IR R K- S EREREL i)
L
Institute of Oceanography

College of Science

National Taiwan University

Master’s Thesis

AP MEP PRI FRALIAY
Study on subharmonic waves of diurnal internal tides

in the central South China Sea

3 - F

Jen-Yu Chang

#ﬁ ERE Y4 ﬁ?‘ # L
Advisor: Yiing-Jang Yang, Ph.D.
N = I B

August 2025

do0i:10.6342/NTU202504191



R#

Fho AR R BRI TR SR ATHRA I e B R
%%%ﬁ?%’i P E xeoEsere FAp R Y RAPERE X RHEET A

B AR > EA AL ERE LS o R X AL RS &

EFFER o AT AR P B OLE c R BL A s e B Y
BREHIZR BAITPERLEPFT  RHRN RSB EF T RBEETF s ¥

FHCEAFBERFERBY  cBHER - FRY o R AR
Bendr B oo RSN AR iﬁ.ﬂr@(:}ftl——% ¥ e > A EE ?-g— A R Sk
FRLIEE A K s+ - T g g

RH#29F 7 Fihx 2 [0 o Brmle » F FEEB AP R g2 R
BRESNHTE Baay ~  REFE A7 2 258 PR EF S Fo o migs
TR K- ] RHEBF RIZF AN E AR RN AN RS
B o RBFT T R KB o Lk a5 PPN AN AT R
5 A RITITR G PiTiTI  BRE L L SRS e Sk £04 - &

T AEREA {_L?i;i,p;tj H1g Bb ,fgi\.“bﬁ:’!L? FET FTAL T o BB

- R EMmEE S EL LM - xR [ B BEE s B A (F
Werg 54 RIS AR OP L RE B LR KA B HH R

AEZZwIHRARETREDE RN E > v I BT ER o BB Y ALY

BARAZ BT~ ZW GRS TS LR SRR

e
o
\_‘

& et

FA BB A B LM RA TR A E F 2 A

=\

R E LR o b B L AL R TA B I B

A RN B BT TS BATHEAS OB HS R

do0i:10.6342/NTU202504191



&

ﬂ;ZﬂN?r T AMITAT J‘%E';MTE-‘/? m'gﬁpm_g‘i*’t’/“/f:ﬁ(%i’iﬂ

TP 2P PP Reh2p P PR ES

F2Z By - dE 2 22ge? R RERETES 5 RV R AR 2P

Ad e mmfral blh § 0B EFORL > X2 Adws
LR RHL R BB SHASHE R 2 ARR SES 2P MNP GRAFR
FAF R B8 2P NP R AT S BRI AR R T ol 3 %
FE PR T M B A {7 (bispectrum)FE T B b S (S F LAk
R JRE 2D NP SRS A T RLPSDER G M R TP AP EER R

I H=ER i‘éﬁ?ﬁ%& fe 2P PN AE

k=Sl o o ﬂkpiﬁ/? HEF 5 2P P - L ER TR KiE
R HRERERHRE S 2PN PE 2P PP PSIERG Mo AT -
BRI o TS BRI R PROEER T T R G

A E A PSI M5 2 p P b LRI KR & ARG 4 8

Sl bt 2 AR E(PSD) ~ M2 T EF ~ EIEHA

do0i:10.6342/NTU202504191



ABSTRACT

This study investigates the subharmonic motions of diurnal internal tides, with
periods approximately twice that of the diurnal internal tides, using long-term temperature

and current data observed in the east-west oriented channel north of Taiping Island.

The observed data revealed four main characteristics. First, the depth-frequency map
showed a peak between tidal and near-inertial frequency, which was not caused by local
mesoscale eddies. Second, bandpass analysis revealed significant changes in temperature
and east-westward currents at half the diurnal internal tide frequency after the passage of
Typhoon Rai. The vertical structure of east-westward currents displayed a bidirectional
propagation and high-mode pattern. Third, the peaks of subharmonic motions in depth-
integrated kinetic energy coincided with peaks of diurnal internal tides after the typhoon,
suggesting the enhancement of subharmonic motions might be related to typhoon-induced
local diurnal internal tides. Last, bispectrum analysis confirmed the presence of nonlinear
interactions after the typhoon, suggesting the involvement of parametric subharmonic
instability (PSI), which transfers energy from diurnal internal tides to its subharmonics,

enhancing the subharmonic motions following the typhoon.

