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ABSTRACT

The Western North Pacific Ocean is a hotspot area for generating tropical cyclones,
also known as typhoons. Annually, over five typhoons make landfall on the coastal
regions of East Asia, which causes serious damage. To better understand the variations
of air-sea change under those extreme weather conditions, this study uses the in-situ
observation data, including meteorological, wave, and sea surface temperature collected
from two air/sea-observing buoys from the southernmost of Taiwan, about 375 km and
175 km, respectively, deployed by the Institute of Oceanography of National Taiwan
University (NTU). From 2018 to 2021, NTU buoys recorded eight typhoons: Mangkhut,
Danas, Lekima, Bailu, Lingling, Mitag, Atsani, and Chanthu. In addition, the Coupled
Ocean Atmosphere Response Experiment algorithm v3.6 is used to estimate the latent
and sensible heat flux, and the variation of heat flux is discussed with the satellite product.

The meteorological and wave data showed that the wind and wave variations during
typhoons could be related to the relative position between buoys and the typhoon center.
Suppose the buoy is on the right-hand side of the typhoon center. In that case, the time
lag between the wind and wave direction starting to turn is about 0 to 3 hours, while on
the left-hand side of the typhoon center, the time lag between the wind and wave direction
starting to turn is about 6 to 9 hours. Those effects would also affect the growth rate of
the significant wave height. Additionally, the trend of the surface heat fluxes in extreme
weather is mainly affected by the air and sea surface temperature difference. In some
cases, it can be seen that the heat flux change causes the sea surface temperature to cool,
but the magnitude of cooling is also related to the typhoon’s structure and the moisture in
the air. Besides, by comparing the heat flux estimated by satellite data, the measured data
is more suitable for observing the trend on a short time scale than the satellite data.
Keywords: Metocean buoy, Typhoon, Wind and wave variation, Surface heat flux
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EAK ARE A Ao R 45 0 R 1R 60 2R LR TR N 0T SR B R JELEA R
B RGR G R AR B RILR BRI R G > Rb AR RAE b Ew BRI 6
BLEEMRFFERB G RRGF T RRE G R #MBZ o) FILAT  BRAEKE

i
\trr

155 4 o

=

#

N

REF  F_EBRNBAALAERGERXETR ZE=FN B0
FE TR R ERAZRARASMBENER | REAF AT ARREESE -

i
X
v

my
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AR RLHRABBRE TR ERAREEARBEZHFIHFHEIL 22
15 R M 2 B 3k R P RE RS B B 64 W 4876 R R BP BRELRLFAR A 2018 2 2021
RS EEGRA T ARG AR GREEM AN ER LS LRB R
" # B K A48 F (National Oceanic and Atmospheric Administration, NOAA) A7 $2 4 &
23RBS R 5k £ #4518 547 & #+(International Best Track Archive for Climate Stewardship,

IBTrACS ) Bh i FAZ B AT M o4 > A GHEM B 0T -

21 BRRFREAHNE

B L2 KERFATAAE 2015 FREFHEERGIINEH 375 2ER
175 2> B R a8 R % F4% 0 5 & NTUL 35 & NTU2 36 » F] BF 47 K RUELHEF
B @meyB R A REAERARER > 2 RR - Bd LA RHEE - R A
B AAHREE D BFEMAKRA TRT—2aRBEFZRBERTM A 8 2017
A MATFAR S B TRBRGR O RBET ER T A S s ERAMEERE
oo R 2017 00 £k H & E ok A £ F % d1(Dominant Wave Direction) * # 2018
E 2021 464 Xk ) B H A SEBEIE F %) (Frequency Domain Wave Direction) > % 4%
FEMKL—M > RI5H 2018 £ 2021 FH 4 BFFEGEH - BAH T REFREA
S 7% W RS AR R R KA B 0 SN S B R R OB AR AR BAE e 4R B AR AT
BeR B EMMZMIER L - £ 2-1-1 FET T 2021 £46 8952 FER > T
TARFRIINREERBYGME -

4538 2018 £ 2021 F 894 X B 2020 £ NTUL 3% 11 B 13 B B4R4E

RIRBERAL B D » BACF R 2 Msb I FARN BAT & 78 S0k 8 B X & B8l A

doi:10.6342/NTU202202410



%~ BRI RIS B o NTUL #2 NTU2 37 2018 £ 2021 £ &8 %~ RIRARE
FB BRI E e R E 2-1-2 28 2-19 -

AEMGRBAMOMMIEES 3 DR 6 pM— % HRERIREEES
60 n48— % MARER TR ERT QRFRIEIARIS > MK ZH IR E LA
HEEITHENE EA TN ERAR S ERBEN -8 2 ARF TS TR
R ERA— AR R R T B L GE R 2R —FE W
RO SRR — B R ERRE R R B SG— M BFFREX TR ANRE

