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* EI Nino-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
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« ENSO (or El Nifio) has been diagnosed using SST anomalies or the
Nino 3 (Nino 3.4) SST amplitudes...
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Fig 2. Examples of the first BOF of detrended 55T in the region 10% 5-10°1, 120% E-00° W and the spectmum of its comesponding time
seres. The pattern is normalized 1o bave unit amplimde and the contour mtsrval is 0.2. {a) Observations: the pattam of S5TOIVE and the
titne series of Faplan S5T, (b) CGCM3I.1(T47), (c) CIEM-CM3, (d) ECHAMS/MPI-OM, (&) GFDL-CMZI.1, (f) MIROC3. 2(hires) and (g)
HadCM3.
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Figure 1: Normalized power spectra of Nifio3 SSTA for the 23 models studied, together with the available scenarios.

Observation are for the HadISST1.1 dataset, years 1900-2000. Models color code: black = picntrl. red = 1petto2x (after

stabilisation), green = Ipctto4x (after stabilisation). Spectral peaks exceeding 0.6 are significant.

Amplitude of El Nino is defined as the
monthly standard deviation of the SST
anomaly in the Nino 3 region
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Figure 1: Normalized power spectra of Nifio3 SSTA for the 23 models studied, together with the available scenarios.
Observation are for the HadISST1.1 dataset, years 1900-2000. Models color code: black = picntrl. red = 1petto2x (after
stabilisation), green = Ipctto4x (after stabilisation). Spectral peaks exceeding 0.6 are significant.



Nino3 SST Regressions
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FiG. 1. Nifio-3 SST index regressions on observed and simulated
SSTs in the 195099 period, based on all calendar month anoma-
lies. The marked rectangular box outlines the Nifio-3 region (5°S—
5°N, 150°-90°W). SST observations are from the HadISST analy-
sis. Simulating models are noted at the left of each panel. The
contour interval is 0.2 K and the zero contour is suppressed; the
shading threshold is 0.6 K.
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sis. Simulating models are noted at the left of each panel. The

contour interval is 0.2 K and the zero contour is suppressed; the
shading threshold is 0.6 K.
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FiG. 8. ENSO’s zonally symmetric winter circulation response in the Tropics/subtropics: Nifio-3 SST index
regressions on zonal-mean zonal wind (rotational flow) are shown using a contour interval and a shading threshold
of 0.5 m s™'; the zero contour is omitted in all panels. Regressions on divergent (Hadley) circulation are shown
using vectors, whose zonal component denotes zonal-mean meridional wind (in m s™') and whose vertical com-
ponent denotes the zonal-mean vertical velocity (in Pa h™'). Vectors of magnitude less than 0.05 are suppressed.
The same vector scale, shown below the panels, is used in all cases. Light (dark) shading denotes negative (positive )

values.
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5°N, 150°-90°W). SST observations are from the HadISST analy-
sis. Simulating models are noted at the left of each panel. The

contour interval is 0.2 K and the zero contour is suppressed; the
shading threshold is 0.6 K.
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FiG. 8. ENSO’s zonally symmetric winter circulation response in the Tropics/subtropics: Nifio-3 SST index
regressions on zonal-mean zonal wind (rotational flow) are shown using a contour interval and a shading threshold
of 0.5 m s™'; the zero contour is omitted in all panels. Regressions on divergent (Hadley) circulation are shown
using vectors, whose zonal component denotes zonal-mean meridional wind (in m s™') and whose vertical com-
ponent denotes the zonal-mean vertical velocity (in Pa h™'). Vectors of magnitude less than 0.05 are suppressed.
The same vector scale, shown below the panels, is used in all cases. Light (dark) shading denotes negative (positive )

values.
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regressions on zonal-mean zonal wind (rotational flow) are shown using a contour interval and a shading threshold
of 0.5 m s™'; the zero contour is omitted in all panels. Regressions on divergent (Hadley) circulation are shown
using vectors, whose zonal component denotes zonal-mean meridional wind (in m s™') and whose vertical com-
ponent denotes the zonal-mean vertical velocity (in Pa h™'). Vectors of magnitude less than 0.05 are suppressed.
The same vector scale, shown below the panels, is used in all cases. Light (dark) shading denotes negative (positive )

values.



Basic SST-SLP coupled relationship (Bjerknes’ mechanism)...
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Jacob Bjerknes

... 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 ...

