Arctic sea ice loss and the Arctic radiation budget viewed from space: separating drivers and responses
Project Summary
[bookmark: _GoBack]The impact of Arctic ice loss on the radiative heating of the Arctic climate system – the surface albedo feedback – varies substantially across state of the art climate models and is the primary cause of the inter-model differences in how rapidly the Arctic warms in response to anthropogenic forcing (Kay et al. 2012). Thus, predictions of the magnitude and variability of future warming in the Arctic (and the global impact of those changes) rely on understanding how strong the Arctic surface albedo feedback is in nature.  The goal of the proposed work is to develop a strategy for calculating the impact of future Arctic ice loss on the global climate system from the interannual variability in the observational record. We will, 1) diagnose the direct impact of Arctic ice loss on radiative heating of the Arctic atmosphere, 2) isolate the processes that force sea ice variability from the response to sea ice retreat, and 3) assess if the physical mechanisms responsible for interannual variations in sea ice retreat are the same as those that lead to long term ice loss. 
15 years of continuous, high quality, satellite measurements of top of atmosphere (TOA) radiation are now available and provide a unique opportunity to assess the surface albedo feedback in nature. Initial attempts (Pistone et al. 2014) have relied on statistical relationships between TOA radiation and Arctic sea ice to quantify the connection between sea ice loss and changes in the radiation balance at the TOA. However a more physically based estimate that uses a simple radiative transfer model to addresses variations in atmospheric optical properties suggests that prior statistical estimates of the ice albedo feedback are too large by a factor of two due to the confusion between cloud variability and the direct impact of surface brightness changes.  For a better understanding of past and potential future drivers of sea ice loss, it is therefore critical to assess if these cloud changes are a response to sea ice loss – and should be expected to also occur with future ice losses—or are directly forcing sea ice retreat over the observational record.  The aim of the proposed work is to disentangle the direct impact of sea ice loss on the energy input to the Arctic climate system from the processes that drive sea ice variability. To do so, we will apply a simple radiative transfer model to the analysis of MODIS and CERES derived cloud and radiation fields. 
In addition to diagnosing the physical processes responsible for variations in Arctic radiation, we will also analyze the energy input into the Arctic climate system by the large scale atmospheric circulation. We propose a quantitative comparison of the impact of radiative processes and dynamic processes in driving sea ice retreat and ask if the retreat is ultimately driven and sustained by local radiative and surface processes in the Arctic or triggered externally by way of atmospheric energy transport into the region.  The proposed analysis will use a recently developed (Donohoe and Battisti, 2013) method to analyze the vertical structure of atmospheric energy transport into the Arctic and examine its connection with Arctic sea ice loss. Preliminary findings suggest that the atmospheric energy transport into the Arctic varies dramatically from year to year – much more than the local radiative heating—and, thus, the remotely forced atmospheric circulation is likely forcing the sea ice variability with local radiative feedbacks acting as a modest positive feedback.
Lastly, we propose analyzing the processes contributing to Arctic sea ice loss in the interannual variability and response to anthropogenic forcing in coupled climate models and asses if the relevant processes are well represented in climate models.  We will also assess if the processes responsible for the long term sea ice retreat are the same as those that determine the interannual variability.  

