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ABSTRACT

Wind and ocean current data observed by the meteorological data buoys operated
by the Central Weather Burecau were analyzed in this study to investigate the coastal
current characteristics around Taiwan and their variations in response to typhoons.
Harmonic analysis is applied to the current data to understand the tidal constituents and
the form ratio. While Matsu, Fuguijiao, Longdong, and Cimei are classified as
semi-diurnal tides, Xiaoliuqiu belongs to the mixed with predominantly semi-diurnal
tides. Tidal current variances account for a significant portion of the total current
variances, especially along the northern and northeastern coasts of Taiwan in winter. On
the other hand, this portion is also high along the southwestern coast of Taiwan in fall.

Correlations between the buoy winds and Pengjiayu station winds during winter
monsoon are high, while Xiaoliuqiu winds are not correlated. Take Pengjiayu station
winds as the winter monsoon index, the correlations between currents and winds at
various buoys are analyzed. Our results show that the Matus currents are well correlated
(over 70%) with the Pengjiayu winds. This correlation is lower (about 40%) at
Fuguijiao, probably because the predominant current direction is along the east-west,
which is perpendicular to the winter monsoon direction. At Longdong, the currents are
poorly correlated with the Pengjiayu winds, indicating that the currents there are not
wind driven. The wind/current correlations are the highest at a 14-hr lag at Cimei buoy,
due to its southern location in the Taiwan Strait. Cimei winds also are stronger than
other buoys and stations in winter monsoon.

The response of ocean currents to typhoons behave differently at two stages prior

to and post the typhoon influence. At the forced stage when typhoon is approaching,



take severe Typhoon Maria for instance, the closest distance between the Maria center
and Matsu buoy was only 5 km. The observed ocean currents at Matsu increased rapidly
from 30 cm/s northward to 157 cm/s southward, extending from the surface to 40 m
depth. The currents flowed 90° to the right of the wind direction, in consistent with the
Ekman dynamics. At the relaxation stage after typhoon is leaving, near-inertial currents
often occur within a period of five days. This observed near-inertial currents become
stronger with respect to several factors, i.e., slower-moving typhoon, larger storm
diameter and maximum wind speed, the nearer distance away from the storm center, and
at the right-hand side of the storm track.

Keyword: data buoy, tidal current, winter monsoon, typhoon, near-inertial motion
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32 #Afcr 1
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AL PE-BHEOEFALSE APTANI RSP L gL

-~

FEATEE o gt - AR AT R fo s AT o * P E A
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n .
y(t) = A, + Zp=1(AP cos(wpt) + By, sm(a)pt)) 3-1)

He o w, = 21f,

(3-2)
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T
2
Ay, = Tfy(t)cos(wpt)dt

o (3-3)
) T
B, = bey(t)sin(a)pt)dt 3

Ag 5 e 2 PFRF T 3838 > t L Bcdpisdrand B > wy 5 TP aME S > f 5
Fp B AP RTIEF Ay 5 I F cos A B IR B, & P IR sin & R g o

TR A, 0 B G R58 3-1 kv cos(wpt) 0 FRTE tTF E AR R (T

—=\

ETIS

f A ThBByy B3 R sin(wyt) > A E T o

Ay i+ T-tide (Pawlowicz et al., 2002) &= Matlab © & {7 fri 47 » 7 11 ¥

T

% & end £ fh(semi-major axis) » L ‘&#h(semi-minor axis) ~ " % (inclination)
& & (phase) % T2 » & % 23 3-5 2+ 8 & 4 enn F(ellipticity, &) > 4% 3-1
143507 0pF piii@® e s B M FLtlF RRERRE LR F
A3 03 12 Pimadpsans pond > 4301 3 02 F » B inh| 5 apF4
RS S

= 0 for rectilinear

L e = +1 for circular
E = L F ph 0 <e. <1 for anticlockwise
—1 < e, <0 for clockwise (3-5)

*FI 7 4 ¢ * U-tide(Codiga, 2011) % ik PR B 7 chip in €12 0 A R ALY 4o
FARTE 0 s FE D E AT o

AR oL uE KI~O0l~M2~82: @ {dg A 45+ A% pn fa4

<N

p? & & p ¥ (lunar solar diurnal tide » K1) » g g2 ToEdp
MY IRE S22 ppHiirAd 2y o BFP L 23 FS56 4 o4 FIEP R
(lunar diurnal tide » O1) » * Zk o zf + 2. piFEH A 4 307 > W 5 25/ FF 40

ke i = e p it (lunar semidiurna tide > M2)? 3R g 3k F 2. p FEd 74 4

7o FHP G 120 PF 25 4 o 4 S L p iF i (solar semidurnal tide 0 S2) % FF A 3%
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33k 2017-2018 * (D ~J ~ F)

k2018 5 E (M~ A~ M)
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% 3-1 BawiFthe Fohe £ 3 & P2 TR

