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ABSTRACT

Under moderate wind conditions (<8 m s') and clear sky, the penetration of
insolation into the upper ocean could form a diurnal warm layer (DWL), which can reach
~10 m in the open ocean. To better understand DWL, this study analyzed the data
collected by the Ship-based Air-sea Flux & Exchange System (SAFE) deployed in the
Green Island wake in May 2021 and in the southwest of Taiwan in April 2022. SAFE has
about 50 temperature sensors and a 1200 kHz Acoustic Doppler Current Profiler (ADCP)
to measure currents and temperature variations in the upper 20 m ocean with high
resolution. The observations revealed processes such as symmetric instability and
advection effects, but the most noteworthy finding was the significant temperature
oscillation observed during the deepening stage of the DWL in both experiments. Under
wind speed ~2 m s™!, the DWL in the Green Island recirculation zone can reach about 20
m, suggesting strong wake flow mixing instead of wind-induced mixing, leading to the
deepening of DWL. The temperature oscillation was likely caused by near-N internal
waves(IWs), with some fluctuations exhibiting a roll-up structure associated with Kelvin-
Helmholtz(KH) instability. In the southwest of Taiwan, we directly observed the internal
wave train and the mature KH billow (roll-up and breaking) that was likely caused by
wind forcing, which is relatively seldom directly observed in previous studies. Both
observations of temperature oscillation satisfy the basic theorem of KH instability. Our
observations unveil the detailed processes in response to the DWL deepening — in addition

to well-known atmospheric factors, internal waves, and KH instability play pivotal roles.

Keywords: Diurnal Warm Layer, Shear instability, Internal waves, Green Island wake
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R RIS G B HH MY 0 BT A Y R R A S B
4
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¥ oRHA

AN L aHE € A f (F2 % %4k, Coriolis parameter) 2 N (F 4 4 I,
buoyancy frequency)z & » X % hE > iFd L 34, b K A g B (Upper-
Equatorial Undercurrent) ® <% 5 % (deep-cycle) P& » H 4R & k& AT 4 2 e s}k
(wave-like)3g # € #2317 § # 54 # 5 > 2 5 1T N & I (Near-N oscillation) » ® iT N
B K ¥Rz Xiona 4 0% e B f%(Lien et al., 2002; Moum et al., 2011; Pham
etal, 2012)0d *5iR & K AN LT A § bt BAhE D gk R & B A0 B
FI T fRITN R R RO AL AE £ % o & Smythetal. 2011)° F & fAEXK >

FAEX 5 T ) #5%(shallow mode) @ M 4iTiF 4 SEF R T o A § R & A
BARA A T B BB T RRGE B IRPE R MR B R B RR L kP £
B2 AR TR e B MR A S Y - ABR AR
B3¢ (deep mode) @ BiR & K AN EMIM B E o £ A2 NIT N BTk $
HEA B in(mean flow)#H B-it £ > § 7 SRR I @ TR M RA LS Sfic T 12
= £ F(growthrate) X 55 < » 2 3 ¥ ae 2 B & 5 F #1137 N 2 ¥ -0 KH & (KH billow)-
PRAEYRIEINRYEIF > A EEKTET - BT RT 2%

BLebs Bk kR EY 0GR & K AR (eddies) T i A 2 - AT M s
i & 3@ # (Wijesckeraand Dillon (1991))> # § Ap ¥t ik T * wig R L3 > %>
e A 2 4RI (5% 12 > TG T ac e ok (B 1-2) o SR FIAR 02T AT B A e F
w ik (lee waves) A 2 > fe gt pFenffar ¥ 2 A5 > @ E_20R & ek e Polton et
al. (2008)3% 3 ¥ % f %% /i (Langmuir circulations) & 4 P (B 42T 5 s 4 eh—
B PRERINGIEFEINREE DRI E LK APT (TR 5 F 0 A 4 Fyd B

K RITE F 5 0 24841 F> Smyth et al. (2011)% # % R R o ¢ 2 A

Wijesekera and Dillon (1991)% Polton etal. (2008) ¥ #& %2 ernfizg 847 A& 4 chp & >
2 A FRRPPEIRFEN30 2 o FEEfop WA SRTHFREYRT 44

BRI R E K ARG ERABFITEL DP Ao TR RS PR LY
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BTk 0 EF 0+ i 518 Bogdanoff (2017)#7if enfp e + @53 p Ak o F] 3

A ETE D P B T

(7%

o

I
47

T
== \/\/ R
<—
f\_\ (i D v -
e S <J—

y Iw ' 14%Y

Bl I-2 - a4l s AW - FREREE FR z="D AR > §F HEED
RTERELE 2R oip AR g 2R E R AITE ko (B P~ p < Czeschel and Eden

