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A Super—Resolution Framework for Downscaling Machine Learning
Weather Prediction toward 1-km surface air temperature

Hyebin Park!, Seonyoung Park!, Daehyun Kang?, Jeong—Hwan Kim?

'Department of Applied Artificial Intelligence, Seoul National University of Science and Technology
’Center for Climate and Carbon Cycle Research, Korea Institute of Science and Technology

Deep learning technic has improved the accuracy and efficiency of weather forecasting, outperforming
traditional numerical weather prediction models. However, the coarse spatial resolution of global weather
forecasting systems limits their ability to resolve fine-scale surface heterogeneity and localized extremes,
particularly in regions with complex terrain or urban heat island effects. Here, we introduce a deep learning
based super-resolution framework that transforms coarse 0.25° forecasts into 1 km air temperature fields
using MODIS-derived temperature targets and high-resolution auxiliary inputs. Our model outperforms
existing super-resolution methods by explicitly incorporating spatial context such as topography,
impervious surface fraction, and climatological anomalies. When this model was applied to FuXi global
weather forecast, the 7-day forecast error in South Korea decreased more than 20%, which is comparable
to 1-day forecast error of low-resolution prediction with simple spatial interpolation. Although validated over
South Korea, the method is region-agnostic and readily generalizable due to the global availability of MODIS
inputs and minimal auxiliary data requirements. This super-resolution framework is a scalable and high-
fidelity tool for enhancing ML-based weather forecasts at fine spatial scales.

Keywords: Artificial Intelligence, Weather Prediction, Downscaling, Super-Resolution
% This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea

government (MSIT) (NRF-2022M3K3A1094114) and Korea Institute of Science and Technology Research
Program (2E33621)
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Artificial Intelligence in Climate Science:
A Topic Modeling Analysis of Global Research Trends

Tae—Jong Kim, So—Hyung Kim

Meteorological Research Division, National Institute of Meteorological Sciences

Climate change, a data-intensive global challenge, increasingly necessitates the use of Artificial
Intelligence (Al) for effective analysis and solution development. Although the application of Al in climate
science is rapidly expanding, a systematic and macroscopic map of its intellectual structure remains limited.
This study quantitatively analyzes the global research landscape of the climate—Al domain to identify core
research areas and detailed thematic topics, thereby offering a comprehensive reference for academics and
policymakers. We collected 5,103 articles published between 2018 and 2025 from the Web of Science Core
Collection. Latent Dirichlet Allocation (LDA) topic modeling was applied to extract latent topics, with model
reliability optimized using the coherence score.

The analysis identified four major research areas. The largest, Al-utilizing Climate Change Mitigation and
Policy Analysis (30.41%), emphasizes actionable, solution-oriented strategies, encompassing topics such
as Al-integrated climate response technologies and sustainability governance (Topic 2), Al-based energy
and industrial optimization for carbon reduction (Topic 5), and quantitative assessments of carbon emission
policies and market impacts (Topic 13).

The second, Al-based Climate Change Impact and Risk Analysis (27.96%), highlights the use of Al to
quantify diverse consequences of climate change, including agricultural productivity monitoring and hazard
detection (Topic 3), ecosystem and species distribution modeling (Topic 9), water resources and runoff
scenario analysis (Topic 10), and climate disaster risk and vulnerability assessments (Topic 11).

The third, Al-based Climate System Prediction and Modeling (26.55%), focuses on fundamental
challenges in climate science, including meteorological and hydrological variable prediction (Topic 1), deep
learning-based climate and carbon emission forecasting (Topic 4), Al-enhanced climate model improvement
and physical parameterization (Topic 7), and large-scale variability prediction for precipitation and wind
patterns (Topic 8).

Finally, Al Methodology and Data-driven Analysis Techniques (15.07%) provides methodological and
technical foundations, including urban heat environment and land cover change analysis (Topic 6), remote
sensing—based environmental monitoring (Topic 12), and performance benchmarking of machine learning
algorithms in climate research (Topic 14).

This study provides a data-driven, comprehensive map of the rapidly evolving climate—Al research field,
presenting empirical evidence of its thematic pillars and their relative significance. The findings serve as a
valuable guide for future research directions and evidence-based R&D strategy development

Keywords: Climate Change, Artificial Intelligence, Research Trends, Topic Modeling

% This work was funded by the Korea Meteorological Administration Research and Development Program
“Developing Intelligent Assistant Technology and Its Application for Weather Forecasting Process” under Grant
(KMA2021-00123).
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