creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

g
HJ
oF
o

-

o)
Tor

E

Tor

N

—

3 % 5 7}

+

ﬂo

20143 64



dola PSS FTHsI=
ST FY FEH HF
BEHEE T & B’
e g F
M S HE HAEBN mYeE BN
2014 £ 5 A
% o HE [
FHEEEE
= &
= £
% /I:l
£ B

PN TP 3
2014 % 6 H



Variability of the volume transport
of the Antarctic Circumpolar Current

in Drake Passage

Chang-Su Hong
(Supervised by professor Ig-Chan Pang)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENT FOR THE DEGREE OF
DOCTOR OF SCIENCE
IN
OCEANOGRAPHY

DEPARTMENT OF OCEANOGRAPHY
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

2014



= ZJ eeverere e i
LB EE I e iii
L EL I e xiii
Q OF ettt Xiv
A 1 A B i s 1
A 2 & =gola Ee T2 AFHF AFE 9
D 1. T QL cereeeree e 9

D 0 AR ceereretsieii s b b L s 12
2.2 1. Q1 ZOYA TILEA] AR coeerrrrereerm 12

2.2 2 GZ TFE ZE e 18
2.3 ARG o] 8T W FEH AFZE e 19
0.3, 1. HL Tl O]E et 19

2. 3. 2. GIALF] cerererereree s 25

2.3, 3. HZNBIZE ZeA] ceerreereeieeie e 27

2.3, 4, DR AAF AT oo 34

2.4 BEA TE ARG HIIL oo 43
2.4, 1. 28T FEO FR TR e 43

2.4, 2. G TFE ZTL e 46

2.4 3 AT AZF O] ATA e 52

0. 5. EE Q] tereeretien et 53



o7

A3 =dola

o7

3. 1. AJE e

59

99
59
63
68

o
4o
+
=

ﬁo

il
1o
)
o

4o
-

0

il

Ho
ol

o

4
s

74
74
79

o

3.4. 1. 7]

85
39

A 4=¢F SAM A

3. 5. FE Q] cereerenre e

93

o
2l
™

R

105

SUIMIMALY +++eeesesressressssmntassimnstiinsisistist it s s st s st e



Fig. 1-1.

Fig. 1-2.

Fig. 1-3.

Fig. 1-4.

List of Figures

Map of the Southern Ocean, with bathymetry contours,
mean Antarctic Circumpolar Current (ACC) fronts in
orange (Fronts from Orsi et al, 1995; bathymetry (m)
from ETOPOI1 project (Amante and Eakins, 2009)), and red
box outlining Drake Passage (STF: Subtropical Front,
SAF: Subantarctic Front, PF: Polar Front, SACCEF:
Southern ACC Front, SBdy: Southern Boundary of the

Schematic diagram of the Antarctic Circumpolar Current
(ACC) in the Southern Ocean (from Rintoul et al (2000)).
Depths shallower than 3500m are shaded. The two major
cores of the ACC are shown, the Subantarctic Front and
Polar Front. Other abbreviations used are F for front, C
for Current and G for gyre. s 4
Schematics of (A) the thermohaline circulation called the
global ocean conveyor belt and (B) the global overturning
circulation from the Southern Ocean perspective (from
Talley (2013)) .............................................................................. 5
Bottom topography and the ACC fronts in Drake Passage.
Major fracture zones and ridges are indicated: Burwood
Bank (BB), Davis Bank (DB), Endurance Fracture Zone
(EFZ), Falkland Trough (FT), Hero Fracture Zone (HFZ),

Interim Seamount (IS), Ona Basin (OB), Phoenix Antarctic



Fig. 2-1.

Fig.

Fig.

Fig.

Fig.

2-2.

2-3.

2-4.

2-5.

Ridge (PAR), Protector Basin (PB), Powell Basin (PoB),
Quest Fracture Zone (QFZ), Southern Chile Trench (SCT),
Shackleton Fracture Zone (SFZ), Shackleton Ridge (SR),
Sars Seamount (SS), South Shetland Trench (SST), Terror
Rise (TR), West Scotia Ridge (WSR), Yagan Basin (YB),
Yagan Seamounts (YS), eereessisesisseissssessssseees 6
Schematic representation of the altimetric measurement
principle from DUACS/Aviso team (2014) (ADT: Absolute
Dynamic Ocean Topography; MDT: Mean Dynamic Ocean
Topography, MSS: Mea Sea Surface; SLA: Sea Level
Anomaly; SSH: Sea Surface Height; SSHA: SSH Anomaly
(SAME AS SLLA)). srersrressmsssmssmmisimssssisssssssssssssss s 11
The history of satellite altimeter mission from 1992 to 2014
(BOSCh, 2014). eeeressssseeesmssssssssmissssssssssisssessssssssss s 11
The positions of current meter moorings in Drake Passage
from 2006 to 2009, and ground tracks for the satellite
altimeters of TOPEX/Poseidon(T/P) & Jason (orange line)
and ERS (bule line). Filled gray circle is failure of
FECOVETING CUITENE MELETS, -rressrresssrressseressecsmssseniseseninsc. 15
The horizonal distribution of averaged sea surface height
anomaly (cm) in Drake Passage (A) from 1993 to 1999,
and (B) from 1993 to 2012, «weweesrssesmmsssssssssssessssssssssssens 16
The horizontal distribution of long term linear trend

(cm/year) from 1993 to 2012. The contour line is the depth

_iv_



Fig. 2-6.

Fig. 2-7.

Fig. 2-8.

Fig. 2-9.

Fig. 2-10.

The horizonal distribution of sea surface height variability
(cm) in Drake Passage from 1993 to 2012. The blue
dashed lines are the fronts of ACC (Orsi et al, 1995). -

The uncorrected mean surface geostrophic velocity field
estimated from the merged SSHA using turning parameter
a=0.1 with the sea surface height wvariability in Drake
Passage from 1993 to 2012 ................................................... 30
The horizontal distribution of zonal ((A) K, (B) L) and
meridional ((C) K,, (D) L,) components to determine the
mean surface geostrophic velocity estimated from the
SSHA il’l Drake Passage. ....................................................... 31
Zonal (left) and meridional (right) mean surface velocity
across Drake Passage axis using different a (0.05~0.12)
values at three longitudes, compared to the time-mean
velocities derived from the satellite-tracked surface drifting
buoy at 15m depth (blue) (Lumpkin and Garaffo, 2005) and
computed the Ocean Surface Currents Analyses—Real time
(OSCAR) data from 2000 to 2010 (red) (Bonjean and
Lagerloef, 2002). The thick black line indicates the turning
parameter @ is 0.08. «esseresseessseeesserissisisseseisesiseesie s 39
Zonal (left) and meridional (right) mean surface velocity at
the mooring stations of current meter in Drake Passage
using different a (0.05~0.12) values, compared to the

time-mean velocities measured with current meters at



Fig. 2-11.