In conclusion, this study observed an enhancement of subharmonic motions at half
of diurnal internal tide frequency after typhoon, might be related to the typhoon-induced
intensification of local diurnal internal tides and PSI of the diurnal internal tides. However,
due to the limitation of a single-station observation, further observations and modelling
work is needed to understand the complete dynamical mechanism through which PSI

enhances subharmonic motions to facilitate ocean mixing in the region after typhoon.
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B E LI L REAE R B AT AT g R It e A

Mgt * R (Heetal,2018; Janetal, 2021) > & g3t B iEkdpfee 2 &
AR > s A Y R s E L » FROLIY R RFEAPEE (Chuet

al, 2000) < s BER HF A S AfE A A ER A SN LA S g oL TEE

i~ a % (Wuetal, 2020; Huangetal., 2022) - {3453 A £ 7 » 381978 3| 2020 &
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173 B tem a4 (F 57.1%) > F ET5402B @ kpd Ak T EER
BRIF 130 @ (F 42.9%) - = #&-TL353.02 & (Huang etal, 2022) - & f Bi:iL
G AR s AFr AR E eI AR AN I e R on kp oA s TE
Rk K EHEw T F {*Ef—*—?f' Figrab o  BERRFAETL 58

(National Oceanic and Atmospheric Administration, NOAA) s> 3R 88k B i /5 4
17 7 4L (International Best Track Archive for Climate Stewardship, IBTrACS) + 14
A 18 R e o Rk #ic® 3 B 0 2000 £ (i A 10 3 11 R -
A5 114 7] 115 & PR (ritfodk e )b © 3 11 i (Gahtan et al., 2024) > &

Fohah v G H D RCRAE FRC LI RFAE B B

F_k

BALFAFREA R A58 ZURAZE B VB R L FR[E Ae R 30y
BB X cha N E AR RE A g a2 23037 5 2L(Xu et al,
2016 ; Liu and Zhao, 2020) » # %] §_E R 4% » H s 4 ﬂ;f#f& 3T D
£ /P a e rdk =~ g gk (Alford et al, 2015)% » B PFE 5 54 4 s ph P aE & 2
¥ (Alfordetal,2015)» ¥ #-HMHE A 2P P iPw s BYED 4 1500 2 2 ¢k ks b4

24 (Xuetal,2016) - Livetal. 2016) 4 R % 7 F Risi s B2 7

-

PRI R 0 B EE S NP R ks A S o AT R AL Z Al
PTG R TIE AR S AR LT R RS AR 2 P el
v b @iL e Jan etal. (2007) FHHSER LGB ML I 6 A P (Sunda
Shelf) & st i h e i Ap AT S & g 13§

Shang et al. (2015) #iB @ /3 6 & Rl RERIZRFBRN B - 2 p p
A S D F B 2P MR BTG AL (springneapcycle) #i1 b B
7 % Kife Prigit & end #3¥ 8 (semi-annualcycle) % @ @ 2p pip g £

*Z 5 R ERG o Ra > Zhang et al. (2021) s V¥ K RIEBIIZRP L E

S
It
}\?z‘ﬁ
=
3

NER S A BB LT e G URRSN P S R
14 ST i B
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FERAOZPNPREP NPT BB E A2 RSP ER A B A

1.2 =5 #48

ZFrorik o g v

— 2

4

R M ELF RXIRAFFZ2 2R RABAFEHPE KX
HehFE @ R T IR > PHEAP SR feBa A FEL £ 03254
BRI Y S REAE Bh BRI ) H bk ok B
AAFRFE 5487 - fr S8 kA 7 48 2 (Parametric Subharmonic
Instability, PSD ei@ & » & @Ep i £ A2 F L & & ¢ (Lietal, 2024) -
PSI ¢ &% 2L sy #eit 76~ R ~ B MR P P BRG] LR~ MU
BRI A oA B S B ek 3 A PSI et S A (critical
latitude) » p PR F - TR FEFEHEFE L L4k > 01~ Ki >~ My~ S 0 PSI i@
AR A b e 13441452288 2998 »m O1% K efph FR &
4 e o 4 0 30 o Alford (2008) *0 3 4 i S 6 AP Ap RS 40 B3]
(shipboard ADCP) #— 4t » BLIF] & O 2 K ik Sk § 35 % chin

