52 1 Vol.52, No.1
2021 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2021
*
1,2,3 1,2,3,4,5 1,3,4,5 1,3,4,5
1,2,3,4 1,2,3
(1. 266071; 2. 100049; 3.
266071; 4. 266071; 5.
266237)
23
, Gregg-Henyey-Polzin (GHP)
Mackinnon and Gregg (MG) Thorpe ,
GHP GHP
, 2 71%,
MG
1200m , , MG
2 58% GHP , MG
Thorpe , 2 30%,
70% 1 ,
GHP , MG , Thorpe
GHP MG
; ; Gregg-Henyey-Polzin (GHP) ; Mackinnon and Gregg (MG)
; Thorpe
P731.26 doi: 10.11693/hyhz20200300086
(Munk et al, 1998)
(Wunsch et al, 2004) Thorpe (1977)
( , 2002), Thompson  (2007)

* , 2016YFC1400505 , 2017YFC1403401 -
41421005 ; , 41676005 ; -

U1406401 , , E-mail: chenzifei@qdio.ac.cn
: s s , E-mail: yuf@qdio.ac.cn
:2020-03-23, 2020-07-06



28

52

, Thorpe Drake
1000 m ,
Jing (2010)

Thorpe

, Thorpe
(Galbraith et al, 1996)
GM ,
Gregg-Henyey-Polzin (GHP)
(Henyey et al, 1986; Gregg, 1989; Polzin ef al,
1995)

s Waterhouse
(2014) , GHP
, 1000 m
10° m%s, 1000 m
10* m%/s Munk (1966) 10
MacKinnon (2003)
, MacKinnon and Gregg (MG)
) Van der Lee
(2011)
, MG
MG )
Liang (2018)
MG
s (Tian et al, 2003;
Jan et al, 2007) s 2 Sv
, (Tian et al,
2006) ,

1.1
, 2018 6
2019 7
23
23

(expendable vertical microstructure profiler, XMP) XMP

>

> >

Seabird 9-11 Plus CTD
24 Hz,
0.0003 S/m

lowered acoustic

(conductivity—temperature—depth),
0.001°C,
2 300 kHz
doppler current profilers (LADCP) LADCP
, CTD911plus ,

1 Hz, 10 m

1.2
1.21

(&) (K)

> 20):]

2
Eop = 7.5v<[2—:j >: 7.5vj1:"‘“ wdk, (1)

LV )
. vtk

XMP ,
(ky) Im™;
(Shang et al, 2017a): a.
; b.
(150 m™); c. antialiasing filter ;d.
Nasmyth 90%
koo (Lueck, 2016)

(Kmax)



29

24°N

Fig.2

23°

22°

21°

20°

19°

18°

116° 1170 118° 119°  120° 121°

1

K (km)

122°  123°  124° 125° 126°E

Fig.1 The bathymetry of Luzon Strait and observation sites

s 300 m 500 m
107
)
£ -6+
£ 10
i
%}3
= -9 |
g 10
R £=52x10" Wikg £=9.2x107"" Wikg
107" i
10° 800 m 1000 m
)
£ 10°}
i
2
2400t
Dax
R £€=2.4x10"° Wikg £€=3.2x10"" Wikg
107"}
10° 1500 m 2000 m
)
E q10°F
1
= -9
w10
R £=28.3x10"" Wikg £=1.9x10"" Wikg
1072}
10° 10 10° 10° 10 10°
FEOEEH (M) FEORE (M)
XMPLABYES ED1E ——— PIEEINasmythi R IR
2 A9

Spectrum of shear observed from XMP (expendable vertical microstructure profiler) at site A9

L&



30

52
1.2.2 GHP Henyey (1986) <v3> b [,
, ray-tracing = :Ik_ S = (k.)dk. , (6)
Gregg 1989 ,
, (&)= s1&1k )k, , (7)
GM : S[v. /N1 S[&.]
, Henyey ’ S[v, /N]
, 320 m, 150 m S[E. ]
s 150 m,
’ 25 m (Kunze et al, 2006) GM
(Polzin et al, <v2> _ 5
1995; Gregg et al, 2003) : M\ / _ 3nEobe | b . ®
N 2 ke (k, k)
Eobje (ks k2
Rw: GM<§ZZ>:7E (1 J. z dkz, (9)
(Gregg et al, 2003; Kunze et al, 2

2006; Polzin et al, 2014),

2
€gup =€ {Nz J <VZ2>
G

= h(R, )](fj )
w(2)
3 R, +1
h(R,, 3
(Ry) = 22 Ry R, -1 ®
j(ij— farccosh(N/ f) ’ 4)
N/ fyarccosi(Ny/ f30)
R=(Z)IN (&), ©)
N 6‘0:4.7X10710W/kg9 jf30:f(300)a f
,N R N , N0:5.2><

