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EXECUTIVE SUMMARY 
Introduction 
The City of Pacifica owns a 3½ acre property located at 2212 Beach Boulevard and is taking 
steps for redevelopment to include a public library and visitor-serving uses such as a hotel, 
restaurant and retail space. The oceanfront site is located in one of Pacifica’s oldest 
neighborhoods and provides unique opportunities for public access to the coast. 
The City completed a variety of planning processes and environmental review by 2013. Since 
then, there has been increasing focus on regional studies 1 that document known risks that 
affect the City of Pacifica such as bluff erosion and sea level rise. These regional studies 
recognize the need for local government to evaluate specific locations and determine short, 
medium and long term risk. These local studies will provide decision-makers with an 
understanding of the hazards and a basis for developing solutions. 
In response the City commissioned this additional study of potential coastal hazards for 2212 
Beach Boulevard including tides, waves, and sea level rise; tsunamis; and bluff erosion. A 
summary of the conclusions is provided in this Executive Summary. A detailed description of the 
analysis can be found in the following Coastal Hazards Study Technical Report for 2212 Beach 
Boulevard. 
Coastal Hazards 
Present-day coastal hazards found to affect the project site are limited, and related to flooding 
caused by wave overtopping during high tides and the very rare occurrence of a significant 
tsunami event. 
Flooding from Tides, Waves and Sea Level Rise 
Water levels during high tides do not pose a flood hazard in themselves. Current water levels 
during high tide are on the order of +7.4 feet (with respect to NAVD882  datum), while the 1% 
annual flood event would raise the sea level to +8.7 feet NAVD88. These values combined with 
sea level rise projected for both mid-century and end-of-century are well below the crest of the 
seawall (+26 feet NAVD88) that fronts the 2212 Beach Boulevard property. 
 

With respect to waves, given the presence of the beach and seawall, present day hazards are 
limited to the combination of high wave conditions and high tides, which result in elevated water 
levels and increase the potential of wave overtopping. Present day wave overtopping typically 
causes limited ponding on the street and promenade immediately behind the seawall. Wave 
overtopping would not directly affect the 2212 Beach Boulevard property. 
With mid-century (2050) and end-of-century (2100) projections for sea level rise3, currently 
estimated to range from 5 to 24 inches by 2050 and 17 to 66 inches by 2100, wave overtopping 
                                                           
1 These include the Coastal and Ocean Working Group of the California Climate Action Team (CO-CAT 2013) State of 
California Sea-Level Rise Guidance Document, March 2013 Update; FEMA 2014 Preliminary Flood Insurance Study 
for San Mateo County, California; Sea-Level Rise for the Coasts of California, Oregon, and Washington: Past, 
Present, and Future; San Francisco Littoral Cell Coastal Regional Sediment Management Plan (2015-6); and others 
(See References: pages 18 and 19 of Technical Report). 
2 North American Vertical Datum of 1988 establishes a point of reference for measuring coastal conditions. 3 Sea-Level Rise for the Coasts of California, Oregon, and Washington: Past, Present, and Future (NRC, 2012). 



of the seawall will increase correspondingly. Given that the beach and the seawall will continue 
to be maintained, it is estimated that water from wave overtopping would be generally limited to 
a distance of approximately 40 feet from the seawall, and at its maximum, reaching only the 
road adjacent to it. (The site at 2212 Beach Boulevard is separated from the seawall by a 
landscape area, as well as the promenade and Beach Boulevard.)   When the beach 
narrows, as may occur after a significant storm, wave overtopping could lead to temporary 
ponding in the road area and parking area fronting the Beach Boulevard property.  This is 
shown in Figures 1 and 2. 
Tsunami 
Temporary inundation from rare tsunamis represents a potential hazard for the Beach 
Boulevard property and surrounding areas of the City. A tsunami event with a 0.4% annual 
chance of occurrence (one that occurs on average once every 250 years) such as the USGS 
SAFRR scenario could result in short term inundation of a few inches (less than 1 foot of 
ponding) for existing conditions, as shown in Figure 3. A very large and even more infrequent 
event, such as the CalEMA scenario (0.1% annual chance of occurrence, which occurs on 
average once every 750 to 1000 years) would result in more inundation, as shown in the 
CalEMA maps. This is also shown in Figure 3. Such a large tsunami has a low probability of 
happening because many causal factors have to occur simultaneously, such as: 

• A very large earthquake would have to occur (of a magnitude greater than the 1906 
San Francisco Earthquake). 

• The earthquake would have to occur precisely at a location that would impact 
Pacifica significantly. This means the earthquake would have to be in the subduction 
zone of Alaska or along the Aleutian Islands. (Tsunamis from the South Pacific tend 
to dissipate by the time they reach Pacifica). 

• The earthquake would have to result in a very large rupture of the earth’s crust, with a 
significant deformation of the ocean floor. 

Bluff Erosion 
Bluff erosion (also referred to as bluff retreat4) is not estimated to be a direct hazard to 
development of 2212 Beach Boulevard, as the existing seawall prevents erosion and 
encroachment into the project site. This report assumes that the seawall and other protection 
in place are properly maintained. 
Conclusion 
The presence of the beach and seawall, and continued maintenance of these elements, limits 
exposure to flooding from tides, waves and sea level rise, and to bluff erosion. However, based 
on the analysis summarized above, rare and infrequent tsunamis are the one hazard that could 
potentially result in inundation along the City’s coastline, including the site at 2212 Beach 
Boulevard. The buildings’ design can take these risks into account and engineering solutions 
can be applied to address them. 

