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Threat Score 5mm/3h 20km verif . grid for FT=3-15 

TS

TS12M

Nonhydrostatic 

model

Meso4DVAR

10km to 5km

Nonhydrostatic 

4DVAR

GPS TPWV

Threat Score (TS) in MSMMar.2001-Jul.2011

Radar 

Reflectivity



Heavy rains 

with synoptic 

forcing

Heavy 

rains with 

orographic

forcing

͓relatively predictable in the current mesoscale NWP up to a point

Convective rains 

without strong 

synoptic/orographic

forcing

Predictability of heavy rainfalls

Åsmall horizontal/temporal scales 

Åsensitive to small perturbations in 

initial conditions

͓difficult to predict due to



Example of orographic heavy rainfall

Radar-AMeDAS Observed rainfall 

03-06 UTC, 19July 2011

MSM prediction FT=21

03-06 UTC, 19July 2011

A strong typhoon (T201106 Ma-on) hit western Japan and record breaking 851mm 

rainfall was observed in one day (19 July 2001). MSM model accurately predicted 

the orographicallyforced rainfall. 



Example of frontal local heavy rainfall

Radar-AMeDAS Observed rainfall 

03-06 UTC, 29July 2011

MSM prediction FT=15

03-06 UTC, 29July 2011

A stationary front brought 527 mm heavy rainfall in one day. MSM forecasts 

were accurate for this event. 



Example of unforced local heavy rainfall

Radar-AMeDAS Observed rainfall 

03-06 UTC, 5 August 2008

MSM prediction FT=15

03-06 UTC, 5 August  2008

Several convective cells yielded 50 mm per hour local heavy rainfalls at several 

locations. MSM failed to predict these local heavy rainfalls. 



òSocial System Reformation Program for Adaption to Climate Changeò
Strategic Funds for the Promotion of Science and Technology (JST/MEXT)

Social Experiments on Extreme Weather Resilient Cities

Core Research Institutes:

É National Research Institute for Earth 

Science and Disaster Prevention (NIED)

É Meteorological Research Institute 

(MRI)

É Toyo University

Collaboration with 23 organizations:

NILIM, Japan Weather Association, NICT, 

ENRI, Hokkaido Univ., DPRI/Kyoto Univ., 

Osaka Univ., Yamanashi Univ., Chuo Univ., 

Nihon Univ., National Defense Academy, 

TMRI, CRIEP, Tokyo Fire Department, 

Yokohama City, Fujisawa City, Edogawa-

Ku/Tokyo, JR-EAST, JR-CENTRAL, 

Obayashi Co., Toshiba Co., Pukyong

National Univ., CoroladoState Univ. 



Background

Large cities are inherently vulnerable to severeweatherssuch as
torrentialrainfall, lightning,andtornados. Thenumberof occurrences
of urbanheavyrainfall hasbeenincreasing,which maybedueto the
globalwarming.

The presentresearchproject aims to understand the processand
mechanism of extreme weather using dense meteorological
observation networks designedin the Tokyo metropolitanarea,to
developthe monitoringandpredictingsystemof extremephenomena
andto implementsocial.

òSocial System Reformation Program for Adaption to Climate Changeò
Strategic Funds for the Promotion of Science and Technology (JST/MEXT)

Social Experiments on Extreme Weather Resilient Cities



The number of thunderstorm days in Tokyo

10-year average



The number of monthly thunderstorm days and total 

rainfall amount in the latest 10 years in Tokyo 
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Subject 3 Social ExperimentsSubject 2: Early Detection and Prediction System 

Engineering

Developments collaborating with end users

(1) Extreme weather nowcasting methods

(2) Development of test - beds of nowcasting systems

(3) Extreme weather database

Subject 1 Field Experiments TOMACS

Sociology

Evaluation and adaption the developed nowcasting system

(1) Social experiments in rescue services, risk management, 
infrastructure and education

(2) Recommendations for extreme weather resilient cities

to Issue More Accurate and Adequate Warning

NowcastingHazard Map

Meteorology

To obtain new insight on mechanisms of extreme weather

(1) Development of new technologies

(2) Field campaign in the Tokyo area  (3) Statistical analysis 

Monitoring/Nowcasting System 

to Evaluate and to Adapt the Nowcasting Systems 

Field campaign in the 
Tokyo Metropolitan area

Understandingthe 
mechanismNew observation facilities

Many types of deep convection are generated in 
the warm season in the Tokyo Metropolitan area

Social Experiments on Resilient Cities for Extreme Weather

MEXT-JST Special Coordination Funds for Promoting Science and Technology, FY2010-2014 



Subject 1 Field Experiments TOMACS

Meteorology

To obtain new insight on mechanisms of extreme weather

(1) Development of new technologies

(2) Field campaign in the Tokyo area  (3) Statistical analysis 

Field campaign in the 
Tokyo Metropolitan area

Understandingthe 
mechanismNew observation facilities
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TOMACS (Tokyo Metropolitan Area Convection Study) with a dense observation network 

by MRI, NIED and 12 research groups in the summers of 2011- 2013, as testbed for 
deep convection. 

