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NASA Visible earth: Blue Marble: https://visibleearth.nasa.gov/images/57723/the-blue-marble
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NASA Visible earth: Map by Robert Simmon, based on data from the MODIS Land Cover Group, Boston University.
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http://www-modis.bu.edu/landcover/index.html
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https://www.wsj.com/articles/climate-change-data-deluge-has-scientists-
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Most of our LSMs are data-hungry, yet not 
well designed to take advantage of the 
existing and new sources of observations
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Our process parameterizations don’t 
integrate well across the land: 

unclear how to transfer knowledge between 
locations
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the case of hydrology



1986

Dooge, J. C. I. (1986), Looking for hydrologic laws, Water 
Resour Res, 22(9), S46-S58, doi:10.1029/WR022i09Sp0046S.
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1986

Dooge, J. C. I. (1986), Looking for hydrologic laws, Water 
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watersheds 
live here
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Time split validation: all 
basins contributed 
training data.

Better performance
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Dataset & model: A purely data-driven approach

See for example, Kratzert et al., 2019, doi:10.5194/hess-2019-368 

https://doi.org/10.5194/hess-2019-368


Learning a general model

Model is better when 
trained on multiple 
catchments

Better performance

LSTM (regional)
LSTM (basin)
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Replacing turbulent heat flux parameterizations in a 
process-based model
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SUMMA & ML turbulent heat parameterization 
outperforms original SUMMA 

20Bennett and Nijssen, 2021: doi:10.1029/2020WR029328.

https://doi.org/10.1029/2020WR029328


SUMMA & ML turbulent heat parameterization 
outperforms original SUMMA 

Not shown: 
A pure ML model 
outperforms all three 
of these configurations

21Bennett and Nijssen, 2021: doi:10.1029/2020WR029328.

https://doi.org/10.1029/2020WR029328
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Some of this is already happening

uses GFDL model
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https://www.upstream.tech/hydroforecast

https://blog.google/technology/ai/expanding-our-
ml-based-flood-forecasting/
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https://www.upstream.tech/hydroforecast

https://blog.google/technology/ai/expanding-our-
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https://blogs.nvidia.com/
blog/2021/11/12/earth-
2-supercomputer/
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What we need:

Ways to incorporate machine learning to take advantage of new data and existing 
knowledge

Targeted efforts to explore the best use of new data

Critical evaluation of successes and failures of existing models

Identifying opportunities for each modeling approach

Streamlined model workflows and data sets

Collaborations between earth scientists and data scientists

Training and training resources in data science and machine learning
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