¢F -

%1)

g N B

5 3

-~
v
(e

AR R TR

—

e

\_44\;\..

|

1:(

0

W R4 TO1

RIS SR aE- 0 CRBE R oL s
Al =
Institute of Applied Marine Physics and Undersea Technology

National Sun Yat-sen University

Master Thesis

oL aAB IR LM BFr R
Temporal and spatial variations of turbulent mixing in the seas

off Southeastern Taiwan

Frd M i
Wun-Zuo Ciou
TR e Rl
Dr. Ruo-Shan Tseng

¢ ENR 103 E 6

June 2014


nadou
打字機文字


Bl 3L REET FHR B R R G FHIER KA
AR 3 3L
Institute of Applied Marine Physics and Undersea Technology

National Sun Yat-sen University

Master Thesis

SRR BERETRRSHEZRFEEL
Temporal and spatial variations of turbulent mixing in the seas

off Southeastern Taiwan

I AR
Wun-Zuo Ciou
R BT MR
Dr. Ruo-Shan Tseng

T ERE 10356 A
June 2014



HrP LAREAREPMBEXELE

AR B THZEER BF IS LA
B A BR 4R (9% 0 M005080004) Fritsh X

LR HBBERRSE R F R

Temporal and spatial variations of turbulent mixing

in the seas off Southeastern Taiwan

HPERBRAI03F 6 A 13 BERZAGFE
FARTOR 0 FoRmERARURE -

PUEREREE Lok Tk
BEAIEN 4;me\ £ ERUAKE ﬁ%b%’i

T T T%ﬁ@

Vv



nadou
打字機文字
i


TR Y BARY RSB S F AR A ek BT E 2 Ko

o+

F_k

EASCHALE R A RFE L RFFHRZE LT E P B L5

AR A REFERS 3§ 2 B S i PR U B RS  h
PR RO (E s RIRIEE A R L BB 22 ERE S F I RS o

FR G X WA R R EARG R R RBEE%RY R ARNERZ S
LA et o BT RA R 2 2 MFL SRR L2 EPRKHT B
PR ELESFROR AL RADPLG Y P F LR o
AR PAFAZ L R EAED RS g% Ty A g
phth s REPAT L R BTt B oo 2 OVIRATR S R 2 R ER S BROR R R ER R
FFEFT RRERFFRAN G L Ao R BT PESF F U B L RO
Bdo~s 270 S S 2 LR S RE AT T B s BgE s g RH 8 &
B R FOE T e TSR RS R B 4
ﬂ;;é\g(\;/f‘a‘;j\:;f\ﬁ‘j;\ipsc,’ﬁ\ﬁ?\,g%\@(%\@m\fﬁvﬁf_}\a\,‘a‘g‘s\ 1\:L'¢5-\
qu%\_g‘gg\i)g‘gf%\;%\;rg A & = ﬁ‘q’a\%;%\?&‘jé?]%’i‘
P ARTNE ¥ %’ s BESAES %J:/ﬁu e AR R BB AN DL AR 4
X R BREE RF R RN ARH RS P ek, o

PIA SRS o Bfd o BB A FA > ARRPL AP F IR ARAAW®

P

Fo F o @ PRIBPIAFARERIADT L RAKB DB F



3 &

AR R R R F(1986~2010) % A F7 = HLh A Fo o
Thorpe scale 2 Parameterization(£-#cit )= ;= ® &1 Strain fv Shear FF % & % & i
IR B(Kp) 2 F B S (e o B s s I BHIEFL G -
BAREENFY %@F\ (21.5~22.6°N > 120.85~123°E) {+ & 3k =_if #0730 -k =
2% , 4~ 7> /% 11 Parameterization of Strain * j* 5 i - # e QuikSCAT f#Fk #% &
R BT SRR ERER RS CER RE B R
FF AT 2 SN R A P AR REYR TR E R ] T
o Er BT RS R0 S S G E R & #4172 Bk CTD 2 LADCP

] 7 %A A
;—|7 ’ ,/91‘5?‘/” (E

FoR > A Bl F 21.9°N ~ 22.05°N ~ 22.2°N = R4 » 424+ 2 50 il i g 2o
i B A R 1 R

SR E R RIS P B R PR TR §
d

N

i

ok Sl EAE S e BB PRRRPTIRRE A I B

TD ?“1_! Bt B R R R A ,Lj%ilﬁ](]\,# 30~200 2 € )i & ¥ imR

.‘.:

