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Preface 
 
Our research team was completing the final copy edit of this report when the Barnegat Bay 
region and the entire New Jersey shore and New York-New Jersey metropolitan area were hit 
by Superstorm Sandy. The damage wrought by this combination hurricane-nor'easter, which 
made landfall near Atlantic City, New Jersey on October 29, 2012, is unprecedented in the 
region. Tragically, Sandy has led to significant loss of life in a number of affected communities. 
The storm has also caused widespread destruction of the very assets and activities, including 
the beaches, boardwalks, residential properties and businesses, that many of the stakeholders 
interviewed for this report identified as most vulnerable. Many of the Ocean County 
communities mentioned in this report have been damaged beyond even the worst case 
scenarios that were envisioned by stakeholders when we interviewed them in the months prior 
to this storm.  
 
We wish to express our gratitude for the time and thoughtful insights that our stakeholders 
contributed to this study effort. We know that many of them were on the front line in the 
emergency response during Sandy and that they will also be leading the way in the recovery 
effort. It is our sincere hope that the ideas and recommendations of our stakeholders, 
particularly their suggestions for options and barriers to enhancing resilience in the Barnegat 
Bay region, will be useful for the rebuilding effort. We ultimately hope that the information 
found in this report can contribute toward a more resilient and sustainable future for the 
region. 
 
Robin Leichenko 
November 1, 2012 
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Executive Summary 
 
This study identifies key economic vulnerabilities to climate change and options for adaptation 
in the Barnegat Bay region of New Jersey. Like many coastal watershed regions of the United 
States, the Barnegat Bay region already faces significant pressures as the result of population 
growth, new residential and commercial development, loss of wetlands and natural areas for 
residential and commercial uses, intensification of land use in the watershed, and other factors. 
The region is also subject to climate risks and hazards that are typical of coastal zones in the 
middle Atlantic including sea level changes and extreme storm events, nor'easters, and 
hurricanes. Climate change is anticipated to add to the stresses within the region by altering 
temperature and precipitation patterns, increasing the likelihood of extreme precipitation 
events, and accelerating rates of sea level rise.  
 
This study draws on stakeholder knowledge of the region, including understanding of existing 
development stresses, in order to identify critical economic vulnerabilities to climate change 
and to identify feasible options for adaptation. The study pays particular attention to key 
economic assets and activities that may be at risk from climate change, as well as vulnerable 
populations. The study also considers the implications of climate change for emergency 
management and hazard mitigation. The broader goal of the study is to provide stakeholder-
based information about economic risks and vulnerabilities in the Barnegat Bay region that will 
contribute to efforts to build long-term resilience to climate-related hazards and climate 
change.  
 
Climate and Hazard Risks. Climatic records and stakeholder observations confirm that climate 
change is already evident in the Barnegat Bay region. Temperature and precipitation records 
over the past fifty years indicate that the region's climate has been gradually warming and that 
heavy precipitation events have become more frequent. Concerning the future of the region, 
critical risks, as identified by modeled projections, include continued warming, acceleration of 
sea level rise, increased frequency of extreme precipitation events, worsening of inland and 
coastal flood events, and increased intensity of hurricanes. Additional risks as perceived by 
stakeholders include increases in severe snowstorms, droughts, heat waves, and forest fires. 
Stakeholders also noted that a number of the anticipated impacts of climate change have 
already been observed in the region, including marsh die-back due to saltwater intrusion, beach 
erosion, warming of ocean temperatures, and changes in ocean chemistry. 
 
Critical Non-Climatic Stresses. The regional is also subject to numerous non-climatic stresses, 
many of which overlap and exacerbate impacts of and vulnerabilities to climate change. These 
stresses, as identified by stakeholders, include rapid population growth, rising proportions of 
elderly residents, economic uncertainty and economic downturn, economic dependency on 
construction and tourism, and environmental degradation that accompanies dense residential 
development. These and others stresses not only increase the vulnerability of the region to 
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climatic risks and hazards, but also affect the ability of businesses, municipalities and others to 
take action on adaptation to climate change.  
 
Assets and Activities at Risk. Climate change in combination with other stresses poses a 
significant threat to the region's natural and built assets and economic activities. Key assets and 
activities at risk, as identified by stakeholders include: 

 Natural assets: beaches, fresh water, marshes, wetland areas, forests, and 
marine life; 

 Built assets: roads and mass transit, bridges, waterfront properties, beach-
related infrastructure (boardwalks, marinas, etc.), and municipal facilities; and 

 Activities including tourism, commercial fishing, recreational fishing, boating, 
wildlife watching and park visitation, insurance, agricultural production. 

 
Vulnerable Groups. While many of the region's businesses, workers, and residents will be 
affected by climate change, a number of groups were singled out as significantly vulnerable to 
climate change risks because of limited financial assets and lack of alternative livelihood or 
recreational options:  

 Small business owners and their employees; 

 Commercial and recreational fishermen and local businesses that support them; 

 Local governments; 

 Lower income and fixed-income homeowners; and 

 Users of parks and other recreational areas.  
 
Adaptation Options. Stakeholders suggested many types of strategies for adaptation of assets 
and activities including:  

 technological and infrastructure related measures, such as beach replenishment 
and shore armoring; 

 soft infrastructure measures, such as wetland restoration; 

 land use planning; 

 diversification of the region's economy away from tourism and construction;  

 diversification of activities within tourism and fishing sectors; and 

 protection of the region's ecosystem services, particularly wetlands and 
marshes. 

 
Emergency Management and Hazard Mitigation. Climate change has important implications 
for emergency management and hazard mitigation in the region.  Stakeholders identified a 
number of strategies that would improve the region's overall preparedness: 

 Additional evacuation routes; 

 Better coordination and communication with utility providers; 

 More attention to special-needs populations; 

 Better provision of shelters for people with medical needs and animals; 

 Additional training of reserve emergency personnel; 

 Additional specialized equipment, particularly back-up generators; and 
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 Development of a regional trauma center. 
 
Barriers to Enhancing Resilience. Stakeholders identified many barriers to the region's general 
resilience to climate change.  Some of the key barriers included physical and technological 
limitations, particularly the region's pattern of high-density, near shore and barrier island 
settlement, and limited effectiveness of known engineering solutions such as beach 
replenishment. Other barriers that stakeholders identified included lack of regional planning 
and coordination, lack of political will for adaptation, cultural trends that decrease exposure to 
nature, misguided incentives and development policies, and inflexible or inappropriate 
regulations. 
 
Options for Enhancing Resilience. Stakeholders had many ideas and suggestions for actions 
that would enhance the region's resilience to climate change. These include policy reform at 
the state, regional and local levels, development and dissemination of practical, effective 
adaptation strategies that can be readily adopted, better education of the public on climate 
change risks and adaptation options, and greater involvement of civil society in resilience 
planning efforts. 
 
Knowledge Gaps and Recommendations for Further Analysis. Discussions with stakeholders 
also revealed a number of gaps in knowledge regarding how specific types of climatic risks may 
affect assets, activities and vulnerable groups, as well as the types of adaptation strategies that 
might be feasible. These discussions suggested that additional investigation of following topics 
is needed: 

 Detailed documentation and measurement of assets at risk;  

 Community-level assessment and comparative analysis of community risks and 
vulnerabilities; 

 Options for adaptation to novel and unprecedented environmental changes;  

 Attitudes and perceptions of stakeholders located outside the region;  

 Costs and financing of adaptation; and 

 Strategies to reduce barriers to adaptation. 
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1.  Introduction 

1.1 Research Objectives and Goals 
 
The objective of this study is to identify key economic vulnerabilities to climate change and 
options for adaptation in the Barnegat Bay region of New Jersey. Like many coastal watershed 
regions of the United States, the Barnegat Bay region already faces significant pressures as the 
result of population growth, new residential and commercial development, loss of wetlands 
and natural areas for residential and commercial uses, intensification of land use in the 
watershed, and other factors. The region is also subject to climate risks and hazards that are 
typical of coastal zones in the middle Atlantic including sea level changes and extreme storm 
events, nor'easters, and hurricanes. Climate change is anticipated to add to the stresses within 
the region by altering temperature and precipitation patterns, increasing the likelihood of 
extreme precipitation events, and accelerating rates of sea level rise. This study draws on 
stakeholder knowledge of the region, including understanding of existing development stresses, 
in order to identify critical economic vulnerabilities to climate change and to identify feasible 
options for adaptation. The broader goal of the study is to provide stakeholder-based 
information about economic risks and vulnerabilities in the Barnegat Bay region that will 
contribute to efforts to build long-term resilience to climate-related hazards and climate 
change.  
 
In addition to information obtained from stakeholder interviews, the project makes use of 
available climate risk information from the completed work of the New York City Panel on 
Climate Change, the U.S. Environmental Protection Agency, and the New Jersey Department of 
Environmental Protection (NPCC 2010; Neumann et al 2010a; Solecki et al. 2012). The study 
draws on information from climate change scenarios and climate hazard risks that have been 
detailed by these other studies with the goal of assessing what these risks mean for the 
Barnegat Bay region. The study pays particular attention to stakeholder identification of key 
economic assets and activities that may be at risk from climate change. The study also considers 
the implications of climate change for emergency management and hazard mitigation and 
identifies adaptation options that may contribute to or supplement existing hazard mitigation 
plans. Where data are available, the study provides quantitative estimates of climate change 
and climate hazard impact and adaptation costs and benefits. Otherwise, the study identifies 
potential cost areas and, where possible, makes qualitative statements about the magnitude 
and/or relative significance of these costs. While this study, because of limitations of data, 
methods, and time is not intended to achieve the detail of a highly specific project evaluation 
that will need to be undertaken in the analysis of specific adaptation activities, it nonetheless 
provides information about critical economic vulnerabilities, impacts, and options and barriers 
for adaptation. Because the state of the art for assessing economic impacts, vulnerabilities and 
costs of adaptations is still nascent (see Leichenko and Thomas 2012), this and other 
contemporary studies (cited throughout this report) represent important building blocks for 
this emerging area of research. 
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This introductory chapter describes the framing approach and method of the study. Section 1.2 
situates the study within recent literature on the economic dimensions of climate change. 
Section 1.3 describes the project design. Section 1.4 discusses data sources for the study. 
Section 1.5 describes the study region. Later sections of the report detail our findings for each 
project task including identification of the region's climatic risks (Chapter 2) and non-climatic 
stresses (Chapter 3), description of economic vulnerabilities and adaptations (Chapter 4), 
options and barriers to enhancing regional resilience (Chapter 5), and knowledge gaps and 
areas for further study (Chapter 6).  

1.2 Background Literature 
 
In examining economic vulnerabilities to climate change in the Barnegat Bay region, this study 
draws upon several areas of research on the regional economic dimensions of climate change 
including: 1) national and regional assessments of climate change impacts and vulnerabilities; 2) 
studies of assets at risk to specific facets of climate change; 3) studies of the costs of extreme 
weather events; and 4) studies of population and community vulnerabilities. Each of these 
research areas is briefly described in this section. 
 
