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�� More or less establishedMore or less established
-- Ensemble averaging predictions of track Ensemble averaging predictions of track 

and intensityand intensity
-- Continuous improvement of accuracyContinuous improvement of accuracy

�� Precise local wind speeds prediction is Precise local wind speeds prediction is 
still very difficultstill very difficult

-- Collaboration between meteorologists Collaboration between meteorologists 
and wind engineers in numerical and wind engineers in numerical 
simulationssimulations

Typhoon/Hurricane/Cyclone Typhoon/Hurricane/Cyclone 
WarningWarning



•••••••• TornadoTornado
•••••••• Downburst or GustDownburst or Gust--frontfront
•••••••• UnclearUnclear

Severe Local Storms in JapanSevere Local Storms in Japan



Tornado, SakataTornado, Sakata
Dec. 25, 2005Dec. 25, 2005

Severe Tornado DisastersSevere Tornado Disasters
20052005--20062006

5 Fatalities5 Fatalities

Tornado, NobeokaTornado, Nobeoka
Sep. 17, 2006Sep. 17, 2006

3 Fatalities3 Fatalities
Tornado, SaromaTornado, Saroma

Nov. 7, 2006Nov. 7, 2006

9 Fatalities9 Fatalities



Started from March 26, 2008Started from March 26, 2008

Early Warning Service for Tornados Early Warning Service for Tornados 
Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)

•• 20 C20 C--band Weather Radarsband Weather Radars
•• 11 Doppler Radars11 Doppler Radars



Early Warning Service for Tornados Early Warning Service for Tornados 
Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)

�� Detection of MesocyclonesDetection of Mesocyclones
�� Some Potential Parameters of Environmental   Some Potential Parameters of Environmental   

Stabilities (Numerical Simulation)Stabilities (Numerical Simulation)
�� Spatial and Temporal Continuity ChecksSpatial and Temporal Continuity Checks



Early Warning Service for Tornados Early Warning Service for Tornados 
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Started from March 26, 2008Started from March 26, 2008
-- Efficient for 1 hourEfficient for 1 hour
-- Prefecture UnitPrefecture Unit
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Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)

Started from March 26, 2008Started from March 26, 2008
-- Efficient for 1 hourEfficient for 1 hour
-- Prefecture UnitPrefecture Unit

Tornado Warning!
Tornado Warning!

Low Probability of 
Low Probability of 

Detection! Detection! 



Started from March 26, 2008Started from March 26, 2008
-- Efficient for 1 hourEfficient for 1 hour
-- Prefecture UnitPrefecture Unit
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Started from March 26, 2008Started from March 26, 2008
-- Efficient for 1 hourEfficient for 1 hour
-- Prefecture UnitPrefecture Unit

HowHow--ToTo--Leaflet on
Leaflet on Tornado Warning

Tornado Warning

Early Warning Service for Tornados Early Warning Service for Tornados 
Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)



From May 27, 2010From May 27, 2010

Tornado NowTornado Now--cast Servicecast Service
Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)



AnalysisAnalysis
-- Every 10minEvery 10min
-- 10km mesh10km mesh
-- Probability of OccurrenceProbability of Occurrence

5 5 –– 10% (Category 2)10% (Category 2)
1 1 –– 2%   (Category 1)2%   (Category 1)

PredictionPrediction
(Movement for 1hour)(Movement for 1hour)

-- Every 10minEvery 10min
-- 10km mesh10km mesh
-- Probability of OccurrenceProbability of Occurrence

5 5 –– 10% (Category 2)10% (Category 2)
1 1 –– 2%   (Category 1)2%   (Category 1)

Tornado NowTornado Now--cast Servicecast Service
Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)

From May 27, 2010From May 27, 2010



Tornado NowTornado Now--cast Servicecast Service
Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)

From May 27, 2010From May 27, 2010



HowHow--ToTo--Leaflet on
Leaflet on Tornado Now

Tornado Now--cast Service
cast Service

Tornado NowTornado Now--cast Servicecast Service
Japan Meteorological AgencyJapan Meteorological Agency (JMA)(JMA)

From May 27, 2010From May 27, 2010



How to Use Information with Low How to Use Information with Low 
Occurrence/Detection ProbabilityOccurrence/Detection Probability

�� Uncertain but necessary information for Uncertain but necessary information for 
saving livessaving lives

�� Improvement of Accuracy of PredictionImprovement of Accuracy of Prediction

�� Public TransportationsPublic Transportations
Power Supply CompaniesPower Supply Companies
Local GovernmentLocal Government
Construction Companies, etc.Construction Companies, etc.