                                                           
4 Bluff retreat is what is observed, while erosion is the process causing the retreat. 



 

 
Figure 1 - Limits of overtopping hazard accounting for the projected 

2100 sea level rise.
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1. INTRODUCTION  

1.1 Background  
The City of Pacifica owns a 3½ acre property located at 2212 Beach Boulevard and is taking 
steps for redevelopment to include a public library and visitor-serving uses such as a hotel, 
restaurant and retail space.  The oceanfront site is located in one of Pacifica’s oldest 
neighborhoods and provides unique opportunities for public access to the coast.  
The site was formerly used for the Sharp Park Waste Water Treatment Plant (SPWWTP).  The 
SPWWTP was demolished in 2000 after the completion of the Calera Creek Water Recycling 
Plant replaced it as the area’s water treatment plant.  Currently, the site contains the Council 
Chambers Building, a Thickening Building, Pump Station, and a small garage.   Only the pump 
station is expected to remain during the redevelopment.    
The City completed a variety of planning processes thru 2013.  In recent years, studies done at 
the regional level suggest that the coast in the City of Pacifica is exposed to coastal hazards 
such as progressive bluff erosion and sea level rise which may put infrastructure and 
improvements at risk. These regional studies recognize that local government can undertake 
further studies of specific locations. For this reason, there is a need for local feasibility studies 
that evaluate present conditions and determine short, medium and long term risk. These local 
studies will provide decision-makers with an understanding of the hazards and a basis for 
developing solutions.  
In response the City commissioned this additional study of potential coast hazards for 2212 
Beach Boulevard. This 2212 Beach Boulevard Technical Report evaluates the project site’s 
exposure to coastal hazards including tides, waves, and sea level rise; tsunamis, and bluff 
erosion.    
1.2 Purpose  
The purpose of the study is to assess the site’s exposure to the coastal hazards listed below: 

 Tides 
 Coastal Flooding 
 Waves 
 Tsunamis  
 Bluff Retreat 
 Sea Level Rise  

This study identifies risks associated with these conditions and provides potential developers 
with an understanding of the potential coastal hazards and a basis for development of solutions 
to address these risks. 
1.3 Scope of Work 
This study examines relevant data including existing topographic information, water level and 
wave conditions, and tsunami inundation information.  Additionally, this study applies this 
information to develop flood hazard maps.  These maps show areas of the site that are subject 
to coastal flooding from high tides, storms, tsunamis, and future sea level rise. 
Data sources for each coastal hazard listed above as well as the agencies providing regulatory 
guidelines are provided in Table 1.   
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Table 1:  Coastal Hazards and Data Sources 
Coastal 
Hazards Agency Data Sources Data available at… 

Tides 

National 
Oceanic and 
Atmospheric 
Administration 
(NOAA) 

National Oceanic 
and Atmospheric 
Administration 
(NOAA) 

www.tidesandcurrents.noaa.gov 

Coastal 
Flooding 

Federal 
Emergency 
Management 
Agency (FEMA) 

FEMA Flood 
Insurance Rate 
Maps (FIRMs) 

https://msc.fema.gov/portal 
 

Waves 

Federal 
Emergency 
Management 
Agency (FEMA) 

National Data 
Buoy Center 
(NOAA NDBC) 

http://www.ndbc.noaa.gov 

Coastal Data 
Information 
Program (CDIP) 

https://cdip.ucsd.edu/ 
 

Tsunamis 

California 
Governor's 
Office of 
Emergency 
Services 

California 
Emergency 
Management 
Agency (Cal 
EMA) 

http://caloes.ca.gov/cal-oes-
divisions/earthquake-tsunami-
volcano-programs/tsunami 

US Geological 
Survey (USGS) 
Science 
Application for 
Risk Reduction 
(SAFRR) 

http://www.usgs.gov/natural_haz
ards/safrr/projects/tsunamiscena
rio.asp 

Bluff Retreat US Geological 
Survey (USGS) 

US Geological 
Survey (USGS) 

http://coastal.er.usgs.gov/shoreli
ne-change/ 
USGS Open File Report 2007-
1133 

Our Coast Our 
Future (OCOF) 

http://data.prbo.org/apps/ocof/ind
ex.php?page=flood-map 
 

SLR 

California 
Coastal 
Commission 
(CCC) 

National 
Research Council 
(NRC) 

http://www.opc.ca.gov/webmaste
r/ftp/pdf/docs/2013_SLR_Guidan
ce_Update_FINAL1.pdf 

 
Figure 1 and Figure 2 show the site location map and site boundaries, respectively.    
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Figure 1:  Site Location Map 

 
Figure 2:  Site Boundary 
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2. SITE CHARACTERISTICS 

