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I. EUBHIC

W LR U B R A EN L, SR EMERE N
TE ST GREERNIRE EWPR) & LT, EEEAmIC
BT 2 (B2, Gill, 1984 ; Garrett, 2001), HAWED
mERIIEEREERCcH D, HARWEORE A LS
HNEIEOEE2 LI LIFRHEF CEll SN % (Igeta et
al., 2009 ; Igeta et al., 2011), Ffic, B L OKRRIEEL
DB, VO PORZEE) & A S VT NS A 20
EMEN BRI EVCIRERE AR L S (F2F, &
5, 2007 Igeta et al., 2007), EEMIIES OB EZ
FlE# T, Igeta eral (2007) 1%, #LHIGIERZILICL 72
BUEERE D 5, PHEYEOZIERICEF T 2 T E RN
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WX —pamofticlE L TtnwsZ E2m LTk,
E5 (2007) IXREEP B AT 2004 FFICEI S 7z 20
DFARERE 2 BUMEEBIC X VN, BRIC X W IEEh
7O EEIRENES 2 OFERTH D Z EZHEITL
7oo F7z, Igeta et al (2011) 1%, REELEHERECRARE
LIS I HEE T 2GR S L ERE TR I N 5k
Feffide st & i o kgt b o2 lic & > TR S 1 25T
BHENTROREREDETEL B 2R LT,

EEVE PRI 0 2 B2 ic B 2Rtk ic 0w T, Ig-
eta et al. (2009) 1&, FREFBLUAGLER D MENT & FUEFERIC X
DRIz, 5 1E, FITHh-> TIRIE L - REEH A5
Tl EKROBHE T — 2 2 5, K[RBELEEE ICTE
PEFEIZSBY O = 3L ¥ — H3f G2 CRICE C 22 5
L, MMEBER» S HENLEND L, Th
b, MEERAPEESECH-> TREZHICATERET
22 ERR L, E7, BENZBIGCHEBRAL HUE
FEERIC & o T, BT & o THbER S 7T E N TR 2 R
S, NEr Ve ViEohEMEEZ RO LR
U7z 5T, B L 72806 % U 7- B il sEBRic
ko, RAMICHBEET 2T EENRR B2 0
EICBIEL 72 & FICRICHifE s h, BEAIRGREE
FMoWNEr veE v LCiEBT a2 L L, RERK
TN E 3 ORI AR I - TP A T I R
¥ SN2 7 D B O N7 L E Vs
ERELTCOIEBEPCRABMICBET S22 R L, 20
X 51z, Igeta et al. (2009) 1% H HEHE S 2 ST EHENEI
DRI COE EFEMICER L T 5, LaL, 5
OREBINE X1 EOATH b, TEENTR S ARE
BLIEERFICERTENIC ED X S I A S v 7T S N,
I L 28 E LD & IIChy TV T T D hTk
&, MR L ORIt S ARG i s h
T, WEEMENERRIC & 2 AR o RZef 21l & [EE
WTFEIT 2 7-000E, RSB 23BN 0%
BEHOPICT 208D 5,

INECTOMYET, HAECIEHOEEERTE G L
BAGIC & D AESFEEL TV R I ERHLAICE>TW
27, 206 OITEENTEICHE S ShiEfE o Riguc -
WITAHR S L LRI TWS, Fig LicRdT koI
REEE B AT I IR A AR L, B 6 B
W CRBRMTEELET 5, P EEHITIE O 2 75 1

T A U 7 R e e & o OB & BESm 3642 L
Te WL ST B AE I L, NERIR 258 A0 S 4 2 RTRE A
» 2 (Hlz12, Kawamura et al., 2005 ; kawamura and ki-
tade, 2007), F7z, FEMH T RLX —HEI
% C & CIRBHENE 2 ML S B B (Igeta et al.,
2009) L iEAlic, ¥R & oM AEMIC X 5 EE
bhHrEEZLEND, UL, TNETOFITIREEM
Bl SN TRV, BB OWEIEIE IE
Mchb (Fig 1), B4 RB5RT CUEE MM O ¥ K
Hick pldElsilic 2 2 e EZ NS, ZOBREICD
WTCHHRZ 2 IciE, BHEOBHIRICE VT, RE%GO
EBGEE A 2BERH DD, THETIKZDEI %
LI TbhToizn,

