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ABSTRACT 

Systematic collection of air samples was made using commercial jet airliners between Tokyo, 
Japan and Anchorage, Alaska and between Tokyo and Sydney, Australia in 1984 and 1985. The 
amplitude of the seasonal C02 cycle in the upper troposphere was found to be largest in high 
latitudes of the northern hemisphere but decreased and lagged in phase as the equator was 
approached. The cycle was still clearly observable in the southern hemisphere, due to southward 
transport of the northern hemispheric air through the upper troposphere by a monsoon circula­
tion. The yearly mean value of the upper tropospheric C0 2 was high in the equatorial region 
and decreased poleward. The seasonal cycle of the lower stratospheric C02 in northern high 
latitudes showed a minimum concentration early in May and a maximum concentration early 
in September, with a peak-to-peak amplitude of 2.2 ppmv. Yearly mean C02 concentrations 
were lower by 1.4-2.2 ppmv than those in the upper troposphere. The difference in yearly mean 
C02 concentrations between 1984 and 1985 was about 1.1 ppmv at all locations covered by this 
measurement. 

1. Introduction 

The concentration of atmospheric C0 2 has 
steadily increased over the last 200 years (Neftel et 
al., 1985) due to human activities such as fossil fuel 
combustion and deforestation. This increase will 
very likely enhance the greenhouse effect of the 
terrestrial atmosphere, leading to global climatic 
change. 

One of the most important subjects for this 
problem is to elucidate the carbon cycle on the 
earth's surface. This is crucial for predicting future 
levels of the atmospheric C0 2 concentration. Sub­
stantial efforts have therefore been devoted to 
establishing a comprehensive network for back­
ground C02 monitoring. The present global 
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network consists mainly of about 40 ground-fixed 
stations. The data from aircraft measurements are 
especially useful for developing and validating 
carbon cycle models (Pearman and Hyson, 1980, 
1986; Fung et al., 1983; Gillette and Box, 
1986; Heimann and Keeling, 1986; Keeling and 
Heimann, 1986; Tans et al., 1989), but they are 
very sparse. Systematic measurements with aircraft 
have been made over northern high latitudes, the 
Pacific Ocean, Japan and Australia (Keeling et al., 
1968; Bolin and Bischof, 1970; Bischof, 1985; 
Pearman and Garratt, 1973; Pearman and 
Beardsmore, 1984; Tanaka et al., 1983a, 1987a, 
1988). At present, only the programs over Japan 
and Australia are still operating. During the period 
from January 1984 to December 1985, we collected 
air samples on board commercial jet airliners 
between Tokyo, Japan and Anchorage, Alaska 
and between Tokyo and Sydney, Australia. 

In this paper, we report temporal and spatial 
variations of the upper tropospheric and lower 
stratospheric C0 2 over a wide geographical area. 
The results are also compared with those of the 
lower tropospheric C0 2 which were obtained 
mainly from our other C02 programs. 
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