
1

Harnessing the Geospatial Science Revolution                                                                     
to Advance Sustainability Research:

A Geospatial Discovery Network
C.D. Watson, H.F. Hamann, K. Weldemariam,                                                                                                  

B. Edwards, A. Jones, and J. Schmude



Accelerating computing for climate is critical for 
battling climate change
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• Greenhouse Gas Monitoring and Analysis
• Accelerating ESG reports
• Surrogate climate models
• AI for Materials Discovery

• Carbon Capture 
• Membranes
• Battery Materials

• Natural Carbon Sequestration
• Smarter transportation, buildings
• Next gen electric grid
• Climate impact modeling

• Flood, wildfire, draughts, heatwaves etc.
• Socio-economic

• Risk and impact discovery
• …



Traditional systems are outpaced by explosion 
of data, complexity and urgency of the matter 

Climate Data 
Challenges in the 
21st Century 
By Jonathan T. 
Overpeck, Gerald A. 
Meehl, Sandrine 
Bony, David R. 
Easterling Science 11 
700 (2001) 

Use observational, computational, and modeling capabilities 
synergistically to accelerate discovery and convergence. 
The observational, computational, and modeling 
infrastructure must work collectively to support convergence 
in Earth Systems Science. Observations and monitoring 
reveal changes in the Earth’s systems. Data from diverse 
sources are assimilated into models that rep-resent natural- 
and social-system processes and their interactions across 
the Earth’s systems. Computation provides the framework 
for putting together the complex pieces of Earth Systems 
Science, supporting data collection and analysis, generation 
of forecasts, and interpretation of model results.

Opinion: The power and promise of improved climate 
data infrastructure by Kevin Gurney, Paul Shepson 
Proceedings of the National Academy of Sciences 118.35 
(2021).



Key challenges are routed in the vast logical 
and                       physical distribution of 

climate-relevant information



Data gravity, lack of discoverability and                             
modeling tools are amplifying the challenge
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 Data Gravity

 Discoverability

 Modeling frameworks



A Geospatial Discovery Network for distributed 
and federated discovery and modeling
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A Geospatial Discovery Network for distributed 
and federated discovery and modeling
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1. Dataset Discovery (state of the art))
2. Knowledge Discovery
3. Pixel-level Discovery
4. Feature Discovery



Accelerated Geospatial Knowledge 
Discovery with Deep Search

Convert Extract Load Query

Document Conversion into 
Machine Readable Output

Climate Entity & Relationship 
Recognition

Climate Knowledge 
Representation

Geo-Spatial Document 
Visualization 

Knowledge Corpus
• 1 Mio. Climate related Abstracts
• IPCC Reports
• 8k ESG Reports
• 2 Mio. arXiv Publications

Geospatial Knowledge 
Discovery
For a location and time:
• which surveys? 
• what impact functions?
• what observations?
• what flood models?



Accelerated Pixel-level Discovery  
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 1. Nested resolution layers & 
common coordinate systems

2. Data/Pixel-level indexing                                           
with overview layers 

 Vector-Raster Data-level Discovery
(e.g. find areas and timestamps with high population 

and precipitation rates 5x than climatology?)
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3. Raster-Vector Data Cubes



Accelerated Feature Discovery

Example: Spatially-resolved surface 
temperature gradients

1. Available data
4.5M locations* with 300,000 timestamps
4.5M * 4 Bytes * 300,000 ~ 5.4 Terabytes per 
variable

 

300k

timestamps

2. User-defined functions                                                
supporting arbitrary math to be submitted without downloads

Time-series analysis 
(regression) over 300k 
timestamps for 4.5M locations

3. Features created                                                               
       in 20 mins on a single thread

 



A Geospatial Discovery Network for distributed 
and federated discovery and modeling
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1. Model modularization
2. Foundation Model



Modular 
Modeling
Framework
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Geospatial Foundation Models

Satellite Data
(multispectral & microwave radar)

Base Task = 
Self-supervised Learning

Hazard 
mapping Land use/

Land cover

Weather Observations/Forecasts Data

Base Task = 
Self-supervised Learning

Renewable
Forecasting

Wildfire
Forecasting

Downstream Tasks

Change 
detection ... Outage 

Prediction ...
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Geospatial Discovery Network –Phase 1

Access#1 

Node-level discovery and model services 
via node-level access protocol

Access#2 

Access#3 

Access#4 Access#N 

IBM EIS#1 #2 #5

?

 #4
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Geospatial Discovery Network –Phase 2

?

IBM EIS#1 #2 #5 #4

Common access layer (@geodiscoverynetwork.org) 

Network-level discovery and model 
services via federated access protocol
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Common access layer (@geodiscoverynetwork.org) 
GeoDN Intelligent workflow planner 

Enabling network-level discovery and model 
services via federated access and analytics 

Geospatial Discovery Network –Phase 3

?

IBM EIS#1 #2 #5 #4
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Thank you
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Climate Change is the 21st Century Challenge

Impacts
• Physical
• Financial
• Social
• Political 

 