R
A
\3\
A&k

LV s A st H Y S AL B 2P (121.3~122°E) 0
BERET OZAPLFF I RSB RE T EEFR WA NE ST S
2

 th% 1 (> 122°E)

VAN
A Uik /Ekyl

b
=
e
W
b
=
&
.
RS

Fo e R SRR (R AL 2100 2 )

o RGBT AIESEE do A TR ARG A ] FUNR & A G A

R A R RPN SN RS R R(22.05°N) 2 B EE 0 d A gt s A

\\\
g]x‘&
’ﬁ\
P

A AR PIFHRBRERCERME > Vg TR SRR TG FR R o

2pidhi BRPBFIRETFR G A 300 ¢ ch 2R ) BT

Fa?i}éé? : &)ﬁ%’! N 'fl_/é_’; N /Eé‘»%}}}—fi N /n N "}}i/ﬁs/n #%’E{lﬁﬁ;t‘ ?/nff”ﬂb ;}J"E{—-y °



Abstract

This study is focused on the temporal and spatial variations of turbulent mixing
in the seas off southeastern Taiwan. Historical hydrographic data of 1986 ~ 2000 and
in-situ data from six cruises were used to estimate indirectly vertical eddy diffusivity
(Kp) and turbulent kinetic energy dissipation rate (€) by means of three methods, that
is, Thorpe scale method and parameterization method with shear and strain values.
Based on the 730 CTD profiles which were selected to meet the criteria in the study
region as well as the QuikSCAT satellite-derived winds, a number of factors such as
mixed-layer depth, wind stress, surface-layer temperature, current speed and bottom
topographies were investigated about their influence on the turbulent mixing of upper
oceans and bottom boundary layer. The role of Kuroshio on the turbulent mixing of
this region is further explored. The CTD and LADCP data from six cruises were
divided into three transects, i.e., along 21.9°N, 22.05°N and 22.2°N, to investigate
variations of eddy diffusivities induced by the Kuroshio with and without the
interference of the Lanyu Island.

Among the three methods examined in this study, the parameterization method
showes the most satisfactory result whose mean value is stable for the large scale
evaluation of turbulent mixing distribution. Analysis of historical CTD profiles shows
that seasonal variations of turbulent mixing in the upper water column (30 ~ 200 m
depth) can be classified into two different parts. When the Kuroshio intrudes into the
area off eastern Taiwan (121.3 ~ 122 °E), turbulent mixing is enhanced and its spatial
variation is consistent with the seasonal migration of Kuroshio. In the area farther
from the Kuroshio (east of 122 °E), the dominant factor affecting turbulent mixing is
the wind which exerts great influence in northern Luzon Strait, the north of Southern

Longitudinal Trough, and southern and northern parts of Lanyu Island. Turbulent



mixing in the bottom boundary layer (< 100 mab) has close correlation with the
bottom topography. At steep slopes currents will be forced to rise which will cause
strong mixing. Under the influence of Kuroshio Current (0 ~ 200 m depth), Kp can
reach 10*~107 m’s™, which is much larger than those in the open ocean of the
Western Pacific and South China Sea, evidencing the role played by the Kuroshio in
enhancing the turbulence. Turbulent mixing could also be greatly enhanced when the
Kuroshio flows through the channel between Lanyu Island and Taiwan, causing the
current speed to increase. The depth that Kuroshio Current exerts marked influence on
the turbulent mixing is 300 m or deeper, and the vertical shear is increased at the front
of Kuroshio, affecting the turbulence in 0 ~ 200 m depth.