The economic costs associated with both mitigation and adaptation to climate change are a 
topic of growing concern for national, state, and local governments throughout the world 
(Agrawala and Fankhouser 2008; Hallegatte et al. 2011). While research efforts to date are 
limited, many of these studies have emphasized top-down assessment of the aggregate costs of 
climate change impacts and adaptation across economic or natural resource sectors at the 
global, national, and regional levels (e.g., World Bank 2006; Stern 2007; United Nations 
Framework Convention on Climate Change [UNFCCC] 2007; UNDP 2007; Parry et al. 2009; CIER 
2007; Niemi et al. 2009). Regional assessments for specific U.S. states, including New Jersey, 
provide a valuable starting point for identification of areas at risk and potential losses in specific 
economic sectors (Solecki et al. 2012; Leichenko et al. 2011; Rosenzweig et al. 2011), including 
coastal properties and infrastructure (Neumann et al. 2010a). This study draws its general 
approach from these overview assessments, which emphasize identification of critical 
vulnerabilities and impacts across a geographic region. 
 
In contrast to regional overview studies, studies of assets at risk typically emphasize the 
economic impacts and costs of specific facets of climate change, such as sea level rise, changes 
in agricultural growing conditions, or changes in the frequency of climate related hazards such 
as hurricanes, droughts, or inland flood events (Leichenko and Thomas 2012). Among the work 
focused specifically on coastal zones (and particularly coastal zones in developed countries), 
two types of studies are prominent in the literature, including studies that examine the assets 
at risk as the result of future scenarios of sea level rise (e.g., Neumann et al. 2010a, 2010b), and 
studies that investigate the economic impacts of extreme storm events based on costs 
associated with past events (e.g., Leblanc and Linkin 2010). Concerning sea level rise and 
coastal zones, a recent crop of risk-based assessments draws heavily from an engineering-
based approach to risk, with an emphasis on quantification of assets at risk and estimation of 
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the likelihood and costs of damage from sea level rise and heightened storm surge. This type of 
study is particularly concerned with assets at risk to future scenarios of climate change. The 
focus is largely on the potential for physical exposure to sea level rise, identification of 
property, assets, population and infrastructure at risk to damage or destruction, and 
assessment of adaptation options and costs. Although shoreline changes as the result of 
subsidence and coastal erosion represent widely recognized economic threats to coastal zones, 
even without the additional influence of climate-change-induced sea level rise (CCSP 2009), the 
threat of climate change has given this work new urgency and has motivated a new outpouring 
of research on the topic.  
 
While the majority of coastal studies explore economic exposure to future sea level rise without 
consideration of protection measures, many develop the argument that adaptation is 
imperative to abate extensive economic losses (Leichenko and Thomas 2012). This emphasis on 
abatement of economic losses is not surprising, given that studies of this type typically focus on 
densely developed, urbanized areas where high-value property and infrastructure are 
concentrated. For example, Kirshen et al. (2008) focus on Metro Boston and determine total 
costs of sea level rise including damage to infrastructure and the price of implementing 
adaptation measures for a variety of scenarios. The cost of adaptation measures, such as 
construction of seawalls, flood-proofing of infrastructure, and prohibition of development in 
flood-prone areas, are considered. The analysis demonstrates that a combination of adaptation 
measures results in significantly lower total costs than taking no adaptation action (Kirshen et 
al. 2008). Neumann et al. (2010a; 2010b) adopt a similar approach, developing a model to 
estimate the total costs of property value losses as the result of climate change in coastal areas, 
assuming that a range of different adaptation actions will be taken. These adaptations, each of 
which has different costs, include 1) protection via construction of hard structures, such as 
flood walls, and soft responses, such as beach nourishment; 2) accommodation via elevation of 
buildings and land-use changes; or 3) planned retreat from a coastal area via development 
restrictions and abandonment of existing structures. Other studies also consider the costs of 
various adaptation scenarios and largely focus on engineering approaches such as shore 
protection and building elevation (Bosello et al. 2007; Titus & Neumann 2009). 
 
Efforts to assess the economic costs of changes in climate extremes, such as droughts, heat 
waves, hurricanes and floods draw from both the literature on the economic costs of natural 
disasters (c.f., Cavello & Noy 2010; Greenberg et al. 2007), and from the literature on the 
economic impacts of climate change (c.f., Hallegatte et al. 2011; Tol 2009; Agrawala & 
Fankhauser 2008). These studies are largely motivated by growing awareness and concern 
about rising costs associated with extreme events and recognition that under climate change, 
extreme events may occur with greater frequency and severity (IPCC 2011). Among the studies 
of coastal zones, attention is primarily directed to the potential direct and indirect costs of 
hurricanes and other extreme coastal storms, including damage to roads and other public 
infrastructure, property, capital assets and inventories (Leichenko and Thomas 2012). A number 
of studies have evaluated the direct and indirect economic impacts of recent hurricanes for 
regions located in the U.S. Gulf Coast and Atlantic Seaboard regions.  These studies consider the 
impacts of storms using economic indicators such as number of affected business 
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establishments (Jarmin & Miranda 2009), taxable sales (Baade et al. 2007), production and 
employment (Hallegatte & Ghil 2008) and housing prices and wages (Vigdor 2008). For regions 
that have not been hit by a recent storm, analogs from past hurricane events allow researchers 
to consider the types of impacts that might be expected if a similar event were to occur in the 
present. For example, LeBlanc and Linkin (2010) assess the potential present-day economic 
impacts on the New York metro area of a storm similar to the 1938 hurricane, known locally as 
the “Long Island Express.” The study estimates that insured property losses from such a storm 
would be as high as $110 billion (roughly triple the damage of Hurricane Katrina) and losses to 
New York metro area economy as a result of secondary impacts due to business interruption 
would exceed $200 billion. In this project, we draw upon both risk and impact-based studies in 
our questions about critical assets and activities at risk as the result of climate change and 
options for adaptation, and in our efforts to quantify these impacts and adaptations by using 
existing models and drawing upon the results of recent studies. 
 
Another research area that informs the present study is work on population and community 
vulnerability and resilience. These studies emphasize identification of which types of 
populations, social groups, and communities are more likely than others to be harmed by 
climate change or are less able to bounce back from climate-related shocks and stresses (Cutter 
et al. 2003; Boruff et al. 2005; Brooks et al. 2005; Adger 2006; Eakin & Luers 2006; Fussel & 
Klein 2006; Fussel 2007; Polsky et al. 2007; Leichenko & O’Brien 2008; Klein et al. 2003; Folke 
2006; Rose 2007; Leichenko 2011). A common point of departure for these studies is emphasis 
on the importance of the local and regional context in shaping options for response to climatic 
shocks and stresses and the influence of non-climatic stresses on both vulnerability and 
adaptation (Leichenko and Thomas 2012). Boruff et al. (2005), for example, explore variations 
in coastal vulnerability in U.S. regions utilizing an index comprised of place-specific social, 
economic and physical indicators. They find that both socioeconomic and physical 
characteristics are significant contributors to the vulnerability of coastal regions. In some 
regions, physical exposure to hazards such as sea level rise may be most significant in 
determining overall vulnerability while in other areas, socioeconomic vulnerability such as 
density of the built environment is most noteworthy. Other studies, using a combination of 
physical and socioeconomic vulnerability, find that coastal regions with high poverty rates, low 
levels of college education in the population, and low median house values are more sensitive 
to shocks and have lower capacity to respond, thus affecting overall vulnerability and resilience 
(Wu et al. 2002; Cutter & Emritch 2006; Cutter 2008).  These studies highlight the importance of 
taking into account socioeconomic conditions in assessment of vulnerability and resilience and 
not solely considering physical exposure and risk.   
 
Research in this vein also explores driving forces that contribute to vulnerability and resilience 
in coastal zones. These studies explore how a variety of public- and private-sector initiatives 
aimed at promoting economic development are maladaptive and serve to increase vulnerability 
to climate change. Bagstad et al. (2007) document the role of taxes, government subsidies and 
insurance as critical drivers of coastal development in the U.S. The continued increase of 
population in coastal regions has been aided by flood insurance, disaster relief and homeowner 
tax breaks. Other governmental initiatives such as the provision of tax incentives and subsidies 
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for industry development have increased the density of economic capital in coastal zones while 
also contributing to environmental damage. Many researchers note that continuing business-
as-usual development in coastal areas without considering climate change leads to significant 
expenditure in developing at-risk property which, in turn, places more infrastructure at risk, 
avoids any long term acknowledgement and planning for changing environmental conditions, 
leads to environmental degradation that increases vulnerability (Leichenko and Thomas 2012), 
and fosters reliance on large-scale protective structures. A number of studies also focus on the 
role of insurance in promoting and subsidizing development in coastal regions and call for re-
evaluation of the benefits of continuing to provide insurance in vulnerable locations (McLemen 
& Smit 2006, Ntelekos et al. 2010; Thomas and Leichenko 2011).  These studies investigate the 
driving forces that encourage economic development while simultaneously degrading natural 
environmental protection, increasing density of capital and population, and contributing to 
heightened economic vulnerability to climate change. As illustrated in later chapters of this 
report, many of these same pressures were identified by stakeholders in Barnegat Bay. 
 
A final set of vulnerability studies highlight how stressors and shocks apart from climate change 
interact with shifting environmental conditions to affect coastal vulnerability and resilience. De 
Sherbinin et al. (2007) look at a variety of stressors that affect the vulnerability of coastal mega-
cities. They consider how climate change may interact with other socioeconomic stressors such 
as globalization and economic downturns to affect vulnerability. Nicholls et al. (2008) also take 
this approach of considering how climate change may interact with other factors including 
migration, urbanization and economic growth to affect vulnerability in coastal regions. Using a 
‘double exposure’ vulnerability framework, Leichenko and O’Brien (2008) demonstrate how 
climate change interacts with globalization to create new types of vulnerabilities in coastal 
regions. In this study, we also emphasize the interactions between climate change and other 
types of stressors. 
 
While each set of studies has made important contributions to knowledge about the economic 
dimensions of climate change for coastal regions, existing work has provided only limited, local 
scale, bottom-up, information about overall economic risks associated with climate change and 
how climate change risks may intersect with other, on-going economic stresses. This work has 
also made only limited use of stakeholder knowledge for identification of critical vulnerabilities, 
adaptation options and costs. An important contribution of this study is that the identification 
of economic assets and activities at risk and options for adaptation is based on detailed, 
stakeholder-based investigation of specific economic sectors within the Barnegat Bay region.  
 

1.3 Project Design 
   
The methodology for the study utilizes stakeholder interviews, available economic data, and 
climate and hazard risk information to identify key economic vulnerabilities and hazard 
mitigation and adaptation options for the Barnegat Bay region. The study methodology draws 
conceptually from the frameworks of risk and impact assessment, vulnerability and multiple 
stressors research, and modified cost-benefit analysis (Economics of Climate Adaptation 2009; 
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NPCC 2010; Yohe and Leichenko 2010; Leichenko and Thomas 2012), highlighting key economic 
components with significant potential impact and adaptation costs.  

The project was designed to answer five interrelated research questions: 

Question 1. What are the major climate and hazard risks that the region faces? Drawing on 
available climate change risk knowledge developed for New Jersey and the New York-New 
Jersey Metropolitan Region,1 answering this question involved description of recent climatic 
patterns in the region, description of projected patterns under climate change, and 
identification of the facets of climate change (e.g., flood frequency, heat waves, sea level rise) 
that are likely to have significant impacts on economic assets and activities in the region. 
Addressing this question also entailed description of how climate change risks may intersect or 
overlap with existing climate hazard risks in the region (e.g., amplification of flood hazards). 
 
