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Sources and sinks of atmospheric carbon dioxide in East Asia
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Carbon dioxide (COy) is the most importance greenhouse gas with the largest contribution to the radiative
forcing. Surface observations of atmospheric CO, provide information of its sources and sinks in both
global and regional scales. With the prospective of being facilitated by model simulation, long-term time
series atmospheric CO, record constitutes valuable tool for validating bottom-up estimated inventories. The
boreal region in East Asia is one of the most important carbon sink, while the anthropogenic emission from
the middle part of East Asia is continuing increasing. Rishiri Island, locating between the Eurasia continent
and the west North Pacific, is influenced by the outflow from the continent. The purpose of the study is to
estimate carbon sources and sinks in East Asia based on observations at Rishiri Island. In the study, the fetch
regions at Rishiri Island are first characterized by radon-222 (*Rn) tracer. Time series atmospheric CO;
was then analyzed for the seasonal and interannual variations. These variations were discussed in
association with the controlling climate factors in the fetch regions. As a supplementary, an attempf of soil
CO, flux estimation from the snowpack at Rishiri Island was carried out.

Z2Rn is a suitable tracer to estimate atmospheric transport as it is emitted ubiquitously by soils and is
removed by radioactive decay. Atmospheric Z?Rn observed from December 2008 to November 2010 was
used to estimate seasonal fetch regions at Rishiri Island. For the observed signal, clear diurnal variation was
observed in summer, indicating strong diurnal cycle of boundary layer height. A combined analysis of Z*Rn
tracer and back trajectory clusters indicated that the predominant continental fetch regions were southeastern
Siberia and northeastern China, around 90-150°E, 40—60°N of East Asia. The major maritime fetch regions
were the Sea of Okhotsk and the Bering Sea. The seasonal fetch regions were well verified by transport
model NICAM-TM. This “?Rn-derived fetch regions allowed for further analysis of the sources (sinks) of
atmospheric CO; at Rishiri Island.

Six-year CO, record from May 2006 to September 2012 was analyzed for the variation pattern from
diurnal, seasonal to interannual scales. After data selection, the observed record was fitted a function and a
low-pass filter to extract the seasonal cycle and long-term trend. Seasonally, maximum CO, appeared

- 800 —



around the beginning of April, while the minimum appeared around the middle of August. A mean growing
season length of ~130 days was estimated. The peak-to-peak amplitude increased until 2009 and decreased
thereafter, within a mean value of 19.9 ppm. This variation of amplitude was related to the climatic variation
in the fetch regions. It was found that temperatures in the fetch region affected CO, amplitude through
affecting the seasonal maximum, with a time lag of 1-2 years. On the contrary, precipitation was not likely
affecting CO, amplitudes. The decreasing amplitude since 2009 was also likely contributed by circulation
changes as indicated by the simultaneous decrease of Z?Rn concentration in spring and summer.

In order to examine carbon flux from the terrestrial biosphere, soil CO, flux from the seasonal snowpack
was estimated as such reports were quite limited. Based on the gas diffusion approach, an average
diffusion-only soil CO, flux of 0.27 pmol m™ s~ was estimated during the snow season from December
2010 to April 2011 at Rishiri Island. A general increasing trend, interrupted by several sharp decreasing
events, characterized the seasonal dynamics of the CO, flux. Air temperature significantly influenced the
estimation of CO, efflux. The corrected soil CO; flux (0.40 umol m2 s™"), eliminating wind-pumping
effects, was estimated to be 48% larger than the diffusion-only CO; flux. A total amount of 61.9 g C m™
soil carbon emission in the snow season was estimated.

In this research, the fetch region of Rishiri was derived based on 22Rn observation. This allows for
improving studies on the sources (sinks) of other observed trace gases. The climatic variation in East Asia
was captured by the interannual variation of atmospheric CO,. This implies the corresponding variation of
carbon sources and sinks in the region. Although further investigations on the underlying mechanisms are
needed, the study provided robust information for regional carbon budget estimation when compare with
other approaches such as inversions and flux network observations. The soil CO, flux estimation in the
snow season, on the other side, complemented the bottom-up studies in the boreal region where the
wintertime studies were relatively lacked.
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