Fig. 2-12.

Fig. 2-13.

Fig. 2-14.

Fig. 2-15.

500m depth (orange line), derived from the surface drifter
at 15m (blue), and computed the OSCAR data from 2000
to 2010 (red). The thick black line indicates the turning
DATAMELEr @ i5 .08, wsreressseermsssereessernisssseisseeseissesseesssseiesec 33
The mean surface geostrophic velocity field estimated from
the merged SSHA using tuning parameter a=0.08 with the
fronts of ACC and bathymetry in Drake Passage from
1993 £0 201D, wereerererrererimmmsinssssnissiessssss st 36
The mean surface geostrophic velocity field (A) estimated
from the merged SSHA (1/4°x1/4°) using tuning parameter
a=0.08, (B) derived from satellite-tracked surface drifting
buoy (1°x1°), (C) computed from OSCAR data (1/3°x1/3°)
in 2000-2010, and (D) calculated from Mean Dynamic
Topography (1/2°x1/2°) (from Maximenko et al (2009)) in
Drake Passage. The gray thick line is the fronts of ACC
and thin and dashed line is the depth of 3500m and 1000m,
FESPECHIVELY,  wrereeeressseresssmesesises it 37
Instantaneous surface geostrophic velocity field determined
on January 16, 1997. AVHRR sea surface temperature is
depicted by COlOr Scale, -rreeeseremssmreemsinerimisessniisesseienne 39
The surface current field of (top) normal and (bottom)
special case in Drake Passage. - 40
The horizontal distribution of (top) mean Xkinetic energy
(MKE) and (bottom) eddy kinetic energy (EKE) of the

surface geostrophic velocity field estimated from the

_Vi_



Fig. 2-16.

Fig. 2-17.

Fig. 2-18.

Fig. 2-19.

Fig. 2-20.

Fig. 2-21.

merged SSHA e, 41
The vertical distribution of potential temperature, salinity,
neutral density, and geostrophic velocity referenced to O at
bottom for the section of current meter mooring from
March 25 to April 4, 2009. The positive value (red) of
geostrophic velocity is the (north)eastward and negative
(blue) iS the (SOUth)WeStward. .............................................. 43
Instantaneous surface geostrophic velocity field determined
on ApHl 1, 2000, wereeressesmmmssisisisisi e, 44
The bottom topography of the mooring section. The depths

of the moored current meters are marked by cross symbol.

The mean current and variance ellipses measured with
current meters in northern Drake Passage from April, 2008
to March, 2009 (Leg-2) and in southern Drake Passage
from January, 2006 to April, 2008 (Leg-1). Colors indicate
the mooring depths of current meters (red: 500 m, black:
1000 m, blue: 2000~2500 m, purple: 3000 m). The contour
line is the depths of 3500 and 4000 m, and the dotted is

Vector time series of low-pass filtered currents smoothed
with 14-day moving average in northern Drake Passage
UG Teg—2. «rereesessessesssssissississisiisi i 50
Vector time series of low-pass filtered currents smoothed

with 14-day moving average in southern Drake Passage

- Vil -



Fig. 2-22.

Fig. 2-23.

Fig. 2-24.

Fig. 3-1.

Fig. 3-2.

AUEING Leg—1. ettt 51
Time series of the velocity anomalies measured with
current meter and geostrophic current from SSHA at (A)
MO2 and (B) M09. Red line is geostrohic velocity anomaly,
black 1s the low-pass filtered current meter velocity
anomaly smoothed with 14-day moving average, grey thin
line is the original current meter velocity anomaly. - 53
The correlations of eastward and northward component
between the anomalies of the low-pass filtered current
meter velocity and the surface geostrophic current from
SSHA. Color explains the depth of current meter. (red: top,
500m; black: middle, 1000m; blue: bottom, 2000~3000m).

The formal mapping error (%) of the merged SSHA of
AVISO il’l Drake Passage‘ ...................................................... 54
The four sections and grids to calculate the volume
transport through Drake Passage. The C-section is the
ground track of the satellite altimetry of TOPEX/Poseidon
and Jason, and black crosses on C-section are the
positions of current meter moorings. The volume
transports of sections of B and C are computed from the
rotated eastward component (X') of current. Filled color

contour is bathymetry and thick black line is 1000m depth.

Total mean volume transport across the Section-C in

- viii -



Fig. 3-3.

Fig. 3-4.

Fig. 3-5.

Drake Passage. The volume transport is computed from
current meter data and accumulated from the southern
station to the northern. Left side of graph is the north.
Black line is used the velocity of the lower current meter
at bottom, and blue is referenced to 0 cm/s at the bottom.
Positive value means the volume transport of ACC is
MOVING t0 EaSEWArd, e eessessessmsssssssisiisisi e 62
Weekly time series of the surface volume transport
anomaly (SVTA) from SSHA through 4 sections from
Oct., 1992 to Jul., 2013. The SVTA is integrated about the
unit depth (1 meter). The green line is the total length of
sections in Drake Passage. The reduction of section length
(green) means the extension of sea ice in the southern
Drake Passage during austral winter season. The red is
SVTA computed from SSHA measured with the satellite
altimeter, and the black is SVTA expect if the missing

Weekly time series of the barotropic mode volume
transport anomaly (BVTA) from SSHA through 4 sections
from Oct., 1992 to Jul., 2013. The BVTA is integrated the
surface velocity from surface to bottom. Black line is the
BVTA, and blue is the full-depth anomalous transport
referenced to O Cm/S at the bOttom. ................................... 6’7
Monthly sea ice concentration from the satellite of

SSMI/SSMIS (Special Sensor Microwave Imager) in the

_iX_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3-6.

3-1.

3-8.

3-9.

3-10.

3-11.

3-12.