R K 2-1-1 2% 2-14 -

2021
ITEM DESCRIPTION

Propeller anemometer
UHF antenna

—

Pyrometer

Inmarsat satellite antenna

Iridium GPS beacon

Air temperature and humidity probes

Barometer

Control and communication unit

O] | Q] | L] B W N

Wave gauge

10 Tower

11 Fiberglass buoy
12 Bridle

13 Ultrasonic anemometer

14 Solar marine navigation light

15 Iridium satellite antenna

16 Net radiometer

17 Rain gauge
18 Radar reflector
19 Time-lapse camera X 2

20 Meteorological data acquisition unit
21 Sea surface temperature

2-1-1 BRREPEFEEFARTER ) AB A FREREHE S A RAERNF

HEMEZRBSRSFE - [BIRA 2 REHFATHER KB EFAEH F4Z )
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NTU1 in 2018

Sea surface wind

Wave height (m)

06/24 07/08 07/22 08/05 08/19 09/02 09/16 09/30

2018

2-12~  EMTF A4 2018 4 NTUl @982 @A KL ~ fUBME R ~ 484
BECRER - THASMBHERGZERMFE A Y BEBRTESLA RS
WA RRE D JEGR ABR AP X8 ERE P Rk E I FARG TR B -
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NTU2 in 2018

Sea surface wind

oy

Wave height (m)

06/24 07/08 07/22 08/05 08/19 09/02 09/16 09/30

2018

2-13~-E EMTF A4 2018 4 NTU2 bty a2 @A K& ~ fUB MR8 ~ 484
BES AR THESWBR)BEER I QXERMASE E P o BEBRTESLAE R
W AR A GRS RSP AR P 2B ERER P i I FAZ B B -
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NTU1 in 2019

Sea surface wind
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2-1-4~ B EM TR 4 2019 4 NTUl @985 @R KL ~ fUBMER5 ~ 484
BEC AR THAZMHR)AER TR FIIE LT BER T ELAR
M AR BB RS WR RS ARR P 2 ERE T O K TV FAR RSB o
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NTU2 in 2019

Sea surface wind

Wave height (m)

06/05 06/19 07/03 07/17 07/31 08/14 08/28 09/11 09/25

2019

2-1-5~-  EMTF A4 2019 4 NTUl @982 @R KL ~ fUBMER58 ~ 484
BE AR TMAZMGHR)AER TR FIIE AP BERE T ELAR
WA ABERE D ARSI ARRP 2B ERE T O R E I FARG I -
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NTU1 in 2020

Sea surface wind

Air temperature and sea surface temperature
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2-1-6 ~ . EM TR 4 2020 4 NTUl @985 @A KL ~ fUBME &5 ~ 484
BEC AR THRAESMHER)REE T X ERFIE EY BERTESLS A
A AERE D EGR ABRAB ZBERE T R R IF2ERE -
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(mb)

NTU2 in 2020

Sea surface wind
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217~ EMTF A4 2020 4 NTU2 st 52 @A K& ~ fUB MR8 ~ 484

B AR R B (ER)E KT @ X R RS E
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NTU1 in 2021

Sea surface wind
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B 2-1-8~ B Em F o2 4 2021 % NTUI #6898k @AL ~ fBdE RS - Y
BE AR AHAZMGR)AER TR FIIE AP BER T ELAR
WA BB RS MAAESR AR 2B ERE T O K FAR R o
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Sea surface wind

NTU2 in 2021
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B 2-1-9 B Em F o2 4 2021 & NTU2 #6898k @A L ~ fuBdERE - Y
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% 2-1-1 ~ 2018 4= NTUI 35 ¥ NTU?2 b Bk 238 %

B | EREAE FAREF R HARIAF TR EH
(UTC) (min)

AE 3 55207

NTUI  8):3 06/21 ~ 10/06 60 3599
MR 3 55207

A% 3 59389

NTU2  8):3 06/23 ~ 10/24 60 2981
MR 3 59389

NTU1 : 06/24 ~ 10/06 3 49909

Bk R A
NTU2 : 06/24 ~ 10/06 3 49999
% 2-1-2 ~ 2019 4= NTU1 6 # NTU2 5 &k 532 %
B —FRRE Ak R HEFRE | HEE
(UTC) (min)
0 3 3 48044
NTU1 i 8] 06/04 ~ 09/12 60 2402
M RR 3 48044
ETE 3 3and 6 41985
NTU2 i &) 06/03 ~ 10/07 60 3000
s A 3and 6 41985
NTU1 : 06/05 ~ 09/12 3 47824
A ERER
NTU2 : 06/05 ~ 10/07 3 59521

13
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% 2-1-3 ~ 2020 4= NTU1 35 ¥ NTU?2 35 &R 238 %

HEE | RORERA BFAREF R HARIAF THEH
(UTC) (min)
ETE 3 3 25540
NTU1 R 09/25 ~ 11/17 60 1280
X 3 25540
ETE 3 3 25426
NTU2 R 09/26 ~ 11/18 60 1271
X 3 25426
NTUI : 09/27 ~ 11/17 3 24481
A ERER