2007 SEEZFEH 5K H T THEE L B2 o 3 &4
(Fig. 1@ (b)) T, MWEKRER ADCP & fl\w 72 i E)%
OB T b NIz, RIWSCTIE, Z OREBINICHE
LN T =4 % MENTL, BEEEEIREEICE T 2R HEME
WEE DR EREE B & O T 2L X — (5876, ¥ a5
TH U 72 Bl & 2 BT ds © o urE MR o st o\l
BEMEIC W THR, S5z, BHERY» SRR INE
BN OBELE O F A - BRREEIC v, BHEW
SRR U 7 3 ROTBUE € 7OV FEERIC X b NI AG
RaEB~5,

2. BAIEERT—%

FREE LA, 2007 £ 8 H 29 H 2 5 10 H 30 H iz 2 1
T, Fig. 1@ (b) IR TREE B2 o Sta. 1 ~ 3
KB W THEMS N, BB R B W T ADCP (Tele-
dyne RD Instruments f:# ; Workhorse 300 kHz ; #%7
T 42cms’) ARHE LA S CBRICREL, BIE, 6%
[& & T D ENS O EAGE BN 21T o 7o, AELH R o B
W 2km ThH B, SIS OOIE, K BN
Yo7V v bR E ORI A Table. 1icaRd, BlHlfE
L BHNS DK ADCP ic & b JI%E U 7z SKETREE DA
wRAREZRDEEMmNE L TRELZ, ADCPIck &S
NIRRT — 2 T8 —k v F 7y Fa3100 % A5 D
T—r%TI7—fHE L, ZoMEDT—7 IR
Kol L7z, %72, Side lobe effect #&EL T I —
EEARBHMTDOT -2 %FHL, Sta. 1 &£ Sta. 2T



BT B AU C LA & 4 7o A E A YR 205

39° |

38

37

1372°F 137.3°  137.4° 137.5° ISZ.6f
37.0 1 1 1

(b)

135°E 136°

137° 138° 139°

Fig. 1. Map showing the locations of (a) CTD (squares) and wind (triangle) stations, and (b) mooring sites (cir-
cles) around the Noto Peninsula. Bathymetric contours are shown with numerals in meter.

Table 1. Summary of moored ADCP observations at three mooring sites.

Station Latitude  Longitude Depth Bin Bin Sampling
Number " N) ¢ B) (m) Number  Size (m) interval (min)
Sta. 1 37° 30.45' 137° 22.82' 42 25 2 5
Sta. 2 37° 31.08" 137° 23.73' 76 40 2 5
Sta. 3 37° 31.76'" 137° 24.87' 106 54 2 10

1312 m DI, Sta. 3 TIX 18 m AED 77— & D & % T
Lize B> 7V v 7K Sta. 1 & Sta. 225543, Sta. 3
P10 TH5, KiffFeTlx, Sta.l & Sta. 27 =41
DVTRIODT EWCHY Y 7Y v 7 U THITICHERL
720

BN © BoRZS) 77— 2 £ L ¢, Fig 1ic=
FEICR T iE S (HG) CHUM S 47 iR o Jal 1 a3
F—2 ZHH L7z, BT B 25RO B
[EfEiE %2 IR 5 7-0, Fig 1ICPUAMTRT 2 14 i
W 10 A 30 H & 31 Hiz CTD (Conductivity Tempera-
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ture Depth #£@&, Sea-Bird #L#L) i & b KiF L0 DR
BETa 77 ANVEREHIL -,

2007 /£ 10 A 8 Hic, (KRBT X 5 m JEE o
BV E N L Z SN B TIETE R o2
B SEHEICB LBl SNz, RIFZETIE, % OHT
B A&7 10 H5 H2 5 10 A 16 H £ T2 M
KM E LTz,

