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Fig. 1.

High-pass-filtered amplitudes of surface elevation associated with My internal tides along the TOPEX/Po-

seidon ground tracks over the Hawaiian Ridge. Solid and dashed lines indicate the values calculated respective-
ly from the TOPEX/Poseidon altimetric observation and from the numerical simulation. After Niwa and Hibiya

(2001).
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Fig. 2. Model-simulated vertical cross-sectional snapshot along 20.5°N of vertical dis-placement due to Mz internal
tides generated over the Luzon ridge. After Niwa and Hibiya (2004).
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Fig. 3. (a) Model-simulated global distribution of depth-integrated kinetic energy of semidiurnal (M; and S,) in-
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Fig. 5. Model-simulated global distribution of wind-induced inertial energy input per unit ocean surface by sea-
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Fig. 6. (a) Model-simulated horizontal cross-sectional snapshot at 1000 m depth of vertical velocity perturbations
due to wind-induced near-inertial internal waves in the North Pacific. Wind stress magnitude contours are su-
perimposed. (b) Vertical-sectional snapshot along 177°W of the simulated horizontal velocity perturbations. Af-

ter Furuichi and Hibiya (2008).
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Fig. 7. Global distribution of energy conversion rate to internal lee waves from geostrophic flows calculated
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DRENTED, EHw VRO RIG, Tty
DEHFEAIC L > THEI ST EEALNTVS
( Marshall and Speer, 2012),

Munk (1996), Munk and Wunsch (1998) @ Abyssal
Recipes DRSS —EEE S N7z & id vz, WK
DOFEITRA P EEMEROBE L BENETH 5 Z L ITIEE
b bz, WEERNEREOBIEIRD 7' v — OVt o8 E
fRBA S NIHTE, RSN RKREREEIL, BiKsh

WK T A VF =B ECTED X S ICHET % 5% B
SR, ZIRHHIRAD I =NV giERD S
CEThB, FIZIE, ZOEEBNAERAD—DLELT
Hibiya et al. (2006) 1%, & FTXWE T2 7 74 5 —
(XCP) #BlHITH 5 N7 EE O BLE R T DELIREARE
ERBREMEY S 2L —v a v TES N NEEIY I
V¥ — (Fig. 3) 2+ 32 Lick b, HLREARED
7a—rOvnfitROTws, L, ThiddHl T
TEBRAVICHEE L 72 SRS REB OS5 TH b S
LNT2D DTIE7R 0,

—ic, MEIhBENREL ALY -0 b,
Fig. 2 0igsbr I R o 3 © — LIRS 2 TR L 22 [
MR/ E BRBHE D /NS WERE SR T — F D135
BRI TIHIL, ZOBCEMIRGZEIERIT L
EZzbh3, INEAERESA (Nearfield mixing) & W
Ko ZNICH LT, SATEMRKE— F D ONEH & Fig.
1, Fig. 2% Fig. TWCREN 5 X5 WEFICBIEL, il
B ol & CATHMBGZEIERIT, himE
iEiE4 (Farfield mixing) & MR,

BfE, %< ofHERERE S VICHAANS LTV
St Laurent ef al. (2002) /85 A&7 V¥ = 3 ik, i
EHIZ OE LN I & 3 “EERA T O%IR%
EXML b DTHB, DT AZ YL - 3 VT,
K VE R U gE o SLRBLE O £55 (Polzin et al., 1997)
ICHED VT, TR A DR EWIES S —ED AT — L
NA T (£=500m) TIET 2HEIESRETRIAL C
Wb, LaL, BIEOEEREGD DM & 0 EMHT, H
712, Iwamae and Hibiya (2012) % Decloedt and Lu-
ther (2010) & Bfifi 5 5% 0 LR BLH 7 — & O AT 2> 5,
WEARA D AT — A b oS IR I O Skl R 1 ik
FLTRELSEMNMT 2 LML T3, BEDWE
WIS OMER A OIRE ED LW T AT T4 X
T, FRE-NEABIELNTH R, SRIF
& O IRHIPHICAR % 7 Tl RMIZ O E L 5 R £ T
DOFELIBII ATV, 2 ORISR 2 Bl U B ER I E X
ftsazhkdbonTns,

—77, WK O BIRIE, 6% #h - Girciie & %
CEFREA 7 ICOWTE, BERR L, KA
MaE#R L 2E 6 Twiwy, #ilzi, Waterhouse e
al.(2014) 1%, BRICEHBS NERER O T — & X —
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AEFEML, ZOHICNERE O BIEIE D 6 BN 728577 T
SIMVWEITREPEEI SN aH085H 5 Z L 2R L Tv
%, %72, Alford (2003b) (ZEHIRE 7 — & & 4T L
EERAZEI LS 2 MEMARE — FNEEEES R
b=t Ty 77 EOFFIED 5 RPEE R L C 1000 km
DEDIEHEL I B2 EE2RL TV 5,

Oka and Niwa (2013) &, W% 3 o @ik EdE >~
fal—Yavr (Fig 3) THRONTZ VT —HHED
H#» o EBRADO I — VR HEEL, ZhEiE
FERIBBRE T VICHHAAN D T 1T & - TBUHIRS R L K
BUL 72 KRR E K O KA I o A 2 B 5 2 L ich)
OTHII LTz, TDZ L, ERREAREERIGERD <
Y — v ORI ERE R ZEH 2> T 2 AR Z "R L
TWwd,

