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Abstract

In this study, vertical profiles of velocity and hydrographic properties
measured by the Lowered ADCP and CTD, respectively are used to calculate
the vertical eddy diffusivity K based on small-scale turbulence theory. Two
methods are used to estimate K, that is, the Thorpe scale analysis method
(designated as Kz) and vertical wave number shear spectral method (designated
as Ksh). Four different experiments with different flow conditions and
bathymetry, i.e., internal tides, deep open-ocean, nonlinear internal waves and
Kuroshio, are conducted and their K values are estimated and discussed.

The internal tides at the mouth of Kao-Ping Submarine Canyon (KPSC)
are observed during July and December (spring tide) of 2008. In each cruise the
LADCP/CTD casts are repeated every two hours and last 27 and 40 hours,
respectively. The results indicate the existence of strong, semi-diurnal internal
tides with vertical displacement of 50~100 m and the nature of first baroclinic
mode. Turbulent mixing during flood is significantly stronger than that during
ebb. Note that in the winter experiments the Kz can reach 0.01 m*s™, which is
even larger than the reported Kz values in other submarine canyons of the
world, suggesting strong mixing processes are taking place in the KPSC.

From the LADCP/CTD data of the joint hydrographic survey on May
2008 at SEATS station of the South China Sea, the estimated average values of
Kz and Ksh in the upper 3000 m are about 3x10* m*s™ and 1.8x10™* m*s™,
respectively. The average value of Kz near the ocean bottom increases to
2.5x107% m”s™. These estimated Kz are somewhat larger than the reported
values in the open ocean. On the other hand, Kz values between 300 and 700 m
deep are almost zero, indicating that turbulent mixing is inhibited in the

stratified layer.
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Nonlinear internal waves are tracked in the South China Sea during May
2007. Our results show that after the internal solitons passed in the deep waters,
the Kz profiles change significantly, surface mixing is weak, and Kz increases
gradually from 400 m deep to the ocean bottom. In the shallow water region,
shoaling effect of the nonlinear internal waves lead to enhanced energy
dissipation and higher values of Kz, with the maximum value reaches 1 m*s™
near 180m depth.

The flow structure of Kuroshio current between Taiwan and Lanyu is
observed in October 2007. The results show that Kz in the surface layer is high
(~10% m*s™), obviously due to strong Kuroshio flows there. At the 3000 m
deep submarine trench near Lanyu, the Kz in the bottom layer is also very high
(~ 1 m*s™), indicating that effective turbulent mixing in the bottom layer is
mainly due to topography, which has similar level as the nonlinear internal

waves.
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& Axbig * £4F 7 2 bz Lowered ADCP/CTD 77 i » # X B ff- 2
BB PE o B IR EP > R X (2008/7/5~6)% 27 ) pF ~ 4
% (2008/12/12~14)% 40 -] F& » F]1% Jg 2t B 2 P P HP 5 A chp

o ERES RG24 ) O ERPIDIE A ek e o

Mot X EPIEDRELREEL 11 b P 1TE > EXFEY
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22-1 RBRARKERT R D BEE L PR TR

CR 1302 #w= 2008.7.5~6
B2 B 4o i R R pER =r(E) FrWNN) ki (m)
AC2T -} p%) | 7/5 12:00 | 7/6 14:00 |120°16’ 22°21 650
CR 1339 #ex  2008.12.12~14
P B 4 B R PER i (E) k-2 40\)) KiFE(m)
AC40 -} pF) |12/12 15:00(12/14 06:00| 120°16’ 22°21 650

2.3 3 AMIMP R LR %R

w2007 5 Ap 2T R(E2 ) BERAFZEFTI R
b4k * LADCP~ CTD 2 Sh-ADCP fm /% A 30k % & 73 P R
b AT MR LB R ER cB 2-D 5 3 A INE R
R HRIRERE R LR E (-9 ) ot b 5P AT FH
@?&%%%ﬁ%ﬁ%ﬁ’ﬂwmi%ﬁﬁﬁﬁﬁﬁ’ﬁéﬁaﬁ*
*E

