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PROBLEM STATEMENT
• Boussinesq-type models have become popular in the last two decades, mainly for two reasons:

A. the growth of HPC resources has made the application of Boussinesq-type models more practical and 
B. a balance between removal of third dimension (z; depth-averaged) and weak dispersion speeds up computation greatly.

• To date, there were two major limitations in practical applications of the FUNWAVE model: 
A. highly dispersive waves, common in intermediate to deep-water regions; and
B. external forcing associated with variable water levels and large-scale processes, such as tides and storm surges. 

• Common approaches to extend Boussinesq models from 2nd to 4th order in kh have been rendered computationally 
expensive and notoriously unstable.

Statement of Need:  SON-N-1694 & SON-N-1754

FY24 was Year 3 of 3
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• The new modules/products will enhance the predictive capability of simulating surface waves, ship-wakes, and 
wave-induced processes, especially those involving wave interactions with shorelines in larger temporal and 
spatial domains. This will place ERDC/CHL at the forefront of phase-resolving wave modeling.

• Civil Works (CW) Strategic Focus Areas (SFA):

 Improved model accuracy and efficiency in simulating event-scale hydrodynamics, such as hazardous 
waves, coastal flooding, and ship-wake-induced coastal erosion.

• Military Applications (partnerships and leveraging of limited resources – time, personnel, funds)

CAPABILITY AND STRATEGIC IMPACT
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FUNWAVE
FUNWAVE is a phase-resolving numerical wave model for shallow-to-
intermediate water depths that resolves many physical wave processes 
in littoral regions, such as:

 nearshore wave propagation & transformation, including refraction, diffraction & nonlinear 

shoaling (Littoral Entry Operations)

 bottom friction & wave-induced current, nonlinear wave-wave & wave-current  interactions

 wave breaking with runup & overtopping of structures (Flooding threats)

 harbor resonance and infragravity (IG) waves (Important for understanding austere 

ports of entry)

 vessel-generated waves & sediment transport with morphology change

 landslide-generated tsunamis (regional and global ocean basin)

 High-Performance Computing (HPC) 

Portal web-based access with GUI
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SURGE/TIDAL FORCING
A. Absorbing Tidal Boundary Condition (BC)

• It can be applied at any boundary

A. Absorbing-Generating Tidal BC: 
• Simplifies coupling of wavemaker and absorbing tidal BC
• This can only be applied to the one (locally west) boundary
• For now, there is a limited selection of wave maker types 
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TIDAL/SURGE EXAMPLE
While called the tidal module, storm surge data may also be used as input. 

Joint work with University of Delaware
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PUBLICATIONS
• Published [JP]: Malej, M., Shi, F., 2024, Modeling the optical signature 

induced by wave breaking using the Boussinesq-type wave model 
FUNWAVE-TVD, Ocean Engineering - Elsevier, doi: 
https://doi.org/10.1016/j.oceaneng.2024.118160

• Published [TR]: Malej, M., Shi, F., Tozer, N., Smith, J.M., Lofthouse, E., 
Cuomo, G., Salgado-Dominguez, G., Lam, M. Y-H., Torres, M., 2024 
FUNWAVE-TVD Testbed: Analytical, Laboratory, and Field Cases for 
Validation and Verification of the Phase-Resolving Nearshore 
Boussinesq-type Numerical Wave Model, ERDC Technical Report – 
ERDC/CHL TR-24-14, doi: http://dx.doi.org/10.21079/11681/49183.

