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Abstract	  	  

Social vulnerability is often thought of as a culmination of social factors influencing the 

susceptibility of various groups to harm and govern their ability to respond. In an effort to 

identify communities that may be susceptible to social impacts from changes to fishery policies 

or fishing conditions, NOAA Fisheries is developing social vulnerability indicators for fishing-

dependent communities in five regions within the U.S including the northeast, southeast, west 

coast, Alaska, and Hawaii.  Place-based data from the U.S. decennial census, American 

Community Survey, NOAA Fisheries, state fish and wildlife agencies, and a myriad of additional 

sources are included in a factor analysis to identify communities engaged in and reliant on 

commercial fishing, and to derive indicators of social vulnerability.  Using these indicators, 18 

communities along the west coast were identified as having high levels of both commercial 

fishing dependence and social vulnerability, although the drivers varied among communities.  

This research complements the development of a national vulnerability assessment by using the 

vulnerability resilience linear conceptual model to evaluate exposure and sensitivity of 

communities along the west coast to potential policy or environmental changes that affect 

commercial fishing activity. 
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Introduction	  	  

Healthy and resilient ecosystems, communities, and economies are vital to sustain the ecological, 

economic, social, and recreational opportunities provided by coastal communities in the U.S. 

(NOAA, 2010).  Resilient communities are those that are able to maintain and improve their 

health and vitality over time and in the face of change by anticipating, absorbing, and diffusing 

change (NOAA, 2010).   The study of community resilience and social vulnerability in the face 

of environmental change is a rapidly growing field of research, particularly regarding responses 

to natural disasters and climate change (Adger,  2006;  Janssen et al., 2006; Cutter et al., 2003; 

Cutter et al., 2010; Cutter, 2013;  Fussel, 2007; Fischer et al., 2013; Norris et al., 2008;  Turner et 

al., 2003; Wood and Good, 2004;  Wood et al., 2010; Wongbusarakum and Loper, 2011) and 

more recently, fishing communities (Jepson and Jacob, 2007; Tuler et al., 2008; GSAFFI, 2010;  

Jacob et al., 2012;  Jepson and Colburn, 2013;  Morzaria-Luna, 2014; Himes-Cornell and 

Kasperski, In Press).  Definitions of resilience and vulnerability vary depending upon the 

discipline (e.g. ecology, natural disasters, poverty, human health, sociology) as well as 

perspectives of individual researchers (Miller et al., 2010).  However, much of the literature in 

the social sciences has converged toward conceptual models characterizing resilience as a 

process driven by the interaction of vulnerability and adaptive capacity (Adger, 2006; Brown and 

Westaway, 2011; Cutter et al., 2011; Folke, 2006; Fῢssel, 2007; Gallopin, 2006).  This project 

contributes directly to the understanding and assessment of vulnerability and more broadly to the 

community resilience by developing indicators of social vulnerability for coastal communities 

engaged in and reliant on commercial fishing in Oregon, Washington and California.    
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Statement of problem 
Social vulnerability indicators have been widely developed to identify the populations that may 

be most vulnerable to environmental hazards and/or natural disasters (Cutter, 2003; Cutter, 2008; 

Cutter, 2010; IWR, 2011; HVRI, 2014).  But few studies have constructed social vulnerability 

indicators in response to changes in fishing practices or regulations.  Furthermore, much of the 

research to derive social vulnerability indicators in relation to natural disasters or environmental 

hazards has occurred on the county-level, which may obscure local impacts experienced by 

communities, particularly in coastal communities that may be rural yet located within a county 

encompassing an urban center or other communities of differing vulnerabilities. This paper will 

demonstrate one approach to constructing place-based quantitative indicators of social 

vulnerability and fishing dependence using secondary data, and provide a brief examination how 

indicator results can be used in fishery management.  The specific research question tested in this 

project is whether the social vulnerability indicator approach developed for the east coast region 

of the U.S. can be replicated and applied to west coast fishing communities?  

 

The paper begins with a literature review of fishing dependent communities and the theoretical 

framework for understanding community vulnerability as it relates and contributes to community 

resilience, including methods to evaluate social vulnerability through the construction of 

quantitative indicators. The approach used for constructing social vulnerability and fishing 

dependence indicators along the west coast is presented.  Preliminary indicator results and the 

varying drivers affecting the overall scores are presented for fishing dependent communities.  

The paper closes with a discussion of how social vulnerability indicators can be used in fishery 

policy decision making and suggestions for future research.    
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Literature	  Review	  	  

Fishing Dependent Communities 

The Magnuson-Stevens Fishery Conservation and Management Act (MSA) is the overarching 

federal policy governing marine fishery management in the United States.  The 1996 

reauthorization of the MSA, known as the Sustainable Fisheries Act (SFA), includes ten national 

standards, one of which requires that fishery conservation and management measures take into 

account the importance of fishery resources to fishing communities by utilizing social and 

economic data (National Standard 8).  Furthermore, NS8 requires that management measures 

provide for the sustained participation of fishing communities and minimize adverse economic 

impacts to the extent practicable ((16 U.S.C. §1851(1996), Pub.L.94-265, Sec.301, (a) (8)). The 

SFA defines a fishing community as “…a community which is substantially dependent on or 

substantially engaged in the harvest or processing of fishery resources to meet social and 

economic needs, and includes fishing vessel owners, operators, and crew and United States fish 

processors that are based in such community”  (16 U.S.C. §1802, Sec.3, 104-297 (16)).  NS 8 

Guidelines further define fishing communities as “a social or economic group whose members 

reside in a specific location and share a common dependency on commercial, recreational, or 

subsistence fishing or on directly related fisheries dependent services and industries (for 

example, boatyards, ice suppliers, tackle shops)” (50 CFR, § 600.345).  

These definitions avoid numerical metrics and allow for regional flexibility and interpretation as 

needed.  As such, researchers have defined and operationalized these terms using a variety of 

fishery-related data and approaches, including narratives such as regional fishing community 

profiles conducted in all seven regions of the U.S. (Norman et al., 1997, Colburn et al. 2010, 

Levine and Stewart, 2009, and Himes-Cornell et al. 2013) as well as quantitative models such as 
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the data envelopment analysis (DEA) developed to rank selected west coast communities 

involved in commercial fisheries (Sepez et al. 1996).  The approaches use a variety of 

information and data to identify communities with the greatest involvement in fishing, including 

relevance to Fishery Management Plans (FMPs), commercial fisheries landings, in revenue and 

pounds; number of residents possessing federal and state fisheries permits; number of active 

fishing vessels; number of fish buyers; number of fish processing plants; and recreational fishing 

activities.  U.S. fishing communities identified in both quantitative and qualitative research range 

from rural, traditional resource-dependent communities such as Port Orford, Oregon to 

industrialized metropolitan areas such as Seattle, Washington (Clay and Olson, 2007).    In this 

current study, fishing dependence is defined as a combination of the level of commercial-fishing 

activity (fishing engagement) and commercial fishing activity per capita (fishing reliance).  

Quantitative indicators are used to rank fishing dependence within place-based communities 

along the west coast.   

 

Vulnerability and Resilience  
Vulnerability research has its roots in the risk, natural disaster, and environmental hazards 

literature, and has been influenced by the fields of geography, psychology, public health, and 

sociology (Adger, 2006; Fussel, 2006; Miller et al. 2010; Janssen et al. 2006; Norris et al. 2008).  

Initially, there were varying and often conflicting definitions and conceptual frameworks to 

explain the components of vulnerability, but more recently the literature has converged to define 

vulnerability as the susceptibility of harm to a given population, system, or place (Smit et al. 

1999; Fischer et al., 2013).  Specifically, social vulnerability research seeks to identify and 

describe parts of the population who are at risk and the potential for harm by explicitly focusing 

on the demographic and socio-economic factors that affect local populations’ ability to prepare 
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for, respond to, and recover after impacts of an event on local populations (Tierney et al., 2001; 

Heinz Center, 2002; Cutter et al., 2008).   

 

Within the natural hazards and climate change literature, vulnerability is conceptualized as the 

pre-existing, inherent condition of a community or place (Cutter, 1996; Cutter et al., 2003; Cutter 

et al., 2008) often consisting of exposure and sensitivity to perturbations or external stresses 

(Cutter, 1996;  Smit et al., 1999; Cutter et al., 2009; Adger, 2006;  Gallopin, 2006; Fischer et al., 

2013;  Turner et al., 2003;  Brooks et al., 2005; Wisner et al., 2004; IWR, 2013;  Smit and 

Wandel, 2006; Norris et al., 2007; Wongbusarakum and Loper, 2011).  Exposure is defined as 

“the nature and degree to which a system experiences environmental or socio-political stress” 

(Adger, 2006:270).  In climate change research, for example, exposure may be related to a 

community’s likelihood of experiencing increased flooding as a result of severe weather events 

or sea level rise (Fischer et al., 2013).  In natural resource dependent studies, exposure may relate 

to the level of reliance and dependence of a community on a resource. Exposure metrics may 

include quantitative data such as the likelihoods of natural hazard events or water level 

dependence in communities (Fischer et al., 2013).  Sensitivity is defined as the characteristics of 

a system that influence the degree of impact from a stressor (Gallopin, 2006;  Fischer et al., 

2013) and the degree that a system is modified or affected by perturbations (Adger, 2006). Basic 

socio-demographic and economic data, such as those collected by the decennial U.S. Census and 

American Community Survey, can be used for describing a community’s sensitivity or the status 

of a community for a given point of time (Fischer et al., 2013).   
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The components of vulnerability, however, are not the only determinants of community 

resilience.  Adaptive capacity or “the ability of a system to evolve in order to accommodate 

environmental hazards or policy change and to expand the range of variability with which it can 

cope” (Adger, 2006:270) is often regarded as the integral process that links social vulnerability 

and community resilience (Adger 2006; Brown and Westaway, 2011; Cutter et al. 2011; Folke, 

2006; Fussel, 2007; Gallopin, 2006).  More explicitly, adaptive capacity is a combination of the 

social characteristics and external social forces that influence whether and how human 

communities design and implement strategies to reduce exposure to, or modify their sensitivity 

to impacts of exogenous change.  Some such strategies are manifested in communities’ learning, 

absorbing and adaptation (Brooks et al., 2005).   

 

An extensive review of the evolution and framework of community resilience is beyond the 

scope of this essay. However, given the overlap of the vulnerability and resilience perspectives 

within the literature, it is important to briefly identify the theoretical framework and link to 

vulnerability research.  As previously noted vulnerability has stemmed from the risk and hazards 

disciplines and generally focuses on identifying those populations that are at greatest risk of 

harm to inform identification of potential opportunities for risk reduction, coping and adaptation.   

Vulnerability assessments are used to describe and understand the causes of vulnerability, 

identify the main actors involved, and characterize the scales at which the processes occur.    

 

The concept of resilience, on the other hand, began with the mathematical and physical sciences 

and was originally used “to describe the capacity of a material or system to return to a specific 

equilibrium after a displacement” (Norris et al., 2008:127). Resilient systems is a term coined by 
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ecologists, culminating with Holling’s (1973) seminal publication wherein he defined resilience 

as the property of a system that “determines the persistence of relationships within a system and 

is a measure of the ability of these systems to absorb changes of state variables, driving 

variables, and parameters, and still exist” (e.g. the probability of extinction) (p. 17). Over the 

following decades, resilience was increasingly used in the analysis of human–environmental 

interactions and was further advanced by placing human actions and agency within the 

ecosystem, emphasizing the social-ecological interaction as a central component to 

understanding the capacity of ecosystems to maintain essential functions such as productivity 

and ecosystem services (Folke, 2006; Cutter et al., 2008; Janssen et al., 2006; Ostrom, 2007).   

 

Resilience of human systems is now frequently defined as the capacity of dynamic communities 

to cope with, adapt to, and shape change to maintain essential system functions (Folke, 2006; 

Janssen, 2006; Cutter et al., 2008;  Cutter, 2009) and when necessary, transform to a new 

functional state (Magis, 2010).   Resilience in human systems requires action as well as agency 

(Magis, 2010), and above all else, emphasizes “turning crises into opportunity” (Folke, 2010:40).   

 

Multiple conceptual models exist within the literature that link vulnerability, resilience, and 

adaptive capacity (Cutter et al., 2003; Cutter et al., 2008; Jepson and Colburn, 2013; Norris et al., 

2008; Magis, 2010; Smit and Wandel, 2006; Wongbusarakum and Loper, 2011).  This study 

follows the vulnerability and resilience linear conceptual model developed by Jepson and 

Colburn (2013; Figure 1).   In this model, vulnerability is the antecedent condition of the 

community that is a culmination of the sensitivity, or pre-existing social-demographic 

characteristics, and the exposure of a community to fishing activity (Jepson and Colburn, 2013).  
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As assumed in Cutter’s disaster resilience of place (DROP) model, the pre-existing social-

demographic condition of the community is likely to intensify or attenuate the impacts of an 

event such as natural disasters, environmental hazards or in this case, changes in fishery policy 

and/or fishing activity (Cutter et al., 2008; Jepson and Colburn, 2013).  Although immediate 

responses may be employed in response to a triggering event (e.g. changes in fishing 

employment as a result of decreased allowable catches), longer-term community resilience 

pertains to the systems’ ability to anticipate, withstand, and recover from an impact or event and 

adapt to sustain essential functioning of the system and occasionally transform to a new state 

when necessary (Jepson and Colburn, 2013).       

   

 

Figure 1.  Vulnerability and Resilience Linear Model (Source: Jepson and Colburn, 2013). 

 
 
Vulnerability Assessments  
In recent years, vulnerability science has advanced from an academic exercise to informing 

policy decisions through the development and application of vulnerability assessments (Hinkel, 
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2011; HVRI, 2013; Lee, 2014).  Vulnerability assessments serve many purposes including 

identifying drivers or processes that cause or exacerbate vulnerability, highlighting potential 

leverage points that may reduce vulnerability, and illuminating patterns of differential access to 

resources needed to recover and respond to impacts of disruptive events (Brooks et al. 2005; Lee, 

2014).   Increasingly, vulnerability assessments have been conducted to characterize, and in 

some cases compare, vulnerability of coastal communities to natural disasters and hazards 

(Adger et al. 2005, Wood and Good, 2004; Wood et al., 2010), changes in fishing or regulatory 

activities (Clay and Olson, 2008; Tuler et al., 2008;  PFMC, 2006;  PFMC, 2010; PFMC, 2014; 

GSAFFI, 2010;  Jepson and Jacob, 2007;  Jacob et al., 2012, Jepson and Colburn, 2013) as well 

as impacts of climate change to fisheries and fishing communities  (Allison et al., 2009; Himes-

Cornell and Kasperski, In Press;  Morzaria-Luna et al., 2014).  

 

A variety of methods have been used to conduct vulnerability assessments including single 

variable and composite indicators, community case studies and ethnographies, and participatory 

scenario building (Norman et al, 2007;  Hinkel, 2011; Tate, 2012; IWR, 2013; Fischer et al., 

2013).  Qualitative methods are often used at the local level to understand the complex dynamics 

of coping and adaptation strategies, as well as identifying social networks and institutions (Tate, 

2012).  Quantitative methods such as composite indicators have been used for comparing the 

vulnerability of places and trends over time (Tate, 2012), as they offer a relatively cost effective 

approach across many entities of interest, often relying on secondary data that are available for a 

vast number of geographic locations and scales and thus allowing for comparative analyses.  

Indicators are often desired by policy makers because they can be more easily synthesized and 
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characterize multi-dimensional, complex social phenomena into a single number (Gallopin, 

1997; Hinkel, 2011).      	  

 

Although vulnerability is place and context specific, operationalization of the construct has often 

included similar elements across studies because social impacts of varying events often fall 

disproportionately on the most vulnerable people in a society (IWR, 2011). The socio-

demographic characteristics that are most commonly referenced as contributing to vulnerability  

include low income/poverty level, age (young and elderly), disabled persons, female-headed 

households, minorities, occupants of mobile homes and renters, and transient and/or homeless 

(Dunning and Duren, 2011).    

