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A simple story

⚫ Exponential trend on data generation

and storage,

⚫ Matched by smart algorithms and 

large computional power,

⚫ New applications, products, services, 

and tools for science. 



The ‘fourth revolution’

⚫ Search Engines & Internet

⚫ Health & Genomics

⚫ Astrophysics

⚫ Banking & Finance

⚫ Transport & Logistics

⚫ Marketing & Media

⚫ Energy & Distribution

⚫ Agriculture & Forestry

⚫ Urbanism



Deep learning – example of a network architecture
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Skill trend in image recognition 

ImageNet challenge



Data volume trend in climate science

Overpeck et al. 2011



Data volume trend in climate science

Overpeck et al. 2011

Should climate science 

and climate services 

join the party ?



World Economic Forum report 2018



Climate Informatics, NCAR, from 2011 to present



Big Data & Environment, Buenos Aires, November 2015

⚫ 8 sponsors: CNRS-INSU, Fondation Science Mathématique de Paris, Dept. of 

Computation of UBA, ANR, MINCyT, CONICET, …

⚫ 12 nationalities: Arg., Fr., USA, Canada, Chili, Brazil, Ur., Peru, ...

⚫ 6 thematical fields: Climate, Maths, Machine learning, Computer Science, Biology, 

Ecology.



Data Science & Environment, Brest, July 2017



Climate change and AI, California, June 2019



AI in weather and climate, Montreal, July 2019



Climate change: from causes to consequences
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Future projections of climate change



Climate models



Climate models: subgrid processes



Clouds

Low level clouds: stratocumulus 



Stratocumulus response is a major part of uncertainty



Getting around the computational wall: the AI trick



Some encouraging early results

Rasp et al. 2018



Some encouraging early results



A promising way forward
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Climate models



A deep convolutional net for downscaling

Vandal et al. 2017



Results
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Spring floods in Quebec

April 2017 April 2019

Source: GéoMSP, Québec



Challenges in observing floods



Proposed approach leveraging Twitter

Li et al. 2017



Results



Results



Skill
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Hurricane Sandy



Keywords appearing in tweets



Tweets during the event

Morss et al. 2017



Classifying tweets



Quantifying the relevance of keywords



Quantifying the relevance of keywords



Sentiment indexes

Hours



Impact indexes



Skill



Agenda

⚫ Context

⚫ A few case studies: vulnerability assessment

⚫ A few challenges



Tropical cyclone Mahasen, 2013 



Using mobile network data to track mobility patterns 

Ford et al. 2016



Population mobility during the storm

Lu et al. 2016



Population mobility after the storm



Agenda

⚫ Context

⚫ A few case studies: short term prediction

⚫ A few challenges



Wind power generation



Windspeed variations



Use spatio-temporal patterns to predict wind

⚫ Idea of “upstream prediction”

Hannart et al. (in prep.) 



Data: long simulation at 10’ time step



Tool: spatio-temporal Gaussian process
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Skill



Agenda

⚫ Context

⚫ A few case studies: tracking weather systems

⚫ A few challenges



Hurricane season 2017

Katia Irma Jose

8 September 2017 06.00pm GMT



Multi-channel image classification

- 58 -

Prahbat et al. 2016



Semi-Supervised Convolutional Architecture

- 67 -Contributors: Evan Racah (LBL), Chris Pal, Chris 

Beckham, Tegan Maharaj (U. Montreal)

Encoder Decoder

Classification + YOLO Bounding Box 

Regression



Mediterranean cyclones (Vb)

68

© M. Mittermeier

Precipitation sum during the

2013 flood event (29.5. – 2.6.2013)

Mean synoptic pattern at 700 hPa

during the 2013 flood eventmm gpm

L

CLIMEX project



Agenda

⚫ Context

⚫ A few case studies: understanding changes in extremes

⚫ A few challenges



Spatial plot of tropical cyclones tracks



Individual trajectories



Individual trajectories: dimension reduction

Hannart et al. (in prep.) 



Temporal plot of tropical cyclones occurrences

NOAA National Centers for Environmental Information, State of the Climate: Hurricanes and Tropical Storms for 

Annual 2017, published online January 2018, retrieved on July 27, 2018 from

https://www.ncdc.noaa.gov/sotc/tropical-cyclones/201713.
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Old versus recent storms: supervised classification



Results – work in progress



Results – work in progress

⚫ The probability of hurricanes with z>0.5 has increased by a factor 6.

⚫ Something has changed. 

⚫ Work in progress:

— robustness check & verification on simulations

— physical interpretation of the classifier

Classifier evolution



Agenda

⚫ Context

⚫ A few case studies: tracking causality

⚫ A few challenges



Climatic drivers of vegetation growth



Nonlinear Granger causal classification

Pappagianopoulou et al. 2017



Multi-task learning causal classification

Pappagianopoulou et al. 2018



Agenda
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Technological complexity challenge



HR challenge



Organizational challenge

+

Climate Scientists / Impact Scientists



Epistemological challenge

+

Climate Scientists / Impact Scientists

Empirical models

Physical models



Data access challenge

Courtesy of Trevor Smith and David Huard



Data access challenge

Courtesy of Trevor Smith and David Huard



Data access challenge

Courtesy of Trevor Smith and David Huard



Data access challenge

Courtesy of Trevor Smith and David Huard



Theoretical challenges

⚫ ‘Small data’ algorithms
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Theoretical challenges

⚫ ‘Small data’ algorithms

⚫ Quantification of uncertainty

Gaussian processes

Bayesian updating

Data assimilation, 

Ensemble Kalman filter

Hannart et al. 2015

Bocquet et al. 2015

Big Data Trophy, Paris, 2015



Theoretical challenges

⚫ ‘Small data’ algorithms

⚫ Quantification of uncertainty

⚫ ‘Ilities’: interpretability, reliability and causality

Gaussian processes

Bayesian updating

Bayesian networks

Hannart et al. 2016a

Hannart et al. 2017

Hannart et al. 2018

Hannart et al. 2016b



Conclusion

⚫ An outlook was given on a short and non-exhaustive list of examples of 

applications of AI in climate science.

⚫ Promising early results, and room for more. 

⚫ Exciting organizational, technological and theoretical challenges need to be

addressed to foster this research. 


