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Mapping Marshland & Shoreline Structures w/ GPUs!

Marsh Community Types



Mapping Marshland & Shoreline Structures w/ GPUs!

Marsh Community Types Shoreline Structures



Impact Assessment



People

Runfola, D., Stefanidis, A., Lv, Z.†, O’Brien, J.†, and Baier, H†. 2024. A multi-glimpse deep learning architecture to estimate socioeconomic census metrics in the context of extreme scope variance. International Journal of Geographical Information Science.
Runfola, D., Baier, H.†, Mills, L.†, Naughton-Rockwell, M.†, Stefanidis, A. 2022. Deep Learning Fusion of Satellite and Social Information to Estimate Human Migratory Flows. Transactions in GIS. http://doi.org/10.1111/tgis.12953
Runfola, D., Stefanidis, A., Baier, H.†, 2021. Using Satellite Data and Deep Learning to Estimate Educational Outcomes in Data Sparse Environments. Remote Sensing Letters 13(1). https://doi.org/10.1080/2150704X.2021.1987575
Brewer, E.†, Kemper, P., Lin, J.†, Hennin, J.†, and Runfola, D. 2021. Predicting Road Quality using High Resolution Satellite Imagery: A Transfer Learning Approach. PLoS One. https://doi.org/10.1371/journal.pone.0253370
Goodman, S.†, BenYishay, A., Runfola, D. 2020. A Convolutional Neural Network Approach to Predict Non Permissive Environments from Moderate Resolution Imagery. Transactions in GIS. https://doi.org/10.1111/tgis.12661

Mapping & predicting 
sociodemographic factors 
based on satellite imagery

Modeling geographic 
boundaries in HPC 

environments

http://doi.org/10.1111/tgis.12953
https://doi.org/10.1080/2150704X.2021.1987575
https://doi.org/10.1371/journal.pone.0253370
https://doi.org/10.1111/tgis.12661






Overall Study Design
44,751 public elementary schools in the 
Philippines.

We only know school test outcomes for a 
limited subset of these schools.

Our goal is to predict school scores based on 
imagery alone, using a CNN, to provide to a 
NGO partner.  

Acquire Remote 
Imagery
Google maps, Landsat

Acquire School Test 
Outcome Data
5,875 school from 2013 - 
2014

Design & Calibrate CNN 
Architecture

Cross-validation, multi-model ensemble 
approaches tested using NVIDIA GPUs.

Predict School Outcomes

Using the model calibrated based on the available 
5,875 schools, predict outcomes for remaining 
schools.  Apply model to future time steps as well 
to fill in temporal gaps.



Acquire Remote 
Imagery
Google maps, Google Street 
View, Landsat

Acquire School Test 
Outcome Data
5,875 school from 2013 - 
2014

CNN Architecture
In total, 18 CNNs and 12 ensemble’s are fit, 
covering each of 5 class subjects and 1 “all subjects” 
model.  

Design & Calibrate CNN 
Architecture

Cross-validation, multi-model ensemble 
approaches tested using NVIDIA GPUs.

Predict School Outcomes

Using the model calibrated based on the available 
5,875 schools, predict outcomes for remaining 
schools.  Apply model to future time steps as well 
to fill in temporal gaps.

Subject Binary Accuracy (%) Score Error (MAE)

English 82% 2.21

Filipino 76% 1.42

Math 81% 2.23

Science 80% 2.26

Social Studies 75% 2.07

All Subjects 80% 1.77

Ensemble Accuracies
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geoboundaries.org

Boundaries: geoBoundaries.org
• Boundaries of hundreds of 

thousands of States, Counties, and 
other Districts around the world.

• Standardized, Machine Readable, 
API

• About 60 TB of data serviced 
monthly today, to around 750 
users/week.
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Thanks!

Dan Runfola - danr@wm.edu

+ The many Ph.D. and undergraduate
students of the geoLab (geolab.wm.edu),
collaborators at VIMS, NASA, Columbia,
and our funding partners.

This work has been made possible by contributions from the Bill & Melinda Gates Foundation, Patrick J. McGovern 
Foundation, William & Mary, and the NSF.  It is currently being funded by the NSF, award ID 2317591.
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