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Latitudinal variation of vertical eddy diffusivity
estimated from the distribution of overturns
in the western part of the south Pacific Ocean

KITADE Yujiro*!, KUSAKA Tomoko*!, KAWAMURA Yuji*', NIWA Yoshihiro*?
NODA Akira*3, HAYASHI Toshifumi*}, HAMADA Hiroaki*?,
YAMASAKI Saeko**, KOIKE Yoshio** and MATSUYAMA Masaji*!

Abstract: Conductivity, temperature and depth observations were carried out at 13 stations in the western
part of the south Pacific Ocean from February 19 to 23 during the T/RV Umitaka-Maru cruise to clarify a
latitudinal dependence of vertical eddy diffusivity. Observed potential temperature and salinity show
numerous density inversions. The number of density inversions at low latitudes (30°-24°S) is two times larger
than that at high latitudes (35°-31°S). From the observed density inversion, Thorpe scale, L1, and vertical
eddy diffusivity, K,, are estimated to be Lr=0.2~0.37m and K,=1.1~3.1X10 ° (m?s ') at high latitudes,
and L7=0.36~0.70m and K,=2.8~8.3X10 ° (m’s ') at low latitudes. The average value of K, at low
latitudes is 2.5 times lager than that at high latitudes implies that parametric subharmonic instability
associated with semidiurnal internal tide has an important role on the vertical mixing processes in the South
Pacific Ocean. Latitudinal distribution of observed K, with maximum near 30°S suggests importance of

vertical mixing due to diurnal internal tide at this latitude.

Key words: Density inversion, Thorpe scale, vertical eddy diffusivity, parametric subharmonic instability, south
Pacific Ocean
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Fig. 1. Observation area.
2000m in depth.

THED, MOHELEICLD CTD Mg E D
FRICIXEENE L bOPTIEL TS b0085F N
5, AWETIE, foBEICHES> CTD @ ERH)ic
Lo THIER I SN BEEANLEDHEZML 31
W, BEEDYEL LR, FF UEE
DFLERE R O 2 EH Ui, RIT, FHAERZE
EEFT 51200, €57 vy v VKRB X UESD
HpFicENEN 25 KA v b (FEEE 1 m FRE IS
OBEPEE AL, ¥F vy v VEEAIELEZS
DERRF— 52y b ELT, PIFICIR~ BRI
AL 72,0

3. KE-ESDOHH

Fig. 2 1/Kilt IR O SpEWHN %2R, FEHIK
i FEJE 78 100 dbar LIFRICHFAEL, 15C 5 10C T
RFE &N 2 EREHEE 1 500 dbar 2> 5 1,000 dbar 12
LTV S, FEEREFEL Sta. 2 55 Sta. 512
FTHEIBOIZAHLTBY, HARAD» I HENOE
HEERLTWS, COWAZDRENG Y X< Vifgifk

o
-20
2N ‘ SouT S
2z
o /o -
=, -
) S
14 © T
[= 2P
=0
| > =
, =i
< \\ O
1= -30
3 \\\
N
2000 B
' °
. 40
L3 . — | A —'_] “o‘~
150 E 160 170 180

CTD stations are indicated by solid square. Dashed contour indicates

EEEN, MERKFEOTHERFR TH 284 — A b
5 ) THHROBRICH 72 B, Sta. 6 £ D KEREMT
1, EESIEKEIGEWATRE S > TV B, EHHD
43713 100 dbar LI TR IZIE—RET, TiREREIC
29 2 %EE (500~1,000dbar) 123550 HEE 53
Wohb, HEHOREESIKIEEERC Sta. 2 25 Sta.
S5 THIBDICHH L TWS, 1,000 dbar f7)
AT NER B O, TR TRRA ITES D
HINL TWwa sz oZbi3/ha v, Ea0EE—k
ThHHIEDL, BEAMIILEAEKEDSHITK
DiRE B EEZEZTIV, 2N, KEPTEIEE
EWLERKEN 2R L TV, HHEENHT
I» %13 EDBRE KRS E M RN S (K
RO,

4. ZBEFELOBREEZONT

Bllan8E 7o 7 >4 VOB & LT, Sta. 8
DEEE 1,150~1,350 dbar D X[ =LK L e R F v
v WK, B LV ad7F a7 » A V% Fig. 3