LEph | Liep
R RES E(R) | BER) n
(cm/s) (cm/s)
K1 7.128 0.77 36.42 358.4 0.108
01 4.124 -0.708 16.65 177.14 -0.1717
M2 54.612 16.662 24.99 277.66 0.3051
S2 14.564 5.591 16.87 116.33 0.3839
K1 3.962 1.075 48.43 138.01 0.2713
O1 2.771 0.567 7.91 177.53 0.2046
FF
M2 45.302 11.267 17.88 337.22 0.2487
S2 17.969 5.19 15.84 109.56 0.2888
K1 3.921 2.7 173.21 5.76 0.6886
O1 6.491 0.211 39.95 214.98 0.0325
¥
M2 45.901 10.517 16.3 66.67 0.2291
S2 11.375 4.399 17.76 132.67 0.3867
K1 7.835 -0.484 23.47 255.24 -0.0618
O1 4.585 -0.354 32.15 125.34 -0.0772
&
M2 46.267 13.277 25.31 138.62 0.287
S2 16.57 6.27 18.58 109.14 0.3784
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% 32 % F EiFtEe Fohw 4

B R ME(R) | BEMR) | ad
(cm/s) (cm/s)
K1 1.711 -0.333 51.07 195.84 -0.1946
0Ol 1.745 0.524 52.48 115.89 0.3003
M2 99.339 -12.828 8.23 301.11 -0.1291
S2 23.04 -3.729 10.45 24.64 -0.1618
K1 1.471 -0.427 11.27 96.41 -0.2903
01 3.06 0.126 17.97 283.87 0.0412
5%
M2 92.245 -13.286 7.29 2.8 -0.144
S2 26.176 -3.992 9.98 14.59 -0.1525
K1 0.778 -0.296 168.32 17.96 -0.3805
01 1.682 -0.19 21.53 185.05 -0.113
L%
M2 98.303 -8.636 6.49 254 -0.0879
S2 21.602 -1.739 7.22 203.73 -0.0805
K1 0.884 -0.198 78.95 105.2 -0.224
Ol 1.487 0.222 46.92 114.76 0.1493
A
M2 90.894 -11.442 6.72 173.78 -0.1259
S2 24.073 -2.582 8.77 22.92 -0.1073

20




% 3-3 Wk FHhe Feohr A A R M2 TR

Lepn | e
ek i HE(R) | BER) | wF
(cm/s) (cm/s)
K1 1.818 0.482 86.75 53.1 0.2651
01 1.37 0.642 72.8 71.51 0.4686
M2 22.799 0.449 63.64 147.21 0.0197
S2 7.472 -0.09 61.77 188.01 -0.012
K1 1.15 -0.212 62.26 351.02 0.1843
O1 1.107 -0.187 65.9 276.02 0.1689
FF
M2 18.266 0.318 63.27 183.85 0.0174
S2 4.755 0.254 5491 163.46 0.0534
K1 0.82 0.105 80.44 153.42 0.128
O1 0.835 0.06 67.82 314.84 0.0719
¥
M2 7.092 0.071 67.95 251.1 0.01
S2 1.463 0.012 57.51 187 0.0082
K1 0.327 -0.129 109.42 345.46 -0.3945
01 1.549 0.11 58.33 337.37 0.071
&
M2 15.653 0.234 64.7 326.11 0.0149
S2 4.012 0.062 66.38 158.29 0.0155
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%34 - E2FFr e AR AP TR

L E $h L e
c 4 AE(R) | BE(R) | Wi
(cm/s) (cm/s)
K1 2412 0.085 54.71 64.94 0.0352
01 2.973 -1.222 173.45 271.63 -0.411
M2 16.517 -6.269 107.79 33.8 -0.3795
S2 6.585 -1.325 112.76 320.33 -0.2012
K1 2.023 -1.3 81.17 300.14 -0.6426
O1 2.84 -0.858 3.19 284.67 -0.3021
FF
M2 9.423 -2.988 105.64 350.02 -0.3171
S2 3.44 -0.944 89.22 118.63 -0.2744
K1 5.199 -2.474 13.77 44.04 -0.4759
01 2.284 -0.242 78.95 22.79 -0.106
¥
M2 14.17 -4.797 106.93 82.99 -0.3385
S2 3.786 -0.243 103.95 197.18 -0.0642
K1 1.888 0.602 100.41 109.13 0.3189
O1 3.748 0.757 111.49 292.97 0.202
E
M2 26.227 3.167 114.85 56.01 0.1208
S2 5.229 -0.045 83.55 66.49 -0.0086
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% 3-5 ) mihigfee F o A G

