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１．Project Purpose  

The objective of this project is to explore regional weather patterns, focusing 
particularly on extreme events and the factors that influence them, especially in 
the context of global warming. This project employs advanced numerical modeling 
and artificial intelligence techniques. Specifically, the project utilizes state-of-the-
art, convection-resolving numerical models such as the Weather Research & 
Forecasting (WRF) model and Cloud Model 1 (CM1). These models are operated at 
kilometer or higher resolutions over extended periods (several decades) and across 
multiple regions globally. Attention is paid to the impacts of terrain and land use 
on localized wind fields and precipitation patterns. Additionally, the project 
incorporates machine learning methods, such as clustering techniques, to analyze 
large sets of climate data. This approach is designed to unearth patterns within 
the data and enhance the accuracy of future predictions. 

２．Results  
Numerical fine-resolution climate simulation were conducted with the WRF 

model across various regions with diverse climatic conditions, including Japan, 
Vietnam, and India. The research primarily focuses on the impact of terrain on 
wind patterns and their subsequent effects on temperature phenomena, 
specifically the Foehn phenomenon. The studies thoroughly examine the dynamics 
and thermodynamics involved in how terrain, wind, and extreme heat interact 
(Kusaka et al., 2023; 2024). 

The study explored another aspect of climate change, specifically how urban 
transformations aimed at cooling, such as the application of high-albedo materials 
in cities, could affect local climate patterns. The research highlighted the 
significant impact of urban cooling strategies on boundary layer development and 
lower atmosphere circulation, with the case study of the tropical city of Kolkata, 
India (Khan et al., 2023). 

Additionally, we introduced a novel climate downscaling approach that utilizes 
the land surface model. This method, termed land surface physical-based 
downscaling (LSP-DS), has been applied in various studies, including those 
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examining its potential for agrometeorological predictions and interactions 
between heat waves and urban heat islands. Initial results from these studies have 
been published in SOLA (Nguyen et al., 2023). 

Furthermore, we proposed a framework for evaluating clustering uncertainty 
using the concept of mutual information. This is the first attempt to address the 
uncertainty issues in clustering weather patterns, introducing a criterion that 
could potentially change the current framework for clustering climate data. The 
descriptive paper has been published in Geoscientific Model Development (Doan et 
al., 2023). 

３．Roles of the MCRP and its significance 
To thoroughly understand regional atmospheric phenomena, high-resolution 

numerical simulations are essential. For example, the urban heat island effect 
significantly influences localized thunderstorms by increasing atmospheric 
instability and convection. Terrain also critically affects localized wind patterns, 
cloud formation, and precipitation—details often missed in coarse-resolution 
simulations. Additionally, precipitation formation involves complex atmospheric 
microphysical processes, which introduce significant uncertainty in simulations. To 
achieve reliable results, long-term model runs are vital, as they help capture the 
entire spectrum of variability inherent in these phenomena. 

４．Future plan 
Examining the change in extreme urban precipitation and local wind is a 

critical task, albeit a challenging one due to significant uncertainties in 
simulations. To address this, it is necessary to expand the scope of research to 
encompass various regions with diverse climates and geographical characteristics. 
Additionally, investigating how extreme precipitation and local wind in different 
seasons responds to the effects of global warming holds substantial value and can 
provide valuable insights. 

Additionally, we plan to utilize advanced AI and ML techniques such as 
Convolutional Neural Networks (CNNs) and Generative Adversarial Networks 
(GANs) for fine-scale climate prediction. The initial results will provide a 
foundation for addressing crucial challenges, such as developing AI systems 
tailored for weather forecasting. 
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Supercomputer Use Allocated resources* 

Initial 

resources 

Transferred 

resources** 

Additional 

resources 

Cygnus Yes/No 10,000   
Pegasus Yes/No    
Wisteria/BDEC-01 Yes/No 100,000   
 *in units of node-hour product 

** If the budget transfer was performed, fill in here, such as 

“+2000” and “−1000”. 