 

The Social Vulnerability Index (SoVI®) produced by the Hazards and Vulnerability Research 

Institute at the University of South Carolina, is considered to be the most well-known approach 

for sub-national scale assessments to hazards in both the U.S. and abroad (Tate, 2012). This 

index is an analytical tool that measures social vulnerability of U.S. counties to environmental 

hazards using the disaster resilience of place (DROP) model (Cutter et al. 2003, Cutter et al., 

2008). In the most recent iteration, 30 socio-economic variables from the American Community 

Survey and decennial census are synthesized and used for deriving composite indicators though a 

principal components factor analysis (Cutter et al. 2003; Cutter et al., 2008; HVRI, 2014).  The 

resulting factor scores are summed to derive a single social vulnerability score for each county in 

the U.S., and categorized into levels of low, moderate, and high based on the 20%, 60%, and 

80% percentiles of all U.S. counties (Figure 2. HVRI, 2014).   
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Figure 2. Social Vulnerability Index, 2006-10 of U.S. counties to environmental hazard. (Source:  Hazards 
and Vulnerability Research Institute (HVRI), 2014).  

 

 

The SoVI® has been used by policy makers, managers, and scientists to illuminate differences in 

capacity for preparedness and response to hazards and disasters, identify where resources might 

be used most effectively to reduce the pre-existing vulnerability, and assist in determining the 

differential recovery from disasters (HVRI, 2014).  Most applicable to this current study is the 

use of normalized SoVI® scores by the Pacific Fishery Management Council, the regional body 

of fishery managers along the west coast, to identify vulnerable ports or group of ports to 

changes in west coast fishery management regulations (PFMC, 2006; PFMC, 2010; PFMC, 

2014).    The use of SoVI has been an important first step in incorporating community 
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vulnerability into fishery management decision making, although it is unclear whether 

differential impacts at the local level are missed by using vulnerability indicators conducted on 

the county level.   

 

Building from recent work of identifying social vulnerability of fishing communities (Jepson and 

Jacob, 2007; GSAFFI, 2010;  Jacob et al., 2012;  Jepson and Colburn, 2013),  NOAA Fisheries 

has undertaken a national effort to evaluate social vulnerability of coastal communities engaged 

in and reliant on fishing in northeast, southeast, west coast, Alaska, and Pacific Islands regions of 

the U.S.   In recognition of the attributes of fisheries and data availability within regions, each 

region has been charged with developing indicators of social vulnerability and fishing 

dependence that can be used to compare the vulnerability of coastal communities to changes in 

fishing and regulatory activities.   

	  

Methods	  

The purpose of this analysis is to construct indicators of fishing dependence and social 

vulnerability in order to identify coastal communities along the west coast region of the U.S. that 

are reliant and engaged in commercial and /or recreational fishing, and determine communities 

that may be vulnerable to effects of changes to fishing-related policies and management.  

Vulnerability indicators for west coast communities are computed based on methods developed 

by Jepson and Colburn (2013).  The primary data sources include the U.S. Census and American 

Community Survey (ACS) and the Pacific Fishery Information Network (PacFIN), and a myriad 

of additional data sources that provide recreational fishing data, number of charter fishing 

permits, and other information. (Appendix A).    
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Study Area and Scale  
Analyses were conducted using communities of place located within coastal counties of 

Washington, Oregon, and California and operationalized using the U.S. Census Designated Place 

(CDP) levels.  The Census Bureau defines CDPs as “the statistical counterpart of incorporated 

places and are delineated to provide data for settled concentrations of population that identifiable 

by name but are not legally incorporated under the laws of the state in which they are located” 

(U.S. Census Bureau, 2014a).   The analysis was first conducted using only Oregon 

communities, but was later expanded to also include communities within coastal counties of 

Washington and California to increase the sample size needed for a robust analysis.   

 

Designation of coastal counties follows the approach of Jepson and Colburn (2013) where a 

county is considered coastal if it has at least one coastal boundary.  The analysis was explored 

using coastal county designations following the categorization used by the U.S. Census Bureau 

and defined by the National Oceanic and Atmospheric Administration (NOAA), “as counties that 

meet one of the following criteria: 1) at least 15 percent of a county’s total land area is located 

within the Nation’s coastal watershed; or 2) a portion of or an entire county accounts for at least 

15 percent of a coastal cataloging unit” (US Census Bureau, 2014b).  Since this included many 

communities within supporting watersheds, but that did not have a direct relationship with 

marine fishing, it was concluded that the best and most comparable approach would be to follow 

the approach by Jepson and Colburn (2013), although slightly modified to include counties 

located adjacent to the Columbia River, Puget Sound, and San Francisco Bay.  In total, the 

analysis included 1,177 communities within 46 coastal counties of Washington, Oregon, and 

California.  The boundaries of the CDPs are defined in the 2010 census.   
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Data  
The dataset consisted of 216 compiled variables and represents data collected by both public and 

private sectors. Appendix A includes a list of the variables included or evaluated for use within 

the analysis, their associated data source, and whether they were included in the final analysis.  

Socio-demographic data were downloaded from the U.S. Census Bureau using the American 

Factfinder website (U.S. census, 2014b) and include data from the 2000 and 2010 decennial 

census as well as the American Community Survey (ACS), 2006-2010.   The ACS is designed as 

a sample survey conducted annually, although it utilizes a smaller sample size (~2.5%) than the 

decennial long form sample (~16.7%) (U.S. Census Bureau, 2009).  Although the census data 

represent an estimate at a specific date, the ACS data are period estimates, collected over an 

entire year and are potentially averaged over varying time periods, depending on the size of the 

geographic area (U.S. Census Bureau, 2009).  Given that CDPs include geographic areas with 

populations less than 20,000, ACS data at the CDP or place-based are averaged over a five-year 

period. Some variables included in the dataset were available from both the decennial census 

short-form and ACS estimates. In those cases where an estimate was available through both the 

census and ACS estimate, census data were used. 

 

Commercial fishery landings, ex-vessel revenue, and first receiver data were provided though the 

Pacific States Marine Fishery Commission’s Pacific Fishery Information Network (PacFIN).  

Landings (metric tons of fishes landed), value (ex-vessel revenue in U.S. dollars), and the count 

of first receivers (fish buyers) are reported in PacFIN via pre-defined port-groups.  The port-

groups are often aggregates of individual ports within communities and are based on fishing 

activity and geographic location. In many instances, the port-groups did not match CDP 

boundaries and therefore data were requested at the finest scale available and local expert 
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knowledge was used to apportion fishery data to individual communities (CDPs).  In cases where 

fishery data were reported by port-groups that spanned multiple CDPs (e.g. Garibaldi / 

Tillamook and Gearhart / Seaside in Oregon), data were evenly apportioned between the CDPs.  

In cases where multiple port-groups fell within a CDP boundary (e.g. San Diego), fishery data 

were combined and attributed to the single CDP.   In cases where fishery data were attributed to 

ports outside of a community defined by CDP boundaries, dummy CDP identifiers were created 

to retain the fishery data in the dataset, but these communities were assigned a moderate level of 

vulnerability as the socio-demographic data from the census and ACS data were not available 

(n=23 port-groups).  In cases where fishery landings data were aggregated across multiple ports 

without a clear connection to a CDP (e.g. Columbia River ports), the data were excluded (n=5 

port-groups).  These approaches may introduce a bias of inflating or understating the importance 

of commercial fishery for an individual port and excluding potentially fishery-dependent 

communities.  One future approach to reduce the number of ports excluded from the analysis 

may be to use census and/or ACS data at the county subdivision level (MCD), for those ports 

and/or port-groups that are not included in a defined CDP (n=23).   

 

Recreational fishery data along the west coast are collected through the various state sampling 

programs.  At this time, recreational fishing data were only compiled for Oregon communities. 

Recreational landings and the number of estimated ocean trips by port were collected by the 

Oregon Department of Fish and Wildlife’s Ocean Recreational Boat Survey (ORBS) (Lynn 

Mattes, ODFW Pers. Comm).  The ORBS, a statistical creel survey using a modified random 

sampling design, estimates the ocean effort, catch, and catch rates from private boat and charter 

boats fishing for bottomfish, salmon and trips with combined targets, non-fishing (i.e. crabbing), 
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halibut, tuna, and dives (Schindler et al., 2012). The dataset includes ocean modes and excludes 

shore and estuary sampling (SEBS), which was conducted by a separate sampling program for a 

limited time.  Ports were matched to CDP utilizing the same approach as conducted for the 

commercial fishery landings for consistency.   

 

Data Excluded from the Analysis  
Although a variety of data were explored, some were excluded in the analysis due to a variety of 

reasons, most often including difficulties linking observations to individual CDPs or inconsistent 

availability across the three states. Additionally, some data were processed and included in the 

preliminary factor analysis runs, but were excluded from the final model because they either did 

not contribute to single-solution factors (e.g. variables grouped into multiple factors) or internal 

consistency of the factor was improved by excluding the variable.   

 

Commercial fishery landings and values aggregated by the address of the permit owner were 

considered as an indicator of the fishery importance to the geographic place where the permit 

owners reside.   However, the data were not finalized prior to the analysis and were thus 

excluded. Commercial fishing permits for federally managed fisheries such as Pacific coast 

groundfish were available through PacFIN and NOAA Fisheries West Coast Region. However, 

commercial fishery permits for Coastal Pelagic Species (CPS) and Highly Migratory Species 

(HMS) fisheries were not available at the time of the analysis.  Since CPS and HMS fisheries 

represent a substantial portion of commercial fishing activity across the three states and 

particularly in Oregon and California, these data should be explored for future inclusion.  
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A survey of commercial fish processing facilities conducted by the NOAA Fisheries Office of 

Science and Technology was explored for inclusion. However, participation in the survey was 

voluntary and some of the processors who chose to participate in the survey did so inconsistently 

across years. Given that the initial intention of this analysis was to compare vulnerability 

between two time periods, these data were not included as it was difficult to determine whether 

inconsistent responses were a function of change in operation or processing activity or merely in 

survey response.    

 
In addition to the fishery related data available for all of the west coast, there were additional 

data collected for Oregon communities including Oregon-issued commercial fishing permits and 

individual commercial fishing licenses (provided by the Oregon Department of Fish and 

Wildlife), active charter boats for vessels used in the business of carrying passengers for hire in 

ocean water, and active fishing guides (both provided by the Oregon Boat Marine Board). 

Mailing addresses were used for linking aggregated counts for each variable to individual CDPs.    

These data were excluded from the final analysis because similar data were not available for 

communities in Washington and California.  

 
Community data for cost of living and distance to the nearest city were downloaded from various 

non-governmental websites for Oregon communities.  At the time this analysis was conducted, 

these data were not compiled for Washington and California and were therefore excluded in this 

analysis.  Similarly, federal and state government websites such as the Environmental Protection 

Agency and Oregon State Marine Board provided data for the number of facilities and boat 

ramps, respectively, for Oregon.   When available, addresses were converted and linked to CDPs 

via city name.  In the case of boat ramps, where a street address was not available, GIS software 
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was used to map the longitudinal and latitudinal coordinates and link boat ramps to the closest 

CDP within a 10-mile radius.  These data could not be included in the west coast regional 

analysis as the corresponding data were not compiled in Washington or California at the time of 

the analysis.  

 
 
Analytical Approach  
Factor analysis is a data-reduction technique often used for investigating complex latent concepts 

that are not easily measured or observed using single variables.  The basic tenet of factor analysis 

is collapsing a large number of correlated, observed variables into interpretable and relatively 

independent factors representing latent concepts.  Since social vulnerability and fishing 

dependence are multi-dimensional constructs, which are not easily captured by a single variable, 

factor analysis represents a potential tool to comprehensively describe the conditions of social 

vulnerability and fishing dependence in coastal communities.   

 

Indicators of commercial fishing dependence and social vulnerability were developed using a 

factor analysis procedure in the SPSS statistical software package. The approach generally 

follows the methodology developed by Jepson and Colburn (2013) with variables being 

substituted or excluded as needed to derive a single solution factor.   The factor analysis was 

conducted by including a minimum of two variables using the correlation matrix with a varimax 

rotation and substituting the mean in cases where data were missing.  The number of missing 

cases ranged from 22-145 communities for variables taken from 2006-10 ACS and 2010 census, 

and 307-322 communities for variables characterizing change observed between 2000 and 2010 

(e.g. percent change in mortgage). Factor scores were predicted using a least squares regression 

approach (e.g. regression factor scores) (DiStefano et al., 2009) and represent the standard 
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deviation from the mean, with a mean of zero.   A factor was considered adequate if it remained 

a single solution factor, which provides evidence that the index items measure a single uni-

dimensional latent construct (Jacob et al. 2012), and met the following criteria and thresholds: 

eigenvalues were greater than or equal to 1; individual factor loadings were greater than 0.45; 

percent variance explained was greater than 0.45, Kaiser-Meyer-Olking measure of sampling 

adequacy greater than 0.500; and an Armor’s theta reliability greater than 0.500 (Jepson and 

Colburn, 2013).    

 

Armor’s theta (Armor, 1974) reliability coefficient for factor scores is expressed as  

𝜃 = !
(!!!)

∗ (1− !
!!

) 

where p is the number of items on the scale and ho is the largest eigenvalue of the correlation 

matrix among the p measurements (Li and Wainer, 1998).   Armor’s theta coefficient is 

interpreted similar to Cronbach’s alpha reliability coefficient (Cronbach, 1951) and may be 

considered a preferred approach to Cronbach’s alpha when running principal component analysis 

(Zumbo et al., 2007).  Furthermore, Armor’s theta is often used for factor scales, as it does not 

assume that all items are weighted equally in the scale (Jacob, 2010) and may handle negative 

correlations.  Finally, according to Li and Wainer (1998:4), “Armor’s theta gives the maximal 

value of Cronbach’s alpha for the sum of n measurements, over all possible weightings of the 

individual measurements.”      

 

Results	  

Performance of the factor analysis using the regional data proved to be satisfactory.  However, it 

is important to note that there are tradeoffs with this approach compared to running the factor for 
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individual states as initially attempted.  Foremost, when conducting the regional analysis, a large 

number of variables were excluded because some variables had only been collected for Oregon 

communities at the time the analysis was conducted. The exclusion of variables meant that 

indicators of gentrification pressure and recreational fishing dependence could not be developed 

as conducted by Jepson and Colburn (2013). Given that recreational fishing is an important 

component of overall fishing dependence, a separate analysis to capture community dependence 

on recreational fishing was conducted for Oregon communities since those data were available at 

the time the regional analysis was conducted (Appendix B).    

 
West Coast Vulnerability Analysis   
Using observed data for Washington, Oregon, and California, two primary indicators were 

developed for this analysis: commercial fishing dependence and social vulnerability (Figure 3). 

Commercial fishing dependence was considered a measure of exposure to fishery management 

changes and was derived by combining two indices: commercial fishing engagement and 

commercial fishing reliance.  Social vulnerability was considered a measure of the sensitivity of 

the system, and was derived by combining seven independent indices (Figure 3).  This approach 

differs slightly from Jepson and Colburn (2013) where a gentrification vulnerability indicator 

was constructed, and the commercial and recreational indices were combined into an overall 

fishing indicator. However, as previously mentioned, the Jepson and Colburn (2013) approach 

was not entirely replicable at this time given incomplete data availability for Washington and 

California.         
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Figure 3. Components of the vulnerability analysis  including commercial fishing dependence (exposure) and 
social vulnerability (sensitivity).    Adapted from Jepson and Colburn (2013).  

 

Commercial Fishing Dependence   
Commercial fishing dependence reflects a community’s involvement in commercial fishing and, 

therefore, indicates how likely the community is to be affected by changes to fishery policy 

and/or fishing activity. The more dependent a community is on commercial fishing resources, the 

greater the potential impact from changes to regulation and fishing activity.  Two indices 

contribute to the overall commercial fishing dependence indicator, including commercial fishing 

engagement and commercial fishing reliance.  

 
 
Commercial fishing engagement index  
Commercial fishing engagement is a measure of fishing activity that takes place in a community.  

Higher engagement results in greater vulnerability to and potential impacts of changes in fishery-

related policies.  Three variables were included in the commercial fishing engagement index: (1) 

commercial fishing landings (𝑥 = 709,791.4  mt); (2) value of commercial fishing landings 

(𝑥 = $386,503.61); and (3) the number of first receivers or fish buyers (𝑥 = 1.49). The range of 

the values are not reported due to confidentiality requirements. 

