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Why the future of weather and climate prediction 
will depend on 

supercomputing, big data handling and artificial intelligence 

Peter Bauer
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Independent 
intergovernmental organisation

established in 1975

with
22 Member States
12 Co-operating States

European Centre for Medium-Range Weather Forecasts
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Operational Predictions

« 2x 9-km global high-resolution 10-day forecasts per day

51x 18-km global  lower-resolution 15-Řŀȅ ŦƻǊŜŎŀǎǘǎ ǇŜǊ ŘŀȅΧ ­

Χ ŜȄǘŜƴŘŜŘ ǘƻ пс Řŀȅǎ ǘǿƛŎŜ ǇŜǊ ǿŜŜƪ ŀǘ ос ƪƳ

« 51x 64-km global low resolution 7-month forecast per month
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1st medium-range forecast 1 August 1979

Then: 01/08/1979 12z, z1000, t850 Now: ERA-5+50M ENS, 01/08/1979 12z, z1000, t2m, tp
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European Commission Copernicus Services

Hosted by 
ECMWF

Supported by 
ECMWF
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Weather & Climate
άǿŜŀǘƘŜǊ ŘŜŎƛŘŜǎ ǿƘŀǘ ŎƭƻǘƘŜǎ ȅƻǳ ǿŜŀǊΣ ŎƭƛƳŀǘŜ ŘŜŎƛŘŜǎ ǿƘŀǘ ŎƭƻǘƘŜǎ ȅƻǳ ōǳȅέ
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Example Russian heat wave 2010:

[Courtesy M. Reichstein]

Impacts are an integral part of prediction
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! ŦŜǿ ȅŜŀǊǎ ŀƎƻΧ

bƻǿΧ

Fire extremes
The grand forecasting 
challenge: 
Predict loss of carbon 
uptake, CO2+ release and 
impact on climate 
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[Courtesy Pierre Pinson DTU]

Energy extremes

The grand forecasting 
challenge: 
Predict renewable power 
generation, dynamic 
uncertainties, and space-
time dependencies at once 
for Europe 

όΧǿƛǘƘ ŀ ŎƘŀƴƎƛƴƎ 
climate?)
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RCP8.5 ensemble predictions cause life 
threatening wet bulb temperature regimes 

Health extremes

The grand forecasting challenge: 
tǊŜŘƛŎǘ ƭƻŎŀǘƛƻƴ ƻŦ ŦǳǘǳǊŜ ǳƴƛƴƘŀōƛǘŀōƭŜ ǊŜƎƛƻƴǎ  όΧǿƛǘƘ ŀ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜύ
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A bit of history: First attempts

Among other 
appointments, captain of 
HMS Beagle, hosting 
Charles Darwin on his 
South American voyages

άaŀƴ Ŏŀƴƴƻǘ ǎǘƛƭƭ ǘƘŜ ǊŀƎƛƴƎ ƻŦ ǘƘŜ ǿƛƴŘΣ ōǳǘ ƘŜ Ŏŀƴ ǇǊŜŘƛŎǘ ƛǘΦ ώΧϐ
IŜ Ŏŀƴƴƻǘ ŀǇǇŜŀǎŜ ǘƘŜ ǎǘƻǊƳΣ ōǳǘ ƘŜ Ŏŀƴ ŜǎŎŀǇŜ ƛǘǎ ǾƛƻƭŜƴŎŜΣ ŀƴŘ ώΧϐ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ǘƘŜǎŜ ŀǿŦǳƭ 
Ǿƛǎƛǘŀǘƛƻƴǎ ƳƛƎƘǘ ōŜ ǿƻƴŘŜǊŦǳƭƭȅ ƳƛǘƛƎŀǘŜŘέ

(Letter to the Times, 1859)

άL ƴŜŜŘ ƴƻǘ ǊŜǇŜŀǘΣ {ƛǊΣ ǿƘŀǘ Ƙŀǎ ōŜŜƴ ǎƻ ƻŦǘŜƴ ŜȄǇƭŀƛƴŜŘΣ ǘƘŀǘ ǘƘŜ ΨŦƻǊŜŎŀǎǘǎΩ ŀǊŜ ŜȄǇǊŜǎǎƛƻƴǎ ƻŦ 
probabilities ςŀƴŘ ƴƻǘ ŘƻƎƳŀǘƛŎ ǇǊŜŘƛŎǘƛƻƴǎέ

(Letter to the TimesΣ ŀŘŘǊŜǎǎŜŘ ǘƻ άǘƘƻǎŜ ǿƘƻǎŜ Ƙŀǘǎ ƘŀǾŜ ōŜŜƴ ǎǇƻƛƭŜŘ  ōȅ ǳƳōǊŜƭƭŀǎ ƘŀǾƛƴƎ ōŜŜƴ ƻƳƛǘǘŜŘέύ

Vice-Admiral Robert Fitzroy(1805-1865)
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VilhelmBjerknes(1862-1951), Physicist und Meteorologist:
Å Interaction between dynamics und thermodynamics
Å Weather diagnostics, followed by prognoses

мфлпΥ ά5ŀǎ tǊƻōƭŜƳ ŘŜǊ Wettervorhersage, betrachtetvomStandpunkteder 
Mechanikund der PhysikέΦ MeteorologischeZeitschrift.

