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Homestead trees are a group of trees surrounding houses that have been maintained for various functions.
This study aimed to conserve Igune, a traditional homestead tree in Osaki Koudo, Miyagi Prefecture, Japan,
and to quantitatively evaluate windbreak effects of Igune based on computational fluid dynamics.

In Chapter 2, a sensitivity study was examined to discuss the applicability of a plant canopy model in
large-eddy simulation (LES) to the pedestrian wind environment. It was confirmed that the difference
between the 1-equation model and the 0-equation model was negligible under calculation setups for
pedestrian wind environments.

In Chapter 3, field observations of the wind environment were conducted for the prevailing wind direction
in winter. The study sites included House A, where most of the Igune remained intact, House B, where the
windward side Igune had been partially removed, and the clustered settlement area, where numerous Igune
were present. The mean wind velocity was reduced by one-third in House A and by one-half in the entire
settlement due to Igune.

In Chapter 4, LESs were conducted to quantify the windbreak effect of Igune by reproducing House A,
House B, and the settlement. The wind speed behind Igune showed good agreement between the simulation
and field observations. In addition, it indicates that length of the low wind speed region behind Igune
becomes approximately 10 times the Igune height.

In Chapter 5, a systematic parametric study for the windbreak effect of Igune was conducted based on
simplified flow fields. When Igune consisted of shrubs and tall trees with the leaf area density of the shrubs
ranged from approximately 4.0 m%/m?3 to 6.0 m2/m3, mean wind velocity and instantaneous wind velocity
behind Igune reduced by approximately one-third of the wind at the windward region. Additionally, a study
was conducted on the relationship between the streamwise spacing of Igunes and their windbreak effect
within the settlement. The windbreak effect was observed when the distance between Igunes was within
10 times the Igune height.
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