3. BAIRR

3.1 MEEKBOEEZEL

BRI AT B T 2MEDOET — 2 OHAE B (FiR)
b E B GRER) @ 2007410 H5 HA2 5 16 HoofH
DORiEZAl (Fig. 2@ (b)) 5, AL & 5 2581 & B
BEODOEBLTOD I EXDH D, FHEH & JADZE
FHoBAfRE R 27012, Fig 2o (a) i HG I BT % &
DRAT AV 74T 7T LbHECORT, EREDOHAK
YR B oI 10 H 7 H2 6 8 Hico P TALE A &
o EH LS N, 8 HART 7 (Fig. 2 Ot A b
NS o< = i e R 5 o 0 R R e (A O R N
Tl Z OREZI A RS U 72 R & BT B,

Sta. LIcBWT, 7TH2 5 8 Hich T CoA il L &
FOEEEHE b DZAIctE- T, BALICIRENT 2 iin sk
LT3, ZORENE 14~ 26 R0 v Fov27 41
Y — %L AR O ZH) (BFR) & XSELTE
b, EEERBORELESL SN T L2 RELT
Wb, TIT, 14~ 20FEA DNV FRZAT 4 V4 —
DNV FIEE, REWICR o T—2 2y F 6 ulE
PR (R 19 RefH) oW B 255t - B3 2 Ri%
TELRTHMIET 270 ICHRE L, ORI
HRAM oMY OZEE S & ATV S, AABHEELEER
WHEHE TR NS W0, AR T 2 TE A
HZEH O CIE, 1 HAMBY OBz LA EEEN
TWRWEEZ TR Z2ED 5, Z OUTEM: R O HiR
ZEE, ERKEEBEZO 2mEE 24mETREL,
36mETE LB TIEL{EoTWw3, Sta. 2 TlX
B oGICHE Yy, FEREofnsmibIh v s, Jamn
EDSHEEFE D IS L 2880, MALICIREN T 2 ihasE
UTw 5, STEME I OWR A ORIE I, {K5H®

(a) Wind at HG
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Fig. 2. Time series of variables during October
5-16, 2007. (a) Wind vectors at HG, (b) Eastward
(blue) and northward (red) components of current
and (c) Temperature observed by ADCP. Vertical
dashed line: Time when wind direction changed
from northeastward to southeastward. Black Lines
in (b) : Band-pass-filtered (periods of 14-26 hours)
northward current.

Nsta. 3 (106 m)
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Table 2. Ratio of near-inertial period fluctuation components to raw data at various depths of the three mooring

sites.
Sta. 1 Sta. 2 Sta. 3
Depth (m) Var1 , R/ I\II , Ratio Var1 , R/ I\II , Ratio Var1 , R/ I\II , Ratio
(cms’)” (cms™) (%) (cms’)” (cms™) (%) (cms’)” (cms™) (%)
12(18%) 72.1 47.8 33.7 195.3 168.6 13.7 200.3 154.5 229
24 57.4 40.4 29.6 171.1 148.3 13.3 202.5 153.8 24.1
36 41.8 32.6 22.0 156.8 118.1 24.7 153.7 109.4 28.8
48 - - - 70.4 36.3 48.4 105.5 55.0 47.8
60 - - - 38.8 21.6 44 4 43.9 17.6 60.0
72 - - - 12.4 5.8 53.2 13.1 5.5 58.3
84 - - - - - - 16.3 9.8 39.9
96 - - - - - - 18.0 12.4 31.1

Sta.3. Var: Variance of northward component of current. N: Data number. R: Residual sum of square between 14-26 h
band-pass-filtered data and raw data. Ratio: ((1.0-(R/N))/Var)x 100.0.