16

JEHIE BE - HRAAF - JIIRE - FRPIRGE - B B - #K ek - S - LA - bR - LS
35°S 30°S 25°S 35°S 30°S 25°
oL 2 3 4 5 6 7 8 9 101113 1 2 3 4 5 6 7 8 9 10 11 13

E)
O
1000 i
z s i /] 1000
\/
[
| ’—\/\/\\/ |
2000 2000 Py
Potential Temperature (°C) Salinity
Fig. 2. Vertical sections of potential temperature and salinity.
0, S T
|
|
|8
AN
1200+ \ 1200 i
) 3
2] \ ]
21250+ L 1250- i
7]
o
Ay “\y
1300+ 1300 - 4
I Y
1350 1350+ 4
T 35 ' 40 45 ek )
S 3445 34.49 34.53 Th disol t L
0, 27.30 27.40 27.50 orpe displacemen
(a) (b)
Fig. 3. (a) Vertical profiles of potential temperature, salinity and o, at Sta. 8. (b) Vertical profile of

Thorpe displacement with and without applying GK method.



FAARCT-ARPUERIZ 36 1 B S EEHHR D 4341 0> 53K ) P SR ELTIRIN IR D I 2L (L 17

(a) 1RTo Kilt, D EBIKEZL OISR LN
5o INOOWHLE S %y F) A — b vOsh
B2 — Ao H, 1 dbar @[T 20 @ LI E @
F=INHBEIEEEZLLE, TOWEEIHIERO
TS —BETRBWI EBD» B, K, EHOBE
HHE» 5187 0, D7 0 7 7 4V (FIERD 1TIZFERE
DR SN B0, TNELELSEE DG BB
WNEZ IS DODIKEDOEIRETH b, ZOWNFZ
ICHES AN E B EEEE (X Thorpe 247, IFNEEZ 3
A &% & OBEE | Thorpe ZH) & FEIE N 5,
AR THER LTV 2 BE R, NEH O/
VYT ANLES EDITFENERITL - THEL
overturn Th 5 (Fig. 4)o TD & &, KA L Nic
AMED->TVBEEFEOT, Xho STk -
HOOME T a7 » 4 VEABRLIEGE, TS 54
T 5 & LT ONTE IS EESRET 5 D TS I
BOEICBBEEEZEZ NS, —F, HEILEOTR
PREWO TS -tk - T, BESIZERTIEbH
59, ZTDHED TS /v —7&fivicn,
Ao 5 D TS it L CEE SIS NI
51259, HEYEROMEZTHNEHEITIEVL D
M d 5H (Kitadeet al., 2003), Galbraith and Kelley
(1996) DAk (ZOHFEELHRGK 7 4 vy —&
RS D3y & ERFEI S & 54 % (Stansfield ef al.,
2001), GK 7 4 V¥ —=Tld, TS ¥4 77 5 4 Eic
B 2 EEMEEIHOKE L8 OB ENI T E
BN L TV ERENSD, BIERICE, BE
WHRIIC B VT, [EURERRIC X D BRI L /oK
b 5 W0IdE S OEAE(R S, Thorpe 45 Hh 0 fZ#E

Observation

(Cold and/
or Saline)

Fig. 4. Schematic view of overturn in stratified ocean.

fRZe &N, b 2 HEME X /NS Wb D% overturn
1Tk BEEE L S HIES o AWFFE T, Galbraith
and Kelley (1996) 1Zff{~ T, T DEUEE Cox % 0.5
L7, Fig. 3 () OAIIGK 7 4y —1TkD
overturn (2 & % & H|5E & N 72 % %5 O Thorpe 2
fo7Fa7 >4 VTHY, GOERLAF—S+y M
FAET B EENILEL D /D ->T0W5E T
EWDIND, TS 51 775 & LT, 50D
HTx 5 & (Fig. 5), overturn IZ Xk % EHFES N
fomE L, (KbhoOHD 13, AITFankbnk
ATl O BEE AR E L, SHEER (X
D ICEALT B LI MHLTWS T ERDh
%,

Fig. 6 (3 0y DEMEWTHINICGK 7 4 V& —IT &
Dt s N BESEREO i ERIZ LD TH
%o BIEMBLD /S o FIFFIREHEE X %W 700
dbar IUEICE S AL TV 3, 126 UiEEE T
N & S EREE N O Z W D B, 1
EZR, HISH 2D OBEYEL Y F OEUE, 30°S
X 0 EHREEMI D 800~1,100 dbar T 1.2 fiH, (EH&EE M
Tl 25fTH 5,

30°S & O EFEEH] (Sta. 1 25 Sta. 5) & ARFEREE
{] (Sta. 6~Sta. 13) DO 2[ET® Thorpe £l L D
LB 34 % Fig. 71078 d o & %\ Thorpe Z L

4.5

Temperature( ‘C)
S
o

35—

34.45

T T T T

T
34.50 34.55
Salinity

Fig. 5. TS diagram for the depth range of 1150 to
1355 dbar at Sta. 8.



