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Long-term evaluation on the effect of anthropogenic
disturbances to the carbon budget of cool-temperate
mixed forests in northern Hokkaido, Japan
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Forest disturbances act as principal drivers of the ecosystem carbon budget yet their impact is not
well-understood. The cool-temperate forests of northern Japan did not escape to have experienced
such disturbances. One of its mixed forests, which had been a weak carbon sink (net ecosystem
CO, exchange [NEE] = -0.44 Mg C ha™ yr™), was disturbed by clear-cutting and was replaced
with a hybrid larch (Larix gmelinii x L. kaempferi) plantation. To predict the impact of this
disturbance on the ecosystem’s carbon budget, a 9.5 yr (2001-2010) eddy covariance
measurements of CO, fluxes and biomass observation of each ecosystem component were done.
When the trees were clear-cut in 2003, the ecosystem abruptly became a large carbon source and
the net carbon emission within the 7 years after clearcutting (2003-2009) reached 14.7 Mg C ha™
tgutby 2010, the ecosystem had regained its status as a carbon sink again (NEE =-0.49 Mg C ha™
yr) and it was estimated that it will take 8-34 yr to fully recover all of the CO, that was emitted
after the disturbance.

Huge amount of carbon emissions after the clearcutting was contributed largely by soil
respiration and it is said that soil respiration is a very temperature-sensitive flux, hence, will most
likely be affected by global warming (another form of anthropogenic disturbance). Thus, additional
study investigating the effect of experimental soil warming on the soil heterotrophic respiration rate
and its temperature sensitivity was conducted in an area with high substrate availability. This was
done using an automated chamber system. Soil temperature was elevated by 3°C at 5 cm depth
using overhead infrared heaters and continuously measured hourly soil heterotrophic respiration
rates for 5 years (2007-2011). Results showed soil warming enhanced heterotrophic respiration by
80% (6.64 £+ 2.17 pmol C m 2 s") for warmed chambers as compared to the unwarmed control
treatment (3.68 = 0.93 pmol C m 2 s™). Soil warming likewise enhances temperature sensitivity
O, (3.1 £0.09 and 3.3 £ 0.07, control and warming plots, respectively). These results suggest that
global warming will enhance not only the heterotrophic respiration rate itself but also its Oy in
forests with high substrate availability and without severe water stress.
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Through the soil warming experiment, the impact of global warming to soil heterotrophic
respiration was predicted but evaluating the impact of changing climate to the soil carbon input in
the form of litterfall was not accounted for. Thus, another study examining the response of litterfall
rate to the changing climatic pattemns was conducted. Correlation analysis between the annual
litterfall rates in five forest sites and the full growing season as well as seasonal climatic variables
(solar radiation, air temperature, and rainfall) was performed during the 16-year period
(1996-2011). Accumulated spring temperature, the number of windy days, day of snow
disappearance and of leaf expansion were also included in the analysis. Results showed that early
snowmelt and leaf expansion caused by warm spring did not directly link to the enhancement of
the annual litterfall rate. Instead, spring (from March to May) solar radiation has positively
correlated with the annual litterfall rate at three mixed forests. This implies that global warming nor
the changing rainfall patterns do not necessarily affect annual litterfall production in these forests,
at least within the range observed during the study period (a difference of 1.8°C between the
minimum and maximum growing season average air temperature and a difference of 647 mm
between the minimum and maximum growing season total precipitation). Therefore it is assumed
that the additional soil carbon input will not help in the accumulation of more soil carbon stock in a
future warmer climate because of a non-increasing litter production with global warming.

Thus, clearcutting as a forest harvesting option must be taken with caution as it generates large
soil CO, emissions that can be aggravated by global warming and a continuing depletion of soil
substrate supply would be most likely because of a non-positive response of litterfall with global
warming.
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