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0.1 Objectives

Sea-surface temperature anomaly, December 1997

New wavelet-based statistical tools will be used to validate
coupled climate models against coral reconstructions of the El
Nifio/Southern Oscillation (ENSO) over the past few thousand
years. These novel statistical techniques, developed at CIRES,
have shown promise in validating climate models against mod-
ern observations, but the short duration of observations has
limited the power of the method. Taking advantage of an op-
portunity for synergistic collaboration with Australian scien-
tists, we will perform the first statistically robust diagnosis of
ENSO model/data agreement on millennial timescales. The
project has potential for leaps in understanding coupled cli-
mate model performance and ENSO response to climate forc-
ing, and it will initiate new international and interdisciplinary
collaborations.
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Figure 1: a) Sea Surface Temperature 9 Background and Importance
Anomaly (° C), 12/1997 McPhaden (1999). b)

McGregor samples a fossil coral from Kiriti- Paleoclimate data provides context for modern observations,
mati, central equatorial Pacific. which is sorely needed when studying the decadal-to-centennial
variability of interannual climate signals like the El Niflo/Southern Oscillation (ENSO). How representative
is the 25 year TAO/TRITON ENSO record? How unlikely was the strongest observed El Nifio event (1997-8;
Fig 1a, NOAA estimates $25 billion damage) when compared to the past 5,000 years (e.g., coral reconstruc-
tions in Fig. 1b)? How much has ENSO variability changed in the past, and how much is it likely to change
in the future? How reliably can we estimate these changes over long timescales, when anthropogenic climate
change is expected to have a profound impact?

ENSO strongly influences drought and flooding events in both Australia and the US (Ropelewski and
Halpert, 1987), thus planners in both regions require good ENSO statistics over decadal and longer timescales.
Under likely future forcing and past orbital forcing (e.g., the Maunder minimum) ENSO activity is expected
to change, but the direction of projected change is not consistent among models (Guilyards et al., 2009), and
may not necessarily dominate over natural decadal variability (Power et al., 1999). Coupled climate models
are calibrated against and generally perform well when simulating modern observations (Neale et al., 2008),
but variations on centennial timescales ( Wittenberg, 2009; Stevenson et al., 2010) indicate that models are
likely ‘overtuned’ to our short instrumental record, hindering simulations of past and future climates.

0.3 Innovative Aspects
We propose the first quantitative validation of the (Boulder) NCAR CCSM and (Australian) CSIRO Mark
3L against both modern observations and coral paleorecords (McGregor and Gagan, 2003) simultaneously.
Validation will rely on the recently developed wavelet probability analysis (WPA) toolbox of Stevenson
et al. (2010)!, which uses the probability distribution function of the wavelet spectrum to measure spectral
variability. By comparing subsets of one time series to subsets of another, it is possible to determine at
any desired confidence level whether the two time series differ (see Figure 2). Wavelet techniques natu-
rally allow simultaneous treatment of gappy timeseries (e.g., coral paleorecords) with continuous, though
limited-duration, modern observations, but WPA has only been used for model validation against modern
observations. This innovative research project will demonstrate WPA’s utility for paleoclimate.
Serendipitously, Drs. Helen McGregor at the University of Wollongong (UOW) and Steven Phipps at
the University of New South Wales (UNSW) have a new data/model comparison project, which seeks to
understand the contribution of climate change to the ENSO record using both fossil coral records and
(CSIRO Mk3L) model integrations. Coral records (McGregor and Gagan, 2003) from several locations in
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the western and central Pacific and millennial CSIRO Mk3L simulations are therefore available, but no
robust statistical techniques for model/data comparison have yet been developed or used by the Australian
group. As such, the Australian and Boulder teams are complementary. The collaboration will demonstrate
CIRES-developed model validation tools as well as broaden and further the CIRES presence in paleoclimate
and climate diagnosis research.

0.4 Research Plan

Ms. Stevenson will be traveling and working on this project as part of her PhD thesis (which has already
resulted in the development of the WPA tools). Comparison of the CSIRO Mk3L vs. NCAR CCSM and
modern observations will be performed in Boulder this summer, followed by a visit to UOW and UNSW
during the 2010/11 academic year. The research plan is:

Validate long (8,000-10,000 year) CSIRO Mk3L and CCSM3.5 simulations versus modern observations
Isolate contributions from orbital forcing in CSIRO Mk3L runs

Travel to Sydney/Wollongong to learn coral reconstruction techniques

Apply WPA procedures on coral records versus model runs and modern observations

ENSO band . COSMOTLOORE disagree Results will include a proof-of-concept demonstration of
e CIT O TE LIRS IELE AR WPA use with paleodata, a comparison of CCSM and CSIRO
MKk3L with coral variability throughout the Holocene era, and

clues as to the physics and model parameters that drive and

agree control ENSO variability on centennial and longer timescales.
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observational undersampling or model bias. salary (post-comps graduate student, 11 months & tuition
NASA fellowship supported), funding for 2 months travel to Sydney for collaboration/training, and funds

for one publication totaling approximately $15k, without indirect costs.

0.6 Expected Outcome and Impact

Our innovative, robust statistical methods will compare long model integrations and high-resolution coral
proxy data to understand long-term variations in ENSO activity. The project timing takes advantage of the
recent completion of the WPA toolkit and the start of the McGregor/Phipps project to create a new model
validation paradigm. Our results will be useful for modern and paleoclimate work: we will provide statistical
evaluation of climate models relative to both ancient and modern observations, yielding the first statistically
robust, millennial-scale climate model validation. The work will serve as proof of concept for more detailed
model/data comparison of ENSO using paleoclimate records.
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