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Geoinformation and Big Data Research Lab (GIBD)

Research Areas
• Geospatial big data analytics
• Spatiotemporal computing
• Geospatial artificial intelligence

To address a broad range of geographic 
questions about hazards, public health, 
population mobility, environment and 
climate change. 

To advance knowledge discovery and 
decision making.
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Artificial Intelligence in GIScience

AI as information extractors1

AI as spatial models2

AI as GIS Agents3

• Extract sidewalk from street view images
• Extract water depth from flood photos
• Extract suicide tweets
• …

Yu, M., Masrur, A., & Blaszczak-Boxe, C. (2023). Predicting 

hourly PM2. 5 concentrations in wildfire-prone areas using a 

SpatioTemporal Transformer model. Science of The Total 
Environment, 860, 160446.

• Air quality (PM 2.5) prediction
• Weather forecasting
• Satellite image segmentation 
• … Bi, K., Xie, L., Zhang, H., Chen, X., Gu, X., & Tian, Q. (2023). 

Accurate medium-range global weather forecasting with 3D neural 
networks. Nature, 619(7970), 533-538.

Ning, H., Li, Z., Wang, C., Hodgson, M. E., Huang, 

X., & Li, X. (2022). Converting street view images 

to land cover maps for metric mapping: A case 

study on sidewalk network extraction for the 

wheelchair users. Computers, Environment and 
Urban Systems, 95, 101808.

• Building blocks of Autonomous GIS
o Autonomous spatial analysis agents
o Autonomous data discovery and retrieval agents
o Autonomous mapping/cartography agents
o …..

Li, Z., & Ning, H. (2023). Autonomous GIS: the next-generation AI-powered GIS. International Journal of Digital Earth, 16(2), 4668-4686.

Akinboyewa, T., Ning, H., Lessani, M. N., & Li, Z. (2024). Automated floodwater 

depth estimation using large multimodal model for rapid flood mapping. 

Computational Urban Science, 4(1), 12.



We define Autonomous GIS as “…an AI-powered GIS that leverages LLM’s (or GenAI/AGI) 
general abilities in natural language understanding, reasoning, and coding to address 
spatial problems with automatic spatial data collection, analysis, and visualization.”

Definition of Autonomous GIS

By using AI as the decision-making core (“brain”), and executable programs (e.g., Python) 
as its digital ‘hands’,  autonomous GIS will be capable of performing spatial analysis 
autonomously by
• searching and retrieving needed spatial data from extensive existing online geospatial 

data catalogs or collecting new data from sensors.
• using existing GIS tools or developing new ones to process gathered data to generate 

the final results, e.g., maps, charts, and reports. 

The key is to build and run the geoprocessing workflow in an automated way. 

Li., Z., Ning H. (2023). Autonomous GIS: the next-generation AI-powered GIS, International Journal of Digital Earth, 16(20) p. 
4668-4686    https://doi.org/10.1080/17538947.2023.2278895

https://doi.org/10.1080/17538947.2023.2278895


Spatial analyses as geoprocessing workflows

A geoprocessing workflow built with ArcGIS Model Builder to identify the suitable areas for a new 
school (a typical site selection problem in GIS). 

Input spatial datasets Output map Spatial operations/tools and intermediate data outputs

Typically manually built by 
GIS experts/spatial analysts. 



GPT 4

GPT 4

GPT 4

Overall workflow of LLM-Geo

LLM-Geo: a prototype of Autonomous GIS



Case 1: Human mobility data retrieval and trend visualization



Case 1 results automatically generated by LLM-Geo



Case 2: COVID-19 death rate analysis and visualization at the US county level



Case 2 results automatically generated by LLM-Geo
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Video demonstrations for the case studies
• Case 1: https://youtu.be/ot9oA_6Llys 
• Case 2: https://youtu.be/ut4XkMcqgvQ 
• Case 3: https://youtu.be/4q0a9xKk8Ug 

https://youtu.be/ot9oA_6Llys
https://youtu.be/ut4XkMcqgvQ
https://youtu.be/4q0a9xKk8Ug


We invite you to explore, test, and contribute to the LLM-Geo project

GitHub (source code) 
https://github.com/gla
dcolor/LLM-Geo 

https://github.com/gladcolor/LLM-Geo
https://github.com/gladcolor/LLM-Geo


Copilot for GIS (one type of implementations of autonomous GIS)
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(b) Co-pilot style

We envisioned that “autonomous GIS 
can serve as a co-pilot for traditional 
GIS software, using natural language 
to communicate with users and 
automate spatial data processing and 
analysis tasks…. For example, an 
autonomous GIS panel alongside the 
map view can be integrated into 
ArcGIS and QGIS, displaying the 
chatbox, generated solution graph, 
and codes as illustrated in Figure 7 (b)”   
(Li & Ning, 2023)

https://mediaspace.esri.com/media/t/1_opret32t/ 
(From Esri February 13th, 2024 ) 

https://mediaspace.esri.com/media/t/1_opret32t/


GIS Copilot: Towards an Autonomous GIS Agent for Spatial Analysis 

https://arxiv.org/abs/2411.03205 

https://arxiv.org/abs/2411.03205


Graphic user interface of the GIS Copilot



Demo: Richland county terrain analysis

Task prompt:

“Merge the four DEMs into a 
single raster and perform terrain 
characteristic analysis for 
Richland County, including slope, 
aspect, hillshade, terrain 
ruggedness index (TRI), and 
topographic Position Index (TPI).”



