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Background

* Municipalities in Japan have been obliged to make a flood hazard map(FHM) since 1994
— achievement is 98% around as of Mar., 2015(MLIT, 2017)
* Most of these expressions on a FHM are used only inundation water depth

 However, actual evacuees in the case of inundation need more information
—> velocity, force, reaching time, etc. by inundation
(Katada et al.(1999), Katada et al.(2000), Islam & Sado(2000), Tingsanchali & Karim(2005),
EXCIMAP(2007), Onishi et al.(2008), Matsuo et al.(2012), Kawanaka & Ishigaki(2012),
Nojima et al.(2014), You & Kondo(2015))
— new technics using animations or movies on a display are being developed

(Yokotsuka(2006), Kodama et al.(2013), Kawasaki & Suzuki(2013))

Purpose

* To provide a new FHM integrated with multiple indicators(MFHM = Multi-indicator Flood
Hazard Map) in a leaflet or a booklet
— using animations are effective, but is currently not universal for every user




(1) Normalization of parameters

e Different units cannot be combined
- h[m] + v[m/s] + F[N] + === =??
> h[m] X v[m/s] X F[N] X ==+ =27

e Each index is normalized by its criterion for evacuation limit
due to age, sex, mental and physical conditions and so on

* Considering later procedure, this normalized value is subtracted from 1
Pn

|
Pn=1- n/ICn'pn >0
=0 ,Pn < 0 - impossible to evacuate

n: number of parameters(n=1, 2,...,N)
pn: normalized point (0 < p, < 1)
I,: value of nth indicator
ex.) water depth, velocity, force, time, etc.
Iy, criterion value of nth indicator
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@ Integration of normalized points
* p;+ =" + py increses the total points as the number of indicators increases
* Its arithmetical mean causes a contradiction that evacuation may be possible even
whenp, =0
* py X "= X ppy approaches 0 as the number of indicators increases
* The geometrical mean was adopted to calculate integrated value P'(0 < P’ < 1).

P = (py X =" X pN)l/N - If there is even one 0 of p,,, P' = 0

(3 Scoring

« P'issafety/dangerous for 1/0, but it’s reverse to existing FMS
* To resolve this reverse, P’ is subtracted from 1
* To promote intuitive understanding of residents, the final degree of danger P was

expressed with scores of up to 100

P=100(1—P') >0<P <100

safety<dangerous

®» Pis used on a MFHM!



@) Indexes used in this study

* Inundation water depth for breathing in a still state

* Rise time of inundation water depth for evacuation possibility from facing to inundation
— defined as time to evacuation limit of water depth from just after inundation has arrived

* \elocity of inundation for swimming evacuation

* Fluid force by inundation water for evacuation on foot

Criteria of normalization
» Target here is healthy adult males with 170cm average height(MHLW, 2016)

Depth 1.445m 1.7m X 0.85->mouth position

Rise Time  1.5km/45min Biwako Office, MLIT(2007)
Velocity 1m/s The slowest criterion of crawl by JASF(2016)
Fluid Force 1.2m3/s? Ishigaki et al.(2006)



Calculation

 The purpose is to understand fundamental properties of the MFHM

* 2D dynamic wave model, leap-frog method, Ax = Ay = 25m, calculation time is 48h
* 4 model terrains(mountain, alluvial fun, natural levee and delta)

* Inundation hydrograph is a one-peak triangular

> Q, =100m3/s,V = 1.08 x 10°m>,h ~ 1m

- T =6hT, =0,05,1,...,5.5,6[h](13 patterns of T,)

The longest path to evacuate is 2Zkm(A to A’), so rise time criterion is 60min
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Maximum scores of water depth and rise time
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Maximum scores of velocitv and fluid force
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Maximum scores of velocitv & quid force and total
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A Sakayama-bashi sat.(Pref. Shimne)

Conditions 3 No. means inun. points ' U."""a"._ .. P

* Central Mitoya is located in eastern part of Shimane, where
is a typical medium city in San-in region
e Elevation(5mDEM) and land use(2009) were obtained from

GSl, Japan
— 5m-mesh was made by |.D.W. after conversion into UTM-plane T S
—> standard vales were applied to Manning’s roughness 2 | ® Witoya sunor High School . Py

* Criterion for rise time here is also 60min smme———m 55| —
Elevation[T.P.m] ;

-> the longest path for evacuation is also 2km from lower part to higher —— — .
. , (added to 1/25,000 national topographic map, GSI)
along the Hii river(B to B’) 180 e 200

 Hydrograph was made using past water levels, elevation \ 7 N
deference between land and river, design-flood discharge, \\ A
levee-constriction stage slope, etc. at Sakayama-bashi sta. 100
—> duration is 7h, height of levee break is 1.8m ,,;,,, \6 3

* |nundation points are 10 including the Hii R. every 500m ® VN e ?
pitch with the same hydrograph o 0
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Results Devise of expression for MFHM

. Enveloped maximum values of 10 cases  There may be fear of misunder-
Water Dépth .+ ww | | Velocity™ .+ we | | FluidForce .+ wm standings for MFHM users because
: of a lot of information

— Katada et al.(2007), Tanaka & Kato(2011),
and the guideline(MLIT, 2013) also has
S pointed it out
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Achievements

Integrated some indicators against conventional FHM using only inundation water depth
Suggested MFHM expressed with scores up to 100

Numerical simulations were executed with 4 model terrains and 13-peak hydrograph
and in Mitoya as an actual case

Using only inundation water depth could not provide enough information for evacuees
MFHM has potential to give users more effective information with appropriate indicators
and expressions

Future

Nonlinear normalized points

More effective way to express of MFHM
How do actual users feel MFHM?

Is MFHM truly better than FHM?
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Thanks for your attention!!



Typical type of FHM: only water depth

T
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0.5—1.0m
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Criteria: Iy = 1.445m, I, = 45min, I;3 = 1.0m/s, I, = 1.2m3/s?
Ex.1:; =1.0m ,I, = 60min ,I3 = 0.5m/s , I, = 0.6m3/s?
Ex.2:1; =1.0m ,I, =60min,/; = 1.1m/s , I, = 0.6m3/s?

(1) Normalization of parameters

Pn=1 _In/ICn»pn
=0 Pn< 0

@) Integration of normalized points

P' = (pyx -=+ x py) /¥

) Scoring
P =100(1—P')

Ex.1
pp=1-1.0/1.445 = 0.31
p,=1-(1/60)/(1/45) = 0.25
p; =1—-0.5/1.0 =0.50
pa=1-0.6/1.2 =0.50

P’ = (0.31 x 0.25 x 0.50 x 0.50)/4
~ 0.37

P=100x(1-0.37) =63

Ex.2
ppr=1-1.0/1.445 = 0.31
p,=1-(1/60)/(1/45) = 0.25
p3=1-11/1.0=-01->p3=0
ps=1-0.6/1.2=0.50

P’ = (0.31 x 0.25 x 0 X 0.50)1/4
=0

P =100x% (1—0) =100
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