• In-Progress [TN]: Malej M., Shi F., Torres, M., 2024, Development of 
tidal and surge forcing in Boussinesq wave model FUNWAVE-TVD, 
submitted to ERDC/CHL CHETN [with editor – final management review]

• In-Progress [TN]: Malej, M., Shi, F., Lam, M, Salgado-Dominguez, G., 
and Torres, M. J., A highly-dispersive model for simulating waves 
induced by vessels and winds in relatively deep water, to be submitted to 
ERDC/CHL CHETIN [peer review]

• In-Progress [JP]: Malej M. and Shi, F., Modeling the higher harmonics 
of ship-wakes using a highly dispersive wave model [in peer review - 
submitted to Ocean Engineering]

• In-Progress [JP]: Malej M. and Shi F., Lam, Y.-H. M., Torres, M., 
Development of the water level variation module in FUNWAVE-TVD [in 
preparation]
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DEEP(ER)   WATER   EXTENSION

• FUNWAVE is limited to waves satisfying: 
                 𝑘𝑘ℎ < 𝜋𝜋  ℎ/𝐿𝐿 < 1/2.

Increasing 𝑘𝑘ℎ barrier would allow:
A. Deeper waters (larger ℎ), and/or
B. Shorter waves (smaller 𝐿𝐿  larger 𝑘𝑘).

• 4th order (𝑘𝑘ℎ) Boussinesq type models are highly 
unstable.

• Based on surface flow techniques commonly used 
for non-hydrostatic models.
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MOTIVATION - VESSEL GENERATED WAVES (𝒌𝒌𝒌𝒌 < 𝝅𝝅)
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PRELIMINARY TESTS (WIND WAVES)
• Dispersion tests: 

standard standing wave experiments with different kh
• Efficiency 

computational burden
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PRELIMINARY TESTS (VESSEL WAKES)
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WORK IN PROGRESS 
(COMPLETION: Q1/Q2 FY25)
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SUMMARY
FY24 Major Advancements in Capability

Tide/Surge Forcing Module Enhancements
• Available in the latest version of FUNWAVE
• Documentation available on Wiki and in the TN

Deep Water (Highly-Dispersive) Module
• The beta version of the code was completed
• Preliminary Test are very promising

FY24/25 Products & Advancements

• Completion of deep-water module with the release of open-source 
code, benchmarking and guidance

• Technical Note/Report on deep water module with test cases 

• Workshop/Mini-workshop on deep water module and tide module 

FY24 Major Products & Collaborations

Publications
• Published [JP]: Malej, M., Shi, F., 2024, Modeling the optical signature induced by 

wave breaking using the Boussinesq-type wave model FUNWAVE-TVD, Ocean 
Engineering - Elsevier, doi: https://doi.org/10.1016/j.oceaneng.2024.118160

• Published [TR]: Malej, M., Shi, F., Tozer, N., Smith, J.M., Lofthouse, E., Cuomo, G., 
Salgado-Dominguez, G., Lam, M. Y-H., Torres, M., 2024 FUNWAVE-TVD Testbed: 
Analytical, Laboratory, and Field Cases for Validation and Verification of the Phase-
Resolving Nearshore Boussinesq-type Numerical Wave Model, ERDC Technical 
Report – ERDC/CHL TR-24-14, doi: http://dx.doi.org/10.21079/11681/49183.

• In-Progress [TN]: Malej M., Shi F., Torres, M., 2024, Development of tidal and surge 
forcing in Boussinesq wave model FUNWAVE-TVD, submitted to ERDC/CHL CHETN 
[with editor – final management review]

• In-Progress [TN]: Malej, M., Shi, F., Lam, M, Salgado-Dominguez, G., and Torres, M. 
J., A highly-dispersive model for simulating waves induced by vessels and winds in 
relatively deep water, to be submitted to ERDC/CHL CHETIN [peer review]

• In-Progress [JP]: Malej M. and Shi, F., Modeling the higher harmonics of ship-wakes 
using a highly dispersive wave model [in peer review - submitted to Ocean 
Engineering]

• In-Progress [JP]: Malej M. and Shi F., Lam, Y.-H. M., Torres, M., Development of the 
water level variation module in FUNWAVE-TVD [in preparation]

Collaborator
• Districts: LRB, NWP, LRE, SAJ, POH, SPL, and SWG.• Academia: University of Florida, University of Delaware, Georgia Tech, University of 

Rhode Island
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