Question 2. What are the major non-climatic stresses that the region faces? Answering this 
research question entailed identification and description of other on-going pressures and 
stresses on the region’s economy, including economic, environmental, and policy-related 
factors. This step draws on stakeholder interviews to identify key non-climatic stresses and uses 
existing state and county level economic data from the U.S. Economic Census, the Bureau of 
Economic Analysis, County Business Patterns, to provide information on population growth and 
employment trends in the region and its key economic sectors. 
 
Question 3. What are the key economic vulnerabilities and options for climate hazard 
mitigation and climate change adaptation in the region? Researching this question involved 
identification of key economic vulnerabilities to climate change and adaptation options for the 
region and for the major economic sectors within the region. Information was gathered from 
stakeholders to identify economic assets and activities that are most at risk from climate 
change based on their knowledge of their sector, which components of their sector have 
highest value and/or largest probability of impact (the assessment was based on stakeholder 
judgment of value rather than a specific economic metric such as dollar value), and to identify 
sector-specific options for adaptation. Where data were available, quantitative estimates of 
climate impact and adaptation costs were also made. These estimates utilized existing models 
and data (e.g., Neumann et al 2010a) and also draw from recent studies of climate impacts and 
costs in other regions. 

Question 4. What are the options for and barriers to enhancing regional resilience? The fourth 
questioned entailed consideration of options and barriers for enhancing the resilience of the 
region to climatic stresses. Information gathered from stakeholders was used to identify ways 
to enhance the resilience of the region's assets and activities as well as factors that undermine 
resilience or present barriers to enhancement of resilience. 

                                                        
1This step relies on previous analysis of climate change and climate hazard risks in New Jersey 
conducted for the New Jersey Department of Environmental Protection and the U.S. 
Environmental Protection Agency (e.g., Neumann et al. 2010a; NPCC 2010; Solecki at al. 2012). 
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Question 5. What are the major knowledge gaps and research needs? Answering this question 
entailed identification of gaps in knowledge from the perspectives of the researchers as well as 
stakeholders.  
 

1.4 Interview Data Collection 
 
Along with primary and secondary quantitative information, stakeholder interviews were the 
key source of data for the project. Interview data were obtained via in-depth interviews with 
individuals in the public, private, and non-governmental sectors in the region.2 This section 
describes our methodology for selection of stakeholders, collection of interview data, and 
transcription and coding of data. 

Sampling Frame and Recruitment of Subjects. Stakeholders included individuals identified by 
both the Barnegat Bay Partnership and Rutgers University. The researchers initially developed a 
stakeholder matrix with major sector categories (e.g., tourism, fisheries, natural and managed 
lands). This matrix was revised and initially populated with names and contact information 
based on consultation with the Barnegat Bay Partnership and other experts. A snowball 
sampling technique was used whereby stakeholders were asked to suggest additional 
individuals who might be interviewed. Snowball sampling methods are widely used in social 
science research with a known population of individuals and entails requesting suggestions for 
new subjects with knowledge of the topic from the subjects interviewed. 
 
Stakeholders were initially contacted via email to request participation in either an in-person or 
telephone interview. If the stakeholder did not answer the initial email, a follow-up email was 
sent approximately one week after the initial email.  In total, 29 stakeholders participated in the 
study. Approximately five stakeholders either did not answer the email or responded but 
declined to be interviewed, and one stakeholder canceled a scheduled interview.  
 
Interview Description. Interviews were conducted with either one or two individuals or with a 
group of individuals. In total, sixteen interviews were conducted with either one or two 
individuals participating, and two large-group interviews were conducted with groups of four to 
six individuals. Each interview lasted approximately one to two hours. Most interviews were 
held in person. In a few instances where in-person interviews were not possible, interviews 
were conducted via telephone. The majority of the interviews were conducted by a team of at 
least two researchers. In a few cases where it was not feasible to conduct a team interview, one 
researcher conducted the interview. 
 
Prior to the interviews, stakeholders were informed via email that the interview was going to 
focus on economic assets and activities that are at risk from climate hazards and climate 

                                                        
2 Institutional Review Board (IRB) approval from Rutgers University was obtained for all 
research on human subjects included in this study. IRB protocol number 11-604M. 
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change, as well as options for adaptation. A written list of interview questions was emailed to 
each stakeholder in advance of the interview. A hard copy of the questions was also given to 
each stakeholder during the interviews. 

Interview questions focused on climatic risks and hazards, non-climatic stresses, assets and 
activities at risk, implications for emergency management, and options for adaptation and 
resilience. Interview questions were designed to gather information about the climate 
sensitivity of specific components of each sector, the potential impacts and costs for the sector 
of different facets of climate change, and the potential options and costs associated with 
mitigation of climate hazards and adaptation to climate change. See appendix for full listing of 
interview questions. 

Transcription, Coding and Indexing of Interview Data. The researchers took detailed notes 
during the interview and also tape-recorded each of the interviews.3 Written transcripts of all of 
the interviews were developed based on the tape-recordings and the interview notes. Once the 
interview process was complete, the transcript data were coded and indexed in order to 
identify key themes and issues that emerged in response to each set of interview questions and 
to document the frequency of different responses. Transcripts were also reviewed in order to 
identify quotations that were illustrative of stakeholder views on different topics.  

 

1.5 The Study Region 
 
The study focuses on the Barnegat Bay region of central and southern coastal New Jersey. The 
region encompasses most of Ocean County as well as a few municipalities in Monmouth 
County, and it includes the Barnegat Bay and communities surrounding the bay, as well as 
upstream communities that are part of the Barnegat Bay watershed (see Figure 1.1; watershed 
boundary is outlined in red). In total, there are 37 municipalities in the Barnegat Bay watershed, 
including 33 in Ocean County and 4 in Monmouth County.  
 
In this study, primary emphasis was placed on the preponderance of the region that is located 
in Ocean County. This emphasis reflects stakeholder perceptions of the region, where "Ocean 
County" was sometimes used synonymously and interchangeably with "Barnegat Bay region." 
Municipalities within Monmouth and Ocean counties that are part of the watershed but are not 
typically perceived as part of the Barnegat Bay region were not included in the stakeholder 
discussions (e.g., Freehold township in Monmouth, Jackson township in Ocean). Demographic 
and economic data presented in the report generally reflect conditions in the whole of Ocean 
County, as this is a common reporting unit for government data.  
 

                                                        
3 All of the subjects agreed to be tape-recorded. In two instances, technical failures occurred 
with the tape recording equipment. When this occurred, interviewers wrote up as complete a 
transcript of the interview as possible based on their written notes and their recollection of the 
discussion. 
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Figure 1.1 Barnegat Bay Watershed Region. Source: NJ Department of Environmental Protection.  
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2.  Climate and Hazard Risks 
 
This chapter describes recent trends in the region's climate as well as projections of climate 
change. The chapter also presents stakeholders' perceptions of critical climate stresses in the 
region and concerns about climate change. 

2.1 Historical Climate Trends and Extreme Events 
 
Climate change and its impacts are already evident in New Jersey (see Rosenzweig and Solecki 
2010; Dempsey and Fisher 2005; Rosenzweig and Solecki 2001). This section presents data on 
historical trends in temperature and precipitation. For all of the temperature and precipitation 
data presented, the following methods were used to develop the figures 2.1 - 2.9: 
 
1. The running averages are based on the average of the 5 seasons or years that bracket each 
specific season or year. For example, the running average for 2000 equals the 1998-2002 
average. The linear trend lines based on ordinary least squares regression.  
 
2. The temperature and precipitation data in these charts are compiled from COOP and 
Mesonet stations. While the data comes from several stations for the period of study, the 
Barnegat Bay region is localized enough that weather patterns affect the region as a whole, and 
therefore does not create radical differences in temperature and precipitation between the 
stations. Use of data from several stations ensures a data set that is as complete and accurate 
as possible for this study. There are, however, several instances where there is no data 
available from any station within the Barnegat Bay region (e.g., Figure 2.3, 1963-1965). This 
creates some minor gaps in the data set, where a season/year are missing, and also affects the 
running averages and linear trend lines.  
 
Examination of Figure 2.1 suggests that during the past century¸ the average annual 
temperature has steadily increased from 51.8 F (1895-1970), to 52.7 F (1970-2000), to 54.1 F 
(2001-2011) (Office of the New Jersey State Climatologist 2012). The precipitation rates for the 
state have exhibited an upward trend during the 20th century with increased climate variability 
also observed (Figure 2.2).  Both of these shifts are consistent with the expected trends of 
climate change. The summer of 2010 (JJA (June-August)) was the warmest on record; the 
summer of 2011 was the wettest; and 2011-2012 was the warmest year on record (Office of the 
New Jersey State Climatologist 2012). 
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Figure 2.1 Mean Annual Temperatures in New Jersey, 1960-2011. Data Source: ONJSC 2012.  
 
 
 
 

 
 
Figure 2.2 Mean Annual Precipitation in New Jersey, 1960-2011. Data Source: ONJSC 2012.  
 
 
Climatic warming is also evident in the Barnegat Bay region. Weather data compiled for the 
study from stations in Ocean County indicate a warming trend over the period from 1960 to the 
present, as well as increased variability of precipitation. The pattern of increasing mean 
temperatures is evident in both the annual and seasonal temperature records for the Barnegat 
Bay region, as illustrated in figures 2.3 - 2.7. In all of these figures, upward trends are notable in 
both long term averages and in five-year running averages. As discussed shortly, these warming 
temperatures in the region have been observed by stakeholders and represent an important 
concern for the region, particularly in relation to ecosystems and species health. 
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Figure 2.3 Mean Annual Temperatures in the Barnegat Bay Region, 1960-2011: Toms River, 
Brant Beach, Tuckerton, and Berkeley Twp Stations, Ocean County. Data Source: ONJSC 2012. 
 
 

 
 
Figure 2.4 Mean Winter Temperatures (Dec-Feb) in the Barnegat Bay Region, 1959-60 to 
2011-2012: Toms River, Tuckerton, and Berkeley Twp Stations, Ocean County. Data Source: 

ONJSC 2012.  
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Figure 2.5 Mean Spring (Mar-May) Temperatures in the Barnegat Bay Region, 1960-2011: 
Toms River, Tuckerton, Beach Haven, and Berkeley Twp Stations, Ocean County. Data Source: 
ONJSC 2012.  
 
 

 
Figure 2.6 Mean Summer (Jun-Aug) Temperatures in the Barnegat Bay Region, 1960-2011: 
Toms River, Tuckerton, and Berkeley Twp Stations, Ocean County.  Data Source: ONJSC 2012.  
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Figure 2.7 Mean Fall (Sept-Nov) Temperatures in the Barnegat Bay Region, 1960-2011: Toms 
River, Tuckerton, and Berkeley Twp Stations, Ocean County.  Data Source: NJOSC 2012.  
 