NTU2 : 09/27 ~ 11/17 3 24481

& 2-1-4 ~ 2021 4= NTU1 6 # NTU2 5 &k 532 %

13 13 - Ear kil FAREFR] HARIAF THEH
(UTC) (min)
ETE 3 3 and 6 31791
NTU1 R 08/10 ~ 10/22 60 1754
R 3and 6 31791
ETE 3 3 35178
NTU2 R 08/12 ~ 10/24 60 1756
HROR 3 35178
NTUI : 08/13 ~ 10/21 3 33601
A ERER

NTU2 : 08/13 ~ 10/21 3 33601

14
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22~ BEAEARRR

AR AL B RE R K 3 A IBTrACS Z 4R 4 H3RE F &L 2 RE A F o B g ay 48
HEIAR A SR 34 FRRGFEFE > HEMEEAZNE—F; FHRNT
RRE BTG F B HEF/Z 0 IBTrACS AT4R 4 mo & R oy & B F 12 5E B 25 4
T AR R Y S5 4% 0 AREAF Ao AR ALY 34 & B AR R B F 64 B Rl b Fo kg $ L B B AR o

BER IS F B2 A5 T R -F L ARRREJA N % % (Saffir-Simpson Scale)

H AT AR B RE R, ¥ o — 448 P35 R by S KRR -

o fRHN 34 B BGH% A 2T 1KE (Tropical Depression, TD)
o IMH 34~63 B BT S A #h R B E (Tropical Storm, TS)

o NI 64~82 HiBFAE A 4% — (Category one, C1)

o NI 83~95 FiBEAE A 4 — (Category two, C2)

o I 96~112 EiBFAE A 4 = (Category three, C3)

o A 113~136 B b5 4% & % 4w (Category four, C4)

o RN 137 HiBFAE A X R A (Category five, C5)

F% BN P HNRRE RGAEE L TD £ C5 EARA - M 34 8 Rk
EHHE KB BB AR B B2 % T8 P ANBIR IR R R 69 R 2L Rag
B2 R BHTRTHBBENBRLENORE > ATHEFRA-FLARRER ¥
R K P13 KRB B BCH T RE R 58 o B IEN R 2-2-1 -

15
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k 2-2-1 ~ BER B E ¥ B A

9o 34 RGR KRN &
RIER-FLARRER PRARAE
(kt) HBHR
6
< 33 KR (TD) 2R R
7
8
9
34 ~ 63 A& (TS) 95 L RE R,
10
11
12
64 ~ 82 — @ REE, (Cat. 1)
13
I RE R,
14
83 ~95 —RA&JE (Cat.2) 64 ~ 99 kt
15
96 ~ 112 =B (Cat.3) 16
2% 710 e R
113 ~136 9 & AEJR, (Cat. 4) > 100 kt
17
> 137 AGRLE (Cat.5)

16
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2.3~ BBFRZBERAN LB

621 IFAARAARABTNUAR 22 GHREEIBIEE R KRR > £ 2018 £ 2021
MAFRFFE—HLEANT O BREEGNANEFRAEB FBAN » ARG HIL 9 BERE

BB R AT AT it e 0 B RER G de H AL MRS LR 2-3-1 1K 2-3-2 ¢

2.3.1~ 2018

2018 SF A A 1 ERER GG IFAZ ML ASR 0 A 9 A F 84 .L 4T (Mangkhut)RE &
LA BE R B9 B8 4% $2 NTUL 36 ~ NTU2 shey A8 ¥ B S B & H N E 2-3-1 ©

B B 2-1-2 7T A& 2] NTUL 35 5 B 69 K R F 09857 ) 5ok B LAT RS R
OR 14 BRBUENTUL X PHBFREERESME S RAT BTEALE 2R
BrEtR g R ARSEM B A BB AR K RHER 10m: BHKE 2-3-1 THF b
AR TR E A C5 0 Mtk A8 F e BJR 58 L VT 44 B F R BB F 12 69 3R &5 4o
NTU1 R Be B &5 4 69 A 18 > I AB HEESE A 390 2 2 > sbBF3% R ey A& H BB
F1248 510 22 Kk NTUl ssFEARRRBEEN > BRSEHERELH L 31
km/hr > BRSNS TR B N BT R A 21 48N o

B[ 2-1-3 T A 2] NTU2 36 B F E e KA B EF i 77 Bt £ LATRER
ORAI5 BRBMUENTO2 H > PABFREERESME S BRAF BTREALE 2R
BrEtiR o RSAREIMEABRERK > KHEP 8m BHKE 2-3-1 THEF > L
AR 58 A C5 0 B NTU2 A yhBeEah A4 1l > SRR P S ey RITIE#E L & 420
NE o RERE R ROARFRE FRAGH 510 22 0 K&k NTU2 35 AR FR
BSE N - BORSS B E 4 4 24 k/hr 0 ARG R\ R R B N B R 4 A 19 8]

