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On the attribution of stratospheric ozone and 
temperature changes to changes in ozone-depleting 
substances and well-mixed greenhouse gases 

T. G. Shepherd and A. I. Jonsson
Department of Physics, University of Toronto, 60 St. George Street, Toronto, 

Ontario, M5S 1A7, Canada

Abstract. The vertical profile of global-mean stratospheric temperature 

changes has traditionally represented an important diagnostic for the 
attribution of the cooling effects of stratospheric ozone depletion and CO2 

increases. However, CO2-induced cooling alters ozone abundance by 

perturbing ozone chemistry, thereby coupling the stratospheric ozone and 
temperature responses to changes in CO2 and ozone-depleting 

substances (ODSs). Here we untangle the ozone-temperature coupling 

and show that the attribution of global-mean stratospheric temperature 
changes to CO2 and ODS changes (which are the true anthropogenic 

forcing agents) can be quite different from the traditional attribution to CO2 

and ozone changes. The significance of these effects is quantified 

empirically using simulations from a three-dimensional chemistry-climate 

model. The results confirm the essential validity of the traditional approach 

in attributing changes during the past period of rapid ODS increases, 

although we find that about 10% of the upper stratospheric ozone 

decrease from ODS increases over the period 1975–1995 was offset by the 
increase in CO2, and the CO2-induced cooling in the upper stratosphere 

has been somewhat overestimated. When considering ozone recovery, 

however, the ozone-temperature coupling is a first-order effect; fully 2/5 of 

the upper stratospheric ozone increase projected to occur from 2010–2040 
is attributable to CO2 increases. Thus, it has now become necessary to 

base attribution of global-mean stratospheric temperature changes on CO2 

and ODS changes rather than on CO2 and ozone changes. 

Final Revised Paper (PDF, 351 KB)    Discussion Paper (ACPD) 

Citation: Shepherd, T. G. and Jonsson, A. I.: On the attribution of 
stratospheric ozone and temperature changes to changes in ozone-
depleting substances and well-mixed greenhouse gases, Atmos. Chem. 
Phys., 8, 1435-1444, 2008.    Bibtex    EndNote    Reference Manager  

Volumes and Issues   Contents of Issue 5  

 

 

Search ACP

Library Search

Author Search

Sister Journals AMT & GMD  

Financial Support for 
Authors  

Journal Impact Factor  

Public Relations & 
Background Information  

News

Recent Papers

01 | ACPD, 03 Nov 2008:
Anthropogenic influence 
on SOA and the resulting 
radiative forcing

02 | ACPD, 03 Nov 2008:
Evidence of mineral dust 
altering cloud microphysics 
and precipitation

03 | ACPD, 03 Nov 2008:
Technical Note: A new 
method for the 
Lagrangian tracking of 
pollution plumes from 
source to receptor using 
gridded model output

Atmospheric Chemistry and Physics
An Interactive Open Access Journal of the European Geosciences Union

| Copernicus.org | EGU.eu | | Contact |EGU Journals|