Keywords @ Wind Stress, Kuroshio, Mixed Layer Depth, Turbulence,

Eddy Diffusion Coefficient of Density,

Turbulence Kinetic Energy Dissipation Rate,
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B 4k CTD Tl i d B eT 35> K 2
Bin Average FERURFFAFRIFEG IS 12

SR )e

Filter
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#% 3-2-1 Jd2 LADCP ehF # adZ it £ o

School of Ocean and Earth Science and Technology ( SOEST )

FRE L~ F Eric Firing 1 +7 ;2 ( shear method )

Lamont-Doherty Earth Observatory ( LDEO )

FRFHL~F Martin Visbeck | i#4&7% (inverse method )

Leibniz Institute of Marine Sciences ( I[FM-GEOMAR, or IFMG )

HREF=EF LXK ~F | GerdKrahmann | #4382 (inverse method )

% 3-2-2 Thurnherr (2010) SOEST ~ LDEO ~ IFMG
FALASLIAR Y A e T D A R

SOEST LDEO IFMG

(cm/s) (cm/s) (cm/s)

Bottom track

Bottom track, GPS, Sb-ADCP 3 2.6 3.4

GPS, Sb-ADCP 5.3 3.3 4.2

GPS
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% 3-2-3LDEO #t ¥ 4% ;" 4% 7 5 3P o

1 loadrdi # P LADCP AL o
2 loadctd #P CTD AL o
3 loadnav # B> GPS AL o
4 loadsadcp i# 2~ Sb-ADCP T o
P2 <0 CTD Ff
5 loadctdprof
ORI R g foird A .
¥ LADCP T4~ & &
6 lanarrow
T FE A
BEE TG e F AT
7 checkinv
ek LR TARL AL TN o
SHR T Ao RS TR R B
8 default
REILFER T ESE I mY -
FTORFER G DR
9 getbtrack A
EBRELT T AR EHL
10 getinv HFg2 > FEFH R
$#3 P95 LADCP §FALie 7 & T 35,
11 prepinv
R IlaELe o
12 savearch ﬁ%l NP EHEEEIRA o
BARN T EARY TR
13 saveprot

- Matlab & £k § shin L & $i8 7 -
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g8 V2 Vs IS RS S VR o

_A| Up cast

Uq,1

Bin —

Uz

U2

Uy 9 u3,1

U3

ensemble

—[ T T 1

Uy =Usg1
Uzz =Usp Us1
Uz4 U3 [Us2 —Us1
Ugg [T Us3 U
Us 4 =1lUg3
Ug 4

Uz 3
Uz,4

Uq,4

E

— Uig i 1

Ui 2
Uzt 3

=+ Ly = ~ 0 =3

e e A g A G
= WA < D ~ - D = N « - I 2B
AT 5 A1% & 5T R
= = = = = =

Down cast =——

N

LB o 53 38 E £ (2000) °

iR T

RlA K

3-2-1 LADCP &

i)

REEAY
Ugzo

Ugzs

U za
Ug=zs

Ugze

Uz

Uz 3
Uz sra
Uz s
Uswe
Uz 37

Uzus
U1

1 0 0 0 0 0 0 0 O
01 0 00 O0O0O0O
0 010 0O0O0O0OTP O
0 001 00 0 O0DO
01 0 0 0 O0O0O0DO
0 01 00 0 O0O0DO
0 001 00 O0O0UO
0 0001 0 O0O0UO
001 00 0 O0O0UDO
0 001 00 O0O0UO
0 0001 0 O0O0UO
000 00 1O0O0O0

0001000 0 o™ |[“exe

0 0001 0 O0O0O
0 0000 1 O0O0TDO
000 0 O0OOT1TTUO0UDO
000 01O0O0O0O
0 000 01 00O
0 0000 0O 1T 0O
000 00O O0OO0OT1TDO
000 0O0OT1O0TUO0TUO
0 000 0 0100
0 000 0 O0O0OT1TFPO

000 O0O0OTO0OTO0OTO0O 1

1 0 0 0 0 O
1 0 0 0 0O
10 0 0 0 O
1 0 0 0 0 O
010 0 0O
0100 0O
01 0 0 0O
01 0 0 0O
0 01 0 0O
0 01 0 0O
0 01 0 0 O
0 01 0 0O

0 001 0O

0 001 00

0 0 01 0O

0 0 01 0O

0 00 010

0 000 10

0 00010

(e Nes)

SO

SO

0 000 01

0 000 01

0 0 0 0 0 1

G

Uy 1-
Uy,2
U3
U4

Uz

Uz
U3
U3 4

Uz

Uz
Uz3
U3 4
Uy
Uy2
Uy 3
Ug s
Us,q
Us 2
Us3
Us 4
Ug,1

Ug,2
Ug,3
[ Ug 4.

