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The monsoons: An oceanographer's view ... Shenoi et al (2002)
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Indian Ocean Climate Variability
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Indian Ocean Climate Variability

“amplitude of ENSO” \

ENSO and Monsoon — Two dominant modes of tropical climate system



Indian Ocean Dipole/Zonal Mode

1994 JJAs  Rain Anom
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SST and Surface Winds (Composite evolution of IOD/IOZM)

Saji et al. (1999); Webster et al. (1999); Murtugudde et al. (1998; 2000)
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EIO SST Forcing

Wind 850hPa and SLP response
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Moist Static Energy Budget

DTAT"l‘ ng"" (M1V°V1), = (%T )Fr’ad +(%T)E’+(%T)H,

(temp. adv. + moisture adv. + moist energy convergence = radiation + evap. + sensible)

Annamalai (2008)



Indian Ocean on ENSO properties?
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(a) Column integrated heating for basin-wide warming
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850 hPa winds — Eq. Central Pacfic
/POSTZﬁ...------‘-,__I .
~#_ | Decreases In Nov.

28
26
24
2

e

Intensifies in Sept ..
During POST76 -

| Decreases in Sept.

Months starting from January

(b) SST r.ms.s variance PRE76

B \} \‘( Y \ L \‘\[{7\{(

w; ‘jﬁ'ﬂw - PRE76
PN

(c) SST r.M.s variance PCIS'[‘?B

@Wg{ .J POST76
. j

w0 e vm lm " oW 12 o
1




NINO3 SST anomalies
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850hPa wind difference (4xCO, — 2003m)
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SST anomalies (December — May)
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Correlation with ENSO  (Averaged over 8-12°S)
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Tropical cyclone days for Dec-Apr
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Coupled Rossby Wave
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SST anomalies during El Nino (Dec — May)
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(a) Precip. anomalies (TIP run)
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MAM - Precipitation anomalies (Observation)
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Hypothesis.............

SST anomalies over the Indian Ocean cause

Interannual variability in the Onset of the ISM
through affecting the timing of the northwestward

movement of the equatorial convection
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SCS A/C
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JFM 500 hPa Height Anomalies — EI Nino
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Horel and Wallace (1981)
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Hoskins and Karoly (1981)

Fionure 4. Schematic view of the dominant changes in
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Precipitation anomalies — JFM — EIl Nino years

Annamalai, Okajima, and Watanabe (2007, J. Climate)



500hPa Height anomalies
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o00hPa Height Anomalies - T10
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200hPa Meridional wind response to EIO SST forcing
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Indian Ocean SST trend on NAO/PNA.......

* Hoerling et al. (2004). Indian ocean SST's force 50 year trend in North Atlantic
“NAO"-like pattern. Science....

e Bargusili, J.J., and P.D. Sardeshmukh, 2002: Global atmospheric sensitivity to
Tropical SST anomalies throughout the Indo-Pacific basin. J. Climate, 15, 3427-3442



summary.....

- Tropical Indian Ocean plays an active role In
regional and global climate

- Tropical Indian and Pacific Oceans -
two-way Interactions (IPRC contribution)
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