Braddock Linsley
Department of Atmospheric and Environmental Sciences
Sponsor:  National Science Foundation

Amount:  $94,399

Dates:
August 15, 2009 – July 31, 2011
Collaborative Research: Temperature Reconstruction of the Western Equatorial Pacific Thermocline During the Last ~2000 Years: a Paleo Perspective for Modern Observations
Comparisons between instrumental data and paleoclimate proxy records of surface temperatures suggest the warmth of the northern hemisphere during the latter half of the 20th century was unmatched at any time during the last 500 years, and likely even during the last 1300 years (IPCC, 2007; Mann et al., 2008). Likewise, studies documenting changes in deep ocean temperatures suggest a significant increase in the deep ocean heat content over the past ~50 years, primarily occurring in the 0-750m depths (Levitus et al., 2000, 2001, 2005) thereby raising the possibility that reconstructions based on surface temperatures might provide a lower limit as the ocean has been “absorbing” some of the current warming.  Without the perspective of longer time-scales it is difficult, however, to evaluate the impact of these observations to predictions of future climate change.
Here we propose to reconstruct Holocene variability in the Western Pacific Warm Pool (WPWP) thermocline structure with emphasis on the last 2000 years. The WPWP thermocline exerts a substantial effect on upper-ocean heat balance through oceanatmosphere heat and moisture exchange and thus has major effect on Earth’s climate. We propose to reconstruct the late Holocene variability in WPWP thermocline structure using Mg/Ca and δ18O measurements in planktonic foraminifera (mixed layer Globigerinoides ruber and  thermocline dweller Pulleniatina obliquiloculata) and shallow water benthic foraminifera (Hyalinea balthica) from several cores from high accumulating sites in the Indonesian Seas that offer decadal-scale resolution. As these records extend into the most recent time (1990s), the reconstruction will allow us to specifically focus on the interval covering the Medieval Warm Period, Little Ice Age and the last century thus providing an opportunity to compare and calibrate the proxy records with instrumental data. The new records will allow us to test the following hypotheses:

1. During the last 2,000 years western equatorial Pacific thermocline temperatures covaried

with the overlying SST, showing an anomalous cooling during the LIA and

warming toward the present.

2. Prior to the LIA cooling, WPWP thermocline temperatures were within error of late

20th century temperatures.

3. The thermocline cooling is largely a response to changes in global temperature, and

correlative with the northern hemisphere climate.

4. Part of thermocline cooling during the LIA is attributable to a shift in the mean

climate state to more El Niño-like conditions.

As part of the proposed work we will refine the Mg/Ca-bottom water temperature (BWT) calibration of H. balthica, which has recently became the species of “choice” for reconstructing shallow water conditions in high accumulating, organic rich marginal sediments. This will reduce uncertainties associated with BWT reconstructions using this species. Also, specific attention will be given to provide accurate chronological constraints using a combination of dating by AMS C-14, Pb-210 and correlations to nearby cores we have already analyzed in the southern Makassar than contain the 1815 AD Tambora ash.

Broader impacts: This proposal addresses a very important societal issue; is the warming of the past two centuries unmatched relative to any time in the past 2000 years. The implications of this issue go beyond the paleoceanographic or climate community. In addition, the proposal will support the thesis of a female graduate student (Fern Gibbons-WHOI) and few undergraduate students at Rutgers and SUNY-Albany.
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