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 Coastal Flood Hazard Maps 

100-yr Ocean Level 

100-yr Flood Elevation 
Wave height 

“100-yr” = the extreme that has a 1% chance of being exceeded  in a year 
 and has about 67% risk of  being exceeded in 100 years 

 

 

Wave Run-up 
Total Water Level 



Wave Runup and overtopping defines 
inland extent of coastal hazard zones 

(source: FEMA, 2005) 



OVERTOPPING   Sharp Park Seawall, Pacifica, CA – Jan 11, 2001 
Photos © Bob Battalio 2001 



Example Flood Hazard Mapping 

 



 

Match line 

Sharp Park               +30’ NAVD 



Historic Coastal Erosion 

Historic shore position change time series for Fort Funston and southern 
portion of South Ocean Beach. Derived from Sources:  ESA 2005, 
Battalio & Trivedi, 1996; January 2010 location added from January 
28, 2010 survey. 
 



Uplifted and Eroding 
Example – Daly City, CA 

• Narrow beach backed by 
~150 ft bluffs 

• Merced Formation (fine 
to medium grained sand, 
weakly consolidated) 

• Prone to large slumps 
and landslides 

• Long-term erosion rate 
of 1.3-1.6 ft/yr 

• Future erosion predicted 
to be 1.8-4.5 ft/yr, 3 ft/yr 
recommended for 
infrastructure setback Source: PWA,  2008 



The beach is a sand reservoir: 
Width changes with volume. 

The  shoreface is shaped by waves and 
water levels and is dynamic. 

Elevation of the 
junction  of cliff (or dune)  
with the beach  



Elevation of 
cliff or dune junction  

with the beach   
(aka “toe elevation”) 

Tide 

Run up 

Total Water Level = Tide + Runup 

Breaking wave momentum 
causes wave setup and runup 

Bluff erosion increases with  the extent and 
duration of total water level above toe elevation 

Bluff Recedes   

Conceptual Model of Bluff Erosion 

Soft Bluff = Bluff recedes rapidly, little change in toe elevation 
(relative to water levels) 

Hard Bluff  = Erosion potential increases at toe and fronting 
beach / rock; toe elevation  decreases 



Source: Collins , Kayen and Sitar,  2007 



Source: Collins , Kayen and Sitar,  2007 



 

Source: FEMA, Guidelines for Pacific Coast Flood Studies, 2005 

More sand supply results in higher and 
wider beach  



In January, 2010, emergency seawall 
construction was underway in Manor while the 

beach accreted in south Sharp Park during large 
long period westerly swells ! 

 



Accreted Sediments Sharp Park 
Winter 2010 Photograph © Bob Battalio 2010 





Accreted 
Sediments 

Sharp 
Park 

March 18, 
2010 

Photograph © Bob Battalio 2010 



Sand transport and beach width 

Source: Patch and Griggs, 2007 



Source: Collins , 
Kayen and Sitar,  

2007 
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Daly City 

Pacifica 
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Pacifica 
Cell 
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Cell 



Golden Gate 
Littoral  
Sub Cell 

Pacifica 
Littoral  
Sub Cell 

BUT, coarse 
sediment supplied 

by headland 
erosion in Pacifica 
migrates onshore 

The San Francisco Littoral Cell includes several subcells;  
This study address coarse sediment on the Pacific Coast 



Recent Sand Placement 

Sand Mining 



Golden Gate Littoral Cell  

Net Sand Transport  
•Into GG by waves; 
•Out by tidal currents; 
•Nearly closed cell 
•Dredging has big effect 
•Southern boundary “soft” 
•Not steady - changing 
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Armoring and Shore Face Morphology 

Potential Seawall Effects on Eroding Shore 

 

 

1. Reduction of erosion behind the structure. 
 

2. Placement losses of near shore area. 
 

3. Passive erosion of near shore. 
 

4. Active erosion of near shore. 
• Reduction of sediment supply 
• Increased wave reflection 
• Increased local scour 
• Accelerated currents and sand transport 
 

5. Unnatural Surface 
 

6. Change in appearance 
 



Armoring and Shore Face Morphology 

Seawall Impacts: Placement Loss and Passive Erosion 

Figure Adapted from Surfrider Foundation, “Impacts of Seawalls” 



Source: California Coastal Records 
Project 

Coastal Armoring Effects 

2002 

2005 

Shoreline  armoring  on an eroding shore results in 
loss of intertidal landform such as beaches.    

 

Example:  Officer’s Club, Fort Ord, Monterey Bay, 
CA showing beach recovery after armoring removed 

and back beach erosion. 



Long Term Shore Morphology Changes 
With Armoring (Eroding Shore) 



Beach Blvd Seawall soon after construction 

Source: Geomatrix Consultants,  Nov, 1987 



Beach Blvd Seawall, winter high tide conditions   
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No Beach 

Our Children’s future ? 

