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Possible spectral shapes of internal waves (a) for R, = 3, (b) R, <3, and (c) R, >3 compared with the

GM model. Reproduced with slight modifications from Garrett and Munk (1975).
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Fig. 2. Average dissipation rate e estimates derived
by applying strain finestructure methods using
Argo profiles between (a) 250 and 500, (b) 500 and
1000, and (c) 1000 and 2000 m. Reproduced from
Whalen et al. (2015). ©American Meteorological
Society. Used with permission.
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Fig. 3. R, dependence of u for N/f = N,/f,. The
shaded area shows the R, dependence of u calcu-
lated directly from different frequency spectra. Re-
produced with slight modifications from Ijichi and
Hibiya (2015). ©American Meteorological Society.
Used with permission.
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Fig. 4. Scatterplot of R, versus &,/€me The

thick and thin lines correspond to hy; and hgyp, re-
spectively, for N/f = N,/f,. Reproduced with slight
modifications from Ijichi and Hibiya (2015). ©Amer-
ican Meteorological Society. Used with permission.

AP U oMk iT o 72, Z DFER, Fig. 4 TREH
B &0, EEERNSNELTEGEE (euy ITIEHASD
IR R KD H D, 20w R KEED (5) Ko
how £0 % (10) RO A I X E-TVRB T EDbho
7z (ljichi and Hibiya, 2015), ¥ 7% b5, IH/$5 2% 1)
Y —vaviE, GHP 89 A% V¥ — 3 ofEE 2%
RINCIREN T 2 2 L TRODIAMICEALZ DI > T
LI RMERT B LM TE,

2.3. SHROEZE

BLIHORE D 7'a — )L - = v BV 7 ¢, Ak
BRONHAMBICEDIH AT A4 V- a v 2HHT 3
OWEETH 2, LLLEDS, HRFXA2 V- 3
YOI T 7 A v AT — L DOFR Y 7 — &
2 b vA v oRIBEERE 70— OVICERT 2 D3Rz



FFELIRIRE DT A V- a v 7

ICHEETH B, HEMWITIE, Argo 7a— Lo ra—n
Vi HEBBEE RO NEEA LA v OTF—2 %
DILFELE22BHB0IEALS, 22T, BEEAMLA v
WS T A9 YV — a v OFMIC oW CERIC
N TB I\,

Hiffi £ T, R,IC &k 2EIERE A 1L, (5), (11) =K
DY, FRY 7 —HIL T AF V=2 a v
Egpear KL TCERLIDDTH o 7275,

(U2 N f
£=¢ ~>—— —+ h(R,, N/f)
0<[]z‘>él\/[ N; 1,
Eshear
(£ N r (UP)INYEE) v
=gl S - z h(R,, N/f)
! <£/2>E‘M Ny £y <L]Z~>GM/N2<EZZ>GN]
€ strain (Rm/?)) ?
h/

LEEA LA DL 525 ) =2 a Y DR €
WICRLTERTAHIEDLTED, GHP S99 457V — 3
VEIH RS AS VL= a v DENEFNOBAITEIT S,
€ ram 12 RS BHBEARE Y @ R % Fig. 5 10RT,
HHIAREZ LI, HAAT9A2 U=y a it 2HHE

- - GHP
—IH /

10° 10!

Fig. 5. R, dependence of hj, (solid red line) and
Hawpe (dashed blue line) for N/f = N, /1.

R¥ Wy D R EEIZR,~0 (1) TIEHICHE L k->T
W3, ThiE, WERENGM EFALLFHLLEBELVLE
D, BEAFLAVICEIL T AZ Y= 3 Vv HHIK
EWST7 4 =< 2% RTTERRERL TS, FHE,
Whalen et al. (2015) 1%, 4 7 < O LA EH
F—8 % fHioT, BEANA VICEILRTAS )L —
va vk b RS o LR BOR R E BN S 7 B
BOREE I —HT B ERRL TS, RA RiEET
R, S22 2B L T\ b 2 & (Chinn et al., 2016)
##z2 X, 2o Whalen et al. (2015) O#f5H1%, GHP
RIAZIVE = avEERIHARGAZ V-2 3D
TiDSEBROMGHEFRTO R M EEZ K CHELTWE L
ZARLTWwa,

