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Variations of ozone and related trace species in the atmosphere
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Temporal variations of the total columns of hydrogen chloride (HCI) and hydrogen fluoride (HF) were observed with Fourier Transform Infrared

Spectrometer (FTIR) at Tsukuba. We also retrieved profiles of ozone and validated the results using osonesonde observation by the aerological observatory,

Japan Meteorological Agency (JMA).
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Fig.1 Temporal variation of 4-year trend of HCI
for Tsukuba and Rikubetsu.

In collaboration with the National Institute for Environmental Studies, we
have investigated 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, CH,, and so forth. This year, ozone profile
validations were performed, and the investigation of HCl and HF continued.

HCI is a good indicator of the potential for ozone depletion, and its
concentration in the atmosphere decreased in the 2000s after
chlorofluorocarbon (CFC) regulations were introduced. CFCs are also an
HF source, and HF is a good tracer of atmospheric transport because it is
chemically stable. These two species have shown increasing and decreasing
trends due to short-term dynamical variability in the northern stratosphere.
We are investigating the relation between the trends and the effect of CFC
regulation. This year, we compared our results with those observed at
Rikubetsu, Hokkaido, by the Institute for Space-Earth Environmental
Research, Nagoya University. Here, we show the results of HCI. Fig.1
shows the 4-year trend of HCI for Tsukuba and Rikubetsu. For example, the
trend for 2010 means the trend for 4 years from 2008 to 2011. Although the
observed periods are different for the two sites, the trends are consistent
between the two sites in 2003-2009 and 2016-2018. Fig.2 shows the
4-year trend of HCI at Tsukuba from observation and 3D chemical
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Fig.2 Temporal variation of 4-year trend of HCI at Tsukuba
from observation and 3D chemical transport model simulations.
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transport model simulations. The simulation could not reproduce the
observed increase in 2015-2017. As this simulation used the emission
scenario according to CFCs regulations, the observed increase in 2015—
2017 is supposed to occur due to illegal emissions. We will continue to
analyze HCl and HF.

Balloon and satellite observations are used to validate the retrieved profile
from the FTIR observation. However, there are not many accurate profile
observations, except for ozone. Therefore, it is important to investigate the
validity of profile retrieval with ozone results. Furthermore, the Tsukuba
site has an advantage, in that the ozonezonde site (JMA’s aerological
observatory) is located close to our site. Fig. 3 shows the comparison
example of the observed ozone profiles by FTIR and ozonesonde on
October 2, 2019. After the height resolution matching, the profile from
FTIR agrees within 10% between 18 and 35 km. Comparison for the 15-day
(58 spectra) observations in 2019 shows the FTIR/sonde ratio of 1.02 + 0.05,
1.11 £+ 0.19, and 1.03 + 0.05 for 0-9.8km, 9.8—18.3km, and 18.3-27.7km
partial columns, respectively, indicating good agreement within ~10%.

The HCHO results (reported last year) were used for the validation of the
TROPOMI instrument on board the Sentinel-5 Precursor satellite and
published in Atmospheric Measurement Techniques (Vigouroux et al.,
2020). Analysis of the HFC-23 in cooperation with Mr. Takeda and Prof.
Nakajima in the Global Environment Division were submitted to
Atmospheric Measurement Techniques.

Assoc. Prof. Murata serves as an evaluation committee member for the
Center for Health and Environment, Miyagi Prefectural Government, and he
attended two committee meetings. This year, he also became a member of the
environmental assessment technology examination committee for the Miyagi
Prefectural Government and attended more than 10 committee meetings.

[0 =

Fig.3 Example of the comparison of the observed ozone
profiles by FTIR and ozonesonde on October 2, 2019.
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