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• The projected XXI Century climate change in the IPCC - Fourth 
Assessment Report (AR4) is based on coupled models



• El Niño-Southern Oscillation (ENSO) is one of the most important 
sources of interannual variability in the climate system… (also at 
interdecadal timescale) 

• The projected XXI Century climate change in the IPCC - Fourth 
Assessment Report (AR4) is based on coupled models



• El Niño-Southern Oscillation (ENSO) is one of the most important 
sources of interannual variability in the climate system… (also at 
interdecadal timescale) 

• ENSO must be simulated properly by coupled models

• The projected XXI Century climate change in the IPCC - Fourth 
Assessment Report (AR4) is based on coupled models
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• ENSO (or El Niño) has been diagnosed using SST anomalies or the 
Niño 3 (Niño 3.4) SST amplitudes…
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Amplitude of El Niño is defined as the 
monthly standard deviation of the SST 
anomaly in the Niño 3 region

Guilyardi, E., 2006



Amplitude of El Niño is defined as the 
monthly standard deviation of the SST 
anomaly in the Niño 3 region

Guilyardi, E., 2006

These models also best simulate the 
Tropical Pacific climatology…
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Basic SST-SLP coupled relationship (Bjerknes’ mechanism)…



... A change toward a steeper pressure slope at the base of the Walker 
Circulation is associated with an increase in the equatorial easterly winds 
and hence also with an increase in the upwelling and a sharpening of the 
contrast of surface temperature between the eastern and western 
equatorial Pacific. This chain reaction shows that an intensifying Walker 
Circulation also provides for an increase of the east-west temperature 
contrast that is the cause of the Walker Circulation in the first place. On the 
other hand, a case can also be made for a trend of decreasing speed of 
the Walker Circulation ...

Jacob Bjerknes

Bjerknes 1969
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Observed (raw data)

r     = -0,83

σSOI = 1,31 hPa

σN3 = 0,79 °C

%mode1 = 42%

r     = -1,0

σSOI = 1,21 hPa

σN3 = 0,71 °C

Reconstructed from the first CCEOF1 mode

Combined Complex Empirical Orthogonal Function



Model
Name

Short
Name

Originating group(s) Atmosphere
Resolution
(lat x lon)

Ocean
Resolution
(lat x lon)

Atm.
Vertic 

al
Levels

Oce.
Vertic 

al
Levels

Flux 
correcti 

on

BCCR-BCM2.0 BCCR Bjerknes 
Centre/Norway

~2.8° ~2.8° 0.5°- 
1.5°

1.5° 31 35 None

CGCM3.1(T63) CGCM3 CCCMA/Canada ~3.75° 3.75° ~1.85° 1.85° 31 29 *2

CCSM3.1 CCSM3 NCAR/USA ~1.4° ~1.4° ~0.27° 1.125° 26 40 None

CSIRO-Mk3.0 CSIRO CSIRO/Australia ~1.88° ~1.88° ~0.84° ~1.88° 18 31 None

ECHAM5/MPI-OM ECHAM5 MPI/Germany ~1.88° ~1.88° ~1.5° ~1.5° 31 40 None

FGOALS-g1.0 FGOALS IAP/China ~2.8° ~2.8° 1° 1° 26 33 None

GFDL-CM2.0 GFDL GFDL/USA 2° 2.5° 1/3°-1° 1° 24 50 None

GISS-AOM GISSAO 
M

NASA-GISS/USA 3° 4° 3° 4° 12 16 None

GISS-EH GISSEH NASA-GISS/USA 4° 5° 2° 2° 20 16 None

UKMO-HadCM3 HADCM3 Met Office/UK 2.5° 3.75° 1.25° 1.25° 19 20 None

UKMO-HadGEM1 HADGE 
M

Met Office/UK 1.25° ~1.88° 1/3°-1° 1° 38 40 None

MIROC3.2(hires) HIRES CCSR-NIES- 
FRCGC/Japan

~1.125 
°

1.125° ~0.18° ~0.28° 56 47 None

INM-CM3.0 INMCM INM/Russia 4° 5° 2° 2.5° 21 33 *1

IPSL-CM4 IPSL IPSL/France 2.5° 3.75° 1° 2° 19 31 None

MIROC3.2(medres) MEDRES CCSR-NIES- 
FRCGC/Japan

~2.8° ~2.8° 0.5°- 
1.4°

1.4° 20 43 None

MRI-CGCM2.3.2 MRI MRI/Japan ~2.8° ~2.8° 0.5°-2° 2.5° 30 23 *3

PCM PCM NCAR/USA ~2.8° ~2.8° 0.5° 0.7 26 40 None

*1 Water (Greenland/Iceland/Norwegian, Barentz and Kara Seas); 
*2 Heat and water; *3 Heat and water (global), momentum (12°N-12°S)

IPCC-AR4 models used in this study. 



Reconstructed Niño 3 SST  from the first SST-SLP combined 
complex empirical orthogonal function (CCEOF1) mode in the 
South Pacific Ocean – ENSO TIMESCALE
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ENSO pattern, teleconnections, impacts HIRES



ENSO pattern, teleconnections, impacts MEDRES



ENSO pattern, teleconnections, impacts PCM



ECHAM5ENSO pattern, teleconnections, impacts



HADCM3ENSO pattern, teleconnections, impacts



HADCM3ENSO pattern, teleconnections, impacts



HADCM3

-Ueq

ENSO pattern, teleconnections, impacts



Weaker easterlies
Weaker coastal jet

Weaker easterlies
Positive SST anomalies



Conclusion…

ECHAM5/MPI-OM is the model for our region…
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Reconstructed Niño 3 SST  from the first SST-SLP combined 
complex empirical orthogonal function (CCEOF1) mode in the 
South Pacific Ocean – ENSO-like TIMESCALE

CGCM3









Conclusions

• Most models are unable to reproduce the main (basic) SST-SLP 
coupled relationship in the tropical Pacific, at interannual and 
interdecadal timescales (Bjerknes’ mechanism).

• Unlike SST, simulated SLP anomalies are weaker than observed.

• Some of them, however, are capable to reproduce important 
characteristics of ENSO related climate anomalies in Chile: 
teleconnection patterns and impact on rainfall, coastal SST and 
surface air temperature.

• ECHAM5/MPI-OM is the model…
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