�� ??????????
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Temporary Shutdown of Temporary Shutdown of 
a Nuclear Power Plant by a Tornadoa Nuclear Power Plant by a Tornado

Saturday, April 16, 2011Saturday, April 16, 2011
�� Reactors shut down Reactors shut down 
�� KnockKnock--down of external power linesdown of external power lines
�� Back up generators kicked in at the plantBack up generators kicked in at the plant

Dominion Virginia Power, Surry County, Virginia, USADominion Virginia Power, Surry County, Virginia, USA



Positions of Tornados Observed Positions of Tornados Observed 
and Locations of Nuclearand Locations of Nuclear

Power Plant in JapanPower Plant in Japan

Nuclear Nuclear 
Power PlantPower Plant
TornadoTornado



Fukushima No.1 Nuclear Power Fukushima No.1 Nuclear Power 
Plant Accident due to TsunamiPlant Accident due to Tsunami

March 11, 2011March 11, 2011



Positions of Tornados Observed Positions of Tornados Observed 
and Locations of Nuclearand Locations of Nuclear

Power Plant in JapanPower Plant in Japan

Nuclear Nuclear 
Power PlantPower Plant
TornadoTornado

The 2011 Off The Pacific The 2011 Off The Pacific 
Coast Tohoku EarthquakeCoast Tohoku Earthquake
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Annual Occurrence Rate of Annual Occurrence Rate of 
TornadosTornados



Research on Evaluation of Tornado Research on Evaluation of Tornado 
Effects on Nuclear Facilities Effects on Nuclear Facilities (JNES)(JNES)

�� Tornado Risk Modeling Tornado Risk Modeling 

�� Tornado Effects on Nuclear Facilities and Tornado Effects on Nuclear Facilities and 
Design Base Tornado Model Design Base Tornado Model 

�� Study on Existing Guidelines of Tornado Study on Existing Guidelines of Tornado 
Effects Effects 
�� Proposal of Guidelines for Tornado Effects Proposal of Guidelines for Tornado Effects 

on Nuclear Facilitieson Nuclear Facilities



Guidelines for Tornado EffectsGuidelines for Tornado Effects
on Nuclear Power Plant in Japanon Nuclear Power Plant in Japan

(Proposal)(Proposal)
Design Tornado Maximum Design Tornado Maximum 
Wind Speed (100m/s) for Wind Speed (100m/s) for 
Annual Exceedance Annual Exceedance 
Probability of 10Probability of 10−−−−−−−−77

Effects of Tornado Wind Effects of Tornado Wind 
Pressures/ForcesPressures/Forces
Effects of WindEffects of Wind--borne borne 
Debris Debris 
Possible WindPossible Wind--borne borne 
Debris: Cars, Stock Sheds, Debris: Cars, Stock Sheds, 
Plates, Rods, Pipes and Plates, Rods, Pipes and 
Their Flying VelocitiesTheir Flying Velocities

Design Tornado Wind Speed, Design Tornado Wind Speed, 
Pressure Dip,Pressure Dip,

Core Radius, Translational SpeedCore Radius, Translational Speed

Design Tornado Design Tornado 
Pressure/ForcePressure/Force

Design WindDesign Wind--borne borne 
DebrisDebris

Design Criteria for Tornado EffectsDesign Criteria for Tornado Effects
(Pressure Effects & Debris Impact)(Pressure Effects & Debris Impact)

ENDEND
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World Fastest Warning System World Fastest Warning System FREQLFREQL
PP--Wave Warning System (UrEDAS) forWave Warning System (UrEDAS) for

TohokuTohoku--Shinkansen (Bullet Train)Shinkansen (Bullet Train)

Y. Nakamura, TITY. Nakamura, TIT

Primary Wave:      5km/sPrimary Wave:      5km/s
(Compressive Wave)(Compressive Wave)

Secondary Wave: Secondary Wave: 3km/s3km/s
(Shear Wave)(Shear Wave)



Damage to Ground Facilities forDamage to Ground Facilities for
TohokuTohoku--Shinkansen (Bullet Train)Shinkansen (Bullet Train)

1,440 damage reported1,440 damage reported

Courtesy of JRCourtesy of JR--EastEast



Tsunami and Arrival TimeTsunami and Arrival Time
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The 2011 Off The Pacific Coast Tohoku EarthquakeThe 2011 Off The Pacific Coast Tohoku Earthquake
March 11, 2011March 11, 2011

25min25min



Tsunami VideoTsunami Video

Kamaishi City Kamaishi City (25min After Tsunami Warning)(25min After Tsunami Warning)



Reactions to Tsunami Warning Reactions to Tsunami Warning 

�� Evacuated or Not ?Evacuated or Not ?
YES: Evacuated  YES: Evacuated  ------------------------------------------
NO  : Not Evacuated    NO  : Not Evacuated    ----------------------------

�� Reasons of NoReasons of No--evacuationevacuation
-- Seawalls were high enough to protectSeawalls were high enough to protect
-- Easy to evacuate to a nearby hill                   Easy to evacuate to a nearby hill                   
-- Tsunami height might be low enough     Tsunami height might be low enough     
-- The coastline is located far away               The coastline is located far away               
�

