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Observation of Global Atmospheric Environment and Carbon Cycle Changes
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In cooperation with the National Institute for Environmental Studies, we are carrying out research on the global atmospheric environment, such as global

warming and air pollution. For that purpose, we are developing measurement techniques on atmospheric composition changes and terrestrial carbon

budgets. We conduct research and education on measurement principles, data processing algorithm, field experiments, and data analysis on the basis of

specific cases of remote sensing and in situ technologies. We also develop applications for atmospheric compositions/clouds/aerosols and their surface

processes, utilizing such instruments as satellite-borne, air-borne, ship-borne, and ground-based sensors. We conduct field measurements in Asia,

Antarctica, and the Arctic including Siberia, and we study global atmospheric environmental change by analyzing these data.
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Fig.1 (a) Time-series of the FTIR-retrieved HFC-23 total columns with
total random errors at Rikubetsu, Japan and Syowa Station, Antarctica.
(b) The fitted RMS errors on individual retrieved total column. The color-
coding show the solar zenith angle (SZA) of observations.

Development of analysis method of HFC-23 and its
trend analysis using FTIR data at Rikubetsu, Japan,
and Syowa Station, Antarctica

We have developed a procedure for retrieving atmospheric abundances of
HFC-23 (CHFs;) with a ground-based Fourier transform infrared
spectrometer (FTIR), and analyzed the spectra observed at Rikubetsu,
Japan (43.5°N, 143.8°E), and at Syowa Station, Antarctica (69.0°S, 39.6°E).
The FTIR retrievals were carried out with the SFIT4 retrieval program.
Vertical profiles of H,O, HDO, and CHj are preliminarily retrieved with
other independent spectral windows because these profiles may induce
large uncertainties in the HFC-23 retrieval. For comparison between
FTIR-retrieved HFC-23 total columns and surface dry-air mole fractions
provided by AGAGE (Advanced Global Atmospheric Gases Experiment),
the FTIR-retrieved HFC-23 dry-air column-averaged mole fractions were
calculated. The trend derived from the FTIR-retrieved HFC-23 data at
Rikubetsu for December to February (DJF) during the 1997-2010 period
is 0.817 + 0.087 ppt (parts per trillion) year', which is in good agreement
with the trend derived from the annual global mean datasets of the AGAGE
12-box model for the same period (0.820 + 0.011 ppt year'). The trend of
the FTIR-retrieved HFC-23 data at Rikubetsu for DJF data over the 2007—
2020 period is 0.894 + 0.099 ppt year', which is smaller than the trend in
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Fig.2 Time-series of the monthly mean FTIR-retrieved HFC-23 mixing ratios
at Rikubetsu and Syowa Station, along with the AGAGE in-situ measurements
at CGO and THD, and the annual global mean mole fractions and the Cape
Grim Air Archive samples, which were reported by Simmonds et al. (2018).
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Fig.3 Air sampling points (red circles) on the route between Tokyo and
Bangkok. Green square indicates the location of Bangkok airport.

the AGAGE in-situ measurements at Trinidad Head (41.1°N, 124.2°W) for
the 2007-2019 period (0.984 + 0.002 ppt year"). The trend computed from
the HFC-23 datasets at Syowa Station during the 2007-2016 period is
0.823 + 0.075 ppt year!, which is consistent with that derived from the
AGAGE in-situ measurements at Cape Grim (40.7°S, 144.7°E) for the same
period (0.874 + 0.002 ppt year'). Although there are systematic biases on
the FTIR-retrieved HFC-23 at both sites, these results indicate that ground-
based FTIR observations have the capability to monitor the trend of
atmospheric HFC-23.

Seasonal variations of vertical gradients in
atmospheric greenhouse gases over
Bangkok, Thailand

Since 2017, a commercial airliner operated by Japan Airlines on the route
from Tokyo to Bangkok, Thailand, using Automatic air Sampling Equipment
(ASE), has conducted monthly air sampling. Six samples are collected during
the level flight in upper troposphere between 9 and 13 km, and another six are
sampled during descent of the aircraft to Bangkok airport (BKK) as shown in
Fig. 3. The mixing ratio of CO,, CHa4, N,O, SFs, CO, and H; are analyzed in
the National Institute for Environmental Studies.

The vertical gradient in the CO, mixing ratio in the free troposphere,
calculated by subtracting the mixing ratio at 10 km from that at 3 km,
shows negative values in June because of the summer CO, uptake from the
land vegetation around BKK and the upstream area. In spite of the presence
of surface source and atmospheric loss through chemical reactions, CHy4
mixing ratio show a negative gradient from June to November. It is
suggested that the air in the upper troposphere over BKK is highly
influenced by the air mass from strong-emission areas, such as south Asia.
The vertical gradients in the CO mixing ratio are rather neutral. As
atmospheric CO is also influenced by surface source and chemical sink in
the air, a neutral gradient indicates effective air transport in the upper
troposphere from an emission area. The seasonal change in the CO
gradient is quite similar to that in CH4 (Fig.4). This similarity strongly
suggests that long-range transport is crucial for understanding the vertical
distribution of atmospheric trace gases over the BKK area.
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Fig.4 Seasonal variations in vertical gradient of CHs and
CO over Bangkok.
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