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1. Introduction

Theprimary god of predicting El Nifiois to better anticipae thereative likelihoodof
regiond climate anomalies. Much progress has been madein thelast several decadesto
better undestand El Nifio andits globd consequences (McPhaden et a. 1998 Trenbeath
et a. 1999. This knowedgehas motivated more complex and sophisticated prediction
modds, butit’ s not clear whether these advances have trandated into increased
prediction skill of EI Nifio.

By the standad verification measures of NINO indices, complex dynamical modds
do not outperform simpler statistical modds. Comparison of skill and event evolution
suggests tha dynamical and statistica modds are approximately equivalent (Barngon et
al. 1999 Kirtman et a. 2000. Ultimately what is communicated by these verification
measures is whether or notaforecast system can indicate an imminent EI Nifioor La
Nifiaevent. However, theimpact of a particular El Nifio on the seasond climate depends
on more than thevalue of astatic box average

Knowledgeof the event' s evolution, in terms of timing, amplitudeand structure are
important characteristics of the event. Studies are beginning to show tha the atmosphee
may be sengtive to therelative placement of warm SST anomdliesin theequaorial
Pacific (e.g. Barsulgi and Sardeshmukh, 2002) however, thelimited observationd record
and relative infrequency of El Nifio events makes such distinctionsdifficult to verify in
naure. Still, an event focused in the central Pacific will carry a different precipitation
forecast for certain parts of theworld than onefocused farther in the eastern Pacific.

Theability to predict seasond climate anomalies increases significantly during El
Nifio and LaNifiaevents (Shukla2000;Goddad and Dilley 2005) skill over land
(world-wide) increases linearly with the strength of the event. Theoppotunity of
obtaining better climate forecast information during El Nifio eventsisto some degree
conditiond upontheaccuracy of information abou the particular El Nifio event.
Therefore, themore reliably ENSO prediction systems can capture the characteristics of
amplitude timing and structure of El Nifio events, the more reliably the assodated
regiond climate anomalies can beforecast.

2. Pattern Correlation — Predicting El Nifio Structure

It isnotobviouswhether it is dynamical or statistical modds tha should exhibit more
accurate paternsof SST anomdliesin theequaorial Pacific during El Nifio events.
Statistical modds are designeal to represent the observed paternsof variability, but
statistical modds can only predict characteristics tha are consstent with previoudy
sampled events, and to some degree, each El Nifio event is unique Dynamical modds
(i.e. coupled ocean-atmosphee gened circulation modds, or CGCMs) are free to evolve
according to the equaionsof motion and the currently observed state of the ocean;
however, the mgjority of CGCMs till have subgantia errors or biasesin the spatial
signaure of ENSO. El Nifio events are often centered too far west, which meansthat the



assodated convective anomalies are aso too far west. Thusfor both statistical and
dynamica modds, onecould expect that thespatia structure of El Nifioin the prediction
modds may be somewha condant — that the prediction modds cannotdiscern between
eastern Pacific focused events and central Pacific focused events, for example. Figures 1
& 2, comparing two statistical ENSO prediction methodsand one CGCM, suggest tha
thisis not necessarily the case. The patern correlation over the eastern equaorial Pacific
(180-90W; 555N), which largdy indicates whether the prediction can distinguish
between central Pacific and eastern Pacific events, shows ingances where the CGCM
captured the peak SST anomdlies in the eastern Pacific (1997)and the central Pacific
(1994)very well, and ingances where the CGCM did notdo aswell. Similar cases can be
foundfor both of the statistical modds.

Incremental progressis beng made For example, improved parameterization of
convective momentum trander (GFDL, 2005 improves the longitudind placement of the
westerly wind anonalies assodated with EI Nifio, which improves both the spatial
structure of their CGCM’ s SST variability and thetimescale (Wittenbeg 2004, persond
communication). Still, a diffuse equaoria theemodinein theeastern Pacific is a chronic
problem that has notyet been overcome.

