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Workflow of an Earth system model
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Machine learning could play a role
in all steps of this workflow



What is machine learning?



Neural networks can approximate non-linear functions

The network has learned
a non-linear shape

The network abstracted
from the actual shape

The learning process
minimizes a cost function
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Activation of neurons in layer l :

The capability to learn non-linear functions arises from the

non-linearity of the activation function g



The power of deep learning

Deep

source: https://www.deeplearning-academy.com/p/ai-wiki-machine-learning-vs-deep-learning



Machine learning in weather forecasting



Krasnopolsky et al., 2010

https://doi.org/10.1175/2009MWR3149.1

NCEP model:

• Two neural networks (LWR and SWR)

• Ca 600 inputs and 70 outputs each

• Time saving: ~factor 12 (LWR), factor 60 (SWR)

• Accuracy similar to control run

 Possible to run radiation at every time step

https://doi.org/10.1175/2009MWR3149.1


Krasnopolsky et al., 2010

https://doi.org/10.1175/2009MWR3149.1

https://doi.org/10.1175/2009MWR3149.1


Recent studies

https://doi.org/10.3389/fphy.2019.00153

https://doi.org/10.1175/2009MWR3149.1


Dijkstra et al., 2019

https://doi.org/10.3389/fphy.2019.00153
Original figure:
Barnston et al. (2012)

Physical models

Statistical models

https://doi.org/10.1175/2009MWR3149.1


Dijkstra et al., 2019

https://doi.org/10.3389/fphy.2019.00153

https://doi.org/10.3389/fphy.2019.00153


Has the future arrived already?



2015

https://doi.org/10.1145/2783258.2783275

https://doi.org/10.1145/2783258.2783275


https://doi.org/10.1145/2783258.2783275

Grover et al., 2015

https://doi.org/10.1145/2783258.2783275


https://doi.org/10.1175/JHM-D-19-0169.1

Satellite data processing

https://doi.org/10.1175/JHM-D-19-0169.1


https://doi.org/10.1175/JHM-D-19-0169.1

Fang and Shen, 2019

One year training, two years testing, 500 epochs
Includes a „step-wise data intgeration kernel“

https://doi.org/10.1175/JHM-D-19-0169.1


https://doi.org/10.1175/JHM-D-19-0169.1

Fang and Shen, 2019

https://doi.org/10.1175/JHM-D-19-0169.1
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Post-processing: Visualization for Temperature Prediction (SAVP)

(C) Diff ( = GT - SAVP): 

• The value towards red color means the

temperature were underestimated; 

• The blue color corresponds to the

overestimated values. Advanced Grant
ERC-2017-ADG
#787576



Kleinert et al., 2020 (in prep.)
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Kleinert et al., 2020 (in prep.)

Advanced Grant
ERC-2017-ADG
#787576



Kleinert et al., 2020 (in prep.)

Deep CNN with inception blocks
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Ozone forecasting also in the US …



Sayeed et al., 2020

https://doi.org/10.1016/j.neunet.2019.09.033

https://doi.org/10.1016/j.neunet.2019.09.033
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Conclusions

12.02.2020 29

• The field of ML in weather and climate science is exploding

• NN approaches can be applied at all stages of ESM workflow

• Some recent studies show results between „promising“ and
„astonishing“

• NN solutions are faster by factors of 10 or more

• Knowledge of Earth system science and statistics helps

• Be aware of (many) poor studies with improper set-ups or poor
validation

• So far, vast majority of ESS studies employed supervised learning