(shear) > ¥ ® Afeh R 2 S enBhd ¥ o AgE > w G

AP R L TR A BRE B ek T § 0 A R 8
Bl e L P AINE P f e foE R Bl F ek o S TG
AEFYEOLDRPITREIZ > a MO ERY T3 0 &3 Janet
Al QO2IEH A B TSP BT o o B4 b BHE B MPSIAEY 4 5 mita
/4 3% (Xieetal, 2011; Shen et al., 2020) & & A4 7 /¥ E (Heetal., 2022) » &
Hitwm e ppp PSITRA AR s 02 > p i PSIgRf SR % i e PSIE
Foom AR R > AET AP IFE 2P PR PSITRAFARA e L3

B A bR A fd 0 F b HITH® PSLe Fl 0 AET Y B RIS
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ROFEL BT LT ARB NP PP R ER o ¥ R R 8

FH o
PIEZERE -3 § FWR b 4 ¥ s (Saffir-Simpson Hurricane Scale) = C5 ek 7 &

(Rai) » 378k 134 &b i & b 2 /2 (R34) &t #1523 B AF(UTC) 2021 & 12 2 18

Per 2B AT B AR R RS A R TR AL
BT RAECR 2 R R PR R B Pl T o

RE RS TR

FREIF O F-FRAEAFLRY DT 52
PFEROLT 22 5 RRERAITRETEGHNR ¥
o
k=
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F-RFTHAL

AT A BIFEH G AP B 2P PP HRAER o LR T RITHET
AR R T ehA B ayaed A n Resaed (HAE TP3 > B 2-1 ¢ =4 = £A){viR R
POHALTPA B 2-1 7 F ¢ = &7)) o Grpeenplip| pFF > 2021 & 5 7 B 4y
TR E 3V R o BT AR B AT B R % TR R (W) 2-

28§ FARREA

—m

Z_ §€|L » LR fE R 4 i\‘/.w__w_/ﬂ"iq?%}:i(]—glz'l
P Z R REF S ek 206 o M RRIZ T g 7k s
TR jER R ARRE S NRMY TR 20 RFAEA R Al

W - BRAFE Y > TI ek 0§ AEE DT R ARSI EEE-3 Y &

~

ek b 4 ¥ ' (Saffir-Simpson Hurricane Scale)® ¢hC5> 47 3y #- A 8 F R & H 2 &

BhFAHFE 2P N PRTRAZHM R

27

26'

25'

10°N
24.00'

23

22

Mg 20' 114°E 24' 26'

22.00'
Bl 2-1v% T fosare? RERCBP 2d = £35{cf ¢ = &350 W E_TP3 fv TP4-
$d Z &5 F T AFE RES = £2) 5 2022 # NOR1-0026 47~ :3 CTD
5
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BRI % o KBE B A Google Earth -

21 HREFHAL

AT RYFFBEFTT AT T L AT LT vk s Bogrd o & B E
BIEZ®E B ARG TP3 foipl £k < 26 60 TP4 - TP3 230 4 4 1044 & > L /5

11433 B s TPA Bl E - % 1044 B, RS 11434 B o F15 A Bosmp =3 40 %

'

Bt AL EERA K bk - Bk o doB 27 ¢ hEE 2 43R T 0 8 BAAL
Bl R S 2021 E 50 1 p 3 2022 & 30 23 P,y QR 326 % o 4

FER R Ao 23 A o

TP3 TP4
* NKE WiSens CTD
7z 5
NORTEK g [ AN
Signature 100 , ! NKE WiSens TD
l ]
300 m }\ : 70 m
NORTEK * ) 90 m
Signature 55 L= 110 m
‘ 180 m
310 m 225m
270 m
320 m
)
* 500 m
o
SBE39+
1050 m
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Bl 2-2~457e® TP3fr TPA St rm L BI(k p P~ F) - B ¥ = d ] IR 5053k > 53
T35 F Lrelease EATRIEAN BT IRl RECH T L4 R 5%

