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Abstract 

Coastal communities and the coastal zone are important areas, for a variety of reasons such as 

social, ecological and economic. These areas, however, are under increasing threat from both 

climate change and anthropogenic development.  As the climate changes, the sea level is 

expected to rise causing instances of flooding as well as increased storm intensity triggering 

increased coastal erosion and coastal flooding along vulnerable shorelines. In order to 

measure areas of risk along the coastline and bayline of San Mateo County, a coastal 

vulnerability index (CVI) was used.  The CVI used in this study was similar to one developed 

by researchers in South Africa who used it to apply a CVI to the KwaZulu-Natal province in 

South Africa. The CVI measured physical parameters such as beach width, distance to 20 

meter isobath, distance of vegetation behind the back beach, dune width and percentage 

rocky outcrop in order to assess a relative vulnerability score for each sample site along the 

San Mateo County coast and bayline. In addition to the CVI being applied to San Mateo 

County, regional coastal stakeholders were interviewed in order to measure their own 

perception of risk relating to coastal vulnerability along the San Mateo County coast and 

bayline.  Regional coastal stakeholders properly identified some of the most vulnerable sites 

in the area, however, there was a discrepancy in other locations where highly vulnerable sites 

were located but were not identified by stakeholders.  For example, the area containing sites 

numbered 1-39 had several spots of high vulnerability, however, very few stakeholders 

identified these areas.  One of the sites that was commonly identified is located in between 

sample sites 46 and 47 in Half Moon Bay, California. The primary factors relating to 

vulnerability at this site include: the lack of dunes, lack of vegetation behind the back beach, 

a narrow beach width, and a lack of rocky outcrop.  The distance to the 20 meter isobath is 

the only factor that does not rank this site as highly vulnerable.  This study also provides a 

suggested management plan for the site.  

Key words: Coastal Vulnerability Index (CVI), coastal erosion, coastal flooding, sea level 

rise, San Mateo County, California, Integrated coastal zone management.  
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Chapter 1. Introduction 

Coastal erosion, coastal flooding and sea level rise are several increasing threats to many 

communities across the globe, however San Mateo County in the United States is uniquely 

threatened by these phenomena because of a mix of economic development and geography 

(Strauss & Wiles, 2014). San Mateo County sits on a peninsula between the Pacific Ocean on 

the coastside and the San Francisco Bay on the bayside. For this purpose of this thesis, the 

term “coastside” will be used to refer to the side of the county on the Pacific Ocean and 

“bayside” to refer to the part of the county on the San Francisco Bay.  According to the San 

Mateo County Grand Jury, San Mateo County, as it stands now, does not have a coordinated 

approach to resolve existing flooding issues, and additionally are not prepared for the added 

challenge of sea level rise. The Grand Jury noted that, the issue of coastal vulnerability and 

sea level rise should be of concern to all cities in the county, not just coastal cities because of 

shared infrastructure at risk such as wastewater treatment facilities. The Grand Jury urges that 

comprehensive action be taken now to prevent higher costs of reactionary action in the future 

(San Mateo County Grand Jury, 2015).   

On a broader scale, climate change is affecting the coastal zone and, therefore, 

affecting the people who inhabit the coastal zone. Climate induced changes to weather 

patterns, storm intensity, as well as the issue of sea level rise caused by melting glaciers all 

combine to threaten the coastal zone we inhabit.  According to the Intergovernmental Panel 

on Climate Change (IPCC), climate change will increase challenges related to the coastal 

zone such as overexploitation of resources, habitat degradation, and loss of biodiversity, 

salinization, pollution and coastal erosion. In addition, the IPCC states that “coastal systems 

will experience impacts through sea level rise. They will also experience impacts through 

high sea levels combined with storm swells”. Another impact that the IPCC warns about is 

flooding of river deltas as a result of sea level rise, and the possibility of increased migration 

to coastal cities and towns as a result of changed climate in warmer, dryer areas (IPCC 

Report, 2014). 

The objectives of this thesis are to apply a coastal vulnerability index (CVI) to San 

Mateo County and compare those results to stakeholder perception of risk.  The coastal 

vulnerability index that I am using for this thesis follows the framework of Palmer et al who 

created an index that can be applied on a large scale in South Africa (Palmer et al, 
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2011).  The objective is to identify any discrepancies between perceived risk according to 

regional coastal stakeholders and the risks identified by the CVI.  In addition to applying the 

CVI to San Mateo County and measuring stakeholder perception of risk, data from the CVI, 

stakeholder interviews and a focus group was conducted to create a management plan for a 

specific case study site.  
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Chapter 2. Background of San Mateo 

County- Geography and Socio-
Economics 

2.1 Geography 

San Mateo County is located on a peninsula between the San Francisco Bay on the East and 

the Pacific Ocean on the West (See Appendix A for Map). The coastside is 93 kilometers in 

length and the bayside consists of 60 kilometers of coastline. In total, San Mateo County is 

732 square kilometers in land and 469 square kilometers in water area. The elevation ranges 

from sea level to 801 metres at the highest point (County of San Mateo Profile, 2015).  Being 

on the Pacific coast of California, San Mateo County is vulnerable to El Nino weather 

patterns. In general, El Nino defines abnormal weather patterns due to warming of sea surface 

temperatures across the Pacific. For California, this results in an increased amount of 

precipitation and storm intensity (NOAA, 2009).  

Ecological subregions present in San Mateo County include: ocean beaches, salt 

marshes, coastal scrub, grasslands, chaparral, redwood forests, riparian woodland, mixed 

evergreen forest and oak woodlands (Christensen, n.d.).  While an ecology of an area is 

interconnected even though subregions exist, and a change in one region impacts another 

(Welsh, 1994) it is important to note that four of these subregions are more impacted by 

climate change, sea level rise, coastal erosion and coastal flooding than others. These are: 

ocean beaches, salt marshes, coastal scrub and riparian woodlands. Coastal erosion and sea 

level rise threatens ocean beaches as the ocean impedes on beaches, sand is diminished and 

more energy is therefore interacting with coastal bluffs accelerating erosion rates (Bird & 

Lewis, 2014). In addition to threatening just ocean beaches, coastal scrub, growing along the 

bluffs adjacent to beaches is threatened by sea level rise and coastal erosion.  Sea level rise is 

also a threat to salt marshes because, as the ocean rises, marshes will be increasingly flooded 

over permanently by the ocean water, thus changing the habitat.  Riparian areas can be 

threatened by sea level rise because, as the sea level rises, saltwater can intrude on brackish 

areas more so than normal, changing the habitat of riparian zones adjacent to creeks, rivers 

and streams that flow into the ocean (Gordon et al, 2014).  
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2.2 Socio-Economic Aspects 

One of the primary industries in the region that helped lead to the population boom is the 

technology boom in the Silicon Valley region that San Mateo County abuts. Information, 

bioscience and medical technology companies call San Mateo County their 

home.  Companies with their international headquarters based in San Mateo County include 

the Oracle Corporation, Siebel Systems, Electronic Arts, DreamWorks, Genentech, Nektar, 

Gilead, Cell Genesis, Applied Biosystems, Facebook, Visa and InterMune (County of San 

Mateo).  

 

Table 1 shows the types of industry and employment in San Mateo County while Table 2.2 

breaks down the largest employers by numbers 

Industry/Employer Percentage (%) 

Agriculture 0.3 

Government 13.4 

Services 49.4 

Retail trade 9.8 

Mining and Construction 4.6 

Manufacturing 5.1 

Transportation and Public Utilities  4.9 

Wholesale Trade 3.0 

Finance, Insurance and Real Estate 9.8 

 

(County of San Mateo, 2015).  
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Table 2  Largest Employers in San Mateo County 

Over 3000 employees 1000-3000 employees   1000 employees & under 

United Airlines Airline 

13,300 

Siebel Systems Software 1,926 Visa USA/Visa 

International Financial 900 

Oracle Corporation 

Software 8,000 

Applied Biosystems Biotechnology 

1,762 

 

Electronics For Imaging 

Medical 900 

County of San Mateo 

Government 5,234 

 

United State Postal Service Mail 

Services 1,637 

 

Gap Inc. Retail 870 

Facebook 4,600 Stanford Linear Accelerator 

Research 1,450 

Target Stores Retail 750 

Genentech Inc. 

Biotechnology 4,129 

San Francisco International Airport 

Transportation 1,429 

SamTrans District 

Transportation 741 

 SRI International 

Research/Consulting 1,200 

Electronic Arts Software 

697 

 Catholic Healthcare West 

Healthcare 1,154 

PG&E Utilities 681 

 Franklin Templeton Investments 

1,100 

SBC Communication 

Communications 576 

 

(San Mateo County Government, 2015) 

 

Taxable sales in 2013 in San Mateo County were estimated at 14.6 billion USD 

(2013), while the 2014 total assessed value of property was estimated at 164.9 billion USD 

(2014), and the 2012 estimate for agriculture production, representing 0.3% of employment 

(Table 2.1), was 140 million USD (2012). The latter figure gives an indication of the 

significant economic activity within San Mateo County. This is further illustrated by a 

median family income of $80,737, a per capita income: of $57,906 contributing to an average 

household income: $129,000. The median home value: is $1,194,500 and because of the 
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strength of the economy, there are 19 public affordable housing projects throughout San 

Mateo County (San Mateo County Government, 2015).  

 

San Mateo County is one of the most ethnically diverse counties in the United States, 

being the 13th largest county in California with 712,400 people and 20 incorporated cities, as 

well as several unincorporated communities.  Racial demographics break down as: 49.8% 

Caucasian; 21.8% Hispanic; 21% Asian/Pacific Islander; 3.3% African American and 4.1% 

considered as “other”.  Furthermore, more than a third of the population was born in another 

country (San Mateo County Government, 2015).  

2.3 Communication  

San Francisco International Airport, the second largest airport in California and is located in 

San Mateo County.  This is interesting because, even though it is located entirely within San 

Mateo County, the airport is owned and operated by the City and County of San Francisco. 

San Francisco International Airport is located adjacent to the San Francisco Bay, making it 

especially vulnerable to sea level rise (San Mateo County Government Profile, 2015).  

 

Figure 1 Photo of San Francisco International Airport (aerialarchives.com) 
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The Port of Redwood City is 18 miles south of San Francisco and specializes in liquid 

and bulk cargo for the construction industry. The Port of Redwood City is the only deepwater 

port in the Southern Region of the San Francisco Bay Area. In addition to economic activity, 

the port operates a public boat launch.  This provides the public with access to the San 

Francisco Bay and all of the recreation associated with that (San Mateo County Government 

Profile, 2015). 

 

Pillar Point Harbor, located adjacent to Half Moon Bay is a protected refuge along the 

coast side of San Mateo County.  The harbor is complete with an inner and outer breakwater, 

ensuring safety from storms and waves for its 369 berths. In addition to being a commercial 

hub for fishermen, the Pillar Point Harbor is home for residential sailboats as well as a base 

for search and rescue operations. Pillar Point Harbor is operated by the San Mateo County 

Harbor Commission (San Mateo County Government Profile, 2015). 

 

Oyster Point Marina, is located on the bay side of San Mateo County.  It is an 

important hub for aquatic transportation, fishermen, residential sailboats, and access point for 

fuel.  The Marina features 455 berths as well as a fishing pier open to recreational fishers. 

The Oyster Point Marina is operated by the San Mateo County Harbor Board (San Mateo 

County Government Profile, 2015). 

 

Bay Area Rapid Transit (BART) system. San Mateo County is home to six stations 

that connects commuters to multiple other bay area counties, including San Francisco its 

financial centre. The BART system is currently expanding to Silicon Valley powerhouse, San 

Jose (San Mateo County Government Profile, 2015). Caltrain is the passenger rail service on 

the peninsula that runs through San Mateo County.  It is jointly owned and operated by the 

City and County of San Francisco, San Mateo County Transit District and Santa Clara Valley 

Transportation Authority (San Mateo County Government Profile, 2015). SamTrans is the 

San Mateo County Transit district that operates bus services throughout San Mateo County 

and into parts of neighboring San Francisco and Santa Clara County (San Mateo County 

Government Profile, 2015). 

