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Quiz…
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• Wave experiments in wave tank
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& Methodologies

Numerical simulations from two models

Modified nonlinear 
Schrödinger equation (MNLS) 

Fully nonlinear 
potential flow



Wave Groups

Adcock et al. (2015)

• Lateral expansion
• Contraction in mean wave direction
• Largest wave moves to the front

Most probable shape of large wave 
groups predicted by linear theory 
(NewWave)

Most probable shape of large wave 
groups predicted by nonlinear theory



Shape of Extreme Events
Extreme waves centred at peak position
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Shape of Extreme Events
Averaged extreme wave profile

Normalised 
by peak 
amplitude

Top 17 largest waves

Top 1 Top 2

Top 3 Top 4

Take an 
average

Linear theory 
(Quasi-determinism 
theory)

Linear wave



Shape of Extreme Events
Linear theoryMeasured

Linear theory 
can make 
accurate 
predictions

Horizontal 
asymmetry

Wave group 
contraction

Wave Probe 1

Wave maker

Wave Probe 2

Wave Probe 3

Wave Probe 4

Wave Probe 5

Wave Probe 6



Quantify the wave group 
changes

𝑈𝑚𝑎𝑥 = 1

𝑇𝑧
2

𝑇𝑧
2

𝛽1,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝛽1,𝑁𝑒𝑤𝑊𝑎𝑣𝑒

𝛽2,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝛽2,𝑁𝑒𝑤𝑊𝑎𝑣𝑒

𝑈𝑚𝑎𝑥 = 1

0.8 𝑈𝑚𝑎𝑥

𝜎1,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝜎2,𝑁𝑒𝑤𝑊𝑎𝑣𝑒𝜎1,𝑁𝑒𝑤𝑊𝑎𝑣𝑒

𝜎2,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

Horizontal Asymmetry Wave Group Contraction

𝛽2,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝛽2,𝑁𝑒𝑤𝑊𝑎𝑣𝑒
−
𝛽1,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝛽1,𝑁𝑒𝑤𝑊𝑎𝑣𝑒
1 −

𝜎1,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 + 𝜎2,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝜎1,𝑁𝑒𝑤𝑊𝑎𝑣𝑒 + 𝜎2,𝑁𝑒𝑤𝑊𝑎𝑣𝑒



In the flume
Increase in 
nonlinearity



In the flume & Field data
Increase in 
nonlinearity

Lake George, Australia

North Sea



Field data
𝑆𝑡𝑒𝑒𝑝𝑛𝑒𝑠𝑠 = Τ2𝜋𝐻𝑠 𝑔𝑇𝑧

2

𝑇𝑧: Zero-crossing period
𝐻𝑠: Significant wave height
𝑔: Gravitational acceleration

Lake George North Sea



Asymmetry – Lake George
𝑆𝑡𝑒𝑝 𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔 = 𝛼1 =

𝜂𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔

𝜂𝑚𝑎𝑥

𝑆𝑡𝑒𝑝 𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 = 𝛼2 =
𝜂𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔

𝜂𝑚𝑎𝑥

𝜂𝑚𝑎𝑥𝜂𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔

𝜂𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔



Quantify the wave group 
changes

𝑈𝑚𝑎𝑥 = 1

0.8 𝑈𝑚𝑎𝑥

𝜎1,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝜎2,𝑁𝑒𝑤𝑊𝑎𝑣𝑒𝜎1,𝑁𝑒𝑤𝑊𝑎𝑣𝑒

𝜎2,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

Wave Group Contraction NewWave based 
envelope width half 
period before: 

𝜉1 =
𝜎1,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝜎1,𝑁𝑒𝑤𝑊𝑎𝑣𝑒

NewWave based 
envelope width half 
period later: 

𝜉2 =
𝜎2,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝜎2,𝑁𝑒𝑤𝑊𝑎𝑣𝑒

North Sea



Group Contraction 
- North Sea

NewWave based 
envelope width half 
period before: 

𝜉1 =
𝜎1,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝜎1,𝑁𝑒𝑤𝑊𝑎𝑣𝑒

NewWave based 
envelope width half 
period later: 

𝜉2 =
𝜎2,𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝜎2,𝑁𝑒𝑤𝑊𝑎𝑣𝑒



Conclusion
Averaged Shape of extreme events:

• The largest crest in the wave group tends 
to show horizontal asymmetry in natural 
occurring water waves.

• Wave envelope tend to contract in the 
mean wave direction.

Horizontal 
asymmetry
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