Lewis Fry Richardson (1881-1953), Physicist, Meteorologist, Psychologist, Pacifist:
Å Basics of numericalweather prediction
Å First explicit calculation of weather on 20 May 1910

мфннΥ ά²ŜŀǘƘŜǊ ǇǊŜŘƛŎǘƛƻƴ ōȅ ƴǳƳŜǊƛŎŀƭ ǇǊƻŎŜǎǎέΦ /ŀƳōǊƛŘƎŜ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΦ

Cleveland Abbe (1838-1916), Meteorologist:
Å Weather observation and basics of prediction

мфлмΥ ά¢ƘŜ ǇƘȅǎƛŎŀƭ ōŀǎƛǎ ƻŦ ƭƻƴƎ-ǊŀƴƎŜ ǿŜŀǘƘŜǊ ŦƻǊŜŎŀǎǘƛƴƎ έΦ Monthly Weather review.

A bit of history: Numerical
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! ōƛǘ ƻŦ ƘƛǎǘƻǊȅΥ wƛŎƘŀǊŘǎƻƴΩǎ ǿŜŀǘƘŜǊ ŦŀŎǘƻǊȅ 
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A bit of history: Helmholtz lecture
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John von Neumann (1903-1957), Mathematician:
Å Function theory, abstract algebra, quantum physics
Å Leader of Electronic Computer Project (1946-52)

JuleCharney(1917-1981), Meteorologist:
Å Set of equations for numerical prediction of planetary waves
Å Founder of theory of baroclinicinstability

Electronic Numerical Integrator and Computer (ENIAC)
Å 140 kW, 30 tons, 18000 thermo-ionic valves
Å 1-layer model, resolution 400-700 km, over North America
Å Single 24-hour forecast needed 24 hours compute time

ENIAC 1950

The same prediction needed 1 second 
on a Nokia 6300 mobile phone (2006)! 

A bit of history: Computing
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Analysis error

Analysis

Forecast error

Single forecastclimatology

Time

Shakespeare:
άŦƻǊ ǿŀƴǘ ŀ ƴŀƛƭΣ ǘƘŜ ǎƘƻŜ ǿŀǎ ƭƻǎǘΦ
for want a shoe, the horse was lost.
for want a horse, the rider was lost.
for want a rider, the battle was lost.
ŦƻǊ ǿŀƴǘ ŀ ōŀǘǘƭŜΣ ǘƘŜ ƪƛƴƎŘƻƳ ǿŀǎ ƭƻǎǘΦέ

Ed Lorenz (1917-2008), Mathematician, Meteorologist:
Å Impact of initial conditions on forecasts in non-linear systems
Å Founder of chaos-theory

A bit of history: Foundation of Chaos Theory
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Ensemble-based Extreme Forecast Index (EFI) forecast 
where the ensemble forecast distribution differs 
substantially from the model climatological distribution 
for 2-metre temperature, 10-metre wind gusts and 
precipitation 

Reliable prediction of extremes 2 weeks ahead

Ensemble-based probability of 24-hour 
precipitation in excess of 5 mm
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Summer heatwave over Europe: 
2m Temperature,
7 May ς12 August 2018

Reliable prediction of extremes 4 weeks ahead
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World leadership in Europe ςbut still far away 
from sufficient accuracy and reliability!

European leadership
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UN Report published on 10 October 2018 by:

ά9ŎƻƴƻƳƛŎ ƭƻǎǎŜǎΣ ǇƻǾŜǊǘȅ ŀƴŘ ŘƛǎŀǎǘŜǊǎ мффу-нлмтέ

> 1.3 million fatalities
> 2.9 trillion US$ losses
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ά¢ƘŜ нлмф Dƭƻōŀƭ wƛǎƪǎ wŜǇƻǊǘέ
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Reliable prediction of extremes decades ahead?

850 hPawind speed response to RCP8.5 forcing by 2100 

Χ
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Resolved or not resolved?

Χ ŦǊƻƳ parameterizationsfor 
radiation, cloud, convection, 
ǘǳǊōǳƭŜƴŎŜΣ ǿŀǾŜǎΧ

Resolved Not resolved