Overtopping, flooding 

High maintenance 
Public costs 

No ecology 







Sharp Park Seawall 
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Sea level - the past 300 thousand years 



Sea level rise – the past century 
Global average: 7 inches in the 20th century 

 



Accelerated Sea Level Rise Predictions 



Cliff 

Dune 

 Risk - Mapping Erosion Hazards 



Shore Recession Resulting from 
Sea Level Rise 

Recession depends 
partly on 

sediment supply 



Cliff Erosion Model 

• Acceleration of historic erosion rates (Rh) 
• Prorated based on % increase in TWL exceeding the 

elevation of the toe of the beach/cliff junction 
• Include geologic unit standard deviation x planning 

horizon to account for alongshore variability 
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Tide 

Sand placement widens beach 

Waves break farther offshore 

Wave runup reaches bluff less frequently and with 
less intensity 

Bluff  Erosion Rate is Reduced   

Conceptual Model of Beach Nourishment 
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1. Pacifica State Beach (Linda Mar), Pacifica 

ASBPA Best Restored Beaches 2005 



2009 

2004 

Pacifica State Beach 
Managed  

Retreat Project 



1. Pacifica State Beach, April 15, 2005,  Post Construction of Managed Retreat Project 

Photograph, courtesy of City of Pacifica  



09-8270-11_San_Pedro/ San 
Pedro creek and wetland 

restoration area 
  

Do Not Reproduce: © Bobbe’ 
Christopherson, All Rights 
Reserved. 
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Daly City, Fort Funston, Lake Merced, Ocean Beach 

Photos: DEBORAH LATTIMORE 



Fort Funston and municipal sewer outfalls 









Circa early 1960’s 



09-8173-11_Thornton_Beach/ 
Former paved highway, slumped 
and undercut by coastal erosion 
and failed cliffs, Thornton Beach, 
Daly City, CA 
Do Not Reproduce: © Bobbe’ 
Christopherson, All Rights 
Reserved. 



09-8186,7-11_Northridge_Bluff/ Northridge Bluff slide area, from 
Korean church parking lot, Daly City, CA 
Do Not Reproduce: © Bobbe’ Christopherson, All Rights Reserved. 





Landslide at Daly City, North of Mussel Rock 



Top of the Cliff in Daly City 



09-8206-11_Mussel_Rock/ Mussel Rock 
slide area, concret foundation pillars 
are all that remain of a home destroyed 
by a massive slide, Daly City, CA 
 
Do Not Reproduce: © Bobbe’ 
Christopherson, All Rights Reserved. 

 



Sharp Park, Manor, Mussel Point 

Photos: DEBORAH LATTIMORE 





09-8226-11_Mussel_Rock/ View of former 
Dollaradio Radio Station now a private 

residence resting precariously atop 
Holocene dunes, Mussel Rock area, 

Pacifica, CA 
 
Do Not Reproduce: © Bobbe’ 
Christopherson, All Rights Reserved. 

 



09-8242-11_OceanViewApts/ Sept. 
2011, Pacifica, CA 
Do Not Reproduce: © Bobbe’ 
Christopherson, All Rights Reserved. 





Layers and seeps; Manor Bluffs, Pacifica Aug 2010 © Bob Battalio, 2010 



Seeps, rills and piping; Manor Bluffs, Pacifica Aug 2010 © Bob Battalio, 2010 



Piping ! Manor Bluffs, Pacifica Aug 2010 © Bob Battalio, 2010 



Drain Pipes  

Sprinkler  Head 

Manor Bluffs, Pacifica 
Aug 2010 © Bob Battalio, 2010 



Talus cone; Manor Bluffs, Pacifica Aug 2010 © Bob Battalio, 2010 



Bluff sand compared to beach sand, Manor, Pacifica Aug 2010 © Bob Battalio, 2010 



PACIFICA 1983 

Source:  Shore & Beach 7/98 



Pacifica 98 



Shore & Beach cover 



Esplanade Seawall 



Sharp Park 

Photos: DEBORAH LATTIMORE 







California Coastal Records Project ; 1972 Photo 
 Copyright © 2004-2005 Kenneth & Gabrielle Adelman - Adelman@Adelman.COM  



California Coastal Records Project ; 2005 Photo 
 Copyright © 2004-2005 Kenneth & Gabrielle Adelman - Adelman@Adelman.COM  



Sharp - Fairway Parks, 
Mori Point 

California Coastal Records Project ; 1987 Photo 
 Copyright © 2004-2005 Kenneth & Gabrielle Adelman - Adelman@Adelman.COM  



2004 
California Coastal Records Project ; 2004 Photo 

 Copyright © 2004-2005 Kenneth & Gabrielle Adelman - 
Adelman@Adelman.COM  



Rockaway Cove, Hidden Cove, Mori Point 

Photos: DEBORAH LATTIMORE 



Rockaway Beach, 
 south end 

August 30, 2011 



Montara Mountain,  Pedro Point, Shelter Cove, Linda Mar 

Photos: DEBORAH LATTIMORE 



Photograph © Bob Battalio 2005 

Linda Mar – Pt San Pedro  - cobble substrate with sand cover 



Thank You ! 
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