Simulation experiments of typhoons and tornadoes using the cloud resolving model

Kazuhisa Tsuboki

Hydrospheric Atmospheric Research Center (HyARC), Nagoya University

Furo-cho, Chikusa-ku, Nagoya, 464-8601, JAPAN

e-mail: tsuboki@rain.hyarc.nagoya-u.ac.jp
High-impact weather systems occasionally cause huge disasters to human society owing to heavy rainfall and/or violent wind. A typhoon is one of the most significant high-impact weather systems and occasionally accompanies tornadoes in Japan. Since both tornadoes and waterspouts are called “tatsumaki” without distinction in Japan, we will use the term in the present study. High-resolution simulations within a large domain are necessary for quantitatively accurate prediction of a typhoon and prevention/reduction of disasters. For a simulation of tatsumaki, the resolution is extremely high. In the present study, we used a cloud resolving model named the Cloud Resolving Storm Simulator (CReSS) to make simulation experiments of a typhoon and associated tatsumaki. The purpose of the present research is to clarify structures of clouds in typhoon rainbands and the relationship between tatsumaki and the typhoon by high-resolution simulations using the CReSS model

     Even through a typhoon center is located in the far distance, a disaster due to a strong wind is occasionally caused by a “tatsumaki”. When Typhoon 0613 (T0613) moved northward off the west of Kyushu, a severe disaster was caused by an intense tatsumaki along the east coast of Kyushu. The tatsumaki occurred when typhoon rainbands moved northward along the east coast. Two simulations with different horizontal resolutions were performed using CReSS Ver.2 in the present study. The experiment with a horizontal resolution of 500m successfully simulated not only the overall structure and movement of T0613 but also a detailed structure of the typhoon rainbands. The other experiment with a resolution of 75 m simulated that a tatsumaki forms in convective clouds. Using the results of the simulations, we defined two indices. One is a supercell index (SCI) which is defined as a product of vorticity and vertical velocity at a height of 2-3 km. If SCI is larger than 0.1 within a convective cloud, we consider that the cloud is a supercell. The other index is tatsumaki index (TI) which is defined as a product of vorticity and pressure perturbation near the surface. We use the index TI to find a tatsumaki in the simulation result. Using these indices, we examined the two simulation results. The result shows that the outermost rainband was composed of suprecells which involve a meso-cyclone. Tatsumakis form within the supercells. On the basis of the result, we will discuss the relationships between rainbands, convective clouds and tatsumakis.