Bl - %3 Martin (2001) -

- 2
TR

Gm)

Bl 3-2-2 Mmpsed= el (d
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Distance from ADCP [m]

Distance from ADCP [m]

Down cast

€ = = - —— -

100
a
g
)
L
50
l\LﬁT“—-——a—_‘
0
Y
-50
LADDER-1=—
LADDER=2
LADDER-3 —[
-100 f
-0.2 -0.1 0.0 0.1 0.2
Error Velocity [m s7]
100 A PR U [T N W T TR T W U T U U S 'Y
Cc
50 -
r:
0
-50
LADDER-1=—
LADDER=2 [
[ LADDER-3 ™
-100
0.0 01 0.2 03

Error Velocity Stddev [m s71]

Distance from ADCP [m]

Distance from ADCP [m]

SR Y

cast

e e

100 '
1b
50
1 l—d’"’///?;
0
-50
LADDER-1—
LADDER=2 T
1 LADDER-3 [
-100 -
-0.2 -0.1 0.0 01 0.2
Error Velocity [m s77]
100 e PR e ek ek b
1d
50 =
0
| (h
-50
LADDER-1~
LADDER=2 ™[
1 LADDER=3 = |
-100
0.0 01 0.2 0.3

Error Velocity Stddev. [m s77]

B 3 -2 -3 Thurnherr (2010)% Downcast v Upcast 4] * LDEO #t 18 @ cizf- £ vt # [§] -

(a) ~ (¢c) » Downcast ; (b) ~ (d) % Upcast °
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3-3. Thorpe scale method
Thorpe (1977) » 1 * £ & & ® A& Thorpe Scale (L) » B 3&= ;N BLZ A X &
e sk anfiideik > @ Ly i & - B Thorpe =45 7352 42 > Thorpe =45 (d' >
Thorpe Displacement » # = m) > * — e 8N F 0% 2 B 4odhd' = 0eniz &
SACBER A RS Id =0m - i E o ptRe i - B Mt agde e BN B
SN AEGY 3-3-1)%m 0 el 3-3-2 %75 o
d' =2,—7,
(% 3-3-1)
LRGP A R RTHETIRER Y 2y s EATEAC) I SRR
T EER Y c BHEZ me
Dillon (1982){r Park et al. (2008)# 1/ =% B 3|6 SH e T K @ 9%
PO RERA AR BRI AR FFFAERAD S AR L LR
B, p g4 Tingdaolgsd = o 0B 3-3-1977 o
Osborn and Crawford (1980)4#& ! % F ##c(R, * Reynolds Number) % /=™ >

)i/]‘[\g(n &l}% (lﬁgt(KZ)'ff' T é"’ﬂb Iﬂ E(—-y (S)mrﬁg Ié‘ 3 S ;}\‘ 3-3- 2)'1:‘—"(;\‘ 3-3-

)97 o
Ry ¢ s
K = _——
P 1—-RfN%? N?
(G 3-3-2)
e
K, N?
e=-L
r
(X 3-3-3)

Ryt Flux Richardson Number (0.15) -

r @2 &> (Efficiency Factor » ~0.2 ) °

N @ %4 4 % (Buoyancy Frequency » N = V((—gdp)/pdz) » ¥ = s™1)

K, % Al 4h4% 7% i Eddy Diffusion Coefficient of Density » & i=m?s™') o
€ ¥ in# i i) 47 (Turbulence Kinetic Energy Dissipation Rate » # = Wkg™1)
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Ozmidov (1965) » # ! er0Ozmidov length scale (L,) = 5% » 238 5 (5 3-3-4)

N

(% 3-3-4)
Dillon (1982) » # 41 chis @ 2 2 » Lo$tLpernt @R % B4 5 (2 3-3-9)

e

(¥ 3-3-5)
Park et al. (2008)#-F i 2 NI F 3 - S kB H %A F AT
(K))» 235 (GY 3-3-6)"77F »
K, = 0.128L4N
&£ 3-3-6)
Galbraith and Kelley (1996)#% 1 R {rE T RIFE T RIFFT it € 7 feizu 50
EERBFH LR e B R PE -
Park et al. (2008)#% 41 & i % i » % 2| %7 Thorpe i #% g 2 £ F 5 % & {uig >
FIREERIPFTE SN EREBAT A F05X10P kgm 3aiE L
- ERRHETE R R R (Apor VAT AN RFITEAFAL V- FELE T AP
HE R (Hpg )R GEIET > A 2 2585 (Y 3-3-7)% (3% 3-3-8)%f7m °

Apor = (Pmax = Pmin) > 3DE = 1.5 X 1073 kg m-3

P 3-3-7)
d 3 DE 15x107°
Hoin 3DE<'D> 9> _
0z pON2 N?Z
& 3-3-8)
ey e > B CTD*T&RIFIAE-K? R R ~BAR R4 > THEEFAR
- Lo gd B 2REFLE FAPE DAY BE DR RBAHEICREREK,)E
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Depth (m)

B 3-

Depth (m)

Potential Density
240 . . .

