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Systematic observations of greenhouse gases and related constituents in the strato-
sphere by using balloon-borne air sampler
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To understand the current state of greenhouse gases in the atmosphere and predict future changes in the atmospheric envi-
ronment, it is necessary to figure out their spatiotemporal variations in the stratosphere. Observations by direct sampling of
stratospheric air using scientific balloons have great advantages in terms of a number of analyzable components and measure-
ment accuracy. In Japan, our group developed a cryogenic air sampler (cryo-sampler) using liquid helium in the 1980s and
has used it in Japan and overseas experiments. In particular, the observations over Japan have continued every 1 to 5 years for
about 40 years since 1985. In addition, the ”J-T sampler” was developed also by our group by 2007 to collect stratospheric air
using liquid neon produced from high-pressure neon gas, and has been used in overseas experiments. The observations have
revealed the vertical distribution and secular changes of greenhouse gases, major atmospheric components such as oxygen
and argon, and their isotope ratios in the stratosphere. Using these results, we have obtained new findings such as long-term
changes in the time elapsed after air parcels are transported from the troposphere to the stratosphere (atmospheric age), the
existence of vertical distributions of the composition of major atmospheric components, and estimation of the photolysis and
reaction pathways of CH4 and N20.

To clarify the temporal variations in physical and chemical processes in the stratosphere from the long-term changes in
greenhouse gases and major atmospheric components, it is crusial to continue observations by direct air sampling of strato-
spheric air using scientific balloons. To this end, it is necessary to reduce the man-powers required for balloon observations
by improving cryo-samplers, and to improve the accuracy and efficiency of atmospheric component analysis. In addition,
observations of new atmospheric components are expected to provide information on air transport in the stratosphere and
material exchange between the troposphere and stratosphere.
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