WEZICIZ 12 ~48mETRKEVD, 12~2dm#FELD
H36~60mFETKEL, 60mFETIXZI HIZFEENL TR
EL{ ko T3, Sta. 3 TH Sta. 2 & FARDILHEELEH
AL T3, RIEZ Sta. 2 IR ThE W, BllSh
o B R o JR 22 B o R R E CIRIE AR E <
Sta. 2 & Sta. 3 TIRRIFFAMAHTIREL T2 LER %,
B S W7 R A 2 T E R EES NIRRT 2
BVEIHARL 2O, I0HEH2»5 12HOHDO T —%
AL, £F—2 L 14~26@ NN F27 401
Y —F— Y QAT D 5 FOREBNC D BT E IR
Bk DE G %KD Tz (Table 2), Sta. 1 D 12m ETIZ
Bl s N7 2o 337 %, Sta. 28 & Sta. 3D 36 m L
ERTIX 13~ 28 % & IR A3, 48 m DIEE T 40 ~
60 % LATIEVEIREN Y OF G ENRETH 5 2 L2y
D5,

Fig. 2@ (c) ¥, ADCP oKt ¥ —ickb&Eohn
T KIRDAE T — & DRFIZAL T H %, (RHEWEEETIC X
R 72 28 B oz vhs, RAE BRI I3 iEE
B L R EME RO ARZB 2 A 67z, EZH)
&0 HKREB DS CHEMEAREE IR L w5 &
ICRZ D, BHINRITBY 2 ERECE(LER 2720
WAERL729H1H2 510 A 30 H&E TOKIRDA T —
Y OR;fZEL%E Fig. 31”7, Sta. 1 Tk, 9 Ho#b b
510 HOBOIC» T TKIEPRKELETL T3,
Fig. 3 Ofm#E 9 Ho AFEKIE, #FERIZ 10 HoH

KR TH B, 9H & 10 Ho HRHIFEKIREZ, &4
239°C, 205°CTH o7, Sta. 2I2BITH9IHEIOHD
HAlEEARE, &4, 189°C, 177°CTdH b, Sta. 31
B 29H 100 ARITFHEKRE %4, 145°C,
142°CTH o7z, T o DOFERIF 10 H DIho I lJE KR
PEMLIZ ER2RLTWD, S THENZAZT
OFEHTIAENC T EYE IR A B 2 5l L T B,

RIC, FORE O REEIC > W THHAN %729, Fig
21TR L 7 W o o 3w F By & A & gy o %
T =AMV ERDZ (Fig. 4), 787 — A2 FLiZ
EE7—) BB 0BED AR FLIcH LT
THOZA7 4 Vs =% L CHBLL 72, SEHIST,
BEHAPFO 2L — L _UHEL, E—27 oI
19 Kl CdH o 7z, BT O T 2L ¥ — L _OVidsh
EAmICZ{L, Sta. 1 Tix22~30mi#E, Sta. 2Tl
32~42m i, Sta. 3 TX24~54mEMITTEL o
TWBIEPEHEING, B8, EAEREDORRETL
WML, REECEEVE R CTHRA LB H B onE i
P REELERF IR > TRELICATERERT S 2 L
WHIGN T3 (Igeta er al, 2011) 23, AREHIHARIF I
132~ 10 Ho%H R ICHER E— 2 1R ok,

3.2 EEMAHREHORFEZEL

B REES DY A 2 v TbI N 0h %
FLLHRD 2D, 14 ~ 260 DN FRAT 4 V& —



208 (Lo - AGHY - M7 - B8 - TF - 0 - KRB - it

w
(e}

Sta. 1 (44 m)

[N}
(V)]

- ‘\[".' ‘_.“Hllh‘.“ A T

oL\t M TR

AN A N P
W N,

Temperature (°C)
e}
S

—_
W

\\\\l\\\\‘\L\\‘\\\\

’ V
Sta. 3 (106 m) ! !
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\%Tr\\\TTT\\\‘\\\\‘\\\\\\\\\

1 11 21 1 11 21 31
September October

2007

—_
S

Fig. 3. Time series of temperature observed by ADCP from September 1 to October 31, 2007. Horizontal
dashed (solid) lines : September (October) monthly mean. The temperature data enclosed by dashed lines are
analyzed in the present study.
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Fig. 4. Vertical distributions of the sum of the power spectral densities (PSD) in (cm s™)* cph™ for the east-
ward and northward components of current at each station. Vertical dashed line indicates the inertial period
at Sta. 3 (Tr=19.7 h).
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ZHE L7 BRI B T A EO R E - L& g% 2
NFNw, v L, I 2L —%E (KE) OREZ
& JfEd -7 (Fig.5), 22T
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:—J u, +v, dt

féaotﬁb,@m@%ﬁp&1MMkyﬂ%x&
7 POVIET DR 5, SEEMWER T2 19 B & L7z,
HG?@H@X%4v7ﬁf7755(Eg2@(»
T B &, ARSI PE > TR SRR R] b I A