245+ 4

250+

255 «—OBsered i

260

Rearranged—

N

[o)]

[4)]
T

N

~

(=
T

275}

280

283 rearranged
Obsered
290 :

2535 25.355 25.36 25.365 2537 25.375
(kg m)

3-1 R AEI G (B R4ERAE S BN LTI EDEBR)

Thorpe Displacements
240

245+

250+

2551

260+

N

[*)]

a
T

270+

2751

2801

285+

290

Bl 3-3-2Thorpe =# &2 3|5 » =3 FR 247~285 = ¢ 5 - f o
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3-4. Parameterization
Parameterization > j# & * Garett and Munk (1975)#7% i¥ 7 GM model it 3% &

T BB REIRIC R E(Kp) Y - #8732 0 4~ 4718 df2 47 & v Thorpe scale

method + > 75 B RIZ 5 LA P L A 4 S48 4@ RS2 T ip 3 B8 2

SRR B R R NEE AT P AT RT 0 M- GM i T L 25
o R RSB RRITOT  A ER A E R R BRI EH NG 3-4-1)
2 (N 3-4-2)3 8 0% R F AR EKD) -

d Gregg (1989)F1 * -k T jnii ehd-B 3 27 $430 X ds a0 i 47 anplipl % o)
Bengdicit 5% > 2 {6 x B 7 Gregg-Henyey #-7] » Polzin et al. (1995)% #7 7

)
=

Ik

ISP TR B SE S EREPIEEL - BE B Z LR

\-\u-

A0 T REEE KD AT SE 2N 5 3-4-1)F (5% 3-4-2)%75F o
< N?Z>< A2 >2

N§  (A&w)?

g =7 x 10710

(7Y 3-4-1)

(5 3-4-2)
NZERBEGPEE =HE P Aoy s GM it #eImh & 0 o S8l N4 <

BenF iR s e i £ (2 > R Rap IR LEARPER I ST 1R

Gregg (2003) % 7 & % Polzin et al. (1995)#+# &} ch g dicit 3 i % ¢ B P

D A Sﬁﬁiﬁ*jﬁmﬁcﬁ\ iz'k”"i‘gﬁ EIE SRR EA Kﬁjﬁ"%‘)ﬁ%ﬂ & 'g‘l'ﬂ

T

% it 258 g d Kunze ef al. (2006)%F 30 04 Sdfcis o 38 4o BEIZ 5 2
E3go@AaBat anflr g P e 2 RN FEFREI et
BB R R R G (Kp) e A 2 (R 3-4- )T T )
(Y 3-4-4)GE* BEFH)MTT 0 NP FHA(GY 3-4-5)~(5 3-4-8)% 1 o
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Kp = Ko ﬂhﬂRw)]' (%)

GM<V#>?
(3
K = KO G;;z{)Z)z hZ(Rw)] (%)
(¢
He
3R, + 1)
hl(Ra)) - 2 (—ZRw ’—Rw_l
(3"
B R,(R,+1)
hZ(Ra)) _6\/§ Rw—l
(¢
< V2 Z[((uz - uz)2 + (vz - vz) )/N ]
CTNE<G> SI(N2-N) /NP
(¢
N
farccosh|—+
j(f/N) = (fz
fs0carccosh (E) .

