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• The existence of the stratosphere its was unknown until 1902. 

• 1913: Ozone layer was discovered. 

• 1923–1947: discovery of the stratopause and mesosphere.

• 1949–1956 Brewer-Dobson circulation proposed; not understood until 1970s

• 1952: stratospheric sudden warmings discovered; explained ~1970.

• 1961: Quasi-biennial Oscillation (QBO) discovered; explained 1968.

• 1970s–1980s: Advances in Dynamics; Potential Vorticity.

• ~1978 Satellite observations of the stratosphere.

• 1980s: Ozone depletion recognised and explained.

• 1990s to 2000s: discoveries that stratospheric variability (including ozone 

depletion) has surface weather effects. 

• 2000s: Weather forecast & climate models start to have realistic 

stratospheres

Timeline of our Understanding of the Stratosphere
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The discovery of the stratosphere
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In 1862 Henry Coxwell & James 

Glaisher became unconscious

~10km
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Year 1873

8 km
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1902: Tesserenc de Bort & Assmann

discover the stratosphere 

Using ~200 unmanned balloon soundings
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Felix BaumgartnerFelix Baumgartner, 2012
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Year 2023
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Global circulation of the Stratosphere

(The Brewer-Dobson Circulation)
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Brewer, 1949

QJRMS
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Brewer, 1949 QJRMS.

Brewer-Dobson circulation

. 2019
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Advances in Dynamics (1970s–1980s)

o Waves

o Transformed Eulerian Mean, wave fluxes

o Potential Vorticity thinking
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Hoskins et al., 

1985 QJRMS
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Stratospheric Sudden Warmings

o Discovered by Scherhag,1952

o Modelled by Matsuno. 1971
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Stratospheric Sudden Warmings



Southern 

Hemisphere

2002

Mixing predicted by 

McIntyre & Palmer 

(1982,1983)
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Quasi-biennial Oscillation (QBO)

o Discovered by Reed, 1961; Ebdon and Veryard, 1961 

o Modelled by Lindzen and Holton, 1968



1961: Quasi-biennial Oscillation (QBO)

1968: QBO explained by theory & modelling
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Ozone Hole

(Discovered 1985; Explained late 1980s)
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Discovered by Farman et al. 1985. 

Explained by Solomon, late 1980s.

The Ozone Hole
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Surface weather effects

o Polar vortex/Stratospheric Sudden Warmings

o Ozone loss
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Stratospheric Sudden Warmings have surface weather effects



Text

60 days following weak stratospheric winds 60 days following strong stratospheric winds

Observed Average Surface Pressure Anomalies (hPa)

From Baldwin and Dunkerton 2001
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Stratospheric Sudden Warmings make snow more likely where snow is unusual.



Ozone loss has increased draughts in Australia,

by shifting the jet stream and storm tracks.
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Stratospheric Sudden Warmings make snow more likely where snow is unusual.
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The Future

o Poor track record of predicting the next 

stratospheric phenomenon to be observed

o Ozone recovery/Climate change

o Volcanoes

o Pyrocumulonimbus Clouds
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