(Ocean Heat Content) in upper
ocean by impact of the preceding typhoon Ewiniar.

Typhoon Kompasu(1007) pass over the vicinity of region where typhoon
Lionrock(1006) interacted with typhoon Namtheun(1008). The result of
experiments for simulated track and intensity of typhoon Kompasu as initial
condition including bogussing effect to approaching typhoon and not including
suggest that although difference of intensity is not signigicant, track
difference between bogussing and not bogussing experiment is quite large
with discrepancy of about 500km at the maximum, because approaching
typhoon Namtheun impacted by bogussing effect relatively moved upward,

changing edge of North Pacific High through 500hPa streamlines.

Keyword : coupled model, preceding typhoon, upper ocean cooling, approaching

typhoon, bogussing effect
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and 1.0 represent n values, respectively.
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WRF 299 E#344e
parameterization), AW ¥ &

Boundary Layer; PBL), t”7]

Al &2 (Microphysics), 4% EF3(Cumulus
w9 (Land surface model), 34 74 7% (Planetary

B A} (Radiation)®] E 43} (parameterization) & -4

ol A4S Sh(Fig. 5). WRF Edo A Alg¥ = thekst a3t 1o
Y34 Table 1-59 AN SR, A3 255 BEe 29 BAE gk
loud detrai nt
Microphysics <& o Cumulus
cloud
non
effects convective rain convective rain
Radiation PBL
surface
emission/
albedo '
surface
Surface T, Qv, wind
Fig. 5. Direct interaction of parameterization in WRF model.
Table 1. Microphysics options of WRF model.
Number of Ice—Phase Mixed—-Phase
Scheme )
variables Processes Processes
Kessler 3 N N
Purdue Lin 6 Y Y
WSM3 3 Y N
WSMb5 5 Y N
WSM6 6 Y Y
Eta GCP 2 Y Y
Thompson 7 Y Y
Goddard 6 Y Y
Morrison 2-Moment 10 Y Y
—_ 6 —_
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Table 2. Cumulus parameterization options of WRF model.

Scheme Cloud Detrainment | Type of scheme Closure
Kain-Fritsch Y Mass flux CAPE removal
! N . Sounding
Betts—Miller-Janjic N Adjustment )
adjustment
Grell-Devenyi Y Mass flux Various
Grell-3 Y Mass flux Various

Table 3. Land surface options of WRF model.

Vegetation . )
Scheme Soil Variables(Layers) Snow Scheme
Processes
5-layer N Temperature(5) none
Temperature, Water+ Ice, 1-layer,
Noah Y )
Water(4) fractional
Temperature, Ice, .
RUC multi layer
Water+Ice(6)
Pleim—Xiu Temperature, Moisture(2) input only
Table 4. Planetary Boundary Layer options of WRF model.
Scheme Unstable PBL Mixing Entrainment treatment PBL Top
K profile+ o from critical
MRF . part of PBL mixing )
countergradient term bulk Ri
K profile+ fr b
YSU P i explicit term o u(.)yancy
countergradient term profile
MYJ K from prognostic TKE part of PBL mixing from TKE
transilient mixing up, o from critical
ACM2 part of PBL mixing ]
local K down bulk Ri
Table 5. Radiation options of WRF model.
Longwave/
scheme g Spectral Bands | CO,, Oj, clouds
Shortwave
RRTM LW 16 CO,, O3, clouds
GFDL LW LW 14 CO,, O, clouds
CAM3 LW LW 2 CO,, O, clouds
GFDL SW SW 12 CO,, O, clouds
MM5(Dudhia) SW SW 1 clouds
Goddard SW 11 CO,, O, clouds
CAM3 SW SW 19 CO,, O, clouds
— 7 —
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2.1.2 ROMS(Regional Ocean Modeling System) 52

fUrde 2E A~ st (Rutgers University)ol A 7liFE ROMS(Regional
Ocean Modeling System)® @S AF&-3F T ROMS 292 3a-49] 94 WA

g AT AF =8 wdon,

A
—~
o

T AA= Arakawa C AAAAE AFEshaL, A7 e 34 Hx2AE A
stk A2 Axe AFE w2 A vk F 3 A (o-coordinate) & AFE-steET], A
T G994 wet 4= -] 7HEsith Fig. 62 ROMS =299 A4 HAxE

dEhdT Al F9e $2, 9 5O BE 49 WMEE sy, 5

Fig. 6. Vertical o coordinate in ROMS model. lines and shading in vertical

section represent grid point and topography, respectively.

