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Understanding of physical processes governing
the cross-frontal heat flux in the Antarctic Circumpol

ar Current near Southeastern Indian Ridge
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SUMMARY

|. Title

Understanding of physical processes governing the cross-frontal heat flux in the

Antarctic Circumpolar Current near Southeastern Indian Ridge.

Il. Purpose and Necessity of R&D

Cross-frontal eddy heat flux (EHF) transports heat poleward and compensates heat
loss by air-sea interaction and by northward Ekman transport in the Southern
Ocean. In the Southeastern Indian Ridge (SEIR), although meander of upper mean
current that can produce the poleward EHF occurs frequently, the physical process
about the EHF is not well understood due to lack of observation. To understand
role of the EHF on heat balance in the Southern Ocean, research using observation

is needed.

Ill. Contents and Extent of R&D

Four PDS-CPIES were deployed to monitor spatiotemporal change of cross-frontal
EHF in the SEIR region. About 27-year-long data-assimilated global reanalysis
outputs and CPIES-measured data in the Drake Passage were obtained. Validation on
the reanalysis was carried out to confirm its capacity for EHF simulation. The EHF
in whole ACC region was calculated and then its spatial distribution and temporal

evolution were checked.

IV. R&D Results

GLORYS12V1 and GLORYS2V4, which were data-assimilated reanalysis, reproduced
the ACC meander and EHF distribution that relate to the bottom topography. In the
reanalysis, the EHF were distributed in the whole ACC with several hot spots and
poleward EHF increased for about 27 years. The CPIES-measured data in the SEIR,
which were transmitted by the PDS, was successfully obtained. ACC meander and
deep current change necessary to the cross-frontal EHF were observed by the CPIES
in SEIR.

V. Application Plans of R&D Results

The obtained observational data can be used to investigate interaction between

upper and deep current and to understand related EHF event and its spatiotemporal

_4_



variability. The plans are to research the physical processes in poleward EHF and
to reveal the roles of atmosphere and bottom topography for better understading in
heat balance in the Southern Ocean.
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Time series of monthly EHF (< -10MW m-1)
—
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b. Time series of monthly EHF (< -10MW m-1, in SEIR)
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Monthly EHFOl| A -10 O|3}2| gt& ZHX|= A2l =2 7=

[2% 11] GLORYS12V1 A&EA =xxd EHF #4 A3y ACC #3l9 EHFY AAE L
Z(a), SEIR®IA 9] EHF AlAIE @l Z(b), ACC da|dolAx el EHF7} -10 MW/m °]&}e] %
S 7HAE a8 = Al W3He), SEIRIA EHF7F - 10 MW/m ©|38e] S 7Fx = 8= 7))
4 HsHd).
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Corrcoef beteew wind stress curl and SAM index
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HEE % (a)9t 100m meridional wind(v10)¥ SAM index$}e] AlZF F3dASG FHEEE
ACC A& FolA ERAS vig&=gotx 5ot SAM index9te] AlZHS#AAGF EE%(c), SEIR
o o] ERAS vt#h-g-#E et Ee SAM index Abo]l &M AT FEE(d).
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3.2 2FA EI} EHF A dAAHUS A|AE L

Y3 SEIR sldelAe =4 %3 EHF a4 #3F A" F537] 93
PDS-CPIESE F<3t%th PDS-CPIES AlFE A AF4 O}E} % E=EAH20214d 10
24 209712¢ 39w =85k PDS-CPIES AFA M-S % 1671 KOPRI ©9 470 A
A3 URI 9 1270 Adoz FAHEAJTHZH 13]. KOPRI ?MA CPIES & tjel PDS
Al o7 dA ARl ) 35 el #FAEE AN 58 F RS &tk Al
el PDS 54 YA 20229 9¥ 199, 20239 119 13Y, 2024\ 99 23¢ =2 A A

JN

1=}
=

)«

G #Zo| ALg" CPIES9 PDSE 2021 8€ 3 99 Apololl w5 URICZHEH 9]
S=atdth. CPIEST 79 olddd EdlxwA, g AlA, slFA AszAk 2 wiE e
A2 55 Fhste] B A4S Ak otgtes 4 o]F PDSO GPS A
T Rt I Bl E 2 CPIES®H] dHlolH $A4H 55 At g0 A
22 kel o]F PDS¢9 CPIESO] #= 7] 9 FZH4 A7k A 55 %33 7)7)
AAE AP B BEE [ 113 [ 2004 & 5 vk CPIES= ¢F 3¢ &<t
717 PZ0] 7}&5—3} £ A5tk PDSeF CPIESE 30% 7H4 9 #3525 E 3 A7t

l E‘r 1], siAAE w4 PDS-CPIES A+, CTD full
casting =22 WPHJAH A =& d 7AAA el CPIESE 24 § PDSE A4 9140
stATH 1™ 14]. AX ¥ CPIESe] f2l7 Folek s1ds flg dojeE ¢
-Zr‘}iﬁ}. gul T A oobebse] AgHlEl Multibeam Echo Sounders ©l-&3 44 +9
= 5