 
 
 
Concerning precipitation, the patterns since 1960 suggest slight increases in total amounts of 
precipitation (Figure 2.8). An increase in the frequency of extreme precipitation events is also 
evident in the recent climatic record, as indicated by the linear trend line. The upward trend in 
the number of days with precipitation over 2 inches is apparent in Figure 2.9, as indicated by 
the linear trend line. As discussed later, the increasing frequency of extreme precipitation 
events is a key concern for stakeholders, particularly within the area of emergency 
management. 
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Figure 2.8 Annual Precipitation in the Barnegat Bay Region: Toms River, Tuckerton, and 
Berkeley Twp Stations. Data Source: ONJSC 2012. 

 
 
 

 
 
Figure 2.9 Number of days per year with over two inches of precipitation in the Barnegat Bay 
region: Toms River and Berkeley Twp Stations, Ocean County Data Source: ONJSC 2012.  
 
As a coastal state in the Mid-Atlantic region of the U.S., New Jersey is also subject to a set of 
extreme weather events, particularly nor'easters (coastal storms), which are associated with 
coastal flooding and storm surge as well as inland riverine flooding. Winter nor'easters are 
associated with intense snow events or ice storms. The region also can be subject to hurricanes, 
as well as droughts, other inland flooding events (e.g., from thunderstorms), and heat waves. 
Although damage from 2011 Hurricane Irene was relatively modest in the coastal zone as 
compared to inland areas of New Jersey, which experienced substantial flooding, the region has 
been affected by a number of damaging hurricanes during the last century. 
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2.2 Projections of Climate Change 
 
Although it was not possible within the scope of this study to develop new modeled projections 
of future regional climate change, recent projections for the New York metropolitan region by 
the New York Panel on Climate Change (NPCC) suggest that climate change will bring higher 
temperatures, increased precipitation, and rising sea levels (see Rosenzweig and Solecki, 2010). 
In the study by Solecki et al. (2012), the New York projections were modified by the New Jersey 
Office of the State Climatologist (ONJSC) to reflect variability in climate across the state of New 
Jersey. Tables 2.1, 2.2, and 2.3 are derived from this work by NPCC and ONJSC. In considering 
the values in the tables below, it important to note that research in all of these areas is on-
going and that projections are likely to change as new findings become available. Concerning 
sea level rise, in particular, recent studies suggest that the central range values presented 
below may be too conservative and that sea level rise is likely to exceed three feet by the end 
of this century (see footnote 4 in the Table 2.1). 
 
Table 2.1 Baseline Climate and Projected Mean Annual Changes in New Jersey1   

  Baseline2 

2020s6 2050s6 2080s6 1971-2000 

Air Temperature 
Central range3 

North: 49° F 

+ 1.5 to 3.0° F + 3.0 to 5.0° F + 4.0 to 7.5° F 
Central: 54° F 

Southwest/Pine 
Barrens: 54° F 

Coastal: 55° F 

Precipitation  
Central range3 

North: 47.2 in 

+ 0 to 5 % + 0 to 10 % + 5 to 10 % 
Central: 46.3 in  

Southwest/Pine 
Barrens: 44.9 in 

Coastal: 38.4 in 

Sea Level Rise4  
Central range3 

NA + 2 to 5 in + 7 to 12 in + 12 to 23 in 

Sea Level Rise  
Rapid Ice-melt Scenario5 

NA ~ 5 to 10 in  ~ 19 to 29 in ~ 41 to 55 in 

Source: Columbia University Center for Climate Systems Research, NPCC Climate Risk Information, Table 1; 
 Rosensweig and Solecki 2010; Horton et al. 2010; Solecki et al 2012. Baseline data are generated by the 
 Office of the NJ State Climatologist (Solecki et al. 2012). Projections are from the NPCC report (NPCC 
 2010 Rosenzweig and Solecki, 2010).

 

1 
Based on 16 Global Climate Models (GCMs) (7 GCMs for sea level rise) and 3 emissions scenarios. Baseline is 

1971-2000 for temperature and precipitation and 2000-2004 for sea level rise. Temperature and precipitation 
data are from Newton (North), Newark (Central), Seabrook Farms (Southwest/Pine Barrens), and Atlantic City 
Marina (Coastal). Sea level data are from the Battery at the southern tip of Manhattan (the only location in NYC 
for which comprehensive historic sea level rise data are available).  
2
Weather stations in each region were selected based on several factors, including their quality, completeness of 

data and representative locations. 
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3 
Central range = middle 67% of values from model-based probabilities; temperature ranges are rounded to the 

nearest half-degree, precipitation to the nearest 5%, and sea level rise to the nearest inch.  
4
The model-based sea level rise projections may represent the range of possible outcomes less completely than 

the temperature and precipitation projections. This is a result of lower confidence in models projecting future 
changes in sea level. The IPCC working group on sea level rise report (2010) notes a minimum global rise of 800 
mm (80 cm or 31.5 in) by 2100. Regional and local subsidence, ranging from 1 to 2 mm/year (or 0.04 to 0.08 
in/year) along the U.S. east coast exacerbates the global rise. Thus, the experts report that sea level rise at the 
New Jersey coast will likely be in the range of 1 meter (or 3.3 ft) by 2100 (at least 0.8 meters, or 2.6 ft, due to 
global sea level rise with the remainder due to subsidence), much higher than the maximum projected by the 
NPCC. 
5 

“Rapid ice-melt scenario” is based on acceleration of recent rates of ice melt in the Greenland and West 

Antarctic Ice Sheets and on paleoclimate studies. As earlier noted, the most recent IPPC working group on sea 
level rise report (2010) estimates a maximum global rise in the range of 2 meters (6.6 ft) by 2100. Thus, under 
this scenario the potential maximum sea level rise at the New Jersey coast could be much higher than the 
maximum NPCC projection. 
6
Projected figures (e.g. + 1.5 to 3.0° F) apply to each of the four climate regions specified in column two of the 

table. 
 
For coastal New Jersey, coastal flooding and heightened storm surge is a particular concern. 
With sea level rise, water elevations that typically have a one percent chance of occurrence 
(i.e., 1 in 100 year storm) will have a higher probability of occurrence.  
 
Table 2.2 Quantitative Changes1 in Extreme Events; Coastal Floods and Storms 

  Extreme Event 
Baseline 

2020s 2050s 2080s 
(1971- 2000) 

C
o

as
ta

l F
lo

o
d

s 
&

 S
to

rm
s2

 

1-in-10 yr Flood to 
Reoccur, on Average 

~once every 10 yrs 
~once every 8 to 
10 yrs 

~once every 3 to 
6 yrs 

~once every 1 
to 3 yrs 

Flood Heights (ft) 
Associated with 1-in-10 
yr Food 

6.3 6.5 to 6.8 7.0 to 7.3 7.4 to 8.2 

1-in-100 yr Flood to 
Reoccur, on Average 

~once every 100 
yrs 

~once every 65 to 
80 yrs 

~once every 35 
to 55 yrs 

~once every 15 
to 35 yrs 

Flood Heights (ft) 
Associated with 1-in-100 
yr Flood 

8.6 8.8 to 9.0 9.2 to 9.6 9.6 to 10.5 

1-in-500  yr Flood to 
Reoccur, on Average 

~once every 500 
yrs 

~once every 380 
to 450 yrs 

~once every 250 
to 330 yrs 

~once every 
120 to 250 yrs 

Flood Heights (ft) 
Associated with 1-in-500 
yr  Flood 

10.7 10.9 to 11.2 11.4 to 11.7 11.8 to 12.6 

Source: Columbia University Center for Climate Systems Research; Horton et al. 2010; Solecki et al. 2012 
(NPCC Climate Risk Information Table 2) 
1
These are absolute values, not increases above the baseline. 

2
 Does not include the rapid ice-melt scenario. 
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In addition to quantitative projections, Horton et al. (2010) and Solecki et al. (2012) also 
present qualitative assessments of the probable direction of change in different types of 
extreme events during the course of the 21st Century. These projections, which reflect the 
expert judgment of the New York City Panel on Climate Change (Horton et al. 2010) about 
changes in the likelihoods of different events in the New York Metropolitan region, are 
presented in Table 2.3. Some notable results for coastal New Jersey are as follows: the effect of 
climate change on the frequency of extra-tropical cyclones (known locally as "nor'easters") is 
uncertain; snowfall and extreme rainfall events are judged to be likely to increase; and intense 
hurricanes are seen as more likely than not to increase. Taken together, these results suggest 
that 'routine' extreme weather events such as heavy downpours and snowfall will increase, but 
effects on less typical events, such as nor'easters and hurricanes, are less certain (Solecki et al. 
2012). 

Source: Columbia University Center for Climate Systems Research; Horton et al. 2010; Solecki et al. 2012. 
(after NPCC Climate Risk Information, Table 4) 
1
 The National Weather Service uses a heat index related to temperature and humidity to define the likelihood of 

harm after “prolonged exposure or strenuous activity” (http://www.weather.gov/om/heat/index.shtml).  

 

2.3 Stakeholder Perceptions of Critical Climate Stresses 
 
Much of the climate change information presented in sections 2.1. and 2.2 was reflected in our 
interviews with stakeholders. Stakeholders were asked about key climate stresses in the region, 
including what they have seen in recent years and what they anticipate seeing over the next 
few years and in the time horizon of ten years and beyond. These questions were intended to 
probe stakeholders’ perception of climate hazards and climate change. In particular, the 

 
 
Table 2.3. Qualitative Changes in Extreme Events  
 

Extreme Event Probable Direction Throughout 
21st Century 

Likelihood 

Heat index1   

Ice storms/ Freezing Rain   

Snowfall Frequency & Amount   

Downpours  
(precipitation rate/hour) 

  

Lightning Unknown  

Intense Hurricanes   

Nor’easters Unknown  

Extreme Winds   

Likely 

  About as likely as not 

  More likely tha  not                 More likely than 

 Very likely 

Likely 

  More likely tha  not                 More likely than 
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questions were intended to elicit perceptions about exposure and the types of climate risks 
that stakeholders have observed and to identify what stakeholders are concerned about for the 
future. We did not attempt to verify that the perceptions of stakeholders reflect actual changes 
in climatic conditions, but instead relied on these responses to gain an understanding of local 
perceptions of critical climate risks and how these risks are understood to create economic 
vulnerabilities (discussed in Chapter 4). 
 
Concerning recent years, the perception that the climate has changed was widespread among 
the stakeholders. The types of climate risks that were identified by stakeholders are 
summarized in Table 2.4. Climate stresses observed by stakeholders can be divided into 
extreme events and gradual changes altering local environmental conditions. A general increase 
in extreme weather of all kinds was noted by six respondents, several of whom enumerated 
events that have already occurred, while some were anticipating these increases. Flooding was 
the most commonly mentioned extreme event, while sea level rise was the most widely 
discussed gradual change.  Some types of changes were noticed by particular types of 
stakeholders (e.g. natural resource managers), but all stakeholders named one or more changes 
that they have already noticed and anticipate seeing in the future.  
 
Flooding, both riverine and coastal, was the most cited extreme event. Inland river flooding was 
described as both an immediate and a novel threat caused by extreme precipitation events. 
Emergency managers in particular noted recent record-breaking river floods.  Coastal flooding 
was anticipated from the interaction of increased storms with sea level rise, but several people 
noted that coastal flooding is already an occasional problem.  Some noted that barrier islands 
are both accustomed to coastal flooding and have favorable topography for recovery, while 
bayside communities would find increased coastal flooding both unexpected and more 
damaging.  
 