REFER o

TP3 1 & d & 9‘]5'3 ¥ 72| ik (Acoustic Doppler Current Profiler, ADCP ‘e = (]
2-379 2 d ki) o B AR R 300 2 310 o % gt S BHE S 5 100kHz 0
NORTEK Signature 100 e 54 5 5 55 kHz <7 NORTEK Signature 55 = * fee 7
FLIRIZ S B2 b on o A W B RLRITIR A B 240 3] 270 2 & 2 340 F] 990 2 ¢
ARG o B FHRRAE S Y A F 10 A 45— £ o 5 BRI Signature 100 F] T 4
L 2022 & 37 16 P e iw b 3@ 0T > ow T ELP| 2 Signature 55 ™ ELEI T 2022
£330 23 P o AW AFARTH A BRLBAFRPMEIS 10 A safes

10 2 2 PP 2 JRR fR4T R o

TP4 d 4 8.8 R 4F4- 2= > » % i NKE WiSens TD if /% & ~ NKE WiSens CTD
i BIF & ~ SBES6 i B - {r SBE3OHE Rk > BRZ AL K 2T AR 2R 2
B2 HSERERns > 7 L 2-3° NKEWiSensTD (i % 8 & » A WBpIER
270 ~90~ 110 ~ 180 ~ 225~ 270 ~ 320 4v 500 2 = cHE A H 1 > HE Mg 5 5 2

- & o NKEWiSensCTD R Bi® %3 1 £ » BLBIER 150 = = chif g %1+ > H

BFHRAES 55 204 4 o SBE3OHEFE KR T 24 4 BERLIEA 1050 {- 1500
TR RSN HEREBEFLF ] A4 5 o FLFR A 2021 £ 67 29 p 4
BAF > REERME R L S AE 100 2 ¢ o o] 23 4rA o R T RER
500 > r Tz AR R KkEFLAHT -
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TP4 Depth
T
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1
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1
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1
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30 ' | ' | i | l —— NKE-TD(225m)
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B T gl I ! { o gL !
18 i d 1 TN o [
i | Hes A
14 1%
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6 1
2 I 1 T 1 I n =1 i T =
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Time(2021/05/01 ~ 2022/03/23)

Bl2-3-TPA REZRIFRZERBELEZIB - F T RA S5 REFFEROE R

BR > cd BRETFHRBAETPY > A RFEI DR BFPLIFRNRE -

B A RE LA EEER R

TP3 Nortek ADCP 300 m 2021/05/01 06:00:40 -
Signature 100kHz 2022/03/16 11:40:40
TP3 Nortek ADCP 310 m 2021/05/01 06:00:14 -
Signature SSkHz 2022/03/24 12:40:14
TP4 NKE-TD 500 m 2021/05/01 06:00:03 -
2022/03/23 19:33:56

TP4 SBE39+ 1050 m 2021/05/21 06:00:01 -
2022/03/23 21:46:01

1500 m 2021/05/21 06:00:01 -

2022/03/23 22:14:01
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2AFFERAL

AR RFSEAT AT T a3 (A 1036 B> L5 11437 B)ys

%?‘F‘ﬁ#‘l/:}"@}‘ TR ﬁ'*‘"fﬁm_}i @‘10 %&ﬁ\&@i%%?;‘m(ﬂ_‘
Bl 2-4) > Bpher LRz a o § g B RS 2021 £ 5% 1 p % 2022 &
3% 23p > Fr}—'ﬂiﬁ_’% ER- | | - 5 o

(@) Air pressure (hPa) L (b) Air Temperature (°C) .
o, MMW"W g VT O
gy A Wyt
- (c) u component of wind (m/s) - (d) o v component of wind (m/s)

1 \V ‘\ AY\I

o \ ﬁ '1 ﬂ ?MWM“ W‘M w \ ) lt vﬁh w ’MMM

e ’

: WMM W'i a2 i

(€ Wind direction (°) . N (f) o Wind speed (mis)

Mol WW\JMM 'A M ' NW.