107 rad/s, <v2>

z

’ GM<V22>
GM (Garrett et al, 1972, 1975;
Gregg et al, 1991, 2003) R,

£ =N -N)/IN’

, LADCP
10 m , CTD
2m (Kunze et
al, 2006); , 320 m
) 160 m,
S[v, / N] SIET, 3,

(VN6 (£2):

ko (ke + k)’
. k. =nj*N/bN,, j*=3,b=1300m, E=6.3x10"
1.2.3 MG MG
(2003)

MacKinnon

Henyey ray-tracing

MG

>

fwo —eo(Nj(SSO] (10)

, & =3.25x10"° W/kg, N,=S,=5.2x10"rad/s, S

, N
, LADCP
10 m , CTD
10 m )
320 m ,
160 m,
1.2.4 Thorpe Thorpe
Thorpe (1977)
, Thorpe
Ly =rms(d’), (11)
,Lr  Thorpe , d'=d-d,, Thorpe R
d , do , rms



31

Thorpe

Ozmidov

Dillon(198
Lo/L1=0.8,

24 Hz

Thorpe

, Thorpe

& 10°F

(m/s

B
f?ﬁ 10°F

DIl

240—560 m

560—880 m

1072

10°}

(m/s?)

it
8 10°]
Ho

I\l

iR S

880—1200 m

1200—1520 m

1520—1840 m

1840—2160 m

Ozmidov
Lo

Lo _ <g>1/2 N—3/2 ;

2)
Thorpe

Ehorpe = 0-64X LN

S8

107
HEOPRE (M)

3 A9

Fig.3 Spectrum of shear from Lowered Acoustic Doppler Current Profilers (LADCP) and spectrum of strain from
conductivity—temperature—depth (CTD) at site A9

>

0,

L3

1154

(12)
Lt Lo
EThorpe-
(13)
Thorpe ,
Thorpe ,
>.d'=0,
(Thorpe, 1977) ,
AR )

320 m

1072

— — GMEItNg

LADCP

326.5¢

326.61

326.7¢

326.8

R (m)

326.91

327.0

3271+t

327.2

107
HEOPRE (M)

CTD

—— Thorpefi/#

~ — - GMgZg

— 0F
* IR
n BRAR

— R
— BHRFEAE
*  IHEER
n DRERAR

-0.5

0
Thorpefif# (m)

4 A9

0.5 26.15 26.16 26.17 26.18

Thorpe

(IAEE (m7s)

Fig.4 The Thorpe displacement and density overturn at site A9



32

52

, 120.5°E , 3.2x107° W/kg;
, 2000 m , 1.2 x107° W/kg
,  Argo 2000 m 1.9x10° W/kg;
, 80— 0.8x10° W/kg
2160 m , 68%:;
) s 82%,
80% GHP
2.1 XMP R
GHP ,
R 80—2160 m R 2.8 ( XMP
( 5 52 XMP 3.3, 5a)
, MG
120.5°E , 4.7x10° W/kg; (50 ,
, 1.4x107° W/kg , 1.9x107° W/kg; ,
2.3x107° W/kg; 1.6x10° W/kg
1.0x10° W/kg 1.6x10° W/kg, 1.5x10° W/kg
33, MG
20 GHP , MG
4.7 ) 41% 70% ,
, 0.5x10° W/kg MG
, GHP ,
( 5b)
24°N
23° ' . :
ok : A ) . F . < .
22 n O n " log,o (&)
21°f ) M I (Wikg)
v 4 -8.0
200 I c. v‘
ol nd nd
19 ] <’ mE .l -85
e &
170 ; . ' -9.0
24°N
Y %z"" %
23° }#M ’ V u -9.5
22°1 : - U | n
21°t iy Hpm ; ~10.0
<’ | | s
20°1 [ | s m s
19°r1 'j 4 . I '—d 4
G o
116° 119° 122° 125 116° 119° 122° 125
5 80—2160m
Fig.5 Horizontal distribution comparison of mean dissipation rate in 80—2160 m
ra: XMP ; b: Gregg-Henyey-Polzin(GHP) ; ¢ Mackinnon and Gregg (MG)