California State Route 1 runs along the coast of California, and is therefore adjacent 

to the Pacific Ocean side of San Mateo County.  Parts of Route 1 are especially close to the 

sea, and therefore especially vulnerability to sea level rise and erosion (San Mateo County 

Government Profile, 2015). US Route 101 runs throughout California and is also known as 
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the Bayshore freeway in some spots in San Mateo County because it runs directly parallel to 

the West side of the San Francisco Bay. Many parts of Route 101 are vulnerable to sea level 

rise because of its proximity to the SF Bay (San Mateo County Government Profile, 2015). 
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Chapter 3. Review of Literature  

In the Journal of Coastal Research, an article published in 2005 by Brian Boruff, Christopher 

Emrich and Susan Cutter examined the vulnerability to erosion of coastal counties in the 

United States. They accomplished this objective by creating a socio-economic vulnerability 

index, combined with a physically based coastal vulnerability index that was produced by the 

US Geological Society.  The authors pointed out that coastal counties only account for 11 

percent of the number of counties in the US, but they account for 25 percent of the 

population. This indicates that there is a significant social and economic implication 

regarding erosion threats to these counties. In order to determine socio-economic 

vulnerability the authors used 39 variables as developed in a study by Cutter, Boruff and 

Shirley in 2003 and placed them in a principal components analysis (PCA).  After the PCA 

82 percent of the variance among coastal US counties were explained. The physical 

vulnerability was determined by ranking six threats on a scale of 1-5 and then taking the 

square root of the six variables divided by 6.  They analyzed the results by breaking down the 

regions, firstly they analyzed the Atlantic Coast region and found that there is a high level of 

socio-economic vulnerability, along with a high level of physical vulnerability on the mid 

Atlantic coast and low levels of physical and socio-economic vulnerability in the North 

Atlantic shoreline.  On the Gulf Coast they found that there was an interesting split regarding 

socio-economic vulnerability in the most vulnerable areas physically. In Texas, the primary 

cause of socio-economic vulnerability was the high level of poverty and unemployment and 

in Florida because of a large number of elderly people, mobile homes and high reliance on 

social security benefits. Regarding the physical vulnerability, the most vulnerable areas were 

along the Southern Texas Coast because of sand beaches, salt marshes and deltas with less 

than a matter of tidal range. Along the Pacific, the most physical vulnerability was located in 

Central Oregon and the San Francisco Bay Area because of low, cliffed coastlines, sand 

beaches, deltas and estuaries. Socioeconomic risks include the high density of residential and 

commercial developments.  Overall, there is significant spatial differences between the 

influences of socio-economic and physical vulnerability on a region’s overall vulnerability.  

    This study by Boruff et al provided excellent analysis and discussion regarding the 

interaction between physical and socio-economic vulnerability.  This study will take a similar 

approach by factoring in the social and economic aspects of stakeholders and their 
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perceptions of vulnerability. This study, will not, however, conduct my own index regarding 

socio-economic vulnerability. This study did not go into great detail of the issues as it was a 

broad study covering all of the coastal counties in the US. Because of the broad scale, key 

elements regarding vulnerability might have been missed.  This study hopes to fill this gap in 

the knowledge by focusing on a much smaller scale.  This study will be focusing on just one 

county in the US and then will go into even more detail by developing a management plan for 

one site. In depth semi structured interviews with stakeholders will be conducted in order to 

get a sense of their perceptions of vulnerability.  

    A study conducted by Nicholls, et al in 2008 in the Sustainability Science Journal, 

regarding how climate change and coastal vulnerability are intertwined and therefore the need 

for integrated vulnerability assessments. The author’s state that the impacts of rising 

temperatures associated with climate change will be felt on high latitude coasts in the form of 

increased erosion as sea ice and permafrost melts, and on low latitude coral reef coasts 

because they will be subjected to increased bleaching and earlier mortality. The authors 

suggested a variety of climate induced and non-climate induced scenarios to be considered 

for integrated coastal vulnerability assessments.  They include: sea level rise, changes in 

rainfall patterns, changes in sea surface temperatures, changes in wind and wave patterns, El 

Nino related changes, sediment changes, vertical land movement and sediment budget 

changes. Additionally, they state climate induced and non-climate induced socio-economic 

developments such as autonomous adaptation, planned adaptation, population changes, land 

use changes and changes in gross domestic product (GDP). These scenarios are quite relevant 

to this thesis as these climate induced scenarios are very impactful on the San Mateo County 

coastline, most specifically with erosion and sea level rise. Regarding socio-economic 

scenarios, San Mateo County is having to adapt the land usage to cope with these changes as 

well as is experiencing an increase in GDP and population. The gap in this study is that it 

does not address how perceptions of these scenarios affect the policy making, rather it just 

addresses how these climate induced and non-climate induced scenarios affects integrated 

coastal vulnerability planning. This study will attempt to address this gap in my paper by 

addressing where the perception of risk overlies with the risk identified by this coastal 

vulnerability index for San Mateo County.  

A study by J.A. Cooper and J. McKenna in 2008 at the Centre for Coastal and Marine 

Research at the University of Ulster in Northern Ireland looked at the temporal and spatial 

dimension of social justice in coastal erosion. This study is similar to the previously 

mentioned one by Boruff et al in the sense that it addressed the issue of socioeconomically 
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disadvantaged groups and their relation to coastal erosion. This issue is especially pressing in 

cases where a municipality has limited resources so the question is where to spend them to 

reduce erosion. The authors found that when making decisions governments have not always 

considered social justice implications, and often times a great proportion of resources have 

gone to projects that benefit only a few. They believe that, when governments make a 

decision to support projects that benefit the most number of people, regarding erosion 

protection on the long term, environmental protection and social justice are both 

maximized.  One weakness in this study is the lack of consideration given to businesses and 

economic output.  This thesis will address the economic factor in San Mateo County by 

interviewing key stakeholders that represent economic interests.  

    A study by Palmer, et al published in the Journal of Coastal Research regarding the 

vulnerability assessment of the KwaZulu- Natal coastal zone in South Africa was successful 

in creating a CVI as a desktop study using already published data about the geomorphology 

of the coastal zone in question.  The study established a way to apply a CVI to a large amount 

of coastline (580 km) in order to compile an index.  They accomplished this by breaking 

down the coastal area into 50m by 50m sections and assessed each one’s vulnerability on a 1 

to 4 scale, 1 being extremely low risk and 4 being high risk. This study is extremely useful 

for the purpose of this research in San Mateo County. This thesis will use a very similar 

methodology when conducting the general CVI for San Mateo County. The weakness in 

Palmer’s study is the fact that they did not provide too much justification of why certain 

structures in the highly vulnerable region they identified were important. This could have 

been accomplished by conducting interviews in the region in order to get an on the ground 

opinion of the site. However, the overall study is very useful as it can be applied in a broad 

sense.  

    A study conducted by Keqi Zhang, Bruce Douglas and Stephen Leatherman in 2004 

regarding the relationship between global warming and coastal erosion provides much needed 

context for my own study regarding coastal vulnerability and perceptions of 

stakeholders.  They tested a model to examine how beaches change in response to sea level 

rise, which is a result of global warming. They used aerial photos of beaches on the East 

coast of the US over time to observe changes in erosion over time. Their findings showed that 

there is a relationship between global warming triggered sea level rise and increased erosion. 

This piece of information is useful for this study as it provides an observation over a long 

period of time using photographs of how erosion is happening.  One weakness is that they did 

not include the possibility of increased storm intensity as a cause for coastal erosion. 
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However, sea level rise is still a very serious threat and it is anticipated to be a concern of 

many of my stakeholders. This study will try to bridge the gap of knowledge between how 

sea level rise is actually affecting the coast of the study area and the perceptions from 

stakeholders.  

    A study published in 2010 based in Southern Australia by Pamela Abuodha and Colin 

Woodroffe aimed to discuss the vulnerabilities of the site based on several sensitivities. They 

used semi quantifiable variables, them being: rock type, coastal slope, geomorphology, 

barrier type, and shoreline exposure and shoreline changes. They determined the coastal 

sensitivity of each cell by taking the square root of the product of the ranked variables. They 

did this 105 times, representing 105 cells. What is interesting about this study is that barrier 

type and shoreline exposure were used as a variable. These variables have not been used in 

other similar studies such as the one in South Africa.  Nonetheless, they are important when 

evaluating coastlines that may have man-made alterations for coastal defenses.  
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Chapter 4. Methods 

Methods included breaking down both the coastside and the bayside of San Mateo County 

into 128 sample sites each spanning 1 square kilometer.  For each sample area, measures 

were taken to measure beach width, dune width, distance of vegetation behind the back 

beach, percentage rocky outcrop and distance to 20 meter isobath and applied a score 

corresponding to each physical parameter measured.  The scores used were the scores created 

by Palmer et al in their study in South Africa, with 4 being the highest vulnerability and 1 

being the lowest (Palmer et al, 2011).  Because of the 5 physical parameters, the maximum 

vulnerability score for each site is 20.  Additionally, cliff height and slopes were measured at 

each sample site.  The method used for these measurements was Google Earth Pro because of 

the measurement tools the software has to measure distances and depths.  

After taking measurements for the 128 sample sites, 14 regional coastal stakeholders 

within San Mateo County were engaged in order to interview them to measure their 

perceptions of risk.  The types of stakeholders interviewed represented social, environmental 

and economic interests. Social stakeholders included government officials and elected 

officials, environmental stakeholders included leaders of prominent environmental advocacy 

groups, and the economic stakeholders represented business managers and chamber of 

commerce’s operating in San Mateo County.  These stakeholders were selected because of 

the broad array of interests they represent.  For example, government officials at different 

levels of government such as local and county level were interviewed. Relating to 

environmental stakeholders, individuals from both the coastside and the bayside were 

selected in order to gain insight from both perspectives.  Some of the environmental 

stakeholders focused primarily on coastal issues, while others represented general land use 

management and preservation, while others focused on more inland areas.  Economic 

interests from both the bayside and coastside in three different industries were selected, 

representing hospitality, food and beverage and realty in order to gain a varied response.  In 

addition to the three stakeholders representing those industries, one representative from a 

chamber of commerce was selected in order to gain a holistic business point of view.  Each 

stakeholder was presented with a planning map of San Mateo County (See Appendix A) and 

asked to mark on the map areas where they perceived to be at risk from coastal erosion, 

coastal flooding and/or sea level rise. This exercise provided data that was used to compare 
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where stakeholders perceived risk, which was then compared to the CVI completed to see 

where perceptions of risk aligned with the risks presented by the CVI and where any 

discrepancies were. In addition to the mapping exercise, 7 questions were asked to each 

stakeholder in order to measure their general perception of risk, knowledge of coastal 

vulnerability and thoughts on better practice management plans for the coastline in San 

Mateo County. Each interview lasted roughly 45 minutes.   

The following is a sampling of the types of interview questions that the different types 

of stakeholders were asked. Some questions overlapped, while others were meant to be more 

specific to the category of stakeholder (environmental, social, and economic). For example, a 

politician representing the social interests might have an environmental platform that they run 

on. One question that was asked to all stakeholders was where do they perceive risk and 

vulnerability? This question was asked by presenting a map of the coastal areas of the county 

to them and had them circle areas they perceived to have high risk. These results were then 

compared to the results of the CVI that was completed using the data collected by taking 

measurements of sites on Google Earth Pro.  

 

Sample question for Environmental Stakeholder: 

In your opinion, what is the most pressing environmental (such as El Nino, storm intensity, 

climate change, etc) issue that contributes to coastal erosion?  

Sample question for the Social Stakeholder: 

In your opinion, what are the most pressing threats to cities and towns in San Mateo County 

as a result of coastal erosion, coastal flooding and sea level rise?  

Sample question for the Economic Stakeholder:  

In your opinion, what industry in San Mateo County is most threatened by coastal erosion, 

coastal flooding and sea level rise?  

 

    Interview results were transcribed as the participant was answering and were then analyzed 

to look for certain themes such as general knowledge of coastal vulnerability issues in the 

region, environmental factors contributing to coastal vulnerability, most at risk economic 

industry as well as in general what is most at threat in communities in San Mateo County as a 

result of coastal erosion, coastal flooding and sea level rise. Finally, a shared theme analyzed 

in the interview results were perceptions of what is currently being done to address issues of 

coastal vulnerability and what more can be done by government agencies at different levels to 

address the issues of coastal erosion, coastal flooding and sea level rise.  
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Finally, one sample area was selected as a specific site to use as case study for a 

management plan. The case study site is located between sample sites 46 and 47, in the City 

of Half Moon Bay, California. It is known locally as Miramar Beach and or Mirada Road and 

faces a multitude of coastal issues including bluff erosion, flooding, vulnerability to sea level 

rise, collapse of infrastructure such as a roadway and threats to commercial and residential 

property. For this management plan, a variety of potential coastal management solutions such 

as submerged engineered reefs, sand replenishment, cliff stabilization and drainage 

innovation and managed retreat were researched.  A focus group for residents in the area was 

hosted in order to measure their opinions about the possible solutions and ask for their ideas 

for solutions. The focus group was organized in a way where the participants listened to a 

lecture and were provided handouts of slides describing the variety of possible coastal 

management solutions for the site. Each member was then asked to rank their preference of 

the possible solutions for the case study site. At the end of the focus group meeting, 

participants were asked to comment on general thoughts about the site and what more they 

believed could be done by policy makers in the area. The focus group was roughly one hour 

in length.  
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Chapter 5. Results and Discussion  

5.1 Total CVI scores across all sample sites 

Chapter 5 will display the results of the coastal vulnerability index as well as discussion. 

