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The large-eddy simulation (LES) component of the Multi-Scale Simulator for the Geoenvironment (MSSG), a multi-scale

atmosphere-ocean coupled model developed by Japan Agency for Marine-Earth Science and Technology, can be used for the

simulation of urban micrometeorology with meter-level spatial resolution. The MSSG LES simulations have been used to

provide thermal environmental maps for streets and parks, which have been used for heat mitigation planning. As a next step,

this study develops a computational method to obtain time series of ambient heat conditions surrounding pedestrians in

urban streets. The time series is used for human thermophysiology simulations to assess the thermal stress on individual

pedestrians.

Keywords :
thermophysiology

1. Introduction

Thermal stress is a serious social problem that will become
increasingly serious due to the combination of the heat island
effect, global warming and society aging. We have developed
a building-resolving computational fluid dynamics model that
can simulate the urban micro-meteorology with meter-level
spatial resolutions. The simulation model can be used for the
assessment and mitigation of the heat environment in urban
streets with considering the influence of urban buildings and
tree crowns on flows and radiations. For example, our model
has provided heat environment maps for streets and parks,
which have been actually used for heat mitigation planning by
city governments. Heat maps are useful to assess the
heat-related illness risk at a point for the person standing there.
In more realistic situation, people are to be walking.

This study develops a computational method for obtaining
time series of ambient heat conditions for pedestrians in urban
streets from the building-resolving micrometeorology
simulation with meter-level spatial resolution.

2. Building-resolving micrometeorology simulation
The dynamical processes of the atmospheric component of
MSSG (Mulsti-Scale Simulator for the Geoenvironment
[1-3]) (Figure 1) are based on the system of the
nonhydrostatic equations. The governing equations are the
transport equations of density, momentum, pressure and water
substances. The third-order Runge-Kutta method is used for
time integration, and a fifth-order upwind difference scheme
is used for the advection term. The fractional step method is
applied to couple velocity and pressure. The one-equation
turbulence model is used for the sub-grid scale turbulent

urban micrometeorology, building-resolving large-eddy simulation, thermal stress,

diffusion.
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Fig. 1: Multiscale atmosphere-ocean coupled model, MSSG

(Multi-Scale Simulator for the Geoenvironment)

3. Results and Discussion

We performed a MSSG weather simulation with three
nesting domains, with lkm, 300m and 100m spatial
resolutions, respectively, centering on Tokyo to obtain
boundary weather condition for the MSSG micrometeorology
simulation [4,5]. The building-resolving micrometeorology
simulation targeted Tokyo metropolitan built-up area. The
Tokyo domain was centered at 35.680882°N and
139.767019°E and covered a 2 km x 2 km horizontal area
with a 5-m horizontal resolution. The domain height was set
to 1,500 m and 151 vertical grid points was used. The vertical
grid spacing below the height of 500 m was set to 5 m
uniformly, while the spacing above was extended
continuously.

Figure 2 shows the three-dimensional (3D) distribution of
instantaneous air temperature for 14:30 JST on 7 August 2015.
Figure 3 shows the wet-bulb globe temperature (WBGT)
experienced by pedestrians walking along sunny and shade
routes of the Ginza street. The domain averaged WBGT is
shown in a black solid line. The thermal environment along
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the shade side route is much less severe than the sunny side or
domain average.

Figure 4 shows the temperature distributions on the body
surfaces of the adult and child models after 23 min of walking
along the Ginza street (14:10-14:33 JST on 7 August 2015)
[7]. It shows clear differences on which route the pedestrian
takes. The pedestrians having taken the sunny side show as
high as 39 °C, showing they have been exposed in severe heat
environment.

Fig. 2: Three-dimensional (3D) distribution of instantaneous
air temperature for 14:30 JST on 7 August 2015. Visualized
with the VDVGE [6].
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Fig. 3: Time series of wet-bulb globe temperature (WBGT)
along the Ginza street in the computational domain. A
pedestrian walking speed of 1m/s was assumed. The WBGT
experienced when walking in the shade side was much lower
than that in the sunny side and also than the

domain-averaged one.
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Fig. 4: Distribution of surface temperature of adult and child

for shade and sunny side. They were to walk along the Ginza
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street for 23 min (14:10-14:33 JST on 7 August 2015).

4. Conclusions

We have developed a computational method for obtaining
time series of ambient heat conditions for pedestrians in urban
streets based on the building-resolving micrometeorology
simulation with meter-level spatial resolution. The time series
data has been used for the thermal stress assessment of
individual pedestrian.
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