(2019)) °

4 2 P R I iR A BB B ek P A
A EARRE Y BY R R DT F 0 B R M § ik i (island wake)#Tig & ih=t
PRRECLR RSG5 ¥ S AR AT 7 (e.g., Hasegawa et al., 2004; Hsu et al.,
2017; Liu & Chang,2018) » @ A& A4A a3 - d > FRh -2 0ing% g > & f
¥ h A 27 i te(vortex street) R HE o R IT LA B B § A IR R A& (Vorticity) 2
FR o LAIR SRR G e B 6 el R AR AR B R R
7 FHEZEA A g *E(cyclonic) 2 & § *Z(anticyclonic) ek it (recirculation)( &)
1-3 =Bk > winehi -k f Fib C RARRF T EH R T RARG L, 1
WEET AR RS A T s # RBP4 T T
i# O(10°Wkg') (Changetal.,2013) « it /i % &2 202 @ > § - 49 % & (relative
vorticity) = 7 % iff && (planetary vorticity):230 Uk gk d o fL 5 P d 7 B A (free

shear layer)(Chang et al., 2019) (B] 1-3 % ¢ &3y > ¥ MIpH > dopt Brran® § %
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B VR AESTIRRLE PR R E § ot ERBG LR o

v — | 10

o‘

2

- 1—4

-6

-8

Day 8.75
| | -10
121.4 121.5 121.6
Bl 1-3~ S5 FnFom LW §@F G FROREF FOUR  SEAML pd R

B =% > =B i in¥% o (BP-p : Liuand Chang (2018))

Frer pPR- P AL PP EEZAFRIFYFEL PRI EE DRG0 D
Pougiends 4 8418 b kB IEFTINR S b B R ARR 0 R A o SRE R & s
7
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FILAAF Rp 2 FRGAFRIM G P D AWML LR ZHEHAF RHAT
i N B B A SIAC IR B e p A T2 Tk ey R RUAR S L R
PR EREARETE L FRATELET EwFm bldeo d b4 3 S P i
3l KH 72 2 8%d FoniR 8 TR P o f et/ 5 P o F R evgi/Z (Smyth et al.,
2013; Wijesekera et al., 2020) > e d >+ & EEF B 24T R 2 A X A S B3R IT L R 5
BRI - 2 H’K:“a AT o i 3 X PO LRI AT R enPLATICG AF R 2 TR S
g E R R R A FRAFGEIE I AP A E S EEPFR DR P
s p Y KH 2 A sEd ShBEOEY S S REE
(Ri<0.25) ¥ 5 foehm ke dy > 2> B 2 PP REHR 2 A X miie o Flt F & 5
B R RIS BRI TR 2 B - ARt ot B AMT Y BB P B D
LB 8L & %rs/;;rsgjg B GTHEOFE R F e R E SR AL
WRIER P B R AR BT RRE L c AT Y BES B Aafoh HR(S8ms
DNTRARFFHRTETOF IR ERE AIERI TR T KR EOgL 2
PEER it ILEAR 0 YA F A B A ALF RAEAR kY andedii g ol
B W R Mgyt 2022 £ A4 T 385 2021 £ AR R IS % iE
AAMZEBEPIREAL SR EAWTREMRY O E N e 5 A BERPIES
R 2 A IR ARNG R T R AR RE CFFPOEREART S F

21 > > R 4 Sy T A~ 4 e R
:P_}?{:l\jfl Egzé] Eﬂ}:‘/ﬁh/ya é\. ’ ﬁ\]é l‘}:“ #. el i{ﬂi’ Eﬂ%{z{ﬁ °
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CEE S YE S

AL AR A7 e dp s § i B/ # P % ¥u(Ship-based Air-sea Flux
& Exchange System, SAFE)BLR| ch 5k » 3 g g Y F 4k Su% AR p A RURDF
# i (Seaglider)45 §¢ MicroPod it % Se T A pagdeh « T %'y i€ * A7/3 57 2 5L
erd BRI SETRF T B - 520228 40 0% % g haEE ¥V - Bén
< H_ 2021 &# 5% 3% E NI N B 4o

(1) 2022 & 4 7 13 3 14 P #7i%F 2 35 0062 4 (NOR2-0062)% £ i & /%
WREARFFTH 4" 13p 16F ] mzkd 2 = (120.31 °E~22.29 °N)i# 3z SAFE(H
-1 M) e he 3B Bied? 14 p 16 PF3Y 120.57°E~22.07°N
ol R BRI 24 ) PE(RI2-1 ¢ % ¢ S)e4 7 13 p 14k < f kP Seaglider
% 682(SG682)%: £ 7 4 7% 5 (120.20 °F ~ 22.09 ON)* i B 4oy (7 T 7% » £ 4
216 p 9 PFEAY 120.25°E ~ 22,14 °N = = T 54w 4T (] 2- 1 Fv iz & minph) » & 3Hén
7528 p » BRIPIk Y TR 22 £ > 3220 3 4% Seaglider #5747 MicroPod ¥ it
FRB] & SL 0 BRSUARIT I A AT IE (7 BLIP] e SAFE 5 ¥t i BopE Y 2 SAFE £ e ¥
9 % 10 £ (Dive 9~10)FH ki 2 AAT 5 243 ¢ & 4L nT i o

