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Typhoon/Hurricane/Cyclone
[ Warning

M More or less established

- Ensemble averaging predlctlons of track
and intensity !

- Continuous |mprovemen1 éf accuracy

™ Precise local wmd speeqm é}‘edlctlon IS
still very dlfflcult

- Collaboration between meteorologlsts
and wind engineers in numerical
simulations -

o



Severe Local Storms in Japan

- Tom ad O - 1'::‘-.' m‘:" .
- Downburst or Gust—front
- Unclear




Severe Tornado Disasters
2005-2006

Tornado, Sakata Tornado, Nobeoka
Decl25 2005ﬁ?

Sep 17 2006 -

l

=

"TofhadoﬂSannna
NOV,7 2006

"
i) v
s, - e

lllll

_9 Fatalities



Early Warning Service for Tornados
Japan Meteorological Agency (JMA)

Started from March 26, 2008
e 20 G-band Weather Radars
e 11 Doppler Radars
VAR

Upper-air Observation network of JMA W

@ Radiosonde Stations (18) fﬁ

¥ Wind Profilers (31) -7

M Contral Center of Wind Profilers .
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Early Warning Service for Tornados

Detection of Mesocyclones -
Some Potential Parameters of En\hry "
Stabilities (Numerical Simulation) é?;;;ggg;/
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Early Warning Service for Tornados

Started from March 26, 2008
- Efficient for 1 hour

- Prefecture Unit
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[ Early Warning Service for Tornados

Started from March 26, 2008 & ¥
- Efficient for 1 hour = |
- Prefecture Unit A
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Early Warning Service for Tornados
Japan Meteorological Agency (JMA)

Started from March 26, 2008

Efficient for 1 hour
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Early Warning Service for Tornados
Japan Meteorological Agency (JMA)

Started from March 26, 2008
Efficient for 1 hour
Prefecture Unit —
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Tornado Now-cast Service
Japan Meteorological Agency (JMA)
- From May 27 2010
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Tornado Now-cast Service

From May 27, 2010

Analysis

- Every 10min
- 10km mesh
- Probability of Occurrence

[15-10% (Category 2)
H1-2% (Categoryl)
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Prediction
(Movement for 1hour)

- Every 10min
- 10km mesh
- Probability of Occurrence

[ 5-10% (Category 2)
M 1-2% (Category 1)
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Tornado Now-cast Service
Japan Meteorological Agency (JMA)

From May 27, 2010
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Tornado Now-cast Service
Japan Meteorological Agency (JMA)

From May 27, 2010
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How to Use Information with Low
Occurrence/Detection Probability

Uncertain but necessary information for
saving lives

Improvement of Accuracy of Prediction

Public Transportations

Power Supply Companies
Local Government
Construction Companies, etc.



[ Topics

W Guidelines for Tornado Effects
on Nuclear Facilities, Japan Nuclear
Energy Safety Organization (JNES)



Temporary Shutdown of
a Nuclear Power Plant by a Tornado

Dominion Virginia Power, Surry County, Virginia, USA

Saturday, April 16, 2011
™ Reactors shut down
® Knock-down of external power lines
W Back up generators kicked in at the plant




Positions of Tornados Observed
and Locations of Nuclear
Power Plant in Japan

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

March 11, 2011 %8




Positions of Tornados Observed
and Locations of Nuclear
Power Plant In Japan
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Annual Occurrence Rate of
Tornados

Annual Occurrence Rate
() == N w D ol o

(104 km?/year)

[ 1961- 2006

- 12007, 2008

All-over-the-land
/Average

~10km

Distance~2kml 2km

Off Shore

<€

Coastal Line

> Inland



Research on Evaluation of Tornado
Effects on Nuclear Facilities

Tornado Risk Modeling

Tornado Effects on Nuclear Facilities and
Design Base Tornado Model

Study on Existing Guidelines of Tornado
Effects

Proposal of Guidelines for Tornado Effects
on Nuclear Facilities




Guidelines for Tornado Effects ]

(Proposal)

[on Nuclear Power Plant in Japan

Design Tornado Wind Speed,
Pressure Dip,
Core Radius, Translational Speed

Design Termade W Design Wine:herne
Pressure/Foerce [Debris

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

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

Effects of Tornado Wind
Pressures/Forces

Effects of Wind-borne
Debris

Possible Windborne
Debris: Cars, Stock Sheds,
Plates, Rods, Pipes and
Their Flying Velocities




