A proxy index of ENSO teleconnections from the central equatorial Pacific

Variationsin centraland easternequatorialseasurfacetemperaturesre linked to
extratropicalclimate anomaliesvia atmospheriavater vapor and heatfluxes'% Here we

reconstruct a measure of central equatorial Pacific SST andonal®38-1993from stable

isotopic (5*°0) resultsfrom a coral collectedat Kiritimati (Christmas)island, Republicof

Kiribati (157.3W, 2°N), in one of themostdata-poomregionsof the tropical oceans. We
recover not only regional SST anomaly, but also extratropical climate information in
teleconnected regions.

Seasurfacetemperaturesstimatesmay be derived from the isotopic composition

and minor-elementchemistry of aragonite formed by annually-bandedreef corals.

Interannual variability in the oxygen isotopic compositid¥id) is a function of the SSik

which the coral secretedts skeletori, but dependingon the oceanographisetting, may

alsorecordchangesn the 80 of seawater’. The Strontium:Calcium(Sr/Ca) ratio in

corals has been shown to be a function of S8t minimal seawater Sr/Cainfluence?®.

Application of these two tracers in tandem has been tasgidtinguishseawater 3*°0 and

sea surface temperature anomalies recorded on the Great Raeefeluring the 1982-3El

Niflo-Southern Oscillation (ENSO) evéntn principle, paired Sr/Ca afO datafrom a

seriesof temporally-overlappingoral coresmay be usedto constructproxy recordsof
SST and sea surface salinity variability well into the pre-instrumental period.

At Kiritimati, the seasonaSST cycleis modest(<1.2°C), while ENSOwarm and
cold phaseSST anomaliesof £3°C are prominentandreflect changesn wind stressand

associated equatorial upwellfnglhus, Kiritimati is an ideal locationat which to monitor

the thermal oceanographic signal associated witfuth&€NSO cycle. We measured'®O

andd"C ona corefrom aliving coral collectedin March 1994, at 0.5mmintervalsalong



the maximal growth axis of the coral. T&éC record was used tonstructan agemodel
for time seriesanalysisof the &0 record, basedon observationof the dependencef

&"3C of coralline aragoniteon coralline reproductiveactivity’. This samplingresolution

enabled us tobtain 25-35 samplegper annualbandand achievea chronologywith better

than monthly resolutionandlow agemodelerror estimate¥ (Fig. 1A). Paired3®O and

Sr/Ca results and SST data for the 1981-86 period confirm that both geochemical
thermometers have captured theerannualSST variability over this 6 year period, which
includesthe strong ENSO warm eventof 1982-3, normal/cold conditionsthrough mid-
1986, and the initiation of the 1986-7 warm phase event {By. As our interesthereis
in the interannualariability, we analyzefurther only April-March annualaveragesof the
oxygenisotopic record, which we term “NINO-C” and interpretas primarily driven by
SSTanomaly(Fig. 1C). NINO-C sharesover 60% variancewith the commonly used
NINO3 area index (15W-90°W, 5°N-5°S) of eastern equatorial Pacific SST

NINO-C should also provide a good index of teleconnectionsassociatedwith
ENSO, since SST extrema in the central equatorial Pacific directly influence the
atmospheric circulatidd. Analysis of surface meteorological station - NIN@@relation
patterns indicates that global, interannual patterns of surface air temperatureand
precipitationanomalyare recoverablefrom NINO-C (Fig. 2) in the Americas, Africa,
Australia, India, and SoutheastAsia. These patternsgenerally agree,in both spatial
distributionand correlationamplitude,with thoserecoveredoy correlationof station data
with like averagesof NINO3 and with the literature on tropical-extratropicalclimate
teleconnectiong***3 However, correlationswith NINO3 are strongerthan correlations
with NINO-C in the southeast U.S. for bagmperatureand precipitation,suggestinghis
region is more sensitive to SST variabilitytive easterrthan the centralequatorialPacific,

while surface temperaturesin central and northeasternAsia at about 45°N appear



responsive to NINO-C, but not to NINO3. These results suggest overall similarity but also
subtle differences between teleconnections associated with the central andeeastiemnal
Pacific regions,which may be resolvedby indicesfrom the centralequatorialPacific and
other data-poor regions of the tropical oceans.

