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(Abstract of the thesis)

To reveal the mechanism and significance of canopy gas exchange during and after
rainfall in temperate coniferous ecosystems, this study used the eddy covariance (EC)
method in combination with an enclosed path gas analyzer to conduct the continuous
ecosystem flux observation in a Japanese cypress forest within the Asia monsoon area for
over 3 years. Then, the results were compared with model simulations to evaluate
interception evaporation from the abaxial surface of the Japanese cypress leaf, the
relationship between abaxial interception and wet canopy photosynthesis and canopy gas
exchange during different periods after rain events ended.

Chapter 1 is a literature review, which demonstrates a research gap between leaf wetness
and plant gas exchange. Concerns over the ecological function of wet leaves in terrestrial
hydrological and carbon circulation are expressed in several studies in recent years.
However, compared to the ecological value of fog-induced leaf wetness in tropical areas,
the influence of rainfall-induced leaf wetness on wet coniferous canopy evapotranspiration
and photosynthesis in the temperate area is less often evaluated. Few studies have
investigated the possibility of abaxial interception of rainwater by conifers. Thus, how
interception affects canopy evapotranspiration and photosynthesis, other than its
contribution to evaporation from the wet canopy, remains unclear. Furthermore, the
continuous variation of the dry canopy gas exchange immediately after wetness ended is
seldom addressed by existing studies.

Chapter 2 describes the site and methodology of this study. The study site is a Japanese
cypress forest (coniferous, evergreen) at Kiryu experimental watershed in Shiga, Japan.
The EC method was used to measure the continuous ecosystem fluxes. Wetness sensors
were used to measure the change in the canopy wetness. A soil-vegetation-atmosphere
transfer (SVAT) multilayer model is explained, which was applied to analyze the latent
heat flux (AE) and net ecosystem exchange (NEE) under different interception scenarios
(Chapter 3 and Chapter 4).

Chapter 3 reports the results of investigation on regulation of wet canopy
evapotranspiration, which suggest the occurrence of interception evaporation from both
sides of leaves from the wet Japanese cypress forest canopy during rainfall and after
different levels of rainfall. Observed AE of the wet canopy was compared with simulation
results of the SVAT multilayer model with contrasting sets of assumptions as to whether
interception evaporation happens only from the upper (adaxial) side of leaves, or from both
sides of leaves. Both models showed a low AE during rainfall as the EC data did. The
simulated AE during the canopy-wet period after rainfall indicates that the interception
evaporation from both sides of leaves is more likely after heavy rainfall. However, for the




most frequent small rainfall events at this site, the abaxial surface may not be fully wet as
the adaxial surface. Hence, some stomata remain open without being blocked by abaxial
leaf wetness, resulting in low but significant CO2 uptake by the wet canopy.

Chapter 4 reports the study on the influence of abaxial surface wet area ratio and leaf
water storage capacity on wet canopy NEE simulation with the SVAT multilayer model.
For the wet canopy during and after rainfall, the model overestimated CO2 uptake when it
assumed no abaxial interception in the simulation, but it underestimated CO2 uptake when
it assumed that the entire abaxial surface was wet. The multilayer model had the best
prediction of the observed NEE when it assumed the wet area ratio of the abaxial surface
being 50% both during and after rainfall. Thus, the results suggest that the abaxial surface
of a Japanese cypress leaf is only partly wet to keep stomatal openness to maintain a low
level of photosynthesis. Moreover, temporal trends of NEE showed that the wet canopy
CO2 uptake occurs during the post-rainfall canopy-wet period rather than during-rainfall
period.

Chapter 5 focuses on the gas exchange of the dry canopy during different periods after
wetness ended. This chapter explains the work using an expanded big-leaf model to
estimate the canopy conductance (gc) of the dry canopy at different timing after canopy
wetness ended, i.e., “0-3 hours after wetness ended”, “3—6 hours after wetness ended” and
“dry over 6 hours”. The relationship between the gas exchange variables and the
meteorological factors, including VPD (vapor pressure deficit) and R, (net radiation), is
discussed. Larger values of gc were found in its relationships VPD and R, during the first
three hours after wetness ended. The results for AE were similar to that of gc in spring and
summer, while no clear difference was found for NEE in the relationships with Rx
regarding the stages after wetness ended except in spring. Nevertheless, both average and
summed-up NEE showed that CO: uptake during the first several hours after wetness ended
was larger than the uptake during typical dry periods.

Chapter 6 summarizes the findings in the above chapters, which together reveal the
mechanism of wet Japanese cypress canopy maintaining CO2 uptake during and after
rainfall, as well as the significance of wet canopy CO:2 uptake in the long-term ecosystem
carbon balance, including the rainfall’s contribution to improving dry canopy CO:2 uptake.
These results contribute to future improvements to ecosystem carbon exchange models, in
particular the effect of rainfall on forest hydrological and carbon circulation under the
changing climate.
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