(2) 2021 & 5 % 14 2 15 p #7754 2 % 0034 #=x (NOR2-0034)>* % & % if &
" SAFE B-F 5% » 5 " 14 p 7 PF i § i 7% % (122.48 °E ~ 22.72 °N) i *c (] 2- 1
PR R HBRY 16 ) RS KA BRBIRIRE > TEF P e
Ao Efs S5 15p 16 > 121.60°E ~ 23.27°N w47 » £ 2+ ELip] 34 -] pF (@] 2- 1
EER) o BB B ARATA AT 2 HLAT f B2 & SAFE # % > @ &= SAFE } Z#H {5 %
BURIRE > 710 g @ % 403V F % 8 Surmipl 8 & F TR ket o o

AR ERAEFTY RY P2 KRE - 7 SAFEHF % 8 A2 Seaglider #
i* MicroPod ¥ it i %t o B2 SAFE 2 4oV F % k SLRIG R 3 > 2 5 K- - &
v ot ELRS Bl b 2 Y 553 83 s (logarithmic profile)(4- : Large and

9
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Pond (1981))* 36> 2 (B3| 10 2 ¢ F b & o 3 2 TR BELRIH B b ¥ < 30 M%Fz.“,;rs

3t 8ms™ o 145 4E b s (Beaufortscale)# o ¥ B i 43T 55-7.9ms! L 4 &b o
RS L R L 2 5] 5 Dok | (moderate) - Flut AT A AR
T 8ms’! ek 7?1“:1 fr')kJ"Iv%’%ﬁﬁ i RAED R T AL R

g = R (Local Time) & IR > 5+ B 133 FF & (Universal Time Coordinated, UTC)*c

LR
l( o
204 1-500
11000
11500
23°N -
1 .2000
-2500 E
40' - N
-3000
Liugiu Is. -3500
20' ¢ -4000
-4500
22°N . : -5000
30 120°E 30 121°E 30 122°E

B 2- 1~ #2473 % cPIRBELRI TR P 2 KRR o 8 G ATE AT 2 5L 0034 sk
i 3c 2. SAFE e m b > A8 B 5 A2 4h2E(122.48°E ~ 22.72°N) © % 41 5 #7i%
F 2 55 0062 £t ff 2 2. SAFE ehB i - % 40 = 55 5 4240 25(120.31 °E~22.29

°N) o ¥tz ¢ M 5 Seaglider = 73 HLF" ©

2.1 454k F @ &/ #BLP% 2 (Ship-based Air-sea Flux & Exchange

System, SAFE)
4 2 s F £/ # P % Fi(Ship-based Air-sea Flux & Exchange System, SAFE)
12 45 v} R 0 47k &k (Acoustic Doppler Current Profiler, ADCP)% * 44 4= i53% 5

i RE(R 2-2) 0 H kg b oendhi 2§ Campbell Scientific 2 7 e f % Rl R B

10
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ClimaVUESO0 All-in-one meteorological sensors » # & | § & ~ AP HB R ~ 5 B ~ K
FRARGE/R P~ P S FERSMAZ BT 0 /T I2EERE > T Campbell Scientific
2 & 71 CR1000X Data logger ¢ 455 4% » 28 + 3B 23K 7 Lalizas 2 @ 05 i & 53+
Xeos = & e GPS i ket 2 NOVATECH = & enf %% 2 i 2 i » M 0 4y € a7 %
>+ B SAFE ch 5B/ T 47 3 ?ﬁ&‘\ pHG T EHENTI B AR
Bl e ke AN ER e FF ¢ %K Teledyne RD Instruments = & 4! & &7 Workhorse
Sentinel ADCP 1200 kHz » jrig ehs-2 247 & 5 1 2 % o %3 ADCP #7F 2 % 20
~ R R B4R 0 i NOR2-0034 #7e=t - 44k 2 ¥ 11 £ RBRduer T.D.E & ~ 31

% SBE 56 Temperature Sensor i§ /& 3= » i & ehE-E 247 & dBidl 10 2 % gt 5
03 2% ;484010 2 15 2% i 1 2% 54840 15 2 20 2 % faen 1.5 2% o
NOR2-0062 4=t > 4548 + *x ¥ 9 £ RBRduer T.D.;§ B 3+ ~47 £ SBE 56 Temperature
Sensor (8 B ir B R E fREPTR AR 14 O % it P 5 03 0% S 14 3 20
D% s 0.8 2% o ADCP 2 B R d k25 104)- £ -

ATy 4 SAFE BF > SR Rk e ey ok R A R R G ER
HEEETH FIERTAGANAEFT > FALABTFE L AERAS KE
YRR R R R AU ECE Lk kT (B 2-3(a)) 0 ARETR G AT kS o
FHAKG ARIUBIEE ] PFE R | T L 41 (5] ded SAFE % (F12-3(b):