Ky=0.057 X 10™* m?s~!
f ¢ #L % %4ic( Coriolis Parameter » 2 sin ¢)

fa © R 30°FF A X Sdc( 729 x 1075571 )

C3-4-3)

C3-4-4)

C 3-4-5)

C 3-4-6)

3-4-7)

3-4-8)

Ry © 5%k £(7) §2F Yo X BRTHET 1355 RIR, =7

N %4 47 % (Buoyancy Frequency » N = V((—gdp)/pdz) » ¥ = s1)

, % AT $Bc % B( Eddy Diffusion Coefficient of Density » ¥ i*m?s™1)

€ X in# i ) ¥ (Turbulence Kinetic Energy Dissipation Rate » # = Wkg™1)

‘é_;!.;], :”'

TEIOE

38
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(1) Parameterization 3+ % # 2 — [ 1 *» ¥ ]
A. #LADCP *rpip|chinit F4L 50 LDEO #7488 7 4L A 17 1) 5 $H751 -
B. #Bn#rE U~V 3phirils o Imd 102 - LFR
2 E(GY 3-4-9)877 o

ou ov

SUZ& SVZ&
(G 3-4-9)

C. #9225 Bdpil B FrB e d T AT PR 320 2% AL - B
FES0 2% SR MR FE EERE AFRRIPEFR

D. $& - [ BT 735 Bdpil TR o £ 8RBy 4 Ut
W il 0 4ol 3-4-12 B 3-4-2 %7 o

E. E#HF- 8T 225 fcdf b fok L 10%2 fsin® 5 - BT
R RF R R R R AL B A PR SE 6 RAF 0 o] 3-4-
12§ 3-4-2 %7 o

F. #& - ] B3 25 #cdpiE 7 & = F # 4 ( Fourier transform )» # 3| U
VA £ 1 @ o280 Up s U s Vo Vo

G. 1% k= F#2+ ¥ %+ # % (Buoyancy Frequency » N = V((—gdp)/
pdz) » B = s71)

H. f1* UV AR T2 0 fem 5 3 73# (S[LIK) ) 23 5 (60
3-4-10)% (% 3-4-11)%7 «

2 2 2 )
sk, = L0 (KZ);er (K,) + V2(K,)]

(% 3-4-10)

GV 3-4-11)
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1295 Polzin et al. (2002) 75 *» F#cdhy 3k 2 — B 12 & 3 S B Scorrec ) * ¥

L=

PIFTent 22 3% > F1 5 & LADCP TR A4z ¥ it A 4 - & FF ER

.g,

LA GlAeER TG UL A P LR REA D DR
AN L (R 3-4-12)5 7 o

SIV1(K,)

M, M
.10 adcp L2 stear
sinc (—Az ) sinc (—Az )

SIVIK D correc = SIVI(K)Scorrec =

(% 3-4-12)
Migacp  LADCP 3% B e & B A& » B =22 5 fpt 2k 2,10 -

Mgpeqr * ki l’&%ﬁji’i RfE > Himov 2w » Atz 10-
ST A A A 5 (KRR F SO 2 € FI90 2 € 2
R e & %"%] WP gk Hoomik g G| LA A gied %:ﬂl’(;ﬁ‘%— ' e (5\:

3-4-13)%5 7 o

max K,
<VZZ> = f S[Vz] (Kz)correcd K,

min K,

(% 3-4-13)
35 GM 23 i # chdic@ (Gregg and Kunze > 1991) 0 & afg » > & 4

M
FRHEERA T H D5 F  GMEH 258 5 (0 3-4-14)2 (5 3-

4 -15)#177
3mEybj, [M**Kz  KZdK
GW@FD_LLI e
2 minK, (K, +Kz:)
(Y 3-4-14)
He
j.N
K * =
z bN,
(% 3-4-15)
E,=63x107° ; b=1300m;
Ny=52x10"3rad/s ; j, =3

e A 1 % (V2) ) GM i ( GM<VZZ> )R 3-4-3)4 3
BRERARE IR Kp ) -
;L"Q)i/f\gm %7% ('é‘gt( Kp ):#’ ‘5(;}\‘ 3-3- 3)‘}\1‘* ,:‘ At 1}*‘5(—}( & )°
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U Shear (SU) U Shear (SU)

0 0
5 1 9 |
10+ 119 |
§15_ 1 15¢ i
=
4
[
O
20+ 120 ]
25} 125} ]
30t 1 30r ]
1 1 >' L :
-4 -2 0 2 -4 2 0 2
O x10° Cp x10°

Bl 3-4-1(2)5 R U 5t 2§ o st fhin [F 80 (4) 5 ReT 4
B §F 15 enlicdh 2 A Esin® 1 0T gk o

V Shear (SV) V Shear (Sv)
0 0
5 1 8 |
10+ 119 |
— F A
s — MO
S 156 4 15+ 1
=
[=N
8 >
200 e 120} ]
1=
25 .____—'::-— 25+ 71
30; 130} |
-2 0 2
" x10° O x10°

Bl 3-4-2 (2)3 RE V3 ootz §osumpbe a0 (2)5 Rt @
2 MU G (2 enlichy 2 A @sin® 1 ¥ iy -

41



(2) Parameterization 3+ % # 38— [ & %% ]

A.