Lo N TR EF WiRf st g ER T (o] 2-5) R

i

WA PRS- B EE S LGRS FRoi
ERAAER S LT EEFN QSN FAAPMATINT T R S
HEFOTEPN R EFEFRP O LR EFAS S EPR
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4 ER R o R RIE 200-300 2R 0 R a7 21 BB G
R H - BB DR IRRGE PR o
~# 3 1% Lowered ADCP/CTD BLiB|p A+ & 5 & f57 32 ¢
. g pazd @R BRREATFR(H 150~200m) % F * & » £
FERAEES R AR 0 P ET AT fRH RSk B
L oo
2. FRAZHJUEFERF > BRERFEAHA TR A F T A - FRR
B e o 2 F T REER BRSSP et

T oo

Rig

AP BRI Y RBE KRR - BRI RS 22
A FEE o # BRI LG 2 X OPOTRE B BRI R PR E D

o R T AR 1o
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% 2-2. NI Pls‘ﬁ%?f"" @/PJ 513'»"‘9;/?];%_'-”; i & l‘é‘}i?xﬂu%\

CRI1219 #x % - =(CF k%) IW-1

cast | B4R | SRE) | #RWN) | KiEm) | TFEREm) | BRI 2
(1) | 5/4 06:35 | 117°53 | 21°06 997 900 LE 3o
(2) | 5/4 08:45 | 117°38 | 20°56 875 150 TR
(3) | 574 10:30 | 117°37 | 20°55 821 730 EiE U]

Sz xh(HEPE) V-3

cast | B4R | SRE) | #ARWN) | KiEm) | TFEREmM) | BRID 2
(1) | 5/5 15:45 | 117°08 | 21°0% 388 300 LE 3o
(2) | 5/5 17:00 | 117°11" | 21°04 420 340 LE 3o
(3) | 5/5 17:27 | 117°12" | 21°04 426 150 HERR

2.4 2008 = & BRI R % -3 & SEATS #l=k

AL 2200850 28p 260 6P (X PR
AR - BA YAy fe T LR BRI A ERRIT %R REY R
% % T3z ADCP ~ CTD % 455258 ADCP > s /3 /3 38 = & ik~
LR o

BRABLRI 2 T E KRR RS EMPEY SERTFTF - 0 51 F L
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FRsrH ol 3 @REFrENTRA AT KRS A
BAATEZ FRAEIR ARG AR ME SRR OB A L
20060 # Bdow Sp(AFT— ~ 2 s ZBLZ RB- FORGFERH gk
AL FREELRYEEAS > ANLEIITE 128K #2032

260 R2Z > FRITTEPN F o 2 p Mg i TRt & 4507

RIFEPR G2 220 FERIAE - P FIFEL CID k2RI &
ERIEIREE LR IECE: bW Ry E k8 L

AE G 4 2008 m SR E  ARHGERL S 8%
BE g AN, ¥ r (P X LADCP £ % 4t CTD 4% — A=

o 14 BoplE o B 2-6 5

N
H N
§5
pa:]
-t
o
=
I3
ESS
(=i
1%
o
«
~m}
AT
22
I+

PERR s R RIFARWE 3000 m 2 SEATS iBlxb (KK k)i (78—
# en4 37 5 SEATS iplsk 5 3 /5 PR RF A 7047 7 (South East Asia
Time-Serious, SEATS) iplzk » 23t & 4430 > £ — B 23t MR f

G R AR E 0 KRS S 3800m o
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L:/'?E %J'?L Fé&ﬁv:b%‘ﬁ'{f%?* ‘”:\_—7}': Bt Eﬁ;}__@. ’ j\{ﬁ;z: j@.ﬁ;ﬂg\ }?ﬁ-ﬁ’ri;'t
SRR T A 3t 2007 & 10 % 11 P 2 14 p 17 557 = B

%1

B AL GRS T s B R )T CTD k2 T 6 &

=
<
=

LADCP ii# F #1215 s * Thorpe scale = i3+ & &2 JF i gic h e
FHRRHTAREZE L gl .