Other extreme events cited include hurricanes, snowstorms, drought, heat waves, and forest 
fires. While stakeholders noted that few hurricanes have touched down in New Jersey, several 
cited an increase in tropical storm activity, leading four respondents to anticipate an increase in 
hurricanes in the very near future. Fisheries and tourism stakeholders described continuous 
efforts to monitor hurricane activity.  Emergency managers noted increased coastal 
snowstorms heavy enough to cause emergency declarations.  Emergency managers and utilities 
stakeholders cited droughts and heat waves occurring in the last few years, though drought 
concerns were recently replaced with concern about excess precipitation.  They also 
anticipated an increase in forest fires from the same conditions that created the droughts and 
heat waves. 
 
Sea level rise was cited by the majority of respondents, making it the most discussed gradual 
driver of environmental change. Its effects were posed in complex interaction with natural 
topography and built structures as well as with the extreme events discussed above. Natural 
land managers perceived a current, ongoing rise contributing to observed marsh die-back and 
beach erosion. They also noted that even a small rise in sea level can disproportionately 
magnify the effects of large storms.  Other stakeholders were more speculative. Several noted 
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that while they expect sea level rise to affect the future, their location on bulkheads and the 
current ubiquity of beach replenishment programs make any current sea level rise less 
perceptible. Nevertheless, all who mentioned sea level rise expected it to become a serious 
problem in the future. 
 
Other gradual changes include temperature increases, movement of species, and changes in 
ocean water composition. Temperature increases were cited by five respondents.  Some 
mentioned warming of ocean water, while others noted warmer winters and summers.  
Fisheries stakeholders have noticed significant out-migration of valuable fish species due to the 
warming of ocean water as well as occasional in-migration of more southerly species.  Five 
stakeholders noted the rise of pests and invasive species associated with warmer seasons, with 
a particular threat to the forests of the Pinelands.  Stakeholders familiar with ocean chemistry 
have noticed a steady decrease in the salinity of ocean water, and they also projected that 
ocean acidification would have serious impacts on marine life. 
 
 
Table 2.4 Climate Stresses: Stakeholder Perceptions 

Increases in Extreme Events 

General increase in extreme weather has been observed by a third of the respondents. 
Some projected a rise in storms in general, while others enumerated recent events. 

Flooding, both riverine and coastal, was the most frequently mentioned extreme event. 
Unprecedented river flooding has been observed, and more coastal flooding is 
anticipated. 

More hurricanes in the near future are anticipated by some stakeholders due to more 
tropical storm activity. 

Coastal snowstorms are perceived to have increased in recent years. 

Droughts were noted to have been a problem several years ago, and heat waves are 
perceived as a threat.  

Forest fires are seen as a growing threat because of the increase in temperatures and 
possible drought. 

Gradual Changes  

Sea level rise was cited by a majority of respondents.  It is more visible near natural 
lands than near properties protected by structures. 

Marsh die-back due to salt water intrusion has been observed and is of concern to 
natural land managers and fisheries stakeholders. 

Beach erosion has been observed and is projected to increase due to sea level rise and 
more extreme storms. 

Ocean acidification was cited by conservation stakeholders as a threat to marine life. 

Decrease in ocean salinity has been observed and is projected to affect species 
distribution. 

Temperature increases have been observed in ocean water, while all seasons have 
gotten warmer. 

Out-migration of fish is linked to warmer ocean water by fisheries stakeholders. 
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Increase in pests and invasive species has been noticed by several stakeholders, with 
particular threats to the forests of the Pinelands. This is linked to warmer seasons. 

 
 
The interviews clearly indicated that climate stresses are on the minds of stakeholders and 
already being observed in the region. Illustrative examples of stakeholders’ comments about 
both extreme events and graduate changes are presented in Table 2.5. These quotations from 
individual stakeholders are illustrative of the comments of many stakeholders and indicate 
widespread recognition that changes in weather patterns are occurring in the region and that 
these changes are affecting the region’s ecological and coupled human-environment systems. 
 
 
Table 2.5 Climate Stresses: Stakeholder Quotes 

Increases in Extreme Events 

On a state-wide level, over the past five years, we’ve seen an unprecedented number of 
storms that are drastic in nature. Emergency Manager  

Because of the change in weather patterns, we’ve had worse snowstorms recently. We 
had a hurricane.  Nor’easters, that one year we were getting like eight or nine of them, 
eleven of them. I don’t remember. So certainly the storms in that respect seem to have 
worsened. Emergency Manager  

…Extreme amounts of rainfall and then localized flooding, the most recent being 
Hurricane Irene and Tropical Storm Lee. …We also got hit with a storm the week prior to 
the hurricane. That was unnamed; it wasn’t a tropical storm. So those three right in a 
row ended up being the flood of record for most of the municipalities around the state. 
Emergency Manager 

In the past two winters we’ve had several blizzards which are… I don’t know what the 
odds are in that, but to have two winters with successive snowstorms right along the 
coast is very unusual. Economic Development Stakeholder 

Gradual Changes  

The biggest, most immediate impact [of climate change] is sea level rise.  It has been 
documented and it’s happening…The question for us is, are our marshes and shorelines 
keeping up with the sea level rise… Natural Lands Manager  

The whole shoreline is receding.  There is very little marsh remaining, which is important 
for wildlife up here.  In my observation it’s going on faster. Natural Lands Manager 

…The ice on Barnegat Bay used to be hard enough that people actually would ice boat. 
… The first couple of years I moved here, we had nine inches of ice. We were basically 
locked sometimes in ice from maybe the middle of December until February. This year 
there was no ice. Fisheries Stakeholder 

…The forests become more vulnerable to pests. . . the borers, the adelgid borer, eastern 
caterpillars, that type of thing. Conservation Stakeholder 
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3. Critical Non-Climatic Stresses 
 
The project also sought to identify critical non-climatic stresses for the region in order to place 
the discussion of climate change within the context of other on-going pressures and changes. 
These other stresses may affect both the region's vulnerability to climate change and the 
options for adaptation and enhancement of resilience. The non-climatic stresses that were 
identified by the majority of stakeholders fall into three interrelated areas, including population 
pressures, economic uncertainty and the economic downturn, and environmental degradation 
(Table 3.1). Although we discuss each of these pressures separately in this chapter, 
stakeholders generally recognized that these issues are closely intertwined. For example, 
population pressures were recognized to be closely related to the dependence of the region's 
economy on new housing development, which also drives many of the environmental stresses. 
Meanwhile, the economic downturn was recognized as having adverse effects on business 
owners but was also thought to reduce environmental pressures by slowing down 
development.  Many stakeholders commented on these complex interactions and suggested 
novel interdependencies. 
 
Table 3.1 Non-Climatic Stresses: Stakeholder Perceptions 

Demographic/Social Stresses 

Population increase was often referred to indirectly in the context of development 
pressure on environment and emergency planning. 

A high proportion of senior citizens was cited by a third of respondents commenting on 
their limited income, varying vulnerability to disaster, and positive contributions as 
volunteers. 

Decline in environmental/climate awareness was linked to seasonal and new residents, 
in combination with cultural factors like the decline in children’s outdoor play. 

Economic Stresses 

Recession has made business owners more concerned with short-term survival, but 
creative solutions abound and the effects of the recession are mixed across economic 
sectors. 

Budget cuts were cited by half of the respondents, even those outside the public sector. 
Cuts affect hazard-reduction activities important to the shore economy. 

Dependency on development and construction makes the region more vulnerable to 
recession, creates environmental problems, and involves boom and bust cycles. 

Lack of public transit affects the tourism industry and commuters in the region. It was 
cited by a quarter of respondents. 

Increased global and local demand for seafood underlines the continued importance of 
the bay's traditional resource sectors to the economy. 

Environmental Stresses 
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Development was cited by half of respondents and described as the most serious 
environmental stress in the region, contributing to many of the other stresses below. 

Pollution of Barnegat Bay was discussed by almost half of respondents. Key issues 
identified include rapid housing development and the operation of the Oyster Creek 
nuclear power plant. Pollution was seen as a threat to both tourism and fishing. 

Marsh die-off was a concern of a quarter of respondents. Development was noted to 
create barriers to natural marsh migration in the face of salt-water inundation.  

Alteration of sedimentation activity through jetty construction and other development 
was feared to impact marsh health, bay flushing, and natural beach replenishment. 

 

Stakeholder comments and concerns in each of the above areas are described in the next three 
sub-sections. In considering stresses in each of these areas, it is important to note that 
stakeholders also commented on positive dimensions associated with several of the observed 
conditions (e.g., an increased proportion of seniors in the region was associated with an 
increase in volunteer activities by this population group). 
 
 

3.1 Demographic and Social Changes 
 

The Barnegat Bay area has experienced rapid population growth over the last several decades, 
and respondents reflected on this mainly through comments on the spatial extent and 
magnitude of new development.  While development and growth usually go hand-in-hand, we 
distinguish comments on population growth as a demographic shift from those on development 
as an environmental stressor. Some stakeholders specifically cited population growth. For 
example, a utilities stakeholder noted the pressure on water supply that this population growth 
creates.  Most, however, commented on population growth indirectly, noting that development 
is related to this population trend.  

 
Table 3.2 illustrates population levels and growth in Ocean County and its municipalities from 
1990 through 2010. The county's total population increased by approximately 33 percent 
during this 20-year period from approximately 433,000 to approximately 576,000. This rate is 
more than double the growth rate for the state of New Jersey as a whole, which grew by 
approximately 14 percent during the same period. Examination of municipal level data reveals 
much of the growth of Ocean County occurred in Lakewood, Jackson and Manchester 
townships, all of which experienced a substantial amount of population growth in absolute (and 
relative) terms. Together, these three townships accounted for approximately 76,400 new 
residents in the county. Excluding these three townships, growth patterns across the region are 
more mixed, yet several municipalities stand out regarding population growth. In absolute 
terms, Toms River, Stafford, Barnegat, and Brick townships experienced the largest population 
increases. In percentage terms, four townships grew by 50 percent or more during this period, 
namely Stafford, Ocean, Barnegat, and Little Egg Harbor.  
 



 

 30 

While many of the stakeholders noted the region's population growth, a number of them also 
commented on shifts in the shares of permanent residents, with some townships experiencing 
increased permanent settlement as the result of new housing development, and others losing 
residents as modest single-family homes were replaced with higher value second homes and 
properties used as summer rentals. Nearly one third of the region's municipalities lost 
population between 1990 and 2010, and 10 communities lost more than 10 percent of their 
permanent residential population during this period, including Barnegat Light, Bay Head, Beach 
Haven, Lakehurst, Lavallette, Long Beach, Mantoloking, Seaside Park, Ship Bottom, and Surf City 
(see Figure 3.1). These losses reflect increasing predominance of second homes in these 
communities. 