PLPBEA R % kAT K o dept - R = 2 SAFE 605 PR EOE A d MR K F %
LB AR F 42 PF ) 30 4 480 Flt & NOR2-0062 #7e=t ¥ 5 & F JLIB| € 175 JFBLP| 6L
$ 30 BB AnE T o woTpE 0 2 B d PIEBpE AR T 10T ] 421 SAFE *
FEF R AR T UBERISAFE AP T Fae BEE Y AR 2
T HAZSAFE 288+ 1 7 4 » BB BB - & - iAo AT o

Ay & * chs e SAFE TR F S%REARY 2 pd B0 X Ed F A A

FptH o

J

}1 %—L}'—Tﬁ e Eb ’ Eb %IEM A ’}"’['5 7 ﬁ#/q n- -SAFE }\‘i T 11200 kHz ADCP
Bf?# FIEE RV BT RBRILE K 20 % A E S R IEIR R

11
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FlEpoke L eg SRRRE TV LG EM Y bR RERY < F R AL KA
FAUrE R P BFe e d o d 3 SAFE ki SAREE A BN 0 B d ADCP %t
BRITIE R EE S8 SAFE A Pt B > R F AT L ML hdd v chyh
S PP gL ALY SRR E e T AN BRER > FEEE D

ADCP #7& p| 3|2 jnik o

(al » ClimaVUE50 All-in-one |
- - .—| meteorologlcal sensors '

- -

=, ResponseON

¥ - UItrasomc
~ Radar .
'5..'

,refl’egtor

B 2-2~SAFE ¥ B f#47 R BB~ F 2 2% > G- p o BRSBTS 0 R %REAR

T RATTAEINER 15 0 )SAFE ki b RE B AV ERIP B b E/R
ToFEERE FRE S REBIRE ST EF B o4 EE GPS ke
(B)SAFE -k & < % ® - & % 1200 kHz ADCP ( + # B » §

https://rts.as/product/teledyne-rdi-workhorse-sentinel-adcp/ ) ~ /8 & 3+ (7+ & Bl®-p Sea-

Bird Electronics Inc. = & 3 F )% FR3-(Gr L BPp RBR 22 7 ) 7 BB+ &

20 >R AFE A B RET o

12
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https://rts.as/product/teledyne-rdi-workhorse-sentinel-adcp/

] 2-3 ~ SAFE * i 47 o (a)£ " 15 7 455 % SAFE L 8% k6 © R E o (D)2 5 B

AR 4591 it) 423 SAFE % % %7 il R B -

% 2-1~ % % & SAFE } 42 9 ClimaVUES0 All-in-one meteorological sensors % %
ERZEF RS EBMEFLR - BARAEAEFEREFTRE(FEP

https://www.campbellsci.com/climavue-50)

#E 7 iR ERER
REA B
(Range) (Resolution) (Accuracy)
FE (°O) -50 ~ 60 0.1 +0.6
+3
HEHBR (%) 0~ 100 0.1
((TRREEBREN)
+1(;8 A& -10° ~ 50 °C)
# & (hPa) 500 ~ 1100 0.1
+5(;8 B -40° ~ 60 °C)
k¥ B (kPa) 0~47 0.01 0.2 (:f & <40 °C)
ki (ms?) 0~30 0.01 0.3
R (%) 0~359 1 +5
p & (W m?) 0~ 1750 1 £5 %
*% -k (mm h?) 0~ 400 0.017 0~50
A (©) -90 ~ 90 0.1 +1

13
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https://www.campbellsci.com/climavue-50

>25% e ip) X
PE ik 0 ~ 65535 1

(EREHE )
g L 355e3E (km) 0~ 40 3 %

# 2-2~ SAFE -k & T 4} 5 RBRduer TD.E B+ % SBE 56 8 AR E 4 ] ~

2 47 B 2 ® m R F 4 o (RBRdue T.D. T #8 B p  hitps://rbr-

global.com/products/compact-loggers/rbrduet-td/  ~ SBE 56 ? LB~ B

https://www.seabird.com/sbe-56-temperature-sensor/product?id=54627897760 )

RIE # F fa47 & ErER
RERE
(Range) (Resolution) (Accuracy)
RBRduer® T.D.
-5~35 <0.00005 +0.002
‘R (°O)
RBRduer T.D.
500 <0.001 % full scale  +0.05 % full scale
&4 (dbar)
+0.002 (-5 ~ 35 °C)
SBE 56 (°C) -5~45 0.0001

+0.01 (35 ~ 45 °C)

22 HF %okt
ATAFT 2 BLOF b A MER BT HTRR RN 19 2% (B 2- 4) 0 3

PERE R FEFRCAMENRAUE P BRI L 1 f- X £

Campbell Scientific = # 73 CR1000 Data logger % 47 #L o

14
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https://rbr-global.com/products/compact-loggers/rbrduet-td/
https://rbr-global.com/products/compact-loggers/rbrduet-td/
https://www.seabird.com/sbe-56-temperature-sensor/product?id=54627897760