 

Commercial	  Fishing	  Dependence	  
(Exposure	  Indicator)	  

• 	  Commercial	  Fishing	  Reliance	  
• 	  Commercial	  Fishing	  Engagement	  	  

Social	  vulnerability	  	  
(SensiPvity	  Indicator)	  

• 	  Personal	  DisrupPon	  	  
• 	  PopulaPon	  ComposiPon	  
• 	  Poverty	  
• 	  Labor	  Force	  Structure	  
• 	  Housing	  CharacterisPcs	  
• 	  Housing	  DisrupPons	  
• 	  Natural	  Resource	  Labor	  Force	  
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The commercial fishing engagement analysis produced a single factor solution with an 

eigenvalue of 2.484 and explained 82.75 percent of the variation.  The Armor’s theta reliability 

coefficient for this index was 0.896 which indicates high internal consistency.  The factor 

loadings ranged from 0.865 to 0.970, with the highest loading on the commercial fishery revenue 

(Table 1). 

 

Table 1.  Components of commercial fishing resource dependence 

 

 

Commercial fishing reliance index 
Commercial fishing reliance is a relative measure of fishing activity that takes into account the 

population size of the community.  Three variables were included in the fishing reliance index 

including (1) commercial fish landings per capita (𝑥 = 291.64  mt per capita); (2) value of 

commercial fish landings per capita (𝑥 = $154.31  per  capita); and (3) the number of first 

receivers per capita (𝑥 = 0.0006).  The ranges of the raw values are not reported due to 

confidentially requirements. 

 

Factor 
Loadings n

Eigen-
value

Percent 
variance 

explained

Kaiser -  
Meyer - 
Olking 

Armor's 
Theta 

reliability 
coefficient

Commercial Fishing Engagement 1177 2.482 82.75 .589 0.896
Commercial fishery landings .891
Commercial fishery revenue .970
First receivers (buyers) .865

 Commercial Fishing Reliance 1177 2.523 84.09 .646 0.905
Commercial landings per capita .929
Commercial value per capita .965
First receivers (buyers) per capita .854

Factor	  Loadings	  and	  Diagnostics	  

Commercial Fishery Reliance and 
Engagement Index and  Variables 

West	  Coast	  Region	  
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The commercial fishing reliance analysis produced a single factor solution with an eigenvalue of 

2.523 and explained 84.09 percent of the variation.  The Armor’s theta reliability coefficient for 

this index was 0.905 which indicates high internal consistency.  The factor loadings ranged from 

0.854 to 0.965, with the highest factor loading on commercial value per capita (Table 1).     

 

 
Commercial fishing dependence composite score 
A composite score representing a community’s overall dependence on commercial fishing and 

therefore the exposure to impacts resulting from changes to fishery policy or fishing conditions, 

was calculated by equally weighting and summing the factor scores for fishing reliance and 

fishing engagement.  This approach follows the method utilized to construct the overall 

composite SoVI® scores (HVRI, 2014).  Dependence on commercial fishing and therefore 

exposure to potential impacts of changes to fishing regulations and/or fishing activity was 

classified as described below and shown in Table 2.  A value of 0 was assigned to communities 

with no measurable tie to commercial fishing in this analysis (-0.26 standard deviations from the 

mean); a value of 1 was assigned to communities with relatively low dependence on commercial 

fishing (-0.21 to 0.499 standard deviations from the mean);  a value of 2 was assigned to 

communities with moderate dependence on commercial fishing (standard deviation 0.5 to 1.0 

above the mean); and a value of 3 was assigned to highly dependent communities with a 

combined commercial fishing dependence score greater than 1 standard deviation above the 

mean.  
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Table 2. Criteria for assigning levels of commercial fishing dependence based on factor scores. 

Minimum	  
Factor	  
Score	  

Maximum	  
Factor	  
Score	  

Commercial	  Fishing	  Dependence	  
Fishing	  

Dependence	  
Level	  

-‐0.26	   -‐0.26	   No	  observed	  commercial	  fishing	  dependence	   0	  
-‐0.21	   0.499	   Low	  commercial	  fishing	  dependence	   1	  
0.50	   1.00	   Moderate	  commercial	  	  fishing	  dependence	   2	  
1.00	   33.01	   High	  commercial	  fishing	  dependence	  	   3	  

 

 

Of the 1,177 communities included in the analysis, 132 communities were identified as having 

ties to commercial fishing with fishing dependence factor scores ranging from -0.21 to 33.01.  

The number of communities identified as having high, moderate and low commercial fishing 

dependence, was 53, 12, and 66, respectively.  Table 3 shows the top ten communities with the 

highest dependence on commercial fishing in descending order with Moss Landing, Westport, 

and Los Angeles ranked as the top three communities with commercial fishing dependence. 

Appendix C includes commercial fishing reliance, engagement, and dependence scores for all 

west coast communities found to have a tie to commercial fishing.  
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Table 3.  Communities with the highest overall commercial fishing dependence scores  

 
 
 
Although the overall combined indicator score may be similar, different factors are influencing 

the ranking for each of these three communities.  For example, Moss Landing is a community 

located along the central coast of California and has a population of 204 residents, according to 

the 2010 census. The overall fishing dependence score of 33.01 is driven by large fishing 

reliance index score (29.08) and fishing engagement index score (3.93).  Los Angeles on the 

other hand, is a large metropolitan area with a population of 3,792,621 people, includes nine 

commercial fishing ports within its CDP boundaries, and has an overall fishing dependence score 

driven primarily by a large fishing engagement index score (17.33).  Between these two 

extremes, lies Westport, Washington, with a population of 2,099 residents.  The commercial 

fishing dependence score for Westport is relatively high on both fishing engagement (13.66) and 

fishing reliance (8.83).   These results emphasize that different factors may influence the overall 

dependence of a community on fishing. The component scores driving the higher commercial 

fishing dependence in Washington, Oregon and California communities are highlighted in Figure 

4.   

Community	  
Commercial	  

Fishing	  Reliance

	  Commercial	  
Fishing	  

Engagement

Commercial	  
Fishing	  

Dependence	  
Factor	  Score

Moss	  Landing,	  California 29.07854 3.93053 33.01
Westport,	  Washington 8.83435 12.656 21.49
Los	  Angeles,	  California -‐0.09293 17.32754 17.23
Astoria,	  Oregon 1.64858 11.19701 12.85
Newport,	  Oregon 1.4951 10.71542 12.21
Ilwaco,Washington 5.79328 3.5679 9.36
Coos	  Bay,	  Oregon 0.6579 8.07721 8.74
Bodega	  Bay,	  California 4.72231 3.38718 8.11
San	  Buenaventura,	  California 0.01308 8.08321 8.1
Tokeland,	  Washington 6.74044 0.53618 7.28
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Figure 4. Commercial fishing reliance, engagement and dependence scores for (a) Washington and Oregon 
communities and (b) California communities. 

 
 

a.   

b.   
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Social Vulnerability Indicator  
The sensitivity or social vulnerability indicator is a composite of seven indices including 

personal disruption, population composition, poverty, labor force structure, housing 

characteristics, housing disruptions, and natural resource labor force.  Each of the indices 

corresponds to a dimension of social vulnerability as supported in the literature.   

 
Personal disruption index 
The personal disruption index includes variables associated with personal conditions that may 

lead to difficulties in finding employment within a community and therefore increased social 

vulnerability. Factor analyses were initially conducted to replicate Jepson and Colburn’s 

approach (2013), where their personal disruption index consisted of five variables including 

percent unemployed, crime, percent of population without a diploma, percent of population in 

poverty, and percent of females separated. However, the inclusion of a crime index resulted in 

two factors and exclusion of percent females separated increased the internal consistency and 

percentage of explained variance above the threshold criteria.   

 

The final personal disruption vulnerability index included in this analysis consisted of three 

variables: (1) proportion unemployed (range 0 to 0.571, 𝑥 =0.048); (2) the proportion of 

population without a diploma (range 0 to .50,  𝑥 = 0.069); and (3) the proportion of households in 

poverty (range 0 to 1.00, 𝑥 = .108).  Analysis for personal disruption produced a single factor 

solution with an eigenvalue of 1.570 and explained 52.34 percent of the variation.  The Armor’s 

theta reliability coefficient for this index was 0.545, which indicates adequate internal 

consistency.  The factor loadings ranged from 0.618 to 0.772, with the strongest loadings on the 

percentage of population without a high school diploma. Factor loadings for these three variables 

were above 0.45 and so were retained in the index (Table 4).   
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Population composition index 
The population composition index includes variables corresponding to the demographic 

composition of the population that may increase social vulnerability, particularly those that may 

impose language and cultural barriers to access resources.     

 

The final index consisted of four variables: (1) the proportion of the population that self 

identifies as white (range 0.029 to 1.00, 𝑥 = 0.760); (2) the proportion of family households that 

are headed by single females (range 0.0 to 0.358,  𝑥 = 0.106);  (3) the proportion of the 

population under the age of five years (range 0.0 to 0.284, 𝑥 = 0.058); and (4) the proportion of 

the population that speaks English less than well (range 0.0 to .656, 𝑥 = 0.094).   The final 

factor analysis for population composition produced a single factor solution with an eigenvalue 

of 2.57 and explained 64.15 percent of the variation.  The Armor’s theta reliability coefficient for 

this index was 0.814, which indicates relatively high internal consistency.  The factor loadings 

ranged from 0.619 to -0.885, with the strongest loading on the percent white alone, which was 

negatively correlated with the other variables.  All factor loadings were above 0.45 and so were 

included in the index (Table 4Table 4).   
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Table 4.  Components of the Social Vulnerability Indicator 

 

 

Factor	  
Loadings	   n

Eigen-‐
value

Percent	  
variance	  
explained

Kaiser	  -‐	  	  
Meyer	  -‐
Olking	  

Armor's	  
Theta	  

reliability	  
coefficient

Personal Disruption Index (+) 1149 1.570 52.34 0.594 0.545
Percent unemployed .618
Percent with no diploma .772
Percent in poverty .770

Population Composition Index (+) 1150 2.566 64.15 0.695 0.814
Percent white alone -0.885
Percent female single headed households .839
Percent age 0- 5 .619
Percent speaks english less than well .834

Poverty Index (+) 1086 2.134 53.36 0.615 0.709
Percent of families below poverty level .900
Percentage under 18 in poverty .858
Percentage aged 65 and over in poverty .640
Percent households with  public assistance .422

 Labor Force Structure Index (-) 1148 2.226 75.53 0.659 0.826
Percent aged 16+ in the civilian labor force .924
Percent of females aged 16+ employed .889
Percent households w/ social security -.788

Housing Characteristics Index (-) 1000 2.188 54.69 0.682 0.724
Median monthly owner costs w/ mortgage .865
Median gross rent .849
Percent of housing that are mobile homes -.617
Median number of rooms .582

Housing Disruptions Index, 2000-2010 (+) 848 1.517 50.56 0.498 0.511
Percent change in mortgage costs .850
Percent change in home value .760
Percent change in owner-occupied monthly costs .464

Natural Resource Labor Force (+) 1141 1.648 82.69 0.500 0.786
Percentage employed in farming, fishing and 
forestry occupations 

.908

Percentage employed in agriculture, forestry, 
fishing and hunting, and mining industries .908

West	  Coast	  Region	  	  
Factor	  Loadings	  and	  Diagnostics	  

Social	  Vulnerability	  Index	  and	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Variables	  
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Poverty index 
Wealth is one of the most influential individual and collective human factors enabling recovery 

after disaster (Cutter et al. 2014).  Wealth enables communities to absorb greater losses and 

access resources such as insurance and entitlement programs to mitigate loss and increase 

recovery time (Cutter et al. 2014).   Additionally, people dependent on social services are 

economically and socially marginalized, often requiring additional support during and following 

post-disaster periods (Cutter et al. 2014).  A higher poverty index suggests increased social 

vulnerability.   

 

The poverty index includes variables related to several different aspects of poverty including: (1) 

the proportion of households receiving cash public assistance (range 0.0 to 1.00, 𝑥 = 0.028); (2) 

the proportion of families below poverty level (range 0.0 to 1.00,  𝑥 = 0.075);  (3) the proportion 

of the population aged 65 and over in poverty (range 0.0 to 1.00, 𝑥 = 0.070); and the proportion 

of the population aged 18 and under in poverty (range 0.0 to 1.00, 𝑥 = 0.131).  

 

The final factor analysis for population composition produced a single factor solution with an 

eigenvalue of 2.134 and explained 53.36 percent of the variation.  The Armor’s theta reliability 

coefficient for this index was 0.709 which indicates internal consistency.  The factor loadings 

ranged from 0.422 to 0.900, with the strongest loading on the percent of families below the 

poverty level.    Although the factor loading for the percent of households with cash public 

assistance was slightly below the defined threshold of 0.45, this variable was retained as the 

remaining criteria were adequately met and internal consistency remained relatively high (Table 

4).   
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Labor force structure index 
The labor force index includes variables characterizing employment and the labor force 

diversity.   Higher employment and greater participation of females in the labor force is 

indicative of lower vulnerability and therefore, the cardinality of this factor was reversed.   

 

The labor force index included variables related to several different aspects of employment 

within the labor force including: (1) the proportion of females aged 16 and over in the civilian 

labor force (range 0.00 to 1.00,𝑥 = 0.523); (2) the proportion of the population aged 16 and over 

in the civilian labor force (range 0.00 to 1.00,  𝑥 = 0.621); and (3) the proportion of the 

population receiving social security (range 0.00 to 1.00,  𝑥 = 0.287). The initial index also 

included the proportion of workers who identified as self-employed, but inclusion of this variable 

did not result in a single factor solution.  The index, therefore, was limited to the three variables 

described above.  

 
The final factor analysis for the labor force structure index produced a single factor solution with 

an eigenvalue of 2.26 and explained 75.53 percent of the variation.  The Armor’s theta reliability 

coefficient for this index was 0.826 which indicates high internal consistency.  The factor 

loadings ranged from -0.778 to 0.924, with the strongest loading on the percent of population 

aged 16 and older employed in the civilian labor force (Table 4).   

 
Housing characteristics index 
The housing characteristics index may indicate relative level of assets of the community 

residents.  The housing characteristics index includes four variables: (1) median monthly owner-

related costs ($) for houses with a mortgage (range $482 to $4,000,  𝑥 = $2,217.13); (2) median 

gross rent (range $150 to $2000, 𝑥 = $1,157.52); (3) median number of rooms (range 1.3 to 9.0, 
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𝑥 = 5.49 ); and (4) the proportion of housing that are mobile homes (range 0.00 to 0.812, 

𝑥 = 0.0798).  

 
The final factor analysis produced a single factor solution with an eigenvalue of 2.188 and 

explained 54.69 percent of the variation.  The Armor’s theta reliability coefficient for this index 

was 0.724 which indicates relatively high internal consistency.  The factor loadings ranged from 

0.582 to 0.865, with the strongest loading on the median monthly owner costs for owner 

occupied houses with a mortgage (Table 4).  The percent of housing that are mobile homes 

loaded negatively, indicating a reverse relationship.  Overall, the higher housing characteristics 

are associated with decreased vulnerability and therefore the factor cardinality was reversed.  

 
 
Housing disruptions index  
This index captures change in the cost of housing between 2000 and 2010, which may lead to 

greater vulnerability within the community as substantial increases in housing costs occurred 

over a relatively short time period.   The housing disruption index includes three variables: (1) 

percent change in the mortgage costs between 2000 and 2010 (range -.0048 to 0.026,  𝑥 =.0048); 

(2) percent change in home values between 2000 and 2010 (range -.0079 to .0379,  𝑥 = .0093); 

and (3) percent change in selected owner monthly costs for houses with a mortgage (range -0.010 

to .121,  𝑥 = 0.009).  

 
 
The factor analysis produced a single factor solution with an eigenvalue of 1.517 and explained 

50.56 percent of the variation.  The Armor’s theta reliability coefficient for this index was .511 

which indicates adequate internal consistency (Table 4).  While the Kaiser-Meyer-Olking 

measure of sampling adequacy was slightly below the minimum threshold 0.500, the factor was 
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considered satisfactory nonetheless as all other criteria were met, albeit near the minimum 

criteria, and the sampling adequacy was lower due to the fewer number of comparable 

communities between the 2000 and 2010 census.  The factor loadings ranged from 0.464 to 

0.850, with the strongest loading on the percent change in mortgage costs (Table 4).  

