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RESEARCH INTEREST 

My research topic focuses on global warming impacts on tropical climate. The research issues are 
related to the global warming impact on the changes in tropical precipitation, large scale circulation, 
extreme precipitation, and the relevant thermodynamic and dynamic mechanisms accounting for the 
phenomena mentioned above. Recent studies are particularly interested in the regional response to 
global warming in the Western North Pacific and East Asia region, and climate sensitivity and 
uncertainty of future climate projection in model simulations.  
 

RESEARCH HIGHLIGHTS 
1. Changes in atmospheric stability and circulation  
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Global-warming-induced changes in regional tropical precipitation are usually associated with 
changes in the tropical circulation, i.e., the dynamic contribution, which is related to atmospheric 
stability. Chen et al. (2016) found that in a warmer climate, different climatological vertical profiles 
play different roles in adjusting atmospheric stability, energy transport, and large-scale circulation, 
tend to induce different changes in atmospheric stability: the bottom-heavy (top heavy) structure 
brings a more (less) unstable condition and is favorable (unfavorable) to the strengthening of the 
convective circulation. The bottom-heavy structure is associated with shallow convection, while the 
top-heavy structure is usually related to deep convection. This study suggests a hypothesis and a 
possible linkage for projecting and understanding future circulation change from the current climate: 
shallow convection will tend to strengthen tropical circulation and enhance upward motion in a 
future warmer climate. 
2. Falling snow radiative effects enhance the global warming response of the Tropical Pacific 

atmosphere  
Most models from the CMIP5 do not include the radiative effects of falling snow. This has been 
shown to bias simulations of radiation and circulation in the Pacific present-day mean state. Here we 
explore how precipitating ice radiative effects contribute to simulated Pacific climate change via a 
pair of sensitivity experiments with and without snow radiative effects (SnowOn/SnowOff) using 
1pctCO2 simulations of CESM1 climate model, and compare our results with the CMIP5 ensemble 
mean. Under global warming, the more realistic simulation, SnowOn shows reduced precipitation 
around the maritime continent, and an approximate doubling of the precipitation increase over parts 
of the western Pacific. However, the spatial pattern of change in radiative and hydrodynamic 
properties across the Pacific is typically weaker in the SnowOff case. SnowOff patterns of change 
are similar to those in CMIP5 models that exclude snow radiative effects, hinting that an enhanced 
global warming impact on regional climate might be expected after the snow radiative effect is 
included in future CMIP models. 
3. Seasonal precipitation change in the WNP-EA under global warming in high-resolution 

AGCMs 
To estimate seasonal precipitation change over the western North Pacific and East Asia region 
(WNP-EA), we use HiRAM to conduct a series of simulations forced by RCP8.5 scenario with the 
CMIP5 ensemble SST changes (RCP_Ens). The sensitivity of future projections to various SST 
forcing is also assessed. We also assess the sensitivity associated with model dependence by 
comparing with the results of MRI-AGCM3.2S projections. The major findings are: (1) weakened 
atmospheric circulation in all seasons in RCP_Ens experiment; (2) more precipitation over most of 
the northern East Asian continent and the northern WNP oceanic region in all seasons; (3) an 
anomalous anticyclonic circulation (AAC) together with decreased precipitation over the oceanic 
WNP-EA in the typhoon season; and (4) largest sensitivity to various SST forcing in spring 
comparing with other seasons. The moisture budget indicates the dominance of dynamic contribution 
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to the reduced precipitation. By contrast, the increased precipitation may be associated with various 
processes such as enhanced upward motion, increased water vapor or surface evaporation. 
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