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Abstract

With the intensification of climate change, cross-sectoral agencies (e.g.,
agriculture, fisheries and forestry, the Water Resources Agency, energy, and disaster
management) are placing increasing demands on the spatial resolution and lead times
of climate information, and urgently require forecast products with stronger
localization and multi-temporal—spatial characteristics to support decision-making.
Recent international studies have shown that deep-learning downscaling techniques
can effectively transform low-resolution meteorological data into high-resolution
localized information. In response, the Central Weather Administration (CWA), in
collaboration with NVIDIA, developed a generative diffusion model (CorrDiff) that
leverages deep-learning architectures to reconstruct local circulation and
meteorological variability.

This study builds on prior work examining model architecture and the sensitivity
of different meteorological variables, and further applies the CorrDiff model to the
European Centre for Medium-Range Weather Forecasts (ECMWF) short-term
climate system (SEASS) to evaluate its downscaling feasibility and forecast skill
over Taiwan. To meet diverse practical decision-making scenarios, we assess
CorrDiff’s performance at multiple temporal scales: a “daily CorrDiff model” is used
to evaluate the model’s ability to resolve fine-scale spatial details of extreme weather
events (e.g., cold surge and intense heavy rainfall), while a “monthly CorrDiff
model” is used to assess its capacity to capture longer-term climate variability and
spatial trends. Through these evaluations, we aim to establish an operationally viable,
multi-application Al downscaling workflow to improve the quality of localized

climate services.
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