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Spatial Decision Support Systems (SDSS) are pivotal for resolving complex geospatial challenges but face critical limitations in
harmonizing conflicting stakeholder objectives, capturing complex spatiotemporal heterogeneity, and enabling efficient large-
scale data processing. This research presents an integrated, Cl-Driven framework that systematically addresses these gaps
through three interconnected perspectives. The Human Perspective confronts participatory planning challenges by developing a
web-based MCDA platform to balance energy and ecological priorities in offshore wind site selection. To address the Environment
Perspective, we introduce a novel agent-based model that simulates the emergence of large-scale epidemic patterns from
heterogeneous individual behaviors. Foundational to these efforts, the Machine Perspective resolves underlying performance
bottlenecks by creating NetCDFaster, a machine-learning-powered tool that dramatically accelerates data access for high-
performance computing (HPC). Together, these validated components form a cohesive framework that advances SDSS from
specialized tools toward a scalable, holistic system for scientific discovery.
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Fig 2-3. Suitability score visualization of Eureka Call Area of
emphasizing non-fishery criteria (left) versus with consideration
of fishery criteria (right).

Fig 2-1. Offshore Wind farm site selection human—ocean interaction tool user interface
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Environment Perspective
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Fig 3-2. Geographic plots showing daily confirmed COVID-19 cases in
ward level across the Bengaluru Urban District, in 300 days, at 30-day
intervals. Colors range from purple (low) to orange (high), and the color
bar quantifies case distribution, allowing easy comparison over time.
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Fig 3-1. High-level system design of the hybrid FCM-ABM pandemic spreading pattern prediction model.
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Fig 4-1. System-level design overview of the NetCDFaster architecture
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Introduction

Addressing critical geospatial challenges, from renewable energy planning to public health management, is
faced with obstacles including: (1) harmonizing conflicting stakeholder objectives in participatory decision-
making, (2) modeling complex, heterogeneous spatio-temporal systems, and (3) optimizing computational
& 1/0 bottlenecks in large-scale data processing [1-4]. Our research confronts these issues by designing and
implementing a unified GeoCl system powered by GeoAl to deliver both scalable decision support and highly
optimized data querying approach.
To achieve this, our work delivers three core contributions:
« Implement an SDSS to collect conflicting decision criteria among multiple stakeholders to achieve public
participatory collaboration in offshore wind energy site selection application [5].
+ Develop and validate a spatiotemporal epidemic transmission model by capturing the heterogeneity of
individual cognitive behaviors thereby improving prediction accuracy to optimize public health strategy [6].
+ Construct and deploy a GeoCl framework to enhance spatial decision support systems by improving data

retrieval efficiency and the scalability of interactive visualization through machine learning-enabled Fig-1. The illustration of the core research areas
L in designing spatial decision support systems
optimization [7].
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Fig 4-3. Comparison of time cost (log scale) between NetCDFaster and
| NetCDF4 Python APIs on large datasets (> 1 GB).
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