Microwave 
radiometers

Ku- band Fast Scan MP 
Radar

Doppler Lidars

JMA Lightning 
Detection Systems

JMA Operation 
Doppler Radars

Radiosonde

2DVD Radar 
Calibration site

GPS Receivers

Research Aircraft 

Dense Surface 
Network

MRI C- band 
Solid- state MP 
Radar

(NIEDS and cooperative org.)

Humid Warm Air Relatively Cool Air

Wind Profilers

Scintillation 
Meter

MTSAT   
Rapid Scan

High density field campaign
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14 Doppler Radars
Research/operation weather radars concentrate in the Tokyo Metropolitan Area: X- NET(5 X- band 
MP radars and 3 Doppler radars), two X- band MP radars of River Bureau, MRI C- band MP radar 
and 3 JMA C- band operational Doppler radars.

M. Maki of NIED and X- NET Group 

0 50 100km

MP-X1

MP-X3

MP-X2

JWA

CHUO

NDA

CRIEP

Tokyo Metropolis
YMNS

JMA Kashiwa C- band 
Doppler radar 

MRI C- band MP radar 

JMA Narita 
Airport C- band 
Doppler radar 

JMA Haneda 
Airport C- band 
Doppler radar 

X- NET 
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Example of X-NET Products

TheX-NETdata is classified
from the level 0 to 4
according to the level of
processingmanaged.

An Exampleof the level 2 products of X-NET. Time
changeof rainfall andwind distribution at the heightof
1km whena coldfront passedover the Kantoregionon
Feb18, 2011.

Level 0: Raw radar data
recorded with an original
format of a radarcompany.

Level 1: Raw data after the
format conversionto NetCDF.

Level 1.5: Radar data after
fundamentalcorrectionssuch
as attenuation correction and
unfolding of Doppler velocity
data.

Level2: ά.ŀǎƛŎέproduct such
asrain rate, wind speed.

Level3:ά!ŘǾŀƴŎŜŘέdata such
asVIL,arealrainfall,etc.

Level 4: άtǊŜŘƛŎǘŜŘέdata of
precipitationandwind.



The Ku- band FM- Chirp fast scan MP radar developed by the Osaka University and Sumitomo 
Electric Industries is used to observe very high- resolution structure of thunderstorms.  A full volume 
scan is made by 1 minute intervals, and reflectivity, Doppler velocity and polarimetric parameters 
are obtained at 10m intervals.  

Primary 
Feed Low Loss 

Luneberg 
Lens

Transmitter

Receiver

1450mm

T. Ushio of Osaka University

O. Suzuki of MRI

Ku band fast scan broadband radar (15.75GHz)



Preliminary observation in Tsukuba, Ibaraki

Doppler velocity :

vertical cross section

Reflectivity:3D

Tsukuba

N

Kakioka:

114.5mm/h

(19:12JST)

18:30JST, 11 Aug. 2011

Tsukuba

Tsukuba

NNE

Reflectivity :

vertical cross section

NNE
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6 Doppler Lidars and a microwave radiometer
Two research Doppler lidars are operated in the experiment in addition to four JMA operational 
Doppler lidars in the Haneda and Narita airports, toobserve the initiation of convection and 
behaviors of sea breeze fronts.   

Lidar of Hokkaido University (Y. Fujiyoshi and M. Kawashima )
1.54 - safe laser
20km of maximum range
25 m resolution

PPI of the Lidar of National Institute of 
Information and Communications Technologies 
(NICT) on 5 July 2010, just before initiation 
of thunderstorms

NICT Team



Time-height cross-section of temperature

2011/7/2000UTC 8/102300UTC

Doppler lidarPPI (EL:-0.5deg.) 2011/8/9 8:14-8:55JST (Day-time)

Doppler lidarPPI (EL:-0.5deg.) 2011/8/9 22:14-22:55JST (Night-time)

Microwave radiometer 


