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Background

Three tsunami vulnerability and risk analyses performed.
GIS model being adapted to the available information

1.

Bridgetown, Barbados: possible future tsunami
scenario, much information available

 Topography, population from local partners
 Field survey for building use and vulnerability

Batangas, The Philippines: possible future scenario,
little information available

e Internet and other sources of information

American Samoa: hindcast of 2009 South Pacific
tsunami for validation of the tsunami vulnerability and

risk model
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Attribute tables with vulnerability scores

Only one floor

Residential/community service
2 floors Business/Commercial

3 or more floors Tourism

Government Services (Health,
Education, Fisheries,

transportation etc
Stone P )

Emergency Services (Police, Fire,

Wood or timber Coast Guard, EMS, medical etc)

ah . A
Wood + concrete Community facilities (e.g.
churches, community centers,
recreational areas)

Concrete

Metal
Utilities (water, electricity, sewage,

telecommunications, fuel, gas
stations)

stone and wood

concrete/metal
Heritage Sites

concrete/stone/glass

Banking and finance

Abandoned

No barrier
Low/narrow earth embankment
Low concrete wall

High concrete wall

Low stone wall
High stone wall
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Extrapolation of building vulnerability

Field survey covered only 10% of the buildings
Manual digitalization using satellite image (QB VHR)
|dentification of "Tnomogeneous” regions

Each region must contain surveyed buildings

Computation of average residence building
vulnerability scores for each of 3 vulnerability factors
within each region

Specific information about each surveyed building is
kept
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Structural building vulnerability - Batangas

Total structural building vulnerability was assessed using
publicly available photographic imagery available on
GoogleEarth

ID Assigned Vulnerability | Description

1 0,25 concrete-stone, several floors

2 0,5 concrete-stone-wood, one or two floors
3 0,75 stone-wood, one or two floors

4 1 wood-corrugated iron, one floor

5 0,25 Large industrial plants
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Image credit: GoogleEarth, users: batangas, Ro : \na'\\sanﬁueIOOG/ TeJan



Inerability - Batangas

Structural building vu

0.1 Kilometars

0.1 Kilometars

0,05

0,02




Motivation within RAPSQODI

Use GIS-methodology to hindcast 2011 Tohoku
earthguake tsunami disaster for validation of the tsunami
vulnerability and risk model.
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Lavholt et al. 2012.
doi:10.5194/nhess-12-1017-2012




From risk modelling to enhanced resilience

RISK ASSESSMENT (*) RISK MANAGEMENT (*)
HAZARD EXPOSURE VULNERABILITY RISK Risk REDUCTION
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(*} For a specific spatial and time scale.

RISK DIMENSIONS =% AGGREGATION METHOD: WEIGHTED AGGREGATION = AGGREGATION METHOD: RISK MATRIX = INFORMATION FOR THE FORMULATION OF RRM

Figure 1. Structure of the risk assessment and different kind of results to be obtained (RRM =risk reduction measures).
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Gonzalez-Riancho, P. et al. doi:10.5194/nhess-14-1223-2014




Used parameters

Risk = Hazard * Consequence

Hazard = maximum tsunami flow depth related to a certain

probability of occurrence

GENERAL

Consequence described by exposure and mortality

Exposure; density of population
Mortality; function of flow depth and building vulnerability
—> 4 factors describing the buildings:

height — material — barrier — use

SITE DEPENDENT



2011 Tohoku event

Intentions:

» Validating the GIS model
approach for building
vulnerability and mortality by
hindcast event

 Maximum flow depth was
obtained by back calculating
the 2011 Tohoku earthquake
and tsunami

« Potentially a lot of data
available on population,
building types, infrastructure,
inundation, flow depth,
damages, and death tolls

Lagvholt et al. 2012.

doi:10.5194/nhess;-l}l#?-:ibi{w
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Envisaged sites

" “Miyako, Iwate, Japan rﬁs’liyako; lwate, Japan

a) Sendai and
Ishinomaki (flat, less § :
topography) Kamaishi, Ilwate, Japan

‘Rikuzentakata, Iwate, Japan

.
YIshinomaki, Miyagi, Japan

Ol
'Sendai, Miyagi, Japan




Data

* Very high resolution digital elevation model — VHR
DEM, pre-tsunami and post-tsunami data (received
from Dr. Arikawa)

o Post-tsunami field data (water mark measurements,
data on structural building vulnerability, etc.) available
on http://fukkou.csis.u-tokyo.ac.|p/

e Census data aggregated by geographical units from
the Portal Site of Official Statistics of Japan:

http://www.e-stat.qo.|p/SG1/estat/eStatTopPortal.do

Maruyama, Y., Tanaka, H., 2014. Evaluation of building damage and human casuality after the
2011 off the Pacific coast of Tohoku earthquake based on the population exposure. International
Conference on Urban Disaster Reduction, Sept. 28.-Oct.1, 2014, Boulder, Colorado, US.
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http://fukkou.csis.u-tokyo.ac.jp/
http://www.e-stat.go.jp/SG1/estat/eStatTopPortal.do

Pre-tsunami topogTaphy

& Soures: B, Dighei@lobs, GuoSys, leubsd, Eatheter Geographics,
ot . IESIAIfE DS, USDA, USGS, A, @imagging, Asrogis, IGH, IGE,
o W o gwiestape, and ths GIS Usar Community
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Legend