Bl 2-4 >~ Fria7 2 B v 34T rﬂ-@’?‘iﬁ B k5L o

23 K7 p A BLRIF 3 k3T MicroPod ¥ v i

kT oA A @&ﬂ%&mmmapI$T§£WMMmmmeMr
Vehicle, AUV)e— 8> RBBHELAH I8 2 > B A ELH03 2 EF H52
ST(R2-50 7 FF AP gy 2 BT FRERI2 B Seaglider 454 p iR
BRFF gt hoke AT BOFET T 9 1000 o 7 0 TR A FlE K G
P % B 4k i  (Iridium)w @ 4L > 3T 7 4 B Pl ok 2 gLp TR L 2
Seaglider eni=% > F3 A B+ ¥ fept prigax ip 4 Cir g bun 2 ER T R PIE F
% o Seaglider ¥ 1345 ¥ % % % % 4o F /% &k (Conductivity Temperature Depth,
CTD) ~ /% % #£ ¢-(Dissolved oxygen sensors) ~ ¥ it #f 4 (Microstructure turbulence
sensors) & ADCP % ig % -

Rockland Scientific International Inc. (RSI)= # 1 & &1 MicroPod ¥ 7w LiB] % b

¥ 1 & Seaglider t i& {7 BLiR] » MicroPod ¥ /it k $t¢ 7 DataHub data logger 4 %

*7 4% £-(MicroPod-S) 2 £-if 4% £-(MicroPod-T) » DataHub % % % Seaglider p 3% »

M7 5 PR IR AR % K B Seaglider &Y BB o AT TR * ZFAR K £

15
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< § & ¢« Seaglider S5t 682(SG682) °

B 2-5~ 4+ F &7 < Seaglider & #§* 552 MicroPod it & ¥/ Bl e

16
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¥=F mE3i

AL R IfRIEBERERE BN RRFEF > BBEAT & T
BZPEFFEEAT g ALFEA R R 0 Y AP FETL T
(Linear stability analysis) » » ﬁé{]‘\ﬁ’i % Taylor—Goldstein(T-G) > #2.5% ¥ jig/] ¥= g
PR (RPN ) s L IERILE Y 7 42 T s R F (growth rate) ~ i &
(wavelength) %2 €% g&—ﬁ s P EH RS Ak HHT BERE 3 E 3
FARTFA PR RNELGCL F)odoF - T PEEPFET R E kP
FRBIR R AR A LKA P A R R & TR 2
PRBEFTROIFIIMER > AT % Price-Weller-Pinkel (PWP)- (&2 &
T3 IR B BRITIEOF f TR AR 0 R b ARG AR A dnie
BRI RS FEFTF A FRETARNOF B BN Y RAsER
BT N SR TP AR R B BRLS R L B 2 S T R 5 sy st
LABLXAFHRFHG2 &) AEPIEFY  FAHEL RABRETE > TR
Fondirg o setwmt BAEY LR R ASIF N TR £ 2w R KR

Fleng 34 R B AR 3 m 2 * Thorpescales = ;2 85 X ind i 47 (e7) 0 31h

F_k

PER A LRI B R PE 0 R BES T E F Ao ehd R3S &) e

3.1 & R gonenfg 2
3.1.1 |RPEFE L7
EALM - 3 ¥ RHE - # 17 12 (Boussinesq approximation) ~ & F iitr 2 4 K

BT ikl 2R ) ehjic] 6 7 * Taylor—Goldstein(T-G) = 425 % 7= (Goldstein,

1931; Taylor, 1931) :

17
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W= (L -k2)d-TL2p+ 9P =0 (55-9NK)
H e (x,zt) = P(z2)e*E=cD % 5k 5 He(stream function) s k = 2m /A 5§ Bk T i #c

(wavenumber) * Az A& sc=c +ic; s HEAPREE UG AXFEHFAT F 0N =

J—(g/po) 0p/0z 5 i%# 4  (buoyancy frequency) e

AR 47 5 J1* @ fo S dic(harmonic function)d » Ff% T-G = 4255 (3% 3-1)
e e (e 1Y 38 (eigenvalue problem) » T-G = 4258 ehx B 2> d 7 b kit - 24
Hos - pc® & £ {P(2),c} & - B S F— B HA (mode) » 40 % iZ o HEAL @
g > 0(<0) > RIpc] e 70w & 5 (0 = key)dpBiclt s = & (R ) > BV A &
B B S A 42T TR iE A (critical level, z) % & 2 U(z,) — ¢, =0 ¥ AR 5 7
REEF B | P R R -