#-CTD #TRuplevk 2 TRGd FTRAIZPER ~BR ~FR FEF
NFAMEF(N)feriB(0) #THa 2 a8 - L FH o
Bl B IR Ao F T 0 BeBE 256 R A H - B F B

50 2% LRFEE -

#- - J—Fﬂmzii-"’tﬁ‘—-y(N)’\‘l,‘m_(@)lF /k“?ﬁiﬁ =3 N’ff’e

PERGEREG 0 2N EGY 3-4-160)%77F > 4B 3-4-3 ZR®T

T oo

(s 3-4-16)
EHE - BB 5 B Aok A 10% & fasin® ® O RE - BT
TR ER R UL B PTREET § fE o Ao 3-4-
+ BT e
HE - BRI e gy it 7€ = ¥ # 4 ( Fourier transform ) » 7 3| &
R oA ZoZod R EFE 2 R TR LT
v e ek B RRH (SR )0 28 EGE 3-4-17)
w3l o

SIGIK,) = [ZF(K,) + ZF (K]
P 3-4-17)

g HE g - BT ¥ 3B Scorec ) W IIATT 7 > 2305

(% 3-4-18)%7 o

2
SN KD corree = SEAKScorree = S Isine? (1)

A

(5% 3-4-18)
HATTRRFLEEHL > FAFRLARK)FEF 10 2 2 3] 150 2
2 B R B L g ok et B R
(3% 3-4-19)957 o
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max K,
(Zzz> = f S[{z] (Kz)correcd K,

min K,

(% 3-4-19)
H. % GM 2%t # #ic@ (Gregg and Kunze » 1991) > & tifg 4 > f 4

BT A BRH PR GMIZH 20 5 (58 3-4-200% (% 3-

4 - 1571
wEybj, (MaxKz  K2dK.
GM((2) = ; f %
min K, ( zt Kz*)
(7% 3-4-20)
E,=63x107° ; b=1300m ;

Ny=52x10"3rad/s ; j, =3
Lo A 8% ( ((7) e GME( GM(I?) )F » (3¢ 3-4-4)24 3%
T %R E R B Kp ) -

Jo HmAR R Kp )¥ (Y 3-3-3)REFaE R iS (e )

Potential Temperature ( 6) Strain (¢,)
0 - ' , 0

20+ 1 20}

40+ 1 40}

é 60+ 1 60}
<
(=%
Q
[m]

80+ 1 80f

100+ 1100/

120 1201

15 20 25 -0.05 0 0.05

©c)
B 3-4-3 (2)5 B4R 2 2R IR FR S ()5 R BRI 2 L E
sin? {6 e % By
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L B el
7> “:\:’ —;—\ ‘zi‘

4-1. = 3 vk

B R E(Kp) 0 A e T s e F ()b 2 g =

#8 > # ¢ Thorpe Scale % Parameterization of Strain = ;= & | * -k = T L 47 > B~

# 4 S i » ¥ - f& Parameterization of Shear = /2 3§ & LADCP ths-E /inzg 7ot »
=R * hF A F % 48 > Thorpe scale | * =% /& (0g): Parameterization of Strain
F1#* (N )friz:g(0) ; Parameterization of Shear §|*

- HRERTREOERET AR 2 - R 25 B R e AR &I TP andn
SFA 84— £ 95 LEEAG T % CTD 2 LADCP Flie * 1 it =

SR EFERRIFAHACREEKp) S F R EARS LG Ap g ARR dp 1
s R 4-1-19 A RATT A Bl s R E Y 2 - R 2
> E AT B hKp £3 iF & 3% Bl 0 Thorpe scale 2 K rporpey » E 5 5

Parameterization of Strain 2. K (s¢rain) » 4= 3 ; Parameterization of Shear K, speqr)

