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Objectives:  

 

mapping (ITIS2012) a recent and mega-event, which is 

combining: 

- large amount of available data 

- wide range of damages 

- a variety of damage quality & quantity characteristics  

 

 

Conclusions on:  

- the tsunami vulnerability of the study area  

- the applicability and the perspectives of the scale 
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[E. Lekkas et al., 2012] 
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2011 Tohoku Earthquake & Ishinomaki Bay Inundated Zone  

Tohoku EQ | Study Area 

100 km 

[Shuichi Kodaira et al., 2012] 
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[ESRI World Topo Map, 

Japan Oceanographic Data Center 

S. Masaru, 2011]  

Tohoku EQ | Study Area 

Miyato 

Oshika 

[S. Fraser et al., 2012]  
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• fishing 

• fishing products’ industry 

• rice production 

2011 
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Data collecting 

Data locating &  

mapping 

Data evaluating against ITIS2012 criteria 

For each criteria category 

 Methodology 

Thematic Impact Map 

FINAL INTENSITY 

ZONING MAP 

Sources: 

- Primary Data: 
• Google Earth 
• Google Street View 
• Google Memories for the Future 
• Air photos  
[Geospatial Information Authority of Japan]  

- Secondary Data: 
• Literature 
• Authorities’ Reports 
• Press & Web  

- Also used: 
• ESRI ArcMap 9.3, World Topo Map 
• Bathymetric data [Japan Oceanographic Data Center] 
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Criteria: 

• wave height 

• run-up 

• inundation distance 

• inundation area 

wave height 

point values 
[ΝΟΑΑ] 

DEM 
[ESRI World Topo Map – 

contour lines: 10 m]  

ground  

subsidence 
[Geospatial Information 

Authority of Japan] 

wave height 

(runups) 

+ 
point   

altitude 

- 
point 

subsidence  

Integrated 

points’ map 

ITIS2012 IDW 

Thematic 

Map 

(quantities) 

Inundation zone  
[Harvard Geospatial Library]  
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Methodology | Data | Thematic Map 
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11.1 km 

2816 m 

114 km2 

[Geospatial Information Authority of Japan] 
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Methodology | Data | Thematic Map 

[NOAA, Geospatial Information Authority of Japan, ιδία επεξεργασία]   

Criteria: 

• wave height 

• run-up 

• inundation distance 

• inundation area 

I II III IV V VI VII VIII IX X XI XII 
            

       ms       10m      15m        10s m  

 0.5m      1m           2m                            5m       7m        10m  Weve Height 

 

 
 

Runup 

Inundation:    100s m               1km        kms  
 ΧΧ km2 

ms        10m      15m       10s m        

Max Water Height: 

11.52m 

Max Runup Height: 

25.86m 

(elevation: 19m 

subsidence: 0.66m) 
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- Gradual intensity decrease inland (VI – XII) 

- Intensity increase locally in steep relief areas 

Methodology | Data | Thematic Map 
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Questionnaire survey to survivors:  
[Y. Goto et al., 2012] 

- population density  
[Census 2005 & Tani Kenji, 2011]  

- total destruction zones  
[The Association of Japanese Geographers, 2011] 

- population gathering points  
[ESRI World Topo Map] 

Criteria: 

• perception 

• reaction 

• losses 

Thematic 

Map 

(human) 

Methodology | Data | Thematic Map 

Victims’ accumulation in  

residential zones 

Data:  

victims / municipality 

2 massive-death incidents 

Points Category Weighted Factor 

shopping centers - markets 2 

schools – nurseries 1-3 

governmental buildings 1-2 

hotels 1-2 

industry & port facilities 2 

hospitals – ιατρικά κέντρα 1-2 

railway stations 1-2 

museums  2 

athletic centers 1 

 

[DGPR, French Ministry of Ecology, 2013] 

[EERI Special Earthquake Report, Nov 2011] 

[The Statistics Bureau & the Director-General  

for Policy Planning of Japan] 

confirmation 

underestimation limited drills participation 
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0.7 * [Total Destruction Zones] + 0.25 * [Population Density] 

+ 0.05 * [Population Gathering Points] 