 
 
Natural Resource Labor Force Index 
This factor was included as an index of the labor force engaged in natural resource employment.  

High levels of participation in the natural resource labor force may contribute to greater 

vulnerability to changes of fishing policies and/or fishing conditions.  Two variables were 

included in this index: (1) the proportion employed in farming, fishing and forestry occupations 

(range 0.00 to 0.51, 𝑥 = 0.016; and (2) the proportion of the civilian labor force employed in 

agriculture, forestry, fishing and hunting, and mining industries  (range 0.00 to 1.00; 𝑥 = 0.032).   

The natural resource labor force analysis produced a single factor solution with an eigenvalue of 

1.648 and explained 82.39 percent of the variation.  The Armor’s theta reliability coefficient for 

this index was 0.786 which indicates internal consistency (Table 4).     

 
 
Composite Scores of Social Vulnerability  
Composite scores representing sensitivity or social vulnerability of communities were calculated 

by summing the factor scores (reversed factor scores were used for housing characteristics and 

labor force structure) and categorizing communities into low, moderate, and high levels of 

vulnerability based upon less than 20%, 20-80%, and greater than 80% percentiles, respectively.   

This approach follows that of the HVRI (2014) and Himes-Cornell and Kasperski (In Press), 

where counties or communities were classified as having vulnerability levels of low, medium, 
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and high vulnerability as those in less than 20%, 20-80%, and greater than 80% percentiles in of 

the total distribution, respectively.   

 

Of the 53 communities identified as having high commercial fishing dependence, 18 

communities were identified as having high social vulnerability, 35 communities were identified 

as having moderate social vulnerability, and one community was identified as having low social 

vulnerability.  The social vulnerability composite scores ranged from -10.14 to 18.23 for all 

coastal communities included in this analysis and -5.55 to 10.49 for the 53 communities 

identified as having high commercial fishing dependence.  Table 5 shows an example of 

contributing factors and vulnerability composite score for fishing communities with the greatest 

social vulnerability.  Social vulnerability was highest for the communities of Taholah, Neah Bay, 

and Chinook in Washington, Port Orford and Tillamook in Oregon, and Crescent City and Point 

Arena in California.    Social vulnerability scores for all communities are shown in Appendix D.    

 

Table 5. Example of contributing indices and overall composite scores of social vulnerability for communities 
with high commercial fishing dependence. 

 
 
 

Community	  
Personal	  
Disruption

Population	  
Composition

Poverty	  
Factor	  

Labor	  
Force	  

Structure*
Housing	  

Characteristics*	  
Housing	  

Disruption

Natural	  
Resource	  
Labor	  Force

Social	  
Vulnerability	  

Composite	  Score
Taholah,	  Washington 1.896 3.121 0.899 0.054 1.698 2.220 0.598 10.4861
Neah	  Bay,	  Washington 1.760 1.905 1.247 0.578 1.885 -‐0.081 2.849 10.1443
Crescent	  City,	  California 2.411 0.641 2.429 1.804 1.100 0.339 0.832 9.5561
Point	  Arena,	  California 1.182 0.539 2.309 -‐0.608 0.703 3.477 0.369 7.9696
Chinook,	  Washington 2.595 -‐1.042 2.087 3.009 0.476 -‐0.592 -‐0.415 6.1193
Port	  Orford,	  Oregon 0.244 -‐0.863 0.630 1.423 0.963 0.754 2.830 5.9815
Tillamook,	  Oregon 0.788 0.219 2.551 -‐0.110 1.156 0.346 0.848 5.7982
Fort	  Bragg,	  California 1.380 0.577 1.334 0.168 0.749 1.447 -‐0.069 5.5859
Shelton,	  Washington 0.817 0.528 1.539 0.801 1.092 -‐0.224 0.546 5.0979

Winchester	  Bay,	  Oregon 1.382 -‐1.030 1.025 1.598 1.351 1.053 -‐0.415 4.9641



40 
 

Although overall sensitivity scores may be relatively similar between the highlighted 

communities, the primary drivers contributing to the sensitivity vary between communities as 

they did for fishing dependence (Figures 5-7).  For example, Taholah, WA a community on the 

Quinault Indian Reservation had relatively high scores on the factors of personal disruptions, 

population composition, housing characteristics, and housing disruption (Figure 5).  Chinook, 

Washington, had relatively high scores for personal disruptions, poverty, and labor force 

structure.  Port Orford, Oregon scored relatively high on the labor force structure and natural 

resource labor force, but relatively low on other factors suggesting a vulnerable labor force 

structure and relatively high employment in natural resource industries compared to other 

communities (Figure 6).  By understanding the drivers of social vulnerability within specific 

communities, policy makers can better evaluate potential impacts of specific management 

measures as well as options for mitigation.   
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Figure 5.  Components of social vulnerability in commercial fishing dependent communities in Washington 
communities.   
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Figure 6.  Components of social vulnerability for commercial fishing dependent communities in Oregon.  
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Figure 7. Components of social vulnerability for commercial fishing dependent communities in California. 
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Recreational Fishing in Oregon Communities 
One limitation of the current study is that it does not include data related to recreational fishing, 

as these data were not comprehensively available for Washington and California communities at 

the time this analysis was conducted. Recreational data were available for Oregon communities, 

and therefore a factor analysis was conducted to examine whether indicators could be derived 

and evaluate the difference in fishing dependence by including recreational fishing in addition to 

commercial fishing.   

  

A recreational fishing dependence indicator for Oregon coastal communities was based on three 

indices:  recreational fishing engagement, recreational charter boat fishing reliance, and 

recreational private boat fishing reliance. A full description of the construction and results of the 

factor analysis results is included in Appendix B.   

 

Recreational and commercial fishing dependence factor scores for select Oregon communities 

are presented in Table 6.   Although the factor scores for commercial and recreational 

dependence are not completely comparable because the recreational indicators were derived 

using only Oregon coastal communities and the commercial fishing indicators were derived for 

communities within Washington, Oregon, and California, the results illustrate the possibility of a 

different interpretation of fishing dependence relative to the fishing sectors.  For example, 

Garibaldi and Depoe Bay rank highest for recreational fishing, but lower for commercial fishing, 

Newport ranks relatively high for both recreational and commercial fishing, and Astoria ranks 

relatively low for recreational fishing dependence, but is the highest of Oregon communities for 

commercial fishing dependence.  This underscores the importance of including both commercial 

and recreational fishing indicators when characterizing a community’s fishing dependence.    
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Table 6. Recreational fishing dependence compared with commercial fishing dependence for Oregon 
communities. 

 

 

Discussion	  	  

Social vulnerability research seeks to identify and describe the potential for harm to a community 

by explicitly focusing on the social and demographic factors that affect the ability to prepare for, 

respond to, and recover after impacts of an event on local populations (Tierney et al., 2001; 

Heinz Center, 2002; Cutter, 2009).  The vulnerability and resilience linear model followed in this 

study defines vulnerability as the inherent and pre-existing condition of the community prior to a 

regulatory event or impact of changing fishing conditions (Jepson and Colburn, 2013). Social 

vulnerability is comprised of the sensitivity of the social system to withstand an event or impact 

and the exposure to the impact, which is operationalized through fishing dependence.  Resilience 

pertains to a systems’ ability to anticipate, withstand, and recover from an impact or event and 

adapt to sustain essential functioning of the system and occasionally transform to a new state. 

Community resilience is a function of the existing state of vulnerability and the capacity to adapt 

to change, often operationalized as a network of social capital, economic development, 

Community
Recreational	  Fishing	  

Engagement	  
Recreational	  Fishing	  
Reliance	  Charter	  Boats	  	  

Recreational	  Fishing	  
Reliance	  Private	  Boat	  

Total	  
Recreational	  

Commercial	  Fishing	  
Dependence	  

Garibaldi,	  Oregon 1.5323 4.51397 7.16071 13.20698 2.6
Depoe	  Bay,	  Oregon 3.35007 7.59913 1.12909 12.07829 1.19
Newport,	  Oregon 6.70827 0.92054 0.58191 8.21072 12.21
Pacific	  City,	  Oregon 1.14268 0.8979 2.83792 4.8785 1.33

Winchester	  Bay,	  Oregon 0.36642 -‐0.22768 4.22522 4.36396 6.78
Brookings,	  Oregon 3.25738 0.19234 0.87176 4.32148 2.4
Tillamook,	  Oregon 1.5323 0.33015 0.92204 2.78449 1.03
Coos	  Bay	  Oregon 2.2934 -‐0.05442 0.00782 2.2468 8.74

Gold	  Beach,	  Oregon 0.44517 0.43007 0.31173 1.18697 0.29
Warrenton,	  Oregon 0.29062 0.16346 0.1775 0.63158 -‐0.26
Bandon,	  Oregon 0.33048 0.24811 -‐0.07004 0.50855 0.11
Astoria,	  Oregon 0.29062 -‐0.05378 -‐0.02369 0.21315 12.85
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community competence and leadership, and information and communication (Magis, 2010; 

Norris et al., 2008).   

 

This research follows along the line of inquiry developed by Jepson and Colburn (2013) where 

secondary data were used to construct indicators of fishing dependence and social vulnerability 

for communities located along the west coast region of the U.S.  The variables included in each 

indicator were modified from Jepson and Colburn’s approach as needed given the current 

availability of data along the west coast and the variables that resulted in satisfactory factors.   

While the constructed indicators were not comprehensive in certain elements that may contribute 

to greater vulnerability of a population (e.g. economic diversity, income levels) or fishing 

dependence (e.g. employment in the fishery, number of processing facilities, and shore-side 

supporting industries), the results are generally supported by previous qualitative and 

quantitative efforts to identify fishing dependent communities along the west coast (Gilden, 

1999; Norman et al., 2007; Sepez et al. 2007) and social vulnerability of west coast counties 

(HVRI, 2014).      

 

In addition to overall fishing dependence, this study highlights communities with a greater 

reliance on fishing, defined as fishing activity per capita that may be otherwise overlooked when 

compared to fishing activity occurring in larger sized communities.  Most notably is the 

community of Moss Landing, which was identified as having the highest overall fishing 

dependence driven by an extremely high fishing reliance score and moderate fishing engagement 

score.  Previous studies have also found Moss Landing Harbor (MLH) to be one of the most 
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important commercial fishing ports in California and commercial fishing to be a major source of 

income within the Moss Landing community (Pomeroy and Dalton, 2003).    

 

By overlaying social vulnerability with commercial fishing dependence using the same 

community-level geographic scale, a different perspective emerges of communities that may be 

disproportionally impacted by changes to fishery regulations and/or fishing activity or, even, 

changes in fish population levels due to changing ocean conditions (Figure 8).  The Washington 

communities of Bremerton, Chinook, Neah Bay, Shelton, Taholah, and Westport, and the 

Oregon communities of Garibaldi, Tillamook, Winchester Bay, Coos Bay and Port Orford are all 

highlighted as having a both high commercial fishing dependence and high social vulnerability. 

Likewise, the California communities of Crescent City, Eureka, Fort Bragg, Point Arena, 

Oxnard, Port Hueneme, and Los Angeles are also highlighted as having high sensitivity to 

potential changes in future fishery management decisions and activity.  The novelty of this 

approach is in capturing the combination of commercial fishing dependence and social 

vulnerability on the same scale, and identifying those communities with both high social 

vulnerability and commercial fishing dependence. 
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Figure 8. Social vulnerability and commercial fishing dependence. Increasing circle size implies increasing 
dependence on commercial fishing.  The color shading of white to dark grey, reflects increasing levels of 
social vulnerability.  (Figure courtesy of Curt Whitmire, NOAA Fisheries).  

  
 

All communities are dynamic and fishing communities in particular are constantly changing as 

policies and economic opportunities shift (Gilden, 1999).  The social vulnerability and fishing 

dependence indicators provide a snapshot of the condition of the community at a particular point 

in time.  The results of the indicator analysis should be considered as a first step in understanding 

potential regulatory or environmental impacts to communities and may illuminate the differences 

of the included social-demographic characteristics and fishing dependence of communities along 

the west coast.  Additional efforts are needed to better understand how communities respond to 
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particular changes and therefore predict how changes to fishing regulations and fishing 

conditions affect long term resilience.   

 
 
Scope and Scale of the Analysis  
For the purposes of this analysis, communities were limited to those of geographic place rather 

than communities of interest or occupation based upon the available data and following from the 

general National Marine Fisheries approach to place-based definitions of community in the 

fishing and coastal context (Sepez et al. 2007).  Communities were also considered to be 

independent entities, although in practice, fishing communities have both social and economic 

connections that exist at regional, state, national and global levels, which are not explicitly 

captured in this approach.   

 

The original scope of this analysis was limited to Oregon coastal communities in an effort to 

focus the comparative analysis on entities with similar political, economic and environmental 

conditions as well as those having similar available data, as each of the west coast states 

implements many of their own data collection programs, particularly as they relate to 

recreational fishing. Substantial effort was devoted to compiling a rich data set for Oregon 

communities including variables related to social vulnerability, gentrification vulnerability, and 

both commercial and recreational fishing dependence.  However, after extensive analytical 

efforts, the sample size for the factor analysis using only Oregon communities was deemed to be 

too small to derive statistical power and the project moved to a regional analysis.   

 

Data compilation efforts and data availability varies for each of the west coast states and 

therefore the regional dataset did not include recreational fishing data or variables needed to 
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derive the gentrification pressure indicator. Therefore, a reduced set of variables was used to 

derive two indicators in this west coast regional analysis: commercial fishing dependence and 

social vulnerability. While this approach limits the full picture of vulnerability and fishing 

dependence, it does have strengths which include a larger sample size and its concomitant, 

satisfactory factor analysis.  The regional approach also offers indicators of community 

vulnerability across the west coast region of the U.S. and therefore is aligned with the regional 

scope of fishery management decisions made by the Pacific Fishery Management Council and 

NOAA Fisheries.   

 
This study was conducted at the scale of place or community in order to capture potential 

differences in impacts observed on the local level.  As noted by Vyas and Kumaranayake (2006), 

county-level indicators may not capture differences such as wealth in rural or regional 

communities.  Along the west coast, when social vulnerability is examined on the county level 

using the SoVI® algorithm, a slightly different picture of vulnerability emerges (Figure 2).  For 

example, some communities identified in this analysis as having high social vulnerability and 

high commercial fishing dependence are located within counties of low or moderate vulnerability 

levels as predicted by SoVI® (HVRI, 2014).  These communities include Bremerton, Chinook, 

Neah Bay, Shelton, Taholah, and Westport in Washington; Oregon communities of Garibaldi 

and Tillamook; and all California communities listed above, with the exception of Crescent City.   

Sensitivity analyses conducted using the SoVI® algorithm suggest variations in selected 

variables (e.g. using a subset of variables) and scalar changes between county and census tract 

levels do not substantially change the identification of highly variable units (Schmidtlein et al. 

2008).  However, there is initial evidence in this analysis that suggests differences may exist 

between place-based communities co-located within county boundaries and estimated 
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vulnerability may differ when conducted on the community versus county level. Further 

exploration of these differences and their effects may be warranted.    

 
Limitations of the Current Study  
This study represents the first effort to develop social indicators of vulnerability for the west 

coast fishing communities at the place-level. This preliminary analysis suggests there is merit 

and value in this broad brush approach, particularly given the relatively low cost and time 

requirement of using secondary data such as the decennial census, ACS, and fishery-related data 

versus more time and resource intensive approaches implemented for primary data collection 

efforts.  

 

However, the study is not without its limitations.  Foremost is the question of whether the 

indicators derived to measure social vulnerability and fishing dependence are operationalized in 

a meaningful manner and thereby accurately identify those communities with higher social 

vulnerability and fishing dependence.  While the literature supports the data and methods used to 

construct the social vulnerability indicators, social vulnerability is place and context specific and 

therefore an important future step will be to validate the west coast indicator analysis findings 

through conducting ethnographies and interviews in select coastal communities.   

 

Not every community exposed to an impact will be affected in the same way, and the differential 

impacts will be amplified or attenuated depending upon the exposure to the impact and the 

adaptive capacity within each community to respond, absorb, and/or transform. Adaptive 

capacity has not been operationalized or included in this analysis but is needed to fully 

understand communities’ ability to respond to changes in fishery regulations and fishing activity 
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and their respective resilience over time.  Adaptive capacity could be operationalized through use 

of secondary data or through collection of primary data and may include measures of social 

capital, social networks, adaptive governance, community leadership, and information exchange.   