[ Topics

Lessons from The Great East Japan
Earthquake Disaster Focusing on Early
Warning Systems



orld Fastest Warning System FREQ
P-Wave Warning System (UrEDAS) for
Tohoku-Shinkansen (Bullet Train)
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Damage to Ground Facilities for
Tohoku-ShinKanj“gﬁn (Bullet Train)
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Tsunami and Arrival Time

The 2011 Off The Pacific Coast Tohoku Earthquake

March 11, 2011
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[ Tsunami Video ]

Kamaishi City (25min After Tsunami Warning)




[ Reactions to Tsunami Warning ]

People Living In Rias Coastal Areas

W Evacuated or Not ?
YES: Evacuated --------------------- 66%
NO : Not Evacuated -------------- 34%
W Reasons of Neevacuation
- Seawalls were high enough to protec80%
- Easy to evacuate to a nearby hill 20%
- Tsunami height might be low enough13%
- The coastline Is located far away 13%

Questionnaire Study by NHK, May 2011



[ Reactions to Tsunami Warning ]

People Living In Rias Coastal Areas

B Evacuated or Not ? Only from Survived People

YES: Evacuated --------------------- 66%
NO : Not Evacuated -------------- 34%
W Reasons of Neevacuation
- Seawalls were high enough to protec80%
- Easy to evacuate to a nearby hill 20%
- Tsunami height might be low enough13%
- The coastline Is located far away 13%

Questionnaire Study by NHK, May 2011



[ Reactions to Tsunami Warning ]

People Living In Rias Coastal Areas

® Evacuated or Not ? Only from Survived People

YES: Evacuated

- Tsunaml height might be low enough13%
- The coastline Is located far away 13%

Questionnaire Study by NHK, May 2011



[ Reactions to Tsunami Warning ]

People Living In Rias Coastal Areas

® Evacuated or Not ? Only from Survived People

YES: Evacuated ------============z
NO : Not SR

- pm\/emeﬂ O.— OW enough13%
INne Is located far away 13%

Questionnaire Study by NHK, May 2011



[ Reactions to Tsunami Warning ]

People Living in Plains

® Evacuated or Not ? Only from Survived People

YES: Evacuated -------====---mnmmmaum-- 57%
NO : Not Evacuated ----------===------ 43%
W Reasons of Neevacuation
- Safety check of family members/friend$9%
- Cleanup of rooms after earthquake  30%
- No consideration about tsunamis 31%

Questionnaire Study by NHK, May 2011



[ Reactions to Tsunami Warning ]

People Living in Plains

® Evacuated or Not ? Only from Survived People

YES: Evacuated --------=------—— il %0

Riherid 30%
- No consideration about tsunamis 31%

Questionnaire Study by NHK, May 2011



[ Perception of Tsunami Warning ]

® Could you receive Tsunami Warning ?

YES: Recelved------=====macecacaaun-- 49%
NO : Not received-------==========-- 51%
® Way of Getting Tsunami Warning ?

- Radio 39%
- Fire Engines/Local Publicity Car 25%
- Family Members/Neighbors 25%
-TV 10%
- Cell-phone 6%

- Local Disaster Radio/Public Address 4%
Questionnaire Study by NHK, May 2011



[ Perception of Tsunami Warning ]

® Could you receive Tsunami Warning ?
YES: Recelved------=====mmmenncaane-- 49%

- Radio -
25%

- Fire Englnes/L
BVZ AN Y 25%
10%
6%

- Local Disaster Radio/Public Address 4%
Questionnaire Study by NHK, May 2011



[ Jogan Earthquake and Tsunami ]

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



[ Concluding Remarks

Devastating events are more or less of
beyond expectations.



Concluding Remarks

If an appropriate expectation was made,
design was not necessarily difficult

--- Not so significant difference In the
construction cost !



[ Concluding Remarks

Appropriate expectations can be made
based on reliable scientific data, historical
and archaeological data, and technical
foresight.



[ Concluding Remarks ]

W Devastating events are more or less of
beyond expectations.

hazar ds

_ Collaboration
Organizationsant

foresight.



[ Concluding Remarks ]

W Early warning information should be issued
with an appropriate action guidance.

- Improvement of accuracy
- Notification of seriousness
- Education and periodic exercises

- Feasible evacuation routes with clear
Instruction sign boards

- Detalled discussions in local communities
and workplaces