Demo: Fast food accessibility analysis

Task prompt:

“Could you analyze and visualize the 
fast food accessibility score for each 
county based on the number of fast 
food restaurants and population 
using a thematic map with blue 
graduated colors. Then, analyze the 
correlation between the county-level 
obesity rate and the fast food 
accessibility score by drawing a 
scatter plot with a regression line.”



Community reactions

https://www.linkedin.com/posts/jamie-whittall_an-industry-
first-pulling-together-qgis-activity-7284928587470700545-
f02M 

See the full post and video in the link below:

https://www.linkedin.com/posts/jamie-whittall_an-industry-first-pulling-together-qgis-activity-7284928587470700545-f02M
https://www.linkedin.com/posts/jamie-whittall_an-industry-first-pulling-together-qgis-activity-7284928587470700545-f02M
https://www.linkedin.com/posts/jamie-whittall_an-industry-first-pulling-together-qgis-activity-7284928587470700545-f02M


We invite you to explore and test this GIS Copilot tool

https://plugins.qgis.org/plugins/SpatialAnalysisAgent-master/#plugin-versions 

More demos:

https://giscience.psu.edu/gis-
copilot-demonstrations/

https://www.youtube.com/playli
st?list=PL6ON3gdLloDEikee1iug
r4mKjQ8Tfvn7X 

110 test cases and datasets:
https://giscience.psu.edu/copil
ot_test/ 

GitHub (source code):
https://github.com/Teakinboyew
a/SpatialAnalysisAgent 

Note: OpenAI API is needed to use the tool. 

https://plugins.qgis.org/plugins/SpatialAnalysisAgent-master/#plugin-versions
https://giscience.psu.edu/gis-copilot-demonstrations/
https://giscience.psu.edu/gis-copilot-demonstrations/
https://www.youtube.com/playlist?list=PL6ON3gdLloDEikee1iugr4mKjQ8Tfvn7X
https://www.youtube.com/playlist?list=PL6ON3gdLloDEikee1iugr4mKjQ8Tfvn7X
https://www.youtube.com/playlist?list=PL6ON3gdLloDEikee1iugr4mKjQ8Tfvn7X
https://giscience.psu.edu/copilot_test/
https://giscience.psu.edu/copilot_test/
https://github.com/Teakinboyewa/SpatialAnalysisAgent
https://github.com/Teakinboyewa/SpatialAnalysisAgent


An Autonomous GIS Agent Framework for Geospatial Data Retrieval

https://doi.org/10.48550/arXiv.2407.21024 

https://doi.org/10.48550/arXiv.2407.21024


Geospatial Data Retrieve Agent (QGIS Plugin)

Ning H, Li Z, Akinboyewa T, Lessani N. (2024) An Autonomous GIS Agent Framework for Geospatial Data Retrieval. arXiv:2407.21024
https://arxiv.org/abs/2407.21024 

https://plugins.qgis.org/plugins/AutonomousGIS_GeodataRetrieverAgent/ 

https://arxiv.org/abs/2407.21024
https://plugins.qgis.org/plugins/AutonomousGIS_GeodataRetrieverAgent/


Geospatial Data Retrieve Agent - Demo

Download the 90-meter 
resolution DEM data of Puerto 
Rico (county boundaries, 
major rivers, and hospitals)

Download the county level 
population and median 
household income of Puerto 
Rico in 2020

Download the 30m resolution 
DEM of Chongqing, China

Video demos:
https://www.youtube.com/@G
IBD_Lab/videos 

GitHub: 
https://github.com/Teakinboye
wa/AutonomousGIS_Geodata
RetrieverAgent 

https://www.youtube.com/@GIBD_Lab/videos
https://www.youtube.com/@GIBD_Lab/videos
https://github.com/Teakinboyewa/AutonomousGIS_GeodataRetrieverAgent
https://github.com/Teakinboyewa/AutonomousGIS_GeodataRetrieverAgent
https://github.com/Teakinboyewa/AutonomousGIS_GeodataRetrieverAgent


Levels of Autonomous GIS

Li Z. & Ning H. et al., (2025). GIScience in the Era of AGI: a Research Agenda towards Autonomous GIS (vision paper)

LLM-Geo
GIS Copilot



Special Issue CFP:  We look forward to your contribution!

This special issue aims to call for 
pioneering research at the crossroads 
of GenAI and GIScience through the 
exploration, development, and 
evaluation of autonomous GIS agents, 
providing insights to guide future 
research agendas such as the 
development of the next-generation AI-
powered Autonomous GIS. 

https://think.taylorandfrancis.com/special_issues/genai-giscience-
through-autonomous-agents/

https://think.taylorandfrancis.com/special_issues/genai-giscience-through-autonomous-agents/
https://think.taylorandfrancis.com/special_issues/genai-giscience-through-autonomous-agents/


Questions/Comments?

Thank You!

Zhenlong Li, PhD
Associate Professor, Department of Geography

Director, Geoinformation and Big Data Research Laboratory
The Pennsylvania State University

University Park, Pennsylvania, USA
https://giscience.psu.edu/

zhenlong@psu.edu 

https://giscience.psu.edu/
mailto:zhenlong@psu.edu
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