The subsequent sections provide information on geology, ground elevations, tides, waves, 
tsunamis, bluff retreat, and sea level rise relative to 2212 Beach Boulevard. 
2.1 Site Geomorphology 
Much of the coastline of San Mateo County is classified as stable or unstable based on the weak 
sedimentary rock underlying the terrace and loose dune deposits (Lajoie and Mathieson 1998).  
The coastline near Beach Boulevard is categorized as unstable, consisting of a low cliff of 
terrace deposits, defined as soft, non-resistant sand and gravel, overlaying weakly indurated 
rock. The area fronting the study site features a seawall and wide beach. The adjacent segments 
of coastline include riprap armoring. The winter season total water level (still water level + 
waves) is approximately +8.9 feet NAVD88.   
Pacifica is considered a dissipative beach (Collins 2004) as characterized by the Iribarren 
number (Battjes, 1974) ranging from 0.3 to 0.6.  Dissipative beaches are considered high energy 
beaches with a wide and flat surf zone (Kamphius 2000).   The wave energy, and subsequently 
the beach profile, are seasonally variable.  Winter, as defined by months November through 
April, experiences an average offshore significant wave height of 6.9 feet, 25% higher than the 
summer (May through October) offshore significant wave height of 5.3 feet. (NOAA/NDBC).  
Wave periods also vary seasonally, with an average period of 8.2 seconds during winter and 6.8 
seconds during summer.  The beach in front of the bluff is higher and wider during the summer 
months and erodes to a lower, narrower profile over the winter. 
Net sediment transport along the coast of California is in a predominantly southerly direction, 
driven by North Pacific swell and northwest wind waves (Hapke et al. 2006).  Pacifica is part of 
the San Francisco littoral cell, which stretches from Fort Point to Point San Pedro.  A littoral cell 
is defined as a reach, or compartment, of the shoreline in which sediment transport is bounded. 
The shoreline change along the littoral cell is considered erosional, with an average long-term 
(since 1800s) shoreline change rate of -0.7 ± 0.3 feet per year and an average short-term (since 
1970s) shoreline rate change of -1.6 ± 1.3 feet per year (Hapke et al. 2006). The beach in front 
of Beach Boulevard is seasonably variable, with a beach width ranging between 20 and 170 feet 
(ESA 2016).   
2.2 Ground Elevations 
Topographic elevations and bathymetry data in the vicinity of the project site were derived from 
the 2013 NOAA Coastal California TopoBathy Merge Project (NOAA 2013) .  The data was 
collected and analyzed by the NOAA Office for Coastal Management, the CA Coastal 
Conservancy, CA Ocean Protection Council, and CA Department of Water Resources and is a 
combination of LiDAR and sonar bathymetry.  The vertical and horizontal accuracy is estimated 
at 4 inches and 40 inches, respectively.   
Figure 3 and Figure 4 show the elevations of the site and approximately 350 feet offshore.  The 
beach is backed by a seawall that reaches approximately +26 feet NAVD88 in front of site.  The 
maximum elevation occurs along Beach Blvd at approximately +25 feet NAVD88.  The project 
area ground elevations range between +12 and +25 feet NAVD88.  The southern portion of the 
site is between +20 and +22 feet NAVD88 and the northwestern portion is approximately 
+25 feet NAVD88.  The center of the site has elevations ranging between +16 and +20 feet 
NAVD88, while the northeast corner is at the lowest elevation, approximately +15 feet NAVD88 
with pockets as low as +13 feet NAVD88.   
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2.3 Water Levels 
Water level measurements from NOAA 9414290 tide gauge at San Francisco were used to 
evaluate the water levels along the coast.  The water levels measured at this station include 
astronomical tide, storm surge, and El Niño effects but not wave action.   
The tidal datums are presented in Table 2, referenced to the North American Vertical Datum of 
1988 (NAVD88) and to Mean Lower Low Water (MLLW). 

Table 2:  Tidal Datums for NOAA Station 9414290 
Datum feet NAVD88 feet MLLW 

Highest Observed Water Level* +8.72 +8.66 
Mean Higher High Water +5.90 +5.84 
Mean High Water +5.29 +5.23 
Mean Sea Level +3.18 +3.12 
Mean Low Water +1.19 +1.13 
Mean Lower Low Water +0.06 0.00 
NAVD88 0.00 -0.06 
Lowest Observed Water Level** -2.82 -2.88 
*Max:  1/27/1983 

**Min:  12/17/1933 

Water level data from NOAA Station 9414290 is available from 1898 to the present.  Since the 
water level data has been adjusted to the present tidal epoch (1981-2001) by NOAA, the data 
must be de-trended back to the epoch of their period to remove effects of sea level rise (SLR).  
This analysis was conducted on 63 years of data between 1945 and 2007 by Moffatt & Nichol 
(2008) for the Treasure Island Development Project.  Return period water levels were 
determined by performing an extreme value analysis on this 63 year dataset of water levels 
using the Method of Annual Maxima.  This method applies the best fit probability distribution to 
the highest annual recordings in the dataset.  For this analysis, 63 annual extreme water level 
events were fit to a Weibull distribution to estimate the 2-, 5-, 10-, 25-, 50-, and 100-year return 
period water levels.  These values are presented in Table 3. 

