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In this paper, Multi-Scale Simulator for the Geoenvironment (MSSG) and database for Policy Decision making for Future
climate change (d4PDF) were used to calculate the future urban climate of Fukuyama City. Based on the calculation results, a
zoning map based on daytime sea breeze effect was created and the factors of air temperature in each zone were clarified. Then,
an example of planning support tool to provide information on the summer outdoor thermal environment in Fukuyama City
was designed.

Keywords : Urban warming, MSSG, Workshop, d4PDF, Future urban climate, Planning support tool

1. Introduction

In recent years, the effects of urban warming have been
observed in various urban areas, and there is a demand for urban
planning considering urban warming mitigation. On the other
hand, effective countermeasures to urban warming may differ
depending on the climatic characteristics of the target are, so it’s
necessary to introduce appropriate countermeasures in place.
From this background, the goal of this study is making urban
environmental design guidelines that show effective urban
warming countermeasures in each region. Tt

In this paper, MSSG and d4PDF were used to calculate the \
future urban climate of Fukuyama City. Based on the calculation
results, a zoning map based on daytime sea breeze effect was
created and the factors of air temperature in each zone were
clarified. Then, an example of planning support tool to provide

information on the summer outdoor thermal environment in o )
D Urbanization Promotion Area

Fukuyama City was designed. Air temperature
41.6°C
2. Calculation of future urban climate using MSSG .
and d4PDF 28.9°C - m— o
Numerical calculation predicting future urban climate was
executed using MSSG with d4PDF as the boundary condition for Fig. 1 Surface air temperature distribution
the target area, which is the urbanization promotion area of (2071/8/8 14:00-14:10)
Fukuyama City. Three domains were set for this calculation, and
the highest resolution is 100m. Here, August 8, 2071 (model: conditions. The target arca was the urban planning area of
CCSM4, perturbation: 102) was selected from the 2°C rise Fukuyama City, and six calculation areas were set up to include
experiment of d4PDF as the target date for calculation. this area, and calculations were performed for each. The
Next, LES calculations with a 10m resolution were executed calculation results were partially corrected and integrated as
using the 100m resolution calculation results as boundary shown in Figure 1.
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Fig. 2 Example planning support tool for Fukuyama City

3. Urban climate zoning based on sea breeze effect

Urban climate zoning based on sea breeze effects was
performed using 100m resolution numerical results. The cooling
potential of the sea breeze was evaluated by calculating the
sensible heat advection for each mesh in addition to the results of
the surface wind speed calculations. The target area was
classified into five zones with a threshold value of 3.4 m/s or
higher for wind speed and -1.5 MJ/m? or lower for sensible heat
advection. The distribution of each zone is shown on the left side
of Figure 2. Zone 1-1, Zone 1-2, and Zone 2 have a small
potential for sea breeze utilization, while Zone 4 and Zone 5 have
a large potential for sea breeze utilization.

4. Analysis of air temperature formation by zone

To identify the factors that contribute to the formation of air
temperature in each of the zones created in the previous chapter,
a multiple regression analysis was performed with air
temperature as the objective variable and the urban forms
parameter as the explanatory variable. Fifty-six explanatory
variables were prepared by combining eight parameter (asphalt
coverage ratio, building density, tree coverage ratio, water
surface coverage ratio, green coverage ratio, building site
coverage ratio, average building height, and standard deviation
of building height) and seven calculation ranges (50 m intervals

from 0 m to 300 m from parcel edge), which were selected for
each zone using the stepwise method. Then, based on the
explanatory variables selected in the multiple regression analysis
and their contributions, recommended countermeasures to urban
warming were extracted for each zone. The results are shown as
a list on the right side of Figure 2.

5. Summary

In this paper, MSSG and d4PDF were used to calculate the
future urban climate of Fukuyama City. Based on the calculation
results, a zoning map based on daytime sea breeze effect was
created and the factors of air temperature in each zone were
clarified. Then, an example of planning support tool to provide
information on the summer outdoor thermal environment in
Fukuyama City was designed.
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