
1968-43

Conference on Teleconnections in the Atmosphere and Oceans

TERRAY Pascal and DOMINIAK Sébastien

17 - 20 November 2008

LOCEAN Laboratoire d'Oceanographie Experimentation et
Approches Numeriques, IPSL Institut Pierre Simon LaPlace

Universite' Pierre et Marie Curie, BP 1004, Place Jussieu
75252 Paris Cedex 05

FRANCE

Role of the Indian ocean in the monsoon-ENSO system
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The Indian Ocean experienced a sudden warming
around 1976-1977 (Nitta and Yamada, 1989; Terray, 
1994; Aoki et al., 2003).

How this Indian Ocean warming may influence the 
teleconnection patterns between the Indian and 
Pacific Oceans ?

What about the role of the Indian Ocean in ENSO 
dynamics after the 1976-1977 regime shift and in a 
global warming context ?

GOALS AND QUESTIONS



The Indian Ocean experienced a sudden
warming around 1976-1977 

Differences between the April-May mean SST 
before and after the 1976-1977 climate regime shift



Differences between post-
and pre-1976-77 Indian
Ocean climatologies of 

velocity potential at 200 hPa
computed from 50-year 

seasonal cycle experiments
(ARPEGE-climat).

The warming of the Indian
Ocean after 1976-77 is

associated with shifts of the 
Walker circulation in the 

three oceans (Atlantic, 
Indian and Pacific) !

(Collab. C. Cassou)

Physical significance of the shift



Background

• the 1976-1977 
climate regime
shift was
accompanied
by a 
remarkable
change in the 
lead-lag
relationships
between
Indian Ocean
SSTs and El 
Niño evolution.







• In the figure,  the 
1979-2005 
correlations are 
plotted and the 
black line 
indicates where 
these 
correlations are 
significantly 
higher (90% 
confidence level) 
during the 1979-
2005 period 
compared to the 
1950-1977 
period.



















Questions

• Are these climate changes due to the global 
warming ?

• What about the future of the monsoon-ENSO 
system in a global warming context?

Analysis of the IPCC AR4 simulations
(20C3M, 1pctto2x, 1pctto4x)



Seasonal-Trend decomposition procedure based
on Loess (locally -weighted regression)



Is the recent Indian Ocean warming trend
an anthropogenically forced climate change ?



nt=133 nt=253 nt=133 nt=253 nt=133 nt=253
CNRM-CM3 0,77 0,80 0,89 0,92 0,45 0,54
CSIRO-Mk3.0 0,38 0,43 0,82 0,89 0,14 0,45
GFDL-CM2.0 0,78 0,83 0,79 0,84 0,15 0,41
GFDL-CM2.1 0,79 0,82 0,89 0,91 0,33 0,54
GISS-AOM 0,79 0,82 0,89 0,91 0,33 0,54
GISS-EH 0,49 0,56 0,74 0,79 0,04 0,36
GISS-ER 0,66 0,73 0,88 0,91 0,53 0,63
FGOALS-g1.0 0,50 0,53 0,89 0,94 0,31 0,52
INM-CM3.0 0,80 0,83 0,84 0,87 -0,11 0,17
IPSL-CM4 0,78 0,82 0,85 0,90 0,21 0,41
MIROC3.2(hires) 0,39 0,42 0,57 0,65 0,03 0,06
MIROC3.2(medres) 0,82 0,85 0,86 0,89 0,23 0,51
ECHAM5/MPI-OM 0,81 0,84 0,78 0,86 0,14 0,17
MRI-CGCM2.3.2 0,76 0,79 0,85 0,88 0,31 0,45
CCSM3 0,86 0,91 0,83 0,88 0,32 0,56
PCM 0,34 0,38 0,42 0,47 0,26 0,25
CGCM3.1(T47) 0,79 0,81 0,91 0,93 0,30 0,52
CGCM3.1(T63) 0,78 0,80 0,89 0,92 0,30 0,52
UKMO-HadCM3 0,74 0,77 0,82 0,87 0,26 0,33
UKMO-HadGEM1 - - - - - -

Monthly global SSTs Monthly Indian Ocean SSTs Monthly Nino 3.4 SSTs

Correlations 20C3M simulations-observations

Is the recent Indian Ocean warming
an anthropogenically forced climate change ?











• Southern Indian Ocean SSTs during late boreal winter is a highly
significant precursor of the ENSO evolution after the 1976-1977 
regime shift.

• These SSTs anomalies are mainly generated by Mascarene High 
pulses during the boreal winter.

• These SST anomalies trigger coupled air-sea processes in the 
tropical eastern Indian Ocean and produce a persistent remote
forcing on the whole monsoon-ENSO climate system during the 
following seasons.

• These climate changes may be due to the global warming.

CONCLUSIONS