Bl AL g e B (e R 22.02°)d & A R Bk
BLR B 2-T 5 2Rl Bl RIS POl S R T oA

2-3 e
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# 2-3. 2 pBIRE LRHaoEFeiEyR TR

CR1250 #w 2007.10.11 ~ 14
Bl | BepER | 5& (E) | A (N) -k 77#(m) T 2R & ()
S1 [10/1117:11| 121°00’ 22002’ 1265 1185
S2 [10/1119:36| 121°04’ 22° 02’ 1290 1200
S3 [10/1122:05| 121°08’ 22° 02’ 1293 1200
S4 [10/1200:22| 121°14’ 22° 02’ 1320 1200
S5 [10/1202:05| 121°20’ 22° 02’ 2350 2250
S6 [10/1204:20| 121°14’ 22° 02’ 1918 1800

1 iep % : LADCP ~ Sb-ADCP ~ CTD -
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SEATS
-

"I E | | | | | |
115 116 M7 118 119 120 121 122

Bl2-1. 2772+ 23R KPSC-AZBEHEAARREP PR -INZaB
FRp P2k F B ~ SEATS % 2008 = & pLip)F Sk —= /& SEATS R+ ~ Kuroshio % f

MpitiT 2 2O R ke

19



W 2-2. TR B &k (LADCP) iR 2% & (CTD) 4 4 7% s

B

W 2-3. TR B B &k (LADCP) iR B iF & (CTD) 4l 4h 78 2ot 4
— %fu o
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ac@hsiung

275 Rpoonocc Taiwan ..... 4 -100

Tungkang 500

2245 .

224 F 40

-A00

22.35 .

22.3 70

-800

225 L ........ 800

i i I ] ] _
12026 1203 12035 1204 12045 1204 food

Bl 2-4. BHRARZEPMNPIH  BEBRARREFIEEE L RARE > 2 F %P

H(st. A2 P mskp iz g o
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24

235

23

225

22

215

21

205

20

116 117 118 118 120 11 122

\
-4000 -3500 -3000 -2500 -2000 -1500 -1000 -500 0

Bl2-5. s aAMPRZ Ao Hp@ixg &2 RA0 0 &plzbaii (1-9
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22'N

21'N

207N

19°M

o'y T/
MEE 116°E

117E [18°E

17E 118°E

118 E 120°E 121 E

22'N

21N

LT

1
119°E 120°E 121°E

—3000 2000 1000 0

-8000 7000 —&o00

Bl 2-6. 2008 25 & BLRIF % » = /A KiFE AR 2

Blsb (B p Y esh) o

=5000 4000

Depth (m)

23

k4
v

Bl ¥ 0 kkl =% 5 SEATS

Mooy



CR1250 2007.10.11~14

24 T T T T
25( & .
23 .
c
T
(o]
=
T 2251 .
o
=
=
-
S1 S3 Sh L
anyu
ool oo 0 ) |
S2 S4 S6
215+ 8
21 | | | | |
120 120.5 121 121.5 122 122.5 123
Longitude(East)

B 2-7. BhevtiTz 2P ond g % 0 CRI250 #t o o e iz A > £ - iEpIs

PR TET LR YO

24



= FRAeA R

FERFFFFNBFEERABEFTEZ > FITRAFRT In ¥
R+ 3 10~100 mep L % R > ¥k ® B 4 Thorpe overturns
B E nde A 4 o3 §£ 20 Richardson numbers % B w21 it £ 0
BEIR AR PR E N 2 AT PRI R AL

Pk UMTEHLIARKRGE TindE

=
=k
@it
H\
et
>\_

Frflr a7k REZEN DD 26 E T ickE -

3.1 Thorpe scale = =

Thorpe scale & - fd-3 & & * B&HEE T, kY oFf
ofndg (Thorpe, 1977) » 3+ 5 3 % 1+ g BpE I =2 B G
(z) > FILREA & ® % ARG RS LA 7 5] B ) 7
SEFIARK Aoy F A R RPE O (RRR S EHESFER
LR ROl B R R G A F 2 )R] TR S g %
(Dillon, 1982; Park et al., 2008) » #7r #&gip| 3| i & 2
FTEEF) 0 TR LSRRG B ET NS FHERY > &K
GHBLDLS HRIT A F g3 L i) -

BR R 036 F n B FHREE 5 - BECHE SR

25



BiIn> £ IFETI 0 THBSER S Ino Thorpe 4
(displacement) d =7n -7Zm &> T EHBEL vt 2B AL
HF B L-BE-BEEArGaat - KiTi- Br2Afad

