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Figure1l (Color online) Trajectories of surface drifters. (a) Typical trajectory (ID: 53417), 210 days later reach A, 460 days later reach B, 680 days
reach C, and 800 days later reach D since it released; (b) trajectories of all surface drifters available in the SIO; (c) trajectories returning to the subtrop-

ical gyre; (d) trajectories flowing northward

T B BE 7 AR I (dpe s 48 B2 R F 100°N),  Bifi %5 75 18 K F
W B A B, 7ESECYE T 1m V4, Zead ik hnirhn
B ACERAEARAEVE BB, — gk gidb B IR A AR
W, o5 — o ok A5 b s g 0k (€ 1(d)). 76 7R
R BN EE VR, WRICOR WY R BT I A 1 ) S (1A
2(b)FI(d))234, X MK EFTEK EJE B8, T 6 W4 1,
SRR S, (B R R, HIRE L &Y. Fengds
AR gE 0, 7RO R P 5, F R T e
i IE R A RHE AT E N R, IR K
FRUBE e 5 6 BE g v Bl T UG A P A A5 o 25 18 2R 1 A
HSE R wN YR

TEARA VEENEEE, LDk b i 5 B3 7 72 3443

3598

SUai, 3L T s AL AR AR AT = L Bkt
TS 7 A0 ik i 0 0 4 pg . N A ATF 5 R AR AR
T 7 1 S0 o £ W S ) S 2 32 B i e A
SRR, DN 5 5 L v v e N W AR AT AE ELAR R T
300 kmJf [ A4 1 S UBE I, T 46 B e i e T
R AU 5] 2 Ui Bh 4y PR A A B AR
SEC:H 2| Dy ik i n &5 J5 i o i pa A, nl LUk B
TV 1(c) 1] T T8 3L 4 i A S 11 P () o 1] A 7837 4
R P S AFAE B A, T IR AR U I R AT I A] 43 26
(B J7 815328, 1) 1 01 o) b 3L 30 ) o5 26 R 1 T 24
f4°, YWISECTT X iz i B gl . A AR 45 ik
Wby SR AFAE B B ZE T AL 8, FE6RITH FedErg, 11



30°N 50  30°N 50
40 40
30 30
10N ey 2 N R 10°N
20 20
10 . 1 s
1o0sh. b i £ 10°s -
40> -10 =
30°s]--- 20 oo ¥ 5l 20
= .\ Jvaa L4 ‘80
- - . %0 o ﬂ‘f iyl (.I o
: : g 40 ' ot 0N YR ; : -40
e e . : :(a) e '.-"‘j P i {b)
SD“S o i i X i A i _50 50“3 A A i i i i 3 _50
20°E  40°E  60°E  80°E  100°E  120°E 20°E  40°E  60°E  80°E  100°E  120°E
30°N - - . 1000 30°N N - 1000
50 cmis ; g 900 4 900
o , , 800 LY , , 800
R[] SR e L 7 - 105 V] S v T . (S : b - 7 e
; Qf} 700 AT ! : 700
¢ = : gt o i s
w:? d : - AL 600 2 s : b {,jﬁ A 8600 Q
10°p ! . e et 00 S 10°8 “\“{ e o= oo 2] (W50 O
2o TR w i L w
¥ 3 400 % i & P 400 5
30°8] - - - - /A . . . . . 300 4geg)..... l & '_......‘. 300
-8 200 P Lo ‘o 200
> s : 100 s o 100
S L= il : - (o) = v i : | (d
5008 ' i i i i i U 5008 3 i 3 i i i
20°E  40°E  60°E  80°E  100°E  120°E 20°E 40°E 60°E  B80°E  100°E  120°E

B2 RAEAL TR EOE (PR AR D T 3 DAY RIS AR ). (8) iRy, [0 4N IE; (b) £y, (ML NIE; (¢) “FRIZIREMKE, #ik3ni

TRV T 18] FIAR S /NIRRT 20 cmis); (d) P43l REEKE

Figure2 Gridding drifters' data (more than 3 drifter records in each bin). () Zonal velocity u; (b) meridional velocity; (c) MKE, arrows mean direc-
tion and strength of stronger current (weaker than 20 cm/s are omitted); (d) EKE
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Figure 3 Track of lost MH370 flight derived by drifters. (a) Gridding result of long drifters (data more than 2200) in the south Indian Ocean with
more than 2 driftersin each bin. The red square is a 6°x6° bin with the center of Reunion Island. Black arrows mean three different pathways of drifter