Table 3:  Return Period Water Levels 
Return Period (years) Water Level (feet NAVD88) 

2 +7.5 
5 +7.9 

10 +8.1 
25 +8.4 
50 +8.6 

100 +8.8 
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Figure 3:  Site Vicinity Elevation Map 

 
Figure 4:  Site Elevations 
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2.4 Waves 
Wave data from offshore NDBC buoy 46237 at the San Francisco Bar and NDBC buoy 46026 
San Francisco was obtained online from the NOAA National Data Buoy Center. The 46237 buoy 
at the San Francisco Bar contains data measurements between July 2007 to present and the 
46026 San Francisco buoy contains measurements between January 2007 and present.  The 
data consists of significant wave height, peak wave period, and mean wave direction. In the 
case of buoy 46026 San Francisco, the data also includes wind speed and wind direction.  Wave 
height roses and frequency tables are presented in Appendix A.  The following are some key 
observations: 

 Waves primarily approach from the northwest to west sector.  
 Predominant waves (over 85% of the waves) are above 8 seconds in wave period. These 

wave periods indicates that the wave field is dominated by swell; that is, waves of long 
period not locally generated by the wind, but by distant storm systems in the Pacific 
Ocean. 

The 46026 San Francisco buoy and the 46237 San Francisco Bar buoy are both located 
offshore; thus, they do not provide an accurate representation of nearshore conditions.  In order 
to determine the flooding potential due to waves, nearshore waves must be examined.  The 
Coastal Data Information Program (CDIP) took measurements near the end of the pier at 
Pacifica between August 1980 and December 1982.  These measurements were taken in 
approximately 33 feet of water depth.   
An additional source of wave data is the Coastal Storm Modeling System (CoSMoS) program 
released by the Our Coast Our Future (OCOF) project of the USGS California Coastal and 
Marine Science Center (PCMSC).  For the Pacifica shoreline, maps are created to show the 
effects of storms and different scenarios of SLR.  The maps provide estimated nearshore wave 
heights along the shoreline for the annual, 20-year, and 100-year return period wave heights.  
The results of the modeling effort were checked against the CDIP data at the Pacifica Pier for 
the 100-year wave conditions and appear to be in good agreement with the highest values 
measured between 1980 and 1982.  
For this analysis, a wave height of 11.5 feet was chosen as the 100-year nearshore wave height 
along the coast at Pacifica.  This value produces close estimates to the Total Water Level (TWL) 
determined in the FEMA Flood Insurance Study (FIS) for the coastline of Pacifica, discussed in 
the subsequent section.  
2.5 Coastal Flooding Potential  
FEMA flood maps have the area along the seawall mapped as a Zone X-0.2% or area of 
moderate flood risk (pink zone in Figure 5).  This is not considered a Special Flood Hazard Area 
(SFHA) and, therefore, does not require the purchase of flood insurance.  Additional information 
from the effective FEMA Flood Insurance Rate Map (FIRM) is summarized in Figure 5.  A 
preliminary FIRM has also been released by FEMA, both the effective and the preliminary FIRMs 
are provided in Appendix B.    
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Figure 5:  FEMA Flood Zones in Project Area 
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movement.  MOST (Method of Splitting Tsunamis), a computational program that presents wave 
evolution over variable bathymetry and topography was utilized for the inundation extent 
mapping.  The events modeled pertaining to the project site are shown in Table 4.  

Table 4:  Tsunami Sources Modeled for the San Mateo County Coastline 
Sources Magnitudes 

Local 
Sources 

Point Reyes Thrust Fault - 
Rodgers Creek-Hayward Fault - 
San Gregorio Fault - 

Distant 
Sources 

Cascadia Subduction Zone - full rupture M9.0 
Central Aleutians Subduction Zone #1 M8.9 
Central Aleutians Subduction Zone #2 M8.9 
Central Aleutians Subduction Zone #3 M9.2 
Chile North Subduction Zone  M9.4 
1960 Chile Earthquake M9.3 
1964 Alaska Earthquake M9.2 
Japan Subduction Zone #2 M8.8 
Kuril Islands Subduction Zone #2 M8.8 
Kuril Islands Subduction Zone #3 M8.8 
Kuril Islands Subduction Zone #4 M8.8 
Marianas Subduction Zone M8.6 

The map that is relevant to the site is the map corresponding to San Mateo County, San 
Francisco South Quadrangle, published on June 15, 2009 (State of California, 2009), shown in 
Appendix B. Per this map, as shown in Figure 6 on the following page, the project site is entirely 
within the projected tsunami inundation extent. According to the elevation data, the inundation 
extent reaches elevations of about +36 feet NAVD88 in the project area. 
2.6.2 SAFRR Tsunami Scenario 
In 2013, the Science Application for Risk Reduction (SAFRR) tsunami study was conducted in 
order to numerically model a hypothetical, but plausible, far-field tsunami event for the purpose 
of mapping inundation along the coast of California for emergency, mitigation, and evacuation 
purposes. The work was carried out by the United Stated Geological Survey (USGS) in 
collaboration with NOAA, the California Geological Survey (CGS), and the California Office of 
Emergency Services (Cal OES). The study was published in 2013 (Ross et al. 2013). 
Defined by the USGS Tsunami Source Working Group, the scenario is set in the Semidi 
subduction sector off the Pacific coast of the Alaska Peninsula, with a moment magnitude (Mw) 
of 9.1 and a rupture length of 360 km. This geographical setting was selected based on the 
knowledge that tsunamis originating from this region of Alaska (e.g., 1946 and 1964 events) 
pose the greatest threat to the California coastline. The tectonic source properties were chosen 
to resemble those of the 2011 Tohoku tsunami in Japan. The scenario was set to occur on the 
50th anniversary of the 1964 Alaskan earthquake at high tide (MHW + 0.66 feet). The 
approximate return period of this event is estimated at 200-250 years (M&N 2015).   
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 Figure 6:  Cal EMA Tsunami Inundation of the Study Area 
 

