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Generation and propagation processes of near-inertial internal waves and
coastal-trapped waves in and around Toyama Bay, Japan,
calculated by high-resolution nesting ocean model
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Abstract: Characteristics of near-inertial fluctuations generated by typhoon in and around Toya-
ma Bay (TB) that opens its mouth toward the north were investigated by using results calcu-
lated by high-resolution nested ocean model which is usually operated for fisheries. From har-

monic, spectral and verticalmode decomposition analysis, we confirmed that density and

current fluctuations were fundamentally characterized by propagation of coastal-trapped waves
(CTWs) generated at seamount adjacent to the land tip of Noto Peninsula (NP) that is western
boundary of the TB. This result in counterclockwise phase distribution in density fields. Near-

inertial internal waves (NIWs) were also generated around land tip (Nyuzen) located at the

eastern boundary of the TB through topographical scattering processes of the CTWs. The NIWs

propagated the northwestward by way of center of the TB, finally were reflected along the east-
ern coast of the NP toward the northeast. The NIWs formed clockwise phase distribution in cur-
rent fields, which is opposite properties against that by the CTWs. The region of strong currents

confirmed around the Nyuzen was considered to be resonant-amplification of currents of the

CTWs and inertial oscillations.

Keywords: near-inertial coastal-trapped waves, near-inertial internal waves, deep bay, high-

resolution ocean model
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Fig. 1 Bottom topography of (a) study area around Toyama Bay and (b) model domain of

DR_C. Station A and B indicate representative locations of wind and current velocity

shown in Fig.3. Horizontally averaged values are estimated in the region enclosed by the

dashed line.
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Fig. 2 Track of Typhoon 1004. Open circles denote
the position at 9:00JST.
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Fig. 3 Time series of (a) wind vectors at station A,
(b) eastward (solid line) and northward (dashed
line) current velocities at station B at the depth
of 30m, and (c) clockwise (solid line) and coun-
terclockwise (dashed line) spectra of current
with a period of 19-hours averaged horizontally
at the depth of 30m. The gray vertical lines indi-
cate the time when Typhoon 1004 passed the
north of Noto Peninsula.

o & DICHBREORIETIRE L TV 5, HiHE O
BN 20 WA EEC, RV, mAbEs CRIARDS
90° BETHTWAI END, MK FHKTE
WCHEB % LTz 2 L3005 I OHIRE)
X 19 H & CTHERRII R 56

TR OIRBY M 2 WAL D % 72012, KFiED
WEEEE D, BCREERII Y O ERE A RS bV AL
F—HES., Si (T8 A (1a), (1b) ) %@
7= AL VHEB LA, BELBNONN B
(Fig. 1 (a)) 2B 5 30m BAKFmHED 8§ H 11
H 95 19 H 9 REDRERYI 7 — & i > TH
SN7zllfiz AR bV TR F—%E (Fig. 4)
5, 19 R R WG] b i 3R B 25 5k L C
Wb ZEDRbhol, TN, ARFHITIE,
19 IR ] 5 B 22 B & e PR R AR 8 & e 3 L 72
%3, KEEEHE D B5S: DIRIEAIER 1T/ S n S
&S MERARECRIE 11T L, THNRZ MV ORE
HWZEAEMISEVWHLEZ i 2 L 2%b2 b (ff



Propagation processes of near-inertial internal waves around Toyama Bay 99

3.2 4

Rotary spectrum
2.4 S, e

S+

[cm2 s_chh_l]
N

Iy

O o D o
0 10 20 30 40 50 60 70 80 90
Period [hour]

Fig. 4 Clockwise (solid line) and counterclockwise
(dashed line) spectra of current at the depth of
30m at station B calculated by the data from 9:
00JST, August 11 to 9:00JST, August 18.
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Fig. 5 Density anomaly (contour) and current (vector) of the period of
19-hours at the depth of (a-d) 120m and (e-f) 30m. Contour intervals of
density anomaly are every 2X 10 °kgm~°. The positive anomaly of densi-
ty is shaded.



Propagation processes of near-inertial internal waves around Toyama Bay 101

> Nyuzen

(a) Current

uzen
(d) Density
6.5m r

yuzen

(e) Density

37N A ] 7
! _#% Nyuzen ® Nyuzen
i “'(J  (c) Current (f) Density
368N 7 Nl M S 120.0m
T T T T
137°E 1375°E 137°E 1375°E

[E————— [kgm~?]
0 s 100 15 20 25 30 0.0e+00 8 0e-05 1.60-04

Fig. 6 Maximum (a-c) current velocity and (d-f) density anomaly during 19
hours around 3:30, August 14 at the depth of 6.5, 30 and 120m. Dashed
and dotted lines are the contour at the bottom depth of 800m and 100m

respectively.
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Fig. 7 Horizontal distribution of phase for (a) the potential density anomaly and (b)
the clockwise component of horizontal current with a period of 19-hours calculated
from the data for 95 hours around 3:30, August 14 at the depth of 30 m. (¢), (d) are
same as (a), (b) but for the depth of 120 m. Dashed lines are the contour at the

bottom depth of 800m.
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Fig.8 Same as Fig. 7 (a), (b) but for calculated from the data for 95 hours around 3:

30, August 16.
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Fig. 9 Vertical profiles of (a) potential density, (b) buoyancy frequency averaged
horizontally and temporally from 4:30, August 12 to 2:30, August 16, and the low-

est three internal modes of (c) potential density anomaly and (d) horizontal

velocity estimated from (b) interpolated linearly to lm intervals. Horizontal

dotted lines indicate the depth corresponding to the depth shown in Fig. 7.
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Fig. 10 Horizontal distribution of (a) the amplitude and (b) the phase for the first
vertical mode of potential density anomaly.