3a1e] ROMS B2l g Fo 93 o= FE3(vertical turbulent mixing) 3}
&% (upwelling), % ©]F(horizontal advection)®% S& &og 4 v} =
o HtEEHE Y EToA SFE TAATI AL, T A Ao (zlold wE
a7 7ok kel Aol olaf R EFo] WAste] st HolA Erh(Fig.
o A7IHAd vig L e HAbs doA FddHom HF

%
s o] FS FHEG Hopx] 7] wie] §5o] k¥ th(Fig. 8).
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Wind stress — surface layer currents
Current shear — turbulence

/ Turbulent mixing — entrainment of cooler water

Z

MIMITOWOZE

the Mellor-Yamada 2.5 turbulence
closure submodel to parameterize vertical mixing

/ Sea surface temperature decreases > /
T %—

Z>mO0O0

=i it

Subsurface temperature increases

Fig. 7. Schematic of vertical mixing/entrainment process by typhoon(refered

from presentation of Ginis in TCOI, 2009).

o M
Cyclonic wind stress — divergent surface currents g

/ Divergent currentls = up\:v?llmg Byclonic p

t= =3 et r H

/ Upwelling — cooler water brought to surface E
< b | R

E

o]

C

E

A

N

Fig. 8. Schematic of upwelling process by typhoon(refered from presentation

of Ginis in TCOI, 2009).
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2.1.3 WRF-ROMS #&1}4

A% mBe vls sge] A-BHA WEE BAd AT 5 Ak An
gol-algel HEAg Aol dold Faw AAE AT UM RgEUe

=]

=]

WRF t]7] =43 ROMS 3f o

9 Z2aYY 9ol olgdtel WHaArh

MPI(Message Passing Interface)2t= H

MPI= Z2AAE Alole] A& 93] F=oA sE3 AH&ste s
olryglE A =Y. MPI-2&= MIMD(Multi Instruction, Multiple Data)= 2 oj|
weh thE F SARe] &3 ZRAAME AR WAAE Fi ks F QR E
MPI-12] 4 42 39 ENNE AR 7|5 52 42 33
LA MIMDER S wh=e o] gflel] stow ARy 7se 4 ZRIaS
AA BY & ol & R Zzadye] 1o Agsta FPAE Hojuyr)

A3 2l H WAL F ZEAA F o shurt dES 8 AEA Ao 1
84S Wolsed A2 ANZE F9 FazE wornz AAIHE F OZEA
2= ABel SetoldES] #AVE itk AZo] gREW A7 mdlEo] AR
FAT 7 AEF MPIL 3t E 7EY Bd 3= At oh(Fig. 9)

mpiserver mpiclient

MPI_Open_port()
MPI_Publish_name()

MPI_Lookup_name()

MPI_Comm_accept(...
MPI_COMM_WORLD,clientcomm)

MPI_Comm_connect(...
MPI_COMM_WORLD,servercomm)

MPI_Send(isend...0.clientcomm)
MPI_Send(isend...0.clientcomm)

MPI_Send(isend...0.clientcomm)
MPI_Send(isend...0.clientcomm)

Fig. 9. Schematic of coupled model using MPI function.
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Table 6. Summary of WRF and ROMS model configuration.

Model WRF(Version 3.2.1) | ROMS(revision 519)
Grid size °F 12-15km
Time step 90s
Map projection Lambert projection
Vertical layers 28 30
Grid dimension 270 X 270 (center : 128°E, 25°N)
Terrain
) USGS 2' Etopo 2'
resolution
Initial &
Boundary NCEP FNL data HYCOM data
condition
— 12 —
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A Bde Abgete Aol t7Ieh aleke] 3xd 27 - AA AEE Z
82 3o gi7] 2RdEde 1° x 1° 4% NCEP(National Centers for
Environmental Prediction) FNL(Final Analyses) AA|7 #2148 AL&313]v)
ey AAT B HEFS @ =R Qe AR MEY] wiiEe] sy
e Bdol A #EFI FANE HFY FE2E AP ofHu oY g A=
| 18kl WRF & ®BAY (bogussing) 7IH& &l 2| BF3} A
71E9] HES AAs L