L& L7255, Oka and Niwa (2013) 23i=b@ER A& O
TEIC F > 7o NESRNY e D R EREfES S 2 L —2 a » (Ni-
wa and Hibiya, 2011, 2014) i%, 'V v FRREHHL,
F-ERONEKSCTHRERS D EATH R VD,
HEMRRE— FONTBIE D = 2L ¥ — A X7 — PR
HEOEEZ FHEICHRTERV I LICERTARETH D,
PIE DUFTEIC B 2 SREARK T — F ORI T 7L ¥ —
DOH A7 —F - HHOEBR E L Cix, WENEO =R
HAEF o—FfET & % Parametric Subhamonic Instability
(PSI) (MacKinnon and Winters, 2005 ; Onuki and Hibi-
va, 2015) ZZ Lo, HELEL L OIERIPHE A (Kun-
ze, 1985), AKLRIZ M3 I o KRB RHATIC 35 1) % BGEL
(Rubenstein, 1988 ; Kelly et al., 2013) 7 Efi4 72 X =
RLDWFEZ NS, BRSO 7 v — 1 Vafhid, R
BERIE T 2 RERKR T — PR L LRdofks ko 2oL
X—A AT —F - HHOEBR L DT v AT & > THES
NTw3, %1, BEOMEICE L GEREA B
MICEZTEDLHIICHRETCVWEDR, ZO7a— )L
PHEHSPICT 208D H 5,

S5, WBRADOFEA D =X LXK, HENTEKD
T A =2 BV TH B GM AT PV offER: - TR
W E D ERBICBEb o TwE EEZX N D, A THHA
L7z &k S, g ERE o IR 12 R 22 I KR E {
ELTw3, ZRICHEL 6T, BifE 5 #En 72 i
TlE, WFPENTBIE AR 2 FIVOHE 0 JOELLE L TR
ReEC & 6 FTRDNZIER U Th DA — & —D 200

;%

F—L PRI TwEZ EPASN TS (Gar-
rett and Munk, 1972, 1975; Munk, 1981 ; Wunsch and
Webb, 1979), fETWE, Wi - FHilc k> TGM A
ZEVDIFIVE—L AL A7 FOVIBIR SRR NI
EALT 5 2 LB IR S Tw % (Polzin and Lvov,
2011), L2 L, EBEOWHEICEBWTGCM AR Ry
ED kSR EN, RSN Twb0h, ZoWik
BlIR7ZERCHEMRINTH R, Fig, GM 22 k
VDI FE—L VDI - HERFEREIC DWW T OIS
FIFEAEfTbRTw v, WBET - FEOHIEES TR
iz, TOGM ARZ FILDOT 2V F—L LD 2 FIC
AL TREL &5 2 LM - BRI Tn3
(%1 21, Muller et al., 1986 Gregg, 1989), %t - T,
GM 227 bV DL 3V ¥ — L~ )LD - HEFFEERS D
fEIR, EBRAD NI AT VX — a VICHEET 2 HE
FERMELE SR 5, R, SAEMRE — F D O N
&, BhEERD SES A TREL, A RESERICT
WX —FMIGT 55 GM ARY FVD T 2L ¥ —
LRV ORERFICEE s RZEH 2o Tw 3 EEZ 65,
S, INEARE— FNERE D, REMEHEL 255
GM ZX2Z7 FILD I 2L ¥ — L L O TREFER S D
WEEZEDLSICay b —)LT 5 DHh% H¥IIC AR
LT D H %,

A7 BEEE, N ORI, 5%, —32v¥—7
A —F, #H# SREGOFEREERAL, EEOWE
BT ERS & RBIRAOWT O S & E NI TRl
ZUFVENTRI - SRS O FMET VEMLT A LT
H5, mILTIE, Olbers and Eden (2013) 7 &, filg{k
L7 158 7V 2 R L CINER I o iR o [§ 2> 5 L
TR AR D 7o — Vi e ET 2AbIMD 5
TWwd, GHRIETDES BRFTEOWED S 575 5 FEH
HilEh, 2266029 - BEOHMESIRED
7u—sOV s RRRESMOERE, RERERET VO
AHEEHEZEZID RE, [UELETFHOEEMICKEL
HkT 5 C L pfiffsn g,
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Recent progress and problems in the studies of the
global distribution of internal wave energy available for
turbulent mixing in the deep ocean

Yoshihiro Niwa*

Abstract

Turbulent mixing in the deep ocean plays a crucial role in controlling the strength and
pattern of the global thermohaline circulation. The energy available for turbulent mixing is ini-
tially supplied by internal tides and internal lee waves generated, respectively, by tidal and
geostrophic flows over rough topography, and by near-inertial internal waves generated by
wind stress forcing of atmospheric disturbances. The large-scale internal wave energy thus
generated is cascaded across the internal wave spectrum down to small dissipation scales
through nonlinear wave-wave interactions causing turbulent mixing in the deep ocean. This ar-
ticle focuses on the generation processes of oceanic internal waves and reviews the recent
progress in studies of the global distributions of topographic- and wind-generated internal
waves. Outstanding problems for clarifying the global distribution of turbulent mixing in the
deep ocean are also discussed.

Key words : internal waves, internal tides, internal wave generation, turbulent mixing
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