 
 

Table 3.2 Population Change in Ocean County Municipalities from 1990 to 2010 

Name 

Total 
Population 
in 1990 

Total 
Population 
in 2010 

Absolute 
Population 
Change,  
1990 to 
2010 

Percentage 
Population 
Change,  
1990 to 
2010 

65 and over 
Percentage 
Population 
Change, 
1990 to 
2010 

Ocean County 433,203 576,567 143,364 33 21 
Barnegat Township 12,235 20,936 8701 71  198 
Barnegat Light Borough 675 574 -101 -15  14 
Bay Head Borough 1226 968 -258 -21  28 
Beach Haven Borough 1475 1170 -305 -21  -20 
Beachwood Borough 9324 11,045 1721 18  13 
Berkeley Township 37,319 41,255 3936 11  -6 
Brick Township 66,473 75,072 8599 13  17 
Eagleswood Township 1476 1603 127 9  4 
Harvey Cedars Borough 362 337 -25 -7  53 
Island Heights Borough 1470 1673 203 14  24 
Jackson Township 33,233 54,856 21,623 65  155 
Lacey Township 22,141 27,644 5503 25  6 
Lakehurst Borough 3078 2654 -424 -14  -22 
Lakewood Township 45,048 92,843 47,795 106  13 
Lavallette Borough 2299 1875 -424 -18  8 
Little Egg Harbor Township 13,333 20,065 6732 50  91 
Long Beach Township 3407 3051 -356 -10  8 
Manchester Township 35,976 43,070 7094 20  4 
Mantoloking Borough 334 296 -38 -11  18 
Ocean Township 5416 8332 2916 54  98 
Ocean Gate Borough 2078 2011 -67 -3  -37 
Pine Beach Borough 1954 2127 173 9  -6 
Plumsted Township 6005 8421 2416 40  65 
Point Pleasant Borough 18,177 18,392 215 1  -15 
Point Pleasant Beach 
Borough 5112 4665 -447 -9  -21 
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Seaside Heights Borough 2366 2887 521 22  -19 
Seaside Park Borough 1871 1579 -292 -16  0 
Ship Bottom Borough 1352 1156 -196 -14  -13 
South Toms River Borough 3869 3684 -185 -5  21 
Stafford Township 13,325 26,535 13,210 99  99 
Surf City Borough 1375 1205 -170 -12  5 
Toms River Twp. 76371 91239 14,868 19  30 
Tuckerton Borough 3048 3347 299 10  0 

Data Source: U.S. Census, 1990 and 2010. Calculations by authors. 
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Figure 3.1 Population change in Ocean County, 1990 to 2011 Data Source: U.S. Census, various 
years. 

 
Concerning the region's demographic profile, almost a quarter of the respondents noted the 
unusually high percentage of senior citizens in the area. Whereas approximately 13 percent of 
the population in New Jersey is aged 65 and over, more than 21 percent of the population of 
Ocean County falls into this category. Examination of percentage changes in population aged 65 
and older by municipality reveals a somewhat mixed picture. In approximately one third of the 
municipalities, growth of elderly residents exceeded the rate of general population growth 
within the municipality, revealing an increase in concentration of older residents in these areas. 
Notable increases of close to 100 or more percent (i.e., a doubling of senior population) 
occurred in Barnegat and Jackson Townships, while increases of more than 90 percent (a near 
doubling) occurred in Little Egg Harbor, Ocean and Stafford Townships (see Table 3.2 and Figure 
3.2). 
 
The implications for the area of these demographic changes are regarded by stakeholders as 
mixed. Some noted that the seniors from other areas have been attracted to the many 
retirement communities that have been built in the region. Several stakeholders also 
commented on the displacement of fixed-income retirees from modest shore houses to make 
way for teardown redevelopment.  Individuals who own shore homes but have a fixed income 
may be "pushed out" by rising property taxes which make it unaffordable for them to remain in 
a shore community that is undergoing re-development. While the proportion of seniors has 
increased, stakeholders noted that there are areas where fewer of them can afford to live. (One 
stakeholder also noted the difficulty for young families in buying homes on the shore). Table 3.3 
provides information on changes in average housing value in the region. While home values 
across the county more than doubled on average (increase of 133 percent in the period), a 
number of communities experienced a tripling or more of average values.  Municipalities in this 
category include Barnegat Light, Beach Haven, Long Beach Township, Point Pleasant Beach, 
Ship Bottom, and Surf City (see Figure 3.3). 
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Figure 3.2 Percentage change in population over age 65, 1990 to 2010  
Data Source: U.S. Census, various years. 
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Table 3.3 Median Housing Values in Ocean County Municipalities 

Name 

Median Value of 
Owner-Occupied 
Housing in 1990 

Median Value 
of Owner-
Occupied 
Housing in 
2009 

Percentage 
Change in 
Median 
Value, 1990 
to 2009 

Ocean County $128,000  $298,600  133.28 

Barnegat Township $116,600  $275,800  136.54 

Barnegat Light Borough $258,900  $901,500  248.20 

Bay Head Borough $339,200  1,000,000+ -100.00 

Beach Haven Borough $236,200  $747,100  216.30 

Beachwood Borough $121,400  $270,300  122.65 

Berkeley Township $103,100  $204,100  97.96 

Brick Township $133,100  $306,500  130.28 

Eagleswood Township $109,700  $282,900  157.89 

Harvey Cedars Borough $317,300  $912,400  187.55 

Island Heights Borough $151,600  $403,500  166.16 

Jackson Township $143,100  $356,200  148.92 

Lacey Township $130,000  $293,300  125.62 

Lakehurst Borough $93,500  $217,200  132.30 

Lakewood Township $109,700  $293,100  167.18 

Lavallette Borough $248,300  $720,300  190.09 

Little Egg Harbor Township $112,000  $262,100  134.02 

Long Beach Township $254,100  $793,600  212.32 

Manchester Township $92,500  $159,500  72.43 

Mantoloking Borough $500,000  $1,000,000  100.00 

Ocean Township $119,100  $314,700  164.23 

Ocean Gate Borough $114,000  $268,000  135.09 

Pine Beach Borough $152,500  $335,300  119.87 

Plumsted Township $134,900  $350,900  160.12 

Point Pleasant Borough $153,200  $382,500  149.67 

Point Pleasant Beach Borough $197,300  $601,200  204.71 

Seaside Heights Borough $135,100  $298,700  121.10 

Seaside Park Borough $226,800  $605,300  166.89 

Ship Bottom Borough $198,700  $647,600  225.92 

South Toms River Borough $92,300  $226,400  145.29 

Stafford Township $132,300  $348,800  163.64 

Surf City Borough $210,500  $719,200  241.66 

Toms River Twp.  $147,700  $332,700  125.25 

Tuckerton Borough $104,800  $246,000  134.73 

Data source: U.S. Census, 1990 and 2010. Calculations by authors. 
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Figure 3.3 Median value of owner-occupied housing in Ocean County, 2009  
Data Source: U.S. Census. 

 
Most comments on these demographic shifts were discussed as environmental and economic 
stresses rather than social changes. Concerns included damage to the bay and challenges for 
emergency management. The decline in environmental awareness was also directly linked to 
demographic changes.  Some stakeholders noted that new and especially seasonal residents 
were less aware of the complex environment of the region, particularly the power of the ocean 
and oceanic storms.  The fisheries stakeholders commented on the decline of bayman culture, 
linking it to a decline in knowledge and stewardship of the bay. 
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Table 3.4 Demographic Stresses: Stakeholder quotes 

We’re a marine county, but some people have never been to the ocean….In the 1950s, 
there were 50 thousand, but now there are 600 thousand people here, and they didn’t 
originate here.  They don’t know about the county.  They don’t relate to the bayman 
culture.  Natural Lands Manager 

People come down in June, and it’s beautiful, and the beaches are generally at their 
widest, and you may have a couple of storm events, but people aren’t there year round 
to see what an angry ocean can do. …People who do live [here] begin to appreciate 
what happens along this really, you know, dynamic edge, then they move out and you 
get some new people coming in who… They have to start over by learning what’s what. 
Real Estate Stakeholder 

So it’s unfair, a retired couple on a limited income, lived here all their life, paid all their 
taxes and the assessment on their little bungalow is now 1.5 million dollars. …And 
nobody wants the bungalow, it’s the base property rate. Usually it’s a tear-down. 
Economic Development Stakeholder 

What I see mostly is, a lot of those houses were, on the bayside, and even the beach 
side, were bought by people as second houses. … When I moved into this neighborhood, 
it was pretty much, I would call it a…middle class, there were summer homes, there 
were small bungalows. … They used to use these as a retirement house. Now with fixed 
income, they find that the taxes keep going up. Fisheries Stakeholder 

Person 1: The thing is, looking at it from the point of view of emergency management, 
we increased [population] about sixty thousand in a ten-year period. Sixty thousand 
more, give or take, you might have to evacuate.  
Person 2: And a lot of these people we will have to take extra steps to evacuate, 
because they’re either in nursing homes or they’re ill. Emergency Manager 

A good portion of our [volunteer emergency corps] people are retired. …A lot of people 
with a lot of qualifications. Especially in the medical reserve corps, we have doctors, 
nurses, and people like that that are professionals, that have retired and yet they’ll 
volunteer their time. Emergency Manager 

 

3.2 Economic Changes 
 
The economy of the Barnegat Bay region is highly diverse, a reflection of its heritage as a 
resource, agriculture, and resort based economy, its continued importance as a major 
recreation and tourism destination, and its emergence over the past several decades as a major 
destination for suburban and retiree populations. Using Ocean County data to represent the 
region as a whole, the largest sector by share of employment is the health care industry, 
followed by, professional and other services, retail, hospitality/recreation, and construction and 
finance/insurance tied for fifth largest sector. These six economic sectors, which account for 
approximately 87% of the employment in the region, serve the region's growing populations 
(health care; construction) as well as its tourists (retail; restaurants and accommodation).  
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Figure 3.4 and Table 3.5 demonstrate the changes in employment numbers and shares by major 
sector between 1990 and 2011.  Manufacturing, which rivaled construction in 1990, declined 
noticeably in absolute numbers and in relative share of employment.  Healthcare and social 
services expanded the most.  While private education accounted for just 3% of employment in 
2011, it experienced the highest growth in absolute numbers of employees relative to growth 
of the county’s working population.  Moreover, due to unavailability of public education 
employment data, education’s share of total employment is likely understated. Like healthcare, 
it is a rapidly expanding sector. Government employment is important, but it is folded into the 
sector data below rather than displayed as a separate sector. Utilities, Transportation and 
Other Services have public employees making up at least a third of the sector. Education is 
likely comprised of mostly public employees. There is some undercounting of government 
employees in several economic sectors because of data availability issues. 
 
 
 

 
 
Figure 3.4 Ocean County Employment Shares by Sector in 1990 and 2011. Data Source: U.S. 
Bureau of Labor Statistics, various years. Calculations by authors. 
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Table 3.5 Ocean County Employment by Major Economic Sectors, 1990, and 2001 to 2011 

 
While the draw of Barnegat Bay underlies the region's attractiveness to both tourists and new 
residents, economic sectors that are directly dependent on the resources of the bay continue to 
play an important role in the region.  These include shore-front tourism, commercial and 
recreational fisheries, and any other activities that require access to the bay. However, 
stakeholders pointed out that a variety of industries that had been dependent on the bay were 
declining, including boat-building and surfclam fishing. These sectors were all once more 
prominent in the region, and were perceived by some stakeholders to make the economy more 
diversified and resilient.  
  
