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ABSTRACT

Forest is a large reservoir of carbon, and is both the CO; release source and absorption sink. The forest in high latitude
areas in the northern hemisphere is thought to be an important release source and absorption sink of CO, that contributes
to the earth’s carbon cycle. It has been therefore required to quantitatively estimate the ability of a forest of releasing or
absorbing CO,. Moreover, it is necessary to evaluate carbon cycle in the environment for the radiological dose
evaluation from "*C released from nuclear reactors and fuel reprocessing plants.

In the present study, the soil CO, efflux and its carbon isotopic ratio were measured in a forest. Soil temperature and the
depth profile of the soil organic matter contents were also measured. The transportation of CO, in soil layer was
calculated with measured CO, production rates to analyze the variation in carbon isotopic ratio in CO, emitted from the
forest floor.

We selected a pine forest as an observation site (Inabu, Toyota, Aichi Pref., 35° 12°N, 137° 24’E) where the altitude is
1010 m above sea level, simulating a boreal forest. Mean tree height was 23 m, and mean tree age was about 40 y. The
observation was performed from May 2004 to November 2006.

The soil CO, flux, defined as the mass of CO, released from unit area of soil surface per unit time, was measured at ten
spots with a closed-chamber method. Non-dispersive infrared ray absorption gas analyzer (LI-820, Li-Cor) was used for
CO, concentration analysis. Soil respired CO, was collected with a chamber of 144 L volume, then its carbon isotopic
ratio was analyzed with Tandetron AMS and an isotopic ratio mass spectrometer (Finnigan MAT 252, Thermo Electron).

Soil cores (0~30cm) were sampled and depth profile of CO, production rates were measured in laboratory. The soil
temperature, soil water and CO, concentration dependency of the CO, production rate were measured and modeled as a
function of soil temperature, soil water and CO, concentration. The numerical analysis using one-dimensional soil CO,
transport model was carried out for each carbon isotopic CO,. The modeled CO, production rate was adapted to the
numerical analysis to calculate forest floor CO, efflux and its carbon isotopic ratio.

The soil CO, flux increased with increasing soil temperature. The radiocarbon isotopic ratio (8"C) of the soil respired
CO, showed seasonal and diurnal variations, that it tends to have large values in high-temperature periods. It is well
known that soil organic matter (SOM) has large §'C value at the top soil layer, which was affected by atomic-bomb test
in 1950s and early 60s. Thus change in the depth profile of CO, production rate, which was caused by the change in the
soil temperature, is thought as a cause of 8'*C variation in soil-respired CO.

The results of numerical analysis suggested that §'“C in soil respired CO, increased in the high-temperature period, of
which tendency was generally agreed with the measurement result. Therefore, it can be concluded that the change in the
depth profile of CO, production rate causes the change in the carbon isotopic ratio in soil respired COs,.
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