; d: Thorpe



33

s Thorpe s
( 5d) 2.2
, 1.1x10° W/kg;
, 3.2x107° W/kg ,
2.7x107° W/kg, ,
3.5x10° W/kg Thorpe 6) 6a
, 42 XMP
, , 1200 m
12 35 , Thorpe 120.5°E 1200 m
, 0(10 *)W/kg, 1200 m
, , 10° Wikg ,
, 1200 m ;
, 10" W/kg
GHP , , A B
MG C )
, 1200 m 1200 m
Thorpe 1200 m ( 6a) , A
, , 1.4x10° W/kg; B
, 4.3x10° W/kg; C 0.5x10° W/kg
400} @ — o
—~ 800f A B e
E
g 1200 -
%
2000k . | (W/kg)
-7.5
— 800} 4 80
£
%

1200 | 5
2000 & -9.0

400 - - 95
£ 800
g 1200 100
<

400

—~ 800f
E

g 12001

1600}

2000 =

L . @ 4

118° 119° 120° 121° 122" 123° 124°E
6
Fig.6 Comparison in vertical distribution of dissipation rate
:a: XMP ; b: GHP ;¢ MG ; d: Thorpe
;A B C 1200 m 1200 m 1200 m



34 52
s GHP s
XMP ( ,
6b) GHP A B C XMP
1.3x10° W/kg 3.4x10° W/kg 0.4x10° W/kg ( 7 XMP
A , 86%:; B R , 95% bootstrap
78%; C , GHP MG
68% , GHP B , Thorpe
A , C 600 m , 33%
, GHP
XMP ,
200 .
, MG 400
( 60) A B C 600}
24x10°Wikg 2.6x10°W/kg 0.4x10° W/kg
800
MG A
, 1.6 £ 1000f
% 1200}
B C , ,
1.7 1.3 MG 1400¢
1600+
, 1200 m XMP
1800+ 4 GHP
v MG
) Thorpe 2000f w ® Thorp
( 6d) . A B C 10 9 i) 7
7.1x10° Wikg 2.4x10° W/kg 10910 (&) (Wka)
0.7x10~° W/kg Thorpe 7
, A 38 ,C Fig.7 Vertical structure of dissipation rate in Luzon Strait
: XMP R : GHP
0.4 B ,
: MG ;
0.9 ’ A B : Thorpe : 95%bootstrap
C ,
LA
GHP XMP « 8 ,
i a, a=[logio(&/ &), &
MG B ‘90 )
, 1200 m 10 ;@ 0,
, : a1,
Thorpe , 1 s a=log;o2
logp2<a=1 1<a=2 8a—c
GHP MG Thorpe XMP
3 GHP MG

, Thorpe



35

1
R ( 8d) GHP 97%, Thorpe 78%,
MG Thorpe s 1% 2 , MG
log 02 (a=log)2) 71% 58% logio2
30%, log2 1 (logp2<a=1) GHP 13% s
28% 39%  48%, 1 , GHP
2(1<a=2) 2% 3% 21% GHP MG Thorpe R
MG 1 98% GHP MG
107F, 107 1075 -
. o eely
10°® 4 10°° 4 10 AL
I L .-"f'!.' . et
= ~e o0 © . » /S -,
s 10° Y 10° o £ 10 et
vl e R P
w L o © ° o Jo ¥y ... . ".-.-...
10-1° p i ."a: . 10710 L o 10-1 o ) 3.
o [P
° [
—11 10" -1
10™ 107° 10° 10° 107 10" 107° 10°° 10° 107 107" 107° 10° 10°® 107
Eanp (Wikg) e (WIkg) Ernarpe (VW/kQ)
a<log,,2 logq2<a<1
100 rd
—_ a=<log,,2 log2<a<s1 [l 1<a<2
S sof
B
& 60
o
2 40r
K
s 20f .
0 1 1 I 1
GHP MG Thorpe
SHNTIRBIR
8
Fig.8 Comparison of turbulent mixing parameterizations
:a: GHP XMP ; b: MG XMP ; ¢: Thorpe XMP
;d: a 5 €GHP  €MG  €Thorpe GHP MG Thorpe
4 b b
10 m*/s(Yang et al, 2014),
XMP >
1200 m : ’
’ ’ GHP ,
’ XMP
107 m?*/s GHP
2 (Tian et al, 2003, GHP
2009) > 10%—
, 20% (Kunze et al, 2006),
, , R GHP
2 71%, 1

(Kunze et al, 1985; Jing et al, 2011)



36 52
98%, , ,
1200 m MG GHP , MG , Thorpe
XMP R GHP MG
MG 2
58%, 1 97% ,
, MG
GHP , MG ,
( 2 b
2015; Shang et al, 2017b; Liang et al, 2018) GHP ,
MG Henyey
ray-tracing ,
GHP
,2002.
( ) ) ) , 2015.
, 3705):
(Polzin 24—33

et al, 1995) MG

(MacKinnon et al,

2003), , MG
2000 m( 1),
GHP
Thorpe
78%
1 , 1% 2
GHP
MG , Thorpe
Thorpe
, Thorpe
, Thorpe
Argo )

