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Introduction
The Japan Meteorological Agency (JMA) has been operatingsastele numerical prediction system.
Prediction of severe weather such as heavy rainfall is érieeomain targets for mitigation and
reduction of damage to property and loss of life. The systextupes 18 hour forecasts 4 times a
day to provide quantitative precipitation forecasts. The fatet@main of the model covers a region
of 3600 km x 2880 km over the Japan Islands and its surrounding areas with 40 vertisgHaydr).

A nonhydrostatic mesoscale model (JMANHM) with a horizbreaolution of 10 km has been
in operation since 1 September 2004 in place of the former hgticostesoscale model which had
been used in the system. JMANHM for operational use has beatoped by the Numerical
Prediction Division (NPD) in collaboration with the Meteorologicab&arch Institute (MRI) based on
the MRI/NPD unified nonhydrostatic model (Saito et al. 2001).

The horizontal resolution of the model will be enhanced to fakththe vertical layers will be
increased from 40 to 50 after the replacement of the JMA stgaputer system with HITACHI
SR11000 in March 2006. The domain size of the
new system will be the same as that of the curr7-
operational system. The model integration will &
carried out up to 15 hours 8 times a day updatf
the forecast every three hour. NPD has b
developing mainly physical processes a
conducting experiments to find an optimum settip
for the resolution 5km.

The specifications and performance of t
new system is described in this paper. Since
dynamics and physics of the new model are
common with the current model, whose details
found in Saito et al. (2005), recent developme
are focused on below. Hereafter, the curre
operational model and the new model are cal_
NHM10 and NHMOS5 respectively.

Fig.1: Domain and Orography of NHM.

Specifications of IMANHM
The governing basic equations of JMANHM are the fully comjirks®quations with map factor.
Lambert conformal map factor (the standard longitude is 1dfedeeast and the standard latitudes are
30 and 60 degree north) is used in NHMO5 and NHM10. The verticatlinate is the terrain
following coordinate (Gal-Chen and Somerville, 1975). Terms resple for acoustic wave and
gravity wave are treated implicitly in the vertical ditien and explicitly in the horizontal direction.
The long time steps for NHMO05 and NHM10 are 24 and 40 secondstigspeand the ratio of short
time step to long time step is 2 to 7. The fourth and second finiter difference schemes are
chosen for horizontal and vertical advection respectivalycansideration of the computational
efficiency and the accuracy (Fujita, 2003). To attain more catipnal stability, the second order
components of the advection terms are adjusted at eachistestép in the later half of the leap-frog
time integration (Saito, 2003) and the modified centered differadeection scheme (Kato, 1998) is
also applied. The targeted moisture diffusion is implememtestippress excessive updrafts caused
by diabatic heating by condensation (Saito and Ishida 2005).

Some physical processes are upgraded and parameters are d¢oattge® km operation. The
explicit three-ice bulk microphysics scheme and the Kaitséhi scheme (Kain and Fritsch, 1993,
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hereafter KF scheme) are used as cloud microphysics andusuparameterization respectively. In
the KF scheme of NHMO5, however, the life time parameteteep convection is shortened and the
threshold of conversion to rain and snow is increased in codengrove precipitation forecasts in
summer season. The life time parameter of shallow @tiovein the KF scheme is also shortened
for improvement of precipitation forecasts in winter seas@w.new radiation scheme has been
implemented, which is originally developed for the JMA globateidor the sake of the reduction of
bias in temperature (Nagasawa and Kitagawa, 2005). The chlactibfr referred to in the radiation
scheme is estimated from the relative humidity. The mixitiggsaf cloud water and cloud ice
which are used in the radiation scheme are diagnosed from thentawfototal precipitable water
(Hack, 1998). The turbulent kinetic energy (TKE) is diagnosedna@agulocal equilibrium in the
TKE equation. The mixing length is determined using a PBL hdéKjinnagai 2004). A scheme,
which determines the mixing length and diffusion coefficientshsnged in order to improve the
diurnal changes of the surface temperature and wind. The surface pasaumelteas roughness, heat
capacity, a heat diffusion coefficient, albedo and wetness depethé tand surface types. Detailed
information from the digital national land information of th@pan Geographical Survey Institute is
used to define the land surface types.

Performances of JMANHM

Overview of Experiments

To evaluate the performance of NHMO5, experiments and veitiiatvere carried out with the same
initial and lateral boundary conditions as for the operatinmal The experimental period is from 31
May 2004 to 31 July 2004. The model was integrated up to 15 hours four times a day.

Case Study

Figure 2 shows the observed and forecasted precipitation oveerltralgart of Japan from 04 to
05UTC 21 June 2004. The initial time of the forecast is 18UTC 20 2064. The precipitation

patterns of NHMO5 and NHM10 are both similar to that of the mlasien. While the precipitation

intensity of NHM10 is much less than that of observationtHercircled areas in the figure, NHMO05
quite improves the precipitation intensity forecast.

Statistics

The rainfall prediction is verified against radar-rain ggwomposite data over Japan. Figure 3
shows the bias and equitable threat scores for three-hour @gecipiby NHMO5 and NHM10.
Total scores for all three-hourly forecast times eateulated. The verifications are carried out for
every 20km square mesh over land and over sea nearby the chastbias scores of NHMO5 are
closer to unity than those of NHM10 and the equitable threa¢s@frNHMO5 are moderately better
than NHM10 for all thresholds. The surface temperature andaviing speed are verified against
surface data observed at 850 sites of AMeDAS, which igfacgiobservation network deployed by
JMA. Figure 4 shows the time mean error (ME) and root mgaars error (RMSE) of surface
temperature. The forecasted temperature of NHM10 is higheghittime (12 to 21 UTC) compared
with observation. NHMO5 obviously improves the high temperdiiare error in nighttime.  Figure
5 shows the ME and RMSE of the surface wind speed. NHMO5 Yieltlsr wind speed forecasts in
nighttime than that of NHM10.

Summary and concluding remarks

JMA started an operational use of JMANHM with a grid spgciO km in September 2004. The
NHMO5 is developed based on the current operational model. <£tiate been devoted to the
improvements of the model physics and the prediction of quangitptiecipitation and surface wind
and temperature are quite improved.

The forecast time will be extended to 33 hours in 2007. Alduglaer resolution prediction
system is thought over for provision of detailed informationurban weather and the support of
airport operation. The developments of dynamical and phlygicocesses are being continued
considering these applications.
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Fig. 2: One-hour precipitation from 04UTC to O5UTC 21 June 2004. Left: observation.
Center: forecast by NHMO5. Right: forecast by NHM10. Initial time of NHMO05 and NHM10 is
18UTC 20 June 2005.
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Fig. 3: Bias scores (left) and equitable threat scores (right) for 3 hour precipitation against
threshold of rain intensity. Verification grid size is 20km. Total scores for all forecast
times. The solid and dashed lines indicate NHMO05 and NHM10 respectively.

Fig. 4: Mean errors (left) and root mean square errors (right) for surface temperature at
hours of the day (UTC). The solid and dashed lines indicate NHMO05 and NHM10
respectively.

Fig. 5: Same as in figure 4 but for surface wind speed.
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