Fod BAd -4 ERRF AL @

ETINS

R R
it o s TRALE BT EAS G s~ kP (Dillon, 1982) -
Thorpe scale L7 # % % 5 % - £ Thorpe displacement 35~

W fdm - BT 2 nTioEDillon, 1982) @ £E Rt #EHT

K,=— (1)

e B FiniEE A 4cF 0 I'(=02) 8 & 2% (Osborn, 1980) ° N &
%+ #7 % (Brunt-Vdisala frequency)2 5% % N=(-gpToplozf’” H
g R EA4 o BFI* Ozmidov length scale sha 3¢
Lo =(e/N?)(Ozmidov, 1965) friss 25 L,/L, =08 (Dillon, 1982)
¥ Kz eha Ve B 40T (Park et al., 2008)
K, =0.128L,°N (2)

A~y i * CTD ™ 2zpF(downcast) vk = TR k3-8 Ly ¥ &
BT f245 & 5 1 mo Galbraith and Kelley (1996)4p 217 w4 4~
AT s r FipEe BRI &< 1Inf A7 UaRgFR-
ATIEE R RK LS Ime FFEL > R EQ(2) g ko R T manth
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Kz & & Ryp2t¥ B e Ly Ly R d =% R e cofpfls B 478 &

0 m H ARG ik Lk g B3 e F e & LR e
gl @ AR TR TR R R RS LR 4

2t

-

7 4 % (Galbraith and Kelley , 1996) » 7] ’J%«"fr'—éi’ﬂ'l"f,i@:%

=

R
(ﬂn

T8 o

Bl 3-1-3-2 503 Ba R pF %5 0|BlfFsP Thorpe 45 »
TEF - Befpd 2 #3593 12 15 v Thorpe scale » § L #-= -
HERID R R R REATRE A PR S GEE T K TR A B
BRMENPF Y - OEBREP B 3-1 ¢ ERE RAER T
FRAEIG ECRS EATEA O 0 B 3-1(b) 5 B 3-1(a) s
B kp o FRFIE - BRAPHEFS B SRE @3
% R augd o @ Thorpe = # ;]-mf;; T BB TERE RANER

Frend-2 JER B 3-2 5 8 B BN P F %% - BRI Thorpe

w

A B F - Lo R T - B EFOEH > LB OER
A5 T - 5 Thorpe scale L7k ¥ % - RiE L p et R
(root mean square) ; £ #-RF e [pdix4 g5 N+ » Eq(2) >

VB LE R i ki Kz(Park et al., 2008; Lee et al., 2009) -
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3.2 ®3% & Bt 32 -ix¥ (vertical wavenumber spectral methods
for shear)

T s A w i * Thorpe scale 4477 i #r3t B 1 éhE Lk i

Y

WA AP LREFRY V- BRRSFEZE TR RT3

NS

NS T SRS S € SO 7818 8 T TS

£

M Nk ey B2 4p ¥t eh Garett and Munk (19755 GM)at 3% - =44
ﬁv;*j&;{éb:ﬁ']ip\ g et 2 B 4p 3 B e 35 (nonlinear
internal wave/wave interaction) > f£p A inHP v T ade i 33X
FRFmegd od Flkit e 8 F » Eq(D) 7 @32 BBk
Ksh > 588 i A2 # 2 3hinr o ¥ ehd s e 2 40 (Polzin et
al., 2002; Kunze et al., 2006; Naveira Garabato et al., 2004;Park

et al., 2008)
Ke = KowiF(R )G(ij (3)

€% jnid 3 27 e B (variance)

i

H ¥ K, =0057x10" m's" 5 (V)
EAI* Nagm=i (V)% @ " GM model F74F &1 4p b fe Bl ene-
i g R o

GM model ®_Garrett and Munk #7# iFe > * 2S3p3R PN st £ &

ABAFZF i R p A2 2818 E f4cEd (oo

28



8%,
o

F_‘~

e FRIFRB T A 19Th E R o IS EEE K

GM HlOdel ﬂ‘\lj“ ~ }ib E /[4—\(4 \]1 ,{_3[_—". /ﬁ B{]_@ t-‘F_L /q}%m P{ﬂ; I‘E’,‘ y

p4F

PR A Kers i B 3-3 58 Bk AW AT ADn L

[RER = =B A AT

R St K j\;_ﬂ’“ B * angip > E ,j}q,\;{hx
G IE R B~ gAY JE e i i Skl (Park et

al., 2008 ; Kunze et al., 2006; Naveira Garabato et al., 2004)

