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One of the ways to improve the hot summer environment in urban areas is to place trees in roadside and city parks. We expect
the temperature reduction effect by the evapotranspiration from the tree crowns and the radiation blocking effect by creating
shade. In order to quantitatively estimate the effects, we have performed microscale meteorological simulations by LES. As an
initial result, it has been found that increasing the volume and branching area of the tree crown rather than the leaf area density
of the tree crown contribute to the improvement of the hot environment (reduction of the heat index).

Keywords : Heat Island, LES, Adaptation, Tree Crown

1. Introduction meteorological data MSM) to 3.3 km — 1.0 km — 320 m — 100 m

Due to the heat island phenomenon in summer as well as
global warming, the heat environment in urban areas is in a
severe situation. As one of the countermeasures, we evaluated the
temperature reduction effect of mist spraying in FY20, by
numerical simulations and meteorological observation in city
parks. In FY21, we are trying to evaluate countermeasures using
trees by computer simulation and meteorological observation in
the city blocks. Since this is a study that will be continued in the
next fiscal year, this report reports the simulation results during
the course of the research.

2. LES Settings

In order to evaluate the effect of trees in the real city block, we
chose Minato Odori in Naka Ward, Yokohama City. In addition
to the road extending straight from Yokohama Port and the road
perpendicular to it, the block shape is like a grid. And also there
is Yokohama Park, which is a wide city park. Minato Odori has
a wide street with 2 lanes on each side (4 lanes in total), and
roadside trees are planted on both sides of the street. The size of
the tree has a tree crown with a diameter of about several m and
a height of about 10 m. In order to resolve these tree shapes and
surrounding buildings, the heat environment is evaluated by
ultra-high resolution LES. The maximum resolution is 1 m, and
the number of grids is 800 x 1000 in the horizontal direction (Fig.
1 in Japanese part shows the calculation area). In the calculation,
multi-step nesting calculation is performed. Two major
calculation methods are used. The meteorological calculation
using the Japan Meteorological Agency GPV data (mesoscale

was performed by the bidirectional nesting method. The
unidirectional nest calculation of 20m — 5m — 1m was performed
by LES with the result of 100m resolution obtained here as the
boundary condition. The calculation target date and time is from
11:00 to 12:00 on August 26, 2021 in Japan standard time.

3. Results

Figure shows the positions of trees on the north side of Minato-
Odori and the 10-minute average value (11:30 - 11:40) of the
WBGT. The places where the WBGT is low are the shadow area
of the building and the shaded part of the tree crowns. In the case
of a single tree, the effect of reducing the WBGT is obtained only
in the range covered by the shade of the crown. The WBGT in
places where these solar radiation does not reach directly is in the
28 ° Crange. On the other hand, the WBGT value exceeding 30 °
C is shown on the street where the solar radiation reaches, and
the heat environment is severe.
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Figure:

The position of trees (green area in top panel) and the calculated
WBGT (bottom) are shown. The colors in the above figure shows
the land use, where black, gray and yellow show the building,
building site, and road, respectively. The white area in the figure
below indicates the location of the building. Since the lower right
is southern, the shadow extends toward the upper left. The
WBGT is low in the shadows of the building and shades of trees.
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