+*

BF o

17
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2.3.2~2019

2019 £ — 4 5 BERRLBIFAR M ITEIR, 2B & 7 A F 69 FHF 4 (Danas) ~ 8
R #n ey #] 3 H(Lekima) ~ 8 A K& & f(Bailu) ~ 9 A #49% % (Lingling)2A & 9 A
J& 895K ¥ (Mitag) © B3 5 fERER 6 842 91 NTUL 35 ~ NTU2 36 6948 $#H43 & o~ B B

WA BB B P SR - 48 AR 2-3-2 2 2-3-6 °

B B 2-1-4 7T & ) NTUIL 367 2019 FE AR EBEFHEFF 7 TR B T2
&% 8% Ry BE R BLIFATSE BE R L A B 2] 0 B P SRR RN 7 A 18 B &L NTUI
o RAS @RRAGEZ A RS RSALBESRA TRAE RSHED Sm;
BHE 2-3-2 TAHE 0 G IFRARR A RULARHERE > BB ES TS » &%
BREAE > B NTUL Ay Re R ey £ 7] - SREE T O o) T IEREL B 24 N2 > M3
KRG NGB FE 4K 360 22 > K& NTUL #EEALRZRELEN > B
B A% 1R R4 A 24 km/hr > RLABER AR KA E W TR & 4 14 8/ B o

B B 2-1-5 7T & 2] NTU2 37 2019 FE R AL EF A FF 7] E4 - BF 2
E i 87 Ry HE R BLIFATSE BE R L B 05 %] 0 B ¥ P4 Re RS 7 A 18 B s\ NTU2
o BART BB ELZE A RS ARREMSA T ARK RHES 48
m ;R REJE R HA ] NTU2 Ryt Bea uy £ 18] - SRS P S ol iR IEAE X 2 160 2
Fo ERZ KR ABERE FEGH 360 ~E >0 Kk NTU2 35 EALFRAE

SE N BEAL TR E LA 24 km/hr > ALBER N\ B IR R B N BF R 4 A 9 BN B o

BB 2-1-4 TT4F 40 0 FIF BREAN 8 A 8 B s NTUL 36 » Bk F d 52 REJE
FEZHFMER RHAZBEMSAA TRE > RoES 55m KB 2-3-3 7
FE| 0 HIFZHRE A RITIEEENT > ROAMIRE A C4> A NTUL SRR £

fal > BLREJA P OB IR IEREA A 280 AN E 0 MR ETROANGEAE ERLE 370 A
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E o K& NTUL 36§ EAH R E 6B /0 BeRAS 83k B 4 & 20 km/hr 2 43 788 R
NGB R N R 4 B 19 BN EE

B B 2-1-5 T4 40 A7 HEAN 8 A 8 B &4 NTU2 3% 0 JA KR 7 @ R BEE
BHZEGHEE  RSALHBEMER T RE  RHEH 52 m; BHE 2-3-37T
E 3| AR AR B R IE AR > RO B3R B A C40 B NTU2 ALy ) £ 4]
PR P S RITIEREL A 360 N E > ML KR ANGRREE FEH 400 N E -
K& NTU2 3G AL FRBEREN > BEASEHREL A 17 ki/hr » SLAEER A
SRR N 4 A T BN

G RBEN 8 A 23 B 4RV NTUL 36 » B K @ % BR & 2R ¢tk
BREoAEZBEAR TRE > RHEL 6.6 m: LHE 2-3-4 TH2| > FiFARRRER
B IEEER 0 BRI RE A TS » B NTUI ALhReJE &) 4 ] > SASE ¥ #) 3T
BEAEL B 80 N2 0 MR RGNBIERE FLHK 270 22 - KA NTUL 39 &
ANERREBEE N BRASERE QS 21 km/hr > AP BER AR BB N B 2 4
16 18/ B o

G RBSE 8 A 24 B B NTU2 36 > AR F @ X BA & 2R 60k
BREoAEZBEAR TRE > RHER 7.7 m: BHKE 2-3-4 THE| > AR REER
ARG IEEER 0 BRI RE A TS » B NTU2 ALt ReJE &) 4 ] » SRR ¥ 8 3T
BEREA B 00 N2 0 MR KRN BERE FLLHH 310 22 - KEANTU2 39 &
ANERREBE G E N 0 BORF Bk E 44 24 km/hr > A7 BER AR5 BB N B 4 4

19 18N B
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BHRBEEF 9 A 3 BBV NTUL % > BRA D @ BEEY E 2R 4 5e 8 >
BREoAEZEBEAR TRE > RHES 5.8 m: BHE 2-3-5 TH2 > & iFAZRRE
AR IEHER > BEREIIRE A Cl o B NTUL R Be R e £ 7] > SRR 38 oY 53T
BEREA B 20 N2 0 MBI RRONRERE FLLOH 150 22 » KA NTUL 35 &
NHE R BB G E A BeEAS Bk 4 A 10 km/hr > A7 BE R\ 4 Fk R 9 B R 4 A
29 1B/ B o

