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Beaches serve to important purposes: 
1. A buffer to shoreline wave attack 

2. A recreational resource for 39 million residents and ~32 million  

visitors and at the heart of a $20 billion/year industry 
 



Beach sand has become increasingly important as a tourism and 

recreational use increases, and also as the most cost-effective 

short-term buffer to the coastline from wave attack and sea-level 

rise. 
 



Narrow beaches means less recreational area and 

increased cliff retreat. 
 



Dominant waves 

from the northwest 

drive most of 

California’s littoral 

drift south, although 

there are areas with 

northerly transport, 

and with seasonal 

drift reversals. 

 



Sand moves along the coast of California 

within beach compartments or littoral cells 



An individual littoral cell consists of sand sources, 

littoral drift and sand sinks. 
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75 to 95% of California’s 

beach sand is provided 

by rivers and streams, the 

remainder by cliff and 

bluff erosion. 



Dams trap sand 

headed 

for beaches 

Seawalls halt bluff 

erosion and 

eliminate bluff 

contributions to 

beach sand budget. 



In California, in the last 

century, 480 major 

dams and reservoirs 

and nearly 200 debris 

basins were built. All of 

these trap  

sand that would have 

normally flowed to the 

shoreline. 

 

About 25% of the sand 

originally supplied by 

rivers has been cut off 

by dams 



164,000,000 yds3 

is trapped in 

reservoirs 

 

Sand impounded 

by dams increases 

from north to south 

Enough sand to 

build a beach 

150 feet wide,10 

feet thick, and 

560 miles long- 

extending from 

Santa Cruz to the 

Mexican border. 



  

10% of the entire California coast armored, but 33% of 

the coastline of Southern California has seawalls.   

ENCINITAS 



Despite sand reduction from dams and seawalls, 

beaches haven’t systematically been eroded. 
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Long-term beach width changes in  

Santa Barbara Littoral Cell 

WIDER 

NARROWER 



BEACHES OSCILLATE IN WIDTH WITH CLIMATE CYCLES 

CALMER 
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STORMIER 
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Matilija Dam, Ventura River 

Rindge Dam 

Malibu Creek 

THERE ARE DAMS 

FULL OF SAND AND 

TARGETED FOR 

REMOVAL BUT NO  

ACTION HAS BEEN 

TAKEN 



Matilija Dam, on the other hand, is almost 100% full of total sediment. 



Carmel River being rerouted 

around San Clemente Dam   



TWO LARGE DAMS ON ELWHA RIVER IN WASHINGTON 

STATE RECENTLY REMOVED 





NOURISHMENT ADVOCATED AS A SOLUTION TO SAN DIEGO 

COUNTY’S “ERODED” BEACHES.  

• Two beach nourishment projects completed (in 2001 & 2010): 3,400,000 

yds3 of offshore sand added to beaches at cost of $46 million. 

• Most of this sand eroded from exposed beach within first year of 

placement. 



 

330,000 yds3 added to Torrey Pines Beach in April 2001. 
 

1. From April to Nov. 22, waves generally < 3 feet, only modest 

sand losses. 

2. At noon on Nov. 22, waves reached 9-10.5 feet for 7 hours. 

3. Fill began to erode quickly; by daylight on Nov. 23, fill had 

been almost completely eroded. 





 

 

 

Marine erosion 

dominant- Narrow or 

no beach.  

Terrestrial processes dominant- 

Wide beach protects bluff  

from wave attack. 

Sea cliff profile tells us a lot about the dominant 

processes responsible for coastal cliff formation.  
 



These beaches are all narrow or non-existent such that marine 

erosion dominates and cliffs are very steep- nourished sand 

will not stay in these locations. 



Wide sandy beaches protect these bluffs and terrestrial 

processes dominate bluff evolution and morphology. 



Without repeated nourishment, 

or the construction of retention 

structures (groins), to hold 

beach fill, there is no reason 

why in an area with narrow 

beaches or steep cliffs that 

nourished sand should remain 

for any extended period of 

time. 