23

Dillon T M, 1982. Vertical overturns: A comparison of Thorpe
and Ozmidov length scales. Journal of Geophysical
Research: Oceans, 87(C12): 9601—9613, doi: 10.1029/
JC087iC12p09601

Galbraith P S, Kelley D E, 1996. Identifying overturns in CTD
profiles. Journal of Atmospheric and Oceanic Technology,
13(3): 688—702

Garrett C, Munk W, 1972. Space-Time scales of internal waves.
Geophysical Fluid Dynamics, 3(3): 225—264

Garrett C, Munk W, 1975. Space-time scales of internal waves: A
progress report. Journal of Geophysical Research, 80(3):
291—297

Gregg M C, 1989. Scaling turbulent dissipation in the
thermocline. Journal of Geophysical Research: Oceans,
94(C7): 9686—9698, doi: 10.1029/JC094iC07p09686

Gregg M C, Kunze E, 1991. Shear and strain in Santa Monica
Basin. Journal of Geophysical Research: Oceans, 96(C9):
16709—16719, doi: 10.1029/91jc01385

Gregg M C, Sanford T B, Winkel D P, 2003. Reduced mixing
from the breaking of internal waves in equatorial waters.
Nature, 422(6931): 513—515, doi: 10.1038/nature01507

Henyey F S, Wright J, Flatté S M, 1986. Energy and action flow
through the internal wave field: An eikonal approach.
Journal of Geophysical Research: Oceans, 91(C7): 8487—
8495, doi:10.1029/JC091iC07p08487

Jan S, Chen C S, Wang J et al, 2007. Generation of diurnal K,
internal tide in the Luzon Strait and its influence on surface
tide in the South China Sea. Journal of Geophysical Research:
Oceans, 112(C6): C06019, doi: 10.1029/2006JC004003

Jing Z, Wu L X, 2010. Seasonal variation of turbulent diapycnal
mixing in the northwestern Pacific stirred by wind stress.
Geophysical Research Letters, 37(23): L23604, doi:



37

10.1029/2010g1045418

Jing Z, WuL X, Liu CY et al., 2011. Turbulent diapycnal mixing
in the subtropical northwestern Pasific: Spatial-seasonal
variations and role of eddies. Journal of Geophysical

doi:10.1029/2011JC007142

Kunze E, 1985. Near-inertial wave propagation in Geostrophic

Research.

Shear. Journal of Physical Oceanography, 15: 544—565

Kunze E, Firing E, Hummon J] M et al, 2006. Global abyssal
mixing inferred from lowered ADCP shear and CTD strain
profiles. Journal of Physical Oceanography, 36(8):
1553—1576, doi: 10.1175/JP02926.1

Liang C R, Shang X D, Qi Y F et al, 2018. Assessment of
fine-scale parameterizations at low latitudes of the North
Pacific. Scientific Report, 8: 10281

Lueck R, 2016. Calculating the rate of dissipation of turbulent
kinetic energy. Rockland Scientific International Tech, Note
TN-028, https://rocklandscientific.com/support/knowledge-
base/technical-notes/

MacKinnon J A, Gregg M C, 2003. Mixing on the late-summer
New England shelf—Solibores, shear, and stratification.
Journal of Physical Oceanography, 33(7): 1476—1492

Munk W H, 1966. Abyssal recipes. Deep Sea Research and
Oceanographic Abstracts, 13(4): 707—730

Munk W, Wunsch C, 1998. Abyssal recipes II: Energetics of tidal
and wind mixing. Deep Sea Research Part I: Oceanographic
Research Papers, 45(12): 1977—2010, doi: 10.1016/S0967-
0637(98)00070-3

Polzin K L, Garabato A C N, Huussen T N et al, 2014. Finescale
parameterizations of turbulent dissipation. Journal of
Geophysical Research: Oceans, 119(2): 1383—1419, doi:
10.1002/2013JC008979

Polzin K L, Toole J M, Schmitt R W, 1995. Finescale
parameterizations of turbulent dissipation. Journal of
Physical Oceanography, 25(3): 306—328

Shang X D, Qi Y F, Chen G Y et al, 2017a. An expendable
microstructure profiler for deep ocean measurements.
Journal of Atmospheric and Oceanic
34(1):153—165

Shang X D, Liang C R, Chen G Y, 2017b. Spatial distribution of

Technology,

turbulent mixing in the upper ocean of the South China Sea.
Ocean Science, 13(3): 503—519, http://dx.doi.org/10.5194/
0s-13-503-2017