People Living in Rias Coastal AreasPeople Living in Rias Coastal Areas

66%66%
34%34%

30%30%
20%20%
13%13%
13%13%

Questionnaire Study by NHK, May 2011Questionnaire Study by NHK, May 2011



Reactions to Tsunami Warning Reactions to Tsunami Warning 

�� Evacuated or Not ?Evacuated or Not ?
YES: Evacuated  YES: Evacuated  ------------------------------------------
NO  : Not Evacuated    NO  : Not Evacuated    ----------------------------

�� Reasons of NoReasons of No--evacuationevacuation
-- Seawalls were high enough to protectSeawalls were high enough to protect
-- Easy to evacuate to a nearby hill                   Easy to evacuate to a nearby hill                   
-- Tsunami height might be low enough     Tsunami height might be low enough     
-- The coastline is located far away               The coastline is located far away               
�

People Living in Rias Coastal AreasPeople Living in Rias Coastal Areas

66%66%
34%34%

30%30%
20%20%
13%13%
13%13%

Questionnaire Study by NHK, May 2011Questionnaire Study by NHK, May 2011

Only from Survived PeopleOnly from Survived People



Reactions to Tsunami Warning Reactions to Tsunami Warning 

�� Evacuated or Not ?Evacuated or Not ?
YES: Evacuated  YES: Evacuated  ------------------------------------------
NO  : Not Evacuated    NO  : Not Evacuated    ----------------------------

�� Reasons of NoReasons of No--evacuationevacuation
-- Seawalls were high enough to protectSeawalls were high enough to protect
-- Easy to evacuate to a nearby hill                   Easy to evacuate to a nearby hill                   
-- Tsunami height might be low enough     Tsunami height might be low enough     
-- The coastline is located far away               The coastline is located far away               
�

People Living in Rias Coastal AreasPeople Living in Rias Coastal Areas

66%66%
34%34%

30%30%
20%20%
13%13%
13%13%

Questionnaire Study by NHK, May 2011Questionnaire Study by NHK, May 2011

Only from Survived PeopleOnly from Survived People

How to Deliver  Ser iousness of 
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the Happening Event!
the Happening Event!
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How to Deliver  Ser iousness of 

How to Deliver  Ser iousness of 

the Happening Event!
the Happening Event!

Improvement of Accuracy!

Improvement of Accuracy!
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Perception of Tsunami Warning Perception of Tsunami Warning 

�� Could you receive Tsunami Warning ?Could you receive Tsunami Warning ?
YES: Received YES: Received ------------------------------------------------
NO NO : Not received : Not received ----------------------------------------

�� Way of Getting Tsunami Warning ?Way of Getting Tsunami Warning ?
-- RadioRadio
-- Fire Engines/Local Publicity Car                   Fire Engines/Local Publicity Car                   
-- Family Members/Neighbors    Family Members/Neighbors    
-- TVTV
-- CellCell--phone  phone  
-- Local Disaster Radio/Public Address           Local Disaster Radio/Public Address           
�

49%49%
51%51%

39%39%
25%25%
25%25%
10%10%
6%6%
4%    4%    

Questionnaire Study by NHK, May 2011Questionnaire Study by NHK, May 2011



Perception of Tsunami Warning Perception of Tsunami Warning 

�� Could you receive Tsunami Warning ?Could you receive Tsunami Warning ?
YES: Received YES: Received ------------------------------------------------
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49%49%
51%51%

39%39%
25%25%
25%25%
10%10%
6%6%
4%    4%    

Questionnaire Study by NHK, May 2011Questionnaire Study by NHK, May 2011

Efficient Way of Notification!

Efficient Way of Notification!



Jogan Earthquake and Tsunami Jogan Earthquake and Tsunami 

�� July 13, 869 (1,142 years ago)July 13, 869 (1,142 years ago)
�� Tsunami reached 7km inland area          Tsunami reached 7km inland area          
�



�� Devastating events are more or less of Devastating events are more or less of 
beyond expectations.  beyond expectations.  

If an appropriate expectation was made, 
design was not necessarily difficult 
--- Not so significant difference in the 

construction cost !
Appropriate expectations can be made 

based on reliable scientific data, historical 
and archaeological data, and technical 
foresight.

Concluding RemarksConcluding Remarks
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Responsibility of Academic  Organizations

Responsibility of Academic  Organizations

-- Collaboration between AOs for  different natural 

Collaboration between AOs for  different natural 

hazardshazards

-- Collaboration between AOs and International 

Collaboration between AOs and International 

Organizations and others
Organizations and others



�� Early warning information should be issued Early warning information should be issued 
with an appropriate action guidance.with an appropriate action guidance.
-- Improvement of accuracyImprovement of accuracy
-- Notification of seriousnessNotification of seriousness
-- Education and periodic exercisesEducation and periodic exercises
-- Feasible evacuation routes with clear Feasible evacuation routes with clear 
instruction sign boardsinstruction sign boards

-- Detailed discussions in local communities Detailed discussions in local communities 
and workplacesand workplaces

Concluding RemarksConcluding Remarks



Thank you!Thank you!


