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LONG-TERM GOALS 
 
The proposed work will investigate the dynamics of directional infragravity waves (IGW) in the 
nearshore. The long-term goal of the project is to formulate the theoretical framework for directional 
IGW propagation, and revisit existing field observations (e.g., Duck '97 experiment, e.g., Sheremet et 
al. 2002; Sheremet et al. 2005) from the perspective of IGW directionality. The work will benefit our 
understanding of wave current-sediment interaction in the nearshore and improve numerical 
forecasting models of nearshore hydrodynamics. 
 
OBJECTIVES 
 
Because the scope of the problem of IGW dynamics involves theoretical and experimental work well 
beyond the reach of a 2-year project, the short term objective of the proposed work is to establish a 
theoretical framework, identify goals that are reachable in the short term, and formulate strategies for 
long-term goals. Main short-term objectives are: 
 
(1)  Study the dynamics of the three IGW types:  leaky, edge and trapped Riemann waves. The first 

step will be to investigate the nonlinear interaction mechanism mechanism within the edge-wave 
family.  

 
(2)  Development a unified nonlinear shoaling model that incorporates the edge-wave dynamics into 

the general description of the IG generation processes. 
 
APPROACH 
 
The proposed work will focus on establishing the theoretical background for understanding the 
coupled dynamics of the three IGW types. The short term objective is to identify goals that are 
reachable in the short term, and formulate strategies for long-term goals. The work will focus on 
formulating a comprehensive description of the generation, propagation and dissipation mechanisms 
for the three wave types, considered separately.  
 
IGW generation and nonlinear interaction. The IGW excitation process that occurs in the shoaling 
zone, where energy is transferred through nonlinear interactions form swell to IGW components. 
Active interaction processes include IGW self- and swell-interaction. The analysis is complicated by 
the existence of edge waves, (Guza and Davis, 1974; Guza and Bowen, 1976) that involves the 
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interaction between the continuum of swell components and the discrete edge-wave spectrum. A 
preliminary analysis based on the shallow water equations forced by swell-induced radiation stresses 
was carried out by Henderson and Bowen (2002) using Green's function for the linear problem. The 
next step will be to study the effects of near resonant the triad interaction mechanism in the IGW 
spectrum, in the context of a given directional shoaling swell. The nonlinear mild slope equation 
(NMSE) model developed by (Agnon et al., 1993; Agnon and Sheremet, 1997) will be used to 
investigate this problem.  
 
Dissipation mechanisms. Dissipation mechanisms are essential to understand the IG energy balance. 
Several basic dissipation processes and any combinations of these are a priori possible: 
 
1)  Bottom friction, including surf turbulence, e.g., Feddersen et al. (1998; 2003), Feddersen (2012), 

and others. Bottom friction and Riemann-type breaking are the best understood and their 
integration into a theoretical framework is straightforward. Breaking appears to play a role in 
laboratory experiments but it is unlikely to be significant in the field due to strong directional 
spread.  

2)  Reverse nonlinear shoaling was investigated by Henderson et al. (2006)) based on the Duck '97 
observations. This is a reverse generation mechanism, which is already included in theoretical and 
numerical simulations.  

4)  Percolation is an intriguing process that is not well understood (Longuet-Higgins, 1983; 
Packwood and Peregrine, 1980). Percolation through the porous sandy bed should play a role 
similar to bottom friction in the shoaling and surf zones, but the effect of possible IGW-induced 
oscillations of the water table at the shoreline, have not been considered.  

 
Numerical modeling and data analysis. The spectral-domain modeling effort will be based on the 
nonlinear mild slope model for triad interactions in water of finite depth developed by Agnon et al. 
(1993); Agnon and Sheremet (1997), in both phase-resolving and phase-averaged forms. The 
unidirectional form of the model has been tested successfully for laboratory data (Sheremet et al., 
2011). A directional version of the model is under development and will become operational as part of 
a separate effort funded by NOPP. The model is particularly well suite for the study of IGW 
generation. It will be expanded to a wave-action model to include mean water level (wave set-
down/up) and Stokes drift currents, as well as nearshore currents with mild vorticity (e.g., McKee, 
1974).  
 