 Figure 7:  SAFRR Tsunami Inundation of the Study Area 
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2.7 Bluff Retreat 
The bluff along Beach Boulevard is currently protected by a seawall.  If this seawall was either 
removed or not maintained, bluff retreat would occur.  If coastal processes were to continue to 
erode the bluff, the bluff face would continue to move farther and farther inland since the geology 
of this area shows that terrace deposits are backed by weak or fragmented sedimentary rock.   
Studies have shown multiple causes for bluff retreat along the coastline of Pacifica.  Lajoie and 
Mathieson (1998) concluded that wave action was the primary erosive process along the San 
Mateo County coast by eroding the base of the bluffs, resulting in an overly steep and unstable 
slope.  Another study performed by Hampton and Dingler (1998) suggested that groundwater-
induced seepage failures are primarily responsible for bluff erosion.    
Collins and Sitar (2008) performed a study examining coastal erosion of multiple coastal bluffs 
in Pacifica over five storm (winter) seasons.  The study showed that when the maximum total 
water level was above the toe of the bluff, wave-induced bluff erosion could be expected to 
occur.  Specifically, the threshold value for wave-induced erosion for the maximum daily total 
water level is +12.5 feet NAVD88, 3.6 feet above the season average.  They also found that 
seepage-induced erosion occurred when the 48-hour precipitation exceeded 1.4 inches, 
approximately 0.8 inches above the seasonal average.   
Recently, the US Geological Service has conducted an assessment of shoreline changes and 
cliff erosion for coastlines around the U.S.  For the analysis, the USGS compares historic 
shoreline and cliff edge locations, typically derived from aerial photography, to recent shoreline 
and cliff edge positions determined from LiDAR technologies.  For the coastal cliff retreat study 
for the California coastline, topographic maps (T-sheets) provided from the NOAA National 
Ocean Service (NOS) with cliff edge positions between 1920 and 1935 were compared to LiDAR 
obtained in 1998 or 2002.  The study divided the California coastline into 15 regions; the 158 mile 
San Francisco South region pertains to this study area.  Approximately 50 miles of this reach 
consists of coastal cliffs.  For this segment, the cliff edge position was determined from NOS T-
sheets developed between 1929 and 1932 and LiDAR data collected in 1998.  The average 
retreat for the cliff edge during this time frame is 54 feet ± 36 feet.  This results in an annual 
average retreat rate of 0.7 feet per year with an uncertainty of ± 0.7 feet per year. 
In 2014, the Our Coast Our Future (OCOF) project of the USGS California Coastal and Marine 
Science Center (PCMSC) released the Coastal Storm Modeling System (CoSMoS) for the San 
Francisco Bay area.  The CoSMoS model uses a combination of global, regional, and local 
models to make detailed predictions of storm-induced coastal flooding, erosion, and cliff failures 
over large geographic scales (USGS PCMSC). It should be noted that this study effort does not 
take the seawall into account. 
2.8 Coastal Regional Sediment Management Plan: San Francisco Littoral Cell.  
A Coastal Regional Sediment Management (CRSMP) plan has been developed for the San 
Francisco Littoral Cell, which includes Pacifica. The objective of the plan is to evaluate sediment 
management needs within the littoral cell and promote regional, system-wide solutions to 
address these. The San Francisco Littoral Cell CRSMP, focuses on the Pacific coastline in San 
Francisco, Daly City and Pacifica and addresses existing and expected future coastal erosion 
on coastal stretches where mitigation measures are or will be crucial.   
The study analyzes geologic, geomorphic, ecological and economical information along the 
littoral cell to identify critical areas of erosion. In the City of Pacifica, five study reaches are 
identified as Critical. The proposed mitigation alternatives are a combination of soft and hard 
engineering measures and are described in the following:  
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1. Beach Nourishment: Placement of sand to widen the beach for the length of the study 
reach. This alternative requires new sand placement every time the beach width is 
reduced to an established minimum. Backshores at each study reach have different 
treatments, such as being erodible or holding a particular line at existing armor. 

2. Beach Nourishment and Multipurpose Reefs: The sand placement component is treated 
in the same manner as in alternative 1. An offshore reef that further promotes beach 
widening and provides shelter against waves is added.  

3. Armor: Maintaining and/or addition of new coastal armor (e.g., seawalls, revetments) to 
hold the line against coastal and bluff retreat.  

4. Hybrids with managed realignment: A combination of the measures to accomplish the 
goal of mitigating coastal erosion. Portions of each reach are treated with different 
measures such as holding the line at existing armor, placement of sand and allow 
erosion. 

The economic impacts associated with sediment management alternatives as well as the net 
economic benefits at each study reach were estimated. Additionally, a range of governance 
structure schemes that could address sediment management in a regional sense and achieve 
the objectives of the CRSMP are proposed. 
The cost-effectiveness of each alternative differs per study reach and so does the projected 
extension of the Coastal Erosion Hazard Zones. However the study concludes that the high risk 
to which infrastructure at Pacifica is exposed can be controlled with implementation of sediment 
management alternatives, but will increase if no action is taken.  
Based on these findings, further analysis in the present study assumes that the 2212 Beach 
Boulevard property is and will be excluded from the projected Coastal Erosion Hazard area if 
the existing seawall and armoring is maintained to hold the backshore limit at its current position.  
2.9 Sea Level Rise 
In March 2013, the Sea-Level Rise Task Force of the California Climate Action Team (CO-CAT 
2013) released their State of California Sea-Level Rise Guidance Document based on the 
recently published (June 2012) NRC Sea-Level Rise for the Coasts of California, Oregon, and 
Washington (NRC 2012). Table 5 summarizes the sea level rise projections, including the low 
and high range values, for the San Francisco Bay area. 

