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１．Project Purpose  
    Atmospheric phenomena at a city and mountain scale are not adequately understood 
due to the complex interactions between local geographical factors and large-scale 
atmospheric circulations. One helpful approach to advance our understanding of these 
phenomena is using numerical simulation with high-resolution numerical atmospheric 
models. This project is primarily purposed to (i) investigate the urban climate change 
with a focus on high-impact weather and climate events for cities considering the coupled 
impacts of localized urbanization and global climate changes; (ii) clarify local wind 
mechanisms with case studies of foehn and gap winds occurring over coastal areas in 
Japan.  
 
２．Results  

Numerical climate projections using the dynamical downscaling method with the 
convection-permitting Weather Research and Forecast model were conducted for cities 
with different climate backgrounds, such as Tokyo and Singapore. Climate projections 
have been achieved under the assumption of global warming up to the end of the 21st 
century. The results were analyzed, and future extreme precipitation (EP) changes were 
identified. The “new normal” in EP is characterized by the “extreme get more extreme” 
(EGME) paradigm under a warmer climate regime. Consistent results were obtained for 
both mid- and low-latitude cities of interest, though the response extent to the global 
warming effect is different. In detail, future precipitation is predicted to substantially 
enhance both frequency and intensity. The higher-quantile precipitation is intensified 
much stronger than the moderate and light precipitation. EGME is attributed to 
increases in both convective available potential energy and convective inhibition. 
Convective inhibition suppresses weak convections, allowing them to build up further, 
and the convections become intense when it does trigger (Doan et al., 2022). 
 
３．Roles of the MCRP and its significance 

Fine-resolution numerical simulations are essential in studying city or mountain 
scale atmospheric phenomena. It is because localized factors such as terrain or urban 
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land surface modulate atmospheric phenomena at such scales. For example, it is well 
known that localized thunderstorms could be affected by the urban heat island effect, 
enhancing atmospheric instability and convections. Also, terrain plays a vital role in 
shaping localized precipitation patterns. Such effects are ignored in rough-resolution 
simulations. Also, precipitation results from complex atmospheric microphysical 
processes, implying high uncertainty in its simulation, thus requiring a long-term model 
run in favor of robust results. The requirements for high-resolution and long-term 
simulations for small-scale atmospheric phenomena explain why MCRP is necessary for 
this research. 

 
４．Future plan 

Identifying the change in extreme urban precipitation is essential but not an easy 
issue. The reason is the issue's complexity that underlies high uncertainties of 
knowledge obtained. Expanding the research to different areas with diverse climates 
and geographical backgrounds is required. Also, the question of how extreme 
precipitation in different seasons responds to the global warming effect is valuable to 
answer.  
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