Each physical parameter will be addressed here.  They are: beach width, dune width, distance 

of vegetation behind the back beach, distance to 20 meter isobath and percentage rocky 

outcrop. Figure 5.1 is a map of the breakdown of sample sites throughout San Mateo County.  

 

 

  

Figure 2 Map of San Mateo County indicating all 128 sample areas 
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Figure 3 displaying sample sites 1-37 
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Figure 4 Map indicating sample sites 34-128 
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Total coastal vulnerability index scores  
 

Table 5.1 shows the total CVI scores across all of the sample areas in San Mateo 
County.  The maximum score is a 20 and minimum is a 5.  
 

Table 3  displaying the total CVI scores across all the sample sites 

Coastal Site CVI Score Coastal Site CVI Score Coastal Site CVI Score 

1 18 42 15 86 17 

2 15 43 15 87 15 

3 16 44 14 88 17 

4 13 45 15 89 17 

5 13 46 17 90 17 

6 15 47 17 91 17 

7 14 48 15 92 17 

8 15 49 15 93 17 

9 16 50 14 94 17 

10 17 51 14 95 17 

11 14 52 13 96 17 

12 15 53 15 97 17 

13 18 54 17 98 16 

14 17 55 17 99 17 

15 17 56 18 100 15 

16 15 57 20 101 14 

17 14 58 19 102 17 

18 15 59 20 103 17 

19 17 60 20 104 17 

20 18 61 17 105 17 

21 18 62 17 106 15 

22 18 63 15 107 14 

23 16 64 14 108 14 

24 18 65 15 109 11 

25 16 66 18 110 17 

26 17 67 18 111 17 

27 19 68 17 112 17 

28 17 69 17 113 17 

29 16 70 17 114 14 

30 15 71 17 115 13 

31 15 72 17 116 17 
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32 16 73 15 117 17 

33 15 74 14 118 17 

34 15 75 17 119 16 

35 14 76 17 120 14 

36 15 77 17 121 14 

37 14 78 17 122 14 

38 14 79 14 123 14 

39 15 80 17 124 14 

40 16 81 17 125 12 

41 14 82 17 126 14 

  

83 17 127 14 

  

84 17 128 13 

  

85 17 

   

The following charts explain the total CVI scores for the whole region as well as breaking it 

down into coast side and bay side. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 1 displays the total CVI scores for all the sample sites 
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Chart 2 shows CVI scores on the coastside 

Chart  3  shows the CVI scores for the bayside 
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The median of all sites is 15.92, the median of sites on the coastside is 15.98, the 

median of sites on the bayside is 15.83 and the median of all sites identified by stakeholders 

is 16.00. 

5.2 Beach Width 

Below, are the measurements for the beach width of coastal San Mateo County presented as a 

table as well as charts.  Because there are noticeable discrepancies of beach width between 

the coast side and the bay side of the county, each was separated into their own chart, as well 

as one chart with all of the data combined.   

Beach width is an important physical parameter in the realm of coastal vulnerability 

because of the ability for beaches to provide natural coastal defenses. Beaches provide a 

defense because the wave energy interacts with the ground and sand.  The wider the beaches, 

the more space there is for waves to interact and more space for the beaches to absorb the 

energy before the wave energy interacts or hits the vulnerable cliffs.  If beaches are wide 

enough, the wave energy may not even hit the cliff, therefore slowing the erosion process 

(Ludka, et al 2016).  

Table 4 Beach Width Measurements 

Coastal Section Beach Width (m) Coastal Section Beach Width (m) Coastal Section Beach Width (m) 

1 38 42 54 86 11 

2 60 43 63 87 135 

3 20 44 40 88 26 

4 46 45 52 89 11 

5 42 46 40 90 10 

6 59 47 20 91 9 

7 8 48 27 92 0 

8 24 49 22 93 24 

9 44 50 41 94 0 

10 94 51 19 95 0 

11 36 52 14 96 0 

12 21 53 28 97 13 

13 35 54 17 98 3.4 

14 22.88 55 29 99 2.19 

15 18 56 51 100 4.59 

16 40 57 27 101 350 

17 45 58 27 102 18 

18 43 59 21 103 0 

19 7.6 60 18 104 0 

20 18 61 33 105 19 

21 26 62 77 106 37 
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22 18 63 27 107 37 

23 37.5 64 40 108 127 

24 18 65 53 109 234 

25 17 66 21 110 19 

26 96 67 23 111 32 

27 19 68 56 112 0 

28 66 69 29 113 20 

29 28 70 10 114 5426 

30 63 71 28 115 4965 

31 65 72 52 116 6.64 

32 78 73 65 117 0 

33 0 74 65 118 0 

34 21 75 8 119 66 

35 27 76 6 120 1752 

36 60 77 3 121 1600 

37 25 78 3 122 1700 

38 32 79 2.8 123 2502 

39 62 80 5 124 1778 

40 40 81 6 125 872 

41 43 82 27 126 271 

  
83 5 127 722 

  
84 1.85 128 871 

  
85 10.4 

  
 
 

 Chart  4 shows beach width across all sites 
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As table 5.2 and charts 5.4, 5.5, and 5.6 show, there is a large variance of beach width 

throughout San Mateo County. For the coastline as a whole, including the coastside and the 

bay side, the average beach width is 207.061 metres.  Breaking down the data even more, the 

Chart  5  shows beach width on the bayside 

Chart  6  shows beach width coastside 
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average beach width for the coast side is 36.80 metres, and the average beach width for the 

bay side is 433.035 metres.  By taking account of averages alone, it seems that the bay side is 

relatively less vulnerable on account of beach width, but this does not seem to be the case. 

There are a few outliers on the bay side that have incredibly wide beaches compared to the 

rest which as a result has skewed the average width higher.  Site #114 and 115 as well as sites 

# 120 through 128 all have wide beaches due to the presence of restored mudflats. For the 

purpose of this study, mudflats are being categorized in the beach width category because 

like sand, mud is a type of sediment of small grain size, therefore acts as a beach.  

 

 

Figure 5 shows a satellite image of the mudflats off of site #114 located at Latitude: 

37°30'2.33"N Longitude:122°14'25.41"W. 

Contrasting the large beach width as a result of mudflat preserves, there are several 

outlier sites throughout San Mateo County, both on the coastside and the bayside that have a 

beach width of 0m. Site #92, located at Latitude:  37°36'34.51"N Longitude:122°21'30.15"W, 

for example, is one of the runways at San Francisco International Airport.  The runway 

stretches into the bay and there is no beach, only a man-made sea wall barrier.   
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Figure 6  site #92, San Francisco International Airport. 

On the coastside, the average beach length is 36.08 metres.  Site number 46, located at 

Latitude: 37°29'16.12"N  Longitude: 122°27'20.52"W, for example, is typical of the coast 

side in San Mateo County, with a sandy beach as well as some sand dunes.  The beach width 

at this site is slightly above the coastside average at 40 metres in width.  
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Visible is the sandy beach, as well as the sand dunes behind the back of the beach.  

 

The other common occurrence on the coastside is sheer cliffs down to the sea with 

little or no beach.  Site # 33, located at Latitude: 37°22'4.63"N Longitude:122°24'29.50"W, 

for example, has a beach width of 0 m as the base of the cliffs meet the sea. Other sites with 

sheer cliffs down to the sea have a small beach, but site #33 was one of the outliers with a 

beach width of 0m on the coastside.  

 

Figure 7 shows a satellite image of site #46 

Figure 8 on site photograph of site #46. 
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Figure 9 satellite image of site #33 

5.3 Dune Width  

Chapter 5.3 will show both in table and chart form the presence of sand dunes and their 

widths throughout the San Mateo County Coast. The charts will be broken down to show the 

coastline as a whole, as well as separated to show just the coastside and then the bayside 

independent of each other to further analyze the dune width in each area.  

Dune width is another important physical parameter relating to coastal vulnerability. 

Much like beaches, dunes provide a natural physical defense from wave energy and storm 

surges, protecting vulnerable cliffs or low lying areas behind them. If dune height and width 

is large enough they can prevent large waves and storm surges from breaching over them and 

flooding or causing damaging erosion behind the dunes.  If the dunes are smaller and waves 

do breach, the wave energy will be substantially reduced as the dunes will have absorbed 

some of the energy, therefore reducing the erosion on cliffs behind the dunes or flooding 

behind the dunes (Green, 2004).  
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Table 5 shows dune width for all the sample sites 

Coastal Section Dune Width (m) Coastal Section Dune Width (m) Coastal Section Dune Width (m) 

1 0 42 0 83 0 

2 29 43 0 84 0 

3 7 44 29 85 0 

4 230 45 0 86 0 

5 5 46 63 87 0 

6 0 47 0 88 0 

7 0 48 34 89 0 

8 0 49 0 90 0 

9 44 50 0 91 0 

10 95 51 0 92 0 

11 1 52 0 93 0 

12 0 53 0 94 0 

13 0 54 0 95 0 

14 0 55 0 96 0 

15 0 56 0 97 0 

16 0 57 0 98 0 

17 0 58 0 99 0 

18 0 59 0 100 0 

19 0 60 0 101 0 

20 0 61 0 102 11 

21 0 62 0 103 0 

22 0 63 0 104 0 

23 50 64 0 105 0 

24 0 65 0 106 82 

25 35 66 0 107 4 

26 0 67 0 108 0 

27 0 68 0 109 0 

28 0 69 0 110 0 

29 12 70 0 111 0 

30 0 71 0 112 0 

31 0 72 0 113 0 

32 0 73 0 114 0 

33 0 74 0 115 0 

34 0 75 0 116 0 

35 0 76 0 117 0 

36 0 77 0 118 0 

37 0 78 0 119 0 

38 0 79 0 120 0 

39 0 80 0 121 0 

40 0 81 0 122 0 
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41 0 82 0 123 12 

    
124 0 

    
125 0 

    
126 0 

    
127 0 

    
128 0] 

 

  

Chart  7 shows the dune width across all sample site 
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Chart  8 shows dune width on the coastside 

Chart  9 shows dune width on the bayside 



33 

As table 5.3 and charts 5.6, 5.7 and 5.8 show, there is a large variance of dune width 

throughout San Mateo County. For the coastline as a whole, including the coastside and the 

bay side, the average dune width is 5.80 metres.  Breaking down the data even more, the 

average dune width for the coastside is 8.56 metres, and the average dune width for the bay 

side is 2.01 metres.  Breaking down this data even more, it is easy to see the wide 

discrepancy between sites and dune width.  On the coastside, the widest section of dunes is 

230 metres located at site number 4.  Additionally, site number 4 has the widest dunes out of 

any of the other sites in the entire county.  For the bayside, the widest site is 82 metres 

located at site number 106.  

 

 

 

Figure 10 shows an image of dunes located behind the back beach in between site 

44 and 45. 
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Figure 11 Satellite image of sites 44 and 45 

 

 

  

Figure 12 Satellite image of site number 4 
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5.4 Distance of vegetation behind back beach 

Vegetation behind the back beach is an important physical parameter relating to coastal 

vulnerability for a few reasons. Firstly, the more vegetation behind the back beach the more 

space between anthropocentric assets and the dangers of coastal erosion. Additionally, 

vegetation is an important aspect relating to erosion prevention. As vegetation establishes 

itself, its roots stabilize the soil around each plant, aiding in the prevention of coastal cliff and 

hillside erosion. This is especially evident in coastal slopes and cliffs adjacent to creeks and 

streams draining into the sea (Kana, 2009).   