3-13.

southern hemisphere on August, (A) 1994, (B) 1995, and
(C) 1906, -wererrersersssssmmsessssssssssssssssessssssssessssssss s 68
Spectra of the surface volume transport anomaly (left) and
the barotropic mode volume transport anomaly (right)
thTOUGD 4 SECHIONS, -+eeesseeesssermsseremsssemsseemsssnsssssessseese e 71
The time variation of the filtered SVTA smoothed with
3-month moving average through the four sections from
Oct., 1992 t0 Jul, 2013, wseeeeeseeessreemsssemssemssinssssessssessesenss 79
The monthly mean of SVTA through the four sections
from 1993 t0 2012, -ererereeresmsreesiresnsnsesssessssse s 73
The annual mean of SVTA through the four sections from
1993 t0 2012, -wreereresreresrmsessmssssrassiesesse e e 73
Monthly time series of the Multivariate ENSO Index (MEI)
and the normalized Surface Volume Transport variable
Index (SVTI) across Section-B in Drake Passage. - 75
The distribution of (A) mean sea level pressure (hPa)
from NOAA/ESRL and (B) Southern Annual Mode (SAM)
spatial pattern as calculated from 850 hPa geopotential
height anomalies of the NCEP reanalysis—2. -ereeereeeeeeeee 7
Monthly time series of the Southern Annular Mode (SAM)

Lag-—correlation curves between the SVTI and the MEI
from 1993 to 2012. Negative lags are for the volume
transport in Drake Passage leading ENSO. Box of < 95%

Signiﬁcaﬂce are shaded by QIEY. rrereessrssssssessnssnntinnttinsnes 79



Fig. 3-14.

Fig. 3-15.

Fig. 3-16.

Fig. 3-17.

Fig. 3-18.

Fig. 3-19.

Lag—correlation curves between the SVTI and the MEI
(top) from January, 1993 to December, 2002 and (bottom)
from January, 2003 to December, 2012. Negative lags are

for the volume transport in Drake Passage leading ENSO.

The (top) 0 month and (bottom) -3 month lag correlation
map between the SVTI and the sea surface temperature
anomaly (NOAA OIv2 monthly SST) from January, 1993
to December, 2012, wssrreesssserremmmssersimissessinisssssenise s ]2
The (top) 0 month and (bottom) -3 month lag correlation
map between the SVTI and the sea surface temperature
anomaly (NOAA OILv2 monthly SST) from January, 1993
£0 December, 2002, «wrwsssererssserremmiseesesiiisssseiss e 33
Continuous wavelet power spectrum of (top) the SVTI,
(middle) the MEI and (bottom) the SAM index from 1993
to 2012. The thick black contour designates the 5%
significance level against red noise and the cone of
influence (COI) where edge effects might distort the

picture is shown as a lighter shade. X and Y-axis is year.

Lag-correlation curves between the SVTI and the SAM
index from 1993 to 2012. Negative lags are for the volume
transport in Drake Passage leading SAM. Box of < 95%
Sigl’liﬁcance are Shaded by GTEY.  wreeeeseesessnsessnnmnini 86

Seasonal correlation between the SVTI and the SAM index

_Xi_



Fig. 3-20.

Fig. 3-21.

FFOM. 1993 £0 2012, weereerreesemsmmsemsemssssessessssessesssessssssseesseeens 36
The mean spatial pattern of the SAM in (left) austral
summer  (December-February) and  (right)  winter
(June-August) from 1993 to 2012, «rrrerermssssserrsssessssnnnnecs ]7
The regression spatial pattern between the SVTI and the
sea level pressure of the NCEP reanalysis—2 (top) during
1993-2012 and (bottom) during austral winter (June-
August). The vector is composited the regression of zonal

and meridional wind at 1000 hPa against the SVTIL - 83

- Xil -



List of Tables

Table 2-1. Observation periods of direct current measurement with
current meters in Drake Passage. Dotted line means the
failure Of MOOTING TECOVETY wweessessssssmsssssissinisississisisiine, 20
Table 2-2. Summary of current meter measurements in Drake

Passage during Leg-1. Filled gray means the data is not

Table 2-3. Summary of current meter measurements in Drake

Passage during Leg-2. Filled gray means the data is not

Table 2-4. Basic statistics of low pass filtered currents. All directions

are measured clockwise from the north e 49

- Xiii -



T
)

5

—_—

H
w
B

o}

AFgel b A A dAEad

GRS

w9

KeX
=

)

0

A

Z

1991 % 72

il

o -]

Bl

+ gtk

o

ZO

<= °F 1365

,.mo

)

ﬂ_mo

jgase]

o
i

o o5 ot

3

&

= odd A

woh B%o] 24 vhehdtth,

—_
o

™

el

2=
=

A

1

ol
Hr
1o
Can)
o
o
+

i

—~
fite)

i<

9]

Hol=

=

/eUvel F=5%% (Southern Annular Mode, SAM)©]

.
aL

- Xiv -



(El Nifio

NR

el

X0

JJo

—

_ZE

el
00

\m.o

o
o
e

and Southern Oscillation, ENSO) A<= Alolof time-lagg 2zt 734 o

o
<
o

N

I 2A7E A

710l &=

time-lag”7} §1+

Slof] wp=

SAM A 42}

-
R

o]

nalow, g7 thrle] 7l

el

;OD
olo
=)

H

7

H
ﬁo

o

1

A

g el 7]

3]

= cyo)=z

1 3}

B <
?ﬂl’v:iﬂ

|

= 7

wAdel vetter, A=

,.._mo

3]

- XV -



dUES 2N e E=d (Southern Ocean)t B ¥}
A el T glel JdAse] slen (Fig. 1-1), #

G=<=35% (Antarctic Circumpolar Current,

-
oy
=2
2
N
—_
ol
rlu
:c|>{:4"
=
r o

ACC)7F H=U1§S 713 AARge R +#3kst}t (Fig. 1-2). a3
(ACC)= <dH dieo vesAe dAso, 42¢ Global ocean

conveyor belt 9 FTA&F 9IS st} (Fig. 1-3). &3 G543/ &

BeEA A25s ewats o Wk ohd @3 (melting)ol o3 T
A2 A Yol FFE A Baslr] HFe] oE )

24 was) g AR Fet Adny o4
d

+
e
o
1l
lo

o2
>
>
9
=2
R
l
=
b
plh

o

3t} (Lumpkin and Speer, 2007; Talley, 2011, 2013).

weta FeeFe] Hile A" UgEd dFS & B of
Yt gi7lel = &S vAY, dAE XF7F e %S A 4
th ool ¢b whth = byt tir]ef stk WEe d=el 8ol d¥%Fe F
A ARE deedR 54 WsE Ued Zojv. adEg deed
F FEEs dTste AL dged By ofygt v)e Wt 7]AS o]
st=d Fosth a1yy deedR
st Sl EAM ol AR BFche A AYAHeR Hsy] Fde &

