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1. Operational mesoscale NWP of JMA

Anitial condition: given by 4DVAR with
3-hour data assimilation window.

Moundary condition: provided from
GSM (TL959L60) forecasts.

A Started in March 2001

A JMA nonhydrostatic model
with 5km L50 3hourly
(MSM)

A 33 hour forecastat 03, 09,
1521 UTC

A Output is used for:

Shortterm weather forecast
Very short range forecast of
precipitation

Forecast for aviation (TAF)
Forecast of a storm surge

Forecast of air pollutant
distribution



MSM QPF performance at JIMA
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Modifications for operational
mesoscale NWP at IMA

AStart of Mesoscale NWP (Mar. 2001)

Anind profiler data (Jun. 2001)

AVeso 4DVar (Mar. 2002)

ADomestic ACARS data (Aug. 2002)

ASSM/I microwave radiometer data (Oct. 2003)
AuikSCAT Seawinds (Jul. 2004)
ANonhydrostatic model (Sep. 2004)

Moppler radar radial winds ( Mar. 2005)
AEnhancement of model resolution (Mar. 2006)
AJpgrade of physical processes (May 2007)
Adigh resolution GSM (Nov. 2007)

AJpgrade of physical processes (Dec 2008)
ANonhydrostatic 4D-Var (Apr. 2009)

AGPS precipitable water vapor (Oct. 2009)



Meso 4DVAR(Mar. 2002Mar.2009)
(Koizumi et al., 2005, SOLA)

LT and ADJ models based on MSM (a
hydrostatic spectral model) of IMA

RUC with Pl 4D -Var Observation

valid %10 Q3Z - 910 06Z valid %10 Q3Z - 9710 06Z valid: 910 Q3Z - 9710 06Z

N5 10 50 100 20, 30.
_ FT=15-18
3 hour accumulated rain for FT=18 hr

Initial 12 UTC 9 September 2001 Ishikawa and Koizumi (2002)



JMA nonhydrostatic model (NHM)

Operational run with a horizontal resolution of 10 km was started on 1
September 2004s a nonhydrostatic MSM (mesoscale model)

Saito et al., 20068vlon. Wea. Rey134, 12661298.

Aully compressible nonhydrostatic model developed by MRI and NPD

28 ice bulk cloud microphysics with the Kdnitsch convective parameterization scheme
MANonlocal boundarv aver scheme

7
|

MONTHLY WEATHER REVIEW VOLUME 134

The Operational JIMA Nonhydrostatic Mesoscale Model
KAZUO SAITO

Meseorclogical Research Instiswe, Tswkwba, Jupan

TsUKASA FUNTA, YOSHINORI YAMADA, JUN-ICHI ISHIDA, YUKIHIRD KUMAGAL KOHE] ARAMAMI,
SHIRG OHMORL RYOI NAGASAWA, AND SAORI KUMAGAT

Japon Meteorological Agency, Takyo, Japan

CHIASHI MUROL TERUYUKI KATO, AND Hisak Ermo
Meicorclogical Research Instiewe, Tsukuba, Jupar

VOSUKE YAMAZAK]
Advanced Earth Science and Technology Orgamizaion, Tokya, Japan
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ABSTRACT

An operational nonhydrestatic messecale model has been developed by the Numerical Prediction Divi-
sicn (NPD) of the Tapan Meteorological Ageney (IMA] in partnership with the Metzorclogical Ressarch
Institute (MRI). The model & based on the MRUNPD unifisd nonhydrestatic medel (MRINPI.NHB)
while several modificatioee have been made for operational numerical weather prediction with a horizontal
tesalution of 10 km. A faurth.order advection scheme considering staggered grd configration & imple-
mented. The hucyaney term is direotly evaluated from devsity perturhation. A time-gplitting schems for
adwection has been develped, where the kow-crder (second order) part of advection i madified in the
ltter half of the leapfog time integmtion. Physical processes, have also been revised. especially in the
convective parameterization and PBL schemes. A turbulent kinetic evergy (TKE) diagnostic scheme has
heen developed to overcome problems that arie (o predict TEE. The model performance for mesoscale
MW bas heen verified by comparison with a former operatioaal hydrosttic messsals model of TMA. Tt
& found that the new non hydrostatic mesescale model outperforms the hydnoesatic model in the prediction
af synoptic fields and quantitative precipitation focecasts.