 
  

Figure 13 Satellite image of site number 106 
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Table 6 shows the distance of vegetation behind the back beaches at all sample sites 

Coastal Section Distance (M) Coastal Section Distance (M) Coastal Section Distance (M) 

1 31 42 1250 83 29 

2 219 43 278 84 50 

3 500 44 704 85 11 

4 650 45 214 86 17 

5 1000 46 76 87 42 

6 547 47 165 88 9 

7 1030 48 29 89 23 

8 488 49 0 90 21 

9 466 50 237 91 0 

10 37 51 253 92 0 

11 290 52 683 93 11 

12 153 53 177 94 22 

13 68 54 82 95 0 

14 25 55 3 96 0 

15 160 56 4 97 9.4 

16 384 57 4.4 98 108 

17 217 58 17 99 79 

18 190 59 8 100 396 

19 39 60 9 101 20 

20 32 61 333 102 78 

21 27 62 0 103 39 

22 18 63 139 104 15 

23 0 64 845 105 14 

24 100 65 479 106 113 

25 253 66 0 107 24 

26 44 67 0 108 50 

27 40 68 25 109 13 

28 75 69 95 110 37 

29 426 70 275 111 4 

30 411 71 110 112 43 

31 133 72 78 113 78 

32 97 73 242 114 87 

33 261 74 284 115 113 

34 449 75 2 116 0 

35 753 76 16 117 46 

36 550 77 11 118 33 

37 466 78 10 119 47 

38 713 79 32 120 46 

39 744 80 45 121 34 

40 193 81 28 122 36 
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41 629 82 17 123 68 

    
124 22 

    
125 263 

    
126 27 

    
127 60 

    
128 105 

 

 

 

 

 

 

 

  

Chart 10  shows the distance of vegetation behind the back beach at all sample sites 
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Chart 12 shows the distance of vegetation behind the back beach on the coastside 

Chart 11  shows the distance of vegetation behind the back beach on the bay side 
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As table 5.4 and charts 5.9, 5.10 and 5.11 show, there is quite a bit of a range 

regarding vegetation behind the back beach.  Analyzing this data further, the average distance 

of vegetation behind the back beach is 120 metres, with the minimum at 0 metres, and the 

maximum at 1250 metres. For the coastside, the average distance is 136.24 metres, with the 

widest at site #42 being 1250 metres.  On the bayside, the average distance of vegetation 

behind the back beach is 75.84 metres with the widest section being 396 metres at site #100.  

 

 

Figure 14 Satellite image of site number 42 on the coastsid 

 

 

 

 

 

 

 

 

 

 

 
Figure 15 Satellite image of site number 100 on the bayside  
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5.5 Distance to 20m isobath  

Chapter 5.5 will show both in table and chart format the distance to the 20m isobath from 

each site.  As you can see, there is quite the range of distances to the isobath and a 

discrepancy between the coastside and the bayside.  The coastside has a range, ranging from 

less than 1km to 3.38km, whereas the bayside is quite shallow and at every sample site the 

distance to the 20m isobath is greater than 4km.  

Distance to the 20 meter isobath is an important factor to consider when evaluating 

coastal vulnerability because of the important role that beach morphology plays in wave 

energy and size. The longer waves interact with the bottom of the seafloor, the smaller and 

weaker they become as the sandy seafloor absorbs the wave energy before they crash against 

the shore. The 20 meter isobath marks the spot on the seafloor where the seafloor is 20 meters 

in depth. Therefore, the farther out the 20 meter isobath, the less vulnerable the coastline in 

that area is to damaging high energy waves (Stockton, et al 2012).  

 

Table 7  shows the distance to the 20m isobath for all of the sample sites 

Coastal Section Distance (km) Coastal Section Distance (km) Coastal Section Distance (km) 

1 1.2 42 1.89 83 >4 

2 1.83 43 2.51 84 >4 

3 2.62 44 2.4 85 >4 

4 1.71 45 3.3 86 >4 

5 1.3 46 2.85 87 >4 

6 2.1 47 3.2 88 >4 

7 1.8 48 2.9 89 >4 

8 <1 49 >4 90 >4 

9 1 50 1.24 91 >4 

10 1.5 51 1.02 92 >4 

11 1.8 52 1.15 93 >4 

12 1.7 53 1.15 94 >4 

13 1.2 54 1.13 95 >4 

14 <1 55 <1 96 >4 

15 <1 56 <1 97 >4 

16 1.28 57 <1 98 >4 

17 1.11 58 <1 99 >4 

18 1.23 59 <1 100 >4 

19 <1 60 <1 101 >4 

20 <1 61 1.39 102 >4 

21 1.26 62 2.63 102 >4 
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22 1.7 63 2.7 104 >4 

23 1.48 64 2.46 105 >4 

24 1.67 65 2.53 106 >4 

25 1.84 66 2.45 107 >4 

26 1.84 67 2.44 108 >4 

27 1.9 68 2.46 109 >4 

28 2 69 2.62 110 >4 

29 2.62 70 2.79 111 >4 

30 3.28 71 2.9 112 >4 

31 3.4 72 3.05 113 >4 

32 3.35 73 3.38 114 >4 

33 2.48 74 >=4 115 >4 

34 2.07 75 >=4 116 >4 

35 1.56 76 >=4 117 >4 

36 1.17 77 >=4 118 >4 

37 1.37 78 >=4 119 >4 

38 1.46 79 >=4 120 >4 

39 1.97 80 >=4 121 >4 

40 1.25 81 >4 122 >4 

41 1.64 82 >4 123 >4 

    
124 >4 

    
126 >4 

    
127 >4 

    
128 >4 

 

Chart  13 shows the distance of 20m isobath across all sample sites 
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The data for distance to isobath on sections 72-128 is flat because the San Francisco Bay is so 

shallow there is never a point where there is a 20 meter isobath.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Chart  14  shows the distance to 20m isobath on the coastside 
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5.6 Percent Rocky Outcrop 

This chapter will show the data regarding the percentage rocky outcrop in in table and chart 

format. Rocky outcrop is an important physical parameter relating to coastal erosion because 

of the natural defenses rocky outcrops provide the shore. Much like riprap or artificial reefs, 

rocky outcrop absorbs wave energy offshore before the wave energy hits the beach or cliffs. 

This allows the waves to break off shore, and therefore the remaining energy of the waves 

that hit the beach or cliffs is much less intense. Because of this, shorelines with a higher 

concentration of rocky outcrop are less vulnerable compared to shorelines without rocky 

outcrop (Hammar-Klose et al, n.d).  

 

 
  

Chart  15 shows the distance to the 20m isobath on the bayside 
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Table 8  shows the percent rocky outcrop across all sample sites 

Coastal Site % rocky outcrop Coastal Site % rocky outcrop Coastal Site % rocky outcrop 

1 15 42 <10 83 <10 

2 <10 43 <10 84 <10 

3 <10 44 <10 85 <10 

4 <10 45 <10 86 <10 

5 70 46 <10 87 <10 

6 <10 47 <10 88 <10 

7 25 48 45 89 <10 

8 75 49 45 90 <10 

9 15 50 >50 91 <10 

10 <10 51 >50 92 <10 

11 50 52 >50 93 <10 

12 50 53 >50 94 <10 

13 15 54 30 95 <10 

14 50 55 >50 96 <10 

15 20 56 20 97 <10 

16 40 57 <10 98 <10 

17 >50 58 15 99 <10 

18 >50 59 <10 100 <10 

19 >50 60 <10 101 <10 

20 30 61 <10 102 <10 

21 15 62 <10 103 <10 

22 15 63 10 104 <10 

23 20 64 19 105 <10 

24 <10 65 <10 106 <10 

25 <10 66 <10 107 >50 

26 <10 67 <10 108 15 

27 <10 68 <10 109 >50 

28 <10 69 19 110 <10 

29 <10 70 <10 111 <10 

30 <10 71 <10 112 <10 

31 <10 72 <10 113 <10 

32 10 73 <10 114 <10 

33 15 74 <10 115 <10 

34 20 75 <10 116 <10 

35 25 76 <10 117 <10 

36 20 77 <10 118 <10 

37 >50 78 <10 119 <10 

38 25 79 >50 120 <10 

39 <10 80 <10 121 <10 

40 25 81 <10 122 <10 
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41 30 82 <10 123 <10 

    
124 <10 

    
125 <10 

    
126 <10 

    
127 <10 

    
128 <10 

 

 

  

Chart  16 shows the percent of rocky outcrop across all sample sites 
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Chart  17 shows the percent rocky outcrop on the coastside 

Chart  18  shows the percent rocky outcrop on the bayside 
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As indicated by the table and the three charts displayed above, San Mateo County 

coastline, both the coastside and the bayside does not have much rocky outcrop.  A few sites 

stand out, such as site #5 and #8 on the coast side with site #5 having 70 percentage of rocky 

outcrop and site #8 at 75 percentage rocky outcrop.  Provided below are satellite images of 

sites # 5 and #8 to show the rocky outcrop in these sites.  

 

  

Figure 16 Satellite image of site 5 showing percent rocky outcro 
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Figure 17 Satellite image of site number 8 showing the percent rocky outcrop 

5.7 Summary of Vulnerability Index Data  

As indicated earlier in chapter 5 in table 5.1 and in charts 5.1, 5.2 and 5.3, the most 

vulnerable sites take into account all the physical parameters with scores of at least 18, with 

maximum score being 20 are sites: 1,13,20,21,22,24,27,56,57,58,59,60,66,67.  Sites that 

scored at least an 18, average a score of 3.6 out of a possible score of 4 per physical 

parameter for Palmer et al’s criteria. Furthermore, sites 27 and 57 both scored 19, and sites 

57, 59 and 60 scored the maximum score of 20/20.  
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The above figures show satellite images of some of these most vulnerable spots, two 

of the spots that scored 20/20 are displayed. Sites numbered 59 and 60 abut a steep cliff with 

the infrastructure at risk being a public biking and walking trail. Sites numbered 66 and 67 

have significant anthropocentric development abutting the back beach. These sites are at risk 

from less distance to 20 meter isobath, lack of sandy beach, lack of dunes, lack of rocky 

outcrop and lack of vegetation behind the back beach.  

Figure 18 indicating sites # 59 and 60, both of which scored 20/20 in 

vulnerability 

Figure 19 indicating sites # 66 and 67, both of which scored an 18/20 
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The sites that have the least amount of vulnerability, classified as a low risk by Palmer 

et al with an average of 2.5 out of a maximum of 4 per physical parameter are sites 109 and 

125.  Site 109 scored an 11 out of a maximum of 20 and site 125 scored a 12 out of maximum 

20. Figure 5.19 below shows site 125.  Site 125 is protected by mudflats, vegetation behind 

the mudflats as well as shallow water as the distance to 20 meter isobath is > 4km because of 

the shallow nature of the San Francisco Bay.  

 

 

Figure 20 indicating site # 125 
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Chapter 6. Stakeholder Data and 

Interview  

Summaries  

Chapter 6 displays data and interview summaries from the regional coastal stakeholders 

interviewed. Interviewees represent economic, social and environmental interests in San 

Mateo County. Stakeholders were identified due to their position and influence in San Mateo 

County. Interviewees were presented with a blank planning map of San Mateo County and 

asked to identify sites they perceive to be at risk and then questions were asked about their 

general awareness of coastal vulnerability.  Additionally, questions were asked about what 

more could be done to address the issues of coastal erosion, coastal flooding and sea level 

rise in San Mateo County.  These interviews were crucial in order to identify discrepancies 

between sites identified by these stakeholders and by the CVI created for this 

thesis.  Additionally, the differing data by type of stakeholder, and opinions about 

management solutions was very valuable in shaping the management plan for the specific 

case study site as well as a County wide management plan to address discrepancies in sites at 

risk identified by the stakeholder and sites at risk identified by the CVI. Consent was given 

for this data both verbally and in email.  
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Stakeholder Type # of sites 

identified  

Comments 

Economic  

 

Manager of a Country 

Club  

10 Aware of general issues regarding coastal vulnerability. 

Believes that increased storm intensity caused by El 

Nino as primary pressing environmental issue. Worried 

about loss of homes, road flooding and threat to coastal 

merchants. Additional concern about the development 

industry on the coast. Regarding awareness of coastal 

management concepts: holding the line not familiar, 

advancing the line not familiar, managed retreat 

somewhat familiar, no active intervention somewhat 

familiar.  Has noticed increase concern with other 

economic stakeholder largely because of news 

reports.  Believes that businesses should increase 

awareness and try to take more action to increase other 

awareness.  Would like to see government agencies at 

all levels communicate better.  

Economic 

 

CEO of a Bay Area 

Brewery  

2 Aware of coastal vulnerability in San Mateo County. 

Believes that sea level rise, especially in conjunction 

with King Tides and El Nino present the largest 

environmental threat. Worried about roads flooding, a 

loss of fishing industry and lowering of coastal property 

values. Worried about fishing, hospitality and tourism 

industry. Some concern about coastal agriculture land 

such as brussel sprouts. Regarding coastal management 

concepts, no familiarity with holding or advancing the 

line, somewhat familiar with managed retreat and very 

familiar with no active intervention. Has noticed 

increased awareness within economic stakeholders. 

Believes that businesses should initiate public 

discussion and because business bring revenue to cities 

should have a powerful voice. Regarding government 

action, believes that all levels of government should 

enact more preventative and regional management. The 

county should initiate coordinated effort, and state 

should provide further legislation to increase local 

coastal plans. The federal government needs to mandate 

that states enforce these local coastal plans.  