B24- 3 F 2 FHREETEFFAAIB -3 %7 B4 b FEE (05K
Fohido(diatehido(@)ih v (D3 hid ox fhPF b 4resd BLBIFER

2021 & 5% 1 p32022%&3 %% 23p » 0E/Y LT oo

23 AR 1Rk BRBT

AT R d P ;T'ET K AR Iy eniTi4 #2 1 5L (New Ocean Researcher 1,

(Conductivity Temperature Depth, CTD) 3 #% < NOR1 3 CTD 4 %ti¢ * SeaBird 1

SBE91lplus 175 148 » FERFH - ERTAFHE > TRER - FTR - 7
9
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BETH - A7 &% PO A iTend 24 BRlak (A 1044 B > L5 11436

B)EL3ZAE K2 G hhd B

(TEPFR G 2022 &30 26 0 5 FARIFR 4
1460 =~ = o

24%E B HBETEA L

AFERY R FRBPHFT S §FRF DR R BRI TR
A R h BT~ R -3 § 4HER b 4 F 3 (Saffir-Simpson Hurricane Scale) ~ =
B % 'z 34/50/64 &k i £ b L T (R34/RS0/R64)E Tk « FTAHMF 55 3 ) pr-

T o AP FF A IBTTACS ¥ T # F o h ¥ s5/x? 2 FFRF > HWgh % &

FYEEE - HWA R 4 5 BE 102 F - AMP TIOh E i B

@EFEA D ST A S TCH C5(L4 2-2)234 $h i 4p g * FiG b &9 in

N B oo
B Bh¢ou- Adp TR i@
TC 35~63 &
Cl 64 ~ 82 &
C2 83~95 &
C3 96 ~ 112 &
C4 113~136 &
Cs * 3 137 &

+

3022 BEER-2H HRA D 4 £

25 THA L

AP T RY DEE R AEFTHR B B9 LA FERR E RIPRIE(Copernicus
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Marine Environment Monitoring Service, CMEMS) 12 & o & 5P § & 7 3 /5 K

% # 4 = Aj(Absolute Dynamic Topography, ADT) ~ 3= $& /8 & F 1

00
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=
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82021 # 57 1p312022#3% 23p > FHREFFETRZEP - L 2 @47
Biw 025x025 B APy R*Fhfkaw TR EAELGFR ER
TRE R R AR BB SR RAERY R B F e T b AR
7+ & % AVISO(Archiving, Validation and Interpretation of Satellite Oceanographic
data program) #% & ¢ R i 7% i B A & (Mesoscale Eddy Trajectory Atlas
products, META)META 3.2 %= & e 4l o BB F AR k2 ¢ @ RIpAEF s L o2
B wgwRFOR EY CRIEAALT EEEEE o TP F2021 £ 50 1

PR2022&27 Op FHEFFMETRZEP - L FTHRE RS R40B 2-5 4757 o

Sea Surface Height Anomaly (SSHA) 2021/12/18 m
3 — I

— 0.6

“'p;A“‘A—e*<-,4.,',4;
4“‘»“4_-“4-4-V<"A<

>

15°N

4
»
N

12°N

‘N
=y
- 4

4
>
o R

R IR

a
v
o
<
A
‘.
o
4
L

- P P4 4

Y » v
A4
\\pv‘\\*‘b,’

i
v
N\
k \\>>>>\->->
N\
N 2
- —
> >

-—e
\b(

B 2-5~2021 & 12 * 18 p /% % % % & 2 ¥ i (Sea Surface Height Anomaly , SSHA)
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AL BREBRFE H-L o °%§E;9ﬁ/ﬁ-§-#£°fg

>
feacs
@

° Bl¥
SATFER R o A d B RPN AR o

wk

1

26 KX THRA L

T E L P EHRE e EREF 2 kR a A e T RY30 2L 0 LA L R
BT afE4r AR AL > & % R 247 R R & AR5 8058 (HYbrid Coordinate
Ocean Model, HYCOM) ¥ 2 7 /& /¥ 5f 3% 4 4t 3.1(Global Ocean Forecasting System
GEMARERE - BR AFT oA RTHE AL FRE o

2022 # 3% 16 p » FHMFEITRZF 3] FF-

3.1, GOFS 3.)F L
FHEFHE2020E50 193
£ooRT ARG 0.08 x 008 B HEE fRTR § S A R AiEN

P18 % 5 sigma A % (sigma-coordinate ) ;

k¥ % 5 z A fk(z-coordinate) ; %iT A+
hAR A K enh EPIRR * X R R & R (isopycnic-coordinate) 0 @ AR & K4 b ¥

>&\

i# * 7z A %(Metzgeretal., 2017) o “f P2tk FIRA Y WG - BA TGS AT

AT A TR A B ha e bR 2R AR TR RS RAcR] 2-6 41

TF o
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B 2-6 ~ 2021 & 12 * 18 p ;% % & & /& (Sea Level Height, SSH) -+ %. Bl - B ® 3 ¢

iAadea R HErimedE e irEie HEERELH

AL kAR B o A d B RPN AR .

