Progress report: Perturbed Physics Ensemble Modeling: Linking Water Cycle to NASA Observations
Investigators: Yongxiang Hu, Bruce Wielicki and Sharon Rodier
Summary of the Progress: 

1. Model results: obtained model outputs from 1500 couple docean/atmospheric models, each with different physical parameterizations;

2. Neural network mapping: established neural network based nonlinear relationships between observational metric (e.g., cloud, radiation, wind, …) and climate change metric (e.g., uncertainties in climate sensitivity, precipitation, …);

3. Linking global cloud/radiation observations, climate sensitivity and changes in water cycle 

Key findings:
1. Global snowfall decreases rapidly with warming (figure 1). Large scale rainfall can increase with temperature much faster than convective rainfall.
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Figure 1 Changes of global precipitaiton as a result of CO2 doubling. Global convective rainfall increases slightly with warming. Large scale rainfall can increases with temperature much faster than convective rainfall. Global snowfall decreases rapidly when temperature increases.
2. Regional snowfall changes (figure 2): continental snowfall in southern hemisphere reduces about 25% per degree warming. Snowfall in Antarctic increases about 2% per degree warming, while snowfall in Greenland does not change much. Snowfall in Europe reduce about 15% per degree warming and snowfall in North America decreases about 10% per degree warming.
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Figure 2 Regional statistics of snowfall changes. For each one degree of warming, snowfall decrease by 25%  to 30% in Africa and Australia, and snowfall in south America reduces 20% to 25% per degree warming.
3. Regional statistics of rainfall (figure 3): Rainfall in Asia increases 2-5%, while it reduces 3-10% in Africa when temperature increases by 1 degree.  Most models prediction huge increase in rainfall (20% per degree warming) in both Greenland and Antarctica. 
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Figure 3 Regional statistics of rainfall changes for each degree warming.
4. Link among changes in precipitation, water vapor, radiative cooling, global albedo (Figure 4 and 5).
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Figure 4 Relation between global precipitation increase (cm/year) and changes in atmospheric cooling (green) and TOA albedo (red).
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Figure 5 Global water vapor and rainfall increases as a function of temperature increase,
Collaborations:
This study is in close collaboration with Dr. Bin Ling. It will benefit a lot from working with other PIs as well.

Publication:

Hu et al., 2009: Occurrence and Fraction of Supercooled Water Clouds from Combined CALIOP and IIR Measurements, JGR, submitted.

Integration:

Will need to work with observations group on the impact studies.

