
DUXBURY WAVE MODELING STUDY  

2008 Status Report 
 
 
 

 
 
 
 

     Duncan M. FitzGerald                         Peter S. Rosen   

     Boston University                         Northeaster University         

     Boston, MA 02215                            Boston, MA 02115      
 

Submitted to: DUXBURY BEACH RESERVATION 

 

November 2008 



 
 
 

 

TABLE OF CONTENTS 
 

1. Duxbury Wave Modeling Studyéééééééééééééééééé. 3 

     Model Set-upéééééééééééééééééééééééééé 3 

2. Resultsééééééééééééééééééééééééééééé. 6 

     Storm Conditionséééééééééééééééééééééééé. 7 

     Summer Wave Conditionséééééééééééééééééééé. 8 

3. Conclusionsééééééééééééééééééééééééééé 8 

4. Referencesééééééééééééééééééééééééééé. 9 

5. Appendix 1ééééééééééééééééééééééééééé 10 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

DUXBURY WAVE MODELING STUDY 

 

Model Set-Up 

 

A two-dimensional third-generation wave model, SWAN (Simulating WAves Nearshore) 

has been used to evaluate the significant wave heights and periods of waves in the region of 

Duxbury. The model accounts for generation by the wind, as specified by the user, and 

dissipation through white-capping, bottom-friction and breaking, as well as wave-wave 

interactions. The model is based on wave energy balance equations and determines the 

propagation, refraction, shoaling and, on certain scales, diffraction of waves in complex 

bathymetries.  The SWAN model, unlike hydrodynamic models, is not sensitive to factors 

other than bathymetry and can be used in stationary mode (i.e. where waves are allowed to 

reach an equilibrium with a constant forcing) with no validation beyond that undertaken 

during the development of the model. However, the present version of the SWAN has been 

used and successfully validated recently within Boston Harbor using data collected from a 

pressure transducer (Hughes et al, 2007). 

 

The sea floor bathymetry used for the wave modeling was extracted from a compilation of 

data sets that were merged together by Coastal Zone Management and made available 

through MassGIS. The bathymetry comes from multiple sources including United States 

Geological Survey and USACOE Hydrographic Office. The bathymetry for the model 

domain area extracted from this compilation using ESRI ArcMap software at a 30 m 

horizontal resolution. The final model bathymetry was refined within matlab for the 

required spacing and areal coverage for an onshore fine resolution and offshore coarse 

resolution model. Post-processing of model data was also undertaken in matlab. 

 

Initially, the model was run using a 120 m linear grid domain covering a large offshore area 

extending beyond Cape Cod (the offshore model, Figure 1). The bathymetry data were sub-



sampled to provide the 120 m resolution. This large domain allowed realistic swells to be 

generated offshore and propagated into the study area. This was necessary as the wind and  

 

 

Figure 1. Model was initially run using a 120 m linear grid domain. 

 

swells used to drive the simulations were calculated using data from NOAA Buoy 44013, 

which is slightly north of Cape Cod and exposed to offshore conditions. The large extent of 

the offshore model also provided sufficient distance to the boundary to avoid interference 

and, by allowing for the propagation of offshore condition inland, also accounted for 

sheltering by Cape Cod during conditions driven from the south and east. The results from 

this offshore model were then fed into a ónestedô model of region local to Duxbury beach 

with a resolution of 30 m (inshore model Figure 2). Nesting the model allows results at the 

high resolution of the nested model grid, but with a shorter computation time than running 

the larger model grid at the higher resolution. 



 

 

 

 

Figure 2. Nested model (from domain shown in Figure 1) of region local to Duxbury beach        

               with a resolution of 30 m. 

 

The model was run in stationary mode allowing the sea to fully develop under a given 

condition. Representative simulations have been undertaken for nine offshore swell 

conditions (three wind/wave conditions from three directions). Table 1 summarizes the 

wind speeds and swell conditions used to drive each of the model runs. Northeast (045°) 

and east-northeasterly (067.5°) conditions were chosen to represent winter storm 

conditions. The three wind speed wave height combinations represent the 1, 25 and 100-

year return conditions within Massachusetts Bay (Aubrey Consulting, 1991). Southeastly 

(135°) conditions were chosen to represent summer storm and average conditions. 

Representative swell and wind speeds for a 100-year summer storm condition were 

estimated using the extreme values given in the climate summaries for buoy 44013 

(provided by NOAA). Representative conditions for the 1-yr summer storm were 



calculated using hourly records of wind and wave conditions from from the southeast for 

the summer months (June, July and August) 2008 downloaded from NOAA buoy 44013.  

Average conditions were calculated using the hourly data from the southeast for summer 

2008 from buoy 44013. Each of the nine simulations were run on the offshore model and  

then the inshore model. Only results from the inshore model are presented. 