i
b
N

rr

3 2% & (bogus vortex)S WHEo] 414 <l

HAAY 71¥el dist A4S 7heks] Aeld, 13(1000hPa) A9 7]
A A ok AUk et o] u, HEe] T4 Fig. 103 #Zeo] HA7A
At & (Best track data)E Frarsto] wg] ARG whAE ol = AR T A
ool Huighs 7H AR o m oA "v EA A VEY HEs 2
A =H BE AEE F<L(wind velocity), 1% ¥} (Height anomaly), 7]
HA2HTemp anomaly)E AAtL, AMEFA Aodd 2x Hsoz Addn. A&
A AdE 2x g3 utgde 2(65)7 2] Rankine vortexell ]3] A <]H .

£

-~

FG Storm
Location —
\M ax Rel Vort

300 km
Best Track Typhoon
Location Radius
I'rg

400 km
Search
radius

Fig. 10. Schematic of bogussing process in WRF model(refered from

presentation of Chris Davis & Simon Low-Nam).
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v=Az)F(r) (5)

A7NA v, Hd 5 HAE oA HA W3 (tangentia) @] Hd FEH5S o
Ehdth o= 0759 #E AFgsta, A(z)E 159 =olo wat 0.1-1.09 e
Uetth 22 83 A FEE AUEE A oluldA] A xstE A

=]
n

ol M= HeA4s 022 7HAstq MY

Wakell osl] Fo At
s 2do Z7|ZAE& HYCOM(HYbrid Coordinate Ocean Model)2] 3z
T2, 9%, sAYEY FEUEe] dF ARE AFESAT. HYCOM<S NRL

(Naval Research Laboratory)oll A 7§5rsld 1, 1/12°9] 3 s =of 32719 o
HZzoz FAH Urt. EF 982 NOGAPS(Navy Operational Global
Atmospheric Prediction System)?] vl&#g23 %58 Algsta, AaFIsE 9
3 msfat A =-E3AE(Navy Coupled Ocean Data Assimilation; NCODA)E

AL&-3

gkt
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2.3 AHel A7

231 A& eFo ol thH Al AA

& o= sto] RSMC-Tokyo(lei A 57 GAE)ANA Hiw BF i
¥} TMI(TRMM Microwave Imager) SST A&Z5 Farsle] ZAFSFS T}

Atdl A4S 9gh VS ge ) 2k A AR, A eFel o W 3
FH W4 ayE 47 SEAE
Tropical Storm)d ¢ ¢Fel ejF HtlE= TY(Typhoon)d 9 73k efFS XA
THGinis, 1995). 7 WA, APAF T #FA5E +24(Shay et al.,1992) 3} XA
] (Tuleya and Kurihara, 1982; Bender et al., 1993)o 4 EjEF 2] o] FA] EfF
ol mA Ao 2 o 1-6T9 ala¥ Wz T347F YehdS BoFAsd, o 4
TollAd= TMI SST A &5E o|&dte] BlE T3 Fo o 3TCol%e g afisH
Wzho] A3k A §-olofof st mix|uto g thS HFo] of 7Y oo 73

T WYzo]l AR A HE oF 300kmolHE F3st= AvE VIEo® A

57} TS(Tropical Storm), STS(Severe

N

HE olEe Z47 A9 HED g BES s, tgw

A Foll 7 WA AtElE AY e w dAs i

Table 7. Cases for impact of preceding typhoon.

No. Period Name

1 2002.08.12-2002.09.08 RUSA(TY) / SINLAKU(TY)
2 2006.07.01-2006.07.15 EWINIAR(TY) / BILIS(STS)
3 2011.07.12-2011.08.09 MA-ON(TY) / MUIFA(TY)
4 2011.09.24-2011.10.05 NESAT(TY) / NALGAE(TY)
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Track of typhoon Ewiniar(0603) & Bilis(0604)

P -
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J
 EoonrT I, 07 sshed

i ¢ iy 06 @55hPa]
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P :
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. —©—  Ewiniar :
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Longitude[°E]

Fig. 11. Track of the typhoon Ewiniar(0603) and Bilis(0604). Circles and squa

res represent locations of the typhoon Ewiniar and Bilis, respectively.

