
Resonant oscillations in small craft harbours

Observations and mitigation modeling examples from Atlantic Canada
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Coastal issues at fishing harbours

• Aging infrastructure vs. expanding fleets, transient 
and non-commercial use

• Wave agitation

• Storm surges & sea level rise

• Maintenance dredging

• Loss of winter ice cover  winter wave exposure

• Long wave forcing
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1. Characteristics
• Referred to as “infragravity” waves
• Low frequency (LF), typically period > 1min 
• Due to by meteorological forcing, non-linear swell interaction 

combined with bathymetry

2. Potential Impacts
• Basin resonance
• Mooring problems (most references on large ports)
• Scour and undertow due to LF currents

Long wave forcing
1. Characteristics

• Referred to as “infragravity” waves
• Low frequency (LF), typically period > 1min 
• Due to by meteorological forcing, 

non-linear swell interaction combined with bathymetry
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Source: USACE CEM
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Harbour A
1. Initial wharf 2. “Rock box”

Scour
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1. Outside

2. Basin North

3. Basin South

49 50 51 52 53 54 55 56 57 58 59

-0.4

-0.2

0

0.2

0.4

0.6

m

Minute after 22-Sep-2014 14:00

Sea surface timeseries, harbour A

7



Frequency domain
Swell 10-12 sec

First mode
Resonant period=3min
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Spectrum  of sea surface elevation time series from 13 March 2016 event

 

 

Outside

Basin entrance

Harbour A

Peak LF energy 
at 8 min
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Harbour B
across the bay 
(different event)
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Tools to estimate resonant oscillations
ANALYTICAL EQUATIONS
Amplification at resonance  = f(basin length, width, depth)

See USACE CEM - For amplification to occur, energy has to 
be present in sea surface signal

PHASE-RESOLVING BOUSSINESQ WAVE MODELS
Must resolve non-linear interactions between different 
components of the primary wave spectrum, known to be 
important for the forcing of long waves.
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Low frequency currents
Harbour D bathymetry

Harbour D currents

Even relatively small sea surface gradients can cause 
scour-inducing currents

Signature 
scour hole
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Breakwater spur



12

Harbour I – Elongated basin

3 min



Wave spectra observations – full record

2 min
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White noise modeling analysis
• Goal: investigate potential for seiching
• White noise boundary spectrum is a synthetic sea state with equal amounts 

of energy at all frequencies
• Actual development of resonance depends on the frequencies present in the 

outer sea state.

Observed in 
outer sea state

Also observed 
in harbour
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Resonance currents
• Strongest through narrow channel sections
• Peaks likely > 1 m/s

Mitigation
• Resonance cannot be significantly reduced by 

minor harbour layout or entrance modifications
• Design for strong currents 
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Small harbour resonance – Takeaways

1. LF energy is highly variable even within small geographical area (most LF energy 
observed along Atlantic coast)   Use wave gauges

2. Natural harbour frequencies can be reasonably predicted based on basin size, 
then simulated more accurately with numerical modeling. 

3. Mitigation strategies
• Wave dissipating inner harbour slopes
• Design for strong currents  Scour protection, mooring systems
• Substantial rearrangement of the harbour layout. 

If not practical, limit swell penetration and design for LF currents.
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Thank you –Questions / discussion
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