 

The current indicators may capture the importance of the community to west coast fisheries but 

may not explicitly capture the importance of fishing to the economic, cultural or social value and 

dependence of the community. Although fishery related data such as total fish landings, ex-

vessel revenue and the number of fish buyers were included in the analysis for each community, 

the current analysis did not include where people engaged in the fishery reside and/or homeport 

their vessels, or information related to shore-side supporting businesses and fish processing 

capacities, and employment within each community.   Data illuminating the employment and 

economic activity related to fishing in communities may provide a more comprehensive indicator 

of fishing dependence, particularly if there are measures of fishing activity relative to the other 

economic activities within the community.   

 

It is also assumed that the ripple or multiplier effect of the income and revenue generated by fish 

landings is constant across the communities. In reality, revenue generated by fish landings flows 

within and between communities and is dependent upon myriad factors, including both direct 

and indirect employment in fish harvesting, wholesalers, processing industries as well as shore-

side supporting industries such as fishing net lofts, fuel docks, fishing supplies, marine welding 

etc.  Furthermore, tax rates on landings, the costs associated with fish harvesting and processing 

operations within a community, the economic diversity, location and size of a community, and 

interdependence between communities will all affect the level of dependence a particular 
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community may have on fishing.  For example, the literature suggests that the level of economic 

interdependence varies between larger geographic areas and smaller geographic areas with lower 

economic diversity (Leonard and Watson, 2009; Miller and Blair, 1985).  Economic models such 

as the Input-Output model for Pacific Coast Fisheries (IO-PAC), which are used to estimate the 

gross changes in economic contributions and net economic impacts resulting from policy, 

environmental, or other changes, may provide insight into economic structure and dependence on 

fishing for west coast communities (Leonard and Watson, 2009) . 

 

In addition to varying importance of fishing to coastal economies, communities differ in their 

valuation and dependence on fishing as a part of their culture and heritage.  Data illuminating the 

social and cultural value of fishing to community members is important when characterizing a 

community’s dependence on fishing.  Unfortunately, secondary data illuminating the social and 

cultural value of fishing may not be easily rendered for all communities located across the west 

coast.   

 

Another important limitation of the current study area is that the communities and areas of 

fishing activity included in the analysis are constrained to those located and occurring along the 

west coast region of the U.S.  However, many residents of west coast states, particularly Oregon 

and Washington, also operate in fisheries in the North Pacific and off the coast of Alaska (Sepez 

et al., 2007; Kasperski and Holland, 2013).  Therefore it may be important to assess participation 

and fishing dependence by combining the North Pacific and west coast areas.    
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Finally, incorporating the local to global interactions of social, economic and environmental 

processes can be particularly challenging for understanding place-based research (Eakin and 

Luers, 2006). This is particularly true for commercial fishing communities that are sensitive to 

changes in world markets, economics, and political events (Gilden, 1999), as many of the fish 

products are exported around the globe.  Access to fish stocks may also vary across communities 

as some communities and fishing sectors are adversely impacted by overfished stocks that may 

constrain harvest of healthy population of fish stocks. The inclusion of the interactions of the 

local, regional and world economics, and political-environmental interdependence is beyond the 

scope of this current analysis but certainly affects community’s social-ecological resilience.   

 

Recommendations  
Future Data Collection  
This analysis was developed as a first step in quantifying the social vulnerability condition of 

fishing dependent communities along the west coast of the U.S. and was intended to replicate the 

social vulnerability and fishing dependent indicators as developed by Jepson and Colburn 

(2013), while maintaining flexibility to account for regional differences.  At the time of this 

analysis, the dataset was not complete for Washington and California and therefore did not 

include the gentrification pressure indicator or recreational fishing indices as derived by Jepson 

and Colburn (2013).  Efforts will continue to compile these missing data as well as potentially 

expand the dataset to include data that illuminate the connection between people participating in 

the fishery and their communities of residences such as the number of federal and state fishing 

permits, the number of vessel owners, the number of vessels home-ported in each community, 

and the number of processing facilities. Additionally, if these results are to be included in the 

evaluation of impacts to proposed management measures, fishery-related data will need to be 
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parsed by Fishery Management Plan (FMP) and even more likely, by fishery management units 

(e.g. stock, species, or assemblage) and fishing sectors.     

 

Recreational-related fishing data should be compiled and included either within an overall 

fishing dependence indicator or as a separate recreational fishing dependence indicator.  

Although the recreational fishing data may be difficult to assemble and merge into one vector 

given the differing recreational fishing sampling programs run by the states of Washington, 

Oregon and California, it is a critical component of fishing dependence and should be prioritized 

to be included in future iterations of the analysis.  This is particularly important as the drivers of 

vulnerability and therefore resulting mitigation measures to reduce impacts of proposed fishery 

management changes, may differ between communities with greater recreational or commercial 

fishing dependence.    

 

Efforts should continue toward collecting additional data needed to develop an indicator of 

adaptive capacity that may be modeled along with the social vulnerability and fishing 

dependence to provide a fuller understanding of coastal community resiliency. One potential 

source of data includes a recent primary data collection effort conducted by NOAA Fisheries 

NWFSC human dimensions program to understand the changing perspectives of participants in 

the west coast trawl rationalization program.  That data set could be mined for community-

specific information related to fishery-industry employment and participation, as well as 

perspectives on social capital, community leadership, and modes and strength of information 

exchange within and between fishing communities. Although the study was directed toward 

understanding community perspectives of the Pacific coast groundfish trawl rationalization 
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program, data were collected in many west coast fishing communities and may enhance the 

indicators of fishing dependence and adaptive capacity.      

 

The social vulnerability indicator approach is a broad brush approach and efforts to validate 

these initial results will be conducted in multiple communities identified and selected through a 

cluster analysis in the near future.   A wider study, however, implementing ethnographic, 

interview, and/or survey methodology could improve our understanding of how community 

members connect with fishing, perceptions of community response to change, and describe how 

communities have responded to fishery changes in the past.  These data may improve our ability 

to forecast and predict community responses to future fishery management decision and actions.    

    

Future Analyses 
The development of social vulnerability indicators in the southeast and northeast regions of the 

U.S. was initially constructed through an exploratory factor analysis (EFA) utilizing a principal 

components approach. The indicator model has generally held together across multiple regions 

of the U.S. and therefore next steps could include conducting a confirmatory factor analysis 

(CFA) through a structural equation modeling (SEM) approach to test whether the indicators are 

consistent with our understanding of social vulnerability. Model sensitivity could also explore 

the effects of scale (community vs. county), data imputation methods for handling missing data, 

and methods to construct final indicators (e.g. weighting of indices).  For instance, a multivariate 

regression analysis may suggest some indices are interactive terms and therefore composite 

indicators may be more appropriately derived multiplicatively rather than additively.  Finally, a 

comparative analysis could be performed over a time period with known changes in west coast 
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fishery management policies (e.g. 2000-2010) to test and validate the model’s capability to 

detect change over time.   

 

Policy Recommendations  
A primary driver to develop and construct indicators of social vulnerability for fishing 

communities was to provide a replicable and rapid approach utilizing existing data to produce 

quantitative estimates of social vulnerability for a large number of communities.  This type of 

analysis provides a quantitative tool that identifies the communities that may be most sensitive 

and vulnerable to changes in fishery management policy and commercial fishing activity as well 

as identify the primary drivers contributing to vulnerability.  The approach could contribute to 

social impact assessments (SIAs) required by the Magnuson Stevens Fishery Conservation and 

Management Act and the National Environmental Policy Act as well as the social and ecological 

analytical integration necessitated by ecosystem-based management (EBM).  Similar to the 

SoVI® analysis, which has been used by numerous policy makers, managers and scientists 

across the country, including the Pacific Fishery Management Council (2006; 2010; 2014), social 

vulnerability indicators can be used by managers and social scientists to illuminate differences in 

sensitivities to proposed management changes, identify where resources might be used most 

effectively to reduce vulnerability, and to assist in measures the mitigate impacts from fishery 

management measures.  

Conclusion	  	  	  
 
NOAA’s long term vision of the future is one where coupled systems consisting of societies and 

their ecosystems are resilient to rapid and/or prolonged change (NOAA, 2010).  The first step in 

developing resilient coastal communities is to characterize their current conditions, including 
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fishing dependence and social vulnerability.  This study was conducted to explore the 

development and use of social vulnerability indicators for place-based fishing communities along 

the west coast region of the U.S. as conducted in the northeast, southeast, and Alaska regions 

(Jepson and Colburn, 2013; Himes-Cornell and Kasperski, In press).  The results from this study 

represent a static description of the social-demographic condition and fishing dependence at a 

particular point in time (e.g. 2010).  The analysis does not capture the dynamic nature of human 

communities that continually change in response to economic, political, environmental, and 

social influences on the local, regional, national, and global scale.   However, indicators provide 

a tool for managers and social scientists to identify communities with fishery resource 

dependence and social-demographic characteristics, which may intensify or attenuate impacts 

associated with changes to fishing regulations or fishing conditions.  While there are limitations 

in the current study and care should be taken in interpreting results, it presents an initial step and 

quantitative approach to operationalize social vulnerability for west coast fishing communities 

that may be integrated into fishery management evaluation and decision making.  Next steps 

should focus on inclusion of data sources that may provide a richer characterization of 

vulnerability, validating the indicator results through qualitative methods such as interviews and 

ethnography, and including measures of adaptive capacities to better understand the dynamic 

processes leading to resilient coastal fishing communities.    



59 
 

Literature	  Cited	  	  
 
Adger, W. N. 2000.  Social and ecological resilience:  are they related?  Progress in Human 
Geography.  24(3): 347-364.  
 
Adger, W.N. 2006.  Vulnerability.  Global Environmental Change. 16: 268–281. 
 
Allison, E.H. Perry, A.L., Badjeck, M.C. Adger, W.N., Brown, K., Declan, C. Hall, A.S., Pilling, 
G.M., Reynolds, J.D. Andrew, N.L., and Dulvy, N.K.  2009.  Vulnerability of national 
economies to the impacts of climate change on fisheries. Fish and Fisheries. DOI: 
10.1111/j.1467-2979.2008.00310.x 
 
Brooks, N., Adger, W., and Kelly, M. 2005.  The determinants of vulnerability and adaptive 
capacity at the national level and the implications for adaptation.  Global Environmental Change 
15 (2005) 151–163.  
  
Brown, K. and Westaway, E. 2011.  Agency, capacity, and resilience to environmental change:  
Lessons from human development, well-being and disasters.  Annual Review of Environmental 
Resources. 36:321-42.   
 
Clay, P. and J. Olson.  Defining Fishing Communities:  Issues in theory and practice.  NAPA 
Bulletin.  28(1):27-42.     
 
 
Clay, P. and J. Olson.  Defining “Fishing Communities”:  Vulnerability and the Magnuson-
Stevens Fishery Conservation and Management Act.  2008.  Human Ecology Review. 15(2):  
143-160.   
 
Colburn, L.L, P.M. Clay, J. Olson, P. Pinto da Silva, S.L.Smith, A.Westwood, and L. Ekstrom. 
2010.  Community Profiles for Northeast U.S. Marine Fisheries.  Report.  
 
Cronbach LJ. 1951. Coefficient alpha and the internal structure of tests.   Psychometrika 16 (3): 
297–334. doi:10.1007/bf02310555. 
 
Cutter, S. L., Boruff, B. J. and Shirley, W. L. 2003.   Social Vulnerability to Environmental 
Hazards. Social Science Quarterly, 84: 242–261. doi: 10.1111/1540-6237.8402002 
 
Cutter, S. Barnes, L., Berry, M.,  Burton, C., Evans, E., Tate, E., and  Webb, J. 2008.  A place 
based model for understanding community resilience to natural disasters.   
 
Cutter, Susan L.; Burton, Christopher G.; and Emrich, Christopher T. 2010.  Disaster Resilience 
Indicators for Benchmarking Baseline Conditions,  Journal of Homeland Security and 
Emergency Management: Vol. 7: Iss. 1, Article 51. DOI: 10.2202/1547-7355.1732.  
 



60 
 

DiStefano, C., Zhu, M., and Mindrila, D. 2009.  Understanding and using factor scores:  
Considerations for the applied researcher.  Practical Assessment, Research & Evaluation. 14 
(20).     
 
Dunning, C.M. and Durden, S. 2011. Social vulnerability analysis methods for Corps planning. 
Report 2011-R-07.  Alexandria, VA: U.S. Army Corps of Engineers, Institute for Water 
Resources.     
 
Eakin, H. and A.L. Luers 2006. Assessing the vulnerability of social-ecological systems.  Annual 
Review of Environmental Resources.  31:365-394.  
 
Fischer, A.P, T. Paveglio, M. Carroll, D. Murphy, and H. Brenkert-Smith.  2013. Assessing 
social vulnerability to climate change in human communities near public forests and grasslands:  
A framework for resource managers and planners.  Journal of Forestry.  111(5): 1-9.  
 
Folke, C. 2006.  Resilience:  The emergence of a perspective for social-ecological systems 
analysis.  Global Environmental Change.  16: 253-267.   
 
Folke, C. 2010.  On resilience:  How much disturbance can a system withstand? With roots in 
ecology and complexity science, resilience theory offers new ways to turn crises into catalysts 
for innovation. Seed Magazine. Dec. 13, 2010: 40-43.  SEED-20091209_RESET_Sec04.indd 40 
 
Fussel, H-M., 2007.  Vulnerability:  A generally applicable conceptual framework for climate 
change research.  Global Environmental Change.  17:155-167.   
 
Gallopin, G.C. 1997. Indicators and their use:  information for decision making. SCOPE – 
Scientific Committee on Problems of the Environment International Council of Scientific Unions 
58, 13-27.   
 
Gallopin, G.C. 2006.   Linkages between vulnerability, resilience, and adaptive capacity.  Global 
Environmental Change 16 (2006) 293–303.  
 
Gilden, J. (ed).  1999. Oregon’s changing coastal fishing communities.  Oregon Sea Grant 
Publications.  Oregon State University.  ORESU-O-99-001.    
 
Gulf and South Atlantic Fisheries Foundation, Inc. (GSAFFI). 2010.  Development of social 
indicators for fishing communities of the southeast: Measures of dependence, vulnerability, 
resilience, and gentrification.  Lincoln Center, Suite 740, 5401 West Kennedy Blvd., Tampa, 
Florida 33609-2447.  
 
Hazards and Vulnerability Research Institute (HVRI).  2014. The Social Vulnerability Index 
(SoVI ®), 2006-2010, US County Level. Columbia, SC: University of South Carolina. Available 
from http://www.sovius.org. 
 
Heinz Center. 2002.  Human Links to Coastal Disasters.  Washingotn, DC:  H.John Heinz Center 
for Science, Economics and the Environment.   



61 
 

 
Himes-Cornell, A., K. Hoelting, C. Maguire, L. Munger-Little, J. Lee, J. Fisk, R. Felthoven, C. 
Geller, and P. 2013. Community profiles for North Pacific fisheries - Alaska. U.S. Department of 
Commerce, NOAA Technical Memorandum. NMFS-AFSC-259, Volume 1, 70 p.  
 
Himes-Cornell, A. and S. Kasperski. In Press.  Assessing climate change vulnerability in 
Alaska’s fishing communities.  Fisheries Research.  162: 1-11.  
 
Hinkel, J. 2011.  Indicators of vulnerability and adaptive capacity:  Towards a clarification of the 
science-policy interface.  Global of Environmental Change.  21: 198-208.   
 
Holling, C.S., 1973.  Resilience and stability in ecological systems.  Annual Review of Ecology 
and Systematics.  4:1-23.   
 
Jacob, S., Weeks, P., Blount, B., and Jepson, M. 2012. Development and evaluation of social 
indicators of vulnerability and resiliency for fishing communities in the Gulf of Mexico. Mar. 
Policy (2012), http://dx.doi.org/10.1016/j.marpol.2012.04.014  
 
Janssen, M. A., M. L. Schoon, W. Ke, and K. Börner. 2006. Scholarly networks on resilience, 
vulnerability and adaptation within the human dimensions of global environmental 
change. Global Environmental Change. 16(3):240–252 
 
Jepson, M. and L.L. Colburn. 2013.  Development of Social Indicators of Fishing Community 
Vulnerability and Resilience in the U.S. Southeast and Northeast Regions.  U.S. Department of 
Commerce, NOAA Technical Memorandum NMFS-F/SPO-129, 64p.   
 