2.7 BB 4FEP 2R N1 5

RS T

I

22021 # 57 1p32022#37 23p 5 - BHh S8 Tame 2

AR E AT EER 5 2021 #0F = (RaD)®eh 0 H 34 & ki & b £ E(R34)

a b pE R (UTCH8)2021 & 12 7 18 p F] 12 * 19 p4F % dyFed > 28ch & 0§

BPEER 2021 & 12 % 18 p 20:00 F FE <5 & C5° 7 LR 2-7 -

%h 24

BiEGFEP FhABR

Bi®4&rey B UTC)

7 # (Rai)

Cs

2021/12/17 21:00 ~ 12/18 15:00
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Ki§srer i (UTCH8)

2021/12/18 05:00 ~ 12/19 02:00

4023 SiBkFE 2B 4 o

Typhoon RAI

14°N i

12°N ¢

10°N

8°N

110°E Mi122E 114°E 1163E 118°E 120°E

W27 3 2Bk Btk (v B/ o Bk # (VB /T i % IBTrACS 7R o 6 &
MEbere? 34 &R F b TSN 06 & RARA L TaEE iR B FIEE
FRIRA TSR o % LB LE R (UTCRER 2021 £ 12 7 I8 p ¢ = 12

BLe34 8 h F kb L iTes = A 5 dyae TR K BIE B p Google Earthe
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RN SRR SR E

3.1 & = E 47 3# 4 47 (Spectrum analysis)

P-ig & = ¥ #& 4% (Fast Fourier Transform, FFT) §_#-3 470 fF B 7120 5L & P& 38
(time domain)## 4 I #7 3 (frequency domain) ° = @ § *TE & hpF R A 730503 PR
AT R AL e L e BT ¥ S - AT R I L R iR A

o A ERT R EAE BB TR A HR LRGN A

u (2021/05/01 ~ 2022/03/16)
TR S b 2|

Power Spectrum Density((m/s)?/cph)

10° !

a2 7 o,
107 10% 102 %

| ! i
2N 0, &,
‘2% 9% % By 100 10'

Freqsnsyienh)
B 3-1 40 = % Bk & 2 3 WA H B o x #h 2 48 F 0 H = 5 cycle per hour, cph -
yihi i B Al Hii((°C)%/cph)) o B d msd 23 AR SRS 20
PR S e 2201 2K ~ 2 P (O KD S 2 L p (M2~ SO S > 12 ke d
PFAET AL £20002K 201K~ Mo~ So0 i d o A PTfR AR e
G T O8ST R LISE iz d 2 3 ht S d 23 L4 5 0.85F 2 115F- &
LI M RATLELS OhTIH "R -

PR3- AT w2 P P (Ki O F 2 L p (Mo S e =
3 e @ (Spectrum peak) » A W L o> p RS (X L Dlband) 2 X popaE A
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(> fD2band) o AR A ff P F (D) iz ® b > frix g & 5 RAF L 1% 50 A s
AT R TR AR o AR AT 0.85F B LISE A R 4 AR S BEF o
fRILEd A d b SRdoa KA 2 104 sk p A 2 pHd T ing ot
H3p R OEpE s gk o TR LE S RIS L Y R REAR IR

GO F G LAERE T e p T L - EE o F 2P
A - X 2K fr 2014 W A 2 P B Ki s Feh- X (A B 2p i Kk )1
2P R O F - L(Ta B 2pp O1FY) A FL W5 2DIMF » B AF

E ST P

3.2 & 3% it # (Rotary spectrum)

u(w) + iv(w) = %foT[u(t) + iv(t)]e”tdt = u, (w)e'*' + u_(w)e ™t (3.1)

A, =3 (u+u+)

A_ :(uu)

(3.2)

A ArA T P4 (35 P 4R ) Sk i ¥ o up fru BT (G )R A B 0 SR

LR TR INA AT IO o & B A T beAl i o
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Rotary Spectrum (2021/05/01 ~ 2022/03/16)

- 40m G H " Counterclockwise|-|
‘—— Clockwise

Power Spectrum Density((mls)zlcph)
3 3 3 3 3 3 3
S A o A > % o
| T I

<
&
|

10
10+

10"