Economic 

 

Realtor at Sotheby’s 

International Realty  

2 Aware of coastal vulnerability in San Mateo County. 

Most pressing issues being climate change, drought and 

human development on natural surfaces. Most pressing 

threats identified was loss of homes, coastal flooding 

and threats to landfills sinking. Regarding coastal 

management concepts somewhat familiar with holding 

the line, advancing the line and managed retreat.  Very 

familiar with no active intervention. Has noticed 

increase awareness in business group, especially as 
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homes have fallen into ocean. Believes that economic 

stakeholders need to push more awareness to get better 

coastal management. Regarding government action, all 

levels of government should increase awareness and 

educate citizens.  County government should fund a 

task force to solve issue. State should limit 

development and expand coastal commission authority. 

Federal government should provide more grants to 

solving problems at local levels.  

Economic 

 

President of a 

Chamber of 

Commerce 

Association  

3 Most pressing issue contributing to coastal 

vulnerability, artificial breakwater, storm intensity and 

El Nino events. Believes that the most pressing threats 

are the economic industries on the bay side, 

transportation such as highway 1, and the bayshore 101 

freeway.  Most threatened industry identified is the 

hotel industry.  Regarding coastal management 

concepts described familiarity as somewhat familiar 

with holding the line, advancing the line, managed 

retreat and no active intervention. Has noticed an 

increase awareness, especially on the coast since people 

see the ocean daily and are reminded of the threats 

daily. Believes that economic stakeholders need to be 

involved to prevent businesses from leaving coastal 

areas. Would like local government to buffer shoreline 

and educate public, same with County 

government.  Wants State government to fund 

infrastructure protection such as state highways, same 

with Federal Government.  

Environmental  

 

Former Executive 

staff member 

California Coastal 

Commission  

22 Aware of coastal vulnerability in San Mateo County. 

Believes that climate change is the most pressing 

environmental issue that contributes to coastal erosion 

and flooding. Perceives the pressing threats as threats to 

infrastructure, public beach and recreation access and 

ecology. Believes that the tech industry is most 

threatened by coastal erosion, flooding and sea level 

rise. Regarding coastal management concepts identifies 

as very familiar with holding the line, managed retreat, 

no active intervention and somewhat familiar at 

advancing the line. Has seen an increase in concern 

amongst environmentalists and believes that 

environmentalists need to speak on behalf of natural 

resources.  Believes that every level of government 

needs to increase awareness through education.  Local, 

and county levels can increase adaptation planning.  At 

the State level, state parks and caltrans need to plan on 

a on a long term level. Federal government needs to 

fund infrastructure and grants.  
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Environmental 

 

Former Half Moon 

Bay Planning 

Commissioner  

20 Is aware of coastal vulnerability in San Mateo County. 

Believes that landform changes are the most pressing 

environmental issue contributing to coastal erosion. 

The top three threats are infrastructure, loss of coastal 

resources and aesthetic quality of life. Industry that is 

most threatened is the real estate industry as sea level 

rise depreciates land value. Regarding coastal 

management concepts ranks as somewhat familiar with 

holding the line and managed retreat, not familiar at all 

with advancing the line and very familiar with no active 

intervention. Has noticed an increased awareness and 

concern regarding coastal vulnerability, especially 

related to coastal development permits. Believes that 

environmentalists need to inform and document 

impacts and publish them through letters, lawsuits and 

public testimony. Believes that local 

government  should address damage already done, and 

zoning laws to limit development in hazard zones.  The 

State government should provide grants, the Federal 

government should provide grants and remove 

incentives to develop in danger zones.  The County 

should prioritize the coastside as it does the bayside. 

Additionally, the county needs to take charge in public 

education on the matter.   

Environmental  

 

Former executive 

staff member 

Surfrider Foundation  

10 Aware of coastal vulnerability along the San Mateo 

County Coast. Indicated climate change as the most 

pressing environmental issue that contributes to coastal 

erosion, coastal flooding and sea level rise. Most 

pressing threats indicated were loss of surfing beaches, 

economic impact and short sighing planning such as 

temporary fixes making issues worse in the long run. 

Indicated the surfing industry as the most threatened 

industry in San Mateo County. Regarding coastal 

management concepts ranked as very familiar with 

holding the line, advancing the line, managed retreat 

and no active intervention. As an environmental leader 

has noticed an increase of awareness, especially 

through conferences and outreach. Believes that 

environmentalists need to do more to educate people, 

especially people that do not live along the coast. 

Relating to what more government agencies could do, 

at the local level coastal management to expand the 

line, holding the line and managed retreat. County 

government needs to pressure the State Government 

and thinking about long term planning, education center 

at community colleges for long term planning. At a 

Statewide level, need to lead by example for the rest of 

the USA. Educate the southern part of CA regarding 
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sea level rise. Federal level, better long term planning, 

think globally act locally, support smaller solutions.  

Environmental 

 

Biologist, San 

Francisco Estuary 

Institute  

8 Yes, knows of coastal vulnerability in San Mateo 

County. Most pressing environmental issue 

contributing to coastal vulnerability is climate change. 

The most pressing threats to cities and towns in San 

Mateo County as a result of coastal erosion, flooding 

and sea level rise are property loss, infrastructure loss 

such as airports and wastewater treatment, and 

businesses.  Indicates that the tech industry is most the 

most threatened industry by sea level rise in the county. 

Regarding coastal management concepts, indicates 

somewhat familiar with holding the line, advancing the 

line, managed retreat and very familiar with no active 

intervention. Believes that environmental leaders have 

increased awareness as of lately and have a role to play 

in the conversation on how to best manage our coasts. 

The role is in a capacity of raising awareness and 

gathering information to communicate to leaders and 

the public. Regarding what government agencies can 

do, at the local level reduce carbon emissions and 

prevent development in low lying areas. At the County 

level, implement more regional policies. At the State 

level, more power to Coastal Commission to discourage 

development in right risk areas. Federal levels, research 

for new lines of coastal defenses and stop providing 

incentives to development in at risk areas by bailing 

people out.  

Environmental  

 

Legislative Advocate 

for San Mateo 

County, Committee 

for Green Foothills 

10 Aware of coastal vulnerability in San Mateo County. 

Believes that high energy storm events are the most 

pressing environmental issues that contributes to 

coastal erosion, coupled with the fact that structures 

have been built too close to the vulnerable shoreline. 

Believes that the most pressing threats as a result of 

coastal erosion, coastal flooding and sea level rise are 

habitat loss in intertidal zones, public assets and 

infrastructure, and residential development. Regarding 

an industry, the most threatened is the San Francisco 

International Airport. Regarding coastal management 

concepts, somewhat familiar with holding the line and 

managed retreat, not familiar with advancing the line 

and very familiar with no active intervention. Has 

noticed increased awareness relating to coastal 

vulnerability in the field of environmentalism. Believes 

that the environmentalist community has a role in 

engaging the public plus educating the public on the 

issues. Regarding how government agencies should act, 

at the local level, regional coordination, long term 
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thinking, move existing development out of the danger 

zone.  At the County level, political will is needed to 

coordinate about the issue.  The State needs to increase 

the funding for Coastal Commission’s enforcement 

program and increase the jurisdiction for the Bay 

Conservation and Development Commission. At the 

Federal level FEMA funding for preventive work and 

funding for restoration of the SF Bay.  

Social 

 

Climate Resiliency 

Specialist, San Mateo 

County  

25 Has noticed an increase awareness and concern 

regarding coastal vulnerability since 2008 and what 

needs to be done to manage the risk. States that social 

leaders have to create sea level resilience on a county 

wide level, such as a regional movement, school 

programs and public outreach. Relas aware of coastal 

vulnerability issues in San Mateo County. Most 

pressing issue contributing to coastal vulnerability is 

climate change. Three most pressing threats indicated 

are the wastewater treatment systems, transportation 

networks and economic impacts on businesses. 

Perceives the tech industry as the most threatened by 

coastal erosion, coastal flooding and sea level rise 

industry in San Mateo County. Regarding coastal 

management concepts ranks as very familiar to holding 

the line, advancing the line, managed retreat and no 

active ting to what more government agencies can do to 

combat the issues of coastal erosion, coastal flooding 

and sea level rise local governments must coordinate 

with a regional government agency, implement pilot 

projects and study impacts. The County level must have 

the authority to implement multi district projects.  The 

State must provide more funding and expand the Bay 

Conservation and Development Commission’s scope. 

The Federal government must provide more funding, 

FEMA for sea level rise and more power to NOAA. 

Social 

 

Commissioner at San 

Mateo County Harbor 

Board of 

Commissioners  

26 Is aware of coastal vulnerability in San Mateo County. 

States that climate change is the most pressing 

environmental issue that contributes to coastal erosion, 

coastal flooding and sea level rise in San Mateo 

County.Identifies the 3 most pressing threats as a result 

of coastal erosion, flooding and sea level rise as loss of 

emergency access, flooding infrastructure, and the 

flooding of public infrastructure. Identifies the tech 

industry as the most threatened industry in San Mateo 

County. Regarding coastal management concepts 

ranked as very familiar with holding the line and no 

active intervention and somewhat familiar with 

advancing the line and managed retreat. Has noticed an 

increase in awareness in the last ten years such as the 
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implementation of SeaChange San Mateo County. 

Believes that government officials/social leaders need 

to lead by making policy changes such as zoning laws 

to address sea level rise. Relating to what more could 

be done at the local government level, more 

coordination with other regional government agencies 

and perhaps a specific elected role for climate change 

and sea level rise response. At the County level, needs 

to take a leadership role and be more transparent about 

efforts. The State level needs to see Bay Conservation 

and Development Commission have the same power as 

the Coastal Commission. At the federal level, need 

regulations that address the problem areas and perhaps 

federal relief program to aid managed retreat.  

Social 

 

Half Moon Bay City 

Councillor  

22 Is aware of coastal vulnerability along the San Mateo 

County coast. States that El Nino and storm intensity 

are most pressing issues contributing to coastal erosion, 

coastal flooding and sea level rise in San Mateo 

County. Identifies the three most pressing threats as 

impacts to infrastructure, threats to houses and threats 

to economic industries. Identifies San Francisco 

International Airport as the most threatened industry by 

sea level rise, coastal flooding and coastal erosion in 

San Mateo County. Regarding coastal management 

concepts ranks as very familiar with holding the line 

and managed retreat and somewhat familiar with 

advancing the line and no active intervention. Has 

noticed an increase in awareness and concern relating 

to coastal erosion, coastal flooding and sea level rise, 

especially as Surfers Beach in Half Moon Bay has 

declined due to erosion and parts of coastal trail 

threatened. Believes that government officials/ social 

leaders have an obligation to engage and educate the 

public as well as manage land usage properly through 

local coastal programs. Regarding what more 

government agencies could do, at the local level cities 

can coordinate with other cities in the region to 

implement local solutions that reflect statewide laws. 

At the County level, regional agreements on 

management solution must be created. The State can 

implement top down laws such as greenhouse gas bills 

to lower carbon footprint. At the Federal level, financial 

resources, FEMA resources for sea level rise and 

erosion relief. Fund research and development for 

solutions.  
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Social 

 

San Mateo County 

Parks Commissioner  

21 Is aware of coastal vulnerability issues.  Believes that 

poor management by government is the most pressing 

environmental issue that contributes to coastal erosion 

and flooding in San Mateo County. Ranks the most 

pressing threats to cities and towns in San Mateo 

County as a result of coastal vulnerability as 

infrastructure such as roads, sewer lines, and coastal 

access. Believes that the recreation industry/tourism 

industry are most threatened because of loss of access 

to coast and beauty, for example riprap and other 

coastal defenses are not as scenic. Regarding coastal 

management concepts, ranks as very familiar with 

holding the line, managed retreat and no active 

intervention and as somewhat familiar with advancing 

the line. Has noticed an increase in awareness and 

concern the past 10 years relating to coastal 

vulnerability, especially as issues on the global scale 

such as ice melt have reminded people on a local level 

of vulnerability here. Believes that government offices 

need to talk about these issues in the public more, host 

more community meetings, and aid in shaping public 

opinion on the matter. At the local level more meetings 

need to be conducted as well as an increase in 

collaboration with other cities. The County government 

needs to take the lead on addressing the issue by 

coordinating on a regional level. The State should fund 

improvements to coastal access and speed up the 

process of repairs, such as Caltrans repairing access to 

the coast when possible. Federal level needs to remove 

some bureaucracy regarding sand replenishment inside 

federal protected sanctuaries in order to help cities 

protect their coastlines. Increase FEMA funding to 

respond to sea level rise disasters and associated issues.  