Jepson, M and S. Jacob.   2007. Social indicators and measurements of vulnerability for Gulf 
Coast Fishing Communities.  NAPA Bulletin 28:57-68.   
 
Lee, Y.J. 2014.  Social vulnerability indicators as a sustainable planning tool.  Environmental 
Impact Assessment Review.  44: 31-42.   
 
Li H. and H. Wainer. 1998.  Toward a coherent view of reliability in test theory.  Education 
Testing Services. Princeton, New Jersey.   
 
Leonard J., and P. Watson, 2009. Appendix D.  Description of the Input-Output Model for 
Pacific coast fisheries (IOPAC). 2011-2012 Groundfish Harvest Specifications.  Draft 
Environmental Impact Statement.  Document Version III (Draft).  October, 2009.    
 
Kasperski, S. and D, S. Holland.  2013.  Income diversification and risk for fishermen.  
Proceedings of the National Academy of Sciences of the United States of America.  110(6): 
2076–2081. 2080 . www.pnas.org/cgi/doi/10.1073/pnas.1212278110 
 
Levine, A., and S. Allen. 2009. American Samoa as a fishing community. U.S. Dep. Commer., 
NOAA Tech. Memo., NOAA-TM-NMFS-PIFSC-19, 74 p. 
 



62 
 

Miller, F., Osbahr, Boyd, E., Thomalla, F., Bharwani, S., Ziervogel, G., Walker, B., Birkmann, 
J., van der Leeuw, S., Rockstrom, J., Hinkel, J., Downing, T., Folke, C., and Nelson, D.  2010.  
Resilience and vulnerability:  Complementary or conflicting concepts.  Ecology and Society 
15(3):11.   
 
Magis, K.  2010.  Community Resilience: An Indicator of Social Sustainability. Society & 
Natural Resources:  An International Journal.  23(5): 401-416.  
DOI: 10.1080/08941920903305674 
 
Miller, R.E., Blair, P.D. 1985. Input-output Analysis: Foundations and Extensions. Prentice-Hall, 
London. 
 
Morzaria-Luna, H.N., P. Turk-Boyer, M. Morena-Baez.  Social indicators of vulnerability for 
fishing communities in the Northern Gulf of California, Mexico:  Implications for climate 
change.  2014.  Marine Policy. 45: 182-193.   
 
National Oceanic and Atmospheric Administration (NOAA). 2010. The Next Generation 
Strategic Plan. Office of Program Planning and Integration 1305 East West Highway Silver 
Spring, MD 20910.  http://www.ppi.noaa.gov/wp-content/uploads/NOAA_NGSP.pdf.  
 
Norman, K., J. Sepez, H. Lazrus, N. Milne, C. Package, S. Russell, K. Grant, R.P. Lewis, J. 
Primo, E. Springer, M. Syles, B. Tilt, and I. Vaccaro. 2007.  Community profiles for west coast 
and North Pacific fisheries.  Washington, Oregon, California and other U.S. States.  NOAA 
Technical Memorandum NMFS-NWFSC-85.  U.S. Department of Commerce, NOAA, NMFS, 
Northwest Fisheries Science Center, Seattle, Washington.    
 
Norris, F.H. S.P. Stevens, B. Pfefferbaum, K.F. Wyche, and R.L. Pfefferbaum.  2008.  
Community resilience as a metaphor, theory, set of capacities and strategy for disaster readiness.  
American Journal of Community Psychology.  Vo. 41: 127-150.   
 
Ostrom, E. 2007.  A diagnostic approach for going beyond panaceas. Proceedings of the National 
Academy of Sciences.  Vol. 104. No. 39.  P. 15181-15187. 
www.pnas.org_cgi_doi_10.1073_pnas.0702288104 .   
   
Pacific Fishery Management Council (PFMC). 2006. Community Vulnerability Analysis:  
Appendix E to the 2011-12 Groundfish Harvest Specification.  
 
Pacific Fishery Management Council (PFMC). 2010. Update of the 2006 Community 
Vulnerability Analysis:  Appendix E to the 2011-12 Groundfish Harvest Specification.  
 
Pacific Fishery Management Council (PFMC). 2014.  Preliminary Draft of the Groundfish 
Harvest Specifications and Management Measures and Amendment 24: Draft Environmental 
Impact Statement. http://www.pcouncil.org/wp-content/uploads/F7a_Att4_15-
16_GFSpexEIS_ElectricOnly_JUNE2014BB.pdf  
 



63 
 

Pinto da Silva, P. and Hall-Arber, M. 2008.  Introduction: Weathering the storms:  Vulnerability 
and Resilience in the Northeast Fishing Industry.  Human Ecology Review. 15(2): 141-142.  
 
Pomeroy, C. and M. Dalton.  2003.  Socio-Economics of the Moss Landing Commercial Fishing 
Industry:  Report to  the Monterey County Office of Economic Development. June, 2003.  
 
Schindler, E., M. Freeman, and B. Wright. 2012.  Sampling Design of the Oregon Department of 
Fish and Wildlife’s Ocean Recreational Boat Survey (ORBS).  Marine Resources Program – 
ODFW.  Report.  http://www.dfw.state.or.us/MRP/salmon/docs/ORBS_Design.pdf.  
 
Schmidltelin, M.C., R.C. Deutsch, W.W. Piegorsch, and S.L.Cutter.  2008.  A sensitivity 
analysis of the social vulnerability index.  Risk Analysis.  28:1099-1114.   
 
Sepez, J., K. Norman, and R. Felthoven. 2007. A quantitative model for ranking and selecting 
communities most involved in commercial fisheries.  NAPA Bulletin. 28:43-56.  
 
Smit, B. and J. Wandel. 2006.  Adaptation, adaptive capacity and vulnerability.  Global 
Environmental Change. 16: 282-292.   
 
Tate, E.  2012.  Social vulnerability indices: a comparative assessment using uncertainty and 
sensitivity analysis.  Natural Hazards. 63:325–347.  DOI 10.1007/s11069-012-0152-2 
 
Tierney, K. J., M. K. Lindell and R. W. Perry. 2001. Facing the Unexpected: Disaster 
Preparedness and Response in the United States. Washington, D.C.: Joseph Henry Press. 
 
Tuler, S., Agyeman, J., Pinto da Silva, P., Lorusso, K.R., and Kay, R.  2008.  Assessing 
vulnerabilities:  Integrating information and driving forces that affect risks and resilience in 
fishing communities.  Human Ecology Review.  15(2):  171-184.   
 
Turner, B.L, R.E. Kasperson, P.A. Matson, J.J. McCarthy, R.W. Corell, L. Christensen, N. 
Eckley, J. X Kasperson, A. Luers, M.L. Martello, C. Polsky, A. Pusipher, and A. Schiller. 2003 
A framework for vulnerability analysis in sustainability science.  Proceedings of the National 
Academy of Science.  100 (14): 8074-8079.  
 
U.S. Army Corps of Engineers Institute of Water Resources (IWR).   2011.  Social vulnerability 
analysis.  A comparison tool.  IWR White Paper. February, 2013.   
 
U.S. Census Bureau.  2009.  A Compass for Understanding and Using American Community 
Survey Data:  What Researchers Need to Know, Department of Commerce, Economics and 
Statistics Administration of the U.S. CENSUS BUREAU.  
 
U.S. Census Bureau. 2014a. 
http://factfinder2.census.gov/help/en/glossary/c/census_designated_place_cdp.htm 
 
U.S. Census Bureau. 2014b. 
http://www.census.gov/geo/landview/lv6help/coastal_cty.pdf 



64 
 

 
Vyas, S. and L. Kumaranayake.  2006.  How to do (or not to do)…  Constructing socio-economic 
status indices:  how to use principal components analysis.  Health Policy and Planning.  21(6): 
459-468.  
 
Wisner, B., P. Blaikie, T. Cannon, and I. Davis. 2004. At Risk: Natural Hazards, People’s  
Vulnerability and Disasters (2nd edition). New York: Routledge. 
 
Wongbusarakum and Loper, 2011.  Indicators to assess community-level social vulnerability to 
climate change: An addendum to SocMon and SEM-Padifika regional socioeconomic monitoring 
guidelines.  41 Pgs.  
 
Wood, N.J., and J.W. Good.  2004.  Vulnerability of port and harbor communities to earthquake 
and tsunami hazards:  the use of GIS in community hazard planning.  Coastal Management.  32:  
243-269.   
 
Wood, N,J., C.G. Burton, and S.L. Cutter. 2010.  Community variations in social vulnerability to 
Cascadia-related tsunamis in the U.S. Pacific Northwest.  Natural Hazards. 52: 369-389.  
 
Zumbo, B.D, Gadermann, A.M., and Zeisser, C.  2007. Ordinal versions of coefficients alpha 
and theta for Likert rating scales.  Journal of Modern Applied Statistical Methods. 6(1): 21-29. 



65 
 

Appendix	  A.	  Variables	  included	  and	  explored	  for	  this	  analysis	  
and	  associated	  data	  sources.	  	  

 

Variable Description Data Source State(s )
Included in 

analysis 

Geography Identifier Census & ACS  WOC Y

Geographic Summary Level Census & ACS WOC Y

Community Name Census & ACS   WOC Y

Total estimated Population  Census & ACS   WOC Y

Percent unemployed 2006-10 ACS WOC Y

Percent with no diploma 2006-10 ACS WOC Y
Percent in poverty 2006-10 ACS WOC Y
Percent females separated 2006-10 ACS WOC N
Total crime index ESRI WOC N

Percent white alone 2010 census WOC Y
Percent female single headed households 2010 census WOC Y
Percent age 0- 5 2010 census WOC Y
Percent speaks english less than well 2006-10 ACS WOC Y
Percent of families below poverty level 2006-10 ACS WOC Y
Percentage under 18 in poverty 2006-10 ACS WOC Y
Percentage aged 65 and over in poverty 2006-10 ACS WOC Y
Percent households receving public assistance 2006-10 ACS WOC Y
Percent aged 16+ in the civilian labor force 2006-10 ACS WOC Y
Percent of females aged 16+ employed 2006-10 ACS WOC Y
Percent households w/ social security 2006-10 ACS WOC Y
Percent of class of workers identified as self-employed 2006-10 ACS WOC N
Median monthly owner costs w/ mortgage 2006-10 ACS WOC Y
Median gross rent 2006-10 ACS WOC Y
Percent of housing that are mobile homes 2006-10 ACS WOC Y
Median number of rooms 2006-10 ACS WOC Y
Percent change in mortgage costs 2000 & '10 census WOC Y
Percent change in home value 2000 & '10 census WOC Y
Percent change in owner-occupied monthly costs 2000 & '10 census WOC Y
Percentage employed in farming, fishing and forestry 
occupations 2006-10 ACS WOC Y
Percentage employed in agriculture, forestry, fishing and 
hunting, and mining industries 

2006-10 ACS WOC Y

Gini Index 2010 census WOC N
Commercial fishery landings PacFIN WOC Y
Commercial fishery revenue PacFIN WOC Y
First receivers (buyers) PacFIN WOC Y
Commercial landings per capita PacFIN WOC Y
Commercial value per capita PacFIN WOC Y
First receivers (buyers) per capita PacFIN WOC Y
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Variable Description Data Source State(s )
Included in 

analysis 

Charter boat landings ODFW OR Y
Charter boat trips ODFW OR Y
Private boat landings ODFW OR Y
Private boat trips ODFW OR Y
Charter boat landings per capita ODFW OR Y
Charter boat trips per capita ODFW OR Y
Charter permits per capita OBMB OR Y
Private boat landings per capita ODFW OR Y
Private boat trips per capita ODFW OR Y

Commercial fishing licenses ODFW OR N
Commercial fishing permits for state managed fisheries ODFW OR N 

EPA Registered facilities EPA OR N

Boat Launches per population OBMB OR N

Nearest city w/ 50k pop in miles Neighborhood guides  OR N

Cost of living index 2010 CLResearch website OR N

Number of Charter Permits OBMB OR N
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Appendix	  B.	  Construction	  of	  Oregon’s	  Recreational	  Fishing	  
Dependence	  Factor	  for	  Oregon	  Coastal	  Communities.	  	  
 

Recreational Fishing Engagement Indicator 

Four variables were included in final the recreational fishing engagement index for Oregon 

communities including (1) the number of fish landed by anglers using their private boats (range 0 

to 70,459, 𝑥 = 4,183.4 ); (2) the number of fish landed by anglers on charter boats  (range 0 to 

90,799, 𝑥 = 3,077.4); (3) the number of trips made per year by anglers using their private boats 

(range  0 to 31,078, 𝑥 = 1,398.1 ); and (4) the number of trips made per year by anglers using 

charter boats (range 0 to 15,240, 𝑥 = 2,182.74 ).  

 

The recreational fishing engagement factor analysis produced a single factor solution with an 

eigenvalue of 3.499 and explained 87.47 percent of the variation.  The Armor’s theta reliability 

coefficient for this index was 0.952 which indicates high internal consistency.  The factor 

loadings ranged from 0.911 to 0.950, with the charter boat landings having the highest factor 

loadings (Table B-1).    

 
Charter Boat Recreational Fishing Reliance  

Reliance on recreational fishing is a factor similar to engagement but is a relative measure that 

incorporates the community’s population size.  An iterative approach was taken to construct the 

reliance factors where initially five variables including charter boat landings per capita, charter 

boat trips per capita, charter permits per capita, private boat landings per capita and private boat 

trips per capita,  variables were included in a factor analysis.  The analysis resulted in two factors 

and was thus separated into two distinct factors and re-run to produce two single solutions 
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factors.  The final recreational fishing charter boat reliance index included (1) the number of fish 

landed by anglers on charter boats per capita (range  0 to 46.70, 𝑥 = 1.17); (2) the number 

charter trips taken annually per capita (range 0 to 8.78, 𝑥 =    .245 ); and (3) the number of charter 

permit holders per capita (range 0  to 0.01, 𝑥 = 0.0005). 

 

 
The recreational charter fishing reliance factor analysis produced a single factor solution with an 

eigenvalue of 2.824 and explained 94.128 percent of the variation.  The Armor’s theta reliability 

coefficient for this index was 0.969 which indicates high internal consistency.  The factor 

loadings ranged from 0.946 to 0.984, with the charter boat landings per capita having the highest 

factor loadings (Table B-1).  

 
 
Private Boat Recreational Fishing Reliance  

The final recreational fishing private boat reliance index included (1) the number of fish landed 

by anglers using private boats per capita (range  0 to 74.86, 𝑥 = 2.45); and (2) the number 

fishing trips taken on private boats annually per capita (range 0 to 23.80, 𝑥 =  0.812).   