RESULTS 

Model results for the 100-, 25-, and 1-year event for waves approaching from northeast, 

east-northeast, and southeasterly directions are shown graphically in Appendix 1. For each 

model run, wave energy distributions are depicted using a color bar where by hot 

red/orange colors indicate higher wave energies and cooler blue colors show lower wave 

energy. In addition, a vector diagram demonstrates the spectral direction of wave energy. 

These arrows can be used as a proxy to interpret the direction of wave approach and thus, 

the longshore sediment transport direction.  

 

Table 1 Summary of model simulations. 

 

 Run ID 

Wind  

speed  

m/s 

Swell 

Height 

 m 

Swell 

 Period 

 s 

Direction 

 
           Comment 

WINTER/  

NE 
1 23.66 8 13 45 100-yr storm (Aubrey report) 

 2 21.09 6.7 12 45 20-yr storm (Aubrey report) 

 3 10.8 4.5 10 45 1-yr storm (Aubrey report) 

WINTER/  

ENE 
1 23.66 8 13 67.5 100-yr storm (Aubrey report) 

 2 21.09 6.7 12 67.5 20-yr storm (Aubrey report) 

 3 10.8 4.5 10 67.5 1-yr storm (Aubrey report) 

SUMMER/ 

 SE 
1 23.15 5.5 12 135 

Buoy 44013 Climate summary  

extreme ~100yr storm 

 2 9.3 1.3 10 135 
Buoy 44013 2008 summer data  

extreme ~1 yr storm 



 3 4.32 0.6 8 135 
Buoy 44013 2008 summer data  

~ summer average conditions 

 

Storm Conditions.- For extreme 100-year northeast and east-northeasterly storm conditions 

significant, deepwater wave heights (average of the highest one third of the waves) reach 8 m with 

periods of 13 seconds. During a 20-year event, wave heights diminish slightly to 6.7 m with 

periods of 12 seconds. Finally, a one-year event produces deepwater waves of 4.5 m high and 

periods of 10 seconds. During the high-energy events, the 6.7 and 8 m-high waves break offshore 

and reform before reaching the Duxbury shore having considerably smaller wave heights. One 

consistent trend in all of the high wave energy events (100 and 20-yr events from the NE and 

ENE) is the marked lower wave energy immediately offshore of High Pines compared to the rest 

of the barrier. This is a shallow region formed by an eroded drumlin or the seaward continuation of 

the glacial deposit underlying the High Pines barrier and dune complex. Waves refract around this 

feature during storms producing a low wave regime along the landward beach. This pattern of 

refracting waves generates a longshore sediment transport convergent zone at High Pines, which 

explains why this area contains the greatest sand accumulation along Duxbury Beach (Figure 3).  

 

 



 

        Figure 3. Aerial photograph of waves refracting around an eroded glacial deposit seaward                

                       of High Pines. This pattern produces a converging longshore sand transport regime.  

Note in Figure 3 that crests of refracted wave swell approach High Pines from both the southeast 

and the east-northeast. This type of converging wave crests is same pattern that is depicted in the 

spectral diagrams.  

 

Summer Wave Regime.- Summer wave conditions are depicted using southeasterly wave 

conditions. The arm of Cap Cod protects the beach from open-ocean wave conditions. Thus, as 

seen in the diagram depicting average wave energies from the southeast (Appendix 1), the 

significant wave height reaches only 0.4 m. During a one-year storm, significant waves reach 1.0 

m in height and during a 100-year storm, significant wave heights are between 3.0 and 4.0 m. A 

consistent trend in the graphs is that southeast waves generate northerly longshore sediment 

transport along the entire barrier. The model results also reveal that the beach fronting High 

Pines experiences lower wave energy compared to adjacent regions. 

 

CONCLUSIONS 

 

Wave analysis for the Duxbury Beach region utilizing the SWAN computer model yielded very 

reasonable and interesting results. Conditions during extra-tropical northeast and east-northeast 

storms for 100 year and 20-year events generated significant wave heights of between 5.0 and 

6.0 m with periods of 12 to 13 seconds. During southeast summer wave conditions mean wave 

heights are less than 0.4 m and during storms they increase to 1.0 m. A 100-year southeast storm 

event would produce 3.0 high waves. 

 

The major trend on Duxbury Beach during most wave conditions is the convergence of wave 

crests offshore from High Pines. This refraction pattern results from glacial landforms in the 

nearshore, and suggests a bidirectional longshore transport during most storm conditions. 

 However, waves are nearly parallel to the beach along most of its length, so the overall shoreline 

is approaching a longshore equilibrium. On the beach, the large volume of sand stored at High 

Pines, and the lack of sand transport in the vicinity of Gurnet Head are consistent with these 

trends. The impacts of southeast waves, which are limited both in terms of energy level (due to 



fetch) and frequency, create a low energy longshsore transport to the north. Again, the lack of 

sand at Gurnet Head, and increase in sand composition going north, support this conclusion.   
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Appendix 1. Spectral Diagrams and Wave Vectors 

 

 

 

 
 