MEoZ L5, Argo BEIMEZFIH T 5 & & I3)AHE
M HLIRBOR R 2 HET 2 DICEN G TR TH D EEZ
LNBH, —HT, Argo 7—2 5 HEE S Nz ELTEL
WD 7 a—o3 44 (Whalen et al., 2012, 2015)
iE, FHCEEIET, REZAENSZ KIS TR TR
(Fig. 2), ZOEABEZEO TV LdIcd, HEH
LA TV B WA Argo 7a— D a —o3L 7k
BHME»rSHETETREL TS EEZHEL T
%, 2o kT, FEANEEESO X 5 ZITEEE
FHFLL ML R,~0(10) &7 3 Ecix, HEX
LA VICHES LS A F Y= 3 Vi & B ELTEORK
DMNFAEAKE L 55T B (Fig. 5), HlAIF
TOHREHER 7 v — F 2 BORT 272 E LTS 7 — L&
EZ b LA v Ol FIcES S THATI A Y= 3 v
5 ELRECRE 2 HEED b, Argo FT— 2 b HEEI N
7o 7\ =NV R BR, A ITBIE L Tv T LT,
& b EfERELIRECRE D 7o — L - < v BV ZICEHER
TEHDOTIEBVPLEEZI TN,

3.1, ARNy FTELERSINEESHEOLEME

SLIRHORR € 2 5 EIRATRE M %2 D 2 B
L DELRIR AR AT A =9 T =M/eld, HLIRDOEK
AR, Thbb, NIEOWEGEERICKE LKET 5,
PER, WPEHR O NEBIE I, SRE AR T — L D/NE TR v



8 (EARE LRSI

7 —oifl & b ICFEET B Kelvin-Helmholtz (KH)
PEEZ Lo THETEEEZLNTED (HlZ 1,
Desaubies and Smith, 1982; Kunze ef al., 1990), KH
PNEEZTHIL e BNERS, Es 7 =255 L { Hilk
U 7230 LI c ol o i Ric Eow T =0.2,
Tibb 17%DEAXFEy [(1) XS] 25, Osborn
(1980) LK, i - A b T I b T2 (f
Z1E, Gregget al., 2018), —J5, WEBOBE VNI I,
EERIE DL T 512 M ARSI NS &, AR
BRI & > T 2788 S H b (Thorpe, 2018),
ZOHBAEIIET~], Thbt 50%b DEAZNE Y L
% kB NEE (Lawrie and Dalziel, 2011; Davies
Wykes and Dalziel, 2014) SSEEHEY S 21— 3
> DNS (Scotti, 2015) IZ k> THRsnh T3, 7z,
KH R ZEIC & o THLIAPE B S /- & LTH, Fig. 6
TRIND X HIC, v— VIREEEDTZ S 1 5 WHHELR
DEBETIE, BEHHD & NIEALE N 5 2 RALE
PEEDD, FTTIFIIKETLLIRKRERESR

— » * TM; —i

10" 4 .

) o Pr=A
* Pr=4
. * Pr7
HEEERS J*
(34 13 :30%63
(e}
— .oi ebgEs¥etees
107" 4
g T
1 o Pr=1 ‘
10 *x Pr=4 |
o Pr=7 o
[e]
*DP@@_DOO
i O(‘&Qﬁi@@n‘b
- (] ggﬁ eoe OCF
Pt gt
<d
.
i
o ¢
107 ——— T
0 3600 7200

t (sec)

Fig. 6. Temporal evolution of (top) the temperature
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Schematic of the internal wave mixing processes in the open ocean. Reproduced from MacKinnon et

al. (2017). ©American Meteorological Society. Used with permission.
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Studies on parameterizations of turbulent mixing
in the deep ocean

Takashi Ijichi’

Abstract

The global distribution of turbulent mixing in the deep ocean is essential for understanding the
global overturning circulation. Currently, however, this requires reliance on a technique referred
to as parameterization. This method aims to estimate the strength of turbulent mixing using
large-scale observable physical quantities on a global scale. However, there are several prob-
lems with the existing turbulence parameterization methods. The parameterization of turbulent
dissipation rates in the deep ocean relies on both fine-scale velocity shear and density strain in-
formation to measure the distortion of internal wave spectra. However, the application of the
single-wave approximation to broadband internal wave spectra leads to overestimation of turbu-
lent dissipation rates. In particular, in regions dominated by near-inertial gravity waves, where
this approximation is effective, turbulent dissipation rates are overestimated. Furthermore, the
determination of the turbulent mixing intensity from the estimated dissipation rate conventional-
ly assumes an efficiency of approximately 20%, but this efficiency varies depending on the driv-
ing mechanisms and developmental stages of turbulent events. In particular, in areas where
sporadic, intense turbulent events are induced by convective instability in high-density seawater
overflow regions, the mixing efficiency can sharply increase to 50%. In this paper, the existing
problems with turbulence parameterization are reviewed, and potential solutions are explored.

Key words: Turbulent dissipation, Mixing efficiency, Parameterization, Internal waves,
Meridional overturning circulation
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