Thompson A F, Gille S T, MacKinnon J A et al, 2007. Spatial and
temporal patterns of small-scale mixing in Drake Passage.
Journal of Physical Oceanography, 37(3): 572—592, doi:
10.1175/JP0O3021.1

Thorpe S A, 1977. Turbulence and mixing in a Scottish loch.
Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering
286(1334): 125—181, doi: 10.1098/rsta.1977.0112

Tian J W, Yang Q X, Liang X F et al, 2006. Observation of Luzon
Strait transport. Geophysical Research Letters, 33(19):
L19607, doi:  10.1029/2006GL026272

Tian J W, Yang Q X, Zhao W, 2009. Enhanced diapycnal mixing
in the South China Sea. Journal of Physical Oceanography,
39(12): 31931—3203, doi: 10.1175/2009JP03899.1

Tian J W, Zhou L, Zhang X Q et al, 2003. Estimates of M,
internal tide energy fluxes along the margin of Northwestern

TOPEX/POSEIDON  altimeter  data.

30(17): 1889, doi:

Sciences,

Pacific  using
Geophysical Research Letters,
10.1029/2003GL018008

Van der Lee E M, Umlauf L, 2011. Internal wave mixing in the
Baltic Sea: Near-inertial waves in the absence of tides.
Journal of Geophysical Research: Oceans, 116(48): C10016,
doi: 10.1029/2011JC007072

Waterhouse A F, MacKinnon J A, Nash J D et al, 2014. Global
patterns of diapycnal mixing from measurements of the
turbulent dissipation rate. Journal of Physical Oceanography,
44(7): 1854—1872, doi: 10.1175/JPO-D-13-0104.1

Wunsch C, Ferrari R, 2004. Vertical mixing, energy, and the
general circulation of the oceans. Annual Review of Fluid
Mechanics, 36: 281—314, doi: 10.1146/annurev.fluid.36.
050802.122121

Yang Q X, Zhao W, Li M et al, 2014. Spatial structure of
turbulent mixing in the Northwestern Pacific Ocean. Journal
of Physical Oceanography, 44(8): 2235—2247, doi: 10.1175/
JPO-D-13-0148.1



38 52

COMPARATIVE STUDY ON THE APPLICATION OF DIFFETENT TURBULENCE
ESTIMATION METHODS IN LUZON STRAIT

CHEN Zi-Fei" %%, YU Fei"***° WANG Jian-Feng">*° ~NAN Feng"**?
REN Qiang"***, SUN Fan'?*°?

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. CAS Key Laboratory of Ocean Circulation and Waves, Chinese Academy of Sciences, Qingdao 266071, China;
4. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China; 5. Marine Dynamic Process and Climate
Function Laboratory, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract Due to the difficulty and high cost of direct observation of turbulence mixing, the study of turbulence mixing
is largely limited. Therefore, the method of estimating ocean turbulence mixing based on temperature, salinity, and current
data came into being. In this paper, for the first time, we evaluated the applicability of currently used Gregg-Henyey-Polzin
(GHP) fine scale parameterization, Mackinnon and Gregg (MG) parameterization, and Thorpe scale methods using data of
free-falling microstructural turbulence profilers from 23 observation sites and hydrological observation data in the Luzon
strait. It was found that the GHP parameterization method could well estimate the turbulent mixing of Luzon Strait.
Although the dissipation rate estimated by the GHP parameterization method is generally weaker than the observation
results, the difference between the estimation and observation results within a factor of 2 accounts for 71%, showing the
same distribution characteristics with the horizontal and vertical distribution of the dissipation rate observed by the
microstructural turbulence profilers. Based on the MG parameterization method, it was found that the dissipation rate of
shallow than 1200m on the west side of Luzon Strait was larger than the observed value, but the distribution characteristics
were the same on the whole. In addition, the results of MG parametric estimation and observation were within a factor of 2,
accounting for 58%. It shows that compared with the GHP parameterization method, the estimated value of MG
parameterization method deviates more from the observed value. When the Thorpe scale method was used to estimate the
dissipation rate of Luzon Strait, only 30% of the difference between estimation and observation was within a factor of 2,
and 70% of the results were more than one order of magnitude, showing the spatial distribution is quite different from the
observed results. Comparing the results of turbulent mixing parameterizations in Luzon Strait, showing that the GHP
parameterization method is the best, the MG parameterization method is the second, and the Thorpe scale method is
inferior to the GHP and MG parameterization methods.

Key words Luzon Strait; microstructure observation, GHP parameterization, MG parameterization; Thorpe

scale



