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The 19th century: Canada and Australia long tradition of meteorological 

observations.

• Charles Smallwood made recording weather and rainfall every six hours 
each day in Laval (1833) and McGill University started  in Montreal (1863);

• Sir James Clark Ross (Hobart, 1840) and Sir Charles Todd (Adelaide, 
1855) started meteorological observations in Australia.

• Admiral Robert Fitzroy, Captain of the HMS Beagle, founded the 
meteorological service (UK Met Office) in 1854 (telegraph, the first public 
forecast appeared in The Times on 1 August 1861 …).

HMS Beagle



The 20th century: Numerical Weather Prediction (NWP)

• Numerical weather prediction model are based on the physical laws of fluid,
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The 20’s: L.F. Richardson 

Weather prediction equations can be discretized and solved with sophisticated 
mathematical algorithms and calculation techniques (L.F. Richardson, 1922)



The 50’s

• Von Neumann, pionnier of modern computers, and the American meteorologist

Charney were the first to do a Numerical Weather Prediction (NWP) forecast with

the ENIAC (1950); and,

• Charney’s thinking on weather and climate prediction was visionary (GARP, 1969;  

Carbon dioxide and climate, 1979).

Jule Gregory Charney (1917-81)

Trevor Pearcey (1919-98) with CSIRAC



The 60’s

• The first successful integrations 

of a global spectral model were 

performed in Montreal by the 

Canadian André Robert (1965);

• Bureau of Meteorology 

collaborator: Bill Bourke;

• Spectral models are still used in 

many operational numerical 

weather prediction and climate 

modelling systems;

• Unprecedented space and 

surface based observation 

systems were put in operation.

Robert and Manabe

André Robert (1929-93)



Geostationary Satellites

Meteorological observing systems used by 

National Meteorological and Hydrological Services 

Upper-air sites
Surface stations

Buoys and ships Aircraft

Wind profilers

Micro satellites GPS-RO
Polar-orbiting Satellites

Radar Network



A prediction model grand challenge: representation of 

the sub-grid scale  dynamical and physical processes
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“A small error in the former will produce an enormous error in 
the latter...The meteorologists see very well that the equilibrium 
is unstable, that a cyclone will be formed somewhere, but 
exactly where they are not in a position to say; a tenth of a 
degree more or less at any given point, and the cyclone will 
burst here and not there, and extend its ravages over districts it 
would otherwise have spared.”

Science and Method, 1908, Henri Poincaré

Henri Poincaré
(1854-1912)

Chaos: an old problem



Capturing the uncertainty

The ensemble prediction approach
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Representing the Uncertainty
Probability Distribution Functions

Note: ensemble prediction systems are optimal for 

high capacity HPC and international multi-model approaches
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Weather Prediction (horizontal resolution~15 km)

compared with Satellite Observations

ECMWF predictions and Meteosat observations

(Martin Miller, ECMWF)



The quiet revolution of Numerical Weather Prediction

Bauer, Thorpe and Brunet  (Nature, 2015)

"for every dollar spent 
on delivering Bureau 
services, these 
services return a 
benefit of $11.60 to 
the Australian 
economy."



Ranking of global weather prediction centers



The Forecast Innovation Process Today

• Monitoring

• Research

• Development

• Operation

• Service
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The Way Forward



Key drivers 

influencing BoM 

R&D efforts over 

the next decade
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Operating in a 'system of 

systems'

- Together enabling improvements in 

numerical prediction accuracy and 

precision and downstream products

- Reliant on HPC availability and 

optimal utilisation



SA severe thunderstorm and tornado outbreak September 2016  

1.5 km 400 m

• Charmaine Franklin 

(Bureau of Meteorology)

• 400m better resolves 

convection and has 

more realistic storm 

structure

Observed and simulated radar rain rate



Zoomed in 100m simulation showing 
tornado-like vortices



Seamless weather and climate insights

Historical observations and predictions, from minutes to decades



E.g. Maximum Temperatures

Historical
Context

Operational Tactical Strategic

Seamless climate products across time, space, field and severity

Past

Recent heatwave 
observations

Heatwave forecast for 
the next few days

Forecast for the 
upcoming weeks: 

chance of a heatwave

Forecast for the upcoming 
season: chance of more hot 

days than usual

Projected change in rate we will experience 
high temperatures in the future



• Seamless Prediction of the Earth System: from minutes to 

months

Editors: (Brunet, Jones and Ruti)

❑ Provide a reference of current state and future 

challenges of  NWP Science in 25 chapters.

❑ It is freely available on the World Meteorological 

Organization (WMO) website in English, French and 

Spanish.

• The quiet revolution of numerical weather prediction

Bauer, Thorpe and Brunet 

(Nature, September 3, 2015)

The way forward



Thank you very much!

Q&As


