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IV. L Abstract

Future Projection and Estimation of Effects of Forest Management on Carbon Budget in
Forest Ecosystem using Ultra—high Resolution Climate Projection Data
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[Abstract]

Key Words: Larch plantation, Carbon budget, Phenology, Soil respiration, Terrestrial
ecosystem model, Dynamical downscale, Forest management, CO, fertilization effect,

Forest sink, Climate change adaptation

Carbon neutral by 2050 is a common goal of Japan and Nagano prefecture, and local
governments are required to promote climate change adaptation strategies in recent
years. Effective plantation managements can function as mitigation and adaptation
strategies for climate change. However, little is known about the response of carbon
budget of plantations over complex terrain to future climate and elevated atmospheric
CO; concentration, and about to what extent forest management can enhance carbon uptake.
In this study, we projected the future carbon budget of a Japanese larch plantation in
the central mountainous region of Japan, and estimated the effects of forest management
on the carbon budget, by using a process—based terrestrial ecosystem model driven by
ultra—high resolution climate projection data. First, we observed leaf phenology of
larch plantations by fisheye lens time lapse cameras, and assessed the relationships
between the timings of leaf flush and leaf shedding and effective cumulative
temperatures (ECT) at 5 different altitude sites in Nagano prefecture, because leaf
phenology which controls the photosynthetic period, changes depending on climate
conditions. Second, we observed soil respiration rate and the contributions of root,
mycorrhiza, and microbe to soil respiration at a larch plantation in lizuna plateau,
and estimated the temperature sensitivity (Qi) of soil respiration rate, because soil
respiration accounts for about 70% of total ecosystem respiration. Third, we
incorporated the equation of ECT-leaf phenology relationship, and the Qo value based on
in-situ observation into a process—based terrestrial ecosystem model, in order to
improve model reliability to capture the carbon budget of the larch plantation. As a
result, the simulated carbon budget using the improved model at the larch plantation of
Fujihokuroku flux observation site was consistent with observed data by the eddy-
covariance method at the flux tower. Then, the model driven by ultra—high resolution
climate data projected that gross primary production, ecosystem respiration, and net
ecosystem production (NEP) of a larch plantation in lizuna plateau would increase by

21.6%, 26.1%, and 6.5%, respectively, although the forest age would be nearly 100 years
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old. Sensitivity simulation showed that the 6.5% increase in NEP was attributable to
the CO, fertilization effect by 4.6% and to the climate change effect by 1.9%.
Additionally, the simulation showed that NEP in 2050 could be increased by 1.28 to 1.72
times as a result of clear—cutting and planting larch by 2045, but the increased sink

would not occur if the forest was replaced by Japanese cedar.
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