B U7z (Fig. 5 OffEri#R) t2ic, SEH)T 2L X — 2K
LCW3ZERGH D, PR TIFKRRETLE®EICE Y
AR R D B LT B &, MR E T E M A A S
DEIRINCE I NS Z AN TWwS (FlziE, D’
Asaro, 1985), fit-> T, AREMIARICHKE L 2mE
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Fig. 5. Temporal and vertical variations of kinetic
energy spectral density at 19-hour period. Vertical
dashed line indicates the time when wind direc-
tion changed from northeastward to southeast-
ward at HG.
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Fig. 6. Vertical profiles of spectral analysis results for 19-hour period component. (a) Power spectral density
(PSD) in (cm s™)? cph™. (b) Phase lag and coherence squared (¥ %). Gray (black) : Eastward (northward) com-
ponent of current. Open square : Depth of reference in phase lag and coherence calculations, at which the
power spectral density has the maximum at each station. Error bars: Confidence intervals (95%).
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JEUC & o TR & 7R EMEIRENR © & 5 AIREIESYE 2
5Nz, L L, REH TR ZREZE ORI,
Sta. 2 & Sta. 3icB VW THETIEERMEHO T %)L
XF—DPRRELEDLILICH D, TREICRS NELE)
DA, FEFD D Sta. 21CLE~, Sta. 3 DHBEGAT
CHolel th b, BEFBILREOREMS E2 560
VA ME TR O HEL 2 JE A - R A S s (B &
¥, Kawamura et al., 2005), Z I, AKFEHEICHT B4
TEENE O R O X 13,

(o= ) (=)

YoBEHTES, HL, o (=918X107s™") dimEiEM%
HEBIE o S, (=888 x10°s™) ixa vty 83
A—%, NEZFAR#BKCcH 2, 22T, K210 A 30
HiZ Sta. a & Sta. b(Fig. 1) Tfrb 47z CTD &l -
HEEOHE T 7 74 V2O CREROE S 2 R
b 2L, 10~70m EOBEEARFEMEL 6, Rkl
MOMEE X =31 X107 &2 b, BUALSRIO MK 2 km
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38m, Sta. 3 ClE44m TH-72Z E» 5, Sta 2 & Sta. 3
DY — 7 OREATFRIEMBROMEE LIITNIET 2 725,
Sta. 1 & Sta. 2D — 27 OPEEZIFFHATE 20, (74
BRI oW T, HEMAEMT CHhiEIcIZITFMHET
HolzT s, BN BN RIES O R#% 1
—DHELKIC & % E— LROEIE (RREME) il % C
LIREEL v, 50T, AP CEMEE ho i E R
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Table 3. Cross correlation coefficients and time lags between observed and modeled northward component of
current with periods shorter than 25 hours during October 7-12, 2007.

Sta. 1 Sta. 2 Sta. 3
Depth (m) Lag (hour)* Correlation*  Lag (hour)* Correlation*  Lag (hour)* Correlation*®

12 -3 0.32 -5 0.56 - -

18 0 0.14 -1 0.44 -1 0.38
24 0 0.29 1 0.54 2 0.55
30 1 0.38 1 0.69 2 0.63
36 1 0.50 0 0.80 2 0.65
42 - - 0 0.80 2 0.66
48 - - 0 0.81 2 0.71
54 - - 0 0.82 2 0.74
60 - - 1 0.71 2 0.67
66 - - 1 0.64 3 0.63
72 - - - - 4 0.65

*In the calculations of the cross-correlation coefficients, we used the time series which were shifted