ASh A el % A4 deje] ohryl Foz 4% 4ol ohuk

rr
riu
4]
[
o
52

o
OE
o
5
il
i
o

daEanst goee 2%

flo

=yolz &3 (Drake Passage) 4]
T 7 F2 dldol7] "t §5sRE AFsted oy 7HA |l
A 2E&AQ sfgoeltt (Fig. 1-1). =dola sl E=v5 = (34

Ed= £ 5)¢ Jolu gy gt (8 2% (Cape Horn))AFolo] 9 %3},



Bkt S-S A4} Fig. 1-49 =#ol=z @ siAAE (¢
A W3S vERSIT =dola sl Fol of 800~1000 km o] ™,

Hat Aol oF 4000 m Frolvh iy W= 5 JEe 543 z

N

o 5 789 WSE3 (Antarctic Plate, Scotia Plate)2] A Z}-%- =
o] 54% (Cape Horn)ol A F-E AHE AH7tA] tizhd Wados AF
8 ©@<9d] (Shackleton Fracture Zone, SFZ)7} &A¥o] gt}
(Lagabrielle et al, 2009; Dalziel, 2014). SFZ+= sl Aol A <F 2000 m =
o& o} e A} 1000 m Zold = Almom FAHHo o
(KIOST, 1997), ¥&ol+ 3000 m ©]&e] =ol& 2t Ab™ (Shackleton
Ridge)o] EAte] HolAx Hom Z4E FolA= IdHolty. SFZE &
Hog MEd e FRWTCR, FHode TAWNTFOR I AL
So] &3t} A Zo = Phoenix Antarctic Ridge (PAR)7} SFZ¢] &z
IR skl AT 2wkl e A AP el FA O] Utk FFdd= SFZ9
G52 West Scotia Ridge (WSR)7F 145 o] ‘' zeo] Atdl wm ks
kil low, WSR 5% €+ & & 7 /Mo Az #4 AFo] EA
gk ols sAAE o = HEI FFol= 247 Yagan
Basin (YB)¥} Ona Basin (OB), + 719 42 YFo]# )tk

Orsi et al. (1995)& & - id5 A5 EE25FYH 5370l
st = AAdESs Adstdy (Fig. 1-1). =d#ol=a s dell= Fig. 1-49
ol Ao F=edRF AAdol ST, HFol $1A3 Subantarctic
Front (SAF)= 3l EFAME S wek f1x&) om 1000 m 554 &
mel 5% 0 2 sttt SAF W&ol Polar Front (PF)7} SFZe] T%<



Pacific
Ocean

120°w

Fig. 1-1. Map of the Southern Ocean, with bathymetry contours, mean
Antarctic Circumpolar Current (ACC) fronts in orange (Fronts
from Orsi et al, 1995; bathymetry (m) from ETOPO1 project
(Amante and Eakins, 2009)), and red box outlining Drake
Passage (STF: Subtropical Front, SAF: Subantarctic Front, PF:
Polar Front, SACCF: Southern ACC Front, SBdy: Southern

Boundary of the ACC).
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Fig. 1-2. Schematic diagram of the Antarctic Circumpolar Current

(ACC) in the Southern Ocean (from Rintoul et al.
(2000)). Depths shallower than 3500m are shaded. The
two major cores of the ACC are shown, the
Subantarctic Front and Polar Front. Other abbreviations

used are F for front, C for Current and G for gyre.
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A2 d Edola dEe B NIEF S

2.1. N8

=yola APFS FHete T FEIFS AFAHOE Fotatv)
st F&EHS Amr dosHARE A FAHs = AL A do] oy
7] wisoll, Hla A g2 AIZE Qbel A AFE #S5sheE A=A 948 AR
£ F&st= Aol o]y HAE ket vl stk FH A W
Holxwk s Hile (Sea Surface Height, SSH; ©]3} SSH)9] -&3H2 <l

#pol 5 &l A shhydrostatic) WA AFF WA ozRYH AdF

= HEole = des ARE F4s5te] 94 Mo A2, R &
Abek 42 9dtd (Shum et al, 1995). %A 9943 A TFEFL A (reference
ellipsoid) 2} A7 (A ¥+4) L & g1 JE Folm=z F Ay Zo
2ZHY SSHE AL 4 Atk (Fu et al, 1994). =3+ SSHE 914 o] A
Elakil

(Mean Sea Surface, MSS)¥ 3dlH1%E HA} (Sea Surface Height

U= A& (ground track)olA wWHE FAEHEZ o5 Hit

o

Anomaly, SSHA or Sea Level Anomaly, SLA; ©]3} SSHA)S| o=
TAEY (AVISO, 2014). /MEFAQl Aoz g33std v 2

SSH<$7 Y, t) = L(.I‘, y) - R(ﬂ?, Y, t)
= MSS(z, y) + SSHA (x, Y, t)
= Geoid (z,y) + MDT (x,vy) + SSHA (z, vy, t)



= Geoid (x,y) + ADT (x, 1y, t)

E2F AT TES A2ol= (geoid)o] FAFES wiAg sHAA Aot
= AAol A Fig. 2-1A A% %A Ao A= SSHS o=
Batdk e (MSS)ell= ALel= 3ol Lo glorm= olF AA
g Hirdste Wil (Mean Dynamic Ocean Topography, MDT)<%}
SSHA®] 3gtel 9stsidirx= (Absolute Dynamic Ocean Topography,

ADT)C25H AgFsE AT 5 9l

#W SSHA A8 & o]83to] Aeol= gaks A AT (AVISO, 2013).
SSHAGIE s Argte] AA=RAowg 259 Azdedete Aozt

