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What is GeoAI?

• GeoAI is the integration of geospatial 
technologies and AI, especially for developing 
data-driven and knowledge-guided
spatially-explicit machine learning methods. 

• GeoAI can be considered as a subject to 
develop intelligent computer programs (e.g. 
agents) to mimic the processes of human 
perception, spatial reasoning, and 
discovery about geographical phenomena 
and dynamics.



What is GeoAI?

Cognitive (Symbolic) Approach

Focuses on mimicking human reasoning through 
symbolic representations and logic-based rules.

Engineering (Data-Driven) Approach

Prioritizes performance and statistical patterns, using 
massive datasets to train deep neural networks.



Human GIS Assistant:  Spatial Questions and Workflows

Gao & Goodchild (2013), Asking spatial questions to identify GIS functionality.

• NLP Query
• GIS & Domain Knowledge
• Data
• Analysis Workflow
• Map Visualization
• …

GIS Helpdesk at Spatial@UCSB

• Joining survey tables to existing spatial data (Psychology) 
• Batch processing of converting geographic features in 
different folders into new geodatabase classes (Library)
• Habitat mapping for conservation (School of Environment)



Oliver et al. (2026, Science)

Question: How to analyze the impact of human mobility on animal movement and habitat?
Workflow: 
1. Data collection (animal GPS trajectories, human mobility, environmental variables) 
2. Data processing and spatiotemporal alignment
3. Human movement analysis and activity estimation
4. Animal movement analysis and ecological niche modeling
5. Human–wildlife interaction & response analysis
6. Result interpretation and mapping

Human GIS Assistant:  Spatial Questions and Workflows



Artificial GIS Assistant:  Workflow Generation

Gemini 3.5



Artificial GIS Assistant:  Semantic Parsing and Tool Calling

Gao & Goodchild (2013), Asking spatial questions to identify GIS functionality.



Artificial GIS AssistantHuman GIS Assistant

• Neural representation of geoinformation in the human brain (Yang et al & Dong. 2025, Annals of GIS)
• NeuroCognitive Geography (Yang et al & Dong. 2025, Science Bulletin)



GeoAI Moonshot: Can we develop an artificial GIS analyst 
that passes a domain-specific Turing Test by 2030?

ü self-generating
ü self-executing 
ü self-verifying
ü self-organizing 
ü self-growing



Five Levels of Autonomous GIS

Li et al. (2025, Annals of GIS)



GeoAnalystBench: A GeoAI benchmark for assessing 
LLMs for spatial analysis workflow and code generation

https://github.com/GeoDS/GeoAnalystBench Zhang et al. 2025 (TGIS)

https://github.com/GeoDS/GeoAnalystBench


Spatial Analysis Tasks in GeoAnalystBench

• Understanding where 

• Measuring size, shape, and distribution
• Determining how places are related
• Finding the best locations and paths
• Detecting and quantifying patterns

• Spatial interpolation and prediction

https://github.com/GeoDS/GeoAnalystBench

https://github.com/GeoDS/GeoAnalystBench


Example: Identification of Home Range and Spatial Clusters from Animal Movements



Performance of workflow generation in GeoAnalystBench

Zhang et al. 2025 (TGIS)



Performance of code generation in GeoAnalystBench

Zhang et al. 2025 (TGIS)

The evaluation captures both text similarity and syntactic correctness in programming.

https://github.com/GeoDS/GeoAnalystBench

https://github.com/GeoDS/GeoAnalystBench


Challenges in GeoAnalystBench (Cognitive)

• Analysis is more than “right answers”

• How to answer ambiguous or subjective 
answers? e.g., where to place a new solar 
powered farm? 

• How should AI agents be designed into systems of human 
judgement rather than added as an acceptable alternative?

-- Lauren Bennett (Director of Spatial Data Science, Esri)



Challenges in GeoAnalystBench (Engineering)

Can LLMs generate ready to use code rather than just similar code? 

arcpy.HotSpotAnalysis_stats

arcpy.CreateHexagonalsiteFeatur
es_cartography

arcpy.mapping.ExportToPNG

• Misplacing toolbox and tool

• Hallucinated functions

• Out of date packages 
(arcpy.mp)

Zhang et al. 2025 (TGIS)



Code Generation Optimization (Engineering)

GeoAnalystBench 
Dataset

ArcGIS Pro
Tool Reference

SFT
(Supervised Fine-

Tuning)

RAG
(Retrieval-Augmented 

Generation)

ArcPy Function 
Evaluation



Challenges and Issues on GeoAI

• Uncertainty
• Biases
• Heterogeneity and Fairness 
• Explainability
• Ethics and Privacy
• Reproducibility and Replicability
• Responsibility and Trustworthiness
• Sustainability



Ji, Gao, et al. (2025, IJGIS)

Representation Gap and Uncertainty



Moayeri et al. (2024)

Geographic Biases and Fairness

Petrov et al. (2023)

The significant disparities in tokenization across 
different languages and geographic regions.

The geographic disparities by country in LLM 
factual recall performance.



(Geo-)Agentic Harness Engineering

(Decoding AI Magazine, 2026)

• Geo-Foundation Models + GIS/Spatial Analysis Tools + Agentic Framework
• What about the the role of human cognition and society ? 

AlphaEarth



Janowicz et al. (2025, SIGSPATIAL)

• Alignment on foundation models and AI agents aims to prevent harmful biases, 
improve AI safety, and ensure AI systems behave according to societal norms, 
values, and goals.

• Geo-alignment offers a geographical perspective on alignment using geospatial 
context and spatial distribution structure.

• An AI system is said to be geo-aligned if for all queries ! ∈ # and geographic 
contexts $ ∈ %, the distribution of the system’s output '((|!, $) resembles the 
locally (geographically) appropriate distribution of outputs )((|!, $) within a certain 
tolerance. More formally:

Geo-alignment

∀. ∈ /, 0 ∈ 1,2 3 4 ., 0 , 5 4 ., 0 < 7



• AI <-> Geography
• GeoAI Benchmark for LLMs
• Uncertainty, Bias, Geo-Agentic and Alignment, etc.

Thank you!



GIScience 2027

Shanghai, China
October 18-22

https://giscience2027.org/

https://giscience2027.org/

