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Delivering Decision-Ready Regional Climate Information
Al-integrated, physically consistent hydroclimate science
for energy systems and disaster resilience

Why It Matters — The Research
Challenge
Climate change directly shapes regional hazards

and energy security, demanding scientifically
sound and locally relevant climate information.

Approach — How Do We Address = Outcomes — What Can We Deliver?

the Problem?

By integrating Al with physical constraints, we
ensure scientific consistency while enhancing
regional relevance.

These climate solutions provide decision-ready
evidence for regional energy planning and disaster
risk reduction.

@ High-resolution (1-10 km) regional climate
projections for energy systems and disaster
risk assessment

@ Extreme events such as heavy rainfall, heat
waves, and droughts are intensifying under

@ Integration of CMIP6 climate model outputs,
reanalysis data, satellite observations, and

climate change in-situ measurements(including quality control ¢ Quantitative assessment of extreme climate
@ Renewable energy systems (solar and wind) and gap filling) hazards, including floods, heat stress, and
are highly sensitive to weather and climate @ Development of physically consistent droughts
variability, leading to significant uncertainty regional climate information using dynamical, @ Climate-driven changes in renewable
@ Planning based solely on past climate statistical, and Al-based downscaling energy potential, particularly solar and wind
conditions can no longer capture future risks 4 Physics-constrained deep learning to power
» High-resolution, reliable, and region-specific (preservde. ipergylang Wat.ezjk;gl‘la\dnc)es * Decision-re_:ady scientific evidence to )
climate information is essential for effective €.8., radiation, clouds, wind fields) support national GX (Green Transformation)
. s K . @ Construction of 1-10 km future climate and local resilience planning
adaptation and mitigation strategies ; . Sdt T : : .
datasets translated into formats suitable for € Contributions to international initiatives,

policy and engineering decision-making

such as CORDEX, across Asia and Africa
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Figure 1: Global distribution of surface
downwelling shortwave radiation (RSDS)
and model bias, illustrating the need for
bias-aware regional downscaling

Top: Reference (WFDES5: observation-based reanalysis)
Middle: Estimate (MME: multi-model ensemble)

Figure 2 (Top): Al-integrated, physically consistent downscaling
framework combining dynamical, statistical, and Al-based
approaches

Figure 2 (Bottom): High-resolution downscaling of precipitation,

radiation, and wind using deep learning

Figure 3 (Top): Projected future changes in
solar power potential(reflecting climate-
driven changes in radiation and temperature)
Figure 3 (Bottom): International collaboration
(e.g., CORDEX) for methodological and data

standardization and regional deployment

Bottom: Bias (MME — WFDE5) (Source: Adapted from WCRP CORDEX)

Research Environment & Graduate Study Information
+ Laboratory members - A highly international group, representing approximately ten
countries, primarily from Asia and Africa
+ Seminar - Held weekly (graduate-level seminars are conducted in English)
Students develop:
- Data analysis and modeling skills
- Logical scientific reasoning
- Academic presentation and communication abilities
- Research fields - Climate science, hydrology, Al, renewable energy
(climate data analysis, downscaling, etc.)
Students We Welcome
- Students with a strong interest in addressing societal challenges, such as climate
change, disaster risk reduction, and the energy transition
- Students who are motivated to learn data analysis and modeling
(Prior experience is notrequired.)
Career Paths of Graduates - Energy and infrastructure-related industries, government
agencies, research institutes, and Ph.D. programs at universities

Message

In an era of rapid climate change, understanding
regional water and atmospheric processes is essential
to shaping a sustainable, resilient society.

Our laboratory welcomes highly motivated students
and researchers who aspire to contribute to society
through rigorous scientific reasoning and quantitative
analysis. We would be delighted to discuss your
interests and future goals.
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