Table 5:  SLR Projections in San Francisco Bay (source:  NRC 2012) 

Year Projections Ranges 
2030 6 ± 2 in 2 to 12 in 
2050 11 ± 4 in 5 to 24 in 
2100 36 ± 10 in 17 to 66 in 

Using the maximum of the range for 2030, i.e. 1 foot, the seawall is still of adequate elevation 
to prevent significant wave overtopping, though some overtopping will be present. With 2 feet of 
SLR (maximum of 2050) range, significant overtopping of the seawall will occur.  In order to 
determine if this overtopping will result in flooding of the project area, the horizontal limit of 
splash due to this overtopping was estimated.  Also called the limit of overtopping hazard, the 
value is sensitive to the wind speed experienced during the overtopping event.  Figure 8 shows 
the limit of wave overtopping. For this analysis, the estimated 1% annual chance wind speed of 
52 mph was used, as approximated using the wind data available from the NBDC gage 46026 
with 20 years of wind data (1996-2016).  Applying the maximum SLR for 2100 of 5.5 feet (66 
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inches), the extent of overtopping hazard with the 1% annual chance wind speed is 
approximately 40 feet from the seawall.  This extent reaches Beach Boulevard but does not 
directly impact the study site.  Figure 9 shows the approximate extent of overtopping hazard in 
front of the site development area. 
   

 
Figure 8:  Limits of Overtopping Hazard with SLR 

 
The overtopping hazard does not reach the study area, but there is a potential for runoff and 
ponding due to overtopping waves.  Since the frequency and volume of overtopping will increase 
with sea level rise, this hazard also increases.   
Figure 9 provides a section view of hazard limits discussed in this section.    
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3. CONCLUSIONS  

