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IPCC (2007) Table 2.14
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Breakdown of CFCs in the stratosphere 
and catalytic destruction of ozone
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Past and future abundance of atmospheric halogen gases

WMO, 2002

Halocarbon emissions – weighted by GWP

IPCC, Safeguarding the Ozone Layer and the Global Climate System (2005)
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Indirect effect of halocarbons: 
Stratospheric ozone depletion

Radiative forcing due to changes in halocarbons

Direct radiative forcing:   +0.32±0.03 W/m2

Indirect radiative forcing: -0.15±0.10 W/m2
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Radiative forcing due to changes in ozone 
since pre-industrial times

• Observed losses of stratospheric ozone layer over last two decades 
(~5%): negative forcing (cooling) of -0.05 W m-2

• Increase in tropospheric ozone since pre-industrial times (by 35-50%):
positive forcing (warming) of 0.35 W m-2
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WMO, Scientific Assessment of Ozone Depletion, 1998

Sources of O3 precursors

Contribution from 
anthropogenic sources~ 70% ~ 85% ~ 20% ~ 70%

Tropospheric ozone column seen from space
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Change in tropospheric ozone since pre-
industrial era

• O3 is reactive: no ice core record.
• Surface measurements in 19th and early 20th century 

in Europe: much lower O3 (10-20 ppbv) than today 
(40-50 ppbv), and different seasonal cycle.  But 
relationship to Northern Hemisphere concentrations 
not obvious.

• Global chemical transport models imply a 50% 
increase in Northern Hemisphere O3 since pre-
industrial era due to increases in emissions of NOx, 
CO, CH4 and hydrocarbons.

IPCC (2007) Fig. 2.21

Global mean radiative forcing by emission precursor

Indirect GHG