% W3} (anomaly)ztel Wtk mEbd 2 A
o A st FErAdsHHaE (MDT)7F Bastch ofel 714 #

= A5t A 2d A3E &85t HsHiaxE (MDT)E 4% 4

o
4
Ho
b
©
R
X
)
Ho

FEo] 4o} (Gouretzki and Jancke, 1998; Tapley et al, 2005; Pavlis
et al, 2008, Andersen and Knudsen, 2009; Maximenko et al, 2009; Rio
et al, 2009; Mazloff et al, 2010), A7+ 1 271 FUld o=z Atk
(Ducet er al, 2000, Vignudelli et al, 2005, Pascual et al, 2007,
Bingham and Haines, 2014).
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Fig. 2-1. Schematic representation of the altimetric measurement principle
from DUACS/Aviso team (2014) (ADT: Absolute Dynamic Ocean
Topography; MDT: Mean Dynamic Ocean Topography, MSS: Mea
Sea Surface; SLA: Sea Level Anomaly; SSH: Sea Surface Height;
SSHA: SSH Anomaly (same as SLA)).
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Fig. 2-2. The history of satellite altimeter mission from 1992 to 2014 (Bosch,
2014).
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Batgko]l AAE HIE Am (SSHA)FH F54& A=
A= FANE F=3E v 9l Kelly and Gille (1990), Qiu et al,
(1991), Gille (1994)> SAAS] WHS &8st F&5F +2E F=319
ar, o] WS HAA Kim and Saunders (2002)¢F Chouaib ef al.
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Oceanographic data)oll A Al&sk= 1992 10€H¥ 20139 7971 9
SSHA #A5E o]l&3tdtt. o] A=+ T/P (TOPEX/Poseidon)¢t ERS
(European Remote sensing Satellite) 9144 #=3F 1124 #AXA =
(along-track product)E F* 2l ¥4 (global space/time suboptimal
interpolation method)& §3ste] 74 114, 1/4°x1/4° AAZ ¥4 (merged
gridded product)¥ 1 2™ (Ducet et al, 2000), 19933 F-& 19991 7}#] 7
Wk %A RR25FY ALE Fdgk (MSS)el AAHAY (AVISO,
2013). o2k AmAE A oM HExo u=A Amole A up
o, 71 so 9%, Sxdurr drlds et e AR
Az 5 FFEol EgH A7) Wl oled FFES AA=
Aol Hasty (AVISO, 1996), AVISOA A= thekst B4 (corrections)

H4e AR ARE ATt 9

ol A siianes A= = At (Fu et al, 1994; Vignudelli et al,

2005). £ o] vk 2002 HE &= Jason-1, 2008 H-E+= Jason-2 A o]
AA G e AHE B=sta gon T/P AL 94 (T/P, Jason-1 &

2 AU 7lEor 3d AAzrol 66° 712l A 9ol 1% 66°N ~
66°S HAZMAT B (=dola Y xF) T 4 Aw o), ERS 4
A 914 (ERS-1 & 2, ENVISAT)S SAY7HA A+ AAE #5 (F
dAMZE 985°) %t Fig. 2-32 =d#ola sidgS Ay T/P9 ERS 94
o] AAE FEAS Aotk FHAH Abole] A= ERS AlE 914 ¢]
T/P A Btk % o zEsich 28y ERS A4 9142 T/P A4 9l
/Hy_\:]. 7(4:@11:7]_ tﬂo}x (15~19cm _4 7<4§L )’ A 7]7]- l:ﬂﬂr (@_1':

2
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35Y)= Tdol At (Shum et al, 1995). AVISOo| A= o]& st %7

Hsto] 27) oo unmA ARE tel St R

(mesoscale) Ad<S 4T & AEF 1 315 (resolution)s FdH
SSHA A#} #Atgs AAAstaL vk (AVISO, 2013).
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3~1999y)e] SSHA S Fig. 2-4°] YeERATE. 19931 H-E 19991 7}
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= T/P & Jason track

— ERS track

Fig. 2-3. The positions of current meter moorings in Drake Passage from

2006 to 2009, and ground tracks for the satellite altimeters of
TOPEX/Poseidon(T/P) & Jason (orange line) and ERS (bule line).

Filled gray circle is failure of recovering current meters.
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Fig. 2-4. The horizonal distribution of averaged sea surface height anomaly

(cm) in Drake Passage (top) from 1993 to 1999, and (bottom) from
1993 to 2012.
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Fig. 2-5. The horizontal distribution of long-term linear trend (cm/year)
from 1993 to 2012. The contour line is the depth of 3500m.

75°W 70°W 65°W 60°W 55°W 50°W 45°W
50°8 p— — e o w— L —— p—
oy <
' A AL
. _ ;=
2 ‘ a—— §|
55°S » I
20 10
--"’/Hw:;;;§:j
0 < = 7T\ s
60°S —— i bl — = ~
el i =z AT B
| B A |
/ B P o
I___/ > - ,,’_1__1 : - _t- I
< s ot c 38
65°S = =
0 5 10 15 20 25

Fig. 2-6. The horizonal distribution of sea surface height variability (cm)
in Drake Passage from 1993 to 2012. The blue dashed lines are
the fronts of ACC (Orsi et al, 1995).
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Table 2-1. Observation periods of direct current measurement with current meters in Drake Passage. Dotted line means

the failure of mooring recovery

Year <—— Legl ———> <— Leg2 —>

Stati 2003 2004 2005 2006 2007 2008 2009

Institute

Mo01

Mo02 |

|
|

MO03 | | |
|

KIOST |

MO05 KIOST |

. I
| - ‘
Mo04 o |

Mo06

Mo07

M08

M09 * KIOST

M10 — ) KIOST

Leg-Ia Leg-1b Leg-1c

Nov. Dec. Jan. Dec. Apr. Mar.
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Table 2-2. Summary of current meter measurements in Drake Passage during

Leg-1. Filled gray means the data is not used

) . Mooring . Depth . Time Recor(.ling
Station Period & Position Instrument (m) mt.erval duration  Remark
(Depth) (minute) (day)
2006/01/16 ~ 2008/04/12 ADCP 200 120 815
MO1 55° 20.51'S, 65° 11.16'W Aquadopp 500 30 792
(1700) RCM-8 500 120 817
RCM-8 1000 60 436
55° 44.67'S, 64° 27.41'W
MO02 (3770) —_ Lost
2006/01/18 ~ 2008/04/10 ADCP 400 1235 811
56° 07.92'S, 63° 42.66'W Aquadopp 900 30 813
MO03 (4130) RCM-7 900 120 815
RCM-8 1950 120 815
MORS 3100 60 815
2006/01/19 ~ 2008/04/08 RCM-7 400 120 810
MO04 56° 56.54'S, 62° 19.61'W Aquadopp 400 30 804
(4075) RCM-7 950 120 810
RCM-8 2450 60 810
2006/01/20 ~ 2008/04/07 Aquadopp 500 30 0 Damage
MO5 57° 37.63'S, 60° 55.26'W MORS 550 120 808
(3325) RCM-8 1070 120 808
RCM-8 2640 60 808
2006/01/21 ~ 2008/04/06  Aquadopp 200 30 806
MO6 58° 19.06'S, 59° 31.34'W  MORS 280 120 806
(3225) RCM-8 800 120 806
RCM-8 2500 60 806
2006/01/22 ~ 2008/04/05 = Aquadopp 450 30 0 Damage
MO7 58° 57.50'S, 58° 05.78'W RCM-7 460 120 697
(3730) RCM-8 990 120 697
RCM-8 2550 60 804
59° 32.92'S, 56° 41.30'W
MO8 (3530) —_ Lost
2006/01/24 ~ 2008/04/02 = RCM-8 500 60 5 Leak
M09 60° 06.04'S, 55° 16.26'W RCM-11 1000 60 799
(3511) RCM-11 2550 60 799
2003/11/26 ~ 2004/12/23 RCM-8 480 20 393
60° 36.92'S, 53° 50.53'W RCM-11 960 20 393
(2802) RCM-11 2600 20 393
2006/01/25 ~ 2006/12/24 = RCM-8 500 20 6 Leak
M10 60° 37.61'S, 53° 49.82'W RCM-11 1060 20 323
(2789) RCM-11 2560 20 323
2006/12/19 ~ 2008/04/01 RCM-11 460 20 449
60° 37.90'S, 53° 48.19'W RCM-11 970 20 449
(2677)
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Table 2-3. Summary of current meter measurements in Drake Passage during