A& 3 @ * 4 Lian et al. (2020) % E & MATLAB #% ;% 75 (% 4

https://blogs.oregonstate.edu/salty/matlab-tools-to-solve-the-viscous-taylor-goldstein-

equation-for-both-instabilities-and-waves/) » 2 5 | * L2 £f2 T-G > 2> & ¥ g
SR R TR AT REPARIE R JRACE £ § Hughes etal. (2021) 0 % %

55X1075m2s™ o i K9 RS L F A EREF B LA K4 B B
Bl i@ s doie B L P Y B B 2 fE R o @ d Y SAFE FIR B #
e Pt R A6 MEHE L frind 36 gk P TR = %) S F
AT SR DR E S AR MR G 20 22 K T 50 2 %R X2 ER
20-50 = % je R R RHL BT o

FANEEFA T RRE R L REA TS S GERE LS A Smythet

al. (2011) -

<

(1) ¢ »* ADCP % f245 & 5 1 2 % > Hazel (1972)47 15 % £ THCME Ok £ 19
AUREEROE A R WABEEE ) AT AL R 12 2%
g F R THIE (T A 5 R L T2 2 8 iR o

(2) #F - SRR AL FEEUN L F A ARG SRR B £ BT
18
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https://blogs.oregonstate.edu/salty/matlab-tools-to-solve-the-viscous-taylor-goldstein-equation-for-both-instabilities-and-waves/
https://blogs.oregonstate.edu/salty/matlab-tools-to-solve-the-viscous-taylor-goldstein-equation-for-both-instabilities-and-waves/

FRERE (T K B A ) ek il d Apd A s £ o AT A 4 R

(3) @3 H 203 50 2% F AT AWAER BT FUEE 235 o FRLETR

FriFR 23t 20-50 2% 0 AFEFTRI YRGS

3.1.2 Miles-Howard & p|

Miles (1961)F= Howard (1961)4& 3 4t — B = i 12 B (criterion) > ¥ 2| 2w 48 e

el @ g RfETG > 425 0 H 0 H &R 1 4 4 #(Gradient Richardson number)

NS 3 —_

LR T E kA b

#9082 =(0U/02)% + (V/02)? % % & i % # D 2 BT % o f g2

B F - keI R Al BT 0250 2 T-G 2 AR 8 MR TR 0 {20
/ﬂ § 0 ° ,fﬁ/__‘hmil—\ ng>025,—.r/n 'gf,}g:@}&$¥w‘ﬁu -Ql/',/-vf: 'i ’ L‘Z_Rig<

0257 it BHE2> R A ETDFL > WL I FF T RN B L2 A iE o
HPpehtr L2 7 RFE 2SI BLhRih Ak Edrd 2 T8 4
S RE HETF T 025 IR AL TR AN BT 4B

RV RS R U] R A FE TSR AR

19
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3.2 Price-Weller-Pinkel — ;8 & 5%
Price et al. (1986)3#% ! 7 Price-Weller-Pinkel (PWP)— iR & ics% » 3% ficss ¢ ﬂi%]

AT

N

)f
pat
Ry

a
B

DR NS iR R BA R RN o TEHRE BN G R
MR EAEREFEHA B RFEPNOER BRI EROFT R €49

Bfck 2 AR E o iy FR £ R R AR R

C\‘\ﬁ

BT =mixiE > F 7
PBARI B EBE T - TR LEDIET AT Y TR Y PWP 5N

MATLAB # ;% % 3= B p B ¥» Kk ¥ = % # ¢ Sally Warner

https://github.com/OceanMixingGroup/mixingsoftware/tree/master/pwp °

321 /;3, 1 ;'E_‘éjkl,}:—-

PWP 5t ¥ G » # IR (E SR iFR - AT R Y NS RTA BT &

BB & AT FAL > & 2 % Fairall et al. (2003)4% &) 79 TOGA-COARE 3.0 /& § i

(g

3+ 5 ;8 (MATLAB #2 ;% # & p @ fip://fipl.esrl.noaa.gov/BLO/Air-

Sea/bulkalg/cor3 0/) > % » BB #TiE R & ~JBRE ~ PS5~ F B~ F B "E-k2 5

BT EINTRAARUEEEREI RS b RS A5 U R SR eF SR

1. /4 § #ii € (air-sea heat flux), F
F(0) = Qnet = Qswr + Quwr + Quy + Qsy (3% 3-3)
Qswr s B ot » ¥ B 3¢ * 7‘}7 % BLIP % SLTE Quwr & & R fg s > AF=

TR Y RS E 200Wm?iQuy s BEQey s TR A QR T AL E

FO)& izt z=0(% & & )ifa § £l & o
ii. B A F (freshwater flux), E
E(0) = Fs = S,(E—P) (Y 3-4)
SBRGESEF P TE R mAFY Y A N E R R BR kLT 2

BEWEE RSk AL BRLRERE 00 E0)R T2 22005 4 & )
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https://github.com/OceanMixingGroup/mixingsoftware/tree/master/pwp
ftp://ftp1.esrl.noaa.gov/BLO/Air-Sea/bulkalg/cor3_0/
ftp://ftp1.esrl.noaa.gov/BLO/Air-Sea/bulkalg/cor3_0/