Values in brackets represent intensity of typhoons.
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AA Al FAA 2 AT FA AP ARgE AbElE HEFE Yol
(Ewiniar, 0603)¢} 2] ~(Bilis, 0604)o]t}. o] AdE Ags e A3 g3 9
yete] os) 7 s digH WS B, the HEd UE 9 A=Vt
th2 Abdlol] wls oFgk 2o ® Hol A BFe] dFo] vy HFT o= AR
HeAE Fotetr) 7k i golstr] ujio]th

Fig. 11+ ®F olfidelel Mgz A7 A(H2), TA7IH(HE)S v
Bl BlS olflYyoels 7€ 39 00UTCO 12.3°N, 134.5°E A HollA FH7¢d
975hPa, A%< 33m/s¢l TYH BlF oz wds BAZoz Wgsitrt Ay
A Ao BFHo2 AHeksto] 79 10d 00UTCOl T4171F 975hPa, H W55

o3 %

o

1",

=X

==

»‘U.z

—

30m/se] #AE=Z utmo] AHs Tt B Ze Alv|o] EE gl A7
998hPa, < 17m/s¢l A YH(TD)E 134°N, 137.0°N A HlA & A5
R, HAFoR AyPsur FA7I4 975hPazkA] wrasEtizl givrs AH F
o F AR A At

B olfidels 2006 79 69l HElA sl A oF 9%km/he] ol sEHLEE
ST e AFEHA g mfA SAGT, A Hed Yzke WAz
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Sea Surface Temperature(06 July 2006) rel Sea Surface Temperature(10 July 2006) rel
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Fig. 12. 3-day composited TMI(TRMM microwave images) SST(Sea Surface

Temperature) at (a) 6day (b) 10day (c) 1llday (d) 15day July 2006.

Black lines represent track of typhoon Ewiniar and Bilis.
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Track of typhoon Phanfone(0213) & Rusa(0215) & Sinlaku{0216)

I e 1 [ 1 I
; 1 [970hFa]
O il
Fa H I
36°N -
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A L
2
_— § [960hFa]
£ 1.")‘ :
T . kys [pashia)
3 RS e i
380 N .\ : —E— Phanfone
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Fig. 13. Track of the typhoon Phanfone(0213), Rusa(0215), Sinlaku(0216).
Triangles, squares, circles represent locations of the typhoon Phanfone,

Sinlaku, Rusa, respectively. Values in brackets represent intensity of

typhoons.
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g2 Ad 25 'HE FAHRusa, 02159 212k (Sinlaku, 0216)°]th. ElE FAF
20029 8¢ 30¢FH 99 1947bA] ghibmel J&FS WA, dHUNEHTSE
56.7m/s¢t AHTHE S 870.5mmE 71 E8tH B Aw £2(2467 ALY - AF)
I A4 FE (51,4799 ) E FATHE F WA, 2011).

Fig. 132 ElF FAMe} Agkate] Azbd A(FR), F4714 (3 E)S e
o BHE FAE 89 23¢ 00UTCel 165°N, 161.0°E A HelA &4l 71}
1000hPa, %< 17.5m/se] TDH BIE o= FAH o 8¢ 259 18UTCO TY
H HEer FAsA st 89 29¥Uol BF FAE FHEE A A
it Hste w9 HF AEFE 183°N, 155.1°E A HdAA FA 7S
996hPa, A tF< 175m/s2 TDH HIE o2 JAH L 8¢ 31l TYH HEL
2 el MF o R o]ttt Fa AW A AEE

aFdAME B FARE 89 28YUel oF 25.1°N, 1365°E A AS F1HA

EZ S FwEc oF 5Co|e] 7 daH WS HAAATE A8 e E
s AsiA WAHAE A AAF sjaw 2R2rF ddHE 5 AAE, |
& ATV oA ¥aE sad fE Stk (Fig. 14).
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Sea Surface Temperature(01 September 2002) rel

— S | 30
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Sea Surface Temperature(04 September 2002) rel
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23

128°E 136°E 144°E 152°E 160°E
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Fig. 14. 3-day composited TMI(TRMM microwave images) SST(Sea Surface
Temperature) at (a) lday (b) 4day September 2002. Black lines
represent track of typhoon Rusa and Sinlaku.
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Table 8. Cases for impact of approaching typhoon.

