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Leveraging Generative Al to Accelerate Climate Change Big Data
Applications
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Abstract

As climate change increasingly becomes a global focus, understanding how it affects
hydrology and the environment requires scientific simulation and assessment of data to evaluate
future impacts and risks. Only through this understanding can appropriate climate change
adaptation plans be formulated. However, conducting scientific simulations and evaluations to

comprehend future impacts means that researchers in hydrology and environmental fields must
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process massive volumes of climate simulation data. These data are used for simulating extreme
events, calculating indicators, assessing scenarios, and performing extensive data analysis and
visualization. Traditionally, these tasks rely on predefined models and tools such as SWAT,
TRIGRS, GWLF, the HBV Model, or MIKE-SHE ...ctc. Yet, when faced with hundreds of
terabytes of climate change data and complex scenarios involving dozens of years and hundreds
of combinations, these traditional tools encounter significant limitations and challenges.

In recent years, generative Al has introduced a paradigm shift in data-driven research by
leveraging machine learning, natural language understanding and transformation, and the
ability to write in dozens of programming languages. This evolution has transitioned research
practices from model-centric approaches to data-centric methods, where rapid simulation and
generation using programming languages have become feasible. This not only lowers the
barrier to entry for data-driven simulations but also accelerates our ability to understand and
analyze the impacts and risks of climate change. This study presents four practical cases to
demonstrate how generative Al can accelerate the climate change big data research process.
The cases include “An automated high-resolution climate threshold index calculation tool”,
“Visualization and web-based integration of wind field data”, “Ensemble analysis of rainfall-
induced landslide risk thresholds”, “Development of a cloud-based climate data download tool”.
From these cases, the study distills five key practices for using generative Al to support climate
change big data research, providing actionable insights and guidance for the broader research
community.
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