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1. Introduction

• Accurate simulation and prediction of 3D currents and

surface gravity waves require better knowledge of wave-

current interactions (WCIs), particularly over coastal and

shelf waters.

• Significant progress has been made in the development and

applications of coupled circulation-wave models.

• WCIs are expected to be large during extreme weather events

such as hurricanes or tropical storms, and also large over

areas with strong tidal currents.

• One would expect that the tidal modulation in the wave height

should reach its maximum in the contra tidal currents.

• Higher surface waves in the following tidal currents were

frequently observed than those in the contra tidal currents.



A. Effects of waves on currents (WEC)
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B. Effects of currents on waves (CEW)
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⚫ Buoy observations

⚫ A coupled wave-circulation 
model

Methods:

Wave model: WAVEWATCH III
Circulation model: DalCoast 

Objective:

To examine tidal modulations of 
surface gravity waves in the Gulf 
of Maine (GOM) and associated 
important physical processes 

44027 44005 44018 44008

Research Objective and Methods

(Surface ocean currents 
produced by DalCoast)



Circulation model
(POM)

Hurricane wind model

Wave model
(WW3)

Coupler
(OpenPALM)

𝐔𝟏𝟎 𝐔𝟏𝟎

2. Coupled Wave-Circulation Model 



• An external coupler known as Open-PALM is used for coupling between

POM and WW3.

• Open-PALM is an open source codes coupler for massively parallel

multiphysics/multi-components applications and dynamic algorithms.

A coupled wave-circulation model based on POM and WW3



Simulated sea surface currents and salinity in 2008
produced by DalCoast based on POM

1 m/s
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Application One: Wave-current interactions over the eastern 

Canadian shelf under three extreme weather conditions



Image: differences in Hs due to effect of circulation on waves 

Wind Velocities Surface CurrentsWave Vector

▪Surface currents reduce the effective wind speeds to waves 

▪Currents increase the advection velocity of the wave packet
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Application Two: Wave-current interactions over the 

Canadian coastal waters



Run_VF
(Vortex force)

Run_RS
(Radiation Stress)

Run_CirOnly
(Circulation-

only model run)

Surface current

Wave energy 
dissipation

Surface 
wave field



Application Three: 

Tidal modulation 

of surface waves in 

the Gulf of Maine.
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Spectral content (2008-2010)

Power spectra of significant 
wave height (Hs) and wind

Cross-spectra analysis of Hs and 
tidal elevation

M2

The maximum Hs modulations occur at different tidal phases

44018

3. Analysis of Observational Data
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Time series of tidal elevation and SWH (Hs) at 44018

There exists a consistent phase relationship
between these two signals, with the
maximum 𝑯𝒔 modulation occurring during
the rising tide (i.e., in the following tidal
currents). Tidal elevation is calculated from
OTIS dataset.
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Current-induced 

refraction

Current-induced 

wavenumber shift

Current-induced 

advection
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⚫ Effects of ocean currents on ocean waves are implemented through 
the wave action balance equation:
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Experiment Current-induced

advection

Current-induced 

wavenumber shift

Current-induced 

refraction

Run_WaveCir ✓ ✓ ✓

Run_WaveOnly Wave-only model run

Run_WaveCg ✓  

Run_Wavek  ✓ 

Run_Waveθ   ✓

⚫ List of five numerical experiments

Process-oriented experiments

4. Numerical Model results



Time series of observed (red) and simulated (green, black) 
mean wave variables at buoy 44018 

Wave 
height

Wave 
period

Wave 
direction

• The coupled model (Run_WaveCir, green line) reproduces reasonably 
well the observed tidal modulations of mean waves variables. 

• The wave-only model does not generate tidal modulations.



Observed (red) and simulated (green, black) power spectra of Hs

• The coupled model (Run_WaveCir, green line)
reproduces reasonably well the observed
semidiurnal spectral peak.

• The wave-only model does not reproduce the
semidiurnal peak.



Simulated mean wave variables in the wave-only, fully coupled, and process-oriented 
model runs at buoy 44018 on August 10-17, 2010

(a) Wave height

(b) Wave period

(c) Wave direction

Current-induced 
advection, refraction, 
and wavenumber shift

Current-induced 
wavenumber shift

Current-induced 
refraction

Physical processes for modulations of three mean wave variables
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Amplitudes of tidal modulations in Hs (August, 2010)

Both the current-induced advection and wavenumber shift contribute 
to the 𝑯𝒔 modulation over the inner and outer edges of GB.

The refraction effect contributes to the 𝑯𝒔 modulation over GB and 
areas behind GB.

Current-induced 
advection

Current-induced 
wavenumber shift

Current-induced 
refractionAll processes



Distributions of percentage changes in Hs (color image) induced by three 
major processes in two cases at the maximum flood

All processes

Case 1:
Northward 

propagating 
waves

Case 2:
Westward 

propagating 
waves

Advection
Wavenumber 

shift Refraction

The modulations of 𝑯𝒔 due to wavenumber shift and refraction vary 
with the change in wave propagation directions.
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Contribution from current-enhanced wave dissipation (Sds)

The current-enhanced dissipation 
(whitecapping dissipation term) 
becomes important during high 

winds, which can reduce at least 
half the Hs modulation over areas 
behind GB, but has negligible 
effect on their phases.

changes  in Sds Changes in Hs
Sds

Hs



• Dalhousie University, Memorial University and University of PEI recently
received $93.7 millions for the Ocean Frontier Institute.

• Title: Safe and Sustainable Development of the Ocean Frontier

• The main objective of this research program is to have an integrated set of 17
research modules focused on: atmosphere-ocean interactions, shifting
ecosystems, sustainable fisheries, sustainable aquaculture, marine safety,
and ocean data capture and integrated information technology tools.

5. Ocean Frontier Institute



Module Leads:

Jinyu Sheng and Katja Fennel, Dalhousie University

Research Module F: 
Cooperative Model Framework for the NWA and CAG 

Youyu Lu Senior Scientist at BIO of DFO, Adjunct at DAL

Will Perrie Senior Scientist at BIO of DFO, Adjunct at DAL

Entcho Demirov Associate Professor, MUN

Eric Oliver Emerging Researcher at DAL

Collaborating Researchers (with direct participations):  



a) Develop and calibrate an integrative, multi-scale, physical-biogeochemical 
model framework for the NWA

b) Simulate physical and biogeochemical conditions and extreme events in the 
past and future using the model framework 

c) Assimilate observations into the models

d) Investigate the effect of climate change on shifting ecosystem

Overarching Objectives of Module F:



Focal area requiring a 
resolution of about 1 
km or finer

Level 2

Level 1

Level 3

Level 4

Topography of the northwest Atlantic Ocean



Thank you!