3. Improved use of the information
a) Multi-model predictions

Predictionsbenefit from multi-modd combinaionwhen a group of modds shows
similar skill levels and each containserrors or biases tha are somewha uniqueto the
modd or technique Such a situation applies to ENSO prediction as well as climate
prediction. A combinaion of ENSO predictionsyieldsa better forecast than any
individud modd, even usng equd weightsfor each model, asis appropriate when the
hindcast record is limited asiit often isfor CGCMs (Kirtman et al. 2000) Maps of
anonaly correlation indicate tha unweighted averaging of five CGCMs (Fig 3b)
improves over theskill fromasingle CGCM (Fig 3a) especialy in the eastern equéorial
Pacific, in thevicinity of the NINO3 and NINO3.4 regions

Theresults shown in Figure 3 are based onthe ARCS (Applied Research Centers)
multi-modd ensemble, which congsts of five coupled modds. Each CGCM usesthe
same ocean componant modd (MOM 3, Pacanowski and Griffies 1998)and ocean state
from an ocean daa assimilation system (Derber and Rosati 1989) All of themodds are
directly coupled; no corrective terms are added to either the atmosphee or the ocean to
keep theclimate from drifting. Thefive coupled modds utilize oneof theECHAM4.5
(Roeckner et a. 1996) COLA (Schneder 2002, or CCM3 (Kiehl et a. 1996 AGCMs
coupled to two different resolutionsof the MOM3 OGCM. The multi-modd combinaion
ismadeusng an equa weighting for each modd. Full details of this multi-modd
enseemble data can be foundin Schneder et a. (2003).

b) MOS Correction
Further improvements can often be madeto dynamical predictionsby means of
modd output statistics (MOS). Systematic biases can be addressed effectively by such
methods However, it often takes careful investigation to identify theaccurate
information provided by the prediction modd(s) that is physcally connested to the biased



information provided by the modd(s). The CGCMs have errors and biases in ther SST
anonalies, but the biases are not systematic enoughto benefit from usng the CGCM-
predicted SST anonalies as the predictor (Fig 3c). On the other hand, CGCMs predict
well theevolution of heat content anomalies. The problems in getting those heat content
anomdlies to the surface are related to modd biases such as atoo diffuse theemodine and
impefect mixing parameterizations Thusstatistically correcting SST anomalies based on
heat content anomalies leadsto dramatic increases in skill (Fig 3d). For theresults
presented, both the heat content and SST correction are donein cross-vaidaed (leave
oneout) EOF regression space. For the predictor and predictand, 6 EOFs each are kept.
Theregressionis peformed between theprindpd components of the predictor modes
with each of the predictand modes.

4. Conclusions

Thecurrent state-of the-art dynamical modds perform on pa with the best
statistical modds. The best statistical modds are aboutas goodas they will ever ge.
However, dynamical moddsremain far from pafect, which meanstha improvements
are possible. Meaningful improvements to CGCMs will involve consderable human,
observationd, and computing resources. In the short term, better use can be made of the
tools at hand. Multi-modd ensembling and MOS techniques yield predictionstha
outperform theraw individud modds, and thusprobably outperform the best statistical
toolsaswell. In theend, the best forecasts should draw on the best information available,
which meansinduding information from both statistical and dynamical predictions
Performance andyses of such systems are likely to reveal the next notable increasein
ENSO prediction skill.
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Figure Captions

Figure 1.Pattern correlation of SSTa between ENSO prediction modds and observations
(Olv2; Reynoldset al. 2002 ove the eastern equaoria Pacific (180-90W; 5S-5N). Two
statistical modds are shown: Condructed Andog (CA; van den Dool and Barngon 1995)
and Markov (Xueet al. 2000, and oneCGCM (ECHAM4.5+MOM3; DeWitt 2005) The
time mean pattern correlation coefficient islisted in thelegend for the 3-month lead
forecasts, tha valueis approximately 0.3 for all 3 modds at 6-month lead. Note, thearea
mean has been removed.

Figure 2. Location of maximum SST anomaly aong the equaor for 3-month lead (solid
symbols) and 6-month lead (open symbols) prediction of El Nifio events from the same
set of modds shown in Fig. 1. All modds, induding the statistical ones, appear to be
incapable of produdng a peak SST anonmaly in thefar eastern equaoria Pacific.

Figure 3. Anomaly correlation mapsfor 12-month lead forecasts initiated in Januay for
theyears 1980:1999.(a) Individud CGCM:; (b) Raw (unarrected) ensemble average of 5
CGCMs, (c) Corrected ensemble-average CGCM SSTa udngtheraw SSTafor the
predictor (as described in text); (d) Corrected ensemble-average CGCM SSTausng
ensemble-average heat content for the predictor.



