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ABSTRACT 

Observations have shown that concentrations of atmospheric trace gases C02 , CFCs, CH4 

and N 20 have been increasing and the trend of increases will most likely continue. Increases 
of these radiatively and chemically important trace gases may have implications for global 
climate both directly by modifying the earth's radiation budget and indirectly by changing 
atmospheric 0 3 distribution. Here, we use atmospheric models with seasonal cycles to study 
the changes in latitudinal and vertical distributions of atmospheric 0 3 and temperature caused 
by increases of trace gases in the next few decades. It is found that increases of CFCs, CH4 , 

and N 20 may augment the surface warming expected from C02 increases. Using projected 
trends of C02 , N 20, CH4 and CFCs, our calculations showed that the annual mean and 
global mean surface temperature could warm by as much as 2.5°C with larger warming at high 
latitudes by the middle of the next century. The calculations also suggest that the warming in 
the lower stratosphere and upper troposphere is much larger than that at the surface, 
especially during the summertime. Large stratosphere cooling is calculated with maximum 
cooling of "'12°C around 45 km, where 0 3 depletion caused by increases of trace gases 
contributes substantially to the total cooling. However, the effects of 0 3 changes on the 
temperatures below 40 km appear to be small because of the small changes calculated in the 
0 3 distribution. 

1. Introduction 

Atmospheric trace gas concentrations of 
carbon dioxide (C02 ), nitrous oxide (N 20), 
methane (CH4 ) and chlorofluorocarbons (CFCs) 
are observed to be increasing due to natural and 
anthropogenic activities. Apart from the well­
documented upward trends observed for C02 (cf. 
DOE, 1985a) and CFCs (Cunnold et al., 1986), 
recent atmospheric measurements indicate that 
the concentrations of N 20 and CH4 may also 
have increased in the past decade or perhaps 
longer (cf. WMO, 1986). There is additional 
support for the CH4 trend from recent analyses of 
ground-based solar infrared spectra recorded in 
1951 (Rinsland et al., 1985). Ice core samples also 
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indicate lower concentrations for N 20 and CH4 

in the preindustrial era (Pearman et al., 1986). 
Current estimates of future C02 increases are 

that the present level of C02 C- 340 ppmv) will 
double some time in the next century (DOE, 
1985a). Atmospheric measurements have shown 
an increase of 1 % per year in the surface 
concentration of CH4 since 1977 (cf. Blake and 
Rowland, 1988; Khalil and Rasmussen, 1986). 
However, it is unclear whether the observed 
increase is due to enhanced emission associated 
with changes in the biosphere or to changes in 
tropospheric hydroxyl radical (OH). The trend 
for N 20 is estimated to be between 0.2 and 0.3 % 
per year between 1976 and 1980. Projections for 
the future are uncertain because of a lack of 
detailed information on the N 20 budget. 
Furthermore, a recent study by Khalil and 
Rasmussen (1989) suggests that changes in the 
earth's ecosystem during climate change may 


