1. Introduction model (the Lokall-Model, Doms and Schasttler 1997)
and started its operational Tun with a horizontal reso-

Fapid progress of the computar facilities in Tecent
years enables us to use higher-resolution models in nu-
merical weather prediction (NWF). The horizontal
resolution of operational regional/mesoscale models in
world main forecast centers is becoming higher and
higher and is about 10 km, the limit of validity of the
hydrostatic approximation. The Deutscher Wetter-
dienst (DWD) developed a regional nonhydrostatic
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lution of 7 km in 1999, The Met Office introduced non-
hydrostatic new dynamics (Davies et al. 2005) in the
Unified Modal in 2002. The Meteorological Servica of
Canada, the Naticnal Centers for Environmental Pre-
diction of the United States, and other national forecast
centers have also been developing or testing their non-
hydrostatic NWE models for operation.

In Japan, the Tapan Meteoralogical Agency (TMA)
started operational run of o 10-km-resolution mese-
seale model in Mareh 2001, and 18- time integration
has been carried out 4 times a day. This model, MSM.
was introduced to support information for disaster pre-
vention and is also used for the very short range fore-



Upgrade of nonhydrostatic MS

2006 March Horizontal resolution enhancement to 5 km
2007 May 3 hourly 33 hour forecast
(Saito et al., 2001dMSJ 85B, 271304.)
Hybrid vertical coordinates
Sedimentation of cloud ice
MYNN level3 turbulent closure model
New trigger function in the Kain-Fritsch scheme i

Nonhydrostatic Atmospheric Models
and Operational Development at JMA

Kazuo SAITO
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Abstract

This paper reviews nonhydrastatic atmospheric models for research and NWP. Classification of non-
hydrostatic atmospheric models and numerical methods to treat sound waves are described with their

relative The current ic NWP models at various forecast centers
and eommunity nonhydrostatic models for research are reviewed
Brief history and of the JMA ic model, a ity mesoscale model for

research and NWP in Japan, is introduced. Current status and near future plans of the operational non-
hydrostatie mesoscale model at JMA are presented

1. Intreduction eral circulations. However, primitive models
posses the approximation which replaces the
vertical momentum equation with the relation-

Attempt to quantitatively predict the state

T2p* 130 140" 150°

UL Satellite image

UR) MSM(10km)

LF) MSM(5km)

O0UTC 20 January 2006

of future atmosphere based on the physical
laws such as the fluid dynamics and thermo-
dynamics was started with the Richardson's
dream in 1920’s, and more than a half century
has passed since the Charney’s historical first
success of the numerical weather prediction
(NWP). During these 85 years, the atmospheric
models have evolved from the approximated
‘models such as the barotropic models to less fil-
tered models to improve their accuracy. Primi-
tive models applied to the practical use in early
1970's had made a brilliant success in the NWP
fields from regional predictions to global gen-
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ship of hydrostatic equilibrium thus cannot be
applied to the simulation of small scale phe-
nomena where the aspect ratio approaches
unity. To meet the expectations to the predic-
tian of local meteorology, horizontal resolutions
of operational mesoscale models in world main
forecast centers have been becoming higher,
and are approaching several kilometers, the
limit of validity of the hydrostatic approxima-
tion.

Nonhydrostatic models were initially devel-
oped as a research tool for small scale meteo-
rological phenomena such as convection ar
nonlinear mountain waves. Today, several non-
hydrostatic models have been developed and
are applied to numerical simulations and oper-
ational NWP. Following the UK Met Office
(UKMO) and the Deutscher Wetterdienst
(DWD) of Germany, the Japan Metearological

http://www.jstage.jst.go.jp/article/jmsj/85B/0/271/ pdfiar/ja/



Terrainfollowing coordinates
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Sedimentation of cloud ig@Mar. 2007)

Satellite
image

Without sedimentation of cloud ice, upper clouds increase with time



Trigger function in KF scheme by perturbation of
relative humidity(Mar. 2007)

