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Several methods for the producing the signal for the wave maker were tested. The best efficiency was 
achieved when the signal was taken from the auxiliary numerical simulation of the Euler equations. 
However, the analytic solution of the nonlinear Schrodinger equation is sufficient for the generation of 
the solitary wave groups with the peak steepness kAcr= 0.30 as well.
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with different peak wave steepness with different peak wave steepness 
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(numerical simulations of the Euler (numerical simulations of the Euler eqseqs))
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Individual stationary groups of 
unidirectional waves over deep 
water are observed in numerical 
and laboratory simulations

The groups correspond to the envelope 
solitons of the nonlinear Schödinger 
equation when the waves are of
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equation, when the waves are of 
small amplitude and there are many 
individual waves in a group

Very short and intense (but non-
breaking) wave groups are observed 
with peak wave height up to 

kH ~ 0.57  in HOSM simulations, 
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and
kH ~ 0.52 in laboratory runs 

(k = �2/g).

Good agreement between the wave 
group shapes is observed, when the 
results of laboratory and numerical 
simulations are compared4
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simulations are compared

The solitary wave groups possess the 
same vertical asymmetry as the Stokes 
waves, but move noticeably faster 
than corresponding Stokes waves.
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The effect of the wall on 
waves is equivalent to a 
mirror reflection, which 
leads to the appearance 6
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Reflection from the vertical wall Reflection from the vertical wall (numerical simulations)(numerical simulations)Collisions of the solitary groups: lab Collisions of the solitary groups: lab vsvs numerical numerical simssims
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of a standing wave 
structure of the wave 
envelope with maximum 
on the wall and the 
nearest waist at about 
one fourth of the  
dominant wave
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Reasonable agreement between the instrumental measurements and the numerical 
simulations of the potential Euler equations (HOSM6) is obtained

The dynamic pressure under intense groups (analytic solution)The dynamic pressure under intense groups (analytic solution)
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Steep solitary groups in stochastic numerical simulationsSteep solitary groups in stochastic numerical simulations

Due to the nonlinear induced current the pressure field beneath intense solitary groups can penetrate deep 
into the sea. It may me comparable in magnituge with the pressure induced by a linear propagating wave. 
The induced pressure structure is complicated. It is drastically different for the cases of one  travelling group 
and of two head-on colliding groups.

10
010

0

−5 0 5
−0.6

−0.3

0

0.3

x/λ

k m
η

head−on
head−on
overtaking
overtaking

−10 −5 0 5 10
−0.6

−0.3

0

0.3

t/T
m

k m
η

10
−5

10
−4

10
−3

10
−2

10
−1

10

an
ce

 p
ro

ba
bi

lit
y 

di
st

ri
bu

tio
n

Rayleigh
100 realiz−s
P±σ

unidirectional
JONSWAP 
Tp = 10s
Hs = 3.5m
� = 3

Realization No 295

10
−5

10
−4

10
−3

10
−2

10
−1

10

an
ce

 p
ro

ba
bi

lit
y 

di
st

ri
bu

tio
n

−0.3

0

0.3

0.6

k m
η

0.1

0.15

0.2

k

−0.3

0

0.3

0.6

k m
η

head−on
head−on
overtaking
overtaking

x/λ
m

t/T
m

0 2 4 6 8 10
10

−8

10
−7

10
−6

10

(H/H
1/3

)2

E
xc

ee
da

n P±σ
P±Δ
300 realiz−s
P±σ
P±Δ
realiz. No 295
P±σ
P±Δ

The occurrence of an abnormally intense long-living 
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Overtaking wave groups may result in pronouncing  set-ups of the snapshots of extremely large waves. 
In head-on collisions the setup is more evident for the snapshots rather than for the time series.

e occu e ce o a ab o a y te se o g g
wave group from the waves of moderate steepness 
exhibits the features of the ‘black swan’ effect. It 
could not be expected from the previous consideration 
of smaller statistical ensembles, but when happens, 
produces an enormous effect on the wave statistics.


