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Abstract

Ocean responses to typhoon Ewiniar(0603) was investigated using
ohservation data and 3-D numerical experiment in north western Pacific. The
observation data were TMI(Tropical rainfall measuring mission Microwave
Imager) Sea Surface Temperature(SST) of satellite, Sea Surface Height
Anomaly(SSHA) of Jason—2, temperature profile of ARGO float, time series
of measurements at Ieodo ocean research station(IORS) and best track of the
Tokyo Regional Specialized Meteorological Center(RSMC-Tokyo).

SST cooling to the typhoon Ewiniar(0603) strongly occurred in area that
SSHA was lower than other area, mixed layer depth was thin, and
thermocilne gradient was steep. Moreover, SST cooling did not get back to
common Yyear temperature within how many hours. Inertial motion kept
cooling phenomenon during about 7 days and cold water was concentrated
under sea surface. One of crucial factors influencing the typhoon intensity and
intensification is the ocean thermal energy in the upper ocean. If Next
typhoon pass within 7 days, intensity may be influenced by cooling ocean.
The typhoon Ewiniar-induced SST cooling, plays an negative role on the

next typhoon Bilis(0604) intensity.

Keyword: typhoon, sea surface temperature cooling, numerical experiment
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Track of Typhoon Ewiniar
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Fig. 1. Tracks of the typhoon Ewiniar(0603) and Bilis track(0604), and
locations of ARGO and Ieodo Ocean Reserch Station(IORS). A square
marker represents the strongest sea surface cooling point during the
typhoon Ewiniar's passage. Triangle and Circles represent locations of

ARGO before and after typhoon’s passage, respectively.
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Table 1. Locations, depth and Float number of ARGO including IORS

information.
Longitude Latitude Depth
Data type Float ID
[°E] [°N] [m]
IORS 125.167 32.117 B5
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G2 127 .432 20.890 1400 2900518
ARGO
75 127.381 16.786 2000 2900435
float
G4 127.881 12.365 1500 29005316
Gh 132.045 12.608 1500 2900523
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Wind Swath Typhoon (Ewiniar) (m/s]

36

30

24

Latitude (°N)

18

120 124 128 132 136
Longitude (°E)

Fig. 2. Wind swath of typhoon Ewiniar(0603) during the life time.
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TMI SST (11 July 2006) )
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Fig. 3. 3-day averaged Sea Surface Temperature(SST) TRMM microwave
images carried on NASA’s Tropical Rainfall Measuring Mission satellite
before and after typhoon Ewiniar [June 29-July 0l(a) and July 9-11(b),
respectivelyl. (c) and (d) is shown Sea Surface Height Anomaly(SSHA)

TOPEX/Poseidon images before and after typhoon passage.
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Fig. 4. TMI Sea Surface Temperature(SST) anomaly [each day - 1 July 2006,

respectively].
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Temperature ("C) Temperature ("C )
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Fig. 5. Sea temperature profile from Array for Real-time Geostrophic
Oceanongraphy(ARGO). The gray and black line represented before and

after the typhoon passage. (a) and (b) was each G2 and G3 in Fig. 1.
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Fig. 6. Sea temperature(a), wind speed and direction(bh), air pressure(b) and
tide(c) was observed at Ieodo Ocean Research Station(IORS). (d) is shown
a vertical section of sea temperature. The horizontal axis represented 7-18

July 2006.
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Fig. 7. Comparison of initial temperature profiles for the simulation and
ARGO. The gray and black line provided the ARGO(each G1, G2, G3, G4
and GbH) and model’s profiles. Each comparison time is shown the upper

part.
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(a) SST & Current (03 July 2006) (b) SST & Current (07 July 2006)
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Fig. 8 Sea Surface Temperature(SST) and surface current [3(a), 7(bh), 10(c)

and 14 July(d) respectively] at ocean model.
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(1]) Ocean Heat Content (03 July 2006) (b) Ocean Heat Content (07 July 2006)
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Fig. 9. Change of ocean heat content to typhoon [3(a), 7(b), 10(c) and

July(d) respectively] at ocean model.
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(a) Typhoon - induced SST Cooling Footprint
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Fig. 10. (a) Typhoon-induced the Sea Surface Temperature(SST) footprint
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Temperature profile.
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Cooling Swath Day
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Fig. 11. (a) Cooling swath to typhoon Ewiniar. Three isothermal lines are
shown -1 and -4 excepting below -1C. (b) Cooling swath day is
represent to occurrence time of cooling swath after typhoon passage.

Maximum cooling point is shown a square marker.
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Fig. 12. Time series of the Sea Temperature, W-velocity and surface current

at Maximum cooling point.
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Fig. 13. W component of velocity related to the vertical mixing on July 7 and
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respectively.