Fregency(cph)

B 3-2~40 = % Bus i a AR R c x A A 0 H = % cycle per hour, cph ° y #h
i Bl Em i (M /cph)) - BIP » Fd frikd Bou N L igphs s £ 2
HEASE 2 RRA W ERMAEFH1152 0858 > 2 F Bz IR G ok
A S g > T 0.85F 3] 115Fe o d mad 2 3 + A% 2 EAES ~ 2 p
Fih- 2(201~2K) ~ 2P (O ~KO#EF 2 2 pip(Ma~ SO F » nied 2 F

AT RERELIE 5201 2Ki 01K~ M2~ Sy 0

MBI32 5 T OUE AT AT 2P R X RO P AT o T
P R R 1L SRS RIS ST SURT LY T SR

FRERER Rl

3.3 Jmik & 7 (Band-pass analysis)

To ik A K- PR Sl FFT 3 2 5 o lic D RIS W® A 0 573 &4F
FLPN AL S R S 0 L H i e & 2 & # 4% (inverse Fourier transform ) i v pF

e iz o g RS 2 BEE SR T R O R AU
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N 2 Y
Z_ it 5@ e

A ¥
band
2P T 3 F:0.9f0, ~ 1.1fx, (1)
D1 band 1 #:23.47 ~ 26.59 (hr)

X p

3 5:0.9fy, ~ 1.1fy, 1/s)

Near — iertial band

D2 band i¥#7:11.29 ~ 13.80 (hr)

2D1 45 % # %:0.45f,, ~ 0.55f, (1/s)
2D1 band i¥#7:46.94 ~53.18 (hr)
TR AR ¥ %:0.85f ~ 1.15f(1/s)

i¥#:57.43 ~77.69 (hr)

£ 3-1~ 41 # 8 4 (Xie etal,, 2011)

B 3-1 4R 3-37 L2857 4% Xie et al.2011)#4F F F & 2w BIRA > 77

3R A B 5 0.45f0, ~ 0.55fk, 3 2 B 4E 4 2 D1 47 » 4 300.9fy, ~ L.1fy, 5

P RHER L D2 Am o ¥ bG5B 4 40 0.85f ~ 115 fo chiT if 4241 % 4v DI

Az - (kP 5 D12 A B)H2DIAEA 12 2D1 & 2 p PN P e iR o
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u (2021/05/01 ~ 2022/03/16)
T T T B |

40m Near-inertial band [
D1 band ]
D2 band
10' F T
100 95% confid torval

Power Spectrum Density((m/s)?/cph)

10
10°
|l ] B i
10® 2, *7.9 % o, % %, S,
10 10 10°% 9% 27 AT 10° 10

Freqency(cph)

B 3340 2% A jd wia i uAEHFZ AR F & F Bl o x Ph A AR S > H = 5 cycleper
hour, cph oy #hi i &+ » =53 ((M/s)?/cph)) » J SR B] EIR AR ep
115 2 085 &% » 2 d ma2 A& 5 »eff B F L’J”%Fﬁ] T 0.85f 3] 1.15f = 4
Y 23 AR GRS 2P RS- £(2012K) ~ 2 2 (01~ KD
FE2Lp (M~ SRS > Miad 2 F AT 3 EAEEILL 202K ~01 K~
Mo~ Soe A iffimicd MmM2Z LB OS%RHHFRT « ¢ BA A LIRS
FRFEIRFZ2DIEFIFR R FF 5 20 P DOHEFFERFR > Ki2d %

5 X p (D24 §o B -

34 ) a4

/| 4 e (Wavelet transform) ¥_% & # & > # #& 4% (windowed Fourier transforms)
SRR R TG AR RERE T RN EASF @) LR
B 7 PR B g T A 2 ) e A 0 BB FREFREZFE ) A E )

Bocndp iR X FE pe Rt R W ILfRAT I A e S AUl R S e ]l i

o TP CRRLIFBIAEA A IR CAEET HH R L ¥ EEF y
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3.6 & v & f2(Decomposition)
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= ¥ # # (inverse Fourier Transform) kg & P& & /R B 4B°L o

P(t,2) = [ do " dkp(w,k)e' @D = P(t,z) + 2 (5,z)  (3.8)
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3.7 847 # 4 17 (Bispectrum analysis)
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