The Stratosphere
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Timeline of our Understanding of the Stratosphere

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 (QBQO) 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



The discovery of the stratosphere



In 1862 Henry Coxwell & James

Glaisher became unconscious
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1902: Tesserenc de Bort & Assmann
discover the stratosphere
Using ~200 unmanned balloon soundings




Felix Baumgartner, 2012
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Global circulation of the Stratosphere
(The Brewer-Dobson Circulation)
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EVIDENCE FOR A WORLD CIRCULATION PROVIDED
BY THE MEASUREMENTS OF HELIUM AND WATER

VAPOUR DISTRIBUTION IN THE STRATOSPHERE
By A. W. BREWER, M.Sc., A.Inst.P.

(Manuscript received 23 February 1949)

SUMMARY

Information 1s now available regarding the vertical distribution
of water vapour and helium in the lower stratosphere over southern
England. The helium content ot the air is found to be remarkably
constant up to 20 km but the water content is found to fall very
rapidly just above the tropopause, and in the lowest r km of the
stratosphere the humidity mixing ratio falls through a ratio of 1o0—1.

The helium distribution is not compatible with the view of a
quiescent stratosphere free from turbulence or vertical motions.
The water-vapour distribution 18 1ncompatible with a turbulent
stratosphere unless some dynamic process maintains the dryness of
the stratosphere. In view of the large wind shear which 1s normally
found just above the tropopause it 1s unlikely that this region is free
from turbulence.

Brewer, 1949
QJRMS



Brewer, 1949 QJRMS.
Brewer-Dobson circulation

LATITUDE Equator
fO 80 M 60 50 0 0 22w b w

polar
vortex

N\

30

20

tropopause

1000 A ; e,
winter pole equator summer pole

v
'
-l
v
=
;
<
-
&
o
@
Y
(-
g
-
-
p-y
o
=

Summer

12



Advances in Dynamics (1970s—1980s)

o Waves
o Transformed Eulerian Mean, wave fluxes
o Potential Vorticity thinking
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Stratospheric Sudden Warmings

o Discovered by Scherhag,1952
o Modelled by Matsuno. 1971



Stratospheric Sudden Warmings

NCEP GFS Temperature [K]| at 10 hPa for 2018/2019
90N to 6

1o NCEP CFSR Climatology y N Updated through DOY: 92
: . ‘, !
245
20 \
T Max

235 2W0%
_ 230 -
<
—
g - Mean
>

220
= 0%
=
Z 215
- 10%

210 ~ Min

205

200

195

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
2018 2019



Potential vorticity at 850K 00UTC 2002/09/01
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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)



Altitude (kilometers)

Ozone in the Atmosphere

Stratospheric
> 0Zone

Ozone Layer

Tropospheric
~ 0Zone

The Ozone Hole

Discovered by Farman et al. 1985.

Explained by Solomon, late 1980s.
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SOUTH POLE OZIONE 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

O

- Composite Polar Cap Pressure for 36 Warm ST100 Events
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Observed Average Surface Pressure Anomalies (hPa)

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

From Baldwin and Dunkerton 2001



Stratospheric Sudden Warmings make snow more likely where snow Is unusual.
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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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