BHRBOEF 9 A 3 BBV NTU2 % > BR& 7D @ BEY E 2R 45888
BRHALEEAR TRk K& 39 m: EHE 2-3-5 TEHE > & iFARHERR
B R IEEER 0 BRI RE A Cl > B NTU2 ALt BeJR &) A ] > SLRSE T 89 5k 3T
BEAEA B 180 N2 0 M KR ABERE FEAH 150 22 K& NTU2 #3E
BEANLRRBELE N BAREETHNERENZEE B RE1Hm

NTUl 362 &£ -

REBEEN 9 B 3 BBV NTU2 36 > AL D @R E ZIRF4E%
BREHELHREMERTRE > THER 7.7 m: LHE 2-3-6 THZR| > & iFAEEEE
B R FEAERF > BEJR IR E A C1 0 B NTU2 AL BeR 64 £ » SRR & 8 k3T
BEBEX A 60 N E o Mm% RIRG AR E FE K 270 A2 > K& NTU2 3§ #EA
B JR B S E N R R A By ik B 4 A 20 km/hr o A7 RS R 4R 5K R P B R 49 4 21
B/ o B SR 35 RE R R A 10 Bl B NTU1 36 el 0 B gbok 3Rs B2 313 NTU2 36

oA EE R o
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2.3.3 ~ 2020

2020 R A 1 ERE RSB IFAL LB 0 & 11 A 4189 P E (Atsani)RE R ° P

TRSR B H84% 1 NTUL 35 ~ NTU2 sty B SR 4 8N E 2-3-7

B B 2-1-6 7T & 2] NTUL 367 2020 FE ) R RELBEF T B4 > B+ 2
& R AR R LI AZIE B R 69 05 %) > MEJERAN 11 A 5 B & 4E¥ NTUL 36 >
B R\ REE E R > RS AXKBEAMER Tk &5HED 6.6 m:
PHE 2-3-7 THE  EIFARBBR L R G IERERT > BOR BRI A TS BLR AR
BRHAE > B NTUI RritBe R eg A ] > SLReR F Sy i L BERE A & 90 N2 > MeX
RN EFREFRH% 160 22 > K& NTUl 3 F AL ZRBREN - B

B R E 4 A 21 km/hr > LA BERARE B P oFR 4 4 21 18/ 85 o

W E 2-1-7 TTA 2 NTU2 367 2020 F B ) R REEF BT EH > B+ 2
& 4 A RE R SLIFAZEBE R e 0 2 P P E RO 11 A 6 B L NTU2 %
BRI\ RERR B A BT A R RS AR BBEAER T RE RSEE 5.1ms
W 2-3-7 TAE] > & FAR AR R R IEBERT > BERBYIRE A TS RER L
REAE o B ONTU2 Syt BeR ) 4 ] > SRR ooy RITIEBEL 2 120 N2 > JLBF
FERONBRAE FZ4% 160 22 > KA NTU2 s G ANLRRBLEN -

R R A B3R FE 49 A 24 km/hr » L ARE R\ 4R 5 R B P9 B R 49 B 9 BB o
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2.3.4 ~ 2021 ¥

2021 4 — £ 4 2 AR R LGB IFAZ ML AR 0 » 3 A 9 A 8934 (Chanthu) A
A 10 A F & B R (Kompasu)Be )& ° il 2 {EReE B9 #54% #2 NTUL 36 ~ NTU2 36 89

A HH A B R & B AR R B R s R -4 B 2-3-8 #1[E 2-3-9 -

B B 2-1-8 T & £ NTUL 367 2021 FE R REEFNFF7EH > B+ 2
& 4R A BRI FAR IE B R L 69 B %) 0 M ERATEEEN 9 A 11 B &AM NTUIL 3% >
BRIy @R 2R e RS AREEAFA T RK RSHEH 6m; I
P 2-3-8 THE| > EIFARMBA L R TIEHEN > BN HRE A C4> B NTUL 4
WBER G AR > BBSE T S ey RITIEREL B 220 N E > WAL RO ARERE F
B#l 260 NE o KRER NTUL 39 EANERRBLEEAN > RREASHRELNE 17
km/hr A7 BE R\ B TR BB P9 B R 4 B 20 18N BF -
B B 2-1-9 7T & ) NTU2 357 2021 FEM R AL EF 57 B4 BF 2
& 4 A RE R I IFAR BE B SR L B9 B 2] K P SRATEE RN 9 A 11 B kBT NTU2 ¥
B R\ B b B e RS A EEAER T RE > R5HEE 8m
A e B RS A HA ] NTU2 A 7 Be B84 A5 ) > SLRE Rl F S ey s T IE B 4 4 80 A 2 0 ik
B3 R TR NGB B F 245 250 22 REANTU2 G ANH R R B LE R