Social  

 

San Mateo County 

Supervisor 

23 Is aware of coastal vulnerability issues in San Mateo 

County. Believes that climate change is the overarching 

environmental issue contributing to coastal 

vulnerability in San Mateo County. Ranks the three 

most pressing threats to cities and towns in San Mateo 

County as a result of coastal erosion, coastal flooding 

and sea level rise as economic, transportation and 

residential dwelling. Believes that the real estate 

industry is the most threatened industry by coastal 

erosion, coastal flooding and sea level rise. Regarding 

coastal management concepts ranks as very familiar 

with holding the line, managed retreat and no active 

intervention and as somewhat familiar with advancing 

the line.  Has noticed an increase in awareness and 

concern relating to coastal vulnerability, especially in 
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communities directly on the coast but less so in more 

inland areas of San Mateo County. Believes that 

government officials have a role in establishing zoning 

regulations for asset protection in order to prevent more 

development in danger zones. Believes that local 

government agencies should support county decisions, 

even if not popular in order to protect people from 

building and residing in the danger zones. At the county 

level, the office of sustainability should continue to 

inform the public and create maps to help public 

understand the danger of sea level rise. At the state 

level San Mateo County is most at risk in California, 

must give grants and funds to the county in order to 

help plan for the future. The Federal government needs 

to invest in asset protection and allow FEMA to have 

more power when it comes to preventative relief for sea 

level rise.  Federal government needs to spend more on 

pre-planning before disaster rather than crisis 

management after the disaster. Needs to be more 

proactive not reactive.   

 

The results from stakeholder interviews displayed above display the number of sites 

that stakeholders identified as well as general comments about coastal vulnerability. This 

type of qualitative data gathering was beneficial for this thesis as it allowed thoughts from 

these regional coastal stakeholders regarding vulnerability to be revealed. According to a 

study on qualitative research by Michael Patton published by the Encyclopedia of Statistics in 

Behavioral Science, qualitative research can be gathered in a variety of ways, including 

opened and closed ended interview questions and can be used in conjunction with 

quantitative data (Patton, 2005). Relating to qualitative data collection of a specific issue, a 

tactic called purposeful sampling can be used to gain insight from a smaller number of people 

with knowledge or experience in the area of information (Paton, 2005). For this case, the 

specific issue is coastal vulnerability, erosion and sea level rise, and thus stakeholders 

operating within this coastal zone could have valuable insight about the issue at hand. 

Talking with these stakeholders and asking open ended questions allowed information to be 

revealed about thoughts and opinions about the issue of vulnerability and what more could be 

done to address the issue.  This qualitative data was important to help identify discrepancies 

in knowledge of coastal vulnerability and coastal vulnerability revealed by the CVI. 

Additionally, these qualitative interviews were helpful to shape the management plan for this 

thesis. 
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Chapter 7. Perception of Risk Analysis  

Figures 7.1, 7.2, 7.3 and 7.4 indicate the areas at risk as perceived by stakeholders. The place 

marks in green represent environmental stakeholders, in red represent the economic 

stakeholders and in yellow represent the social stakeholders.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 21  Indicating the environmental stakeholder’s perceptions of risk 
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Figure 22  Indicating the economic stakeholder’s perceptions of risk 
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Figure 23 Indicating social stakeholder’s perception of risk 
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Figure 24 Indicating all of the sites identified by all three types of stakeholders 

     One of the objectives of this thesis was to measure the perception of risk amongst regional 

coastal stakeholders in San Mateo County. To accomplish this, interviews with 14 

stakeholders representing economic, environmental and social aspects in San Mateo County 

were conducted. The structure and scope of the interviews were designed to measure each 

interviewee’s perception of where the risk is, their knowledge of coastal management 

concepts, policies relating to coastal risk management, their perception of risk in their own 

field, and what more people in their field could do to advance the cause of risk 

management.  This was accomplished by asking them 7 questions as well as a mapping 

exercise.  The mapping exercise entailed each interviewee being given a blank map of San 

Mateo County and being asked to identify sites throughout the county that they, from their 

knowledge perceive to be the most vulnerable. The results had some variance about where 

the majority of interviewees identified as high risk versus low or no risk.  Environmental 

stakeholders as well as social stakeholders such as government officials identified a variety of 
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sites throughout the County. Economic stakeholders identified a much more limited number 

of sites, and the sites they identified correlated to the part of the County in which they live 

and work in as well as sites that have had great media exposure regarding coastal 

vulnerability. The identified sites largely correlated with population and economic assets, 

with much of the identifying occurring around the population basins of Half Moon Bay and 

Pacifica on the coast side, and San Francisco International Airport on the bay side. For the 

most part, perceptions of risk only went as far south as Half Moon Bay on the coast side, 

indicating that risks to sample areas numbered 1-39 were relatively unknown by these 

particular stakeholders. This, however, largely corresponds to population trends, with most of 

the population on the coast side residing in areas north of sample area number 39 up to 

sample area 74 where San Mateo County ends on the northern border with San Francisco 

County.  Interestingly enough, there are sample areas of high vulnerability within the group 

of sample areas 1-39 that were not identified by most of the stakeholders. For example, 

sample areas numbers 1, 13, 20, 21, 22, 24, 27 and 28 all have scores of 17 or above on a 

vulnerability scale out of 20. In addition to this discrepancy of identified risk and stakeholder 

perception of risk, there was also a discrepancy between stakeholders who resided and work 

on the coast side and their knowledge of bayside issues and stakeholders who reside on the 

bay side and their knowledge of coastside issues.  Relating to policies, there were 

discrepancies between stakeholders and what they perceive is being done to combat coastal 

erosion, coastal flooding and sea level rise and what is actually being done. The remainder of 

this chapter will break down and analyze each discrepancy in more detail.  It is important to 

analyze these discrepancies as they help shape the next chapter, which is a management plan 

recommendation for a specific case study site located in San Mateo County.  
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Lack of identifications south of sample location 39. 

After analyzing all 14 maps that the regional coastal stakeholders used as a part of the 

interview process to identify areas of risk, one discrepancy was very noticeable.  Most of the 

interviewees did not identify areas of risk south of sample area 39.  Sample area 39 

corresponds to the southern border of Half Moon Bay, which is one of the more populous 

sites on the coast side. Farther south, areas of population are more rural and spread out. The 

following table illustrates the number of at risk sites identified by stakeholders in the region 

covered by sample areas 1-39.  

 

Type of Stakeholder # of at risk sites identified in areas 1-39 

Economic  3 

Environmental 17 

Social  8 

 

To analyze this better, this subsection was broken down by category of 

stakeholder.  Combining all 4 economic stakeholders, 3 sites were identified in all of sample 

areas 1-39. Combining all 5 environmental stakeholders, 17 sites at risk were identified in all 

of sample areas 1-39.  Combining all 5 social stakeholders, 8 sites at risk were identified in 

sample areas 1-39.  The question now, is why were so few sites identified in this area, even 

though there are several sites of high vulnerability? A few possibilities include the fact that 

the population is much more rural.  South of Half Moon Bay, there are no incorporated towns 

or cities, but rather just one census designated community called Pescadero.  The following 

map illustrates the land use designation showing the unincorporated community areas in 

coastal San Mateo County south of sample area Half Moon Bay.  
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Figure 25 shows the areas south of sample site 39 

Perhaps, naturally, economic stakeholders are not likely to know of areas of high risk 

outside their immediate business area.  This theory holds true regarding the rest of the areas 

identified as high risk by these stakeholders.  They are aware of immediate concerns around 

their place of business and a few sites that were featured in media during a series of storms 

that caused such bad erosion that an entire apartment complex was forced to evacuate and 

eventually the complex was demolished. Explaining this discrepancy is easier for the 

environmental stakeholders as they tended to know of more areas of risk in every part of the 

county, so each environmental stakeholder knew of at least one area of risk south of sample 

area 39. Still, combined with all 5 environmental stakeholders, only 17 sites of risk were 

identified. Identifying possible reasons is complex, and can be related to a few different 

factors.  One point that environmental stakeholders consistently identified during the 

interviews with them regarding their role in the conversation about responding to coastal 
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erosion, coastal flooding and sea level rise is that environmentalists need to be involved in 

policy making, more specifically being the advocates for the natural environment.  Because 

of population trends, economic incentives and investment, most of the policy battles 

regarding land use and environmental issues have not yet occurred in these areas. Because of 

limited man-power, finances and time, perhaps the environmentalist community has had to 

shift their focus to these areas where the policy issues are. This could explain the relative lack 

of knowledge about areas of risk in sample areas 1-39.  Regarding the social stakeholders, the 

combined 5 stakeholders interviewed only identified 8 sites.  The social stakeholders 

definitely have an interesting role regarding coastal erosion, coastal flooding and sea level 

rise. They are expected to be knowledgeable about issues on a larger scale, but also must 

focus on areas that are of concern for their constituents. This means that perhaps their areas 

of advanced knowledge and understanding will correspond to constituent areas of concern. 

Most of their constituents will be living in the urbanized areas of the County, therefore most 

of the concerns of the social stakeholders will align with those regions.  

    Taking into account these possible reasons for the discrepancy regarding the lack of 

identification of sites in areas 1-39 from all groups of stakeholders it is possible to understand 

why. This, however does not mean that the status quo is ideal. This identified discrepancy 

between the risk as identified by the coastal vulnerability index and the stakeholder issues is a 

substantial one. This information gap must be filled and this discrepancy will be later on 

addressed in the management chapter of this thesis following this chapter of analyzing the 

perceptions of risk.  

 

Coastside vs. Bayside 

    The other discrepancy identified when analyzing these maps is the coastside and bayside 

divide. One area of commonality between all the stakeholders that were interviewed was a 

general statement along the lines of “I live/work on the coast so I don’t know much about 

specific areas on the bay side” or “I live/work on the bay side, so I don’t know many specific 

areas on the coast side”.  Perhaps a natural human phenomenon of being more knowledgeable 

and involved in your own community of residence and employment, but because of the 

shared issues San Mateo County’s coastside and bayside share, it is important to analyze why 

this divide could be an issue to future planning efforts.  It is also important to think about 

other possible reasons for this divide in knowledge that can be changed in the future to help 

spread awareness and education on a county wide level.  
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    As discussed in more detail in the introduction and background information chapter, San 

Mateo County is located on a peninsula between the Pacific Ocean and the San Francisco 

Bay. This geography allows for an immense amount of natural beauty, recreation 

opportunities and ample choices of places to reside depending on personal preference.  The 

coastside has its own beauty, and corresponding issues, likewise the bay side has particular 

problems that are more relevant to the bay side.  Both sides, however, of the county share 

common vulnerabilities to some overarching issues such as climate change and associated 

coastal vulnerability (Nichols, et al 2008). It is true that in most cases the bayside is more 

vulnerable to sea level rise (Cal-Adapt, map), while the coastside is more vulnerable to 

erosion, but both issues affect each side and thus a county wide effort needs to be made to 

address both sides and all the corresponding issues.  As identified in these interviews and 

mapping exercises, there is a disconnect of knowledge between stakeholders on the coast side 

and on the bay side.  Possible solutions to this discrepancy will be discussed in the following 

management recommendation chapter.  
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Chapter 8. Management Plan 

After analyzing 128 sample areas as well as interviewing 14 regional coastal stakeholders, 

one site for a case study management plan was selected. The site chosen is located between 

sample sites 46 and 47 and is known locally as Miramar Beach / Mirada Road area.  This 

chapter will discuss the background information of this site, the coastal vulnerability issues it 

faces, coastal management solutions that could be effective at this site as well as a general 

management recommendation for the County as a whole to address the discrepancies between 

risk and stakeholder’s perceptions of risk as identified in the previous chapter.  

 

Miramar Beach/ Mirada Road Half Moon Bay California  

Miramar Beach and Mirada Road are located on the northern edge of the City of Half Moon 

Bay, however parts of the site are designated as unincorporated San Mateo County (San 

Mateo County Map), making for a more complex task regarding planning and 

management.  The following image shows a satellite view of this area.  

 

 

Figure 26  Satellite view of the management plan site 
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CVI scales used, courtesy of Palmer et al.  
 

Physical Parameter Extremely Low 

(1) 

Low (2) Moderate 

(3) 

High 

(4) 

Beach Width >150m 100-

150m 

50-100m <50m 

Dune Width >150m 100-

150m 

50-100m <25m 

Distance to 20m isobath >4km 2-4km 1-2km <1km 

Distance of vegetation behind the back 

beach 

>600m 200-

600m 

100-200m <100m 

Percentage outcrop >50% 20-50% 10-20% <10% 

 

The following tables show the vulnerability index measurements and scores of sites 46 and 

47.  