 
The recreational private boat fishing reliance factor analysis produced a single factor solution 

with an eigenvalue of 1.937 and explained 96.87 percent of the variation.  The Armor’s theta 

reliability coefficient for this index was 0.968 which indicates high internal consistency.  The 

factor loadings were both 0.984 (B-1).   
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Table B-1.  Components of Recreational Fishing in Oregon Communities 

 
 
 
 
 
 
 
 
  

Factor 
Loadings n

Eigen-
value

Percent 
variance 

explained

Kaiser -  
Meyer - 
Olking 

Armor's 
Theta 

reliability 
coefficient

86 3.499 87.47 .674 0.952
Charter boat landings .950
Charter boat trips .933
Private boat landings .911
Private boat trips .946

Recreational charter boat fishing reliance  86 2.824 94.130 0.711 0.969
Charter boat landings per capita .984
Charter boat trips per capita .980
Charter permits per capita .946

Recreational private boat reliance  86 1.937 96.87 .500 0.968
Private boat landings per capita .984
Private boat trips per capita .984

Recreational Fishing Engagement and 
Reliance Index and Variables
Recreational fishing engagement 

Factor	  Loadings	  and	  Diagnostics	  
Oregon	  State	  Only	  	  
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Appendix	  C.	  Commercial	  fishing	  dependence	  factor	  scores	  and	  
levels	  for	  all	  coastal	  communities	  along	  the	  west	  coast.	  	  	  
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Community	  
Commerical	  Fishing	  

Reliance
	  Commercial	  Fishing	  

Engagement

Composite	  Score	  for	  
Commercial	  Fishing	  

Dependence	  

Commercial	  
Fishing	  

Dependence	  
Level	  

Anacortes,	  Washington 0.10 1.95 2.05 3
Bay	  Center,	  Washington 2.57 0.33 2.90 3
Bellingham	  city,	  Washington 0.03 6.95 6.98 3
Blaine,	  Washington 0.58 1.99 2.58 3
Bremerton,	  Washington -‐0.05 1.12 1.08 3
Brinnon	  CDP,	  Washington -‐0.01 -‐0.11 -‐0.12 1
Camas	  city,	  Washington -‐0.09 -‐0.01 -‐0.09 1
Cathlamet,	  Washington 0.87 0.19 1.06 3
Chinook,	  Washington 2.47 0.65 3.12 3
Coupeville	  town,	  Washington -‐0.02 -‐0.06 -‐0.08 1
DEER	  HARBOR,	  Washington, -‐0.10 -‐0.06 -‐0.16 1
Everett	  city,	  Washington -‐0.09 0.53 0.44 1
Friday	  Harbor,	  Washington 0.33 0.48 0.81 2
GRAY'S	  BAY,	  Washington,	   -‐0.10 -‐0.06 -‐0.16 1
Ilwaco,Washington 5.79 3.57 9.36 3
La	  Conner,	  Washington 3.18 1.82 5.00 3
Long	  Beach	  city,	  Washington -‐0.05 -‐0.11 -‐0.16 1
Longview	  city,	  Washington -‐0.09 0.13 0.05 1
Marietta-‐Alderwood	  CDP,	  Washington-‐0.08 -‐0.10 -‐0.18 1
Naselle	  CDP,	  Washington 0.08 -‐0.11 -‐0.03 1
Neah	  Bay,	  Washington 3.91 2.19 6.10 3
Ocean	  Park	  CDP,	  Washington -‐0.05 -‐0.11 -‐0.17 1
Olympia	  city,	  Washington -‐0.07 0.69 0.62 2
Port	  Angeles,	  Washington 0.03 1.53 1.57 3
Port	  Townsend,	  Washington 0.08 0.94 1.01 3
Poulsbo	  city,	  Washington -‐0.04 0.24 0.21 1
Puget	  Island	  CDP,	  Washington 0.09 -‐0.06 0.03 1
Quilcene	  CDP,	  Washington 0.15 -‐0.06 0.08 1
Quileute	  Reservation,	  WA	   -‐0.10 0.71 0.61 2
Raymond	  city,	  Washington -‐0.07 -‐0.11 -‐0.19 1
Seattle,	  Washington -‐0.09 4.74 4.65 3
Sequim	  city,	  Washington 0.09 0.70 0.79 2
Shelton,	  Washington 0.20 1.83 2.03 3
Skamokawa	  Valley	  CDP,	  Washington 0.08 -‐0.11 -‐0.03 1
South	  Bend	  city,	  Washington 0.18 0.15 0.33 1
Tacoma,	  Washington -‐0.09 1.67 1.59 3
Taholah,	  Washington 2.90 1.51 4.41 3
Tokeland,	  Washington 6.74 0.54 7.28 3
Washougal	  city,	  Washington -‐0.08 0.05 -‐0.03 1
Westport,	  Washington 8.83 12.66 21.49 3
Whidbey	  Island	  Station	  CDP,	  Washington0.10 0.05 0.14 1
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Community	  
Commerical	  Fishing	  

Reliance
	  Commercial	  Fishing	  

Engagement

Composite	  Score	  for	  
Commercial	  Fishing	  

Dependence	  

Commercial	  
Fishing	  

Dependence	  
Level	  

Astoria,	  Oregon 1.65 11.20 12.85 3
Bandon	  city,	  Oregon 0.02 0.09 0.11 1
Brookings,	  Oregon 0.40 2.00 2.40 3
Cannon	  Beach	  city,	  Oregon 0.03 -‐0.01 0.01 1
Coos	  Bay,	  Oregon 0.66 8.08 8.74 3
Depoe	  Bay,	  Oregon 0.63 0.55 1.19 3
Florence	  city,	  Oregon 0.02 0.56 0.58 2
Garibaldi,	  Oregon 1.76 0.84 2.60 3
Gearhart	  city,	  Oregon 0.18 0.12 0.30 1
Gold	  Beach	  city,	  Oregon 0.12 0.17 0.29 1
Nehalem	  city,	  Oregon 0.17 -‐0.11 0.06 1
Netarts	  CDP,	  Oregon 0.29 0.04 0.34 1
Newport,	  Oregon 1.50 10.72 12.21 3
Pacific	  City,	  Oregon 0.82 0.50 1.33 3
Port	  Orford,	  Oregon 1.48 1.05 2.53 3
Seaside	  city,	  Oregon -‐0.04 0.12 0.09 1
Siletz	  city,	  Oregon -‐0.04 -‐0.11 -‐0.15 1
Tillamook,	  Oregon 0.19 0.84 1.03 3
Waldport,	  Oregon 0.34 0.46 0.80 2
Winchester	  Bay,	  Oregon 5.47 1.31 6.78 3
Yachats	  city,	  Oregon 0.32 0.04 0.36 1
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Community	  
Commerical	  Fishing	  

Reliance
	  Commercial	  Fishing	  

Engagement

Composite	  Score	  for	  
Commercial	  Fishing	  

Dependence	  

Commercial	  
Fishing	  

Dependence	  
Level	  

Alameda	  city,	  California -‐0.09 0.15 0.05 1
Albion,	  California 4.22 0.34 4.56 3
Avalon	  city,	  California 0.06 0.25 0.31 1
Avilla	  Beach,	  California 0.72 0.75 1.47 3
Berkeley	  city,	  California -‐0.09 0.75 0.67 2
Bodega	  Bay,	  California 4.72 3.39 8.11 3
Bolinas	  CDP,	  California 0.29 0.27 0.56 2
CHINA	  CAMP,	  California -‐0.10 0.34 0.25 1
Chula	  Vista	  city,	  California -‐0.10 -‐0.11 -‐0.21 1
Crescent	  City,	  California 0.60 3.47 4.07 3
Dana	  Point,	  California -‐0.01 1.81 1.80 3
Dillon	  Beach	  CDP,	  California 0.16 -‐0.11 0.04 1
DRAKES	  BAY,	  California -‐0.10 -‐0.11 -‐0.21 1
El	  Granada,	  California 0.58 2.41 2.99 3
ELK,	  California -‐0.10 -‐0.01 -‐0.11 1
Emeryvil le	  city,	  California -‐0.09 -‐0.11 -‐0.21 1
Eureka,	  California 0.10 3.62 3.73 3
Fields	  Landing,	  California 1.85 0.21 2.06 3
Fort	  Bragg,	  California 0.52 2.94 3.46 3
Foster	  City	  city,	  California -‐0.10 -‐0.11 -‐0.21 1
Guadalupe	  city,	  California -‐0.08 -‐0.06 -‐0.14 1
Half	  Moon	  Bay,	  California 0.23 2.41 2.64 3
Hermosa	  Beach	  city,	  California -‐0.10 -‐0.11 -‐0.21 1
Huntington	  Beach	  city,	  California -‐0.10 0.04 -‐0.05 1
Imperial	  Beach	  city,	  California -‐0.09 -‐0.06 -‐0.16 1
Inverness	  CDP,	  California -‐0.04 -‐0.11 -‐0.16 1
Klamath	  CDP,	  California -‐0.01 -‐0.11 -‐0.12 1
Little	  River,	  California 1.13 -‐0.06 1.07 3
Lompoc	  city,	  California -‐0.10 -‐0.11 -‐0.21 1
Long	  Beach	  city,	  California -‐0.10 0.61 0.51 2
Los	  Angeles,	  California -‐0.09 17.33 17.23 3
Malibu	  city,	  California -‐0.09 -‐0.11 -‐0.21 1
MARCONI	  COVE,	  California	   -‐0.10 -‐0.01 -‐0.11 1
Marina	  del	  Rey	  CDP,	  California 0.01 0.50 0.50 2
MARSHALL,	  California	   -‐0.10 -‐0.06 -‐0.16 1
Monterey,	  California 0.05 2.62 2.67 3
Morro	  Bay,	  California 0.20 1.93 2.13 3
Moss	  Landing,	  California 29.08 3.93 33.01 3
National	  City	  city,	  California -‐0.10 -‐0.06 -‐0.16 1
Newport	  Beach	  city,	  California -‐0.08 0.87 0.79 2
Oakland	  city,	  California -‐0.10 0.09 -‐0.01 1
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Community	  	  
Commercial	  

Fishing	  Reliance	  

	  Commercial	  
Fishing	  

Engagement	  

Composite	  Score	  
for	  Commercial	  

Fishing	  
Dependence	  	  

Commercial	  
Fishing	  

Dependence	  
Level	  	  

Oceanside,	  California	   -‐0.09	   1.35	   1.26	   3	  
Oxnard,	  California	   -‐0.07	   3.43	   3.35	   3	  
Pacifica	  city,	  California	   -‐0.10	   -‐0.11	   -‐0.21	   1	  
Petaluma	  city,	  California	   -‐0.10	   -‐0.06	   -‐0.16	   1	  
Pinole	  city,	  California	   -‐0.09	   -‐0.06	   -‐0.15	   1	  
Point	  Arena,	  California	   1.33	   0.28	   1.61	   3	  
Point	  Reyes	  Station	  CDP,	  
California	   0.07	   -‐0.06	   0.01	   1	  
Port	  Hueneme,	  California	   0.27	   5.33	   5.60	   3	  
Redondo	  Beach	  city,	  California	   -‐0.09	   0.12	   0.03	   1	  
Richmond	  city,	  California	   -‐0.09	   0.44	   0.35	   1	  
San	  Buenaventura,	  California	   0.01	   8.08	   8.10	   3	  
San	  Diego,	  California	   -‐0.09	   4.05	   3.95	   3	  
San	  Francisco,	  	  California	   -‐0.09	   4.76	   4.67	   3	  
San	  Jose	  city,	  California	   -‐0.10	   0.02	   -‐0.08	   1	  
San	  Leandro	  city,	  California	   -‐0.10	   0.04	   -‐0.06	   1	  
San	  Rafael	  city,	  California	   -‐0.10	   -‐0.01	   -‐0.11	   1	  
San	  Simeon,	  California	   0.97	   0.18	   1.14	   3	  
Santa	  Barbara,	  California	   -‐0.03	   4.34	   4.32	   3	  
Santa	  Cruz	  city,	  California	   -‐0.08	   0.79	   0.71	   2	  
Santa	  Monica	  city,	  California	   -‐0.10	   -‐0.01	   -‐0.11	   1	  
Sausalito	  city,	  California	   0.00	   0.33	   0.33	   1	  
Seal	  Beach	  city,	  California	   -‐0.10	   -‐0.11	   -‐0.21	   1	  
Shelter	  Cove,	  California	   1.30	   0.51	   1.81	   3	  
South	  San	  Francisco	  city,	  
California	   -‐0.08	   0.50	   0.42	   1	  
Timber	  Cove	  CDP,	  California	   0.34	   -‐0.11	   0.23	   1	  
Tomales	  CDP,	  California	   0.25	   -‐0.11	   0.14	   1	  
Trinidad,	  California	   4.61	   1.03	   5.64	   3	  
Vallejo	  city,	  California	   -‐0.10	   -‐0.01	   -‐0.11	   1	  
Willow	  Creek	  CDP,	  California	   -‐0.06	   -‐0.11	   -‐0.17	   1	  
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Appendix	  D.	  Social	  vulnerability	  factor	  scores	  and	  total	  
population	  estimates	  for	  the	  west	  coast	  communities	  with	  
commercial	  fishing	  dependence.	  

	  
 

  

Community	  
Total	  

Population	  
Personal	  
Disruption

Population	  
Composition

Poverty	  
Factor	  

Labor	  
Force	  

Structure*
Housing	  

Characteristics*	  
Housing	  

Disruption

Natural	  
Resource	  
Labor	  Force

Social	  
Vulnerability	  

Composite	  Score

Social	  
Vulnerability	  

Level	  
Anacortes	  city,	  Washington 15778 -‐0.513 -‐0.647 -‐0.377 0.745 0.280 0.005 -‐0.182 -‐0.689 2
Bay	  Center	  CDP,	  Washington 276 0.116 0.370 0.420 1.918 0.606 -‐1.038 -‐0.415 1.977 2
Bellingham	  city,	  Washington 80885 0.546 -‐0.506 0.261 -‐0.257 0.783 0.051 -‐0.282 0.596 2
Blaine	  city,	  Washington 4684 -‐0.250 -‐0.253 0.561 -‐0.142 0.638 -‐0.225 -‐0.202 0.126 2
Bremerton	  city,	  Washington 37729 0.713 0.186 0.906 0.231 0.839 0.470 -‐0.179 3.166 3
Brinnon	  CDP,	  Washington 797 0.175 -‐1.162 0.882 3.363 1.570 0.755 0.466 6.050 3
Camas	  city,	  Washington 19355 -‐0.455 -‐0.368 -‐0.358 -‐0.497 -‐0.139 -‐0.552 -‐0.415 -‐2.784 2
Cathlamet	  town,	  Washington 532 -‐0.484 -‐0.834 0.320 0.884 1.040 -‐0.317 1.000 1.609 2
Chinook	  CDP,	  Washington 466 2.595 -‐1.042 2.087 3.009 0.476 -‐0.592 -‐0.415 6.119 3
Coupeville	  town,	  Washington 1831 0.273 -‐0.753 0.094 1.325 1.263 -‐0.335 -‐0.367 1.499 2
DEER	  HARBOR,	  Washington n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
Everett	  city,	  Washington 103019 0.597 0.369 0.757 -‐0.378 0.612 -‐0.590 -‐0.310 1.057 2
Friday	  Harbor	  town,	  Washington 2162 0.386 -‐0.061 0.674 -‐0.110 1.205 -‐0.330 -‐0.360 1.404 2
GRAY'S	  BAY,	  Washington n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
Ilwaco	  city,	  Washington 936 -‐0.526 -‐0.564 -‐0.384 0.978 1.038 -‐0.851 2.065 1.755 2
La	  Conner	  town,	  Washington 891 -‐0.119 -‐0.691 1.293 0.731 1.132 0.392 -‐0.166 2.572 2
Long	  Beach	  city,	  Washington 1392 0.670 -‐0.534 0.380 0.897 1.434 -‐0.432 -‐0.374 2.041 2
Longview	  city,	  Washington 36648 1.024 -‐0.043 1.095 0.364 1.003 -‐0.836 -‐0.124 2.482 2
Marietta-‐Alderwood	  CDP,	  Washington3906 0.415 -‐0.037 -‐0.213 -‐0.534 0.894 0.820 -‐0.144 1.200 2
Naselle	  CDP,	  Washington 419 -‐0.412 -‐0.170 0.596 0.187 0.757 -‐1.056 0.552 0.454 2
Neah	  Bay	  CDP,	  Washington 865 1.760 1.905 1.247 0.578 1.885 -‐0.081 2.849 10.144 3
Ocean	  Park	  CDP,	  Washington 1573 1.508 -‐0.737 2.609 1.769 1.648 -‐0.386 0.360 6.772 3
Olympia	  city,	  Washington 46478 -‐0.058 -‐0.269 0.396 -‐0.556 0.663 -‐0.287 -‐0.316 -‐0.427 2
Port	  Angeles	  city,	  Washington 19038 0.379 -‐0.369 0.708 0.686 0.820 0.039 -‐0.193 2.069 2
Port	  Townsend	  city,	  Washington 9113 0.080 -‐0.758 0.700 0.642 0.745 -‐0.064 -‐0.045 1.301 2
Poulsbo	  city,	  Washington 9200 -‐0.673 -‐0.180 -‐0.721 0.190 0.295 -‐0.392 -‐0.415 -‐1.897 2
Puget	  Island	  CDP,	  Washington 831 -‐0.051 -‐1.095 -‐0.269 0.566 0.636 0.000 -‐0.415 -‐0.627 2
Quilcene	  CDP,	  Washington 596 -‐0.135 -‐0.483 0.468 0.434 1.619 0.168 0.430 2.500 2
Quileute	  Reservation,	  WA	   n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
Raymond	  city,	  Washington 2882 1.052 0.081 1.041 0.436 1.454 -‐1.563 2.175 4.676 3
Seattle	  city,	  Washington 608660 -‐0.196 -‐0.133 0.112 -‐0.927 0.284 -‐0.240 -‐0.367 -‐1.467 2
Sequim	  city,	  Washington 6606 0.502 -‐0.603 1.370 1.762 1.261 -‐0.833 -‐0.012 3.447 3
Shelton	  city,	  Washington 9834 0.817 0.528 1.539 0.801 1.092 -‐0.224 0.546 5.098 3
Skamokawa	  Valley	  CDP,	  Washington 401 -‐0.323 -‐0.991 -‐0.628 0.000 1.931 0.000 2.908 2.897 3
South	  Bend	  city,	  Washington 1637 1.374 0.379 2.936 1.254 1.582 -‐0.668 1.918 8.774 3
Tacoma	  city,	  Washington 198397 0.527 0.557 0.830 -‐0.180 0.520 0.078 -‐0.324 2.009 2
Taholah	  CDP,	  Washington 840 1.896 3.121 0.899 0.054 1.698 2.220 0.598 10.486 3
Tokeland	  CDP,	  Washington 151 -‐0.284 -‐1.365 -‐1.088 1.437 0.378 0.333 1.302 0.714 2
Washougal	  city,	  Washington 14095 0.428 -‐0.223 0.366 -‐0.288 0.396 0.452 -‐0.395 0.737 2
Westport	  city,	  Washington 2099 1.165 -‐0.501 0.866 0.630 1.850 -‐1.255 0.800 3.556 3
Whidbey	  Island	  Station	  CDP,	  Washington1541 0.156 -‐0.414 0.845 1.701 0.495 0.000 3.954 6.737 3
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Community	  
Total	  
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Personal	  
Disruption
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Housing	  
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Natural	  
Resource	  
Labor	  Force
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Composite	  Score

