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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 (HCl) and Hydrogen fluoride (HF) were observed with Fourier Transform Infrared
Spectrometer (FTIR) at Tsukuba. We also retrieved profiles of stratospheric ozone and nitrogen dioxide from spectra taken from a balloon-borne optical
ozone sensor in 2016. We participated in the NDACC/IRWG meeting held in Cocoyoc, Mexico, and iCACGP-IGAC 2018 held in Takamatsu, Japan, and

presented the results of our HCIl and HF observation.
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Fig.1 Temporal variation in the total column of
HCI observed at Tsukuba from 2001 to 2017.
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Fig.2 Temporal variation in the total column of
HF observed at Tsukuba from 2001 to 2017.

We have been investigating the temporal and spatial variations of
atmospheric trace species with solar infrared spectroscopy using FTIR at
Tsukuba since 1998 in collaboration with the National Institute for
Environmental Studies. 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, CH4, etc. This year,
temporal variations of the total columns of HCIl and HF were analyzed.

HCl is the main chlorine reservoir species in the stratosphere. The amount
of HCI is a good indicator of the potential for ozone depletion. HCI
decreased in the 2000s after the chlorofluorocarbons (CFCs) regulation
but showed an increase from 2007 to 2011. A Belgian group investigated
this increase and attributed it to short-term dynamical variability in the
northern hemisphere from FTIR observations and 3-D chemical transport
model simulations (Mahieu et al., 2014). Fig. 1 shows temporal variation in
the HCl vertical column at Tsukuba extended to 2017. HCI decreased again
after 2012 but increased after 2015. Fig. 2 shows temporal variation in the
HF vertical column at Tsukuba from 2011 to 2017. The main source of HF
is also CFCs, but HF is chemically stable. Therefore, HF is a good tracer of
atmospheric transport. HF also increased from 2007 to 2011 and decreased
again after 2012. The decrease almost stopped after 2015. On the other
hand, mass stream function didn’t show clear circulation changes from
acceleration to deceleration after 2015. We will continue to analyze HCI’s
and HF’s trends.

Fig.3 Retrieved profile of ozone observed with
balloon-borne optical ozone sensor.
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Fig.4 Retrieved profile of NO: observed with
balloon-borne optical ozone sensor.

Fig.5 Group photo of NDACC/IRWG meeting
held in Cocoyoc, Mexico.

We developed a balloon-borne optical ozone sensor in our laboratory to
measure the ozone vertical profile in the upper stratosphere from
ultraviolet absorption. Recently, a new sensor with a small spectrometer
was developed to measure some other species, such as NO,, as well as
ozone from the solar spectra between 280 and 500 nm. Balloon observations
have been carried out in collaboration with the scientific balloon group at
the Institute of Space and Astronautical Science/Japan Aerospace
Exploration Agency (ISAS/JAXA). The first observation with the new
sensor was carried out in 2013 in Taiki, Hokkaido, but the instrument
presented some problems. The second observation with an improved
instrument was carried out on September 5, 2016, in Taiki, and high-
quality spectra were taken successfully. The stratospheric profiles of
ozone and NO, were retrieved this year, and the profiles with a 3-km
resolution show good agreements with ozonesonde or model results as
shown in Figs. 3 and 4.

NDACC/IRWG holds an annual meeting where scientists from more than
20 groups discuss observational results, new plans, and measurement
techniques. The 2018 meeting was held in Mexico from June 11 to 15, 2018
(Fig.5). We participated in the meeting and presented the results of our
HCI observation. Discussions on the optimization of the analysis method
were also held. We also participated in the iCACGP-IGAC 2018 conference
held in Takamatsu, Japan, from September 25 to 29, 2018 (Fig. 6), and
presented the results of our HCI and HF observation.

Assoc. Prof. Murata serves as an evaluation committee member for the
Center for the Health and Environment, Miyagi Prefectural Government,
and attended four committee meetings.

Fig.6  Group photo of iCACGP-IGAC 2018
conference held in Takamatsu, Japan.
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