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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 global, regional, and urban areas. It enables
simulations that seamlessly connect phenomena of different scales. In the ultra-high-resolution simulation for the city-block

scale, it is possible to consider the influences of buildings and street tree crowns on the thermal and wind environment. This

model enables the quantitatively evaluation of the thermal environment improvement effect of tree planting and is gaining

attentions for social implementations. This fiscal year, a large-scale simulation was performed for Kumagaya Sports &

Culture Park, Saitama Prefecture. This result would accelerate further social implementation.
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1. Introduction

Improvement of summer heat environments is a significant
issue in Japan. The risk of heat stroke is becoming greater as
global warming and heat islands progress further. To
implement effective measures to reduce the risk, quantitative
evaluation of the thermal environment by numerical
simulation will be a promising method.

Japan Agency for Marine-Earth Science and Technology
(JAMSTEC) has developed a multiscale atmosphere-ocean
coupled model, MSSG (Multi-Scale Simulator for the
Geoenvironment) [1-3]. MSSG is a multiscale model that can
be used global, meso- and city-block scales, and for
seamlessly connecting phenomena in different scales (Fig. 1).
In the city-block scale, MSSG can work as a
building-resolving large-eddy simulation (LES). This fiscal
year, MSSG has been used to predict the heat environment in
an actual urban area, and we have succeeded in social
implementation. The heat environment in Kumagaya Sports
& Culture Park, Saitama Prefecture has been simulated using
three-dimensional radiative transfer and tree-crown models.
Then the WBGT (wet-bulb globe temperature) has been
analyzed as well as the air temperature, humidity and wind
speed. It contributed to the planning of effective measures
against the heat environment.

2. MSSG

The dynamical processes of the atmospheric component of
MSSG 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
diffusion.

~0(10 km) R {8 ~0(100m) 2 (R fE ~O(1m)fR{RE

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

(Multi-Scale Simulator for the Geoenvironment)

3. Tree-crown and radiation processes

Construction of green spaces is gaining attentions as a
measure to mitigate urban heat environments. To
quantitatively clarify the effects of green spaces, we have
implemented tree-crown and radiative transfer models into
MSSG so that a high-resolution numerical simulation
precisely handles the physical effects of trees (Fig. 2).

The tree-crown model considers a number of computation
points inside the crowns and calculate the distribution of wind
resistance, leaf surface temperature, transpiration, etc. By
implementing the tree-crown and radiative transfer models,
which considers three-dimensional transmission, absorption
and scattering of solar and thermal radiations, MSSG can
calculate the temperature and radiation flux at the tree crowns
and the ground surfaces, considering the instantaneous wind
speed, temperature and humidity [3].

The three-dimensional radiative transfer model is based on
the radiosity method. The ground and building surface are
divided into surface elements along the computation grid,
while the tree crowns are divided into volume elements. The
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radiation flux is calculated considering multiple scattering
inside tree crowns using the view factor data. Three
wavelength bands are considered; photosynthetically active
radiation, near-infrared radiation and long-wave radiation.

The accuracy of the radiation flux decreases as the mean
optical thickness of a volume element increases because the
radiation flux is assumed constant inside an element. However,
we have confirmed that the RMSE of the WBGT near the
ground surface is about 0.2 K when the mean optical
thickness is 2.5 that corresponds to standard leaf area density
of 1 m¥m® in the grid spacing of 5 m [3]. This error level
indicates superiority of direct computation of WBGT.

Wind Thermal Sensible Latent
Solar radiatioh

radiation

Fig. 2: Physical processes relevant to trees: MSSG considers
wind resistance, three-dimensional radiative transfer, and
sensible and latent heat fluxes at tree crowns.

4. City-block scale heat environment simulation for
Kumagaya Sports Culture Park

In order to improve the heat environment of Kumagaya
Sports & Cultural Park, in 2016, the local government of
Saitama Prefecture started planning the heat mitigation
measures such as pavement replacement and tree planting.
To optimize the measures, JAMSTEC conducted an
ultra-high-resolution simulation of the thermal environment at
the park (Fig. 3) in collaboration with Center for
Environmental Science in Saitama (CESS). At the same time,
micro-meteorological observations were conducted to validate
the simulation model. Saitama Prefecture determined the heat
mitigation measures taking into account the simulation results
for maximizing the effects of the measures. This achievement
was publicly released on June 21, 2018 [4] and featured in
many media.

5. Summary

The multiscale atmosphere-ocean coupled model, MSSG,
has been used to perform an ultra-high-resolution simulation
in a city block scale. The effects of tree crowns and buildings
on the heat and wind environments were considered so that
thermal environment improvement effect of tree planting was
quantitatively evaluated. We have achieved the social
implementation of the simulation technology: The model was
applied to the heat environment analyses of Kumagaya Sports
& Cultural Park in Saitama Prefecture, and the results were
used in the decision of the actual measures. This result would
accelerate further social implementation.
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Fig. 3: Three-dimensional air temperature distribution under
the conditions before and after implementing the heat
mitigation measures. The green boxes indicate the tree crowns.
The yellow, orange and red transparent isosurfaces indicate
the temperature of 34, 35 and 36 °C. High temperature air
(orange) decreases due to the implementation of measures.
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