B R B3k B 49 2 17 km/hr » AL BER N\ 4B R B P9 B Rl 49 & 31 fE /B o

BB 2-1-8 T340 > EHABEMN 10 A 11 B KL NTUL 36> R&F @ 2R
HE LIRS REARBEMEA T ARK S KHER Tm; EHE 2-3-9TH
2| AR ERS R A R IBAERT > BOR AR A TS > B NTUL A7 BeE &4 4 7l -
SRSTR P S B I IEBE L B 270 N B Mk R IR NGB R FI2 4 B 430 A2

R & NTUL 369 AR ZRB S E N - ARG EARRN AR ECEER 10 A 10 8
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19 BFE ¥R A2 HARAR (TD) > 37 10 A 11 B 16 = RAEEZ TS 2
Ak RE > BbEF NTU1 36 SR RS RN\ R FR BB FAE 2 5h > B btk 8 Rt -

B E 2-1-9 T4F 40 BHREE 10 A 11 B |4 NTU2 36> R & H @ % B
B LIRS RS ALHEMER TRE  ReEE 6m: EHE2-39TE
2| AT AR A R IEAERY > BORLAY R A TD > B NTU2 A7 ReE 84 4 7l -
HRSE T S RITIEELN A 360 ~E > 2 ENRERE FE > BILBEKE R
H+3 o

24~ BB EEFH

AR RAE BRI IRT T ERBBRZFRORR ~ BRIEORF T AR
#1H TOGA COARE v3.6a EH A EMH RIF » BREMEERN AT HHEESE
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% 2-3-1 ~2018 £ 2021 1 8 B8RSR & £ 1 NTU1 368589 B3

R AL | BE | AKRERFLY | KU | BHR | FEAE [ HHLE
B ERM 36 &k )i 4 HRE | ARER
(UTC) (km) | (km/hr) | BEkey | B FE2
FAr (km)
L A4 2018/09/14 06:00 ~
C5 390 31 = 510
(Mangkhut) 2018/09/15 03:00
T+ %4 2019/07/17 12:00 ~
TS 18 24 = 360
(Danas) 2019/07/18 02:00
#1315 2019/08/07 19:00 ~
C4 280 20 = 370
(Lekima) 2019/08/08 14:00
Z):3 2019/08/23 10:00 ~
TS 80 21 = 270
(Bailu) 2019/08/24 02:00
EZEZ3 2019/09/03 00:00 ~
Cl 20 10 = 150
(LIngling) 2019/09/04 05:00
P& 2020/11/04 23:00 ~
TS 90 21 = 160
(Atsani) 2020/11/05 20:00
At 2021/09/10 18:00 ~
C4 220 17 = 260
(Chanthu) 2021/09/11 14:00
#, 2021/10/10 12:00 ~
TS 270 18 = 430
(Kompasu) 2021/10/11 00:00

29

doi:10.6342/NTU202202410



* 2-3-2~2018 & 2021 R 7 1BRE R & F8 30 NTU2 368584 B3R

R AL | BE | AKRERFRLY | RY | BHR | 88 B
ek & R 96 B )i-d HAEE | A&RA
(UTC) (km) | (km/hr) | JRBkey | B F¥4E
FAir (km)
L A4 2018/09/14 10:00 ~
C5 420 24 * 510
(Mangkhut) 2018/09/15 05:00
T+ %4 2019/07/17 19:00 ~
TS 160 24 = 360
(Danas) 2019/07/18 04:00
] 57 5 2019/08/08 00:00 ~
C4 360 17 = 400
(Lekima) 2019/08/08 07:00
Z):3 2019/08/23 14:00 ~
TS 90 24 * 310
(Bailu) 2019/08/25 08:00
FREZS 2019/09/29 13:00 ~
Cl 50 20 = 270
(Mitag) 2019/09/30 10:00
P& 2020/11/05 15:00 ~
TS 120 24 * 160
(Atsani) 2020/11/06 00:00
At 2021/09/10 18:00 ~
C4 80 17 * 250
(Chanthu) 2021/09/12 01:00
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Lingling ( NTU1)
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CBRBBESHN

BERRAMGABEIM—ENABERARZEA T EZBEZ— A5
RN ELRBABEHFE A F EHRA T 4 5 #05 (Bulk-parameterization method) » 3
B FEBRARGBRBEHEMSL R THFERRBEHAZIIN &FE BRI

CERERGEE MR AR GRBECE LRSEENS BB EI ARG
BOHEE MAL K FHESBEERLR S RAGERATTL > BATRIMEZA
PEHRBX P -

HBERBELLSTHABAZATRMAEE  MAEE S A LMER Fairall ef al.
(2003)A7 # 2. 89 COARE (Coupled Ocean Atmosphere Response Experiment) % H /%
B4 ARIHFAT 3.6 kA EbRA T 0 BAE E(H,)M T R R 2 (Hgepn) ¥