No. Period Name
1 2006.08.13-2006.08.19 WUKONG(TS), SONAMU(TS)
2 2007.11.20-2007.11.28 HAGIBIS(TS), MITAG(TY)
3 2009.09.29-2009.10.14 PARMA(TY), MELOR(TY)
4 2009.11.23-2009.12.03 NIDA(TY), URDUJA(TD)

NAMTHEUN(TS), LIONROCK(STS),
5 2010.08.29-2010.09.03

KOMPASU(TY)

6 2011.07.12-2011.07.24 MA-ON(TY), TOKAGE(TS)
7 2011.07.28-2011.08.09 MUIFA(TY), LANDO(TD)
8 2011.08.23-2011.09.05 TALAS(TS), NANMADOL(TY)
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Latitude[°N]

Fig.

Track of typhoon Lionrock(1008) & Kompasu(1007) & Namtheun(1008)

g ; oy :
.............. 01[985hPa] 1O . Namtheun |-
_ : 3 : Lionrock
E ¥ < ‘?, 3
L : < n : —*— Kompasu
: .-:-:- - ) " 2 4 .
§ 81 aAa300998hPa] " - é
g T = 5 : +
T s £ [998hF : 20[1004hPa] ®. 31[960hPa] - oo f s
- : e :
01{990nPa] g :8--80[994hPa]
__________________________________________________________________ 29(1004hPal ... .
15N : ' — —|
114°E 120°E 126°E 182°E 138°E 144°E

Longitude[*E]

15. Tracks of the typhoon Lionrock(1006), Kompasu(1007),
Namtheun(1008). Triangles, squares, circles represent locations of the
typhoon Namthun, Lionrock, Kompasu, respectively. Values in brackets

represent intensity of typhoons.
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A Abdl Foll A FAAFd AFEE Aldl= BF 2hol A = (Lionrock, 1006),
23t (Kompasu, 1007), ‘2 H*(Namtheun, 1008)¢]t}(Fig. 15). &3 A]7tdjel
Ahew A= Al N BT TAH AAE AT 5 AHFig. 16). HF
g~ 8¢9 299 18UTCel 22.2°N, 133.2°E XA AA F4 7% 998hPa, &4
175m/s¢ TDH HFo=Z LAste] FH9e F2O0= ol 53l Hs=gh A7
of 20.6°N, 1165°E A< ds=alolA= ®F goldeto] F471t 996hPa,
HAAFSE 20m/se] TDw HFT o= A8t 8¢9 30¢ 12UTCOl = divrs ¥
LA HE dEleol F47]¢ 996hPa, HHE S 175m/sel TDH EHF o=
A s o, sk whol B gholdte] FEo] AdETh 1 o]Fo] HF
goldete dEgete] T FHEAYS T AEEHNL, HE 23 J{
LA sFmElet FE AA FWEo Adicto R FEAT

rid

_4

12

o £

Fig. 16. Satellite observation of typhoon Lionrock, Namtheun, Kompasu. Red

arrows indicate center of typhoon.
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2.4 A& H-H

EML
4] o FREGTG

MYL(MM5-YSU-LMD), MYMMM5-YSU-MY25),
(ETA-MYJ-LMD), EMM(ETA-MYJ-MY25)<]
9). ol9loll = & - Au} FAL g
<2 Noah land surface model, A& X543} Kain-Fritsch, 7| A& 2]= WSM6

E AF&3FATHTable 1-5 i), WIzte AES 9s At B3 o9dets A

g8ttt

(Table 2+7} Dudhia, RRTM, A™H X%

Table 9. Design for sensitivity experiments of coupled model.

Atmosphere model Ocean model

PBL Cumulus . . Vertical mixing
No. Microphysics
schemes schemes schemes
1(MYL) YSU-MMb5 Kain—-Fritsch WSM6 LMD
2(MYM) YSU-MMb5 Kain—-Fritsch WSM6 MY?25
3(EML) MYJ-ETA Kain—-Fritsch WSM6 LMD
4(EMM) MYJ-ETA Kain—Fritsch WSM6 MY?25
— 25 —
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242 A7 EFo ol H 2d UH