movement. The black squares (35°S, 95°E), (38°S, 92°E) show the object regions which are deduced by drifters and satellites. (b) Typical trajectories
correspond to the arrows in (a). The green, pink, and blue trajectories indicate internal, middle, and external pathways respectively. (c) Typical trajecto-

ries that enter into the Mozambique Channel via 55°E meridional section and the red cross means the spot where suspected wreckage was found
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Figure4 Schematic diagram of subtropical surface gyre in the SIO. Current branches indicate Agulhas Current (AC), Agulhas Return Current (ARC),
East African Coastal Current (EACC), Northeast and Southeast Madagascar Current (NEMC and SEMC), South Equatorial Current (SEC), South In-

dian Ocean Current (SIOC), Subtropical Countercurrent (SICC), West Austraia Current (WAC), Leeuwin Current (LC), Indonesian Throughflow
(ITF). The thickness of line indicates the current strength relatively
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Subtropical surface circulation in the southern Indian Ocean
derived from surfacedrifters
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3 State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361005, China

Using trajectory tracing method from 308 long-lived surface drifters, the subtropical surface circulations in the southern
Indian Ocean (SIO) are investigated in the views of both Lagrangian and Euler.

Analysis of the results from the Lagrangian view confirm the two pathways of seawater transport from high to low
latitude based on different types of drifter trgjectory. One pathway is that the seawater formed in high latitude flows
northward along the eastern boundary of SIO, joints the westward South Equatorial Current (SEC), and reaches east of
the Mozambique aong the north side of the Madagascar |sland, then bifurcates into northward and southward branches:
the northward branch cross the equator and finally joints the north Indian Ocean circulation system; the southward branch
meanders along the Mozambique Channel and forms a series of mesoscale eddies. The other pathway is that the seawater
flows northward through the central SIO, then turns to west following the SEC, and flows back to the south when reaches
the east of the Madagascar 1sland. Based on the trajectory of drifters, the mean life cycle of subtropical circulation is
about 43+20 months.

In Euler view, zona and meridional velocity, mean kinetic energy (MKE), and eddy kinetic energy (EKE) are
calculated in 0.5°x0.5° grid using Poulain’s method. The high MKE reaches over 1000 (cm/s)? in the regions of South
Equatorial Current, Agulhas Current/Agulhas Return Current, Eastern Madagascar Current, and Eastern African Coastal
Current, the two latter of which are western boundary currents. The EKE has similar spatial distribution with the MKE in
the region west of Australia. The spatial variations of current in several areas are significantly modulated by mesoscale
eddies, such as in the regions of Agulhas Retroflection, western basin of SIO, and west of Australia. Agulhas system,
especialy in the area of Agulhas Retroflection, has highest MKE and EKE, due to the interaction with the bottom
topography and the wind stress curl induced instability. West of Australia, the EKE is remarkably larger than the MKE
due to active mesoscale eddies. In particular, Leeuwin Current can be detected by drifters in the region. For the South
Indian Ocean Countercurrent (SICC), although previous studies suggested an eastward current near 25°S, this study does
not find drifters following eastward along this proposed current. However, similar result in EKE distribution as previous
studies suggest that the eddy activities are much more significant that the mean current in this proposed SICC region.

Ocean surface drifters have important role in track the missing crafts. The long-lived drifters passing around the
Reunion Island are collected and traced back to their origins and to rebuild the track of missing MH370's wrecks. Three
possible pathways are rebuilt and two possible crash sites are identified around 35°S, 95°E and 38°S, 92°E, which are
consistent with former results from satellite but show more evidences and details. The latest news said that some wrecks
were found in the coast of Mozambique, which can be further validated by analysis of drifter trajectories in this study.
Along both pathways, passing by north or south of Madagascar Idand, surface drifters can reach the coast of
Mozambique in different landing time. Both the currents/circulations in the SIO basin and Mozambique Channel
contribute to the routes of the wrecks.

In this study, the subtropical surface circulation in the SIO is investigated from surface drifters, which help us to
understand the mass transport between high and low latitude. A few puzzles still remain, such as there is none of trgjectory
supporting the SICC at the sea surface. The use of surface drifters on tracing the MH370's wrecks provides a good try to
search missing craft in the ocean, and thus suggests more possible applicationsin the future in thisisolated ocean.

surface drifters, the Southern Indian Ocean, subtropical circulation, ocean searching, MH370
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