8
W
(=
(g

ii. #

\"‘b

il ¥ (momentum flux), G
G(0) =7 =paCpUfy (3% 3-5)
TR S pas 2 F BR(pg=123kgm™3);Cpi 3™ ¥l Ui 10 =

TR R GO)R T z=0(5 & m )R BT E o o

322 det S f

PWP #;89 » aEp ML REATXIkp g adiafii 270 E
S AT AR Y R R A G LTI R BN SRR R
BEGEREE A7 5T - et 2 A5t

aT —1 oF
— X 3.
6t PoCs 0Z i3 6)
s, _ _OE .
-z — -\ 3.
at oz (3% 3-7)
av 1 0G
= — _—— -\ 3_
at fxv po 02 (3% 3-8)

TH3 KER pg%cgaBdRmgd %R (p=1024kgm™3)2 ' (¢ =
4016 J kg™ C™ Y Vi kT3 it L 26 5 f5 £ X 48 f =2wsing ’ w
SHT AR AER QL LR c LPWPY Tk T LD e
Aok ER G ST B WFRR € T IRE R AR B Bl (Kraus, 1972) ¢

1(z) =1(0) [11 exp (—Ail)+12 exp (—;—Z)] ;¢ 3-9)
TH L2 26 AEA R RRAGR ZE R RIFER B Az =00 133k
Paulson and Simpson (1977)# & /55 S-8c > Gl#F ~ T XA PR TP § R
T (N 39)¢ 475

I,=062, A, =0.6m
L=1-062,1,=20m

AU FGIT IER > - E R Bt b A 1 2 P B AR
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HESEERER  BR VAN TG 20 2% Bo 8RN 3-12)7 ¥ @ il

[

PRI T A R E ¥ g BRI PRI Rl B4 W R1E O(10
m): R EF(Z)d RO LIIR B LR LT LA
3.2.3 B &4

APWPHGY » FRBE A N AFH B 25 - A2 HE A
EoRFHNRE  HERFERTIT - K BERER S

i. £ 4 f& ¥ (static stability)

op X3
%50 (5% 3- 10)

Op/ozi st a Rk 2 BenB R L BURL BRI RIREKIF

FABENEE(TFOp/0z<0) N gRHET - KiREL B TEFIEE -
PLIER B GEAR G B F AN A A BT A R AR AT g ahp o

¥t/ (free convection) > Ap#h & (1)% & §F BE L (Q)*TE =~ & > p o ¥

tTid s aR S F (AR (<Im) e

ii. 2 & k& 48 T (mixed layer stability)

gAphm X1
Rip = 22808 > 0,65 (+ 3-11)
e K AR EIE R d FAIE % A dc(bulk Richardson number, Riv) % &% > hy, &

SRERBR ApE kiR LT - KAmARLE AV Ao 2T - K

driniE L8 0 FRi, <0655 Pl ESpH AL A X FTeR £k > B ¥ rd Rk

BATER & K 5355 dho {058 § £AF%EAE 0 B DB KA PRI, = 0.65 ©

iii. *7 % 4& T (shear flow stability)

Riy > 0.25 (54 3-12)
7 AR E0E 2 d R 7 % F#i(gradient Richardson number, Rig) & 12 o %78 i%
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Er R AL PAET R B - f PRI TSI B E o Aok

Rig < 0250+ T kiR & » i@ FRigh4c > (5L K3 ERi, T FPB 5] & £4

U B PIE - K Rig > 025 ¢

Price et al. (1986) & *ifdk @ & {7 7 & T if & iRl 3d - BRI T § F =
855Wm 2, t=007 Nm 2k % 6msT) t 5 EchB B iFR 9 2
SR ARFEA 022°Ce Hdple A § L R Sl PWP R 2 Y g pod
(E4 BRI P BHAZ2RP L oo EHEELG B ELHPR L
e T ¢ IFRETRUHAFER IS D2k " RAKRT T 16°C-
IR T O e AR AR R A PR AR AU AT AR o - i
Bl oA A ERT > BRI L SR E ko b B4 TREGUR L AT

E AR o
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3.3 Thorpe scale = /%

Thorpe scale = | % 2% % A& i (overturning)sh & B o BRI R L i 4
$7 % () (Thorpe, 1977) o — B fia -k a BRI OFRT - FARd ¥ 1F BAED K
IREIRFEIEVEFRBEPIIN TGS L E BRAPE ERBAI GG
BB R AR R AR 0 RAEMAE R ARSI o BT - BRTAREL n B
PRING Py F - REATEGVER 5z S ERBELR P e EATRBIFAN IF
ARARMI BRI SRR ED o TR - A6y HREF - BB RGUER S
Zm © Thorpe = #% (Thorpe displacement, d) ¥ %

d=z,—2z, 7o 3-13)
AokfmEge (TS d S (f) VA ABRRLEFHAd+01 7T - Bd =05
- BB B REAML- BARMET 2 > & Thorpe scale(Ly) 2 — K% & fuig

et

[l s A o2 =Rl S

Jet

Ly = Va2 (3% 3-14)