_29_

Collection @ jeju



Fig. 14+ F34ox ®T9 2wAFYH 2Ed u7ixe wf 6A 3wt}
A28 AYEYTE a, byE 7)1HEE 2249 RSMC-Tokyod

Ha FA7S, HdFS 219 al ofFHEE YT e FXEEAA AER
A F-714std 245 A8 S(The translation speed number), B(The
burger number), C(The mach number)2] ¥ vj7HFE A 4FsS tH(Price
et al, 1994, Wada, 2002). d-f& FAEAZIA}E AL&3lo] HEFS wehraA
Wy sioje] &gty f4F Hsith vAHoeR HE T F AT G
HEe AAse 89e 493y fske "Fe Ha SV olEHEd
e} I-IVE 23tk 7F @A it gkS Table 26 A 23k AT

2}

T s Eel sekubet WE-AHGEISE) B AFAEE) 2

01

Abelell #A= 3719l Akl AHgake] AFeH3IEh AblSEE Price(1983),
Great batch(1934) =1¥]3L Price et al(1994)o] ©J&] Alet=jo} =i W=7
ol stz HFel da dudrt B AgolrE B el fiviotel] distel e
a5 AEste sFNree 54 W A4 dge =EIHAY. A

5 FomA 7w R4vl W)

S= (3.1



B
pH

(3.2)

g/h1

max

2

4f°R;

ZO
~

-—

o
~o

=

i
H
"

-

0
<3
e

—_

NI
o)

B

—_—

fin

ol

o)
o

o

ZO
o
ol
-

o

o

X
2

ZO
B

B

-

A, a8eEZ Bl AYd

(3.3)

2 ojmgt FAASF O

(internal wave speed)

53

=

L
CT

Z el aL

Geisler(1970) 2}

.

om/s®] )5tk

ok
°;

A -l A

Greatbatch(1984) 9]

o
~o

W=

ojy

Ho

npiz of2f ol A

RIS

Feir.

5

2m/s= A2

22 &

_31_

@ jeju



() Minimum sea level pressure & Maximum wind speed
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Fig. 14. Time series of minimum pressure and maximum wind speed(a),
translation  speed(b), non-dimensional parameters(c), sea surface
temperature cooling(d), mixed layer depth(e) and ocean heat content(f)
along the typhoon track. The left axis indicated the S and C value, and
the right axis showed the B(c).
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Table 2. Mean value of Each stage in Fig. 11.

I o I v
03 00UTC 05 0DOUTC 07 120TC 09 120TC
- 04 12UTC - 07 00UTC - 08 0BUTC - 10 O0UTC

E=ternal parameters

Central pressure

[hPa] gh1.4 g50 951 9733
Fressure change i o
[hPa] 45 & -5 5 +5
Translation speed
[1r/s] 3.4 2.6 4.7 8.6
Nondimensional parameters
iy
L= 1.08 .48 0,94 1.88
4f By
_ 'hy
B — 0.1z 0.09 0.02 0.0z
4 B
:i 1.71 1.08 2.37 425
c
Sea surface temperatire change [°c]
Initial S5T 29,3 g () 28.2 26.6
Along track 287 25 26.7 Zh.2
After Sdavs &7.2 20.6 23.8 23.3
Mized layer depth change [ml]
Initial MLD £5.0 42.5 385 12.0
Along track 83.0 T3.0 65 .4 23.9
After Sdays 108.3 100.1 T6.1 ah.1
Ocean heat content change [kl/cm’]
Imitial OHC LBz 89.6 1016 16.2
Along track 178.4 (7 O 804 15.4
After 3days 167.9 56.3 T0.1 16.0
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Table 3. Change of intensity about typhoon Bilis(0604) and Malou(1009)

Name Typhoon Bilis{(0604) T yphoon Malou(1009)

T Present Forecast Result Present  Forecast Result
ime
[10 July] [12 July] [12 July]l [03 Sep.] [06 Sep.] [06 Sep.]

Central Pressure 994 975 985 1000 9856 990

[hPal

Maximum Wind Speed 21 33 26 18 27 24

[m/s]

Intensity weak strong middle weak middle weak
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Sea Surface Temperature & Hight Anomaly : Bilis
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Fig. 15. Changes of sea surface temperature(a) and sea surface height
anomaly(b) before typhoon Bilis’s(0604) passage. (c) is shown change of
air pressure obtained RSMC-Tokyo and JTWC.
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Time series of Maximum wind speed : Bilis
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Fig. 16. Time series of typhoon Bilis’s Maximum wind speed. The gray line

1s shown RSMC-Tokyo data and the black line is represented JTWC data.
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(a) 3 daysaveraged SST (KOMPASU :29 Aug) (b) 3 days averaged SST (2010 0903) e
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Fig. 17. 3 days averaged TMI Sea Surface Temperature(SST). (a) hefore
typhoon Kompasu passage on the 29th of August. (b) before typhoon

Malou passage on September 3.
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