B ol guotsl Walse] AldelAE A3 BE csYclel oja WA o

= HF Dz xR Ao v e JFo] i opH skt

A3 B ol9yel Atels 20061 7€ 3UFE 10€74A 9] 717 Fok Hg
Rds olgal] AUt Y oA AMEH ti7] 271744 NCEP FNL =
Fola, Y 714 HYCOMS Abgstaitt. 1glal di7] 27149 g3 @
S FAER e Ha moj"E 4= gl7] wjio] WRF 2d¢ BAAY 7HS &

3 By FAE Bz gFor 271 AdAA FA

F WeEl~E= NCEP FNL 7] A=E AH&3sa, sl Aane A9
B ol yolel o&] FFRLZ AdH 33Y F A ARE o] E35H 2
0061 79 1097E 1547HA A@EHATE o7]4] #F 33 AmE ALKo=
AbgetE AL A8 gFol s WdE Y S TFRE HYCOM ZEdoA A
g2 BAReEA] Rehr] witolth w2 W7tE &<
e A "HF dfidoetrt S3etr] o]H e A Y A=E AMEste A
o2 oA Aottt A Bl o M Ay Fel di7] AEE 19
7h el 5 <h (1000/950/900/850/800/750/700/650/600/550/500/450/400/350/300/250/2
00/150/100) 2. &2 wlAtale] A8t ar, Y Ame 4F F890 ESHEH 300m
7HA Im3bA o2 WAksk Tt

F

O

BET2E THAA Wt
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243 4 HEo ol H 2d U

7174 (KMA)S Bl ol iolA 20101 8¥€ 30Y 0941} 15A] Apolol El %
g0 AR dRrE 4Fe zkel7b vEtuth(Fig. 17). BE 2929 27 &
AsHA Wslate S Lobry] 93 ®F 2ol A=H1006), < TH2(1007), HH
+(1008)9] Al E 2010 8€¥ 29U ¥ 9¢€ 3d47kA] A3 RdS o] gsle] A
sttt A AN &3 H2ol A& HE Z32E A umA 24

BFS BAY Eah HEE Aok 485A g AR vpro] vwstsin,
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{3 15my/s D] &g \% 7
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Fig. 17. Track forecast of typhoon Kompasu(1007) in KMA at (a) 09UTC
(b) 15UTC 30 August.
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Fig. 18. Simulated track of typhoon Ewiniar(0603) in sensitivity experiment
of coupled model. Cross, square, diamond, triangle, circle markers
represent EMM, EML, MYM, MYL, observation(RSMC-Tokyo),

respectively.
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Sea Level Pressure of typhoon Ewiniar
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Fig. 19. Simulated (a) Sea Level Pressure and (b) Surface wind of typhoon
Ewiniar(0603) in sensitivity experiment of coupled model. Dashed,
dotted, dash-dot, dot-dot, solid lines represent EMM, EML, MYM,

MYL, observation(RSMC-Tokyo), respectively.
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3 JE wee] 143 H49) Ange musgh 271 BF olsiucte] A
o BEs Az ARHA 23 A Ay sEe] @A As) zo)6 B3
@3 A E mx HFel WARA 2@ Aol Adon AmETh(Fig. 19).

MYL¥} MYM< EMMel H]3] ElF2 JAZ2dSo|x & 35 Hol=d|, 34

BAS EFsrt HEHE G 278k AR AdskA X Aol HES Hrt o]
27 AFAZ Aoz "ol HFo IR oFe vlg FA3} 240U & F
A A HFig. 18).

EML2 EMM3¥} Hlulsto] o B Z7]o& Al 2ok = s Hele

B A A7) o FRE AR Aolst wAsArh HE 2dd Ui £
ok Aolel ola) S15W Wz Aelsk WAL A FHR Aol o)
Fo el WME doA BFY AL AR AolF WAL Ao weld

(Fig. 18). L&A Awkx el wiz= A38S Fd EMM(ETA-MYJ-MY25)S #

Table 10. Mean error of track and intensity for each case.

