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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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Monitoring of chlorofluorocarbons,
hydrochlorofluorocarbons, and
hydrofluorocarbons over Rikubetsu, Hokkaido;
Syowa Station, Antarctica; and Tsukuba, Ibaraki
using a Fourier-transform infrared spectrometer

We started taking solar infrared spectroscopic measurements using
ground-based Fourier-transform infrared spectrometers (FTIRs) at
Rikubetsu, Hokkaido, in 1995. We also conducted FTIR measurements at
Syowa Station, Antarctica, in 2007, 2011, and 2016. We began taking FTIR
measurements in Tsukuba, Ibaraki in 2018. We have retrieved several
atmospheric trace species from the measured spectra. We analyzed the
chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), and
hydrofluorocarbons (HFCs) from the FTIR spectra using a pseudo-line list
that Dr. G. C. Toon of NASA’s Jet Propulsion Laboratory prepared using
the SFIT4 retrieval tool. We analyzed the monthly averages of the temporal
variations in CFCs, HCFCs, and HFCs. Figure 1 shows the monthly
temporal variations of HCFC-22 (in total column amounts) at Rikubetsu
(green), Syowa Station (blue), and Tsukuba (orange), whereas Figure 2
shows the same variations for HFC-23. These figures also show with
continuous data points for independent measurements of these gases from

Fig.1 Temporal variation of HCFC-22
measured by FTIRs at Rikubetsu, Syowa
Station, and Tsukuba together with ground-
based air monitoring data since 1995.

Fig.2 Same as Fig. 1 but for HFC-23.
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ground-based background atmospheric monitoring stations in Barrow,
USA; Trinidad Head, USA; Cape Grim, Australia; and the South Pole,
Antarctica. There is good agreement between the FTIR measurements and
the ground-based air monitoring data. Figure 2 also shows the FTIR data
from the time period before the air monitoring data were available. In the
future, we plan to extend our analysis to include other HCFCs and HFCs.

Three-dimensional distribution of
atmospheric CO; over the Asia-Pacific region

We have used ten years of measurements taken from commercial airliners
(as part of the CONTRAIL (Comprehensive Observation Network for
Trace gases by Airliner) Project) to uniquely reveal both the three-
dimensional distribution of atmospheric CO, over the Asia-Pacific region
and the seasonality of that distribution. Asia receives only sparse
monitoring for atmospheric CO», despite the region’s growing importance
to the global carbon cycle.

The CONTRAIL data revealed clear seasonal pattern in CO> distribution
over Asia that varies with latitude, longitude, and altitude. In particular,
we observed a distinct depletion of CO, concentration over South Asia to
Southeast Asia in August to September (Fig. 3). The low-CO, area was
confined to the Asian summer monsoon anticyclone—persistent
anticyclonic circulation in the upper layers of the atmosphere (above 10 km
altitude) associated with the seasonally varying monsoon regime—and to
be imprinted by strong CO- uptake by vegetation in South Asia. The Asian
summer monsoon efficiently conveys signals from South Asian ground
vegetation upward, and it propagates eventually out to the Pacific Ocean
after being trapped within the anticyclone. Seasonal evolutions of CO,
uptake in South Asia and the dynamic development and decay of Asian
summer monsoon anticyclone have a remarkable impact on the distribution
of atmospheric CO, over Asia and to the Pacific.

Reference: Umezawa, T. et al. (2018), Atmos. Chem. Phys. doi: 10.5194/
acp-18-14851-2018.

Fig.3 3D-distrubutions of CO: over Asia Pacific in August (left) and September (right). The upper panels show CO»
distributions and wind vectors at around 10 km altitude. The lower panels indicate CO, emissions (red) and uptakes (blue)
by the terrestrial biosphere. Vertical pillars are vertical distributions of CO: over the airports.
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