During my tenure as a Fellow, I plan to research the dynamics of the abrupt climate changes during the last glacial period known as Dansgaard-Oeschger (D/O) events. More specifically I will look at the role of the tropical atmosphere in potentially initiating and otherwise communicating these changes globally.


Paleoclimatic data indicate that, over the past 120 thousand years, there have been repeated instances of ‘abrupt climate change’ where the global climate exhibits a profound rearrangement in less than 20 years (the limit of resolution in the data). The D/O events are probably the best described of the abrupt climate change events and were first seen in the Greenland ice core records. Starting from the full glacial climate state, a D/O event in Greenland is characterized as an abrupt warming of 10C (in 20 years or less) followed by gradual cooling for several hundred years and then a more rapid cooling back to the glacial state. Although the signature of these events is most predominant in the Greenland ice core record, the abrupt changes seen in Greenland are concomitant with changes throughout the Northern Hemisphere and the global Tropics (Voelker, 2002). The initiation of the abrupt warming events show a strong periodicity of order 1500 years although the onset of warming is not initiated in some cycles: a beat is skipped (Rahmstorf, 2003).


The prevailing theories about the underlying dynamics of D/O events mostly involve thresholds or instabilities in the ocean thermohaline circulation (OTC). These theories contend that the heat transported to the poles by the ocean abruptly changes due (i) to changes in the intensity of the OTC, (ii) a shutdown of the OTC or (iii) migration of the location of deepwater formation. Though the latter most theory can explain the shape of the change seen in Greenland (rapid warming/gradual cooling followed by more rapid cooling/), all three OTC based hypotheses produce a more localized response in the atmospheric climate than the paleoclimatic data suggest: changes in OTC only replicate the data in the Atlantic basin, but they underestimate the intensity and abruptness of warming events in Greenland and they can not account for the global scale changes- for example, those seen in the N. Pacific or in Asia. Furthermore, the periodicity of D/O events can only be explained if external fresh water forcing of the same periodicity is imposed. For this reason, I do not believe that changes in OTC alone can adequately explain D/O events although they do certainly contribute to the dynamics of the climate system.


Recent studies indicate that moderate reductions in the extent of sea ice in the North Atlantic are capable of explaining the jumps in temperature, snow accumulation and oxygen isotopes seen in Greenland during the D/O events  (Li et al. 2004). Possible drivers for the changes in sea ice extent are changes in the OTC and changes in the atmospheric circulation. The later seems to be a likely candidate since, in today’s climate, modeling and observations indicate the year-to-year and decade-to-decade variability in the sea ice edge is primarily forced by changes in the wind. Furthermore, it is also known from theoretical, modeling, and observational studies that even very large changes in sea surface temperature in the midlatitudes have a small impact on the atmospheric circulation. In contrast, small changes in the tropical climate system can have large and nearly instantaneous impacts on the midlatitude circulation (and thus potentially on the sea ice edge) via tropical teleconnections (see discussion below).  For these reasons, I plan to investigate how changes in the tropics affect the global atmospheric circulation during glacial times and whether changes in the tropics could be responsible for the onset of D/O events or for communicating D/O events globally. 


It is well known that modest changes is the spatial gradients of tropical sea surface temperature (SST) force changes in the tropical atmospheric circulation that are then communicated to the extratropics via atmospheric teleconnection physics. One modeling study has suggested that during glacial times the amplitude of the teleconected signals is almost an order of magnitude greater than is supported by today’s (interglacial) climatological mean state. Yin and Battisti (Yin, Battisti, 2003) showed that, starting from the climatological mean state during the last glacial maximum modest changes in the spatial pattern of tropical SST have global implications in the temperature field, especially in the Northern high latitudes where the temperature changes were of order of those observed during D/O events. There is also a strong feedback on the mass balance of the ice sheet, especially along the southern edge of the sea ice.


There are several different explanations for how teleconnections between the tropics and the subtropics work. It has been confirmed (Yin) that spatial gradients of SST play a more important role in tropical teleconnections than the absolute SST temperature. Therefore, it is believed that a possible mechanism of tropical teleconnection is the change in the location of where convection occurs (Koutavas et al., 2002): the inter-tropical convergence zone(ITCZ) migrates South of its present location (much like the shift which occurs during the present day boreal winter) which has potentially strong but poorly understood implications for subtropical climate. 

My initial research plan is to re-examine the robustness of Yin’s result. First, I will diagnose the physics that are responsible for the extraordinarily large teleconnections found in Yin and Battisti using the standard modern theoretical toolbox for diagnosing the mechanisms responsible for the atmospheric circulation (ray theory, PV dynamics, transient-mean flow budget analysis, etc). I will then test the hypothesis that changes in the distribution of tropical SST can indeed explain the D/O changes seen in Greenland, as well as those seen throughout the global tropics (in particular, those seen in Asia, the North Pacific, and tropical South America).

To test this hypothesis, I will use an atmospheric general circulation model (NCAR’s CAM3) to build a Greens Function response of the global atmosphere to localized SST anomalies centered on geographic regions in the tropical ocean. This analysis presumes that non-linear atmospheric responses are negligible. This assumption holds in the present climate. I will confirm that it works in the glacial climate by performing many of the same tests used by investigators that have used the method in the present climate. For example, I will evaluate the symmetry in the circulation response to the polarity of the SST anomaly patch that is applied under the GCM; I will determine whether the response of the atmosphere to specific patterns of SST anomalies (for example, the El Nino pattern of SST anomaly) is similar to that obtain by the appropriate sum of the Greens Function. Once the Greens function approach is validated (if the teleconections between the tropics and extratropics during the glacial times are too nonlinear for a Greens function approach to the problem, I can still address these questions using several less elegant approaches), I can then answer the following questions: which regions of the tropics contribute most to the changes in the extratropical atmospheric circulation? Can changes in tropical SST (pattern and amplitude) alone account for the climate changes seen during the D/O events at Greenland, in Asia, in the N. Pacific and in tropical S. America? If so, my results will lend support to the idea that the root cause of the abrupt changes in climate associated with the D/O events is associated with tropical atmosphere-ocean dynamics. 

Regardless of whether changes in the tropics can account for the D/O changes in both Greenland and those seen throughout the global tropics (which is not likely, based on the results of Yin and Battisti), the results of my study will provide meaningful results to our understanding of D/O events.  In this case, I would fall back on the leading idea for D/O events (modified by Li et al 2004), that D/O events are due to abrupt changes in the OTC that are directly responsible for changes in sea ice extent in the North Atlantic, and hence the D/O record at Greenland. I would then employ the Greens function model to determine whether abrupt changes in the OTC could be communicated to the global Tropics via changes in the tropical Atlantic Ocean (SST). Understanding how these changes are communicated to other parts of the globe (and how they will feedback to Greenland via atmospheric teleconnections) is contingent upon the conclusions of the proposed study. In the least, the tropical atmospheric circulation is a powerful communicator of changes associated with D/O events because it responds to small changes in SST, it acts rapidly which is consistent with the onset of D/O events, and it acts globally. For this reason, it is my hope to contribute to better understanding the behavior and feedbacks of the glacial tropical atmospheric circulation in the context of D/O events.       
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