Table 3.6 and Figure 3.5 summarize trends in quantities landed and prices received for all 
seafood in Ocean County and for selected species in New Jersey as a whole.  As Table 3.5 
shows, Agriculture and Mining, the sector that contains fisheries, does not employ many people 
in Ocean County. However, the trends in Table 3.6 and Figure 3.5 indicate that shell and finfish 
harvesting generate significant income for the region– over 60 million dollars in 2011. While 
annual harvests have been declining, the rising price of nearly all seafood results in increasing 
revenue. 
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Table 3.6 Commercial Fishery Landings in Ocean County and New Jersey, 1991, 2001-2011 

 
Data Source: NOAA National Marine Fisheries Service, Office of Science and Technology, various 
years. 
 
 
 

 
 
Figure 3.5 Fishery Catch and Value Trends, Ocean County Data Source: NOAA National Marine 
Fisheries Service, Office of Science and Technology, various years. 
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As shown in Table 3.7, direct employment in the retail and service branches of the boating 
industries such as marinas and dealerships are small shares of the county's retail sector (see 
table 2.4) employing approximately 650 individuals in 2011. As noted by stakeholders, the 
recent recession reduced employment and establishment numbers in this sector.   
 
Table 3.7 Ocean County Boat Dealerships and Marinas, 2007 and 2011 

 
 
Boating also has large multiplier effects through trip expenditures, and Ocean County retains a 
significant share of revenue generated by New Jersey boating.  Ocean County has more 
registered boaters than any other county, and it hosts almost a third of New Jersey boats 
during the boating season (HDR 208).  Barnegat Bay and Ocean County destinations are top-
ranked destinations for New Jersey boaters and capture additional out-of-state visitors on 
whom less data is available.  Thus, it is estimated that the region captures hundreds of millions 
of dollars of trip expenditures annually. Tables 3.8a and 3.8b provide data from the 2006 
boating season, demonstrating the value of boating to the region’s economy. 
 
Table 3.8a Presence of Boats in Ocean County; 3.8b Trip Expenditures by Boaters. Data Source 

HDR (2008).  
 
 
 

 
The recession and slow pace of economic recovery was the most widely discussed economic 
stressor, though several business stakeholders have noticed a recent slight upturn in economic 
conditions.  Several stakeholders noted that the region's dependence on construction and new 
housing development for economic growth leaves it especially prone to boom-and-bust cycles. 
Table 3.9 illustrates changes in the construction sector. While Ocean County led all counties in 
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the state in construction of new housing units for six of the thirteen years shown and never 
went below third place, the sector nevertheless experienced a marked downturn starting in 
2007. Construction employment declined in both absolute and relative terms, and none of the 
construction indicators have yet recovered to their 2006 levels. Many stakeholders commented 
on the role of teardown redevelopment in driving construction of new high-priced housing on 
parcels previously occupied by smaller, less expensive houses.  Relative to new housing, 
demolition has offset up to a third of new housing construction, though this trend does not 
imply that all demolition was conducted for the purposes of redevelopment.   
 
Table 3.9 Trends in the Construction Sector of Ocean County, 1990, 2000 to 2011 

 
  
For tourism, another of the region's major industries, impacts of the recession have been more 
mixed. A tourism stakeholder noticed that local visitors to the shore have actually increased. A 
fisheries and tourism stakeholder explained how people shift out of higher-cost purchases, 
creating more business for lower-cost alternatives. Creative solutions like package tourism and 
recruitment of new customers were cited by several. However, many noted that these were all 
short-term survival strategies, and that long-term planning for climate change or other 
considerations was a casualty of the downturn. Tables 3.10a and 3.10b present tourism data for 
the region.  
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Tables 3.10.a Ocean County Tourism Expenditures, 2007-2011 and 3.10.b Tourism 
Establishment and Employee Trends, 2001-2011. 
 
 

 
Others noted that the impacts of the recession have been uneven across and within economic 
sectors. Although employment in health care and education have been relatively stable (see 
table 3.5), government budget cuts were mentioned by half of the respondents in the context 
of the recession. They have or will affect vital services like beach replenishment, parks staffing, 
and emergency preparedness, with potential fallout for important economic sectors. 
 
The region's dual role as a tourism and recreation area and home to a large and growing 
population of permanent residents creates potential for conflicts between these dominant 
sectors, particularly with regard to environmental threats to the bay as noted in the next 
section. While many stakeholders emphasized the importance of the bay to the tourism 
economy, others focused on the damage that development wrought on the bay.   
 
 
 
 
 
 
 



 

 43 

Table 3.11 Economic Stresses: Stakeholder Quotes 

This is the first winter that I think that everybody could actually take a deep breath and 
say, “Ok,” [sighs], “I think we have a couple of dollars in the bank, and it’s April and 
we’re starting the season, instead of saying, ‘I’m in a hole.’” Tourism and Economic 
Development Stakeholder 

You know, if we were maybe in a really good economy and things were booming, maybe 
those discussions [about climate change] would be happening more. But I’m going to 
guess, and I’m just guessing, that right now everybody is still in survival mode. It’s been 
a long road. Tourism and Fisheries Stakeholder 

From a New Jersey perspective, [climate change] is just not something that I’m hearing, 
not from our membership. And again, that could be just because everybody has been so 
focused on survival. And just getting through the economic downturn, and the loss of 
their customer base, and how they get new customers or keep their old customers. 
Tourism and Fisheries Stakeholder 

I mean, you know, we’re suffering hard economic times at the Shore in certain parts, [in 
certain] industries anyway. The commercial fishing industry, and especially the 
recreational fishery, have had a real collapse in this economy already. So the economy is 
playing a big part of the role [in fisheries decline]. Fisheries Stakeholder 

…You [have to] plan for the future. We don’t. And because the economy has basically 
affected people so badly, we’re worrying where your next paycheck is coming. Fisheries 
Stakeholder 

And we’re in an economic climate where everybody’s downsizing. So people are taking 
on more responsibilities already. One more [mitigation project] is one too many. 
Emergency Manager 

…Our primary business is tourism, our secondary business is home-building, driven by 
the tourism market.  Of course we know what happened to home building.  We got our 
eggs back in one basket again. Economic Development Stakeholder  

…I think most of the economic activities have shifted to being tourism-related and 
home-building related, people living in the area running small businesses. Conservation 
Stakeholder 

It’s unfortunate, but, and you see the swings when the… that so much of New Jersey’s 
economy is built around home building and real estate and continued development.  
And a part of that is driven by the New York market, pushing people into New Jersey. 
Conservation Stakeholder 

 

3.3 Environmental Changes 
 
Environmental changes in the region were a third type of stress that stakeholders emphasized. 
Although it is somewhat beyond the scope of the present study to detail these environmental 
threats to the bay, many of which have been examined by other recent studies and reports (see 
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Barnegat Bay Partnership 2011), it is nonetheless useful to identify key stresses that 
stakeholders cited in our discussions. 
 
As noted above, environmental stresses in the region are intertwined with demographic and 
economic changes. Widespread development and rapid population growth were the most 
commonly discussed environmental stresses facing the region, and many of the more specific 
problems identified by stakeholders were linked to these factors, including stress on water 
quality and quantity. The adverse impact of development was most often noted in connection 
to Barnegat Bay. 
 
Threats to the ecological health of Barnegat Bay were mentioned by half of the stakeholders. 
Development increases non-point-source pollution of the bay, such as pesticides and fertilizers 
from lawn run-off. It also blocks the retreat of marshes, which are important fish nurseries on 
the bay. The Oyster Creek power plant was also cited as a significant threat to the bay by 
fisheries stakeholders and natural land managers because it expels heated water directly into 
the bay while removing phytoplankton. Several respondents feared that eelgrass die-off, which 
has already affected much of the bay, could intensify, destroying the fish stocks important to 
the bay’s economy.  Many of those who cited these dangers also commented on the decline of 
shellfish like oysters and surfclams, both of which were historically of vital economic 
importance. Degradation of water quality, the lack of flushing of the bay, and increased water 
temperature from the nuclear power plant were cited as the key causes of decreasing shellfish 
populations. 
 
Sediment transport and its alteration through jetty construction and development in general 
were discussed in relation to the bay and the marshes by over a third of respondents. Because 
natural sedimentation is a complex and ever-changing process, respondents reported mixed 
effects from human activities.  Both more and less flushing of the bay can result from jetty 
construction, which has implications for fish hatcheries, which need circulation to maintain 
water quality.   
 
The impacts of shore armoring was a particular issue of concern for stakeholders. Erosion can 
be exacerbated by shore armoring, which interferes with sediment transport.  Altering 
sediment flows can also reduce marsh cover, as marshes need to be fed by sediment 
accumulation.  Natural land managers were especially concerned about this impact.  The region 
depends on beaches for tourism and on a healthy bay for fisheries, and coastal engineering 
projects have mixed and sometimes unforeseen effects on them.  
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Table 3.12 Environmental Stresses: Stakeholder Quotes 

So I’ve seen a lot of changes. A lot of changes in the sea life, a lot of changes in what’s 
going on around Barnegat [Bay]. Obviously it’s mostly from the development that has 
taken place. Economic Development Stakeholder 

…In order to really protect Barnegat Bay, you can’t continue to pave over the 
watershed. You can’t continue to have unfettered development. You’ve got to put 
larger investment into remediation of existing pollution sources. Conservation 
Stakeholder 

. . . if marshes have no room to go back, like in the north end of the bay where there 
are houses and roads, they have no place to go.  Natural Lands Manager 

Where the wetlands are located now [if] the water became higher and higher, it would 
just go further and further back. Except nowadays you run into bulkheading. Or you 
run into manmade construction. So they don’t have any place to migrate…as the water 
gets higher and higher. So how is that going to affect the nursery areas of the species 
that are economically valuable both to the recreational and the commercial fishing 
industry? Fisheries Stakeholder 

In the 1930s there was the eelgrass blight, die-off….Today, there are small remnants of 
the eelgrass. We know in the 1930s where it was, but even then the eelgrass wasn’t as 
expansive as it used to be….It’s been through probably 200 years of decline. Natural 
Lands Manager 

There is less shellfishing, the oysters have moved.  The water temperature change is 
important for that.  There have been studies to show how much phytoplankton is killed 
off when sucked into the nuclear power plant. Natural Lands Manager 

We need to get fresh water back . . . we need to get unfiltered, un-boiled water back 
into the bay. We need to either build the cooling towers or shut down Oyster Creek 
immediately. Fisheries Stakeholder 

We have armored concrete angled to deflect wave energy.  It’s OK in open areas, but in 
areas with bulkheads, they create eddy effects that lead to undermining.  It’s not 
thought out.  Natural Land Manager  

People are going to want to respond to [more storms] by armoring . . . the coastline. 
Which is very, very expensive but also has a huge impact on the geomorphology of the 
coast, as it accelerates the erosion of the barrier islands in particular. Conservation 
Stakeholder 

And since the inlet, the new south jetty was done, and they dredged the inlet, there’s 
more water that comes in and out of that. So we see higher highs and lower lows ever 
since they rebuilt the inlet. It’s changed things…The ability of the inlet to try to flush 
itself better. And it’s helped. Fisheries Stakeholder 

The change that I’ve observed on Barnegat Bay, with water flow, cause… has more to 
do with jetty building….When they put the new jetty in, in the nineties, they altered 
the flow that comes out of the bay. It’s a lot slower. It’s also a lot easier to pile [the 
water] up. So we see more flooding in certain areas of the bay. Fisheries Stakeholder 
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4. Economic Vulnerabilities and Options for Climate Hazard Mitigation 
and Climate Change Adaptation 
 
The projected pattern of future climate change interacting with existing exposures and 
vulnerabilities will result in climate change impacts that will be unevenly experienced across the 
region. This chapter draws on stakeholder responses to identify the key economic assets and 
activities at risk and options to enhance their resilience. We also asked stakeholders which 
types of occupations, and demographic or social groups were expected to be most affected by 
the risks under discussion. The final section of the chapter addresses the special case of 
emergency management and hazard mitigation, where risks to individual health and welfare 
are of central concern.  

