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Abstract

The main mode of tropical Pacific atmosphere-ocean variability known as ENSO is the dominant source of climate variability on a global scale. However, almost all of the current climate models suffer from a significant and coherent pattern of SST bias in the tropical Pacific - cold SST bias in the central equatorial Pacific and warm SST bias in the eastern equatorial Pacific and southeastern stratus region. Previously studies proposed and tested various sources of the model biases in the tropical Pacific, and thus provided us with useful insights. However, all such studies are speculative until we clearly understand and quantify the roles of different atmosphere-ocean processes that contribute to the bias. Therefore, it is important that we study the mixed layer heat budgets of the coupled model runs in their entirety by analyzing every term. It is also important to make a clear distinction between the seeding (or generation) and growth (or amplification) of the coupled model bias. The focus should be directed to the atmosphere-ocean processes that generate the bias because they are the root causes of the bias. 

Therefore, the overall goal of our proposed study is to identify processes and/or parameterizations in the coupled models that are responsible for generating the tropical Pacific SST bias. With this goal in mind, we propose (1) to explore the bias inherent in the atmosphere-land model and the ocean-sea ice model, separately; and (2) to examine how the inherent biases in the two model components interact through atmosphere-ocean coupling to produce the coupled model bias. We also want to (3) understand and quantify the contribution of local dynamics versus external influences (e.g., SST bias in the equatorial and tropical North Atlantic; SST bias in the high-latitude North Atlantic and the associated strength of the AMOC) in the generation and amplification of the coupled model bias. 

These proposed tasks will be addressed by carefully designing numerical model experiments using the NCAR Community Climate System Model version 4 (CCSM4), which will be run in several different setups including (1) dynamic atmosphere-land model run with fixed SSTs; (2) dynamic ocean-sea ice model run with fixed surface fluxes; (3) fully coupled CCSM4 run. Comparison of these primary model runs will provide us some useful insights on the inherent biases in the ocean-sea ice and atmosphere-land components of CCSM4, and how such biases are transmitted to remote regions and/or locally amplified through the coupling processes. Ultimately, the insights gained from these experiments will help us answer the main research questions.

The proposed work directly contributes to three of the five priority areas in the CPO/ESS FY14 Competition for CVP: “a) intercomparison of model parameterizations (e.g., atmospheric convection and clouds, oceanic vertical mixing) as pertains to large-scale biases in, for example, SST or fluxes of momentum, heat, and/or water; b) reduced-model experiments (e.g., atmosphere-only, ocean-only, flux-adjusted, aquaplanet, regional, or regionally-coupled models) to isolate the sources and amplifiers of biases; … and e) development of metrics for atmospheric, oceanic, and/or coupled GCMs that help to elucidate the main processes contributing to biases.”
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