18 JEHB B - B NI - JIRE T - FRERIREE - P

230 DEEWEATN & A EFMPITERL TV
Vo MXEE S I~2m OEMAEBE L TV B0, 1
~2m OENMOEIG EEMHER T <, KEEAT
320m ZHA 5 L5 0FELVEMMFIEL Tk
TEMD! B,

Thorpe Z % — )V Ly %, Thorpe Z(7 L=0 (m) %
B4 T Thorpe ZHD rms [ETH O,

M

LT<A142L3n >1/2
TRDONDB, TIT, Ly 3KT — 5 DFEEICBT
% Thorpe Z 7, M 1347 — % $(7T 2,000 dbar £ T
MEShTOAMETE T 787 7 4 Tk 4 fE
DF =5 WH B,

5. & =

5.1. $HEBRILFFRHOEH

AWFFET, WMD) 53K 72 Thorpe & 7 — )b
L3, EAETA\OBER T —VEFTA b, —H,
GLRETH I & 2 OEE T % L F —HURER (e=
7.5v(0u/62)%, HL, v ZEEMHIRED Z2ke, FH
REEN & ORERD &, HDERE R 7 — Vi

Depth(dbar)
)
3

2000

Fig. 6. Vertical section of 0y. Overturning regions

are indicated by gray bars.

B - AR sl - R - LSRR T - IR - SR LTS
A& LT Ozmidov 2% — )V L,
Ly=(3"

DIRFEEINTWVS (Ozmidov, 1965), E-T, THh
5 DEE A A — Vi H W HBIBIRIC S 5 T & H3H
Frah b, iliZ OBFRIE Dillon (1982) % Crawford
(1986) 1Tk » ThETEN, L,~0.8Lr TH5H I &
IRENT, T ORRIGIEEPRKEIREIC X > TEL
9 2 D3ARWIFE T 13 Stansfield et al. (2001) 12\ L,
=0.8Lr & L7z,

2T, TxF—HURELEBERILBGRRK
DT E

DR H 5, 12721, a ZREZET, a=02 7T
H 5 (Oakey, 1982), it~ T, K, i3 LrickD

K,=0.INL*;
LRBTE B, E7, TAVE—EEEe 1}
£=0.64NL?
LFE B,
31°~35°
12
b 1
':% 8
el
£
4
X 10
ownd

1 21 41 61 81 101 121 141

Thorpe displacement L  X0.2 (m)
8
24°~30°S

26
£

o4
~

2

X10°

21 61 81

41 101 121 141
Thorpe displacement

L %02 (m)

Fig. 7. Histograms of Thorpe displacement at high
latitudes (31°-35°S) and low latitudes (24°-30°
S). The occurrence of L=0 has not been
plotted.



FAARST-AEPUERIC 36 1 B L HHR D 43110 53K PSR ELIRIN R D I 2L (b 19

Table 1. Spatially averaged Thorpe scale, Ly, vertical eddy diffusivity, K, and
kinetic energy dissipation rate, €, for each critical value of GK filter, Cgk.

Sta.1(35°S) — Sta.5 (30°S)

Sta.6(30°S) — Sta.13(24°S)

__ Depth range LAm) K(m’*") e(m’s>) L(m) K/(m’s') e(m’s?)
Cox=0.5
Below 50 dbar 0.17 8.6x10°  7.4x107° 0.32 2.5x10°  2.0x10°
Below 500 dbar 0.20 1.1x10°  4.4x1071° 0.36 2.8x10°  1.1x10°
Cor=0.6
Below 50 dbar 0.40 4.4x10°  4.6x10° 0.62 7.0x10°  5.5x10°
Below 500 dbar 0.37 3.1x10° 1.2x107° 0.70 8.3x10°  3.5x10°

K,
2 R
X10°
(m’s™)
0

1,2 3 4 5 6,7 8 9 10 11,12 13
35 308 25

Fig. 8. Latitudinal distribution of vertical eddy
diffusivity averaged below 500 dbar.
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