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Variations of ozone and related trace species in the atmosphere
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Height profiles of CIONO, and some isotopes of methane were retrieved from the spectra observed with a Fourier transform infrared spectrometer

(FTIR) at Tsukuba. Balloon measurements for atmospheric gravity wave were performed at Syowa station, Antarctica.
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Fig.1 Fitting result for CIONO: from the spectrum
observed on Jan. 25, 2021.

In collaboration with the National Institute for Environmental Studies,
we have been investigating the temporal and spatial variations of
atmospheric trace species with solar infrared spectroscopy using FTIR
at Tsukuba since 1998. We have contributed to the activity of the
Network for the Detection of Atmospheric Composition Change/
Infrared Working Group (NDACC/IRWG) and collaborated on HCI,
HCHO, and so on. In 2022, a paper on the temporal variation of OCS
(Hannigan et al., 2022) was published. CIONO, and some isotopes of
methane were newly analyzed.

CIONO: is a reservoir of chlorine containing species together with HCL.
The sum of the two species almost becomes the total abundance of the
chlorine-containing species in the stratosphere of the mid-latitudes and
is important to the monitoring of the decrease of the stratospheric
chlorine according to the Montreal protocol. Absorption lines of CIONO,
exist at 12.8 pm, but they are very weak. The retrieval was performed
using parameters for Jungfraujoch (E. Mahieu, personal communication)
as areference. Fig. 1 shows a fitting result for CIONO; from the spectrum
at 779.30-780.60 cm™ observed on January 25, 2021. The weak absorption
of CIONO; can be seen at 780.2 cm™ and the residuals show that the
spectrum was fitted well. We will continue the retrieval in the future.

Atmospheric species from different sources have different isotope ratios
due to bioactivity, etc. In addition, chemical reactions sometimes cause
isotopes to fractionate. Therefore, we can obtain information for sources
or chemical processes from observed isotope anomalies. Usually, the
isotope anomalies are very small (in the order of permille) and accurate
measurements such as sampling are needed. There are few measurements
with infrared spectroscopy because the uncertainties of the absorption
intensities are usually as large as percent or more. But the variations of
isotope anomalies sometimes show values in the order of percent or
more and the uncertainty of the absorption intensity does not affect
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Fig.2 Fitting result for "CH. from the spectra observed in 2021.
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Fig.3 The first launch on January 6.
(Photo by Noriyuki Takeyoshi, JARE63)

relative changes. Therefore, we can measure the relative changes of the
isotope anomalies with infrared spectroscopy. We recently began the
retrieval of isotopes of methane. Methane has isotopes such as '*CHs,
3CH4, and CH;D. Fig.2 shows a fitting result for *CH, from the spectra
in the 8-um region. As for “CH;D, we are searching for adequate
wavenumber regions to fit.

Associate Professor Murata participated in the 63rd Japanese Antarctic
Research Expedition as a summer member from November 2021 to
March 2022 and carried out the observation of atmospheric gravity
waves with a super-pressure balloon. Atmospheric gravity waves
transport momentum in the atmosphere and play an important role in
determining temperature and material distribution through driving the
meridional circulation in the middle atmosphere. However, the
observational constraint on the momentum transport due to gravity
waves is insufficient in the Antarctic. The super-pressure balloon can
stay at a certain altitude (18 km at this time) for a long duration and
observe momentum transport due to gravity waves in all frequency
bands, and its horizontal distribution is clarified as well. By combining
it with the PANSY radar observation at Syowa station and the state-of-
the-art meteorological reanalysis data, a 3D picture of momentum
transport due to gravity waves is acquired, which contributes to the
improvement of future predictions made by the climate model. Three
balloons were successfully launched from Syowa Station in January and
February, followed by a level flight at an altitude of 18 km. Fig. 3 and 4
show the first launch on January 6 and a group photo of the launch
members, respectively.

Associate Professor Murata serves as an evaluation committee member
for the Center for Health and Environment, Miyagi Prefectural
Government, and he attended four committee meetings. He also serves
as a member of the environmental assessment technology examination
committee, Miyagi Prefectural Government, and he attended eight
committee meetings.

Fig.4 Group photo of the launch members.
(Photo by Kentaro Baba, JARE63)
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