HH AR T

H, = pLe“*(Qs - qa) (1]

Hgen = pcpau*(Ts —6,) [2]
RPpREEREE LARRKEER CuREERILE: w REBRMHBEERE
QREBHFIR T qRERRWLE TAREERR S O, REZAME -

e !
=

RLLA A E AT AFEME > A 1004.67 JK kg I R R NP

iy

X4 T

L, = (2.501 — 0.00237 x T,) x 10° [3]
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AAVRBBEFCRNGFER AL R REARBERRYE 38

AR AT

622 X em

- 4
9= p 0378 x em (4]
_ 622 X es
=P 0378 x es (5]

ARk BAR  emBRERERE  eshiEFRAKERE - EonF EAAHA

o
ERBEDE  HEAXLT

17502 x T

SVPa = [61121 X exp <m

) X (1.0007 + 3.46 x 107° x P)] [6]

17.502 x T,

s .

) X (1.0007 + 3.46 X 107° x P)] [7]

= SVP, ki [8)
em = a X 100
0.02xS
os = v, 1~ 202%9) (9]

HAYSVP, B R AfoFe A RJE  SVP Ak taf A RE  TAHR R  RHAMHIERE
SHEBRE -
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G R IR R L2 AT @3 Bl R ®mtate - &£ COARE V3.6 Z A1 &)
BRAF 0 & dEakk ey HE4E R AR Smith (1988)89 % » A F4F

v u?
7, =011 +a— [10]

U,
Hbu ARYERRE  vAEGHIE S gBAHE N 5 a® Charnock 143 -

Rl By AAEE R R AHN R @B E S M RAEHN R @kt
Al B AR T ke B EP R A B R @A B AN T RRBE - 55 A A
T PR R B Bk 4 & 3T B 48 31 (Taylor and Yelland, 2001 5 Oost et al., 2002) » it f&
COARE3.0 IR A FRAEMSEH = 7 oh 0 £K 10 T 48 % ARk B =T o & 70 78 fLfaké
B A EARRRFOETE EZXAFNORE A AGRRTH ETE
F £ % 3| Bk ¥ Charnock 14 #6493 % (Edson et.al., 2013) ° i A#F % A 3R 3 REA A

Ry B 15 SR8 S Rt B SRR UM 04 B 15 A 1 — 2 a3t R A
A IO RAFAMEA TREI M AN TR @ik E » XAF4TF

Zoyae = Hs X @ X <:—;>b [11]
HYHATHES  cpRkds ) aftb AR RAMAE > 55 %4 0.091 & 2.02 -
FUA K L E % B AR E 2 R @A (7, )RIFIA K 10 8914843
B % 8 R EH Charnock 143 > X T4 F

ZOwave X g [12]

A =
S ug

HE Ha b o BAFE N Smith (1988)89:t HE F ik » X F40 T

v u?
z0=0.11—+a53 [13]

*
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HE B RAEBITE SR BE S FRBAARF RO R BEEE > BPT A
F Fairall et al.(2003)¥ 7" &3 8 B 15814 3eh 2 3L 7 2 X F 24 R o) iR
B X FF

_uw K 2

TG oA (14]
HEC, A2 MG u =V—uw: U AFHER; GAHRRLH %X & LR
AR iR P13 Rk B9 LB S kA von Karman % 35 zA A G K 5 Y, (z/L) A
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2o BHASHAFEEHAE 3-2-1 BEFREBRAGENM G BN - £
UL RER A G N 3-2-2 - AGEERFEBERBIATRABSHEAMBEK
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DR SRR AR RBEE L EMRRERL S M 2R 2 £ KA f0EF
Z ey m i AR BESL  BERFLBEE LT FH R -
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2019 NTU1 heat qux
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fwmFE RRAMEHFRH

£ 2018 42 2021 FHAR £ A 8 ERJA L NTUI 3581 NTU2 3 iFAR AT A4
BB 2 B0 2018 e LA REJR § 2019 F a4 ~ AN E ~ GRS BB
SR B RE R, 5 2020 R84 P EREE A K 2021 e ERATROR o L FEH P o F AR R
RFFAR Lo BGR 3T SR R AR AT RO SR e SRR R A R X BBk & 7 4L 0 BB
RAERB AR HIEEE A RN BER T 2 A ARGESHT > RERGERLTE §H
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% RETEGBRA AR > ML TS A BRA E B E COARE EH X 3.6
PR AJEAE B 69 7B Gl 2 BT R AGE 2 0 TR R B R @ E ey e 2 gk B
428 F 23 o MR TR B RES B ERRB I HEBRLERSE - A5
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BB £ 14 R RAE £ 89 RKEER BRI E S A 0 ARG R B e RE R 3R L L 4
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4.1.1 ~ 2018 4

