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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.l 10-day backward trajectories of the air masses arriving at 2000 m
above Rikubetsu at the time of the FTIR observations in 2000. Each point
on the trajectories is color-coded by altitude above ground level.

Estimation of HFC-23 emission in China
by the FTIR measurements of HCFC-22
and HFC-23 in Rikubetsu, Hokkaido

We have developed a procedure for retrieving atmospheric abundances
of HFC-23 (CHF;) with a ground-based Fourier transform infrared
spectrometer (FTIR) and have analyzed the spectra observed at
Rikubetsu, Japan (43.5°N, 143.8°E). We also analyzed abundances of
HCFC-22 (CHCIF;) with the same spectra. The FTIR retrievals were
carried out with the SFIT4 retrieval program. We conducted a backward
trajectory analysis to examine the origins and transport pathways of the
air masses arriving at Rikubetsu. Many air masses that had originated
from China were found in the winter of 2000. A good positive correlation
was found between the enhancements of HCFC-22 and HFC-23 from
their background values. HCF-23 is a by-product of HCFC-22 production
from source gases. The existence of a positive correlation between these
two gases presumes that the observed enhancements of HCFC-22 and
HFC-23 were emitted in the course of HCFC-22 production in China. By
using the reported HCFC-22 production amount in China (Wan et al.,
2009) and observed HCFC-22 enhancement in Rikubetsu, we can
estimate the Chinese HFC-23 emission amount in 2000, which is 1.18
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Fig.2 Correlation between AHCFC-22 and AHFC-23 at Rikubetsu in 2000.
Color of each point represents the month of observation. Blue line is the linear
regression line, with values of slope, correlation coefficient (R), p-value (p),
and number of observations (N).
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BHALTWREHETES, 22T Xt (Wan et al., 2009)
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Fig.3 Time series of carbon dioxide mixing ratio observed
in the upper troposphere and the lower stratosphere.

Gg/year. This amount is about 40% of the value (2.83 Gg/year) reported
by Simmonds et al. (2018). The discrepancy between our estimation and
the literature can be attributed to the fact that our measured air masses
do not cover the southern part of China, where substantial HCFC-22—
manufacturing factories might operate.

Large seasonal variations in greenhouse gases
around the tropopause region

We need to know the spatial distribution and temporal variations of
atmospheric greenhouse gases (GHGs) to understand the global
distribution of their sources and sinks. However, observed GHG data are
still insufficient, especially in the upper atmosphere. Our laboratory
conducted GHG observation by using ground-based stations, ships, and
aircraft.

Fig.3 shows the temporal variations in carbon dioxide (CO.) at the upper
troposphere (UT) and lower stratosphere (LS) observed by aircraft
flight around the tropopause. We categorized the air mass by the
difference in the potential temperature from the tropopause (A®)
calculated from the meteorological fields of the Japan Meteorological
Agency Climate Data Assimilation System. The negative values in A®
indicate the air mass in the UT (red color in Fig.3), and positive values
are in the LT (blue colors in Fig.3). The CO, mixing ratio in the UT
decreases in summer season by photosynthesis activities, whereas in the
LS, CO; shows an increase in summer by intrusion of tropospheric air
from lower latitudes. From winter to spring, CO; in the LS gradually
decreases by downward motion of stratospheric air.

A steep vertical gradient can be found in the methane (CH4) mixing ratio
in the stratosphere. Therefore, downward motion in the winter season
causes a rapid decrease in CH4 at the LS (Fig.4). In contrast, a rapid
increase of CHs can be seen in summer due to air intrusion from the
troposphere. As a result, extremely large seasonal variations were
observed in the LS.

From the results, we can extract information not only for sources and
sinks of their gases but also for air transport in the stratosphere and long-
term changes in air transport.
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Fig.4 Same as Fig. 3 but for methane mixing ratio.
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