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Monitoring of the atmospheric greenhouse gases at Syowa Station, Antarctica
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To elucidate temporal variations of the atmospheric CO, concentration, we initiated continuous measurements of the
atmospheric CO, concentration at Syowa Station, Antarctica, in1984 (e.g. Morimoto et al., 2003). Since then, in-situ
continuous observations of CHy, CO and O, concentrations were successively started in 1988, 2000 and 2008, respectively. In
addition to the in-situ measurements, systematic air samplings with subsequent laboratory analysis of other species and
isotopic ratios of CO, and CH,4 have also been carried out at Syowa Station. We also have cooperated with the air-sampling
program of National Oceanic and Atmospheric Administration (NOAA). Measurement species at Syowa Station are
summarized in Table 1.

In the period of Japanese Antarctic Research Project phase VI (2010-2015), we have maintained these measurements and
air samplings. As shown in Figure 1, the CO, concentrations show a clear seasonal cycle superimposed on a secular increase
with an average rate of 1.7 ppm yr' for the 32 years. The CH, concentration increased rapidly in 1980’s and 1990’s, however,
its increase was stopped in the period of 2000-2006, and has been increasing again after 2007. It is known that those unique
variations are global phenomenon, because those have also been observed at other observational sites. The analysis of O,
concentration (O,/N; ratio) in the Syowa air samples was started in 2001. The O, concentrations also show clear seasonal
variations superimposed on a secular decrease due to consumptions of fossil fuel. By analyzing observed secular trends of O,
and CO,, the average CO, sinks to the ocean and terrestrial biosphere during the period 2001-2009 was estimated to be 0.8 +
0.9 and 2.9 + 0.8 GtC yr', respectively (Ishidoya et al., 2012). In the Antarctic Research Project phase IX, we will maintain
those in-situ and air sampling observations at Syowa Station, and we plan to initiate an in-situ continuous measurement of
atmospheric N,O and measurements of Ar concentration (Ar/N, ratio) using flask air samples.
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Table 1. Summary of measurement species at Syowa Station.

Species Frequency Initiation Measurement Technique Institution
co, Hourly (in-situ) 1984 NDIR™ NIPR™®/TU™
Weekly (flask air sampling) 1983 NDIR TU
CH, Hourly (in-situ) 1988 GC-FID™ NIPR/TU
Weekly (flask air sampling) 1987 GC-FID TU
CO Hourly (in-situ) 2000 GC (UV)? NIPR/TU
) Hourly (in-situ) 2008 FC™ NIPR/TU
0, (0Oy/N, ratio) . .
Every 2 weeks (Flask air sampling) 2001 Mass spectrometer TU
N,O Weekly (flask air sampling) 1991 GC-ECD TU
SF¢ Weekly (flask air sampling) 2000 GC-ECD TU
5°C of CO, Weekly (flask air sampling) 1995 Mass spectrometer NIPR/TU
5'°C of CH, Weekly (flask air sampling) 2000 GC-C-MS'® NIPR/TU
3D of CH, Every 2 months (Archived air) 2006 GC-P-MS'’ TU

"'Non-dispersive InfraRed Analyzer, ?Gas Chromatograph equipped with Flame Tonization Detector, Gas Chromatograph equipped with hot mercuric oxide
reduction detector, **differential Fuel-Cell oxygen analyzer, °Gas Chromatograph equipped with Electron Capture Detector, *Gas Chromatograph-
Combustion isotope ratio Mass Spectrometer, ’Gas Chromatograph-Pyrolysis isotope ratio Mass Spectrometer, *National Institute of Polar Research,

“Tohoku University
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Figure 1. Temporal variation of the atmospheric CO, concentration observed at Syowa Station, Antarctica (black). Dots, solid lines and
dashed lines indicate observed values, best-fitted curves and long-term trends, respectively. Also shown are those observed at Ny-Alesund,

Svalbard (gray).
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