
Bob Guza, Scripps   Inst. Oceanography 

California waves & wave-driven processes 

Billions$/yr  tourism 

Quality of life 

BLACK’S - set wave 12/04 



Ocean swell waves, generated by storms,travel 

across ocean basins in a few days 
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Offshore Wave Buoys 

 Measure Arriving Swell 
 from the Open Ocean 

 “Buoy Network” Spectral Refraction Model  

BILL O’REILLY   et al 

Local Wave Buoys 

  Measure Locally  
  Generated Seas 

 “Buoy Network” Spectral Refraction Model  



MODEL TEST 

O’Reilly et al 



Waves reflect from the rocky Channel Islands 

Alongcoast Model Prediction 

            “MOP” Sites 

-  10m water depth. 

-! 100m alongshore spacing. 

-! hourly updates 



*Goal : Couple Regional (basin-scale) waves  
                                    + 
            models for surfzone processes 

* We have : waves in 10m depth 

•!Next : models for small scale, wave-driven processes.   
(Surfzone dynamics in 15 minutes) 

Wave Evolution from ‘deep’ (10m) to the Shoreline 

SIMPLE : Near planar beach. 
Waves normally incident 



Sea-swell wave heights = depth limited = Operational model 
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Small waves 

Big waves 

Wave shoaling & breaking : nonlinear energy transfer 

1.5m, Surf 

0m, Shoreline 

    7.4 m 

Mean depth 

Low frequency (1 min) 
waves can dominate 
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Sea (T=10sec) 

 Surfbeat (T =100sec) 

With Big Waves, Shoreline swash dominated by surfbeat  

+ roller + mixing 



Obliquely incident waves = alongshore current  

Santa Barbara, Ca. 

Sxy_total  STRONGLY correlated with  V_alongshore. 

Waves from opposing quadrants can cancel (V=0) 

(1 run = few hours) 



Duck, NC. Egmond, Holland 
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SAND BARS 

Sheared Mean current  is unstable = meanders 



X 

           Nearshore Canyon Experiment (NCEX) : strong alongshore variations 

SDiego 

LA 

S.Barbara 



Huge E GRADIENT 

Currents follow waves!

Currents oppose waves!



Transport & dilution of pollutant runoff 

in surf zone: Where to put this? 

*****  surfzone  alongshore currents **** 

Talbert Marsh  &Santa Anna River !

 Huntington Beach, Ca.!

HB06 : Feddersen, Guza, O’Reilly,Clark 

W/NW window 

South window 

O’Reilly/CDIP Buoy NETWORK  MODEL!



X 

HB06 :  Surfzone nowcast model test (Sep-Oct 06) 

S. Ana River  

40km/day 



NOWCAST  Alongshore currents    http://cdip.ucsd.edu/hb06 

But ....... dilution is key........   how does “stuff” mix in the surfzone? 

                                  Dye moves alongshore few km/hr 

BEACH 

Surfzone 

Waves 

Current 



 

 



Dye concentration vs offshore distance 
(for different  distances from source) 

   Plume width ^2 versus alongshore distance 
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Nasty! 

El Segundo 

Newport 

Jetty plume? 

jetty 

Hyperion Sewage Plant         

Transport? 

Abalone Cove, Palos Verdes  

Transport past headland? 

Rincon 

Radical orientation change :Circulation unknown 



Monitoring Beach & Cliff Change in  
Southern California with Airborne LIDAR 

loss 

gain 

 

Adam Young- Postdoc 



 

 Slow, rain-triggered 
  landslide 

But waves matter too: Young et al 

Rain =erosion 

time (4 yrs)  



Rivers and Cliffs Provide(d) Beach Sand 

California Coastal Records Project (07781) 2004 

Sand elevation surveys 

*Beach face: Monthly 

*To 8m depth: Quarterly 

Torrey Pines (8 km, 7yrs) 

San Onofre (4 km, 1yr) 

Pendleton (2.5 km, 2.0 yr) 

Cardiff (2 km, 1.5 yrs) 



Torrey Pines 

Profile h(x) and/or Shoreline (e.g. MSL)  change models  

Operational : No Computational Pigs allowed. 

‘Process’  & ‘ Data-driven’ 

 Process :  simulate waves/currents/sed xport 
(u sort-of-integrate mass & momentum eqs) 
Delft3D, Xbeach, “Energetics (skewness)”……… 

Data-driven :  observations constrain heuristic, outcomes 
(e.g u guess ‘rules’ nature follows when integrating). 
Equilibrium, statistical, ………  

Input : Initial h(x), ‘parameter values’ (a.k.a tuning), 
waves(time). 

Output : h(x, time) 



Equilibrium Beach ‘Rules’ : Bruun, Dean, Inman, Wright, …… 
every E has a no-change heq (x,E) 

given E (tnow), h(x,tnow) evolves to heq(x,E) 
fastest change for biggest dis-sequilibrium 

deptheq (x,E) 
x 



Tune model with a few years of MSL and E 

Let the data do the talkin’ 

Observed waves do the walkin’ 

Predict future change using pre-tuned model, and E 
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Torrey Pines  

EOF of beach face!

contours!

(weekly to monthly surveys)!

4/yr bathy surveys!

Yates et al :  
Temporal EOF of all beach  

contours ~ MSL(t)!

MSL is coherently attached  

to rest of profile (not always 

true!)!

!
 1

 m
e

te
r 

SoCal beaches already sand starved:future ? 

. 
From IPCC 2001 

report on climate change, 
based on SRES scenarios. 



Mean flow 

Shear instabilities grow, roll up, & shed eddies. 

Parameterize with an eddy viscosity (e.g. Ozkan-Haller) 