JHBTED X D5 - ZHE L Twizh% DR_C
Ty 2O T 5, HFKFETY v FOEER
7 - WO HEE - FALiE o 185 A5 19.5 e JE
DINY ENAT ANV —%@LIzTF—Z 13 L,
Fig. 9 (¢), (d) O&EH 1~3E— FOIEHILL
72E— F2R/ADNZHFEICE ) B TED, F£E—F
DIRMFORERFN % KD VD, TORERYIT— 712
xt U CRRIANT 2 F v CIE P R A B o dikig &
M EME L. 22T, BIEEEHE (Fig.
1 (a) MFRFIR) OWNEBEOREL W5 720125
FIXIKGE 800m LLRDHEHICIRE L7z T, $hil
E— FEMOFHED 800m Diks Lz, KL
< VEHNOJRIC X 2 WRETE % fENT O R4V E 35
728, /N E V24 Tid o, 20~800m
DO DR CTF—% EE— FREZHWTITo 72
Fig. 10, 11 1%, EFRdFHE»o/oNn:, HEE
W7, B - FAbiE 2 T L8 1
E— FOIRIE L AAHOKF5534C, 8 H 14 H 31K
ZHLLE L7z 5 MRS ORTH 5. B
FIEHT 5 L, RIS EEMGATE CRb K E L
AL /N R RS, ALARE O G & SR
FHE DRI L, M IRIE O & — 30T
% &) Kz R0 (Fig 10 (a), (b)). Ziuid,
TR R P ORIk O 4F % % 7R 3 Fig. 6 (f)
% Fig. 7 (¢) %t (Bid (1)) LR —%T %,
22T, ®BILEMNIZBIT AR R KEN
& (% 10km) 250 A ¥ — O HHER LR B

20km) IZHARTHo/NE W=D, W Ve vk
W2z enmeohTcnsd (KD,
2006; IGETA et al, 2011) Z &7 5, Z OFNT T,
BERBICKE R Y 7 F VBB LNE TV E ~
W 2 RSt Sz LT E %,

—J, TEOFIGRS % 72— RO Rofk
B SIE, SESE 1 E— FoIREIE, AFEhIom
RKEFELOOMGIRIIEEL (Fig. 11 (a)), i
IRIE O K A5 § 5 AFm & I, H P~
)7 > THEE B AU O iR 3 L CRALAH T
2#%3 % (Fig. 11 (b)) F¥EEZRLTWVW5, 2D
FEBOE F AT B 5 & F o 22 AT R R (Fig. 11
(c), (d) THMEEMRL, oo, &
TETENFRIE D FEAIRAAEWN T, T HReR
BiRREMERET 5 L) FRRoHENEZ R — Mg
%o

MZ T, ZOEHEIIB TR AN 7
Ve R R RO L L, NETVE Yk
DOAZFERFEI I E DB L FL v (G, 1982) 2
LERBFEZLE, SHEE 1 E— FNEHEDEOM
MEEE X D, RO EIZH 130km & 5
b ohd, —F, BIUEREY2SABIIHTTO
AR O BE R HLE 0 0 T T O Z2 [ A o — v id )
20km TdH Y, FEEMEDFEHIREOWRIZHNT
TN ECE B ENL 2 END, AERFED
I ZAL T B iP5 L5 2 &1 &
O PENERIE DS E L L EZ BN D,



106

La mer 56, 2018

1 AN
37.2"N— P
= G
/

37°N

36.8°N amplitude
—

eastward current

372°N 4 %Q/J L'
i X

37°N+

LY

northward current|

northward current

36.8'N amplitude 1 phase I
— S — A
137°E 137.5°E 137°E 137.5°E
LT cn/s] RN I [rad]
0 5 10 15 - -n/2 0 /2 I

Fig. 11 Same as Fig. 10 but for (a,b) eastward and (c,d) northward current.
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Fig. 12 Horizontal distribution of (a-c) the amplitude and (d-f) the phase for the
lowest three vertical modes of eastward current calculated from the data for 95
hours around 3:30, August 16.
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Fig. 13 Density anomaly at the depth of 120 m (contour line), current velocity at the depth of 120m
(red vector) and 6.5m (blue vector), and difference of current angle between the depth of 120m

and 6.5m (grayscale) at the time (a) trough and (b) crest of coastal trapped wave were located

around Nyuzen. Solid and dashed lines represent a positive and negative anomaly, respectively.

Contour intervals of density anomaly are every 2X 10 °kgm .
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