Eq(3)® ¢ A B 3@k F(Rw )fe G(f/N) 2 58 4o

/2 1/2
FR,)=—~ [— Rw+1+a2+{(Rw—1—a2)2+8Rwa2}l } A g
aJ2R, N
G(ij— f cosh™(N/f)
N/) f, cosh™(N,/fy)
Rw /8 % £ & (shear/strain variance ratio) @ & &

R, =<V22>/(N2<4“5>) » e (strain) L& 3 FEREHadd § 2k

BT UTA AN =N NN o NG R s

b

Hh

=T =5N 3 5 GM model #R,=394rF(R,)=1;
f,, = f(30°) = 7.29x10°s"

» N, =5.24x10%rad s o

Rw et 8 = 2 £ 33% Polzin et al. (1996) » Rw eh2 38 ¥ 4
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AFETAR R S s Emt ¥ Ksh b A & L%
Naveira Garabato et al. (2004) s +* % Thorpe scale 3+ & ] = &
B FACRE] G 02t 2 2 R PR R R B R T 35
HoRIESBE N NG RRE LN MY R BE - B
oo 320mi- BEF R THEgtE > K80 mBE4 =
B2 BFmRL0m > 2= 5 :80-400 m ~ 130-450 m ~ 180-500
mo R A G R e AT 0K L R g A B feiF 0 R
ok R B (Park et al., 2008) -

~F 7 B A" Lowered ADCP BLRIF i 37 3 m Tt » -
LAk T 320m 5 B IR e E R R A W B0 B F I LR BT
g N R E TS 2 SRR RIS L S T
7 & > E 3 (Fourier-transformed) » v {8 3| €8 & fcat 3B 5
(V) et 5 05 @ £t Hoit 3 0 E B A 4 L& 320 m B3]

-3 Somiﬁ"&ﬁfﬁl”\ v ERCPRAEEY OERE S 60-90 mo EF PR

]
W
&)
T
B
N
IR
RS
=g
St
5

%% (Park et al.,2008); @ _ (v2)«3*

B P E S E & F)= i 5 GMT6 i *» st 3 (shear spectrum) » B~4p ¢ i
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I:I T T T T | T
obsered
rearranged

-100

-200

-300

Depthim)

-400

-500

| |
20 21 2 23 24 25 2B 27

-B00 . ,

Fotential Density(kg m-3)

obsered

(t)) rearranged I

-510

-520

530 | §

-540

Depthim)

-5450

-560 - .

-570

26.55 26.6 26.65 2B.7 26.75 26.5
Fotential Density(kg m-3)

Bl 3-1. B3 Thorpe scale #4722 » Bl 3-1 3 B B P B F k% - B

BlenRbs B £ =R R e BB 3-1(b) 5 B 3-1(a)7500-570m < ~ HBe
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200 - .

-300 + .

Depthirm)

-400 + .

500 - .

_E":":I | | | | | |
-0 -20 -10 I 10 2 il 40

Thorpe displacements(m)

B 3-2. Blf#:P Thorpe scale ##72 /# » M Bl - B B BN BTk T - IR

#]41* Thorpe scale & +7* ;2 sz & ¢ Thorpe =4 -
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o
2
i
-

-H:-.H
107} ]
X
'H:I 1 L1l 1 L1l 1 L1l 1 Lo
10 10 10° 10" 10°

W3-8, & Bot s pnF o AR T E 7 GM model FF4F s 3 i Hicii ¥ ) -
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4.1 BRARRENPELERE
4.1.1 CTD -k = 25 T2

AT LR BB A 2009 7T 5p~6p (R %) FHE

m
a4

\3
%E
|k
i

£ 15 % LADCP/CTD BLip] » & = R Fg |- p¥ » B8
9T RS  FOR Bl A1 5 PR E R R A A2

LRURR &l B £ A A L S

!

=
s
g
(:‘}S
l\;_r:.

