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Introduction

• Well known effect (obs & model)
• waves alter upper ocean in many ways

• breaking and nonbreaking turbulence, mixing

• atmosphere-ocean boundary layer (α*)

• nonlinear effects and Stokes drift

• currents influence waves
• Doppler shift ω = σ + k • v

• Stretching / compressing wavelengths, function of current grad

• Current induced refraction, focusing, wave action advection cg+u

• Norway “dangerous seas”

Air-Sea Interface 2025



Theory and previous studies

• Known phenomena
• Longuet Higgins & Stewart 1960. Changes in the form of 

short gravity waves on long waves & tidal currents”, JFM

• C. Vincent

• H. Tolman

• D. Masson

• Weng & Seng



JPO papers …









JGR 2017



Ardhuin, JGR 2017



JPO, 2018



Norway – Lofoten Maelstorm







Quick Theory Recap

• Smooth sailing in case we known ocean currents
• Ardhuin et al., 2017 – effect of the Gulf stream on WW3

• Tolman, Vincent, Masson,…

• In case of oscillatory currents (mostly BT tides)
• Strong tidal currents – i.e. Norway -> large effect

• Still OK, as we know how to predict barotropic currents  



(Problem) baroclinic+tides = IT

• Internal tides – hard problem to predict timing 

• We can predict some features (statistical way - amp)
• Problem is random surfacing of internal tides/currents

• Hard to predict correct phasing (even 4D-Var DA example)
• complex path in 3D, density variation, topographic effects, remote

• Strong baroclinic currents at the NWS, WA is ideal testbed

• Globally: Hawai’i, Tahiti, Macquarie Ridge, Luzon Strait.



NWS ... setting the scene

• Peter Holloway, ’80
• 4km POM

• Matt Rayson, 2012
• 1-3 km ROMS

• ….

• I. Janekovic, ‘22
• 2km  4D-Var DA



Observations & models

• Shows strong tidal modulation, during the summer
• not only for Hs but direction as well (critical for operations)

• Modern models (ROMS, WW3, …)
• even 4DVar-DA is not the silver bullet

• Realistic forcing, supercomputer, …. 

• Still struggling to predict correct dynamics

• Exchange of info btw different models was missing



Semi-diurnal wave modulation

TC Lincoln

TC Neville



2-way coupling - digital twin

• Focus on wave-current interaction, complete system 
uses atmosphere model as well (2-way & 3 models)

• Ocean component – ROMS – Vortex force 
• modifying turbulence due to waves

• surface drag and momentum exchange

• using wave info (Hs, L, Dir, Tp, diss & breaking)

• Wave component – WW3 or SWAN
• receive surface V, zeta 

• Cg+U, Doppler shift 

• refraction, focusing…  



Twin exp.  1/1-4/2024

• E0: standard model ROMS & SWAN uncoupled 

• E1: 2-way coupled system, exchange info 30min

• E2: The same as E1 but currents for exchange  = 0

• E1 & E2 kept wave influence inside ROMS

• Nested model into NEMO, ERA5, tides, 2km, 30σ, …



Complex dynamics



Sea level – E0, E1, E2

• Not so different - a few cm

• It is fine for deep locations

• Along coast different story



Currents E0, E1, E2



Waves – a bit different story 



Hs for E2, E1 and E2-E1

• Depends on location and current strength

• Difference almost as in Ardhuin paper (Gulf Stream)



Wave spectra at single point



Hs and PSD



Hs PSD zoom



Conclusion (work in progress)

• Even we use sophisticated models still hard to fcst

• Wave modulation in semi-diurnal and 6h band
• Hs can vary up to 10-15%

• Direction up +/- 10 degrees (up to 20)

• 2D spectra quite different

• Variability - specific for location/currents (BT/BC)

• 2-way coupling helps with observed modulation PDS

• Using 4D-Var together with 2-way coupled waves?
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