2 

Methodology | Data | Thematic Map 

Δήμος Απώλειες Πληθυσμός % 

Ishinomaki 5867 160700 3,65 

Higashimatsushima 1039 34000 3,06 

 

Municipality                                       Losses         Population                           % 

[DGPR, French Ministry of Ecology, 2013] 

[EERI Special Earthquake Report, Nov 2011] 

[The Statistics Bureau & the Director-General 

 for Policy Planning of Japan] 1039 
5867 
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Displaced: 

- vessels  

- vehicles 

- train wagons 

- fighter aircrafts 

  & helicopters 

- tanks 

Points data map  

   Fire Zones (intensity ΧΙ) 

Thematic 

Map 

(Objects) 

Criteria: 

• vessels 

• means of transport 

• heavy objects 

• fires  

 (due to objects) 

Kriging 

Methodology | Data | Thematic Map 

Intensity Zoning V-XII 
overlay 

44 big 

259 middle    size 

255 small 

Vessels 

11344 vehicles 

75 train wagons 

24 fighter aircraft 

4 helicopters 

11 tanks 

Objects Weighted Factor 

vehicles 2 

vessels (big size)  3 

vessels (middle size) 2 

vessels (small size) 1 

train wagons 2 

fighter aircrafts 2 

helicopters 2 

tanks 2 

 

Weighted factor 

[Xairforces.com,  

Warranty Void Blogspot,  

Japan Security Watch ] 

[A. Hokugo, 2012, DGPR,  

French Ministry of Ecology, 2013] 
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 - intensity discontinuities  

(land use, protection facilities or multilateral inundation) 

3 

Methodology | Data | Thematic Map 
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14.6 km/46.0 km  

(31.8%) railway  

[Mafune S. et al., 2013, Koseki J. et al., 2012,  

Simamura et al., 2012, http://www.jreast.co.jp]  

Criteria: 

• port facilities 

• industry facilities 

• lifelines 

Damages on: 

- port facilities  

- industry facilities  

- lifelines 

Integrated 

points map 

ITIS2012 IDW 

Thematic Map 

(Infrastructures) 

Networks: 

• roads / bridges 

• railway 

• aviation 

• electricity  

• water supply 

• drainage 

• landlines (PSTN) 

• wireless  

• internet access 

• governmental (communication) 

• LNG supply 

Methodology | Data | Thematic Map 

3 bridges & 

7 road parts 

[Shoji et al., 2012, Jiji Press, 2012] 7 lifelines’ nodes  

5 industry units  

[DGPR, French Ministry of Ecology, 2013] 

1 breakwater set 

5 seawalls 

1 jetty 

2 docks 

[R. Jayaratne et al., 2013] 
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 - gradual intensity degradation inland (VΙI – XII) 

Methodology | Data | Thematic Map 
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Indirect approach: 

- debris 

- total destruction zones  

- displaced objects  

- uprooted trees 

- bridges near the shoreline 

- steep-relief areas  

behind residential zones 

Located: 

- shoreline changes  

- pollution 

 

- uprooted trees 

- deposits 

Not reported:  

- boulders displacement 

- in situ fires  

Β  

0.80*Α + 0.20*Β 

Criteria: 

• erosion/ 

  shoreline changes  

• deposits 

• trees / bushes 

• boulders 

• debris 

• pollution 

• in-situ fires 
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IDW 

[Toru Inui et al., 2012] 

[Toru Inui et al., 2012 & UNEP, 2012] 

Ishinomaki: 6.16 million tones 

Higashimatsushima: 1.68 million tones 

[Google Memories for the Future] [Google Maps] 

[ESRI World Topo Map] 
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- lack of data in airport area  

- low intensity grades at the shoreline (infrastructures, land use) 
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Criteria based on: 

• structural material 

• damage grade 

• spatial density  

  of the above 

 

- mapping [ESRI World Topo Map & Google Earth] 

- distinction of washed-away  

  & demolished structures 

  [Google Earth & Google Memories for the Future] 

- isolation of construction-free areas [Google Earth] 

 

 

 

 

   

- evaluation based on:  

