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Long Term Research Objectives and Strategy to Achieve Theme:

Objectives: To identify processes and/or parameterizations in the coupled models that are responsible for generating the tropical Atlantic SST bias in the NCAR community climate system model version 3 (CCSM3).
Strategy: To perform coupled model experiments using CCSM3 and to diagnose the mixed layer heat budget. 
CIMAS Research Theme: 

Theme 1: Climate Variability (Primary)

Theme 5: Air-Sea Interactions and Exchanges (Secondary)

Link to NOAA Strategic Goals: 
Goal 2: Understand Climate Variability and Change to Enhance Society’s Ability to Plan and Respond
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Research Summary: 

Despite our growing recognition for the important role of tropical Atlantic atmosphere-ocean processes on climate variability, almost all of the state-of-the-art atmosphere-ocean coupled climate models cannot reproduce the annual cycle of tropical Atlantic SSTs. Due to this shortcoming in the climate models, currently we do not have a skill to simulate or to forecast the tropical Atlantic climate variability. In order to identify the processes (or terms) that contribute significantly to the tropical Atlantic SST bias in CCSM3, we have performed three primary ensemble experiments using CCSM3. These experiments are a forced atmosphere-land model experiment (EXP_ATM), a forced ocean-ice model experiment (EXP_OCN) and a fully coupled model experiment with its atmosphere-land model initialized using EXP_ATM and the ocean-ice model using EXP_OCN. By analyzing the mixed heat budget biases in the three models experiments, we find that the ocean model is responsible for large biases in oceanic heat flux terms in three key regions, namely the southeastern tropical Atlantic (SE_TA), the central and eastern equatorial Atlantic (CE_EA), and the northwestern tropical Atlantic (NW_TA). The ocean model SST bias patterns in these regions associated with the oceanic heat flux bias are consistent with those of the coupled model. The atmosphere-land model contains a large bias in terms of surface wind and associated latent heat flux (Figure 1). In particular, the atmosphere-land model experiment clearly shows a large reduction of latent cooling in SE_TA and CE_EA due to a weaker-than-observed surface wind. In the NW_TA and SW_TA, on the other hand, the atmosphere-land model experiment clearly shows a large increase of latent cooling due to a stronger-than-observed surface wind. When the atmosphere model and ocean model are coupled, these atmosphere model errors work in collaboration with the ocean model errors to amply the ocean model SST bias.

Research Performance Measure:  

We achieved our main objective for the first year:  To perform the three primary CCSM3 runs and to carry out a comprehensive mixed layer heat budget analysis.
Figures and Captions: 
Figure 1: The accumulated mixed layer temperature bias after one year due to (a) net surface heat flux bias, (b) latent heat flux bias, (c) sensible heat flux bias, (d) shortwave radiative heat flux bias, (e) long wave radiative heat flux bias, and (f) net (shortwave + longwave) radiative flux bias in the forced atmosphere-land model experiment (EXP_ATM). The vectors in (b) show the annual mean surface wind stress bias. [Lee_T1_model_bias_Fig1_30Jun11.jpg]
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Research Highlights:

· The ocean model of CCSM3 is responsible for large biases in oceanic heat flux terms in three key regions, namely the southeastern tropical Atlantic (SE_TA), the central and eastern equatorial Atlantic (CE_EA), and the northwestern tropical Atlantic (NW_TA). 

· The atmosphere-land model of CCSM3 shows a large reduction of latent cooling in SE_TA and CE_EA due to a weaker-than-observed surface wind. In the NW_TA and SW_TA, on the other hand, the atmosphere-land model experiment clearly shows a large increase of latent cooling due to a stronger-than-observed surface wind. 

· When the atmosphere model and ocean model are coupled, these atmosphere model errors work in collaboration with the ocean model errors to amply the ocean model SST bias in CCSM3.