 

 

Physical Parameters site #46 

Latitude: 3°29'16.12"N 

Longitude:122°27'20.52"W 

Total Score: 17 out of max 20  

Cliff Height:0m 

Slope: 1.1%, -2 % 

 

Physical Parameter Extremely low 

(1) 

Low (2) Moderate 

(3) 

High (4)  

Beach Width    40m (4) 

Dune Width   63m (3)  

Distance to 20m isobath  2.85km 

(2)  

  

Distance of vegetation behind the 

back beach 

   76m (4)  

Percentage outcrop    <10 % 

(4) 
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Physical Parameters site #47 

Latitude: 37°29'47.06"N 

Longitude:122°27'48.82"W 

Total Score: 17 out of max 20  

Cliff Height:3m 

Slope: 0.8%, -1.5% 

 

Physical Parameter Extremely low 

(1) 

Low (2) Moderate 

(3) 

High (4)  

Beach Width    20m (4) 

Dune Width    0m (4) 

Distance to 20m isobath  3.2km 

(2) 

  

Distance of vegetation behind the 

back beach 

  165m (3)  

Percentage outcrop    <10 % 

(4)  

 

 

 

Coastal issues at Miramar Beach/ Mirada Road.  

 

 Eroding cliffs. 

 Shrinking beaches. 

 Vulnerability to wave energy, especially El Nino events. 

 Vulnerability to cliff destabilization during precipitation events . 

 Residential dwellings, tourist dwellings and commercial sites at risk. 

 

(United States Army Corps of Engineers, 2009)  
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The following images illustrate the damage already done to this area and the immediate risk 

to residential and commercial structures.   

 

 

Figure 28 showing Figure  the existing riprap at the southern end of Mirada Road adjacent 

to the bridge over Arroyo de en Medio Creek 

 
  

Figure 27 Aerial view of the management plan site  
(realtor.com) 
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Figure 30 shows a significant crack as a result 

of erosion on Mirada Road behind existing 

riprap 

Figure 29 shows erosion and 

existing riprap protecting a three 

unit residential building at 

Miramar Beach. 

Figure 31 shows existing riprap at the south end of Mirada road 

protecting residential dwellings. 
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Figure 33 shows erosion of Mirada Road and existing riprap defenses 

Figure 32 shows erosion of the bluffs towards the northern end of Miramar Beach 
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Recommendations  
 

Hold & potentially advance the line + managed retreated if needed. This holistic proposal 

will include solutions such as shore armoring, both soft and hard, reducing wave energy, 

stabilizing cliffs and managed retreat where needed.  

 

 Submerged Breakwater, Reef 

o 500-1000 meters off shore 

 Drainage & Redirection 

o Prevent flooding and erosion from rainwater and stormwater runoff 

o Implement residential rain garden pilot program 

 Increased Beach Nourishment 

o Sourced from harbor 

 Cliff Stabilization  

o Riprap, vegetation, artificial smoothing, bolts, bolted net, soil nailing.  

 Managed retreat 

o Relocate dwellings east, set up defenses further east, allow shoreline to 

advance inward  

 

8.2 Submerged Breakwater, Reef  

Submerged breakwaters and reefs are a technique used in coastal management as a way to 

defend vulnerable coastal bluffs and beaches from erosion caused by wave energy. The 

general concept is that the wave energy interacts with the submerged breakwater that is 

placed farther out from the shoreline. This wave energy is then adsorbed by the breakwater or 

reef and is therefore released farther out rather than on the beach or against the bluffs. This 

allows for waves containing less energy to gently interact with the beach and or coastal 

bluffs. The reduced energy interacting with the beach and bluffs places less stress and 

therefore slows the erosion rate. This type of coastal defense has been increasingly popular 

because of the relative low costs and less visual impacts compared to other methods of 

defense (Pan & Fairbairn, 2016).  
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8.3 Drainage Innovation  

Drainage innovation such as rain gardens reduces flooding from hillsides and associated 

erosion and supports local ecology (Papy, et al 1993).  This is because rain gardens can be 

installed in areas that are prone to stormwater runoff.  The rain gardens can capture the water 

and, through natural systems the water can be filtered through the soil, rocks and roots of the 

plants and shrubs. Some of this water is absorbed into the plants and shrubs, some is absorbed 

into ground water reserves and the remaining is slowly release.  These gardens are beneficial 

in the sense of erosion control because they naturally regulate the amount of surface water 

hitting vulnerable cliffs and coastal bluffs during precipitation events. A reduction of surface 

water flowing over vulnerable cliffs reduces events of flooding associated erosion (Papy, et al 

1993).  

 

 

  

Figure 34 example of an offshore submerged breakwater intended to reduce onshore wave energy and 

redirect energy away from vulnerable shoreline. (Lamont, et al 2014) Diagram courtesy of Stewardship 

Centre for B.C 
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http://extension.oregonstate.edu/stormwater/final-step-%25E2%2580%2593-lid-106-infiltration-rain-garden-planting-soil 
 

 

 

 

8.4 Beach Nourishment  

Sand increases buffer zone as a natural barrier to wave and tidal energy (Leonard et al 1990). 

Sand replenishment through beach nourishment programs can achieve some success in 

defending beaches and coastal bluffs from coastal erosion. This is because of the increased 

Figure 35 showing a diagram of a rain garden 

Figure 36 showing a photograph of a rain garden 

http://extension.oregonstate.edu/stormwater/final-step-%25E2%2580%2593-lid-106-infiltration-rain-garden-planting-soil
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natural buffer zone between the wave energy and the bluffs.  Wave energy, especially during 

events such as El Nino storm events in the winter can deplenish beaches of sand, thus leaving 

them and the coastal bluffs behind the beach much more vulnerable to erosion. When beach 

nourishment programs are implemented, studies have found that larger grain sand used 

improved the performance of the beach nourishment program. This is because the more 

coarse the grain of sand is, the quicker it falls to the bottom, compared to finer grains of 

sand.  As a result, the thicker, coarser grains of sand are less likely to be moved by the wave 

energy and ocean currents and therefore stay in place longer at the beach, thus increasing the 

durability of the coastal defense (Ludka et al 2016).  

8.5 Cliff Stabilization 

Cliff stabilization is an umbrella term describing an array of techniques that can be used to 

stabilize cliffs from erosion and sliding. Relating to coastal management, cliff stabilization is 

used to protect public safety, property and infrastructure in areas that are built near or at risk 

of coastal erosion. In addition to the implementation of new cliff stabilization in areas of risk 

such as the Miramar Beach / Mirada Road area, areas where previous coastal defenses have 

been set up, analysis must be done to address the causes of cliff instability, otherwise the area 

could still be at risk of erosion (Clark, et al 2009). Examples of cliff stabilizing techniques 

that can be used at this sample site include: installation of riprap, planting of vegetation, soil 

Figure 37 showing an example of a beach buffered by beach nourishment in Avalon, 

New Jersey. 

(beachapedia.org)  
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nailing and bolted nets. Riprap has already been installed along many parts of this site and is 

visible in figures above, however riprap should be replaced as needed as it is useful in 

adsorbing wave energy before they hit the unstable cliffs (Massachusetts State Government, 

1997).  Vegetation should be planted along the cliffs that slope down to Arroyo de Medio 

Creek as a natural way of holding the soil in to prevent sliding in the events of rainstorm 

events.  This is because vegetation is extremely useful as a means of natural coastal defense 

and erosion control (Prasetya, 2006). Soil nailing is a technique that reinforces unstable 

cliffs.  They are drilled and grounded sub horizontally in the ground to support excavations in 

the soil or in the rocks and cliffs. They contribute to the stability of the cliffs through tension 

and have demonstrated long term protection from erosion and sliding ( Lazarte, et al 2015).  

8.6 Managed Retreat  

Managed retreat is a concept within the realm of coastal management that in essence is the 

idea of moving existing and future planned developments farther away from the danger zone 

in efforts to avoid inundation by the coast (Neal, et al, 2005). This type of management is 

both a reactionary and a proactive approach relating to responding to coastal hazards such as 

coastal erosion, coastal flooding and sea level rise. Relating to existing development in a 

hazard zone, managed retreat can be applied in a couple of different ways.  One possibility is 

to physically move structures to land that is at a higher elevation or farther back from 

vulnerable and eroding cliffs. This would allow the ocean to naturally erode and flood the 

area that was once inhabited unrestricted.  If structures are unable to be physically moved out 

of the danger zone they may have to be demolished. Possible solutions to this is land being 

purchased farther back and away, allowing rebuilding in a safer zone.  As indicated by some 

stakeholders during the interview, perhaps the Federal Government should allow the Federal 

Emergency Management Agency (FEMA) funding to go towards residents who have been 

and who will be displaced in the future in order to rebuild residential dwellings in safer 

zones. Another aspect of managed retreat is better zoning laws to be more precautionary, by 

not allowing new development in hazard zones, and requiring some sort of mitigation for 

dwellings being built near hazard zones.  As Neal, et al pointed out in their paper, advantages 

of managed retreat include: natural shoreline processes allowed to continue, preservation of 

beaches, economical in the long term, and the fact that future buildings would be built outside 

the hazard zone.  Disadvantages include a high initial cost, politically difficult, not possible to 

move all structures and the loss of coastal land.  
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8.7 Focus Group Results 

As a part of the management plan strategy a focus group meeting was organized to meet with 

residents who live on Mirada road or in the Miramar neighborhood in order to measure their 

knowledge of coastal management concepts as well as to ask them their preferences in 

regards to the management strategies drafted. In addition, there was an open conversation 

section to learn about what more they would like to see local, county, state and federal 

government agencies to do combat coastal erosion, coastal flooding and sea level rise as well 

as any other ideas they have for better managing the site.  The ranking of preference for the 

above listed coastal management solutions is as follows:  

 

1)Beach Nourishment 

2)Cliff stabilization 

3) Shore armoring 

4)Submerged reef 

5) Managed retreat  

 

    It is important to note that these rankings were chosen as if only one could be done, 

however it is more realistic to come up with a management solution that includes some sort 

of combination of solutions. However, this was important because these rankings could be 

take into account when creating the management plan. Perhaps not too surprising for current 

residents, managed retreat was not a preferred option as the cost of managed retreat is high 

and the cultural and emotional value of losing homes and long standing businesses is high.  

    As part of the open discussion on policies and other solutions for the site some of the ideas 

suggested are as follows:  
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 One unifying authority to manage the site, since the site is shared between the City of 

Half Moon Bay and San Mateo County.  

 Make San Mateo County the unifying authority to take over management. 

 Set the current line now and enact policy goals to hold this line. 

 County government to petition for State and Federal Aid.  

 Consider reshaping the harbor just north of the site, as the jetty has been a 

contributing factor in increasing erosion at this site.  

 Additional emergency work to protect the coastal trail and Mirada road from 

immediate erosion threats to buy time before implementation of long term 

management plan.  

 Implementation of a land use and recreation plan to coincide with erosion control 

measure such as parking, improved access such as another set of stairs to the beach 

and better street crossings. This can boost tourist revenue for the city and county. 

8.8 Management Plan for Miramar Beach/ Mirada 

Road 

After considering the options listed above and consultation with the focus group the 

following is the management plan for Miramar Beach/Mirada Road.  

 

 Cliff stabilization, combination of riprap at bottom of cliffs or soil nailing as well as 

bolted nets at the top of the cliff or artificial smoothing.  Vegetation planted on the top 

of the bluffs to stabilize.  Implement a rain garden program, french drains and 

drainage redirection to decrease the amount and the intensity of storm water runoff 

hitting the vulnerable cliffs.   

 Submerged engineered reef at the location where Arroyo de en Medio Creek enters 

the ocean (500-1000 meters out).  This location would be ideal for the submerged reef 

because the creek pushes sand out from the beach, so sand replenishment would not 

be as effective here, and because of the lack of sand in the winter months when the 

creek flows this area is especially vulnerable.  

 

 Another submerged engineered reef slightly farther north in front of what is known as 

“Surfer's Beach” as this area is especially vulnerable to sand depletion because of the 

location of the jetty nearby.  This area is also extremely vulnerable because of 

California State Route 1, also known as Highway 1 is immediately adjacent to the 

beach and is only protected by a wall of riprap.  However, waves regularly crash over 

the highway and with an increase in sea level rise, soon waves could be flooding the 

highway more regularly.  

 

 Sand replenishment along the beach of the whole case study site. This sand can be 

sources from the Pillar Point Harbor, immediately north of this sample site. 

 

Figure 8.13 below illustrates the management plan showing proposed sites for cliff 

stabilization, submerged reefs, sand replenishment and shore armoring. The yellow line along 
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the coast represents proposed sand replenishment, and the purple line along the coast 

represents proposed shore armoring such as rip rap.  The cliff stabilization refers to measures 

such as cliff bolting or artificial smoothing and the reefs represent engineered submerged 

reefs.  