BEEL T LR N E R I G ARR AR AP 00 &

B ATE TP BAPMARR > 4 W= F Kp BApB 22 1 0 22 a Thorpe
Scale = i 75 3 & % f217 & £ 04~0.8 2 & » 4712 § #t Bl T 30
Parameterization — & 50 = ® » B % 8T " K, (serain) & Kp(rhorpey 3% * 4B B
i} 0.63 0 4B 4-1-3 5% 5 Kysnear) & Korhorpey 40 M fidicd 0.5 5 4o
Bl 4-1-49%75 Kyseram) & Kosnear) 10 M 8} 048 4o 4-1-2 %57 ;
¥ ¢b - Parameterization 1% f& = ;2 T 32 % ¥ Thorpe Scale * j v #& > 3 IR
Kp(Mean(shear & strainy) & Kprnorpey AP M T2 8cG 0.7 0 Apos A 30w Rihg o
Rhe® 4-1-3 B 4-1-258 4-1-4~ 0% > Ky(seraimy 2 Ko(rnorpey ' &%
3% 10%%5 Ky (sneary 2! Kp(rhorpe) ** 1B % 1075 Ky (sneary & Kp(seraimy ** B % 10012
Kpmean(shear & strainy) & Kp(rhorpey v 15 10012 5 ded 4-1-1 #4757 o
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Thorpe Scale = % ¥ #h & * »v 343k Findea JacF 447> 275 b8 =%
B(0g) iP5 5l F R AIEP 7§35 8 Nk a g Y Kp 11070

%57 0 e 1110704 F o e T 3EE A e pF o Thorpe Scale = j2 AL ¢ +*

%

K

e

Parameterization 77 f8 % ;2 ke ] > At % & 7+ Parameterization # g €
v Thorpe Scale e7-T 32 iE <~ + 10 & -

d B 4-1-7 ¢ 7 Parameterization of Strain §= Parameterization of Shear Kp
£-B FR A F P IKIE 30~400 2 ¢ 1 Kp & ] 4p £ 7 1098715 5 Parameterization
oﬂMmmﬁ&+’;ﬁﬁzﬁﬁ BRF S DN B I L HEA T
Stain | * =8 & (6 ) Shear §|* jiig > B 4-1-6 77 > =Bl 5 Tf & e
EFEYG ¢ Bli LADCP ch U(S®R)~ V(eR)mELE FRIG » B & E
B ¥R (OT/0Z) (EHR) ~ in*r &1+ S2 = (0u/02)” + (0v/02)* (A=) > fpt 7 %
B B RiE30~400 2% 2 AR RERE A AR i L L) ket > T U

RIGLE Bl B @ 0 BE RN E R RAR TR B P 4T B R R R R TR A T

‘2\'—

«m

A EECTER BETEE S

F_k

Bo(Kp) sl o iR & Bt Bl
BEAEALI LR 2 e
AR AV R THBEAS AR T EB B TR RRES

Thorpe Scale FALf217 & %+ * > #-& i B w5 Pl % & foik chlFa) > Tt f2i7 &
Bd 5 0408 2 2 F > VP EiRAMEIRKRED A4 dnEd > T L g
(1500 2 % TR R (o) EH R ) 0 REFLT A EERFHLBRF

% & % 4L & Thorpe Scale (L7) teizi® % it £ % 5 £ % ; Parameterization of
Strain f247 A F & 52 22 P TF o R EMIFERIERA LA T DR 256 2 % 1Y

4o F R &2 iR 7 ik & 4] E # 3 (Fast Fourier transform (FFT)) » 41 % %4 #f 5

NFEFERZALFAFFAMERING GF LF i Eid  § HImfEs
B B %7€ 1R (K, > 10°) ; Parameterization of Shear 247 & £ & % 10

NEURTT L R REIFERIERAEART SR 32008 U BRI EFEEFEE
1% 41 # #& 4% (Fast Fourier transform (FFT))> 3+ & + 7 & 2 /= g LADCP #iid 7
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B EE 24>t 3 Bottom track PR T o BB iE (OBE T A0 4 LB R

orik o i LAE S o BRT R G SyfrS,FF 0 € A2 ok iR B RV

§ IR FK, > 10°) o A F L F ek & f247 & 11 Thorpe Scale 4% > ¥ 11 4 ¥
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