This section evaluates potential implications that the coastal hazards described previously could 
have on the development of 2212 Beach Boulevard in Pacifica. 
3.1 High Tides 
High tides along the coast of Pacifica are not the primary factors associated with coastal flooding 
and erosion.  Additionally, tidal action does not play a large role in sediment movement along 
the beach.  The seawall along Beach Boulevard has an approximate crest elevation of 25 feet 
NAVD88, providing adequate freeboard above tide levels.  Even with 3 feet of SLR (2100 
projected value), the tide levels will not reach elevations high enough to result in flooding due to 
high tides only. 
Present day hazards attributed to tides are primarily due to the elevated water levels on high 
tides, which increases the potential for wave overtopping. Wave overtopping is addressed in the 
following section. 
Neither present day tides, nor tides combined with the mid-century (2050) and end-of-century 
sea level rise projections pose a flood hazard in themselves. Projected ocean levels combining 
high tides and sea level rise are well below the crest of the seawall (Figure 9). 
3.2 Waves 
Wave action is the dominant driving factor for sediment transport and bluff erosion along the 
coastline of Pacifica.  Riprap is present in front of the seawall to protect against wave attack.  
Large waves erode the beach profile during the winter months, consequently exposing the 
seawall to waves. Beach erosion is further increased due to the presence of the riprap fronting 
the seawall. 
Present day hazards attributed to waves are primarily due to high surf conditions combined with 
elevated water levels on high tides, which increases the potential for wave overtopping. Wave 
overtopping is already evident along the Pacifica seawall, in particular during the winter season, 
at times when high surf coincides with King Tides. Because the peak of high tides are limited to 
a few hours, wave overtopping is consequently limited, but recurring. 
Present day flooding associated with wave overtopping is typically limited to ponding and local 
flooding in limited areas. Wave overtopping would not directly affect the 2212 Beach Boulevard 
property. 
Subject to the mid-century (2050) and end-of-century projections for sea level rise, wave 
overtopping of the seawall will increase correspondingly. However, it is estimated that wave 
overtopping would still be generally limited to the roadway along the seawall. At worst, wave 
overtopping could lead to temporary ponding in the road area and parking fronting the              
2212 Beach Boulevard property.  
Mitigations could (on a regional scale) include protecting the shoreline, e.g. with beach 
nourishment or armoring as studied under the Coastal Regional Sediment Management Plan, 
and/or raising the crest elevation of the seawall. Localized mitigations could include provisions 
for maintaining drainage, or building up low berms such as landscape features along the 
property. 
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3.3 Tsunamis 
Based on the inundation maps developed by SAFRR and Cal EMA, a tsunami hazard exists at 
the project site.  Though the approximate depth of inundation was not analyzed in this study, 
topographic information in the vicinity of the project site shows the extent of inundation reaches 
as high as +26 feet NAVD88 for the SAFRR study (approx. return period of 200-250 years) and 
+36 feet NAVD88 for Cal EMA (approx. return period of 1,000 years). For comparison, the 
elevation of the seawall is around +26 feet NAVD88 while site elevations generally range from 
+25 to +27 feet NAVD88. This shows that tsunami risk exists but at a very low risk of occurrence. 
A review of the SAFRR tsunami inundation maps provides the indication that a tsunami event 
of this magnitude is around the threshold where the 2212 Beach Boulevard property potentially 
could be affected or remain unaffected. Per Figure 9, the inundation depth along Montecito Road 
on the north side of the property would be limited to inches (less than a foot). 
It is not clear if the SAFRR study included sufficient detail to incorporate the seawall as a 
protective element. It is therefore estimated that a tsunami event such as investigated under the 
SAFRR study, or an event slightly larger, could slightly overtop the seawall. On the contrary, the 
indication is that a lesser event would not overtop the seawall and the 2212 Beach Boulevard 
property would, in that case, remain unaffected. 
In perspective, the estimated return period of the SAFRR event is 200-250 years. 
The typical mitigation would be to incorporate a low, continuous wall around the property, which 
would work as flood protection in the case of tsunami inundation. If building space below ground 
level is planned for at the 2212 Beach Boulevard property, the flood potential needs to be 
carefully considered. Typical mitigations would include incorporating a low floodwall around the 
property site, preventing any openings of water ingress, and locating access on the eastern 
portion of the property. 
Projections for the Cal EMA tsunami are substantially more onerous. This study was focused on 
emergency planning and therefore depicts the greatest extent of inundation based on several 
combined scenarios. In the case of such an event, tsunami flood inundation depths could be on 
the order of several feet. The approach for mitigation of such an event should follow tsunami 
guidelines for structural design, and could include breakaway walls on the ground level floor of 
future buildings on the property. In terms of prevention of loss of human life in such an event, it 
is estimated that warning times for pre-tsunami flooding would be on the order of several hours, 
but at least 30 minutes (for an earthquake on the Cascadia Fault, local to the West Coast). 
Means of egress from building(s) should follow codified guidance, and be coordinated with 
means of egress (to higher ground) for the Pacifica area. To put this scenario in context, the 
return period estimated for such an event is around 1,000 years. 
Per correspondence with the City of Pacifica, it is understood that the City receives immediate 
notice from the NOAA Pacific Tsunami Warning Center if there is any indication of potential 
tsunami hazard.  Additionally, the City adheres to the San Mateo County protocol for tsunami 
watches and warnings and provides residents and business owners within potential inundation 
areas with multiple forms of notification of the hazard (City of Pacifica correspondence). 
3.4 Bluff Retreat 
Though the cliffs along the coastline of Pacifica are experiencing significant bluff retreat, the 
seawall at Beach Boulevard prevents erosion at the project site. Bluff retreat is not estimated to 
be a direct hazard to development of the 2212 Beach Boulevard property. There is still a wide 
swath of beach maintained along the coast fronting the 2212 Beach Boulevard property, and 
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sediment transport along the coast is directed south, so a continued influx of sediment to the 
beach is expected. 
If shoreline recession were to continue to the point where mitigations are necessary, local 
armoring with rock could be an alternative. This would be supplemental to the rock already in 
place in front of the seawall. Additionally, the Beach Boulevard property would likely be helped 
by any regional mitigation efforts. 
3.5 Sea Level Rise 
Short-term SLR (2030) is not expected to increase the potential for flooding for the area along 
Beach Boulevard because the seawall is of adequate elevation to prevent significant flooding. 
Long-term SLR is expected to increase the frequency of overtopping events if the wall is 
maintained at its current elevation.  This increased hazard is expected to apply to a SLR greater 
than 1 foot (12 inches), the higher end of the 2050 projections.  However, even with 5.5 ft. (66 
inches) of SLR, the estimated overtopping hazard limit does not encroach on the eastern 
boundary of Beach Boulevard. However, if the seawall is not maintained, the bluff could retreat 
and overtopping into the study area can be expected as early as 2050. 
It should be noted that the Coastal Regional Sediment Management Plan does call for shoreline 
maintenance in this area.  The current options include sand placement, an artificial reef, seawall 
maintenance, armor protection or a combination of these solutions. 
Guidance for mitigating sea level rise is provided in the California Coastal Commission Sea 
Level Rise Policy Guidance. Per the Coastal Act Sections 30006.5 and 30335.5, the guidance 
is to: 1) Recognize and address sea level rise as necessary in planning and permitting decisions; 
and 2) use best available science to determine locally relevant sea level rise projections and 
potential impacts for all Coastal Act planning processes, project design, and permitting reviews1. 
The best available science to determine sea level rise projections is currently expressed in the 
NRC (2012) sea level rise projections (summarized in Table 5).  