 

 

8.9 Policy Frameworks for Management Plan   

It is worth noting that this area is located at a confluence of many different jurisdictions and 

as a result several different government organizations that have some power over and 

responsibility for the site.  At a local level, parts of this site are located within the jurisdiction 

of the City of Half Moon Bay while some parts of it are considered unincorporated San 

Mateo County (San Mateo County Government).  The San Mateo County Harbor Board of 

Commissioners is a county wide agency that governs and manages the harbors throughout the 

county, therefore they have jurisdiction of Pillar Point Harbor, which is the location of the 

sand that could be used to replenish the beach (San Mateo County Harbor Board, 2016). 

Figure 38 showing the management plan suggestions 
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Additionally, the site is within the federal marine protected area known as the Monterey Bay 

National Marine Sanctuary and therefore, any management solutions occurring in the water 

such as the dredging the harbor the sand replenishment or submerged engineered reefs would 

have to seek approval from the sanctuary (Monterey Bay National Marine Sanctuary, 

2016).  On a statewide level, this site is under the jurisdiction of the California Coastal 

Commission, which is a quasi-judicial statewide organization that oversees the coastal zone 

in California and all development that occurs in the zone (California Coastal Commission, 

2016).  Riprap, drainage diversion, cliff stabilization, sand replenishment and the submerged 

engineered reefs would all need to abide by Coastal Commission laws and would be subject 

to appeal to the Coastal Commission. 

    Because of the complexities of agencies all having some role in managing this site the 

following recommendations are for how to move forward within this complex set of policy 

frameworks.  

 Harbor commission leads the charge on sand replenishment 

 County on Reefs 

 City of Half Moon Bay on cliffs  

8.10 County wide recommendations to resolve 

discrepancies between coastal vulnerability and 

stakeholder perception of risk 

Regarding the discrepancies identified in the previous chapter regarding stakeholder 

perceptions of risk, something needs to be done to address this issue.  In addition to just the 

mapping exercise that showed comparatively less sites at risk identified by stakeholders, 

questions were asked to each stakeholder about what more should be done at each level of 

government to address issues of coastal erosion, coastal flooding and sea level rise. One 

common answer amongst all of the stakeholders was better communication from government 

agencies to citizens regarding efforts.  Many stakeholders suggested a unifying agency on the 

county level to address coastal erosion, coastal flooding and sea level rise. What they were 

unaware of, is that an agency of that sort already exists in San Mateo County. The 

organization is called SeaChange San Mateo County and it was created in 2015 and the goals 

of this initiative is to provide citizens and communities in San Mateo County with resources 

and knowledge relating to sea level rise and how sea level rise affects San Mateo County 

(SeaChange San Mateo County, 2017).  Because this organization already exists, but many 

stakeholders did not know about it, presents a problem.  Below are suggested actions to be 
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taken by San Mateo County government officials to address the discrepancies between risk 

and perceived risk as well as the discrepancies between what is perceived to being done on 

the county level and what is actually being done.  

 

 Increase Communication about the issues of coastal erosion, coastal flooding and sea 

level rise 

 Spread awareness of already happening efforts in San Mateo County such as 

SeaChange San Mateo County.  

 Increase knowledge about vulnerabilities facing the south coast in San Mateo County  

 Bridge the gap in knowledge between coast side and bay side residents  

 

    A relevant piece of information for this part of the management plan is that this thesis has 

already proven to be useful in the community of Half Moon Bay. Partial results from this 

thesis relating to vulnerable sites in San Mateo County were published in a newspaper article 

on December 30th, 2016 discussing coastal erosion in the Half Moon Bay Review.  Data 

included in the newspaper article was data from the CVI completed in this thesis as well as 

potential management solutions for vulnerable sites. The newspaper article is just a step in 

the right direction of enacting a better county wide management plan that involves outreach 

and education to stakeholders across the board. However if this type of outreach and more is 

continued, improved knowledge amongst stakeholders and the public could be the result. The 

article, titled “Locals seek erosion fix” is cited in the works cited under Bartley. 

    Additionally, this management plan can be applicable and of use to similar sites throughout 

San Mateo County and, on a larger scale throughout California or other areas with similar 

issues. For example, the City of Pacifica, just north of Half Moon Bay is also experiencing 

coastal erosion issues.  Residential dwellings, trails and business districts are threatened and 

in some cases apartment complexes have had to be removed and the occupants relocated 

(cbslocal.com, 2017). Similar steps as suggested in this management plan can be applied 

there to manage the coastal erosion and potentially protect residential dwellings. In the long 

term, better planning and zoning laws should be applied, taking into account long term 

managed retreat.  
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Chapter 9. Conclusion  

Coastal vulnerability indexes are extremely useful and important methods for coastal 

managers to assess vulnerability to both natural and anthropocentric areas in relation to the 

coast. They can be used at multiple different scales, and local factors depending on each 

region's specific environment as well as natural or anthropocentric features can be 

incorporated into the general methods of the CVI. CVIs can be simplified if used on a large 

scale or very specific if conducted on a small scale.  The specifics of how CVIs can be used 

depend on the data available in the region a CVI is applied to.  For example, on a larger scale 

in more rural areas it may more complex to get detailed data about local specific features 

(Mclaughlin & Cooper, 2010), however, with satellite image technology and GIS software, 

measurements of features such as beach width, dune width, height of cliffs and rocky outcrop 

can be accomplished.  

The purpose of this thesis, however, was to apply a coastal vulnerability index (CVI) 

to San Mateo County because of the unique risk San Mateo County faces relating to coastal 

erosion, coastal flooding and sea level rise.  The other objective was to measure the 

perception of risk held by regional coastal stakeholders within San Mateo County to see 

where risk identified by the CVI aligns with the perceived risk, and where any discrepancies 

occur. Both of these objectives have been achieved with this thesis research. The reason a 

coastal vulnerability index was used, is because San Mateo County has been ranked as one of 

the most vulnerable counties in the United States (SeaChange San Mateo County, 2015).  San 

Mateo County’s geography is such that the land sits on a peninsula between the San 

Francisco Bay and the Pacific Ocean and therefore faces threats from bluff erosion, wave 

energy and sea level rise on the coast side and the bay side (San Mateo County Government).  

The vulnerability index, designed by Palmer et al consisted of analyzing five physical 

parameters: beach width, dune width, percent rocky outcrop, distance to 20 meter isobath and 

distance of vegetation behind back beach. Each measurement was assigned a score ranking 

from 1-4, with one being lowest vulnerability and 4 being most vulnerable.  This allows each 

site a maximum vulnerability score of 20 and a minimum score of 5. The average score of all 

128 sites is 15.92 which is classified as a moderate risk by the parameters set by Palmer et al. 

Breaking down San Mateo County into the coastside and the bayside, the average score for 

the coast side is 15.98, moderate risk and the bay side is 15.83, moderate risk.  There are 
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standout sample areas throughout the county that reach scores as high as 19 which is a high 

risk and sample areas as low as 11 which classify it as a low risk site.  

Relating to perceptions of risk held by regional coastal stakeholders, two 

discrepancies in the data was uncovered. The first being the lack of identifications of at risk 

sites in the region representing sample areas 1-39. Combining all 14 stakeholder’s 

interviewed, there were only 28 sites identified by all of the stakeholders in the entire region 

comprising of sample areas 1-39. The possible explanation for this is the smaller populations 

in this region as it is not home to any incorporated cities or towns.  The only population 

center is the town of Pescadero which is a population of 643 people, most of them living 

somewhat inland from the coast (U.S Census, 2010). The lack of identifications, however, 

does not mean that the area is the least vulnerable. For example, sample areas numbers 1, 13, 

20, 21, 22, 24, 27 and 28 all have scores of 17 or above on a vulnerability scale out of 20.  In 

addition to this discrepancy of identified risk and stakeholder perception of risk, there was 

also a discrepancy between stakeholders who resided and work on the coast side and their 

knowledge of bay side issues and stakeholders who reside on the bay side and their 

knowledge of coast side issues.  Relating to policies, there were discrepancies between 

stakeholders and what they perceive is being done to combat coastal erosion, coastal flooding 

and sea level rise and what is actually being done. These two discrepancies can possibly be 

attributed to the lack of knowledge in general about issues facing the county as a whole and 

the lack of knowledge, in general as to what steps are being taken to combat these 

issues.  Identifying these discrepancies were important for my thesis and helpful as they 

helped shape my management plan.   

The management plan for this thesis consists of two parts, one part is  is aimed at one 

case study site, known as Miramar Beach/Mirada Road located in between sample areas 46 

and 47 in the City of Half Moon Bay, California in order to create a solution to the physical 

issues at that site.  The second part is an aimed at San Mateo County on a larger scale, to help 

address some of the discrepancies between risk and perceptions of risk identified in the study. 

A summary of the management recommendations for the case study at Miramar 

Beach/Mirada Road is as follows: 
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Hold & potentially advance the line + managed retreated if needed.  

 Submerged Breakwater, Reef 

o 500-1000 meters off shore 

 Drainage & Redirection 

o Prevent flooding and erosion from rainwater and stormwater runoff 

o Implement residential rain garden pilot program 

 Increased Beach Nourishment 

o Sourced from harbor 

 Cliff Stabilization  

o Riprap, vegetation, artificial smoothing, bolts, bolted net.  

 Managed retreat 

o Relocate dwellings east, set up defenses further east, allow shoreline to 

advance inward  

 

Because of the complexities of the multiple government agencies who have authority 

around this case study site, the following is my recommendation about which agency pursues 

the permitting process for each management recommendation:  

 

 San Mateo County Harbor Commission leads the charge on sand replenishment 

 

 San Mateo County leads the charge on Reefs and riprap, petitioning Caltrans to 

implement rip rap where needed along State Route 1.  

 

 City of Half Moon Bay on cliff stabilization, drainage and redetection and managed 

retreat.  

 

Input from community members who reside in the vicinity of Miramar Beach/ Mirada 

road was collected in the form of a focus group meeting. At the focus group, community 

members were presented with possible management recommendations and then ranked their 

preferences.  Additionally, an open discussion was allowed for the residents to express their 

ideas for managing the site.  

Regarding, the discrepancies identified in the study, the management 

recommendations take form in more of a policy framework type of management plan.  

The following points is a summary of this recommendation:  

 

 Increase Communication about the issues of coastal erosion, coastal flooding and sea 

level rise 

 Spread awareness of already happening efforts in San Mateo County such as 

SeaChange San Mateo County.  

 Increase knowledge about vulnerabilities facing the south coast in San Mateo County  

 Bridge the gap in knowledge between coast side and bay side residents  

     

This coastal vulnerability index and associated study of perception of risk by regional 

coastal stakeholders is designed to help the people of San Mateo County move forward with 

proper coastal management to respond to the shared threats we all face relating to coastal 
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erosion, coastal flooding and sea level rise.  Because of the broad scope of the index covering 

128 sample areas throughout the county, further analysis should be done before site specific 

work is completed. Further analysis should include additional GIS analysis, and engineering 

assessments of cliff instability, wave impacts as well as mapping that predicts sea level 

rise.  Regarding the discrepancies between stakeholder perception of risk and risk identified 

by the CVI, steps should be taken to educate the general public better about issues relating to 

coastal erosion, coastal flooding and sea level rise. It is important to note that my sample of 

stakeholders was limited to 14 individuals so it could not possibly reflect the entirety of our 

diverse and populous county so further interviews should be conducted in any future study 

regarding risk and vulnerability.  

    In the future, studies can be conducted more in depth at specific sites along the coast or the 

bay in San Mateo County in order to develop more site specific management plans. This will 

be needed, especially as the population in California, and San Mateo County continues to 

grow.  As the population increases so does the demand for housing and development in the 

coastal zone. Additionally, future studies can be conducted at an in depth engineering level to 

determine the best type of management solution for areas discussed in this thesis, such as 

Miramar Beach / Mirada Road.  For example, a study should be conducted on the specifics of 

the design of a submerged breakwater that could be placed off shore that would work best for 

the geological structures of the site. This thesis has already had some degree of effect on the 

community, as it was already mentioned in a news article with the Half Moon Bay Review, 

when an article was written about coastal erosion issues in Half Moon Bay.  The hope is that 

this thesis will spur more interest and acknowledgement of the issues at this site and therefore 

more research will be done in greater depth in the near future.  
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Appendix A  

 

Map indicating the location of San Mateo County in relation to the rest of the United States.  
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Map of San Mateo County that Stakeholders used to identify areas they perceive to be at risk.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 