WIND (KNOT) _ MAX= _ 20.1E MIN= 4 38E-02

Three hour precipitation at 09 UTC 13 July 208p0bserved RadakMeDAS
rain.b) Predicted rain with the operationall/Kscheme at FT=12 (Initial time is
21 UTC 12 July 2006)) Same as in b) but with the ModifiedKscheme using a
trigger function based on relative humidity 0 if R, <075
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Implementation of MYNN3 (Mar. 2007)

A First implementation of the level 3 closure model to
the operational NWP model

MTSAT_1R DATE 2005/12/26 05:36UTC

Satellite IR image ?
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Winter monsoon case

Boundary layer is well developed
with MYNNS3, which is more realistic %
than that with Deardroff scheme.
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Mellor-YamadaNakanishiNiino Level 3
closure mode{Mar. 2007)

Nilgata-Fukushima heavy rain case in July 2004

HSMEP
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Cloud fraction and CWC
by partial condensation scheme (Mar. 2007)

Middle level cloud amount
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Verification of NHM vs WRF

2007 -Julin Jp

Precipitation [mm/15day] nhm jp07

Precipitation [mm/15day] wrf jp07

Precipitation [mm/15day] cmorph jp07
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Bias and Threat scores (Japan area)
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WWRP Beijing 2008 Olympics RDP Project
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conducted with the Beijing Olympic

Games of August 2008.
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From The Times«

Toughest event at Beijing Olympics -
gelting weather forecast right.

RDP: Research and development up to
FT=36 based on the mesoscale (15
km) ensemble prediction.

NCEP, MSC, ZAMG&Meteo Fr.,
MRI/JMA, NMC/CMA, CAMS/CMA
participated in RDP.

A stormm rages over the Great Wall of China. Experts from seven countires are competing to predict

the weather in Beijing+

Ashling O'Connor, Olympics Correspondent «
It might be all about higher, faster and stronger on the track — but hotter, wetter, smoggier, will be

the motto for an unofficial event at the Beijing Games: weather forecasting. «

Teams of experts from seven countries will be competing to be the Olympic forecasting champion.
Every three hours scientists from Japan, the US, Australia, Canada, Austria, France and China will
be analysing observational data and atmospheric pressure to predict the temperature, humidity and
precipitation for the Bejjing area for up to 36 hours ahead. Their forecasts wll be submitted to the

China Meteorological Administration, which will judge them against the weather. +

The Weather Demonstration Project is part of a global research programme started in 1999 by the
World Meteorological Qrganisation, the United Nations’ official “voice” on the weather. The project,

which featured at the Sydney Games in 2000, is designed to showcase the latest technology used
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Tier-1 MEP in WWRP BO8RDP

Centers Model Initial Initial Lateral Lateral Physical
Nation Vertical levels and condition | perturbation boundary boundary perturbation
number of members condition perturbation
NCEP | WRF-ARW (L60M5) NCEP Breeding NCEPGIobal NCEP Multi-model
USA WRF-NMM (L60M5) [ 3DVAR EPS Global EPS
GEFSDownscaled
(T284L60M5)
MRI/IMA NHM Meso Targeted JMA Global Global No
Japan (L40OM11) 4DVAR GlobalSV Forecast forecast
(20kmL40) (T63L40) (TL959L60) (T63L40)
Initiated by
targeted SV
MSC GEM MSC MSC Global | MSCGlobal | MSCGlobal | Physical tendency
Canada (L28M20) Global EnKF EPS EPS perturbation with
EnKF Markov chain,
surface perturbatiop
ZAMG & ALADIN ECMWF Blending ECMWF ECMWF Multi-physics
MeteoFr. (L37M17) Global ECMWF SV Global EPS forecast
Austria 4DVAR with Forecast
and ALADIN
France Bred Mode
NMC WRF-ARW WRF Breeding CMA Global | CMA Global Multi-physics
China (L31M15) 3DVAR EPS EPS
CAMS GRAPES GRAPES Breeding CMA Global | CMA Global Multi-physics
China (L31M9) 3DVAR EPS EPS




Threat Scores for 6 hour precipitation of Control run

(71251 8/23)

(Kunii et al., 2010; Tellus, in revision)
Threat Score Threat Score (1.0mm/6hour)
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