3
ed

B R AR R TSR

er = a’LiN3 (5% 3-19)
¥#aiLo/Ly o Lo % Ozmidovscale » Ly = +Je/N3 > * ¥ f5 it £ o & T F i ehE
BR A -ad ¥ 5417 1 ey (Materetal,, 2015) > 7 ik 5 %% €3 F > T
5% 3.Bq = 0.8(Dillon, 1982) -

AFTd NS BRERBITAN TERY FRAFERARAOBLEF Fiada L
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—8— observed density profile
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Thorpe displacements, d (m)

o (kg m?)
Bl 3- 1 ~ Thorpe scale * ;277 LWl ° (a)” EM 5 EPIFTHEZE N DBARIG 5 &
MEERIFERREMAIBEMPEIEOBRRG - (b): %53%%](3)“ R R 2

o #73+ & di e Thorpe =45 ©
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yz i 4;%;‘ ;f i 'E_/Q ﬁ’ﬂ/ﬂ S ?vbﬁ,/ﬁ'].s‘,

A feR (S8 m )2 B RA KT R g S et K R A

Pegk > ¥z ¢« {7 FE 10 o ® (Fairall etal., 1996; Hughes et al., 2020) » # 2

BiEALI < §b B2 5 QBRI UZBEPFFERPT S {FE T3
Pogk P anfrI0 AR > AF & RACiE S B ok FRT o9 SAFE 693 fE47 R BLP
FHEE  §- SRPHBETEHFTas8G] &) X IREFUEIR

SRR kb B LRI F OB RET o B LRBENS L @2 )3
AR BB B R TG R BB Y PR R R L
Ao A € LA BRI R BEECELRIEP RN o 1 KRR IR 2 BRI B
A AT S A A e IEAS IR A o L O o TR R IR 0 L2 g
- B R Zod N pEETRAESS H0.2-1°C = + (Bernieetal., 2007,
Sutherland et al., 2016) > F]}* A 7 2 F TR NP BEIFR(ER)H R KT T
L% - AE R 02°C SRR b d B0 46 ELE]Y BT B R IER 4
2-05m; % & AR RTAPERIIFAY L 2me

4.1 % BT a4

FEAH 2022 E 40 AART 2 ARG L EA(F 4 1) £

24 ) T HRER (R 4-2) FERBFHRL I3 P TS 16 PR AR SR

FE (B 4-2@)F g h b S 2 3Pk ERAARE LT SERE Y
1°C» & 0 p P & 5 Ac3S chiha b (Bl 4-2(e) » <Sms™h)» ¥ 2 4aip] 13 p o X e
PO A B 5T b g iR E LR A 0 R K R AR A A
te# o XA, d pagk B T SAFE B4oBLR > § 18 B X BT L5 (Bl 4-2(d) 0 P #~0
kW m?) > 54 K% k3 3 HE 2 PURagehys K B Ae ARAgE > AT i A%
RS AR R A R RERBFE R > FAIFH AR A 2 T RT A

R R oA KRB R RAR AT 3 14 P OPF 0 b 20 2 % iAok AR AL 16 R
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IO PR EBe S E 0 KT RRGE 1528 AREO 13 p ap sk
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gA e P EEFRFRP TR F RE LFRRTE T AR

B3 (R i 4 & Ak @ SAFE A MA o B £ 0§, ) pF SAFE AR ¥ T &

A RAE L R B ADCP ¢ 2|5 TF v | ynid > @ p KK IFRP
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B 14 P 6P 16 P pipld FF(B 4-3) 0 b 3 %3 5-10ms™! > iZ4@ehp g
BERANG 1S S L ERHw 2R 437 (D)2 (OFing s drif L8 Lo
2 B e eiR T g LK 102 B FRSE IR G R
B B @RGS0 AR AP B N TR S P R 0 F P oBE R A 13 PRIR T
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214 p O304 3 12 10 Ao P (Bl 4-4) 0 KRR 26
R ERE K153 20 &

7| (internal wave train) 5 1 » ¥ 8 8.5 7

EENE
4-

4(f))__L 12 Fﬁw ’ E’J"' ;EL)F'

G NE T

CRELETIG FESAcR S 2 10 P30 A 18 L G P AR

X P B i (K(B] 4-4(a)tR5) > 2 ¥
F 5 2 (roll-up) sk % > F 2% 11 pF 30 A 1 12 pF 10 2 0w & el B

i e p(breaking) 0 ¢t 5 KH & (KH billow) /g & 4

#z(Andreassen et al., 1998; Troy & Koseff, 2005; Smyth & Moum, 2012) > &3 = 7 %
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poagk @ BRI P
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