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Uniaueness of the Indian Ocean basin
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Is bounded to the north by Asian subcontinents

e Asian-Australian monsoons: winds & rainfall

* Net heat gain (Qnet>0) in tropical Indian Ocean — transported
southward across the equator by wind-driven shallow MOC



1. Monsoon, shallow MOC & feedback to monsoon
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Wind-driven shallow meridional overturning cells

(a) Heat balance of the North Indian Ocean (PW)
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Wind-driven shallow meridional overturning cells
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latitude

latitude

Negative feedback of CEC heat transport - small interannual
variability amplitude of Indian summer monsoon

(a) Strong Boreal Summer monsoon
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Summary 1

* Land/Ocean heating contrast generates seasonally
reversing Asian-Australian monsoon winds that
prevail the tropical Indian Ocean (10) &
assoclated monsoon rainfall over lands;
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* Monsoon winds drive shallow MOCs (CEC & STC), which
transport annual mean net heat gain southward from
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* Variability of southward heat transport
provides negative feedback to Indian
Summer monsoon (ISM) rainfall,
reducing the amplitude of ISM
interannual variability.
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2. Tropical Biennial Oscillation (TBO)

a) Observed JJAS Indian precipitation
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TBO synthesis coupled interactions

The TBO transitions (e.g., strong to weak) occur in NH spring for
the south Asian/ Indian summer monsoon & NH fall for the

Australian monsoon
Situation for a weaker Australian monsoon in DJF, prior to a
stronger Indian Summer Monsoon (ISM)

SST 18 19

Mean Walker Cells & SST




TBO synthesis coupled interactions
MAM: transition season to a stronger Indian Summer Monsoon

> MAM

 DJF: EQ easterly/southeasterly EIO & WP — upwelling, shoal (deepen) thermocline in warm pool

(western 10);
* downwelling Rossby waves south of EQ propagate westward, favoring a warm western Indian Ocean in

MAM;

*  MAM: Convection anomaly in western 1O drives EQ westerlies in April — deepen thermocline & EQ
KW eastward — favor +SSTA in east IO — increased convection drives EQ easterlies in PO — shoal
thermocline — propagate eastward — cold eastern EQ Pacific — precondition stronger easterly & Asian

monsoon.



APrec &
ASfcWinds
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Summary 2

* The TBO involves coupled atmosphere—ocean-land processes
over a large area of the Indo-Pacific region;

* Slowly eastward-propagating equatorial ocean heat content
anomalies, westward-propagating ocean Rossby waves south of
the equator, and anomalous cross-EQ ocean heat transports (via
the shallow MOC:s) contribute to the HCA and consequent SSTA.



3. The Indian Ocean Dipole (I0D)

interannual climate mode of variability in tropical Indian Ocean
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10D like
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The Indian Ocean Dipole (I0D)
interannual climate mode of variability in tropical Indian Ocean
a) 1997 10D +IOD: SSTA

°C

1.10
0.90
0.70
0.50
0.30
0.10
-0.0
-0.3
-0.5

-0.7 -05 }

-0.9
-1.1

40°E

60°

E ‘

100°E

1.0L

b) 10 Dipole Mode Index

0.0 }

-1.00L .

A J\/\ iy

T

1 L L L 1 L L L 1

1920

wrio
| SETIO |

\/
@ DMI = WTIO-SETIO

+10D:
Weakened

1940 1960 1980 2000

Meaanalker Cells




-

2SN

e
=0 - 4
~ =N ' .
0 120€

TR AN
;= > N

Summer-Fall: seasonal phase
locked with Sumatra-Java
upwelling

Me

i
\ Nt w s

an win
S A

A India ¢

d & SST, Jul

- (
>}

AR “}mﬁ\\ﬁh .