WORK COMPLETED 
 
Edge-wave dynamics.  A theoretical model for edge-edge wave interaction was developed based on  
Zakharov's (1999) Hamiltonian formulation for a cylindrical (straight-isobath) beach under the 
assumption of shallow water. Equations of both dynamical (phase-resolving) and a kinetic (phase 
averaged) type were derived. The evolution of the IGW field is represented as the time-evolution of 
shoreline amplitudes of a generalized Fourier/Sturm-Liouville orthogonal basis of function (harmonic 
time-alongshore representation; Sturm-Liouville cross-shore eigenfunctions). The equations describe 
the nonlinear evolution of the shoreline amplitude of infragravity edge-wave due to resonant triad 
edge-edge wave interactions.  
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Directional Shoaling models. A directional spectral model (Agnon and Sheremet 1997) was 
developed and tested. The model implementation includes: incorporation of offshore wave spectra; 
remapping of frequency-directional spectra into frequency-longshore wave number grids; and 
snapshots of the free surface elevation. At present the model is being tested with Duck AWAC 
(Acoustic Wave and Current) data. Coupling with the WAVEWATCH-III model is ongoing, and 
comparisons with nonlinear parabolic models and phase-averaged nearshore models are being planned.  
 
RESULTS 
 
Both dynamical and kinetic models for nonlinear edge-wave evolution have been fully implemented 
numerically The equations agree with previous derivations by Kirby et al. (1998) and Kurkin and 
Pelinovsky (2002). The resonant manifolds have been identified. An example of the process for a 
constant-slope, plane beach is given in Figures 1-2. For realistic bathymetries the resonance manifolds 
have to be calculated numerically. Numerical simulation with single triads (Figure 3) have been 
verified against analytical solutions (e.g., the Jacobi elliptic function solution for a single triad, 
Swaters, 1988; Craick 1988).  
 
Figure 4 shows an example of numerical simulations (Davis et al. 2013) of the evolution of a 
directional spectrum based on the nonlinear mild slope equation (Agnon and Sheremet, 1997), 
highlighting the generation of infragravity waves (Figure 4c) as well as nonlinear effects in swell 
propagation (e.g., the development of asymmetry, the steepening of the frontal wave slope). The model 
is being tested with observations collected during the ONR-led MURI field experiment on wave-mud 
interaction (2008-2010) and at USACE FRF at Duck, NC.   
 
IMPACT/APPLICATIONS 
 
The present research aim at extending the predictive capability of the Navy’s wave forecasts in the 
nearshore to account for the IGW processes. The dynamics of IGW are important for the energy 
balance   in the nearshore, with has significant consequences for inundation, erosion and nearshore 
sediment transport.  Despite the amount of work dedicated to the study the coupled dynamics of 
nearshore waves, currents, and sediment transport, our understanding of these processes is still 
rudimentary. The current paradigm is unidirectionality: waves propagate perpendicular to the 
shoreline; currents are flow alongshore; sand moves up and down the beach profile. The Navy goal of 
developing reliable forecasting models for arbitrary nearshore weather conditions cannot be achieved if 
a significant portion of the physics is ignored or misrepresented.  
 
RELATED PROJECTS 
 
None. 
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Figure 1: An example of surfaces generating the resonance curves for edge-edge wave triad 
interactions for a plane-beach (constant slope beach profile). The resonance manifolds are the 
intersection of the such surfaces with the horizontal plane passing through the origin (gray). 
Represented are surfaces for triads involving Sturm-Liouville modes (0,0,0), (0,0,1), (0,1,1),  

and (1,1,1). 

 
 
 

Figure 2: An example of generating surface (a) and resonance curves (b) for triads (0,0,1) and 
(0,1,1). In b), colors represent the magnitude of the interaction coefficients. 
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Figure 3: Kinetic nonlinear evolution of a single edge-wave triad: numerical integration (dots) vs 
analytic solution (lines). 

 
 

Figure 4: Example of a realization of the free surface elevation generated by the phase-resolving 
nonlinear directional triad model of Agnon and Sheremet (1997), with the numerical implementation 
of Davis et al. (2013). Offshore spectrum is a 2-m significant height, 15-s period JONSWAP spectrum 

propagating at 30 degrees angle with respect to the shore-normal direction. a) Linear model; b)  
Nonlinear model result. c) Infragravity wave field generated during shoaling. The nonlinear effects are 

also visible in panel b) in the development of wave asymmetry.  The shore is at the top of the figure. 


