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Observation of Global Atmospheric Environment and Carbon Cycle Changes

LBETEHIRREOARRELZHICBEDLEIAKMMZERD DAHPREBEZTNT2EARM. BRICEITERRNIOBFAEKIM,. 25
CICHIKER L E 20/ O—/ULBR AR REZHBINICETIMREBEFTET>TWS, EFENICIE. ATHE, M. . i B8RRI
LBRIHDPE. TFPAVI. BETIKZNSDMRTO IO AKIM, #ENSOEBOERDUKRIMORBE. 7Y T7PEEB, IRUF
ZEOIBR EHARMICHITIHEAEFHLSCICIB LT —FDREBTIVITVR L, T—IBFEITS CEICL>THIKBETOARIREE
BORRRHAICAT HRERBELT NS,

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 Time series of the ratios of HCI (dark or light blue), CIONO: (yellow), and C10
(red) to total chlorine (Cly*) over Syowa Station at 18 km in (a) 2007 and in (b) 2011.

Analysis of chlorine species over Syowa Station,
Antarctica, using FTIR, satellite data, and
chemistry-climate model results

We made solar infrared spectroscopic measurements using ground-based
Fourier-transform infrared spectrometer (FTIR) at Syowa Station,
Antarctica, in 2007 and 2011. Vertical profiles of minor species, such as
0s, HCI, and HNOs, can be retrieved from FTIR spectra. We analyzed
temporal variations of chlorine species related to the Antarctic ozone hole,
in combination with satellite measurements from Aura/MLS and Envisat/
MIPAS (Fig.1). As a result, a negative correlation was found between C10
and CIONO; in the winter polar vortex. This negative correlation was
associated with the relative distance between Syowa Station and the edge
of the polar vortex. We used MIROC3.2 Chemistry-Climate Model (CCM)
results to investigate how whole chlorine and related species behave inside
the polar vortex in more detail (Fig.2). Continuous loss of HCI in the
winter polar vortex core, which has not been reproduced by foreign models
to date, was successfully modelled in MIROC3.2 CCM. This continuous
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Fig.2 Polar southern hemispheric plots for temperature,
03, NO, HNO;, CIO, HCI, and CIONO: by a MIROC3.2
chemistry-climate model at 50 hPa.
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Fig.3 Observed data and the fitting curves of atmospheric CO»
mixing ratio at 3000 m (top) and at the tower (bottom).

loss occurred due to both the transport of CIONO, from the subpolar
region to higher latitudes, providing a flux of CIONO; from more sunlit
latitudes into the polar vortex, and the heterogeneous reaction of HCI with
HOCIL The temporal variation of chlorine species over Syowa Station was
affected by both heterogeneous chemistry related to polar stratospheric
cloud (PSC) occurrence inside the polar vortex as well as the transport of
a NOx-rich air mass from the polar vortex boundary region, which can
produce additional CIONO, by CIlO reacting with NO.. The deactivation
pathways from active chlorine into reservoir species (HCl and/or CIONO>)
were confirmed to be highly dependent on the availability of ambient Os.
This research was accepted in Atmospheric Chemistry and Physics,
published by the European Geosciences Union (EGU).

Variations in atmospheric CO,
over Yakutsk, Siberia

Observation of atmospheric greenhouse gases has been conducted since
2017 using air sampling by an aircraft and a tower over the Spasskaya Pad
forest research site near Yakutsk, Siberia, in a collaboration with Institute
for Biological Problems of Cryolithozone (IBPC), Russian Academy of
Science. Air is sampled once or twice a month at altitudes between 100 m
and 3,000 m by aircraft and at 20 m or 30 m at the tower.

Fig.3 shows the observed data and the fitting curves of the mixing ratio of
atmospheric CO, at 3000 m and at the top of the tower. High-frequency and
high-quality observations have been available after 2018. Fig. 4 shows the
fitting curves and trend curves for CO,. The averaged seasonal amplitudes
derived by fitting curves were 20.3 ppm at 3,000 m, 23.3 ppm at 2,000 m,
31.4 ppm at 1000 m, 32.6 ppm at 100 m, and 38.8 ppm at the tower. These
extremely large amplitudes represent the typical features for a continental
interior with highly active vegetation. Small maximums were found in not
only spring but also late autumn or early winter below 1,000 m. The
planetary boundary layer in this season is thought to be influenced below
this altitude. Since there is no vertical difference in trend curves over
1,000 m, CO; emissions and absorption are balanced around Spasskaya
Pad. We obtained the characteristics of variations in atmospheric species
over the forest area for not only CO,but also CHs, N>O, SFs, CO, and H».
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Fig.4 Fitting curves (top) and trend curves
(bottom) for CO: mixing ratio.
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