OLR anomaly Nov 1997 (W m™2

SST anomaly Nov 1997 (°C)

10°N | \\y O C
10°8 |
=1
30°5 LA —— 30
30°E 50°E 70°E 90°E 10°E 30°E 50°E 70°E 90°E 110°E
| N FEEEEEEEE 0 |
T R W TR

Zonal wind anomaly Nov 1997 (m s™)

10°N

10°S

- A mcs 1= A A A -
30°E °E 70°E 90°E 110°E 30°E N°E 70°E 90°E 110°E

BT BT 770177 . DT T T T T T [
- BT S - SO R RS PR S T

4 30 20 -10 0 10 20 30 40
Webster et al. 1999




10D & ENSO correlated: monthly DMI/Nino3.4 index
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Independent IOD:
IOD can exist
without ENSO

Wind- show monsoon

wind pattern:

monsoon circulation is
linked to 10D 1nitiation.
Begins early & demises

carly.

Sun etal 2015
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Summary 3

* The IOD is a coupled ocean-atmosphere climate mode of
variability in the tropical Indian Ocean at interannual
timescale;

* The IOD generally develops in boreal summer, peaks in SON,
and demises in Decembers;

* The IOD is affected by ENSO, with El Nino being associated
with +10D; however, I0OD can exist independently: it starts in
May, peaks in boreal summer and decays in October-Nov
(linked to Indian summer monsoon).



4. I0D, ENSO & TBO relations

Stronger Asian monsoon & -10D pattern

e JJAS we

APrec &
= ASfeWinds
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10D like

Different from Sun et al. (2015) & empirical studies discussed above:

+I0D -> stronger ISM rainfall (e.g., Ashok et al. 2004, Ashok & Saji
2007; Prajeesh et al. 2022)



ENSO & TBO

Weaker Australian monsoon

Stronger Australian monsoon
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ENSO & Tropical Biennial Oscillation (TBO)

JJAS Indian monsoon rainfall; EN — El Nino; LN — La Nina
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ENSO and IOD events are often large-amplitude excursions of the TBO in the
tropical Pacific and Indian Oceans, respectively, associated with anomalous
eastern and western Walker cell circulations, coupled ocean dynamics, and upper-
ocean temperature and heat content anomalies.

Other years with similar but lower- amplitude signals also contribute to the TBO.
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Summary 4

 ENSO and IOD events are often large-amplitude excursions of
TBO 1n the tropical Pacific and Indian Oceans

« ENSO and IOD make the TBO more biennial; without ENSO and
10D, TBO amplitudes are weaker

10D like || L@ Nina like




S. ENSO impact: (a) atmospheric bridge

Indian SSTA EOF1 45%
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V)

Influence from the Pacific:
(b) oceanic connection — the Indonesian Throughflow (ITF)

El Nino: reduced the ITF; La Nina: enhanced ITF, Leeuwin current
& warming along West Australian coast
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Thank you for your attention!



3. Influence from the Pacific: (a) atmospheric bridge
a) Indian SSTA EOF1 45% ENSO-induced variability
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El Nino: reduced the ITF;

La Nina: enhanced ITF, Leeuwin current & warming
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El Nino: reduced the ITF;

La Nina: enhanced ITF, Leeuwin current & warming
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Wind-driven shallow meridional overturning cells
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Figure 6. (a) Schematic representation of the Indian Ocean cross-equatorial cell (CEC) (light dashed
stream paths for upper layer inflow into subduction zone (blue), dotted for thermocline Somali Current
supply, and solid for Southern Hemisphere thermocline flow) and of the subtropical cell (STC) (heavy
dashed supply route via SECC) along with upwelling zones (green) that participate in the CEC and STC.
See Figure 3 for circulation names (based on Schott et al. [2004]). (b) Mean overturning stream function
(units in Sv) of model used by Miyama et al. [2003] showing southward near-surface warm water flow by
Ekman transports (red vectors), which have to “dive undemeath™ the equatorial roll, and upwelling
(blue) supplying coastal upwelling regimes off Somalia and Arabia at 5—20°N and open ocean upwelling
at 3—-12°S.
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