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Typhoons and heat-related illness are the major risk for Japanese society. We have conducted multi-scale simulations for future

realization of sustainable and safe society. An original typhoon simulation method has been developed. In that method, the sea

spray is calculated within the framework of hybrid-bin cloud microphysics scheme. The influence of the coupling process between

atmosphere and ocean on the typhoon predictions is also investigated. For the investigation of urban heat island mitigation, meter-

order grid resolution simulations have been conducted to investigate the cooling effect of tree crowns and spray mist on urban heat

environment.

Keywords: multi-scale simulation, typhoon simulation, sea spray, atmosphere-ocean coupling, heat island

1. Multi-scale simulations for extreme weather

events
1.1 High-resolution cloud simulation coupled with a

sea-spray model

Sea spray is composed of liquid droplets ejected from the sea
surface, generally due to wave breaking, which are transported
and dispersed into the atmospheric boundary layer where they
exchange momentum as well as latent and sensible heat with
the ambient air. Sea spray forms the so-called spray evaporation
layer, in which sensible and latent heat is released from droplets
into the atmosphere (see Fig. 1).

Here we report on the development of a numerical weather
simulation model combined with a detailed spectral-bin cloud
microphysics model that can explicitly consider the droplet

motion and droplet-atmosphere interactions of sea spray. We
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Fig. 1 Schematic diagram of the evaporation layer.
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implemented the sea spray generation function model by Zhao
et al. (2006) [1] in the hybrid spectral-bin cloud microphysics
model (Onishi and Takahashi, 2012 [2]). The developed model
is here called ‘SPRAY-bin’ model [3]. Firstly we conducted
an idealized three-dimensional simulation in order to confirm
the evaporation layer is indeed formed with the SPRAY-bin
model under high-speed wind conditions. Figure 2 shows the
time evolution of the vertical profile of liquid water content.
The result confirms the formation of the evaporation layer.
Secondly we conducted a sensitivity test of the sea spray on

a typhoon simulation in order to see whether the sea spray is
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Fig.2 Time evolution of the vertical profile of liquid water content in
(left) the bin simulation without sea spray and (right) the BIN-

spray simulation.
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Fig. 3 Central pressure of simulated Typhoon Haiyan in 2013. The

BIN-spray simulation (blue) shows better prediction regarding
the central pressure by about 10 hPa.

influential to typhoon predictions. Figure 3 shows the central
pressure of simulated Typhoon Haiyan in 2013. It clearly shows
a significant influence of the sea spray, indicating the present
SPRAY-bin model is a promising tool for better typhoon

predictions.

1.2 Typhoon simulation in a high resolution global
atmosphere-ocean coupled model

We assessed the impact of atmosphere-ocean coupling on
typhoon prediction by conducting a number of 5-day forecast
experiments with a standalone global atmosphere model
(MSSG-A) and global atmosphere-ocean coupled model
(MSSG) configured with a 7-km horizontal resolution mesh.
The experiments were conducted in conjunction with the FY27
JAMSTEC Earth Simulator Strategic Project with Special
Support, “High Resolution Typhoon Prediction Experiments
using Multiple Next-generation Nonhydrostatic Global Models
(PI: Dr. Yoshiaki Takeuchi, Meteorological Research Institute)”.

Figure 4 compares an observed and predicted central pressure

T1325 fest
1020 ’ ’ . v . . . .
1010 } e’
1000 | ooo.. ~ °®
T 990 | 1
&
£ 90| 1
o
2 970 | |
&
2 960 1
£ 950 1
o
e et '
930 T MSSG-A 1
920 | w—— MSSG |
® BESTTRACK ; : " "

910
10/08 10/09 10/10 10/11 10/12 10/13 10/14 10/15 10/16 1017
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00

Fig. 4 Observed and predicted central pressure of Typhoon NARI
(TY1325). The predicted typhoon intensity in MSSG (red) is
close to the observed (dot) when compared to MSSG-A (blue).

of Typhoon NARI (TY1325), showing that the atmosphere-
ocean coupling can improve the prediction skill of typhoon

intensity [4].

2. Summer-time thermal environment in an urban

city block

Increasing greenery and spraying mist are possible mitigation
strategies to relax the urban heat island phenomena. Recently,
our research group developed a tree-crown-resolving model
for taking account of the influence of tree crowns on wind and
radiation flux, and implemented it in the MSSG. By using this
model, we have conducted a high-resolution simulation for the
courtyard green space surrounded by skyscrapers in central
Tokyo, and clarified the influence of trees and sprays on the
day-time thermal environment [5]. Figure 5 shows the bird’s-
eye view of the 1-m resolution computational domain and the
sample temperature distribution focusing on the Marunouchi-
Park Building site. Figure 6 shows the air temperature
distribution at 1.5 m above the ground for the case of spraying

mist. Cooled air is generated in the sprayed area around the

building columns, which are indicated by white squares. The

Fig. 5 Bird’s-eye view of the 1-m resolution computational domain (left) and the sample temperature distribution focusing on the Marunouchi-Park

Building site (right).
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cooled region covers nearly half of the courtyard. These results

agree with the observation for the corresponding period.

26 27 28 29 30 3 32 33 M I3 M
Fig. 6 Air temperature distribution (°C) at 1.5 m above the ground

for the case of spraying mist. Significant temperature drop is
observed near the spray location.
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