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The last 25 years of satellite observations reveal a significant decreasing trend in the sea ice field of the Southeast Pacific, particularly near the western Antarctic Peninsula. The recent studies suggested that the interaction of El Niño/Southern Oscillation (ENSO) and Southern Annular Mode (SAM) in southern high latitudes changes from the out-of-phase relationship in 1980s to in-phase relationship in 1990s. This decadal change results an enhanced ENSO response in the Southeast Pacific in the 1990s, and consequently results the fast retreating of sea ice in the region. The overarching goal is to understand what causes the rapid climate change in the Southeast Pacific. The objective of this proposal is to investigate decadal/multi-decadal variability in the high latitude atmosphere in general and in the phase relationship between ENSO and SAM in particular from longer time series ranging from 50 to 130 years. The results from this study shed light on an important issue: does anthropogenic forcing or natural variability cause the rapid warming in the western Antarctic? 

The Southern Ocean is a hot spot in global climate change. The most striking climate change is the rapid regional warming in the Antarctic Peninsula. At Faraday/Vernadsky station in the western Antarctic Peninsula, surface air temperature exhibits a startling mean annual warming rate of 2.8°C over the last 50 years, five times faster than the global average. Coincident with this warming, sea ice in the Southeast Pacific shows a significant decreasing trend, even though the sea ice extent over the entire Southern Ocean has a slightly increasing trend.  In the last 25 years, modern instrumental data reveal that the changes in ENSO and SAM influence the sea ice variability in this region but cannot fully explain the trend in the sea ice extent individually. What caused this dramatic regional warming, and associated sea ice reduction, as well as the collapse of ice shelves around the peninsula is still an open question. We hypothesize that the variability of the phase relationship between SAM and ENSO at the decadal time scale intensifies the anthropogenic warming in this particular region. 

The objectives of this proposal are two fold. First, we would like to  (1) assessing the significance of decadal variability that we found in the temperature and sea level pressure; (2) examining the spatial pattern associated with the decadal signal; and (3) examine the phase relationship between ENSO and SAM in 50 years of observations and 130 years model output. The study will reveal if the phase change between ENSO and SAM in the 1980s and 1990s is part of trend or part of natural variability at decadal or longer time scales. Second, we would like to develop a proposal with an overarching goal of understanding the climate change in the atmosphere-ocean-cryosphere system in the western Antarctic. The objectives are to understand what causes the rapid warming in the Antarctic Peninsula and what are the global implications of this rapid climate change in southern high latitudes. The proposal will achieve the objectives by conducting research in following directions: (1) investigate the mechanisms that cause the phase change between ENSO and SAM at decadal or longer time periods; (2) examine the interactions among other major climate modes in the Southern Ocean at interannual and decadal time scales and their combined impact on sea ice and air temperature around the Antarctic Peninsula; (3) investigate the global teleconnection of the SAM and other high latitude climate modes at decadal or longer time scales. The outcome of such study will identify the key contributors to the rapid climate change in the western Antarctic and shed light on future climate change in the region and the high latitude’s role in the global climate change.