Bjerknes 1969
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IPCC-AR4 models used in this study.

Model Short Originating group(s) Atmosphere Ocean Atm. Oce. Flux
Name Name Resolution Resolution Vertic Vertic correcti
(lat x lon) (lat x lon) al al on
Levels Levels
BCCR-BCM2.0 BCCR Bjerknes ~2.8° ~2.8° 0.5°- 1.5° 31 35 None
Centre/Norway 1.5°
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
—p | ECHAMS5/MPI-OM ECHAMS5 | 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
—p> | GFDL-CM2.0 GFDL GFDL/USA 2° 2.5° 1/3°-1° 1° 24 50 None
GISS-AOM GISSAO NASA-GISS/USA 3° 4° 3° 4° 12 16 None
M
GISS-EH GISSEH NASA-GISS/USA 4° 5° 2° 2° 20 16 None
— | UKMO-HadCM3 HADCM3 | Met Office/lUK 2.5° 3.75° 1.25° 1.25° 19 20 None
UKMO-HadGEM1 HADGE Met Office/UK 1.25° ~1.88° 1/3°-1° 1° 38 40 None
M
e | MIROC3.2(hires) HIRES CCSR-NIES- ~1.125 1.125° ~0.18° ~0.28° | 56 47 None
FRCGC/Japan °
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- ~2.8° ~2.8° 0.5°- 1.4° 20 43 None
FRCGC/Japan 1.4°
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)



Reconstructed Nifio 3 SST from the first SST-SLP combined
complex empirical orthogonal function (CCEOF1) mode in the

South Pacific Ocean — ENSO TIMESCALE )
Ons Osol 'N3.sol PPmodot

_v‘—A__—A'L_‘L-‘V‘A‘,A_..‘W OBS 0,71 1,21 ~-1 42
‘V‘W‘V".‘V‘A"""‘L"‘"""‘W* BCCR 0,78 0,39 -0,93 21

B AR A Shfh ARt d Al A/ w5 ccsmz 0,74 0,35 ~-1 25

Pt A A A A mh By CSIRO 065 080 -080 32

V A 4 VW w v \ A 4 ECHAMS5 1,14 0,83 @ 40
FGOALS 1,78 0,84 -0,95 49
croL 0,82 087 41
GISSAOM 0,03 0,12 -0,76 26
A A o g Ay By ! GISSEH 0,46 0,14 -0,15 19
W'-"A"—‘vv*"‘—‘ HADCM3 0,78 0,87 @ 32
A B I ey~ HADGEM 0,38 0,53 -0,92 24
A A e e ek - HIRES 0,25 0,58 @ 25
“—w*v‘fw‘Avﬁr‘y“"v“-'f INMCM 0,61 0,17 -0,88 25
,"‘,-A_."MA-L'L-‘.»“»%"‘ PSL 094 026 -091 30
e e e e A~ _amEDRES 043 046  (099) 35
WWW# MRI 0151 0’76 - 37
PCM 0,81 0,40 -0,98 23

i | | | | | | |
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ENSO pattern, teleconnections, impacts
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ENSO pattern, teleconnections, impacts wepres
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ENSO pattern, teleconnections, impacts .,
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ENSO pattern, teleconnections, impacts
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ENSO pattern, teleconnections, impacts
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ENSO pattern, teleconnections, impacts

{a) <CCEOF1 N3, CCEOF1 SST> (0B3)
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ENSO pattern, teleconnections, impacts

{a) <CCEOF1 N3, CCEOF1 SST> (0B3)
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Conclusion...

ECHAMS5/MPI-OM is the model for our region...



Reconstructed Nifio 3 SST from the first SST-SLP combined
complex empirical orthogonal function (CCEOF1) mode in the
South Pacific Ocean — ENSO-like TIMESCALE
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Figure 4. Reconstructed CCEOF1 Nino 3 SST Index (N3; see Figure 1)
regressed upon raw SLP anomaly field using observed and simulated SST
and SLP interdecadal anomalies. Positive (solid line) and negative
(dashed line) regression coeflicients are depicted every 0.1 hPa per N3
standard deviation, and the dark (light) shaded areas depict correlation
coefficients larger (lower) than 0.7 (-0.7). The zero line is not shown. The
|0.7] correlation coefficient represents approximately the 95% of
confidence limit, applying the random-phase test of Ebisuzaki [1997].




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).

e 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.

 ECHAM5S/MPI-OM is the model...
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