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The Multi-Scale Simulator for the Geoenvironment (MSSG) is a multi-scale atmosphere-ocean coupled model that can be
applied to global, regional, and urban scale simulations. This model has been implemented on various platforms and has been
performed for a wide range of applications. In this project, we conduct building-resolving micro-meteorological simulations
using MSSG to quantitatively evaluate the advection-diffusion characteristics of tracer scalar to clarify the basic characteristics
of the effects of mist spraying in real city blocks. The results confirms that the half-life of the tracer concentration strongly

depends on the surrounding environment such as building geometry.

Keywords : MSSG, micro-meteorology, LES, heat environment, mist spraying

1. Introduction

The Multi-Scale Simulator for the Geoenvironment (MSSG)
[1,2,3] is a multi-scale atmosphere-ocean coupled model that can
be applied to global, regional, and urban scale simulations (Fig.
1). Using MSSG, we have achieved micro-meteorological
simulations, which resolve building geometry and tree crown
distribution. MSSG has been applied to analyses of summer heat
environments in actual urban areas and evaluation of measures
for heat environment improvement. Some measures to improve
the heat environment involve construction work, such as
replacing pavement surfaces or planting trees. Mist spraying has
been also widely introduced because it can be installed relatively
easily. In this study, to clarify the basic characteristics of the
effects of mist spraying in real city blocks, building-resolving
micro-meteorological simulations is conducted to quantitatively
evaluate the advection-diffusion characteristics of tracer
concentration.

Fig. 1 Multi-scale simulations using the Multi-Scale
Simulator for the Geoenvironment (MSSG)

2. Micro-meteorological simulation using MSSG

The MSSG is an atmosphere-ocean coupled model developed
at the Japan Agency for Marine-Earth Science and Technology
(JAMSTEC) and is designed to perform global, regional, and
urban-scale simulations for atmosphere and ocean seamlessly.

The goveming equations for the atmospheric component of
MSSG are the transport equations for density, momentum,
pressure, and water substances. At global and mesoscales, MSSG
can perform meteorological simulations using a boundary layer
model, whereas at urban scales with a grid size of 0(1 m), itcan
perform building-resolving large-eddy simulation (LES) using a
subgrid-scale turbulence model. For the building-resolving LES,
the fractional step method is adopted: The third-order Runge-
Kutta method is used for time integration, and the Helmholtz
equation is solved to correct pressure and velocity. A transport
equation of subgrid-scale turbulent kinetic energy is solved to
calculate turbulent viscosity and diffusion [4]. Building geometry
is represented by voxel method, and tree crowns are represented
by a spatial distribution of leaf area density. The effects of tree
crowns on wind resistance, radiation, and heat and water
exchange processes can be considered. In addition, a three-
dimensional (3D) radiation model is implemented to evaluate
radiative heat budget on ground and building surfaces and tree
crowns in complex urban geometry [3]. Itis capable of efficiently
computing 3D radiative transfer repeatedly during the time
evolution of the LES. Note that, in this work, we did not consider
the 3D radiation process because we focused on the transport of
tracer concentration rather than the evaluation of the heat
environment.

3. Computational conditions

The tracer transport analysis has been performed for a 2 km
square domain around Tokyo Station, where various types of city
blocks are adjacent to each other. The spatial resolution was set
to 2 m. The elevation, building height, land use, and

anthropogenic heat emission data in the domain were in
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accordance with the reference [5].

The analysis was conducted under the meteorological
condition at 14:00 (JST) on August 7, 2015, when the Kanto
region was covered by a high-pressure system and an extremely
hot day was recorded in Tokyo. Meteorological observations at
the Tokyo District Meteorological Observatory showed
temperature of 35.3°C, humidity of 50 %, south wind, and wind
speed of 3.1 m/s. The initial and boundary data are based on a
mesoscale meteorological simulation using MSSG.

The scalar concentration of tracers was transported to quantify
mist behavior independently of thermodynamic effects. The
tracer transport was computed by the scalar transport module for
seasalt particles in mesoscale simulations of MSSG [6]. The time
until the tracer concentration was halved (i.e., half-life) was
measured as the advection-diffusion characteristics. Four
locations were selected as the areas for evaluating the advection-
diffusion characteristics of tracers as shown in Fig. 2: (a) Ginza
Street (Area 1), (b) Gyoko Street (Area 2), (c) Narrow alley (Area
3), and (d) the Tokyo Marunouchi Station Plaza (Area 4).

(@

l.

7 7k .~ 4

~, i@"fi &
.]II- 7%

U
4 S &
STWSE 80,50
Fig. 2 Evaluation areas for tracer advection-diffusion
characteristics; (a) Ginza Street, (b) Gyoko Street, (c) narrow
alley, and (d) the Tokyo Marunouchi Station Plaza.

4. Results and discussion

Figure 3 shows the time variation of the spatially averaged
tracer concentration. The rapidest decrease in concentration is
observed in Area 4 and the slowest in area 3. The half-lives of the
tracer concentrations in Areas 1,2, 3, and 4 are 5.6, 5.7, 8.8, and
4.2 s, respectively. The area-averaged wind speed for the first 10
seconds in each area were also examined. Area 1 had an average

wind speed of 1.86 m/s. Area 2 had the largest average wind
speed of 2.10 m/s among the three areas. Area 3 had the smallest
wind speed of 0.55 m/s. Area 4 had a wind speed of 2.05 m/s,
which was close to that of Area 2. These results suggest that the
reason why the half-life was longest in Area 3 was due to the
smallest wind speed caused by the dense layout of surrounding
buildings. Therefore, detailed information on wind conditions
considering the influence of building geometry is necessary to
quantify the duration of mist in actual city blocks.
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Fig. 3 Time variation of area-averaged tracer concentration.
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