- structural material 

- damage grade 

Density Map of 

removed structures 

Thematic Map 

(Structures) 

[Google Memories for the Future & Google Street View] 

Methodology | Data | Thematic Map 
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Damage Grade 

a few 

many 

most 

all 

Masonry 
6.3% 

Wooden 
82.0% 

RC 
2.5% Steel 

9.1% 

[N. Leelawat et al., 2014] 

Structures Distribution based on 

structural material in Ishinomaki 
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TYPE CH % REMOVED %

WOOD 28123 88.20% 13918 49.49%

STEEL 3227 10.12% 611 18.93%

RC 455 1.43% 65 14.29%

MASONRY 80 0.25% 32 40.00%

31885 100%
[The Association of Japanese Geographers, 2011] 

Methodology | Data | Thematic Map 

Mapped: 

55885 structures 

- 39528 (70.7%) remained  

- 16357 (29.3%) removed  

Ishinomaki: 10711 / 39528 

Higashmatsushima: 5646 / 16357 

Criteria based on: 

• structural material 

• damage grade 

• spatial density  

  of the above 
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6 

- steady structure quality in the industrial zone 

- discontinuity due to wooden houses near the industrial zone 

- XII grade is based on the RC structure damage   
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Methodology | Results | Analysis  
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B 

Weighted factors land-use-dependent overlay 

Maximum intensity grade per pixel, irrespective of: 

- criteria category  

- land use 

Intensity Map ITIS2012 - Approaches: 

equalized picture of the event 

(damage assessment of the event) 

objective vulnerability for each point,  

based on the ITIS2012 criteria complementarity. 

(hazard assessment of the study area) 

1 2 3 4 5 6

Industrial 16.7% 20.0% 20.0% 20.0% 3.3% 20.0% 100%

Residential 16.7% 20.0% 20.0% 20.0% 3.3% 20.0% 100%

Commercial 16.7% 20.0% 20.0% 20.0% 3.3% 20.0% 100%

Parks 16.7% 10.0% 20.0% 15.0% 35.0% 3.3% 100%

Athletic 16.7% 10.0% 20.0% 20.0% 18.3% 15.0% 100%

Airport 16.7% 5.0% 10.0% 60.0% 3.3% 5.0% 100%

Forest - Agriculture 16.7% 1.5% 1.5% 20.0% 60.3% 0.0% 100%

A 

A B 

Damage Assessment of the Event Hazard Assessment of the Study Area 
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at shoreline:  
low-grade intensities  
  - land use 

   - protection facilities 

   - προσανατολισμός 

fluctuation inland 
   - lack of data (airport) 

inland:  

increased intensity  
   - hydrographic network     

     proximity 

   - geomorphology  

    & land use 

at shoreline:  

XI (forests / port facilities) - XII 
 χρήση γης 

 προστατευτικά έργα 

 προσανατολισμός 

decreased intensity inland 
 ελλιπή δεδομένα 

inland:  

increased intensity  
   - hydrographic network  

     proximity  

   - geomorphology  

A B 
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A B 
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Study Area | ITIS2012  

positive coastal forests response 

positive port facilities response 

protected city center 

excellent prevention measures 
- lifelines 

- industry facilities & personnel training  

- strict earthquake-resistance legislation 

annual citizens’ training program 

early warning system 

 

- plain area – rivers & canals 

- protection facilities lack   

- vulnerable industry  

- vulnerable structures>80%  
 

 

 

- limited drills participation  

- hazard underestimation 

Matsushima bay 

tsunami gate 

prevention &  

management  

measures  

unpredictable 

magnitude 

of the event 

damage & 

losses 

mitigation 

+                                - 
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accuracy 

* NaTech 

Study Area | ITIS2012  

ITIS2012 Applicability per Criteria Category 

ITIS2012 Criteria Categories Evaluation  

In-time  

Field Data Criteria’s 

Complementarity 
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criteria’s 

complementa- 

rity  

- objective 

- integrated 

- detailed 

pros & 

cons 

of the area 

applicable on 

historical  

events 

modern 

prevention & 

planning 

tool 

field survey 

objective> 

subjective 

criteria  

compatibility 
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