Case Track error Intensity error
EMM 35.15km 4.693m/s
EML 48.37km 5.136m/s
MYM 101.48km 5.101m/s
MYL 100.00km 4.445m/s
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32 A3 BFol o WaE s s 3

DEERE:

ol
[
)
of
2

3.2.1 BZF ol $1HoH0603)9F 2] 2=(0604) Al

A8 BFel s WzE FS ddel s 'Y A= vAe %S &
ol 7] #J3te] ¥ s AGeA Adste slo] FoArT Fasth HY
mdo] sj4H 2EE o= A% AFIAEAE LotrEr] 93 HYCOM A=
¢} TMI A8E v s th(Fig. 20). A3 Zde) AAge 272002 2144
HYCOM A5 H Ut s W¥zhe] =7
St AdEgnt =3, Jg mde g

HA9 s 2EVF A AAER SEHE e 2 Adskdlal, FEAL ¢

HEHT F o A vusied J3 242 TMI A
Awe] e ded Whs & AdsArh(Fig. 22).
L Aol Hg A sl Wkl AR X 127.6°E, 22.0°N)¢| <

Ao TF20-80mE 20mztA o= FA A th(Fig. 23). 3+ H
il
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31

(a) HYCOM SST(09 July 2006) rel (b)Coupled model $ST(09 July 2006) g
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Fig. 20. Comparison of (a) HYCOM SST ,(b) simulated SST and (c) TMI
SST at 9 July 2006.
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SST & Surface current (03 July 2006) ¢ SST & Surface current (05 July 2006) |q
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Fig. 21. Simulated sea surface temperature and surface current in coupled
model at (a) 3day (b) 5day (c) 7day (d) 9day July 2006. White lines

represent simulated track of typhoon Ewiniar.

_33_

Collection @ jeju



Time series of SST cooling
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Fig. 22. Time series of SST cooling averaged at square. Solid and Dotted

lines represent coupled model and TMI observation, respectively.

Time series of temperature at cooling point
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Fig. 23. Time series of vertical temperature at maximum cooling point. Each

lines indicates depths of coupled model.
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Fig. 24. Simulated OHC(Ocean Heat Content) in coupled model at (a)
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Translation speed[m/s]

Fig.

Translation speed

of typhoon Ewiniar
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25. Translation speed of typhoon Ewiniar(0603). Solid and dashed lines

represent observation and coupled model, respectively.
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ofile at cooling point

Vertical temperature pr
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Fig. 26. Vertical profile of temperature at cooling point. Solid, dashed, dotted

line indicates day 3, 7, 8, July 2006, respectively.
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Track of typhoon Bilis
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Fig. 27. Track of typhoon Bilis. Triangle, circle marker represent experiment

including cooling condition of upper ocean and not, respectively.

Square marker represents RSMC-Tokyo.
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Sea Level Pressure of typhoon Bilis
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Fig. 28. Time series of (a) sea level pressure (b) surface wind according to

cooling condition. Dashed, dotted,

cooling, RSMC-Tokyo.
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Difference of 300hPa vorticity(11 July 2006) [1/s] ,,°

e o

o3

—
114°E 120°E 126°E 132°E 138°E
Longitude[°E]

[1/8] 1o

o3

Latitude[°N] ,,

18°N

12°N

114°E 120°E 126°E 132°E 138°E
Longitude[°E]

Fig. 30. Difference of 500hPa vorticity according to upper ocean condition at

(a) 11day (b) 13day July 2006. Black line indicates location of typhoon
Bilis.
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Difference of V-wind(11 July 2006)
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Fig. 31. Difference of v-wind according to upper ocean condition at (a)

llday (b) 13day July 2006. The star marker indicates location of

typhoon Bilis.
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Track of typhoon Kompasu
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Fig. 32. Track of typhoon Kompasu. Triangle, square marker represents
experiment with and without bogussing, respectively. Circle marker

represents RSMC-Tokyo.
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Fig. 33. Time series of (a) sea level pressure (b) surface wind according to
bogussing effect. Dashed, dotted, Solid lines represent bogussing, not

bogussing, RSMC-Tokyo, respectively.

_48_

@ jeju



Track of typhoon Namtheun
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Fig. 34. Track of typhoon Namtheun. Triangle, square marker represents

experiment with and without bogussing, respectively. Circle marker

represents RSMC-Tokyo.
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Sea Level Pressure of typhoon Namtheun
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Fig. 35. Time series of (a) sea level pressure (b) surface wind according to
bogussing effect. Dashed, dotted, Solid lines represent bogussing, not

bogussing, RSMC-Tokyo, respectively.
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Fig. 36. 500hPa vorticity at (a) 29day (b) 30day (c) 3lday August (d) lday
(e) 2day September 2006. Left, right figures indicate without and with

bogussing effect, respectively. Black line represents simulated track of

typhoon Kompasu.
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