Leg-2. Filled gray means the data is not used

) . Mooring » Depth . Time Recor(.iing
Station Period & Position Instrument (m) mt.erval duration Remark
(Depth) (minute)  (day)
2008/04/12 ~ 2009/03/25 = ADCP 450 60 347
MO1 55° 10.16'S, 65° 11.22'W  Aquadopp 500 30 347
(1600) Aquadopp 1000 30 347
2008/04/13 ~ 2009/03/26  Aquadopp 500 30 347
MO2 55° 43.14'S, 64° 24.10'W  Aquadopp 1000 30 347
(3816) RCM-8 2000 30 347
RCM-8 3000 30 2 Leak
2008/04/10 ~ 2009/03/27  ADCP 450 60 351
56° 06.05'S, 63° 43.93'W  Aquadopp 500 30 351
MO03 (4275) RCM-7 1000 30 351
RCM-8 2000 30 351
RCM-8 3000 30 351
2008/04/08 ~ 2009/03/27 RCM-11 500 20 353
M04 56° 55.55'S, 62° 22.03’'W RCM-11 1000 20 353
(4093) RCM-11 2500 20 353
2008/04/07 ~ 2009/03/29 RCM-11 500 20 356
MO05 57° 37.53'S, 60° 55.0'W RCM-11 1000 20 356
(3445) RCM-11 2500 20 356
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v=“+ Y (14)

(1994) Gaussian jet model A3} oA SSH W& (SSHV)Y Hit &
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Fig. 2-7. The uncorrected mean surface geostrophic velocity field estimated
from the merged SSHA using turning parameter a=0.1 with the

sea surface height variability in Drake Passage from 1993 to 2012.
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Fig. 2-8. The horizontal distribution of zonal ((A) K, (B) L, and meridional
((C) K, (D) L, components to determine the mean surface

geostrophic velocity estimated from the SSHA in Drake Passage.
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Fig.2-9. Zonal (left) and meridional (right) mean surface velocity across

Drake Passage axis using different a (0.05~0.12) values at three

longitudes, compared to the time—-mean velocities derived from the

satellite—tracked

surface drifting buoy

at 15m depth (blue)

(Lumpkin and Garaffo, 2005) and computed the Ocean Surface
Currents Analyses-Real time (OSCAR) data from 2000 to 2010
(red) (Bonjean and Lagerloef, 2002). The thick black line indicates

the turning parameter a is 0.08.
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Fig. 2-10. Zonal (left) and meridional (right) mean surface velocity at the
mooring stations of current meter in Drake Passage using
different a (0.05~0.12) values, compared to the time-mean
velocities measured with current meters at 500m depth (orange
line), derived from the surface drifter at 15m (blue), and
computed the OSCAR data from 2000 to 2010 (red). The thick
black line indicates the turning parameter a is 0.08.
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Fig. 2-11. The mean surface geostrophic velocity field estimated from the

merged SSHA using tuning parameter a=0.08 with the fronts of
ACC and bathymetry in Drake Passage from 1993 to 2012.
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Fig. 2-19. The mean current and variance ellipses measured with current
meters in northern Drake Passage from April, 2008 to March,
2009 (Leg-2) and in southern Drake Passage from January, 2006
to April, 2008 (Leg-1). Colors indicate the mooring depths of
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Table 2-4. Basic statistics of low pass filtered currents. All directions are

measured clockwise from the north

Vector mean

Station  Depth Dir. Speed Max. u mean u rms v _mean V rms
(e () Db St speed - rms v -

MO1 500 51 15.2 43.9 11.8 9.1 9.6 5.6

(2) 1000 46 11.7 32.9 8.4 53 8.1 4.7

MO2 500 45 32.7 53.6 23.3 13.4 23.0 8.6

@) 1000 25 21.8 37.2 9.2 8.5 19.7 6.7

2000 46 11.7 28.2 8.4 5.6 8.2 4.2

500 24 19.8 46.2 8.1 10.7 18.1 12.0

MO03 1000 39 16.5 35.6 10.4 6.9 12.8 7.7

) 2000 22 11.0 25.6 4.1 4.7 10.2 6.8

3000 14 12.7 27.7 3.0 3.8 12.3 7.7

Mo4 500 286 9.4 36.9 9.1 12.3 2.6 11.6

2 1000 284 10.9 32.8 -10.5 9.6 2.7 9.8

2500 279 13.6 29.7 -13.5 6.9 2.1 6.4

MOS 500 92 15.0 43.9 15.0 12.2 -0.5 10.8

@) 1000 95 10.5 294 10.5 7.6 -0.9 7.0

2500 110 5.0 16.2 4.7 34 -1.7 3.6

200 33 20.9 58.6 11.4 9.7 17.5 12.3

MO06 280 41 16.6 40.8 10.9 7.4 12.6 8.5

(1) 800 38 12.9 36.6 7.9 53 10.1 7.1

2500 18 5.5 16.6 1.7 2.8 53 3.7

MO7 460 107 0.7 17.1 0.7 4.8 -0.2 5.2

) 990 181 2.2 15.4 0.0 33 2.2 4.2

2550 203 3.8 22.9 -1.5 43 -3.5 4.7

M09 1000 324 10.0 26.5 -5.8 6.6 8.1 7.3

(1) 2550 312 8.5 23.7 -6.4 5.7 5.7 6.0

MI0 480 99 3.1 23.3 3.0 8.1 -0.5 6.9

(1a) 960 112 2.7 18.2 2.5 7.1 -1.0 6.0

2600 156 4.0 18.2 1.6 5.7 -3.7 4.9

(1b) 1060 137 1.2 13.7 0.8 42 -0.9 3.9

2560 166 3.7 16.6 0.9 3.0 -3.6 32

(1o) 460 56 2.4 19.4 2.0 4.6 1.3 5.0

970 67 2.2 17.2 2.0 4.1 0.9 4.3

_49_



04 05 06 07 08 09 10 11 12 01 02 03

30(cm/s)

