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We have performed multi-scale simulations for future realization of sustainable and safe society. This year, we applied our
original typhoon simulation method, where sea spray is calculated within the framework of hybrid-bin cloud microphysics scheme,
to a real typhoon event and investigated the impact of the sea-spray process on typhoon development. We have also applied the new
bulk cloud microphysics that considers the turbulence enhancement of collision growth of cloud droplets to a three-dimensional

cumulus-cloud simulation. The results showed a significant impact of the turbulence enhancement in the cloud development.

Keywords: multi-scale simulation, typhoon simulation, sea spray, turbulent cloud microphysics

1. High-resolution atmosphere-wave coupled
typhoon simulation with a sea-spray model
Sea spray is composed of liquid droplets ejected from the sea o« et o e +"+" spray evaporation layer *

surface, generally due to wave breaking, which are transported LS et o totalheat flux oL

and dispersed into the atmospheric boundary layer where they

exchange momentum as well as latent and sensible heat with
it

bubble-derived

droplets

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). We developed a numerical interfacial heat flux
weather simulation model combined with a detailed spectral-
bin cloud microphysics model that can explicitly consider Fig. | Schematic diagram of the spray evaporation layer

the droplet motion and droplet-atmosphere interactions of

sea spray. We implemented the sea spray generation function
model by Zhao et al. (2006) [1] in the hybrid spectral-bin cloud
microphysics model [2]. This year, we applied the developed
model [3] to a real typhoon event, the Typhoon Haiyan in

2013, and investigated the impact of the sea-spray process on

typhoon development. Figure 2 shows the surface precipitation

after 2 days of simulation. The results clearly show a significant

influence of the sea spray, indicating the present model that can
consider the seaspray dispersion is a promising tool for better

typhoon predictions.
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Fig. 2 Surface precipitation at 18:00UTC on 7 November 2013 (2 days
after the simulation started). (Upper) observation, (lower left)
particles, e.g., cloud droplets, and developed a turbulent collision MSSG without seaspray model and (lower right) MSSG with

kernel model based on the database [4]. This year, a bulk cloud seaspray model.

2. Bulk cloud microphysics that considers turbulence
enhancement of collision growth of cloud droplets
We performed massively parallel simulations to obtain

a database for turbulent collision statistics of small inertial
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