BTRE Y T 2 L— s VHIF LV RY T A2 00 4FRNE 33

KEDEEEERE T
I, B
SEIT

High-Resolution Numerical Weather Prediction

by
Hiroshi Nakayama, Tukasa Fujita

Japan Meteorological Agency

ABSTRACT

Numerical atmospheric models have been developed for operational weather forecasts at Japan Meteorological
Agency (bereafter IMA) since 1959. These models, based on the system of the dynamic and thermodynamic equations,
include important physical processes such as precipitation, radiation, turbulence, and so on which affect the dynamical
and thermodynamical state of the atmosphere.

Among the numerical operational models at JMA, a mesoscale model (MSM) with a 10 km resolution has been
oeprated for the purpose of disaster prevention, especially for prediction of heavy rainfall, from 2001 through 31
August. 2004. Its dynamics is based on a hydrostatic spectral medel, in which hydrostatc balance is assumed in the
vertical direction. This assumption holds well for meteorological phenomena whose horizontal scale is large enough
compares to that in the vertical such as synoptic high/low pressure systems, but not for those at smaller scale such
as cumulus convection. Since heavy rainfall is often produced by ensemble or cluster of cumulus convection, a non-
hydrostatic model that can explicitly treat vertical air motion without any assumption or approximation is required in
order to simulate atmospheric convection at finer scale. In addition, elaborate moist convection processes describing
cloud microphysics responsible for precipitation formation as well as for diabatic heating/cooling in the atmosphere
is indispensable to realistic simulations. Aiming at weather forecasts at finer scale near future, IMA has substituted a
non-hydrostaticl mesoscale model with a bulk microphyisical modet for the hydrostatic MSM from Sep. 12004, the
spatial resolution being the same for both model. The model basis comes from a non-hydrostatic model developed at
the Meteorological Research Institute (MRI) since 1980s. Afterward, The MRI and the Numerical Prediction Division
at IMA continue to collaborate on the model development. The non-hydrostatic mesoscale model presently operated is
a fruit of this collaboration. :

High-resolution model simulations are made using the above-mentioned non-hydrostatic model, for a case of a
typhoon and the associated localized rigorous convection on August. 8 2003, which appeared to produce a strong
downburst. In the simulations, horizontal grid spacings are chosen to be 3, 2, and 0.5 km. The finer the grid resolution
becomes, the more realistic the representation of precipitation forecasts is. In addition, the simulated height of the
mixed layer top at the 0.5 km resolution is found to be very close to that from a sounding data near by. In the future,
the JMA plans to use finer resolution model down to around 2 km for operational purpose.
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