4.1.1.1 > [LATRERL
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LAFBSEF 9 B 15 B NTU2 36 SILIEAEA 420 N E 0 yLBF NTU2 3
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Mangkhut (NTU1)
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N |

Mangkhut ( NTU1 )

Wind and wave direction Magenta = wind direction

BlueI = wave direction
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Mangkhut (NTU2)
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Mangkhut (NTU2)

Wind and wave direction

Magenta = wind direction
Blue 5 wave direction
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Lekima ( NTU2)
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Mitag (NTU2)

Wind and wave direction Magenta = wind direction

Blue = wave direction
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4.1.3 ~ 2020
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Atsani (NTU1)

B 4-1-21 ~ %A 2020 F P4 &R R A7 B JRUR 6B & B AKX & NTUL sk AR E
BEJR P S ey B 0 A H IEBE AN\ R R B F 2 AT EMAL 0 AR AT & A B
TF o BREE 4-1-1 °

72
doi:10.6342/NTU202202410



Um(m/s)

Atsani (NTU1)

Wind and wave direction Bloge wave drection o
] | |
| 3 | o .
| | s . ~a | . L., "“E'h
| C . ‘

U 10 and significant wave height

| \ |
_10 _M
= I \
5 | \ |
| \ |
0 T T T T T T T — T T T T T T T — T T | T T T
1 i i Solid line = right hand side
. Relative distance normlallzed by R3 4 | Dash-coted ine - it nand i
| \ |
3 2 | \
o | \
* 14— s e
| \ |
0 T T T T T T — T T T T T T T — T T } T T
11/04 12 11/05 00 11/0512 11/06 00

Date in 2020 (UTC)

4-1-22~ B EmF 45 A 2020 FP ERERF E A NTUL sheh k@ aE®d ~ £k
Fey o~ BEEE 10 AR JRIR ~ MRS ~ X E R R B N\ & F R B F 42 ERAE

e HIEEERE P 7 B 5 BRE B 4-1-2 -

73
doi:10.6342/NTU202202410



Atsani (NTU2)
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Atsani (NTU2)

Wind and wave direction Magenta = wind direction

Blue = wave direction
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Chanthu ( NTU1)
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Chanthu (NTU1)

Magenta = wind direction

Wind and wave direction Blue = wave direction
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Chanthu ( NTU2)
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Chanthu (NTU2)

W|nd and wave direction Magenta = wind direction
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Mangkhut ( NTU1)

Latent Heat Flux
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Mangkhut ( NTU1)

Magenta = latent heat flux

Latent and sensible heat flux Blue = sensible heat flux
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Mangkhut (NTU2)

Latent Heat Flux
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Danas (NTU1)
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Danas (NTU1)
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Danas (NTU2)
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4.2.2.3 ~ #|4 HELEA (NTU1)
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4.2.2.4 ~ #F|F HRLA (NTU2)
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Lekima ( NTU1)

Latent and sensible heat flux
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Lekima (NTU2)
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4.2.2.5 GERE (NTU1)
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4.2.2.6 ~ BEBE (NTU2)
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Bailu (NTU1)

Latent and sensible heat flux Magenta = latent heat flux
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Bailu (NTU2)

Latent Heat Flux
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4.2.2.7 ~ 13 REE. (NTUD)
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Lingling (NTU1)
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Lingling ( NTU1)

Latent and sensible heat flux

Magenta = latent heat flux
Blue = sensible heat flux

Magenta = surface water specific humidity
Blue = air specific humidity

Magenta = sea surface temperature

Blue = air tempreature
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4.2.2.8 ~ KRR (NTU2)
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Mitag (NTU2)

Latent Heat Flux
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Mitag ( NTU2)
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4.2.3 ~ 2020
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Atsani (NTU1)

Latent Heat Flux
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Atsani (NTU1)

Latent and sensible heat flux

Magenta = latent heat flux
Blue = sensible heat flux
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Atsani (NTU2)

Latent Heat Flux
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Chanthu (NTU1)

Latent Heat Flux
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Chanthu (NTU1)

Latent and sensible heat flux Magenta = latent heat flux

Blue = sensible heat flux
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Chanthu ( NTU2)

Latent Heat Flux
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Chanthu ( NTU2)

Latent and sensible heat flux Magenta = latent heat flux

Blue = sensible heat flux
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2018 NTU2
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2019 NTU1

Latent heat flux
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The wind speed in typhoon cases observed by NTU buoys ( 2018 to 2021 )
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The significant wave height in typhoon cases observed by NTU buoys ( 2018 to 2021 )
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The direction difference between wind and wave in typhoon cases ( 2018 to 2021)
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Latent heat flux in typhoon cases calculated by COARE v3.6 ( 2018 to 2021
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Sensible heat flux in typhoon cases calculated by COARE v3.6 ( 2018 to 2021 )
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