| IR IR AR MAR) | BE(R) ¥
(cm/s) (cm/s)
K1 7.17 -3.118 171.05 244.44 -0.4349
0Ol 1.991 -1.319 176.99 194.9 -0.6625
M2 23.678 -7.743 2.53 197.36 -0.327
S2 11.5 -4.579 172.44 188.01 -0.3982
K1 14.745 -2.142 171.54 16.58 -0.1453
01 9.096 -5.722 154.18 172.19 -0.6291
%
M2 22.442 -10.676 163.95 92.23 -0.4757
S2 5.424 -2.481 6.33 33.63 -0.4574
K1 14.538 -2.415 171.04 129.29 -0.1661
0Ol 10.528 -4.068 173.32 131.46 -0.3864
i3
M2 16.506 -6.699 160.72 147.97 -0.4059
S2 7.125 -4.339 136.45 220.01 -0.609
K1 10.125 -4.987 172.27 329.01 -0.4925
01 6.467 -3.941 177.18 60.65 -0.6094
A
M2 17.078 -9.627 176.51 316.06 -0.5637
S2 6.981 -2.611 17.03 322.45 -0.374
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TRELFRRF PN 2 e 2 PAm RS PR R R
AR ELEM D N PR RANES A R AR o ST R Bk w i # eh
e b B AN FIR L o BB B Rk AR o IIkeE S

24 2w % 1% U-tide(Codiga » 2011)2 #2.5% & Matlab ¢ & 12 J1 % ¥ i i &
o BT RE PR EA AT et B o Wt BAR A A TP A EAR S .

B13-7 5 2019 & % P Ban sl kT 5 K (35 2 ¢ Ay Rk d @)

FEZpi(ESR) T AL usv A B anniE o JE R 3-1 R i el oo
5 48 "\.LA?— n- ?Lﬁzﬁﬁ'&#}f'ﬁ"] = /n 'J 100cm/s - 'é_L /ﬁ— /rr M ﬁ ¥z 900m/S R A ’E_

otk it Gl 5 8047% coa o vaA BB EEE R ovAe BB
Ao B 5 55.33% o KR 3-7 F Rl R AR S FOOUB P R and p gk o

Bl 3-8 W 3-10 R 55420195 F -3 F - #% WP FH 372
PESNEAE o P ) at+100cm/s 3 -60cm/s 2o B 0 Foor i AF E LA K en
o g o Mo~ 2 FEERA B anfiT £ ik kR S B A ]2 78.24% ~ 69.94% ~
74.89% » 2019 & pF % % s b et GlIRE > T F RS -

BI3-11 W 3-14> 05 5 622018 8 ¢ F 55 L E2HNFHD T »
Fed E o B AR T 200em/s 0 T R AL g S oSSR 0 IR (kA L B A
5| -2_95.83% ~ 95.09% ~ 94.94% 12 2 90.57% -

Bl 3-15 2R 3-18> Bl 530k 22018 & * £~ 45 L 2 4% o & Epfipin
ik K At70cm/s 1 -30cm/s 2. 0 vk R S AERERIERP R 0 A7
BUR AR AN S h s 0 A At EEE o PR bR G A B 75.12% -
48.54% ~ 43.88% 11 % 46.63% > ik 22018 £ FF X F i ikt bl o

Bl3-19 2 B 3220 Pl% | 5ioeb 2014 EREZ 2015E4F 55 L5
Fla lm e mig* - ERFTFR RS o o g i g~ #

F PR X At55em/s 3 -48em/s 2 0 Bt s HF E PRI P At42em/s
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Z-44em/s 2T 0 Fm 2 s L EREOERITD G RT o o] TRIRE R kR L B A
| §_46.84% ~ 44.95% ~ 50.59% 11 2 51.09% > /| Tk A A E B kAt GlRE 0 &
FRMA o

B 3-23 2 B 3260 B 5 = %2015 % 2016 & * £.2019 # % %3 %2 2016
ME TGRSR ARPTE > ERFETR LA o - FiRiniEA
Tl B A w] E80.08% ~ 75.8% ~ 73.18%11 3 76.81% 0 < £ f ik n b a0l Gl

B o

12/01 1215 12/30 01/14 01/29 02/13 02/28
B 3-7 BAn g4kt TPz /50 B
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4036540t EpF phdkend B2 AR EETR