238 & PDS-CPIES7} E=¢lo] Az ko Est a2 %3 o=

3
gelsto]l 9l HAAE AL =ASAY. FA 2AE AHAA ofgt2z HAES lkne
2 X389 PDS-CPIESE k4o Bdatgla[19 14] Aos Fn] £ 994, A
2, 54 B ARE /S8 CPIESE £9 olF 844 %, a4 3 13 59
g g NEE %ﬂ A7H 91 ATt FAT = vk S NE FFAL 9
o) olebesol HaE EdsFAs UTS-9500 4012 dAZste] A&atds e Ao
A CPIES®| wie =% 5 1629 18% 14 9] 4 pingS.2 o] 7ozl A4 #= Hzs &
Az el # &

% CTD full-castingS &3
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SEIR PDS_CPIES (ARAON 2021)

PIES 105 109 118 152
(+CM) (+339) | (+348) | (+504) | (+503)
103 106 109 112
PDS 104 107 110 113
105 108 111 114
Site name B3 B5 D3 D5
(CTD site name)| (ANA12A009) | (ANAT2A015) | (ANATZA008) | (ANA12AD11)
; 149°28.356'E 150°06.708'E 149°28.176'E 130°06.888'E
LDC3t|On 55°48.378'S 55°48.378'S S6°09.878'S 56°09.978'S
Dep 3795 3721 3576 3655
(mindep) (3685) (3684) (3576) (3627)
Clear 76 76 76 76
XPND et 69 69 70
Beacon 75 73 73 74
Telemetry 67 65 65 66
Release 41 45 54 24
Auto release 2026/03/03 12:00 | 2026/03/04 00:00 | 2026/03/03 0000 | 2026/03/04 12:00
[3 1] PDS-CPIES A# AXH % #A=HH HH.
_ IMEA
PDS S/N with CPIES | Planned release date (UTC)
(30053406+)
103 105 2022/09/19 00 0066440
104 105 2023/11/13 00 0162360
105 105 2024/09/23 00 0164480
106 109 2022/09/19 00 0265090
107 109 2023/11/13 00 0389540
108 109 2024/09/23 00 0952350
109 118 2022/09/19 00 0952870
110 118 2023/11/13 00 0953910
111 118 2024/09/23 00 0956750
112 152 2022/09/19 00 0956950
113 152 2023/11/13 00 0957720
114 152 2024/09/23 00 0959190
[¥ 2] A9 PDS Ax 2 AAHHE FF ¥4 A7
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3.3 PDS AL BEAE EHAF

SEIR sl vl 7} Al 2021 11¥€] F<l% PDS 5uj7} sfdHoe=z 1
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PDS S/N 106, 109, 112<& Al¥ = 20223 99 19¥0] A &3] FAlei. 43
B3ell FY4¥ PDS S/N 103, 104+ 71=41 A= Qla] AgE A|dHth e
20223 19 1747 4¢ 3ol Fsth vl A9 CPIES #35A5+%E PDSZ
FEH olglE AR AFHT BT A¥Hoz F5HY §5H A5
FE SBD g4 oz o]Fojxal ditel SBD U 9AIZF Zolo] CPIES #=
252 PO A BE SBD #de HFgsk 74 shee = wigst
T AuAYE Fa v #2373k spike, AAE FHE P 2ANT 2L drift
E AAZY B3 A4 F PDSE FU3 717k oF 222021
169) Aole] zA5E BUIYtH2d 16]. B3 & Al AHNM 2% oF 1
W o11€79¢Y 19¢) 4ol #AZAm7F dFHAcHa™ 17, 17 18] 43 Bl
A AE A FHel & F e olf R A #SHA FArh
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o A5G FFY ACCTF dHEWEgor W iAo r F et A
T Absdo]l F2 WAStE tolth wetA, #S5H 1 S/ ACC AHd Y #H
H FHA Fo 9 olF &L ACC Ade Az wteod TR A8E
of A Mg FoFF FA ol g% AoE & F Utk B39 PyE ot
of wpR7HA R #S7|3el AA FUkeke FAIE HolARE FE oF 14U F7
of WMEo] AN ol = & 7HhE ACCo Atdle] 4T 52 A
Fale g 220 #2329 Aow B AW 24 5L =94
2gE0lY ANEE EFeIL A 24 9 FRHAAFT| S d-¥E @57 A
T 2geta doh #5 271119 7119l A =4 3% EHFE
wE T e B G fr&ol AeiA wAa