RAEH o FHHL 1L B ARG O0n B B A AR
BA Y AR ERA D0-350 m 2 B bl EARRG BB e T @
e B % o £ JRIFH S 00 m IEIFR - T BB S
W IAEERER R A4-2 5B AR ISP RS ERA
e B ER o EIFR H0-350 m 2 FF o B EDR LRI R ET

100 m> H P @3 e it ¥ i B e 305K o

Foebo APyt 2009 & 127 12p~14p (2 F)=+1 F- =%
B Bk B A sbenplip] o £4F T 2 g LADCP/CTD £ 21 = » B~i¥
0 /] PR iflm PR P mPIFFELE > S R2 2GR
PERF R e BI(R4-3) -l 3 24%  HFPH5 136

DR R ERKR G RESFERNE T0~400 mo FAEW T A B 0 JRIF
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N

BRAENS 100 m PEVEZRME > & VAR 44 5 RIEAR 2]
SELRIAT R E ERAI G RSB 0 PEATT0-400 m 2 B R

B it o AR 5 150 me

4.1.2 Lowered ADCP inig 3o 34

Bl4-5 5 2 TP LADCP i FRFAEA2 B > U2 i
Bl Bgor 0 X P W S ERANELE % 10 ey 2] A
Rty ae ke 0.6m/s> @ &% 15 FFE S 26 ) A KRR A
Waed i -0.29 0.3 m/s FF ARLEILL p R P
Ape RV e AP L AR AT o s D 0 FlE e A
AR e

PRNMT AR RR PRSP R AT 1A
Ko egrer L kv AP F o &% 10 ) e % 21 pFU 2 o e
Raod s 0.6 m/s> ¢ ko 200 me 250 m At R iE o
wiEs B sed g -0.3 n/sf -0.5 m/s> BEE A 100~150 m
ES) ,T}‘u{‘}.ﬁkfﬁx*'\ 2 Ji ¥ RIR A G R MR PR T
i Aoyl

Lowered ADCP /i 2|5 PERF B 7| B ¥ 4% & f2 5 = /& (barotropic)
fr4l B (baroclinic)ehie = » @ 3+ 8 2 2 £k FER aunid T 5%
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TR AP S M o T RO 0 Bl 4-6a 5 & B E
FREEFR Py FX PR add . U3 wirigs s 0.24
m/s; BA4-T 2R TEIN R FFEAB r I Xp &gk d
A E T LR E AR FR NS 0.0 /s dedf b RS AR R
LMEg I T REARE PR G o AR R B(F 4-8) L
FhET o SR ey 200 ke At P g i d ghE i B
2L 5% 2 100~150 m2 B o b 5 8 A0 % - 8 (first mode
internal tide)epFfF & 7| Bl (Park, 1986) -

FFapiplip i < P d R o B 4-9 5 LADCP Jnid 2o FFRY R 5|
B m@E U~V 3ot G FRBIPEH S > U kg PN
<2 fies A BREF 24028 ) PFen & £ (350~500m) ik ¢ 5 0.7
m/s> & EX KPR 4-928) RENkPRF 240G ¥
Ve b, V23 e % 230 R F R ER S B~ ES 0.6
m/s > " PRAFTZ BLIF R A 0 B REEREL B i Red S A b Br
Il EBHS > B TEIREON s FERLZRBER
<M A-10a 58K T 0tk enn RiniE B0 BT b = Bl il 6o
Uil 3migiEE s 0.3m/s: Bl 4-11 2 ARPLEFTE 7|2
FH MU e abl A knE FHI3 ) FLEHPAHRFT
FERO: 0.6 2 04dn/s2@rfrvu 3 150m “EEY
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£ BA-1l SRR EPEFAEIE > P RE S dok § T 88 LR

4.1.3 & F Findhic

~# 3 & * Thorpe scale * i = & § % 1Kz B 4-13 5 Thorpe
FROETRIR EMA T o B AN 0 mie d MR AT KT
BE o CRAL10-6m2 B A REKS FAKNEYE 10n
220 mo gl IR TR 2T LR AR kS A %