Inundation line (derived by DLR)

|:| Pre-tsunami DEM
|:| Post-tsunami DEM

Soures: Esr, Cigital@alhs, GasBys, lclbd, Eaistar Gsograpiiies,
CHESIMtue DS, USDA, USBES, AEY, Gatimapping, Aragid, IEH, IGE,
gnisstaps, aid fhe GIS Ussr Commuinity
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Post-tsunami field data:
http://fukkou.csis.u-tokyo.ac.jp/
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http://fukkou.csis.u-tokyo.ac.jp/

Post-tsunami field data

http://fukkou.csis.u-tokyo.ac.jp/
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Suppasti et. al. 2013. doi 10.1007/s11069-012-0487-8

B Washed away
o Major damage
O No damage

B Collapse
O Moderate damage

B Complete damage
O Minor damage

2 Distribution of the total 251301 building data surveyed by MLIT (2012)


http://fukkou.csis.u-tokyo.ac.jp/

Data for tsunami inundation modelling

Bathymetry/topography is a combination of:
* High resolution topographical data

« GEBCO ‘08, 0.5 arcmin resolution (~900 m)
 both onland and in sea

e For tsunami propagation, resolution 1 arcmin (~1800 m)

 For tsunami inundation:; nested simulations on three
grids (three levels), the finest resolution is about 20 m




Comparing details in high-resolution data
with StreetView in GoogleEarth

« Road protecting some areas " |

(road higher than terrain
around)
e Water may pass under bridge
* Bridge is removed in data
(will give correct effect during
Inundation modelling)

12 .
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Tsunami modelling:
source refinement

Source based on
knowledge of the 2011
earthquake

Adjustments are made for
best match at the DART
bouys

Sea bottom deformation by
the Okada (1985) formula

o = NW R O N 0 O

| | |
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Tsunami propagation

Locally (upper) and entire
Pacific Ocean (lower panel)

Observations at DART bouys

Effect of dispersion for most
distant bouys
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Tsunami inundation modelling

 Detailed inundation 39'00" = M§ I
modelling from about )@\
A
7

37.8° to about 39° N

* Results/examples from

the simulations inside 3830
area 7 are shown @*/ e,
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Surface elevation/water level during
iInundation

Snapshots of the
surface elevation (in
the sea) and water ==
level (on land) during
run-up at Sendai

387 12" M

Waves arrived at
Sendai about 1 hour
after the earthquake

38718

3815
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Maximum values

3815

Maximum flow depth (upper panel):

e« > 10 m close to shoreline

 Road reduces the flow depth
about 3 m (cf. red arrows)

3812

Maximum surface elevation (and
water level on land; lower panel)
« > 10 m close to shoreline e
 Down to about 3-4 m along the
trimline (line of maximum
iInundation) 815

38712
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| I-;_undatlon modelling with

Flowdepth
(in m)
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influence of DEM resolutionanc
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Influence of DEM reso

Legend

== |nundation line (derived by DLR)
Inundation model with SRTM-data

Inundation model with ASTER-data
| - High

- Low
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Legend

= nundation line (derived by DLR)
Inundation model with SRTM-data
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delling vs. post-tsunami
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nimedelling vs. post-tsunami
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Comparison modelling vs. post-tsunami
field data on «water mark»

Examples from Sendai
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http://fukkou.csis.u-tokyo.ac.jp/contact_admin
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f;;ggodeﬂing VS. post-tsunami
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otal predicted mortality: concept

Convert all building vulnerability scores to [0,1]

Use vulnerability score to pick the "correct” S-curve.

1

| o
) 8/
/

0.7 :
! / Example:
' 11 m flow depth; S-curve returns Me[0.25,0.8]
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/I 7 Normalised building vulnerability = 0.4
X

Mortality
=
(S ]

=
=

B Mortality rate = 0.25 + 0.4 x (0.8-0.25) = 0.47
No. of fatalities = 0.47 x (population per cell)
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otal predicted mortality: computation

(mort_rate * population)
1/(1+150*Exp(-0.3*Flowdepth)) P

v
Calculation of lower bound
“S

Raster
Calculator

“\

Raster
Calculator (4)

A

Calculation/of mortality rate
1

Calculation of upper bound
“

Raster
Calculator (2)

Calculation of mortality
(in fatalities per cell)

“
Raster to Point

Export functions in order to sum up no. of fatalities

1/(1+12*Exp(-0.3*Flowdepth))

(lowerbound + (vulnerability * (upperbound - lowerbound)))

N




~ Flow depth




Vulnetability (200 x 200 ﬁ)‘
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Concluding remarks

Maximum flow depth was obtained by back
calculating the 2011 Tohoku earthquake and tsunami
using very high resolution digital elevation data

First runs for validation of GIS tsunami risk model

* Using gridded population data from Portal Site of Official
Statistics of Japan

« Using uniformly distributed building vulnerability

Potential for further development
* |In particular improvement of building vulnerability layer



Thank you for your attention!
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Rasteret som vi fikk fra Y. Maruyama farer altsa opp 197'657 mennesker i dette omradet. Sa det er ikke urimelig
at vi lander pa hayere tall enn nar vi bruker en uniform fordelt befolkning over 163'000 mennesker.

Sammenlignet med rapportere tall spiller jo falgende faktorer inn:

Nar det snakkes om Ishinomaki city i kildene pa internett: hvilket omrade er da ment?
Hvor mange personer pendler inn til byen/ut av byen for & jobbe?

Hvor mange pendler internt i byen til/fra tsunami utsatt omrade?

Hvor mange arbeidere var ved anleggene ved havn da tsunamien kom (midt pa en arbeidsdag)?
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