Representation of modes of
variability in climate models: a
focus on ENSO
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Take home message

A Climate models can simulate ENSO with varying degree ¢
fidelity.
A Representing realistic ENSO is not egitys a highly

coupled system influenced by various factors (both
iInternal and remote to the Pacific).

A There is improvement from CMIP3 to CMIP5, although
little.

A Further improvements would come down to minimising
biases in the mean state, which would in turn improve
air-sea coupling. This is likely through improving cloud
parameterisations (among other things).

A Steps taken to improve ENSO simulations may directly or
Indirectly improve simulations of other modes of
variability (e.g., SAM, IOD).



Modes of variability



A matter of time scales, spatial scales, and locations
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Characterising Modes of Variability

Spatial and Temporal Information

Spatial Empirical
Orthogonal Function
(EOF), standard deviation

as a function of locations,

regression patterns
against time indices,
composite maps, etc.
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(b) El Nino and IOD+

Always cross check
EOF results with
composite analyses

180°E

FiG. 3. Composite averages of the
SST anomaly (°C) during June-
November for the conservative classi-
fication listed (years printed in bold-
face) in Table 2.
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El Nino Southern Oscillation (ENSQO)



Normal condition
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ENSO SST anomalies time series
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Rechargeoscillatorparadigm (Jin 1997)

Phase change
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A complex coupled system
Involving a suite of alsea
feedback interactions

We need a tool for
guantifying these feedbacks



BierkneqBJ) stability indexXJin et al. 2006, GRL; decay rate if < 0, growth rate if > 0)
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ENSO across climate models
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Stronger ENSO amplitude tends to
correspond with stronger stability index,
l.e., a useful tool to examine amplitude in
terms of underlying feedback processes
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Better ENSO amplitude in CMIP5
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Figure la and b show that the average of modeled ENSO
amplitude in CMIP5 (red squares) and CMIP3 (blue square )
15 comparable to observations in both Nifio-3 and 4. How-
ever, the range of CMIP35 ENSCO amplitude spread around the
observed value is reduced by about half compared to CMIP3
in the two regions (whiskers). This is a notable improvement
over the CMIP3 ensemble where ENSO amplitude diversity
was much larger than could be explained by observational
varnability (e.g. Guilyardi et al. 200%a). Indeed, 65 % of
CMIP5 Nifio-3 and Nifio-4 ENSO amplitudes tall within
25 % ot the observed value against 50 % tor CMIP3.
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compensation toward better match against observations.
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Components of the 3 positive feedbacks

(b) MEM of response sensitivity coefficients ond meagn stotes
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Intermodelcorrelations
for TH and ZA against
their respective
components

Inter-model differences

controlled by:

1. wind-thermocline
coupling

2. Wind-current coupling
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Thus, to improve the aisea coupling: 1) flatter thermocline, 2) weaker
easterlies, 3) warmer surface: would enhance thermodynamic damping as well.

Kim et al. (2013, Climaf@yn, in press)



Source of uncertainties
Shortwave feedback
(Bellengeret al. 2013,

Climate Dynamics, in press)

Associated with
representing clouds
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SUB MIX CONV

Bellengeret al. (2013, Climate
Dynamics, in press)