Social	  
Vulnerability	  

Level	  
Astoria	  city,	  Oregon 9477 0.117 -‐0.361 0.474 0.051 0.920 0.022 0.073 1.295 2
Bandon	  city,	  Oregon 3066 0.455 -‐0.754 -‐0.122 1.289 1.357 0.943 -‐0.168 3.001 3
Brookings	  city,	  Oregon 6336 -‐0.013 -‐0.537 0.217 0.659 0.693 0.178 -‐0.264 0.932 2
Cannon	  Beach	  city,	  Oregon 1690 -‐0.301 -‐0.608 1.464 0.893 0.894 0.331 -‐0.347 2.327 2
Coos	  Bay	  city,	  Oregon 15967 0.580 -‐0.220 0.554 0.549 1.289 -‐0.055 0.272 2.969 3
Depoe	  Bay	  city,	  Oregon 1398 -‐0.303 -‐1.064 0.019 0.853 0.903 -‐0.932 -‐0.280 -‐0.804 2
Florence	  city,	  Oregon 8466 0.018 -‐0.801 -‐0.087 1.871 1.492 0.041 -‐0.381 2.153 2
Garibaldi	  city,	  Oregon 779 0.882 -‐1.029 2.082 0.752 0.959 -‐0.331 1.232 4.547 3
Gearhart	  city,	  Oregon 1462 -‐0.498 -‐0.932 -‐0.967 0.749 0.394 -‐0.034 -‐0.180 -‐1.467 2
Gold	  Beach	  city,	  Oregon 2253 0.238 -‐0.734 0.663 0.695 1.344 0.497 -‐0.257 2.446 2
Nehalem	  city,	  Oregon 271 -‐0.525 -‐0.710 -‐0.186 0.626 1.253 2.130 -‐0.415 2.173 2
Netarts	  CDP,	  Oregon 748 -‐0.645 -‐0.865 -‐0.857 -‐0.448 0.804 -‐0.719 -‐0.415 -‐3.144 2
Newport	  city,	  Oregon 9989 0.378 -‐0.203 0.829 0.184 1.020 -‐0.705 0.078 1.580 2
Pacific	  City	  CDP,	  Oregon 1035 0.777 -‐1.035 0.506 1.845 0.805 -‐0.618 -‐0.415 1.864 2
Port	  Orford	  city,	  Oregon 1133 0.244 -‐0.863 0.630 1.423 0.963 0.754 2.830 5.982 3
Seaside	  city,	  Oregon 6457 0.373 -‐0.245 0.979 -‐0.254 0.986 -‐0.560 -‐0.294 0.984 2
Siletz	  city,	  Oregon 1212 1.417 0.258 2.142 0.286 2.227 -‐0.354 -‐0.360 5.616 3
Tillamook	  city,	  Oregon 4935 0.788 0.219 2.551 -‐0.110 1.156 0.346 0.848 5.798 3
Waldport	  city,	  Oregon 2033 0.365 -‐0.782 1.005 1.300 1.483 -‐2.047 0.741 2.066 2
Winchester	  Bay	  CDP,	  Oregon 382 1.382 -‐1.030 1.025 1.598 1.351 1.053 -‐0.415 4.964 3
Yachats	  city,	  Oregon 690 -‐0.426 -‐1.232 -‐0.416 1.287 0.509 -‐1.601 1.144 -‐0.735 2

Community	  
Total	  

Population	  
Personal	  
Disruption

Population	  
Composition

Poverty	  
Factor	  

Labor	  
Force	  

Structure*
Housing	  

Characteristics*	  
Housing	  

Disruption

Natural	  
Resource	  
Labor	  Force

Social	  
Vulnerability	  

Composite	  Score

Social	  
Vulnerability	  

Level	  
Alameda	  city,	  California 73812 -‐0.202 0.771 0.007 -‐0.462 -‐0.429 0.222 -‐0.387 -‐0.481 2
Albion	  CDP,	  California 168 -‐0.541 -‐1.051 4.698 -‐0.547 -‐0.092 0.000 -‐0.415 2.052 2
Avalon	  city,	  California 3728 0.283 0.823 0.097 -‐1.401 -‐0.044 0.686 -‐0.196 0.248 2
Avilla	  Beach	  CDP,	  California 1627 -‐1.030 -‐1.239 -‐0.471 0.829 0.490 0.000 -‐0.415 -‐1.835 2
Berkeley	  city,	  California 112580 -‐0.042 -‐0.045 -‐0.026 -‐0.086 -‐0.204 0.072 -‐0.359 -‐0.690 2
Bodega	  Bay	  CDP,	  California 1077 -‐1.059 -‐0.843 -‐0.218 0.848 -‐0.599 -‐0.405 -‐0.415 -‐2.692 2
Bolinas	  CDP,	  California 1620 -‐0.526 -‐0.761 0.701 -‐0.580 -‐0.449 0.402 0.589 -‐0.624 2
CHINA	  CAMP,	  California n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
Chula	  Vista	  city,	  California 243916 0.303 1.275 0.081 -‐0.261 -‐0.248 0.954 -‐0.376 1.728 2
Crescent	  City	  city,	  California 7643 2.411 0.641 2.429 1.804 1.100 0.339 0.832 9.556 3
Dana	  Point	  city,	  California 33351 -‐0.624 -‐0.562 -‐0.562 -‐0.148 -‐1.210 0.303 -‐0.380 -‐3.182 2
Dillon	  Beach	  CDP,	  California 283 -‐1.632 -‐1.527 -‐0.713 2.926 -‐0.168 -‐0.559 3.095 1.421 2
DRAKES	  BAY,	  California n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
El	  Granada	  CDP,	  California 5467 -‐0.894 -‐0.432 -‐1.002 -‐1.003 -‐1.628 -‐0.179 -‐0.415 -‐5.554 1
ELK,	  California n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
Emeryville	  city,	  California 10080 -‐0.120 0.283 0.677 -‐0.934 -‐0.001 1.442 -‐0.415 0.931 2
Eureka	  city,	  California 27191 0.617 -‐0.014 0.830 0.094 0.774 1.411 -‐0.173 3.539 3
Fields	  Landing	  CDP,	  California 276 -‐0.363 -‐0.825 -‐0.493 0.288 0.863 0.000 -‐0.415 -‐0.944 2
Fort	  Bragg	  city,	  California 7273 1.380 0.577 1.334 0.168 0.749 1.447 -‐0.069 5.586 3
Foster	  City	  city,	  California 30567 -‐0.849 0.641 -‐0.463 -‐0.530 -‐1.420 -‐0.756 -‐0.368 -‐3.745 1
Guadalupe	  city,	  California 7080 0.684 2.730 0.823 -‐0.300 0.545 0.816 4.757 10.055 3
Half	  Moon	  Bay	  city,	  California 11324 -‐0.383 0.155 -‐0.479 -‐0.447 -‐0.941 -‐0.961 0.128 -‐2.929 2
Hermosa	  Beach	  city,	  California 19506 -‐0.830 -‐0.861 -‐0.427 -‐1.499 -‐1.118 -‐0.386 -‐0.374 -‐5.494 1
Huntington	  Beach	  city,	  California 189992 -‐0.427 -‐0.076 -‐0.401 -‐0.453 -‐0.678 0.435 -‐0.366 -‐1.964 2
Imperial	  Beach	  city,	  California 26324 0.922 1.198 0.820 -‐0.149 0.412 0.904 -‐0.231 3.876 3
Inverness	  CDP,	  California 1304 -‐1.004 -‐1.272 -‐0.744 0.154 -‐0.724 -‐0.187 -‐0.264 -‐4.042 1
Klamath	  CDP,	  California 779 1.311 0.848 2.390 0.756 1.936 0.078 0.114 7.431 3
Little	  River	  CDP,	  California 117 -‐1.632 -‐0.275 -‐1.088 2.698 0.048 0.000 -‐0.415 -‐0.664 2
Lompoc	  city,	  California 42434 0.847 1.129 1.049 -‐0.042 0.611 0.512 0.650 4.756 3
Long	  Beach	  city,	  California 462257 0.852 1.431 1.030 -‐0.477 0.208 0.838 -‐0.348 3.534 3
Los	  Angeles	  city,	  California 3792621 0.883 1.434 1.116 -‐0.395 0.071 0.916 -‐0.351 3.673 3
Malibu	  city,	  California 12645 -‐0.709 -‐0.827 -‐0.689 0.342 -‐2.014 -‐2.170 -‐0.353 -‐6.421 1
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MARCONI	  COVE,	  California n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
Marina	  del	  Rey	  CDP,	  California 8866 -‐0.413 -‐0.805 -‐0.394 -‐1.389 -‐0.878 1.802 -‐0.367 -‐2.444 2
MARSHALL,	  California n/a* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2
Monterey	  city,	  California 27810 -‐0.320 -‐0.222 -‐0.168 0.281 -‐0.033 -‐0.317 -‐0.367 -‐1.145 2
Morro	  Bay	  city,	  California 10234 -‐0.475 -‐0.637 0.088 0.720 0.351 0.617 -‐0.240 0.424 2
Moss	  Landing	  CDP,	  California 204 1.014 -‐0.147 0.457 -‐0.687 1.120 -‐1.848 1.615 1.522 2
National	  City	  city,	  California 58582 1.411 2.328 1.589 0.421 0.590 1.427 -‐0.346 7.420 3
Newport	  Beach	  city,	  California 85186 -‐0.877 -‐0.748 -‐0.681 -‐0.107 -‐1.693 -‐1.044 -‐0.363 -‐5.514 1
Oakland	  city,	  California 390724 0.770 1.571 1.091 -‐0.360 0.087 0.894 -‐0.365 3.688 3
Oceanside	  city,	  California 167086 0.145 0.654 0.045 -‐0.037 -‐0.188 0.628 -‐0.242 1.006 2
Oxnard	  city,	  California 197899 0.885 1.750 0.495 -‐0.232 -‐0.173 0.770 1.367 4.860 3
Pacifica	  city,	  California 37234 -‐0.528 0.093 -‐0.537 -‐0.858 -‐0.968 0.064 -‐0.392 -‐3.126 2
Petaluma	  city,	  California 57941 -‐0.267 0.044 -‐0.279 -‐0.573 -‐0.508 0.133 -‐0.267 -‐1.718 2
Pinole	  city,	  California 18390 -‐0.177 0.961 -‐0.144 -‐0.118 -‐0.554 0.744 -‐0.408 0.304 2
Point	  Arena	  city,	  California 449 1.182 0.539 2.309 -‐0.608 0.703 3.477 0.369 7.970 3
Point	  Reyes	  Station	  CDP,	  California 848 -‐1.253 -‐0.709 -‐0.940 -‐1.646 -‐0.688 0.139 -‐0.415 -‐5.512 1
Port	  Hueneme	  city,	  California 21723 0.530 1.297 0.575 0.376 -‐0.123 0.639 0.421 3.717 3
Redondo	  Beach	  city,	  California 66748 -‐0.765 -‐0.065 -‐0.537 -‐0.963 -‐0.870 0.246 -‐0.370 -‐3.324 1
Richmond	  city,	  California 103701 0.902 1.907 0.676 -‐0.299 0.007 1.140 -‐0.340 3.992 3
San	  Diego	  city,	  California 1307402 0.117 0.610 0.255 -‐0.322 -‐0.159 0.428 -‐0.361 0.569 2
San	  Francisco	  city,	  California 805235 -‐0.012 0.629 0.104 -‐0.614 -‐0.466 0.452 -‐0.390 -‐0.298 2
San	  Jose	  city,	  California 945942 0.194 1.357 0.058 -‐0.502 -‐0.573 -‐0.294 -‐0.374 -‐0.133 2
San	  Leandro	  city,	  California 84950 0.172 1.432 -‐0.035 -‐0.352 -‐0.060 0.553 -‐0.391 1.318 2
San	  Rafael	  city,	  California 57713 -‐0.159 0.340 -‐0.254 -‐0.411 -‐0.693 -‐0.385 -‐0.309 -‐1.870 2
San	  Simeon	  CDP,	  California 462 -‐1.305 0.545 -‐1.088 0.322 1.064 0.000 -‐0.003 -‐0.467 2
Santa	  Barbara	  city,	  California 88410 -‐0.028 0.053 0.156 -‐0.391 -‐0.553 0.197 -‐0.259 -‐0.825 2
Santa	  Cruz	  city,	  California 59946 0.294 -‐0.317 -‐0.359 -‐0.343 -‐0.303 -‐0.222 -‐0.325 -‐1.575 2
Santa	  Monica	  city,	  California 89736 -‐0.262 -‐0.377 -‐0.056 -‐0.568 -‐0.618 -‐0.947 -‐0.415 -‐3.243 1
Sausalito	  city,	  California 7061 -‐0.708 -‐1.173 -‐0.448 -‐1.088 -‐1.436 -‐1.347 -‐0.367 -‐6.566 1
Seal	  Beach	  city,	  California 24168 -‐0.683 -‐0.792 -‐0.582 1.606 -‐0.468 -‐1.216 -‐0.397 -‐2.532 2
Shelter	  Cove	  CDP,	  California 693 -‐0.437 -‐0.590 -‐1.088 1.315 -‐0.411 0.000 -‐0.415 -‐1.626 2
South	  San	  Francisco	  city,	  California 63632 -‐0.271 1.334 -‐0.373 -‐0.481 -‐0.618 0.099 -‐0.311 -‐0.621 2
Timber	  Cove	  CDP,	  California 164 -‐1.388 -‐1.006 -‐1.088 1.329 -‐0.259 0.000 -‐0.015 -‐2.427 2
Tomales	  CDP,	  California 204 -‐1.122 -‐0.764 -‐1.088 -‐1.798 -‐0.618 0.095 -‐0.415 -‐5.711 1
Trinidad	  city,	  California 367 -‐0.614 -‐0.904 -‐1.088 -‐0.711 0.361 1.777 1.851 0.673 2
Vallejo	  city,	  California 115942 0.548 1.563 0.548 -‐0.199 -‐0.079 0.621 -‐0.311 2.692 2
Ventura	  city,	  California 106433 0.039 0.172 -‐0.061 -‐0.333 -‐0.192 0.349 -‐0.148 -‐0.174 2
Willow	  Creek	  CDP,	  California 1710 0.024 -‐0.604 0.471 0.706 2.010 0.080 -‐0.292 2.397 2