We have shown that NINO-C is capablieproviding a recordof both tropical and
extratropicalclimate variability on interannualtime scales;hence,comparisonof modern
and paleoclimaticNINO-C resultswill permit analysisof climate changerelative to the
presentin both the central equatorialPacific and in teleconnectedegions. Seasonally-
variant carbon isotopic composition or density banding provides a relative chrofmagy
coral colony's lifetime, while absolute dating of fossil coral samples can be achieved via the
radiocarboror U-seriestechnigues. By thesemeans multi-proxy extensionof NINO-C
into the pre-instrumental period will permit exploration of linksit@umentedextratropical

paleoclimate anomalies on interdecadal time scales.

M.N. Evans*, R.G. Fairbanks*, J.L. Rubenstone

Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY
10964-8000

*Also at: Dept. of Earth and Environmental Sciences, Columbia University, NY, NY

10027

Data presented in this paper is available from the authors (email:
mevans@Ildeo.columbia.edu), Nature, or the World Data Center A - for Paleoclimatology
(www.ngdc.noaa.gov/paleo). LDEO contribution #5812.

References

1. Pan, Y. & Oort, A.Mon. Weath. Rev111, 1244-1258 (1983).



S

9.

10.

11.
12.
13.
14.
15.

Graham, N. & Barnett, TScience 238, 657-659 (1987).

Weber, J. & Woodhead, B. Geophys. Res(7, 463-473 (1972).

Cole, J., Fairbanks, R.G. & Shen, GScience260, 1790-1793 (1993).

Weber, J.Geochim. et Cosmochim. Ac&¥, 2173-2190 (1973).

DeVilliers, S., Shen, G.T. & Nelson, B.kKGeochim. et Cosmochim. Ac&3, 197-
208 (1994).

McCulloch, M., Gagan, M., Mortimer, G., Chivas, A. & IsdaleGBochim. et
Cosmochim. Actdb8, 2747-2754 (1994).

Philander, S. G.HEI Nifio, La Nifia, and the Southern Oscillati¢Academic Press,
San Diego, 1990).

Gagan, M., Chivas, A. & Isdale, Beology 24, 1009-1012 (1996).
Evans, M., Fairbanks, R.G. & Rubenstone, J.IGeophys. Re$1998),
submitted; preprint available at http://rainbow.ldeo.columbia.edu/~mevans/preprints/.
Ropelewski, C.F. & Halpert, M.9Mlon.Wea. Rev.114, 2352-2362 (1987).
Ropelewski, C.F. & Halpert, M.Sl. Climate 2, 268-284 (1989).
Halpert, M. & Ropelewski, CJ. Climate 5, 577--593 (1992).
Reynolds, R.W. & Smith, T.MJ. Climate 7, 929--948 (1994).
Baker, C., Eischeid, J., Karl, T. & Diaz, H. Areprints of AMS Ninth Conference
on Applied Climatology, Dallas, TX., January 15;2095. Data accessed via the
LDEO climate server

(http://ingrid.ldgo.columbia.edu/SOURCES/.NOAA/.NCDC/.GCPS/).



Figure Captions

Figure 1A Kiritimati coral 3'®0 time series normalized to the 1951-80 mean and standard

deviation of the dat&'®O scale has been reversed. Error bars give uncertaiifiDimnd

decadal averages of age model uncertainty estithates

Figure 1B Kiritimati coral 3'°0 (%o, PDB scale; blue circles) and Sr/Ca

anomalies (mmol/mol; red circles) relative to the mean for the 1981-1987 period.

Reproducibility confidence intervals (estimatex) Bor each tracer are as indicated. Also

plotted (black line) are sea surface temperature anomaly estimates from the analysis by
Reynolds and Smithfor the 2 x 2° grid box encompassing Kiritimati. The data have

been plotted on a common range so that direct comparisons of the different measurements

may be made: 8C =1.6%o in5'¥0 = 0.6 mmol/mol in Sr/CH.

Figure 1C Plot of NINO-C (red line) and NINO3 index (SST anomaly averaged over
15CW-90°W, 5°N-5°S; black line) vs. time. Also shown are the number of samples
analyzed per year and SST observations, respectively. Correlation between NINO-C and

NINO3 is -0.79.

Figure2 Linear correlations (r) between -1*NINO-C af) Gurface air temperature

and @) precipitation data from a global network of statidn3 he locations of all stations

with < 42 years of data are plotted in grey; stations correlated at or above the 90%
confidence level (] r3 0.3;= 36 degrees of freedom) are plotted in color. In general the
recovered patterns agree with those recovered by correlation with like averages of NINO3,

although there are subtle differences (see text).
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