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Isolated trees planted in limited soil volumes are common in urban area, such as garden and roadside trees. | proposed the
methods of quantifying and modeling whole-tree transpiration rates (WTTR), which enable to predict and evaluate thermal
ameliorating effects of urban trees.

In an introductory review, chapter 1, | pointed out: (i) any previous measurement methods are improper to investigate WTTR
in urban area; (ii) prognostic stomatal conductance model for urban tree is rarely studied; (iii) Soil-Plant-Atmosphere
Continuum (SPAC) scheme is necessary to evaluate thermal effects of transpiration.

Next, in chapter 2, | proposed a new data quality control method for long-term lysimeter measurements of trees and
investigated an isolated container-grown Zelkova throughout years to answer which biotic and abiotic factors determine
transpiration. The data suggested: the effect of vapor pressure deficit is dominant for isolated trees; the leaf area increase of
the Zelkova did not lead increasing WTTR. In chapter 3, | developed new gravimeters and investigated 11 species WTTR and
found the ratio to potential evaporation rates of ring-porous species were larger than others. These results suggested hydraulic
process is dominant for WTTR under limited soil volume conditions.

Then, in chapter 4, | proposed a prognostic and parsimonious SPAC model which made of hydromechanical-biochemical
stomatal conductance model and root contact model. Numerical simulation based on the dry-down experiment results of the
Zelkova revealed that the proposed model is more robust than previous empirical models. In chapter 5, | proposed a simple
parameterization scheme which enable efficient WTTR measurement. By using three dimensional radiation transfer
simulation, it was revealed that maximum transpiration capacity and leaf area density should be calibrated individually, but
averaging stomatal sensitivity parameters to atmospheric conditions lead relatively small error.

Finally, in chapter 6, I calculated SPAC simulation considering radiation, transpiration and soil evaporation to evaluate how
each factors affect thermal environment. The results showed that under insufficient solar shading, when tree use up water and
soil dry, soil temperature become high and air temperature of human height can be worsen irrespective of transpiration. Also,
it was found that thermal ameliorating effect by transpiration can be amplified when the air pass through tree crown
exchange is restricted.
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