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Dependency of tsunami simulations
on advection scheme, grid resolution, bottom
friction and topography

C. Wekerle, S. Harig, W. Pranowo, A. Androsov, A. Fuchs,
N. Rakowsky, J. Schroter, S. Danilov and J. Behrens
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The tsunami model 7S/ AWI @

— Numerical concepts and inundation scheme

The Okushiri tsunami 1993

— Influence of advection scheme, grid resolution, bottom friction on simulation

results

A worst case scenario for Padang

— Influence of topography data on inundation

Conclusion
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Shallow water equations

Continuity equation:
om+V-(vH) =0

Momentum equation:

2
n°v|v
@ru+(u-v)u—|—fxv—|—gfn+gH4ﬁ|

advection / _
Coriolis Pressuré  notiom

gradient  piction
where

v=(u(t,x,y),v(t,x,y)): horizontal velocity
H = h(x,y) + n(t,x,y): total water depth

Boundary Conditions:

u-nz\/%n, (x,y) € 0

v-n=0, (x,y)edQ

— V- (AVv) =0

f

viscosity

Initial Conditions:

V[t=0 =0
Nle=0 = 7o
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Discretization

Finite element spatial discretization:
non-conforming mixed P_-P." (Hanert et al., 2005)

Linear conforming shape Linear non-conforming
functions for n shape functions for v

Explicit time stepping scheme:
Leap frog with Robert-Asselin filter o wet

Inundation: Extrapolation scheme
,Dry node concept” by Lynett et al., 2002

EERY)
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The Okushiri Tsunami 1993 (Mw 7.8)

Field benchmark for the validation of tsunami
models (Synolakis, NOAA, 2007)

45°N

‘ ¢ |nitial condition, tide gauge data and
bathymetry provided by NOAA

35°N

i
30°N /"
/

125°F 130°E 135°E 140°E 145°E
sea surface height at t=0

\ ¢ Very high runup up to 30m at Monai (west
coast of Okushiri island)

I“ Okushiri island

Initial
_uplift
distribution

' Takahashi et al, 1995
max. uplift: 4.87m 1394 13945 1395  139.55

max. depression: -1.12m
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x 107

Fractions of terms in the
momentum equation
dependent on depth

time derivative term

3201231918891075 891 572 315 196 109 54 34 15
depth [m]

x 102 pressure gradient term

3201231918891075 891 572 315 196 109 54 34 16
depth [m]

Locations of different .
depth on 12 min
isochrone

x 1073

advection term

3201231918891075 891 572 315 196 109 54 34 15
depth [m]

X 10° friction term

3201231918891075 891 572 315 196 109 54 34 15
depth [m]

Arrival time

Arrival Time [h]

43

42.5

42

s ! x, . .
138 1388 139 13596 140 1405 141

x 104

coriolis term

3201231918891075 891 572 315 196 109 54 34 15
depth [m]

x10° viscosity term

320123191889 1075 891 572 315 196 109 54 34 15
depth [m]
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@ . Divison of nodes into
§ Momentum eq. with and 3 categories:

< without advection « depth<200m

e 200m<depth<10m
e 10m<depth<Om

Histograms of mwh: Nmax linear - Nmax non-linear

100 100 100
80} 1 80} 80t
T
-0 g0} 12 ot - 60
R X S
40 1 40} 40}
20} 1 20t 20} 1
. . - . ) OM-dlll.m--u
0 -1 -0.5 0 0.5 1 0 -1 -0.5 0 0.5 1 -1 -0.5 0 05 1
difference of mwh [m] difference of mwh [m] difference of mwh [m]
Histograms of max. velocity: |Vmax|linear - |Vmax|non-linear
801 1 80} 1 801 ]
T 50 12 eof 0 ot ]
2 X X
40} 1 40} 1 40} ]
20t . 20t 1 20¢ .
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difference of max. velocity [m/s] difference of max. velocity [m/s] difference of max. velocity [m/s]
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Influence of mesh resolution on mwh
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Influence of mesh resolution on max. velocity
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Inundation of the Monai area
— with and without friction

AWI &

friction parameter: n=0.02 without friction

NOAA topography DAA topography

4212

12m

. _‘.L,ooglk‘

139428 139.415 13942 139425 139.43

Max. wave height

Runup distribution in — isolines of topography
the Monai area (in cm) (Om,5m,10m,15m,20m )



Inundation of the Monai area
— depending on mesh resolution

AWI &

50 m res. at the coast 10 m res. at the coast

NOAA topography NOAA topography

42.12

421156

4211

g W _ «~Google
] 00 1000 1500 m 1—@-— - _.'II W -:ﬁ H :'i:l‘. ‘ Sichthéhe  2.53 km B & Sichthéhe 2.63 km
¢ f;)_ﬂbggh . Taz42 TasA2s 2943 139.415 199 42 129.425 199.43
. . . . | vig B TRt
Runup distribution in Max. wave height

the Monai area (in cm)

— isolines of topography
(Om,5m,10m,15m,20m )




Worst case tsunami scenario for
Padang, Sumatra
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Time : 0 sec

Max. Uplift = 3.73 m
Max. Depression =-1.60 m

Variable resolution of the mesh:
~57 m in Padang region
~7 Km in deep sea
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SRTM
(90 m res.)

-0.92

-0.98

Topography [m]

100.3 100.32 100.34 100.36 100.38 100.4 100.42

Max. Wave Height [m]
-0.9 /i

| Gl ubargalii

0 0416667 0.833333 1.25  1.66667 208333 25

-0.94

-0.96

Worst case tsunami scenario for Padang

Topography and inundation results

Topography [m]

100.3 100.32 100.34 100.36 100.38 100.4 100.42

Max. Wave Height [m]
-09 “

o
0034 100.36

0 0416667 0.833333 1.26  1.66667 208333 25

HRSC
(50 m res.)
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Advection is important in shallow water

Grid resolution has effect on mwh and velocity in coastal regions

To simulate runup successfully, a fine mesh resolution is needed

Good topography data is crutial for reliable inundation results
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