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Shallow-Water Equations (matrix notation)
Wy =AW)Wy+ BW)W,+C(W), W= (h u v)

Solution method: Titov and Synolakis, 1995, 1998
l 2D becomes a sequence of 1Ds l

Wy =AW )W, + C1(W) Wiy = B(W )W, + Co(W)
\/

Transition to
Riemann Invariants — 3 single convection problems

q=u—2+/gh Qt‘|‘/\2 qa;—gd —
A2 =u=x\/gh ve+u-v, =0
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Difference Scheme C

Taylor expansion:

p"t =" — At (\pg — gdy) - 5 AApz — gdz)s — aAt + O(AtQ)
Maintain steady state:
. 1 Pk — D4 dk — dj A . .
k,7) = =(A A : = 1,
Rk, j) = 5 (M + g)xk_wj p—— Q; =Q( +1,7)

Possible difference schemes:

- . NAE Qj — Qi1
m Py =pf —At- QG +1,5 — 1)+ L— LT

2 Ax

Oszt

QU+ 1,5 —1) # (Qj-1+ Qj)/2

centered difference or average
0

j-1 j j+1 between left and right cells
At (A ~ N\ NAE Qj — Q)
(2) P;H_l =pj — o (Qj—l + Qj) | ]2 . = Aa:] a; At



Difference Scheme p; = —(Apz — 9d;) — @

Taylor expansion:

At?
p" Tt =p" — At (\py — gdg)

2

A Apg — gdg)z — aAt + O(AE)

Maintain steady state:

. 1 Dk — Dj dr — d; A . .
Q(k,7) 2(>""+)‘~")xk—xj I e — Qi =QU+1,7)

MNAE2 Qi — Qi
. 8
2 Ax

— Py

—At-Q(+ 1,5 —1)A

—
s

VTCS (Titov & Synolakis 1995): MOST, Cliffs

- Cliffs-2
AjAE | Q; — Qi1 o

S22 Az aj AL




MOST: sub-critical flow implied
wall in the edge wet node

Cliffs: no implications, mirror ghost node
wall in-between wet and dry nodes

Wall in MOST, when computing: Wall in Cliffs,
in X-dir (rows) and in y-dir (columns) any dir
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From vertical wall to sloping beach

flooding

Cliffs’ Birth Certificate:

E. Tolkova. Land-Water Boundary Treatment for a Tsunami Model
With Dimensional Splitting. Pure and Applied Geophysics, Vol. 171,
Issue 9 (2014), pp. 2289-2314

Cliffs Code: GitHub, CSDMS,
http://elena.tolkov.com/Cliffs.htm



http://elena.tolkov.com/Cliffs.htm

Benchmark Problem # 1

Flow over submerged cone



n=0; dx=2.5 cm (394 x 61); dt=0.02 s
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n=0.01; dx=2.5 cm (394 x 61); dt=0.03 s
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n=0.015; dx=2.5 cm (394 x 61); dt=0.03 s
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n=0.01 Cliffs, data
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n=0.015 Cliffs, data
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Benchmark
Problem
# 2

Parameters
lon x lat (cells)
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HA1126, W-E current
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HA1126, W-E current
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HA1126, W-E current
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Maximal Current (m/s) at resolution:
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Benchmark Problem # 3
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ABeacon: Tsunami-only
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ABeacon: Tsunami-only
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TugBerth: Tsunami-only
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TugBerth: Tsunami-only
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SulphyrP: Tsunami-only

0.5 | | | |
0 L
o5 ; ; ; ; ;
10 15 20 25 30 35 40
SulphyrP: Tsunami+tide

1 _ _ ! !

|
10 15 20 25 30 35 40

SulphyrP: Tide-only
1 [ I

hour
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ADCPexact: Tsunami-only
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Non-linearity ?
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Benchmark . I
Problem B
O I 1
# 4 =
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Input: - I
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dt = 0.005 s; n = 0.005
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Benchmark Problem # 4

animation seaside.mov



Surface Elevation at WG 3
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Water Surface Elevation: Cliffs, data
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U-velocity: Cliffs, data
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Momentum flux: Cliffs, data
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No houses, Surface Elevation: Cliffs, data
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No houses, U-velocity: Cliffs, data
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Benchmark
Problem # 5
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animation Tohoku2AK.mov ; http://elena.tolkov.com/dart2Alaska.htm
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