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ing the interaction between smog and 
climate underscores the importance of 
these programs. In the developing world, 
where enforcing the existing air pollu-
tion regulations has proven very chal-
lenging, the outlook is uncertain. For 
example, when climate change and likely 
trends in smog emissions are taken into 
account in model studies, surface ozone 
concentrations over India, China, and 
parts of Africa and South America show 
large increases in the summertime—up 
to 10 ppb, on average, by 2050. By 2100, 

according to the most pessimistic scenario 
for future global change, a large swath 
extending from eastern Africa across Asia 
to China could see increases of more than 
30 ppb of ozone in July. Given the high 
population in this region, such increases 
could translate into tens of thousands of 
illnesses and premature deaths.31

To meet future air quality goals, policy-
makers in many regions will need to over-
come what is now being called the “climate 
change penalty”; that is, the exacerbation 
of surface ozone levels by higher tempera-

tures and increased stagnation episodes in 
a warmer world. Further research using 
multiple climate and precursor scenarios 
will help bracket the range of air quality 
responses expected in the coming decades. 
Such studies will enable policymakers to 
improve their long-term planning of air 
quality management. Because the precur-
sors to pollution can be transported across 
boundaries and even oceans, international 
cooperation will likely be necessary to 
achieve local air quality goals. Finally, 
research into the impacts of climate change 

NOTE: All results were calculated using a regional chemistry model, using present-day emissions of ozone precursors. 
Five consecutive summer seasons were simulated in each decade. The plots show the effect of climate change on 
ozone smog, in the absence of further restrictions on emissions of ozone precursors.

SOURCE: C. Hogrefe, B. Lynn, K. Civerolo, J.-Y. Ku, J. Rosenthal, C. Rosenzweig, R. Goldberg, S. Gaffin, K. Knowl-
ton, and P. L. Kinney, “Simulating Changes in Regional Air Pollution over the Eastern United States due to Changes 
in Global and Regional Climate and Emissions,” Journal of Geophysical Research, 109, D22301, doi:10.1029/
2004JD004690, 17 November 2004. Copyright 2004 American Geophysical Union. Reproduced/modified by permis-
sion of American Geophysical Union.

Figure 2. Summertime average daily maximum 8-hour ozone concentrations for the
1990s and projected changes in concentrations for the 2020s, 2050s, and 2080s
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on smog can provide further motivation for 
controlling the growth of greenhouse gas 
emissions in coming decades. Along with 
many of the other probable consequences 
of climate change—including increased 
likelihood of drought, tropical disease, and 
rising sea levels—it is becoming clear that 
we need to take into account the health 
impacts of more intense or more persistent 
smog episodes.
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A sunrise in Detroit, where ozone pollution has decreased somewhat in recent years but 
particulates remain at high levels.
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