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Abstract : Humanity faces compounding challenges in “geo—complex systems,” including global climate
change and tightening resource and energy constraints. Spatiotemporal big data offers inherent
advantages for integrating multi-source factors, linking processes across scales, and characterizing
system dynamics, yet its potential remains constrained by data silos, quality instability, and
computational barriers. This paper provides a systematic review of the current applications, key
challenges, and emerging trends of spatiotemporal big data and artificial intelligence in geo—complex
systems. We emphasize the technological progression from data—driven spatiotemporal analysis to
intelligent modeling and, ultimately, platform—level integration. To address bottlenecks in data quality,
cross—domain collaboration, and engineering deployment, we propose solution pathways grounded
in high—performance computing, cloud computing, and spatiotemporal data platforms, and we outline
convergence directions involving frontier methods such as spatiotemporal graph neural networks. The
study offers an operational theoretical framework and practical roadmap for research anchored in
spatiotemporal big data, facilitating fuller realization of its strategic value.

Keywords : spatiotemporal big data; high-performance computing; machine learning; spatiotemporal
graph neural networks
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