                                                 
1 Note: additional guidance in items 3 through 20 of the CCC Sea Level Rise Policy Guidance 
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A- 1:  Wave Height Rose for NDBC Station 46026 San Francisco 
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A- 2:  Wave Period Rose for NDBC Station 46026 San Francisco 
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A- 3:  Wave Height Rose for NDBC Station 46237 San Francisco Bar 
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A- 4:  Wave Period Rose for NDBC Station 46237 San Francisco Bar 
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Initial tsunami modeling was performed by the University of Southern California (USC) 
Tsunami Research Center funded through the California Emergency Management Agency 
(CalEMA) by the National Tsunami Hazard Mitigation Program.  The tsunami modeling 
process utilized the MOST (Method of Splitting Tsunamis) computational program 
(Version 0), which allows for wave evolution over a variable bathymetry and topography 
used for the inundation mapping (Titov and Gonzalez, 1997; Titov and Synolakis, 1998). 
The bathymetric/topographic data that were used in the tsunami models consist of a 
series of nested grids.  Near-shore grids with a 3 arc-second (75- to 90-meters) 
resolution or higher, were adjusted to “Mean High Water” sea-level conditions, 
representing a conservative sea level for the intended use of the tsunami modeling 
and mapping.  
A suite of tsunami source events was selected for modeling, representing realistic 
local and distant earthquakes and hypothetical extreme undersea, near-shore landslides 
(Table 1). Local tsunami sources that were considered include offshore reverse-thrust 
faults, restraining bends on strike-slip fault zones and large submarine landslides 
capable of significant seafloor displacement and tsunami generation. Distant tsunami 
sources that were considered include great subduction zone events that are known to 
have occurred historically (1960 Chile and 1964 Alaska earthquakes) and others which 
can occur around the Pacific Ocean “Ring of Fire.”
In order to enhance the result from the 75- to 90-meter inundation grid data, a method 
was developed utilizing higher-resolution digital topographic data (3- to 10-meters 
resolution) that better defines the location of the maximum inundation line (U.S. 
Geological Survey, 1993; Intermap, 2003; NOAA, 2004). The location of the enhanced 
inundation line was determined by using digital imagery and terrain data on a GIS 
platform with consideration given to historic inundation information (Lander, et al., 
1993).  This information was verified, where possible, by field work coordinated with 
local county personnel.
The accuracy of the inundation line shown on these maps is subject to limitations in 
the accuracy and completeness of available terrain and tsunami source information, and 
the current understanding of tsunami generation and propagation phenomena as expressed 
in the models.  Thus, although an attempt has been made to identify a credible upper 
bound to inundation at any location along the coastline, it remains possible that actual 
inundation could be greater in a major tsunami event.
This map does not represent inundation from a single scenario event.  It was created by 
combining inundation results for an ensemble of source events affecting a given region 
(Table 1).  For this reason, all of the inundation region in a particular area will not likely 
be inundated during a single tsunami event.  

Tsunami Inundation Line
Tsunami Inundation Area

MAP EXPLANATIONMETHOD OF PREPARATION

The California Emergency Management Agency (CalEMA), the University of Southern 
California (USC), and the California Geological Survey (CGS) make no representation 
or warranties regarding the accuracy of this inundation map nor the data from which 
the map was derived.  Neither the State of California nor USC shall be liable under any 
circumstances for any direct, indirect, special, incidental or consequential damages 
with respect to any claim by any user or any third party on account of or arising from 
the use of this map.  

Topographic base maps prepared by U.S. Geological Survey as part of the 7.5-minute 
Quadrangle Map Series (originally 1:24,000 scale).  Tsunami inundation line 
boundaries may reflect updated digital orthophotographic and topographic data that 
can differ significantly from contours shown on the base map.
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This tsunami inundation map was prepared to assist cities and counties in identifying 
their tsunami hazard. It is intended for local jurisdictional, coastal evacuation 
planning uses only.  This map, and the information presented herein, is not a legal 
document and does not meet disclosure requirements for real estate transactions 
nor for any other regulatory purpose.
The inundation map has been compiled with best currently available scientific 
information.  The inundation line represents the maximum considered tsunami runup 
from a number of extreme, yet realistic, tsunami sources.  Tsunamis are rare events; 
due to a lack of known occurrences in the historical record, this map includes no 
information about the probability of any tsunami affecting any area within a specific 
period of time.
Please refer to the following websites for additional information on the construction 
and/or intended use of the tsunami inundation map:
State of California Emergency Management Agency, Earthquake and Tsunami Program:
http://www.oes.ca.gov/WebPage/oeswebsite.nsf/Content/B1EC
51BA215931768825741F005E8D80?OpenDocument
University of Southern California – Tsunami Research Center:
http://www.usc.edu/dept/tsunamis/2005/index.php
State of California Geological Survey Tsunami Information: 
http://www.conservation.ca.gov/cgs/geologic_hazards/Tsunami/index.htm
National Oceanic and Atmospheric Agency Center for Tsunami Research (MOST model):
http://nctr.pmel.noaa.gov/time/background/models.html

Table 1:  Tsunami sources modeled for the San Mateo County coastline.
Areas of Inundation Map 

Coverage and Sources UsedSources (M = moment magnitude used in modeled event) San Francisco 
Bay Pescadero

Point Reyes Thrust Fault X 
Rodgers Creek-Hayward Faults X Local 

Sources San Gregorio Fault X 
Cascadia Subduction Zone-full rupture (M9.0) X 
Central Aleutians Subduction Zone #1 (M8.9) X X 
Central Aleutians Subduction Zone #2 (M8.9) X 
Central Aleutians Subduction Zone #3 (M9.2) X X 

Chile North Subduction Zone (M9.4) X 
1960 Chile Earthquake (M9.3) X 

1964 Alaska Earthquake (M9.2) X X 
Japan Subduction Zone #2 (M8.8) X 

Kuril Islands Subduction Zone #2 (M8.8) X 
Kuril Islands Subduction Zone #3 (M8.8) X 
Kuril Islands Subduction Zone #4 (M8.8) X 

Distant 
Sources

Marianas Subduction Zone (M8.6) X X 
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