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Changes in Monthly-Averaged Global
Ozone From 1979-2001
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Catalytic Cycles in the Stratosphere

Relative contribution (%) to Ox = {O+0O3} destruction

X+03 2 XO+0,
XO+0O 2> X+0,
Net: O3+ O = 2 0O
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published in Brasseur and Solomon, Aeronomy of the Middle Atmosphere, 2005.
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Figure from Earth Under Siege: From Air Pollution to Global Change, by Richard Turco, 2002
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Ozone formation by
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Aerosols and Stratospheric Ozone Depletion

Heterogeneous reactions on Heterogeneous Reactions
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Aerosols and Stratospheric Ozone Depletion

Heterogeneous reactions on
polar stratospheric clouds
directly convert HCI and
CIONO: reservoirs into active
forms in the polar winter.
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to Global Change, by Richard Turco, 2002
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Aerosols and Stratospheric Ozone Depletion

Heterogeneous reactions on
polar stratospheric clouds
directly convert HCI and
CIONO: reservoirs into active
forms in the polar winter.

Chlorine reservoirs
HCI 9 Q CIONO,
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Activated chlorine atoms

Figure from Earth Under Siege: From Air Pollution
to Global Change, by Richard Turco, 2002

Remains important on =
sulfate aerosol at higher
temperatures, lower latitudes
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Heterogenous hydrolysis of N2Os

Lifetime ~ weeks

Lifetime ~ days

NO> + CIO — CIONO2
NO2 + BrO — BrONO>
NO2 + OH — HNO3

Impact of NOyx on other
Ox-destroying families:

Higher aerosol — lower NOx
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Heterogenous hydrolysis of N2Os

Lifetime ~ weeks

Lifetime ~ days

NO, +/CIO\—/ACIONO>
NO2 H BrO
NO; +\OH/— \HNO3

Active species — Reservoirs

Impact of NOx on other
Ox-destroying families:

Higher aerosol — lower NOx — higher ClOx, BrOyx, HOx

But this effect “saturates” at high aerosol levels, when N20s
formation becomes rate-limiting.



N2Os Saturation by Sulfate Aerosols
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N20Os Saturation by Sulfate Aerosol

40

530 7 —]
- Satu“ration level Pinatubo aerosol SAD
g 20 =
2
- Background aerosol SAD
<

10 _

-
0 ; - " : : : ' - .

Local Aerosol Surface Area Density (um?/cm?)

Impacts on stratospheric chemistry are greatest for small
aerosol increases, well below those due to Pinatubo.




(b) Model Forcing Mechanisms (75°S, 18 km)
— e

75°S

25 T T T Lo | T

i\
(98]

‘T’g - :
o [ -2
£ L i
2 15 i
E 1
N 1 &
€ L 10
m —4
© B _
Z B g 1
o "
2 i

5 B Observed Aerosol J_'-

~ Constant Aerosol‘H’H_,_l_I.l-L .
O 1 1 1 1 ! 1 1 T -l 1 I ? 1 1 1 l 1 f-l L 1 ] O
75 80 85 90 95
C Year R P

Portmann et al., JGR, 1996
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(b) Model Forcing Mechanisms (75°S, 18 km)
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The role of aerosol variations in anthropogenic ozone depletion
at northern midlatitudes

S. Solomon,! R. W. Portmann, 1,2 R. R. Garcia,3 L. W. Thomason,# L. R. Poole, 4 and
M. P. McCormick?*
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Figure 7. Calculated odd oxygen loss rates versus surface area at 43.5°N near 20 km (56 mbar) for 1990 levels of
total chlorine and bromine, for NOy , HOy, and halogen chemistry.
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Impacts on stratospheric H,O?
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Figure 9. Annual mean water vapour in relation to annual mean temperature, both at 90 hPa at the

equator, 1.e. close to the tropical tropopause. The slope of this relationship is in good agreement with
the Clausius—Clapeyron equation of water vapour pressure over ice.
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Summary

Stratospheric aerosol impacts ozone chemistry
differently with latitude:
* Polar regions: directly activates ClOx & BrOy
* Mid-latitudes: reduces NOy, which releases
active ClOy, BrOy, & HOx
* Saturation:impact greatest for increases at
low aerosol levels
Present-day conditions: ClOy, BrOy, & HO
increases more than offset NOy decreases,
producing a net O3 loss
Future low halogen conditions: O3 may increase
due to reduces NOx loss
Impacts on stratospheric water vapor uncertain
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Figure 6. Predicted geoengineering-induced changes in annual mean zonal mean total ozone column. Listed values show annual global mean values.
(a) Standard scenarios (solid curves) and pulsed scenarios (dotted: monthly; dashed: semiannually) relative to GEOO. (b) Scenarios with no surface
enhancement (nC) and no radiative enhancement (nR) relative to GEOO. (¢) Special scenarios with low CFC, high CO2 or low SST relative to GEOO.
(d) Same as in (c), but relative to special scenarios without geoengineering. The orange GEO5—-GEOQO curve is shown in all panels for clarity.
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