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Challenges

Can model analysis methods be built for complicated systems and 

noisy, insufficient data to explore “Why?”

Model results are important but often isolated in development and 

results from the people and communities involved

Need, for example, social engagement and economic 

consequences



Methods I am finding useful

Machine Learning/Artificial Intelligence – to 

explore how climate change might affect 

renewable energy and crop production

use extensive data sets and process-based DSSAT 

crop model results



It is not either/or. It is standing on the 

shoulders of giants to reach further. 

Giants from process-based modeling, agent-based 

modeling, machine learning…

 Address problems that process-based models alone 

really are not able to address

 This is a fun and exciting challenge that needs those with 

knowledge of process-based modeling!



What I learned from using process-

based models
 Programming matters. Speed, accuracy.

 Transparency matters. Documentation, model analysis methods.

 Process-based models can be used to explore “Why?”

 Process-based models incorporate the understanding of equations 

and statistics programmed into them. The models ideally can be used 

to explore the consequences of these equations and statistics.

 Natural systems are complicated, data are insufficient and noisy, and 

precise results are desired but unattainable

 It is easier to investigate “Why?” with simple models, but people trust 

complicated models that match the conditions with which they are 

most familiar, like water levels in their area. This dichotomy is 

fundamental and difficult to address.



Knowledge-guided  Self-

Supervised Learning (KGSSL)



NSF IS-GEO (Intelligent Systems for the 

Geosciences)
 RCN: Research Coordination Network

 Led by Suzanne Pierce (UT Austin), Yolanda Gil (USC), Basil 
Tikhoff (U Wisconsin)

 Funded 2016-2021 with added no-cost extension. Just 
renewed for another 5 years

 Videos of talks organized by this program are available at

 https://is-geo.org/resources/research-presentations/

 Suggestions for the U of Alabama meeting

 First 15 minutes of this 28-minute video by Vipin Kumar

https://www.youtube.com/watch?v=udFhxyhas58

 First 4 minutes of this 48-minute video by Mary Hill

https://www.youtube.com/watch?v=dwH9QzXIZpg

https://is-geo.org/resources/research-presentations/
https://www.youtube.com/watch?v=udFhxyhas58
https://www.youtube.com/watch?v=dwH9QzXIZpg


References on integrating process-

based modeling and ML/AI

 Explanable AI: Interpretting, explaining, and visualizing deep learning, 2019

 Theory-guided data science: A new paradigm for scientific discovery from data

Anuj Karpatne, Gowtham Atluri, James H Faghmous, Michael Steinbach, 

Arindam Banerjee, Auroop Ganguly, Shashi Shekhar, Nagiza Samatova, Vipin 

Kumar  2017/6/27 IEEE Transactions on knowledge and data engineering

 Machine learning for the geosciences: Challenges and opportunities

A Karpatne, I Ebert-Uphoff, S Ravela, HA Babaie, V Kumar, IEEE Transactions on 

Knowledge and Data Engineering 31 (8), 1544-1554

 Intelligent systems for geosciences: an essential research agenda. Yolanda Gil, 

Suzanne A Pierce, Hassan Babaie, Arindam Banerjee, Kirk Borne, Gary Bust, 

Michelle Cheatham, Imme Ebert-Uphoff, Carla Gomes, Mary Hill, John Horel, 

Leslie Hsu, Jim Kinter, Craig Knoblock, David Krum, Vipin Kumar, Pierre 

Lermusiaux, Yan Liu, Chris North, Victor Pankratius, Shanan Peters, Beth Plale, 

Allen Pope, Sai Ravela, Juan Restrepo, Aaron Ridley, Hanan Samet, Shashi 

Shekhar (2019) Communications of the ACM, 62(1):76-84. DOI:10.1145/3192335

https://ieeexplore.ieee.org/abstract/document/7959606/
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aJdbHAoAAAAJ&citation_for_view=aJdbHAoAAAAJ:_Qo2XoVZTnwC
https://dl.acm.org/doi/10.1145/3192335


What I have done using process-based 

models

 Here are two references that represent my contributions, out of over 150

 Effective groundwater model calibration: with analysis of data, sensitivities, 

predictions, and uncertainty. MC Hill, CR Tiedeman – 2006. Wiley and Sons. 

 Practical use of computationally frugal model analysis methods. Hill, M. C., 

Dmitri Kavetski, Martyn Clark, Ming Ye, Mazdak Arabi, Dan Lu, Laura Foglia, 

and Steffen Mehl. 2016. Groundwater. 54(2):159-170, DOI: 

10.1111/gwat.12330

https://scholar.google.com/scholar?oi=bibs&cluster=9609778505715399971&btnI=1&hl=en
https://www.researchgate.net/profile/Mary-Hill-7/publication/6708892_The_Practical_Use_of_Simplicity_in_Developing_Ground_Water_Models/links/5fb6abe9299bf104cf5c8836/The-Practical-Use-of-Simplicity-in-Developing-Ground-Water-Models.pdf