B L FEREPEE AR L S - 0 R M BRI R R S X

'F_k

A AT o L ARP R BB G5 10 mo G SRR R R Y

34

20 m BT AR ER DT IBEELR PTG FR OB

i

PORA A A 10 meIR g S A RBP4
) #Fw2r 5 8.5-14.5-18.5 2 20.5 /] PR & F A e F i
s Bl 4-14 G2t w o) A B Thorpe 4% ~ 54 M F H 32 R
AR F AT A B LR AR A RS
10°s" " fBiE 5B &A™ > &iFA 50~100m 2 B 83 iR dhic %
B o BRI T R A% 8.5 P i ke RE Kz F T 10
m's' o ¢ & A&(300 mAF - BA2iE 0.03 m's ' hiE > ¥ 14.5 ] A
500 miF2z A Kz 426 0.1 m's ' > % 18.5 ] PFRAE a4k chKz 42
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v

#0.1 m’s' > Ak e Thorpe =# % 5 10 m e Kz » 37 0.1 m's’

% 20.5 ) pE3t P R EFER 500 m ke 3 ~ i Thorpe =4 XK F AL E
0.1 m's' ¢ Kz -

Fifw ) EE?J’K

B AN FRP R B BRI A B2t

R
TmmKz o {7

)

PR A D L% 205Kz 5 0.0041 m's
< F = 7

-1 , /E&/E'Lg E]IJ
F - 25 0.0088 m’s v R A E R & chyBAT PR K N

P P
Howe

£ Lee et al. (2009)p R %
% 4-1 3

&

F Ksh » # ™ Thorpe scale

ER AP SR aig > A K7
IR BT Kz 3 2K

SRSl e WA BRI E

f\ﬁ»/;%ﬁﬁml{shln ZR Ky 5 < B

HiE 247

g Pt 2% % & Park et al. (2008) 41* Thorpe scale
Sk g

P T B L Kz 2 Kshe A P iRdn £ 7 4:8 2-4 1 -
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2 4-1. BHWCPFAENTERY AT R 2 RE LT T

$cta#(m’s") » Kz & % Thorpe scale = ;2 > Ksh ¥ % shear i 32

FR#E (0] Kz [m's"] Ksh [m's']
80-400 0.0018 0.0012
130-450 0. 0030 0.0013
180-500 0. 0039 0.0010
= 0. 0029 0.0011

4.1.4 % F ¥ it
~# 7 &* Thorpe scale & & % £ 1Kz B 4-15 5 % F @Lp|

FF Thorpe 4% cnpE fF B 71 B > 45 <30 10m e deds e 5 IR v &
RITRK T RAIM A S 10~35 m B I A K kTR
Al PER P EFREHAEE G =k > & F - R
BN AR AR DR S ERARTE AR E T P RERPEY
PR > R E 25145 % 24.5 [ PG A E s 0 &

2.5 /) KR 500~600 m A ATE 35 m it ofslk > A8 BEE

ORBLPIIERE 0 P FE 100mIFE o A PFREEY BEFERIT Y - X

SR AP R % 345 EFER 3002 350 m B iR

39



em e L pONE Kz3e RlEFidsm B 4-16 5 52

B A e Thorpe =4 N2 Kz2|m B > % 2.5~14.5% 24.5
Tz BAEPEHONIGRI RS APEIE - AREET G REY
AZE 10°s 5 % 2.5 renKz aiF A 500~600m 2 B #4246 0. Il m's

145 | PR E a4 R 200 mokiFz A Kz 42 0.1 m's' 0 &
5 renKz A 350~400 m2 B ¥ 42 0.1 m's ' 5 @ st il
PP eng 34.5 /) P 0 AR 2 JeTiF A SR hd g R FE T2 e
% 50m > #r3-8 ehKz 2iEAE 350 m Ak HA2E 0.1 m's' > % %

AR Y R TR L B E T AZE 0.1 m's e
Bkl e W B R T3 Kz TR A AL w o ki e Kz

20.0107m’s" > ¥ 5 0.0079m’s!  RE R EE ILIZE L P BT

Fe 4-2 5 A1 ntr A A#H G B e 475 Ksh 0 2 Thorpe scale
AHRAGE DK FHRF CRZBERFREL P HTHE £ X
w BIREEFSK, E Kshiprt - 2R AR 2 Kz 7 FRAOEHT
% 1-2 B3 Kgh > 2 3850iF & @ H 4 > 2 SR ande B (180~500 m)
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(a) Barotropic currents
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