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Understanding the carbon dioxide flux in 
forest ecosystems has become an impor-
tant subject in the international effort 
to prevent global warming. Observations 
of the carbon dioxide flux between the 
atmosphere and forests are promoted 
worldwide. 

The components of the carbon budget 
in a forest ecosystem - the carbon dioxide 
flux released from the forest floor and 
that released from or absorbed into 
foliage - are often measured with the 
chamber method. Accurate measure-
ments of the carbon dioxide efflux from 
the forest floor are required especially 
because it accounts for a large part of the 
total carbon dioxide efflux from the forest 
ecosystem. However, the forest floor 
carbon dioxide efflux has a large spatial 
dispersion. Therefore, a large number of 
measurements at different locations are 
required to evaluate it. A compact and 
easy-to-operate CO2 sensor and a simple 
chamber system is an ideal solution for 
scientists measuring the carbon dioxide 
efflux at multiple sampling points.

Demanding application
A closed-path CO2 sensor is a general CO2 
sensor that has closed optical paths for 
measuring the carbon dioxide concen-
tration. Although the closed-path CO2 
sensor has advantages with regard to 
stability and accuracy, a sample needs 
to be drawn into the sample cell in the 
sensor using an air pump through a 
sampling tube. The chamber method, 
which uses a closed-path CO2 sensor 
with a pump and tubes, is often not very 
easy to use or portable. In addition, the 
carbon dioxide efflux risks being influ-

enced by the small pressure changes 
when sample air is drawn with a pump 
for measurement from the forest floor, for 
example from porous soil or snow. What 
is required is a sensor that can perform 
direct measurements without drawing 
the sample from the chamber. 

In the beginning of our research, 
we attempted to use the Vaisala 
CARBOCAP® Carbon Dioxide Trans-
mitter GMD20 or module GMM220 for 
measuring the forest floor carbon dioxide 
efflux. The performance of these sensors 
with regard to response time was insuf-
ficient for measuring the carbon dioxide 
efflux with an increasing rate of carbon 
dioxide concentration in the chamber. 
Therefore we developed a backward 
estimation method for recovering the 
delayed outputs (Mizoguchi and Ohtani, 
2005). This method employs the initial 
carbon dioxide concentration and the 
compensation coefficient that has been 
obtained from the sensor response exper-
iments, which enables the correction of 
the delayed output of the sensor. Thus, 
it solves the error of the efflux that is 
caused by the delayed response.

Snow surface measurements
However, even with this method, the 
error caused by the unstable output of 
the sensor cannot be totally excluded. 
In particular, the measurement method 
cannot be applied for measuring a snow 
surface with a small carbon dioxide efflux. 
Subsequently, we used a newly devel-
oped sensor - a diffusion type Vaisala 
CARBOCAP® Carbon Dioxide Probe 
GMP343 - to measure the carbon dioxide 
efflux from a snow surface in the forest. 

We generally calculate the efflux with 
an increasing rate for 10–30 min when 
using the static chamber method. The 
carbon dioxide concentration increased 
by about 30 ppm ten minutes after the 
chamber was closed (Figure 1). This 
indicates that the performance of the 
GMP343 was sufficient to measure even 
the small effluxes from a snow surface. 
We plan to measure the efflux from the 
snow surface at many sampling points 
in our research forest, and evaluate the 
accurate carbon dioxide emission.

FFPRI Flux Net
The Forestry and Forest Products 
Research Institute has constructed 
observation towers at five research sites 
with varying climates and forest types 
(FFPRI FluxNet). The observations of 
carbon dioxide and other fluxes have 
been conducted while each compo-
nent in the carbon dioxide balance - the 
carbon dioxide efflux due to photosyn-
thesis, the forest floor carbon dioxide 
efflux, and so on, has been measured. We 
will analyze the relationship between the 
carbon dioxide balance and the individual 
components, and hope to clarify the 
carbon cycle in the forest ecosystem.

Further information:
www.ffpri.affrc.go.jp/labs/flux

References:
Y. Mizoguchi, and Y. Ohtani, “Response 
Characteristics of VAISALA CO2 Sensors 
and its Correction for the accurate 
estimation of soil CO2 efflux”, Asia-
Flux Newsletter, vol.19, pp.4-8, 2006.

�  |  Vaisala News  172 / 2006



Carbon dioxide efflux measurement by Yasuko 
Mizoguchi on snow surface at the Fujiyoshida 
forest research site, the FFPRI FluxNet.

Yoshikazu Ohtani at the Fujiyo-
shida forest research tower.

A compact and easy-to-operate CO2 sensor is an ideal solution for scientists.

Figure 1. The carbon dioxide concentra-
tion increased by about 30 ppm ten 
minutes after the chamber was closed.
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