5 40 2018-2019 * % U A Vi g
B e i o 5 B B(cm?/s?) 1841.7 879.95
P % R #i(cm?/s?) 1482 486.92
B R As A R (%) 80.47 55.33

Matsu currents in spring (cm/s)
1GD L] L] L] L] L] L]
D
100 k ' I I -

03/01 03/15 03/30 04/14 04/29 05/14 05/29

u-vector

100 f

-100 f
03/01 0315 03/30 04/14 04/29 05/14 05/29

Bl 3-8 BAFHE At F AL 40000 B

v-vector

# T hAFREEIFARH LR Z BNEREET R

548 2019 % % U~ Vi E
B e n % B i (em?/s?) 1554.6 413.91
£ % R #i(cm?/s?) 1216.2 224.48
EE B R s (%) 78.24 54.23

27




Matsu currents in summer (cm/s)

-100 f

06/01 06/15 06/30 0715 07/30 0814 08/29

100 f

v-vector

-100

06/01 06/15 06/30 0715 07/30 0814 08/29

Bl 3-9 BAn R &} FPF2 A LT R

% 38 BAFHRATEFIPEH DERZ B EREHET R

542 2019 § % Us»g VAaE
R de i i % B #c(cm?/s?) 1669.8 372.69
E2 % R #i(cm?/s?) 1167.8 210.43
£ 20 e is i (%) 69.94 56.46

u-vector
o
=

-100

Matsu currents in autumn (cm/s)
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% 39 BARFHRANRSTEAI TR DL R Z B R ET R
542 2019 # % Usg VaE
R 4% i % B fi(cm?/s?) 1591 881.38
€0 % B #i(cm¥/s?) 1191.5 409.38
AE R R A s (%) 74.89 46.45
R
EEipn

(]
=]
=]

Fuguijiao currents in winter (cm/s)
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2 3105 F &ttt FPFipradai B2 5% R KT
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B 3-11 % F & iFfh et TP A0

% F & 2017-2018 % % Us$ Vi
R A% n % B #(cm?/s?) 5858.6 410.67
£ % R #(cm¥/s?) 5614.3 341.78
20 s i (%) 95.83 83.22
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Bl 3-12 5§ &5 has E@L 3 Bl

2 SN HE et ipimalni Bz AN gRETN

HF E2018%%F Us£ VieE
R de i i % B #c(cm?/s?) 5059.6 361.09
E2 % R #i(cm?/s?) 4811.2 263.73
£ 20 e is i (%) 95.09 73.04

]
=]
=]

Fuguijiao currents in summer (cm/s)
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Bl 3-13 % F &5t TR 55008 R
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2 312FF AR AL I AR NERZ BB EEKTR

F £2018% % U s
a4 i % B Be(cm?/s?) 6732.9 308.62
E 120 % B Bi(em?/s?) 6391.9 217.92
F1E B R ks (%) 94.94 70.61

hD
o
o

0

u-vector

Fuguijiao currents in autumn (cm/s)

-200

09/01 09/15 09/30 10/15 10/30 1114 11/29

200

v-vector

() PR —— i

-200

09/01 09115 09/30 10/15 10/30 11/14 11/29
Bl 3-14 5§ &4 o prz b ininid B

# I3 BT AFHRANTF IR DERZ BITRE TR

HF & 2018 4 % Usg Vi E
T 4% i % B #iz(cm?/s?) 7112.2 419.37
£iE Pt % B #i(cm?/s?) 6441.6 276.83
PR R e s in (%) 90.57 66.01
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AR ES /E{g e

100 f
0
-100 f

u-vector

Longdong currents in winter (cm/s)
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100
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-100
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B 3-10 R it t T2 a0 0% B

2 3-4AFERAY TRApTE L R E B R R KT R

393k 2017-2018 % % U~ AV
R e i v 5 B Bi(em?/s?) 186.58 539.24
£ R #i(cm?/s?) 101.07 405.1
£ E o RAs s i (%) 54.17 75.12

Longdong currents in spring (cm/s)
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ERREECSTS S R I ER LS LY TRATE S E S

3Tk 2018 % % U~ VaE
B e i o 5 B B(cm?/s?) 73.2487 198.3183
£E % R #i(cm?/s?) 34.6582 96.2551
EE B R As A (%) 47.32 48.54

—
o
o

L
o
o

u-vector
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E 100- L] L] L] L] L] l-
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Longdong currents in autumn (cm/s)
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Xiaoliugiu currents in winter (cm/s)
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Xiaoliugiu currents in spring (cm/s)
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