500m

MO1 #W*WM

1000m

MO2

MO3

500
100

500m
MO5 W

1000m
2500m
T T T T T T T T T T T
L B E T T T T T T ‘ L R I
04 05 06 07 08 09 10 11 12 01 02 03
2008 2009

Fig. 2-20. Vector time series of low-pass filtered currents smoothed
with 14-day moving average in northern Drake Passage

during Leg-2.
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Fig. 2-21. Vector time series of low-pass filtered currents smoothed with

1l4-day moving average in southern Drake Passage during

Leg-1.
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Fig. 2-22. Time series of the velocity anomalies measured with current meter
and geostrophic current from SSHA at (A) M02 (500m depth) and
(B) M09 (1000m depth). Red line is geostrohic velocity anomaly,
black is the low-pass filtered current meter velocity anomaly
smoothed with 14-day moving average, grey thin line is the

original current meter velocity anomaly.
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Fig. 2-24. The formal mapping error (%) of the merged SSHA of AVISO in

Drake Passage.
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Fig 3-1. The four sections and grids to calculate the volume transport
through Drake Passage. The C-section is the ground track of the
satellite altimetry of TOPEX/Poseidon and Jason, and black crosses
on C-section are the positions of current meter moorings. The
volume transports of sections of B and C are computed from the
rotated eastward component (X’) of current. Filled color contour is
bathymetry and thick black line is 1000m depth.
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Fig. 3-2. Total mean volume transport across the Section-C in Drake
Passage. The volume transport is computed from current meter
data and accumulated from the southern station to the northern.
Left side of graph is the north. Black line is used the velocity of
the lower current meter at bottom, and blue is referenced to 0O
cm/s at the bottom. Positive value means the volume transport of

ACC is moving to eastward.
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Fig. 3-3. Weekly time series of the surface volume transport anomaly (SVTA) from SSHA through 4
sections from Oct., 1992 to Jul, 2013. The SVTA is integrated about the unit depth (1 meter).
The green line is the total length of sections in Drake Passage. The reduction of section length
(green) means the extension of sea ice in the southern Drake Passage during austral winter
season. The red is SVTA computed from SSHA measured with the satellite altimeter, and the
black 1s SVTA expect if the missing data,
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Fig. 3-5. Monthly sea ice concentration from the satellite of SSMI/SSMIS (Special Sensor Microwave Imager) in the
southern hemisphere on August, (A) 1994, (B) 1995, and (C) 1996.
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Fig. 3-8. The monthly mean SVTA through the four sections from 1993 to
2012.
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Fig. 3-9. The annual mean of SVTA through the four sections from 1993 to

2012.
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34. sl FEF WA NNFAFS A

o

= s s B4 wE R W Fxe ] Wt
o 9GS F iR MY/1E dFdeE Jdela-EWdE (El Nino
and Southern Oscillation, ENSO; ©]3} ENSO)¥ Y%l (Antarctic
Oscillation, AAO or Southern Annular Mode, SAM; ©]3} SAM)S &

|

4 2t (Turner, 2004; Yuan, 2004; Sallée et al, 2008). ENSO: i %
e dAolA gk o= FHE ¥uk ofyet FA A9 VAHEH =
FEFS v A Aol A AHRELS HAFau vk SAMS L Fo AA
7} dakaro] 7)ok Bz o] Abgjo] 7] wjio ulEzl 7]t A u|E W g
FHO AEHE utE S B Aot o]yd A4S =Hola S
SHetE TR I E ¥eE vE Zlo)r] wite] o5 7%

Ao ArMEA 0] Edola AF EE4ET WEAT olWd AR

3.4.1. 71 FAF

de a-FHHE (ENSO)

ENSO+= HE ¢ A=aigolA FA71AHcw ddst= st o
719 et dHoz sfk-thr17te] 7% dAolth ENSO HLEE e}
Y=  A$2E MEI  (Multivariate ENSO  Index)E  AF8313

(http://www.esrl.noaa.gov/psd/enso/mei/). MEI&= Et] ©®jHFa]g el &l
W 719 vk, Al Rk, 7 E AR 58 TFHeE A5t A3
sk Aot} (Wolter and Timlin, 1998). Fig. 3-10°] 1950\ %€ 201337}

A Am AA 712k 4w MEL Ao Selola dlfe] F45% 24 7
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Fig. 3-10. Monthly time series of the Multivariate ENSO Index (MEI) and
the normalized Surface Volume Transport variable Index (SVTI)

across Section—-B in Drake Passage.
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s AAE ARE HERAT o] i (E)e] F4E AT A
dxs YWehy &0 gt (FA)o] S5 e dunk dHE ond
o Ho delxe 1991-1992,  1994-1995, 1997-1998,  2002-2003,
2004-2005, 2006-2007, 2009-2010\del FAstdar, vk 1995-1996,
1998-1999, 2000-2001, 2005-2006, 2007-2008, 2008-2009, 2010-2011,

2011-2012d o AT (RE2 A3 A71E o).

=
(Fig. 3-11 (A)). S8 71kl e8] vhre] oo zAH 2R /)%
9 ZEe AL Astel F A 19w mE A Aol F o
ste] SAM A= AAH ST Fig. 3-11 (B)+ 850 hPa A X&lAd i1

o

=9 #HA} (geopotential height anomaly)S EOF (Empirical Orthogonal
Function) #A138te] Al 12=9] F7HE2E Yed Zlojn, X xeld
A% W] oF 40%= F A3 o= Thompson and Wallace (2000)2]
o R 19925 20129741 20°S~90°S f1E=dle] NCEP (National
Centers for Environmental Prediction) reanalysis 2 A5 5 AF&3it}.
Fig. 3-12& Fig. 3-11 (B) &37x9 s AAEE yed FHo|tt
(SAM A F). &2 SAM AF+= Bt 7[Ry AXE AE vy

o= WAFe] HERT AW Tt

bty

TEF A (SVTD

Fig. 3-10% o] =do]a @S SHst BFaaF 55
&S A58 shr191El 1993d5-H 20123 7HA41 9] ST SHFH 5 (SVTA)
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(B)
Fig. 3-11. The distribution of (A) mean sea level pressure (hPa)
from NOAA/ESRL and (B) Southern Annual Mode
(SAM) spatial pattern as calculated from 850 hPa
geopotential height anomalies poleward of 20°S of the
NCEP reanalysis—2 from 1992 to 2012.
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Fig. 3-12. Monthly time series of the Southern Annular Mode (SAM) index.
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Fig. 3-13. Lag-correlation curves between the SVTI and the MEI

from 1993 to 2012. Negative lags are for the volume
transport in Drake Passage leading ENSO. Box of < 95%

significance are shaded by grey.
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Transport variable Index, SVTI). =zlol= 31q 47012 & F &) A A
Fe] S @ wowA P F5F WHEs F Uedle 9d BE

