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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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A4, 2007 F£XU 2011 EOrREBBIIEH (69.0°S, 39.6°E)
LFETOAY UBIEICEEUIEREEYHESERD OZEICEER
U ti%&{Tofco ALBEE Aura/MLS, Envisat/MIPAS. KU
B FTIR 9Yt88Ic &% CIO, CIONO2, HCI, HNOs, &0 Os D#
BEICEB L. BE 18 km &1V 22 km & T2 I SHMERIERK
DOEEIDIKNRERITUTc. BE 7 BAIHICIE. EBSIEDETIC
U, BREM EZETHREERBZE (Polar Stratospheric Clouds:
PSC) AHEL. BERIELEVDOIHYR7HFTEHS CIONO:2 ¥ HCI
M PSC KA LDARY—RIGICL>TRAZHOH D, PN TT7HOT
ICREfIEM EZICKBADNR->TD &L TE R CIO AEM U,
AR BICEDAY VBIENBED, PHATIBAIHICIEREBRS

mOEFREEHICCIOBERBAZHRSD. Ko DI HCI > CIONO:
BEMNMEMZHBHZIN, ZOHRENEE 18 km & 22 km TER
BT EDHIRA LT, 1RO 2Ic, 18 km BT 22 km IZ&H T3
2007 ERBEMEM FEPORERRICEYOEHDOKRFETRT, BE
18 km TlFAYV U DIFE A EBIESI N TWS 28 HCI ADEEHTE
ETHD. —HEE 22 km TlRAVYHN—EIEEI T ICFE>TW

Temporal evolution of chlorine species over
Syowa Station, Antarctica

We analyzed temporal variation of ClO, CIONO,, HCI, HNOs, and O;
measured by satellite sensors Aura/MLS, Envisat/MIPAS, and ground-
based Fourier-Transform infrared spectrometer (FTIR) installed at Syowa
Station, Antarctica (69.0°S, 39.6°E) from March to December 2007 and
September to November 2011. Vertical profiles of O3, HNO;, and HCI and
a vertical column of CIONO, were retrieved from solar spectra taken with
a ground-based FTIR. We analyzed temporal variation of these species at
18 and 22 km over Syowa Station. In early July, polar stratospheric clouds
(PSCs) started to form over Syowa Station. With the return of sunlight to
Syowa Station in early July, CIONO, and HCIl showed depleted values,
while ClO showed enhanced values. Figures 1 and 2 show the temporal
variation in chlorine species over Syowa Station in 2007 at 18 and 22 km,
respectively. When ClO concentrations started to decline at these altitudes
in early September, HCI started to increase rapidly, while the increase in
CIONO; was gradual. The Cly partitioning between HCI, CIONO,, and
Cl10O showed differences at different altitudes. At the altitudes of 18 km,
where ozone was almost depleted, CIO and HNO; amounts were low, so
conversion to HCI was favored rather than CIONO.. In contrast, at 22 km,
sufficient ozone still remained, at a high enough amount that CIONO,
formation from CIO and NOy species continued to occur at this altitude. In
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Fig.1 Temporal variation of chlorine and related
species at 18 km in 2007 over Syowa Staion.

Fig.2 Same as Fig. 1 but for 22 km in 2007.
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Fig.3 Temporal variation in CH4 concentrations (black dots) observed over Surgut and
their long-term trend lines. Blue crosses denote STE-influenced samples that we did
not use for the trend calculation.

early winter, HCI depletion continued even when the counterpart of the
heterogeneous reaction (CIONO,) disappeared. A possible cause of this
depletion could be the mixing of voltex edge air where NOx is formed by
photochemical reaction, resulting in CIONO, production and a gradual
heterogeneous reaction with HCIL.

Temporal characteristics of CH, vertical
profiles observed over West Siberia

Siberia is one of the most important areas for controlling atmospheric
levels of greenhouse gases through activities in forests and wetlands. We
have carried out monthly flask sampling using aircraft in the altitude range
of 0-7 km over the boreal wetlands in Surgut (61°N, 73°E; since 1993) and
a pine forest near Novosibirsk (55°N, 83°E; since 1997), both of which are
located in the West Siberian Lowland (WSL). The temporal variation of
methane (CHs) concentrations at all altitudes at both sites exhibited an
increasing trend with stagnation during 2000-2006, as observed globally
from ground-based networks (Fig.3). In addition to a winter maximum, as
seen at other remote sites in northern mid to high latitudes, another
seasonal maximum was also observed in summer, particularly in the lower
altitudes over the WSL. Our measurements suggest that the vertical
gradient at Surgut has been decreasing; the mean CH, difference between
5.5 km and 1.0 km changed from 64+5 ppb during 1995-1999 to 37+3 ppb
during 2009-2013. No clear decline in the CH, vertical gradient appeared
at Novosibirsk. Simulations using an atmospheric chemistry-transport
model captured the observed decrease in the vertical CH4 gradient at
Surgut when there was a decrease in CH4 emissions from Europe but an
increase in those from the regions south of Siberia, e.g., East and South
Asia (Fig.4). At Novosibirsk, the influence of the European emissions was
relatively small. Our results also suggest that the regional emissions
around the WSL did not change significantly over the period of our
observations. Long-term monitoring of the CH, vertical profile over West
Siberia is the key to detecting changes in CH4 emissions from the WSL and
its surrounding land regions.

Reference: Sasakawa, M., et al. (2017). J. Geophys. Res., 122, 11,261—
11,273. doi.org/10.1002/2017JD026836
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Fig.4 (a) Mean vertical profile of CHa over Surgut for the periods of 1995-1999,
2002-2006, and 2009-2013. The data were offset by the mean values of 5.5 km. Error
bars indicate standard errors. Closed and open symbols indicate observed and total
simulated data, respectively. Contribution from (b) Europe, the (c) WSL, and (d) Boreal
North America are shown for the periods of 2002-2006 and 2009-2013.
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