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STRATOSPHERIC CHEMISTRY

1. Stratospheric ozone: distribution
2. Chapman mechanism
3. Catalytic loss cycles

Hydrogen oxide radicals (HOx)
Nitrogen oxide radicals (NOx)
Chlorine oxide and bromine oxide radicals 
(ClOx, BrOx)

4. Polar ozone loss
5. Role of aerosol chemistry in the stratosphere 

Sources of aerosols in the stratosphere

Wallace & Hobbs

Junge layer

τ ~ 3-6 years
COS
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Aerosol chemistry on sulfate aerosols
Role of NRole of N22OO55 hydrolysis:hydrolysis:

N2O5 + H2O 2 HNO3

Converts active nitrogen (NOx) to long-lived reservoir (HNO3) 
[NOx/NOy ratio increases], and slows down Ox loss through NOx
cycles.

But at the same time it enhances Ox loss through ClOx, BrOx, and 
HOx cycles. Lower NOx result in:
Slower deactivation of ClOx through ClO+NO2+M ClONO2+M
Slower deactivation of BrOx through BrO+NO2+M BrONO2+M
Slower deactivation of HOx through  OH+NO2+M HNO3+M
Concentrations of ClOx, BrOx, and HOx increase!
Ozone becomes more sensitive to human-induced increases in 
chlorine and bromine species in the lower stratosphere.

aerosol

Hydrolysis of N2O5 in aerosols increases the sensitivity of 
ozone to chlorine

Gas-phase chemistry only Heterogeneous chemistry included
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Vertical distribution of ozone trends at midlatudes

Heterogeneous chemistry

Gas-phase chemistry

Global total ozone change:1964-2005

WMO, 2006

Pinatubo!
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Heterogeneous chemistry in action: VOLCANO!!

Global effects of Mt. Pinatubo: 
Satellite optical depth observations

http://earthobservatory.nasa.gov/Newsroom/NewImages/images.php3?img_id=4952
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Effect of volcanic eruptions on aerosol surface area

Following the eruption of Mt. Pinatubo (June 1991) aerosol surface area 
increased within months by a factor of 30! (1 30 µm2/cm3), and then 
slowly decreased. By 1999 aerosol levels were back to normal.

Ruiz
Columbia

Pinatubo

Observed effect of Mt Pinatubo on stratospheric chemistry

Fahey et al., Nature, 363, 509, 1994.

NASA’s ER-2 aircraft

Before PinatuboAfter Pinatubo
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Projected evolution of stratospheric chlorine

WMO, 2004

When is the ozone layer expected to recover?

WMO, 2006