- 3 hours for the results of model.
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Fig. 10. Vertical profiles of power spectral density (PSD) in (cm s )% cph™! and phase lag of northward current
at 19-hour period of observational (gray) and model (black) results at Exp. 1 (a), Exp. 2 (b), and Exp. 3 (c).
The red and blue solid (dashed) lines in (a) indicate the power spectral density for baroclinic (barotropic)
components of northward and eastward currents, respectively.
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Fig. 13. Temporal changes of vertical sections along Line A of the amplitude of current fluctuation component
with 19-hour period for model cases of Exp. 1 (a), Exp. 2 (b), and Exp. 3 (c). Dashed line: The location of Sta. 2.
Gray line: Characteristics curve for inertial gravity internal wave with period of 19 hours.
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Table 4. Results of verification experiments for different bottom topography cases.

Exp. 1 Exp. 2 Exp. 3

Depth (m) Vaf1 , R/ 1\11 ) Ratio Vaf1 , R/ 1\11 , Ratio Vaf1 ) R/ I\II , Ratio
(cms7)” (cms™) (%) (cms')” (cms™) (%) (cms’)” (cms™) (%)

24 697.3 437.1 373 697.3 580.6 16.7 697.3 458.2 343

30 584.5 2334 60.1 584.5 367.4 37.1 584.5 307.3 47.4

36 758.4 219.9 71.0 758.4 388.8 48.7 758.4 314.0 58.6

42 888.7 246.4 72.2 888.7 409.6 53.9 888.7 365.2 58.9

48 605.5 154.5 74.5 605.5 262.0 56.7 605.5 285.0 52.9

54 433.7 129.5 70.1 433.7 176.1 59.3 433.7 204.6 52.8

60 306.2 144.2 52.9 306.2 183.1 40.1 306.2 206.9 324

Var: Variance of observed northward component of current with periods shorter than 25 hour. N: Data number.

R: Residual sum of square between modeled and observed northward currents with periods shorter than 25 hour.
Ratio: ((1.0-(R/N))/Var) X 100.0.
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Near-inertial internal waves observed near the tip
of the northeastern coast of Noto Peninsula, Japan

Keiichi Yamazaki'™ Yujiro Kitade '* Yosuke Igeta?, Tatsuro Watanabe?,
Tomoharu Senjyu*, Haruya Yamada®, Noriyuki Okei® and Satoshi Ikeda’

Abstract

The characteristics of near-inertial internal waves (NIIWs) induced by the passage of a low-
pressure system on October 2007 were investigated using current data obtained from acoustic
Doppler current profilers mounted on the seafloor of three mooring sites northeast of the Noto
Peninsula, Japan. The observed near-inertial fluctuations showed a characteristic of NIIWs. We
found that current fluctuations associated with the NIIWs were almost in-phase at three stations,
and its amplitudes were larger in the middle layer (34-58 m depth) than in the surface layer on
the continental slope. Because it was difficult to explain the characteristics of the observed NII-
Ws in terms of the elementary solution of internal wave theoretically, we performed a numerical
experiment using a three dimensional level model that adopted realistic bottom topography and
wind stress interpolated from Grid Point Value data (Japan Meteorological Agency). The model
had a good reproduction of the amplification of NIIWs energy at the middle layer. Thus, we in-
vestigated the formation mechanism of strong and in-phase current fluctuations by a detailed
analysis of the model results. The NIIWs, generated in the offshore region, propagated southward
and reached the coastal area and Noto Peninsula. Scattering of the NIIWs occurred at the shal-
low region around the Peninsula, and the scattering waves were simultaneously induced and in-
terfered around the mooring sites. To investigate the effect that the bottom topography contrib-
uted to the interference of the scattering waves, we performed two types of verification
experiments in which shallow regions near the Noto Peninsula were deleted. These experimental
results showed that the scattering waves that occurred at the continental shelf off the eastern
coast of Noto Peninsula were important for the amplification of NIIWs at the middle layer, and
the interference by the superposition of scattering waves from different regions around the
mooring sites involved the formation of in-phase current fluctuations.

Key words : Near-inertial internal wave, Noto Peninsula, Numerical experiment, Scattering,
Interference
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