T Z28T ACC A, =34 F7]19he] Als 7k oF 1097ke] CPIES #
Zow FoEduHay 17, 2% 18]. KOPRI Ul A9 P= M= Ad3] o
Aete AALS BgFAG Y 17 2% 149 F719 P, AF°] 7MY FF
o7 Felgtlal oF 0.13dbare] W3S 7HA I QT o] 149 F7] WEA
& BE AAHoA A FAle AL lo] tir]Sh, wbghel o) A H o
MZog Hust Ftd Zanjgte] AsE FS5HET Pe o 7Y F719 F
TH WAL Eseled o3 JAl FEF 714 Egd Zanjg S
#HZs 9o gi7g, viESEgEe] g2 e s Bt o Jf @
SAAANA 1= AR ADE vHl=d AALS 7HAa Ao oF 15693 ¢F 30¢
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& ACC A&t Aol A 7198 SR 28-50]7

159 719 1 ¥s2 30¥ F ‘jq
o}

o Aol Y& How HA <A 5
EHF¢ #&¥ peakst WrdF7] 243 @457 Wss 7o s 181
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& W3S FHMAS E3eE 243 EHFE o718 = ot #3249 =34 F
7] %9 power spectrum< %{3% e HAE 7FA 3lo], Al7]d wet
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Tau @ B3

5.046
55044

5042

5.04

Dec Jan

BP @ B3
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Velocity @ B3
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[dbar]

T T T | L S

Variance-preserving PSD of Bottom pressure
d T L y J
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g 106 Variance-preserving PSD of tau
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[Z2% 17] PDS7F A53 o] @S- 1A

o] AlAE ¥ Variance-preserving PSD.
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[m/s]

[m/s]

Dec Jan Feb Mar Apr May Jun Jul
Variance-preserving PSD of velocity @ D3
v B ? T T Ay T J ¥

30 15 7 4 2 1

Variance-preserving PSD of velocity @ D5
E T LA | T T T

T

& 50
Es
30 15 7 4 2 1 05
Period [day]
[27 18] PDS7F #A%3g D3, D5 AANAMe &lFA #=F #F%

Variance-preserving PSD(3}).
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H 6 & A7 EetdolM =& sfeustr|ad 2

oo golA gl A4 E3 EHFY 8834 2 HEAS 2487
s AEA FAHED GLORYSI2V1¥ GREP-V2E 33z =3 o
71o 9%k g #AS 98 ERA-S5 H7IAEE FHEAT #Fo 2 YERY

[e] =
EHF 4 2 &4 FAEAd] vlugd S-S 9138 Drake Passageol| A
|

LORYS12V1& CMEMS®

all F G
AN ATHE B 28502 2o e AREHE A AT JRA 54
oF+

9} Z-coordinateE W= 50719 AR Fo = Yl HHLellouche (2018)]. i
7] BAYow Z, A 4 wy B P% E;
SAIZEIL 24417 AR RS ARESFlAL 1993 1%4 EN420% Z7|Fo=
AR&stdth 9148 ¥ SSH, SST, 35 =(SIC) 59 ARGO #5 2, 9
W A% Z23US reduced-order Kalman filter 7| S AFE3] A5%53} 3
AL F7E 2, 9 HAE 3D-VAR 7|HES AL&ste] ®AS T A4
g A2+ Adelid ETOPOL, Atd tisa 3ol GEBCO8 A= & At
L3t 2 AFE 98 GLORYSI2V1e] 271(1993720191) Hole] &% I+
2 A, 5, SSH A5 5 Tt
44 &3 EHF ®4¢ F7l= A S 4= =92 GREP-V2o| %394 4
Aol AEA FARDS  FH3AT. GREP-V2E CMEMS  SiAbolE
(http://marine.copernicus.ew)®]  &F7/H= gt F=H1E 4 FHREEDES
Mercator Ocean?] GLORYS2V4, UK Met Office®] FOAM, CMCC¥
C-GLORS, ECMWEF<¢] ORAS5°]t}h Y] 7fe] E™le ®5% NEMO E#s 7|4k
o5 3stal 3lal ORCA025 1/4° 43 Axpet 75709 A4 F oz A AT
U 229 2% ERA-interim th7] ZAlg oz A&t 94 #= SST,
SSH, SIC, 84#5 &2, dvAs5E &8 5537t 485U A=
of AR&¥ GLORYS2V4E NEMO 315 7IWbe® sta glar ¥ 7 o
e, Ui galE 3t 95ardEd As5=E AFESST ARE3 7o
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O
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o A A& 3= ERA-5 A& A= o]t Hersbach et al. (2020)]. ERA-5 A1 &4
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