3.4.2. &5 %3 ENSO AF9 4#A

Fig. 3-13%= SVTI¢ MEI A9 Z@dAE yetdl Aot} of
7NA AdRE EAEs ddl FEFH 15 AFY F7] FA4 (linear
detrend)Z A A3t SVTI®F MEI Atelol A ok 370 € 9] time lagE 2t
= Fgkol FE3A UErW . Bretherton et al. (1999)o A A Al =
EDOF (Effective number of degrees of freedom)& ©¢]&3le] AFE==
AAsEaL, t-test A= Tl FFTs ARt FYFTe el
s HME I ENSO Ws Atolel fodhntsh ko] Fadol 3l

2 AdETt 59 time-lagoll Ao =2 A FFF] ENSO

et WA dolge ouath AWF FE5F WEL FF7e] AEol

2

200039 ol ARG F8lekA] Fea FAst
7] WEol FEFE WA= 8202 ENSO #& dir: t7] &5 (52
mek oot g ww)olet AZskal Fig. 3-14¢F 3ol 2003 < 73}
o 1 old 109, ol % 109 JaaAE YERW At 20039 o] el =

At 2003 o] Fo] FAAA= Fgkol -9/ lagel A e oG
A7l & 20039 ol A Hl=stth. Fig. 3-16¢ T4 &% T T2
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Fig. 3-14. Lag-correlation curves between the SVTI and the MEI (top) from

January, 1993 to December, 2002 and (bottom) from January,

2003 to December, 2012. Negative lags are for the volume
transport in Drake Passage leading ENSO.
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Fig. 3-15. The (top) 0 month and (bottom) -3 month lag
correlation map between the SVTI and the sea
surface temperature anomaly (NOAA OLv2 monthly
SST) from January, 1993 to December, 2012.
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Fig. 3-16. The (top) 0 month and (bottom) -3 month lag
correlation map between the SVTI and the sea
surface temperature anomaly (NOAA OLv2 monthly
SST) from January, 1993 to December, 2002.
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3-17. Continuous wavelet power spectrum of (top) the SVTI (middle)
the MEI and (bottom) the SAM index from 1993 to 2012. The
thick black contour designates the 5% significance level against
red noise and the cone of influence (COI) where edge effects

might distort the picture is shown as a lighter shade. X and
Y-axis is year.
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£ AxE A4, dHEAARSE vro] FE I regression & AlLHs)
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Fig. 3-18. Lag-correlation curves between the SVTI and the SAM

index from 1993 to 2012. Negative lags are for the
volume transport in Drake Passage leading SAM. Box of

< 95% significance are shaded by grey.
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Fig. 3-19. Seasonal correlation between the monthly SVTI and the

SAM index from 1993 to 2012.

_86_



Fig. 3-20. The mean spatial pattern of the SAM in (top) austral summer
(December-February) and (bottom) winter (June-August) from
1992 to 2012.
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120°E -6 -4-2 0 2 4(x10%

Fig. 3-21. The regression spatial pattern between the SVTI and the sea
level pressure of the NCEP reanalysis—2 (top) during 1993-2012
and (bottom) during austral winter (June-August). The vector is

composited the regression of zonal and meridional wind at 1000
hPa against the SVTL
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SUMMARY

Variability of the volume transport of

the Antarctic Circumpolar Current in Drake Passage

This study is to find out the variability of the volume
transport of Antarctic Circumpolar Current (ACC) in Drake Passage.
As the direct observation of the volume transport which passes
through Drake Passage is not limited, the volume transport was
derived from the surface geostrophic velocity field from the sea
surface height anomaly (SSHA) measured by the satellite altimeter. As
the surface geostrophic velocity determined from SSHA is the anomaly
removed of the average, the inverse model was formulated for
determination of the mean geostrophic current field. The surface
geostrophic current are highly correlated with the velocity measured
with the current meter except at the bottom and the coastal area.
Although the vertical velocity structure in Drake Passage showed the
baroclinic flow due to the layers, the variability of the velocities was
characterized by the strong barotropic flow. Therefore, the volume
transport anomaly in Drake Passage can be estimated by using the
surface volume transport anomaly, which is determined by the change
in the speed of the geostrophic current.

The total mean volume transport of the ACC passing through
Drake Passage is about 1365 Sv. Although the variability of the
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volume transport estimated from the barotrophic surface volume
transport anomaly 1s 20~25 Sv but if we consider the change in the
baroclinic volume transport at the bottom, the range of change is
likely be lower than that. The variance in the short term grows more
as the ACC is going from west to east in Drake Passage and this
looks like to be caused by the eddy which is generated by the bottom
topography.

The volume transport through Drake Passage goes down in
austral winter time but goes up in summer time and shows the
significant cycles every 5 years. This shows that El nifio/La nifia and
Antarctic Oscillation may affect the volume transport in the Drake
Passage. The fluctuation of the surface volume transport is statistically
coherent with the El Nifio-Southern Oscillation (ENSO) index with a
phase lag of 3 months and the transport variation leading the ENSO
index. But those are not enough to prove that the volume transport
affects the El nifio/La nifia. Therefore more data should be acquired in
the future. The -correlation between the surface volume transport
anomaly and the SAM (Southern Annular Mode) index, which is
related to the westerlies of Southern Hemisphere, shows the positive
peak at zero-month lag. It means that the ACC directly responds to
the change in the sea level pressure gradient. Its correlation with
SAM index showed high during the winter time. So, it is likely that
the change in the distribution of the sea level pressure in the winter
increases the horizontal gradient of the pressure around Drake

Passage, thus affecting the volume transport variability of the ACC
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through Drake Passage.

Key Word : Antarctic Circumpolar Current, Drake Passage, Sea
surface height, Geostrophic current, Inverse model,
Volume transport, ElI Niflo-Southern Oscillation index,

Southern Annular Mode index, Correlation
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