4.1 Assets at Risk 
 
Stakeholders discussed key assets at risk due to climate change and climate variability in terms 
of two major categories: natural features and the built environment. In this section, we 
describe these assets and the types of risks and response options that were identified by 
stakeholders.  Table 4.1 presents a summary of the stakeholder responses to our questions 
about key assets at risk and occupational or demographic groups that are vulnerable to the 
risks. 
 
4.1.1 Natural Assets 
 
The most frequently mentioned natural assets were the region’s beaches, which are vulnerable 
both to ongoing and gradual sea level rise and severe coastal erosion resulting from increased 
frequency and severity of storms.  Beaches are understood to be a key draw for both tourists 
and homeowners. One stakeholder suggested that the value of waterfront homes, boardwalk 
businesses, and tourist visitation numbers would all tend to collapse in localities where the 
beach disappears. 
 
Saltwater intrusion represents a second severe impact on the region's natural assets, 
particularly its estuary and tidal marsh areas. As wells and aquifers become depleted due to a 
combination of lack of recharge and excessive use under drought conditions, saltwater creeps 
in and degrades drinking water.  Similarly, as inputs of fresh water into rivers decrease, brackish 
water penetrates further upstream, transforming estuarine and tidal marsh habitats, 
eliminating certain species and favoring others.  As the tidal marshes get pushed inland they 
run into roads and development.  With nowhere to go, they are at risk of disappearing along 
with their vital functions, including storm protection, fish nurseries, and water filtration. A 
decline in forest health in the region was also noted. Stakeholders commented that saltwater 
intrusion is killing cedars, while drought and pinebark beetle infestation (favored by warming 
winters) are stressing trees in the watershed of the Bay. 
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Table 4.1 Assets at Risk and Vulnerable Groups: Stakeholder Perceptions  
 

Natural Assets at Risk 

Beaches are under threat both from gradual sea level rise and from increased storm 
activity.  Over one-third of respondents were concerned about beach destruction. 

Fresh water is vulnerable to salt-water intrusion and drought. A quarter of 
respondents mentioned it, and some saw it as the most dangerous effect of climate 
change. 

Marshes are under threat from saltwater inundation.  They provide storm protection, 
fish nurseries, water filtration, and habitat for migratory birds, so all of these services 
are under threat as well. 

Forest health is declining due to saltwater inundation (Atlantic cedar), drought, and 
pest outbreaks exacerbated by warmer winters and stressed trees (Pinelands). 

Marine life important for New Jersey’s commercial fisheries is migrating due to warm 
temperatures. Bluefish were noted as especially at risk. 

Built Assets at Risk 

Roads and mass transit, especially older municipal and county roadways and 
approaches to bridges are vulnerable to flood.  Cited by one third of respondents and 
all emergency managers. 

Bridges can become inaccessible because the approaches become flooded. 

Waterfront property was cited by a quarter of respondents. It is in obvious danger 
from sea level rise and more frequent storms. 

Recreational infrastructure such as boardwalks, marinas, and public access areas of 
parks were cited by a third of respondents, especially tourism and natural lands 
stakeholders. 

Tax-base destruction as a result of damage to taxable property and loss of property 
through retreat and buyout was cited as an asset at risk for municipalities. 

Municipal facilities are often located in flood-prone areas, emergency managers 
pointed out. 

Vulnerable Groups 

Small business owners were cited by half of respondents as most vulnerable to 
damages to assets due to smaller reserves of resources for recuperation. 

Low-income residents, property owners and users of public amenities were 
mentioned by almost a quarter of respondents. 

Municipalities and people who rely on them were perceived at high risk by several 
stakeholders because of large potential budget gaps from damage to facilities and 
losses to the tax base. 
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Stakeholders involved in fisheries also noted shifts in marine ecosystems, leading to the decline 
of some economically important species, notably surfclams (historically New Jersey’s highest 
revenue-generating seafood product but now decimated by a steep decline in landings), as well 
as crabs and bluefish.  Some of the species arriving from the south also have economic value, 
although the local fishermen, boats and markets are not yet set up to capitalize on them. 
 
While the economic value of natural assets is difficult to quantify (Johnson et al. 2012), a recent 
study of the value of ecosystems services in New Jersey by Constanza et al. (2006) provides 
estimates for the per acre value of a range of ecosystem services that were identified by 
stakeholders as being at risk from climate change. The Costanza et al. (2006) study notes a 
broad spectrum of services that are provided by the state’s beaches, wetlands, forests, 
grasslands, rivers, and estuaries, including regulation of climate and atmospheric gas, 
disturbance prevention (e.g., flood and storm surge protection), freshwater regulation and 
supply, waste assimilation, nutrient regulation, species habitat, soil retention and formation, 
recreation, aesthetic value, and pollination. The study developed estimates of the average per 
acre and total values of these services within the state based on techniques including value 
transfer methods (i.e., application of values from studies conducted in analogous regions), 
econometric analysis and spatial modeling (Costanza et al. 2006). Some of the highest per acre 
value ecosystems in the state include beaches ($42,147/acre-year), followed by estuaries 
($11,653/acre-year), freshwater wetlands ($11,568/acre-year), saltwater wetlands 
($6,131/acre-year), and forests ($1,476/acre-year). In total, the report estimates that New 
Jersey’s ecosystem services provide economic value for the state of between $11.4 and $19.4 
billion per year (Costanza et al. 2006, p. 18).  
  
Within the Barnegat Bay region, there were 66,732 acres of freshwater wetlands and 21,449 
acres of saltwater (tidal) wetlands as of 2007 (Barnegat Bay Partnership 2011). Based on the per 
acre values from Costanza et al. (2006), we estimate that the services associated with 
freshwater wetlands in the Barnegat Bay region have an economic value of nearly $772 million 
dollars/year and tidal wetlands have an economic value of approximately $131.5 million 
dollars/year. Table 4.9 in section 4.1.4 below provides a comparison of the value of preserving 
wetlands versus the costs of restoring them. Natural assets also provide opportunities for 
commercial and recreational usage; economic values associated with these assets can be 
estimated based on commercial and recreational fishing, outdoor recreation, and tourism 
activities, as discussed in section 4.2 below on activities at risk. 
 
 
4.1.2 Built Assets 
 
The built environment is also vulnerable to the effects of climate change and climate hazards.  
At the top of the list of concern are transportation routes: roads, mass transit and bridges.   
Some barrier island communities have only one approach and could therefore become entirely 
cut off during a storm.  This poses a dangerous obstacle to evacuation efforts and can do 
significant damage to tourism-based businesses. Stakeholders noted that approaches to bridges 



 

 49 

and causeways are particularly prone to flooding, as are older municipal or county-owned 
roads, which typically have not been upgraded in a long while. 
 
Sea level rise and more frequent and severe storms also threaten waterfront housing, much of 
which is comprised of high value second homes and investment properties.  Threats to 
recreational infrastructure, such as boardwalks and marinas, were also often mentioned. 
Stakeholders also pointed out that homes situated in low lying areas, including some that never 
previously flooded, will “find the bay in their basement” with greater frequency, potentially 
leading to plummeting property values.  
 
Table 4.2 provides estimates of the total number of acres and the value of property at risk from 
sea level rise in Ocean County by the end of the 21st century. These estimated values are 
derived from the coastal property model developed by Neumann et al. (2010a) for U.S. E.P.A. 
The model provides a Microsoft-Access-based user interface which allows users to investigate 
assets at risk, and the costs and benefits of adaptation strategies in a number of coastal 
counties in New Jersey (see Neumann et al. (2010a) for more detailed description of the model 
and the data sources for the model). The values provided in Table 4.2 are derived from 
Neumann (2010a, p. 449-450). The values are expressed in 2007 dollars based on a discount 
rate of 3.0, and provide a general estimate of the value of property at risk in Ocean County 
under different scenarios of sea level rise based on the IPCC (2007) and Rahmstorf (2007) 
model projections. In considering the values in Table 4.2, it should be noted that the model 
tends to overestimate acres at risk because the elevation data is based on 30m digital elevation 
modeling (DEM), rather than more accurate, finer resolution LIDAR modeling which is now 
underway in the region. The model also does not include costs associated with storm surge. The 
results show that even under the low scenario of sea level rise, more than 18,976 acres of land 
and more than $86.8 billion dollars in property within the study region will be at risk from sea 
level rise by 2100. The findings of Neumann et al. (2010) are also noteworthy because they 
indicate that there is relatively little increase in the value of property at risk between the lowest 
and highest scenarios of sea-level rise.  
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Table 4.2 Sea Level Rise Projections and Acres and Value of Property at Risk in Ocean County 
by 2100 
 

Scenario 

Projected 
Sea Level 
change   
(above 
1990 
base) 

Total 
acres  
at Risk 

Value of 
Property 
at Risk 

Low SLR Scenario 
(MAGICC: Mid Ice 
Melt, B1, 2 
degrees C) 

 
 
29 cm 

 
18,876 

 
$86.8 billion 

Middle SLR 
Scenario 
(MAGICC: High Ice 
Melt, A1B, 4.5 
degrees C) 

 
 
67 cm 

  
22,690 
  

 
$88.3 billion 
 

High SLR Scenario 
(Rahmstorf: Max) 

 
126 cm 
 

 
28,127 
 

 
$89.7 billion 
 

   Source: Neumann et al. 2010a. 
 
While sea level rise represents a critical threat to the region's future, many stakeholders also 
emphasized the region's current vulnerability to flooding as the result of increasingly frequent 
extreme storm events. Stakeholders noted that repeated storm damage is a threat to both 
residents and municipal tax bases. They suggested that repeated damage to taxable property 
may lead homeowners to sell their property at a loss or seek buy-outs, which would undermine 
municipal tax bases.  
 
Table 4.3 provides information on the total value of flood losses over the past 24 years by 
municipality in the region, based on National Flood Insurance data. While these data only 
reflect losses covered by the NFIP --and thereby miss uninsured property, infrastructure, and 
other types of damages --they nonetheless reveal substantial flood costs throughout the region. 
During the 24 year period, loss payments in Ocean County totaled more that 115 million dollars, 
or roughly 7 percent of the loss payments for the state as whole. The table also reveals that just 
over 1 in 5 policies that are in force in New Jersey are in Ocean County, suggesting relatively 
high levels of participation in the program. Up through July 2012, total payments per policy in 
force in Ocean County averaged approximately $2,179. This value is considerably lower than 
the average for the state of New Jersey, which is approximately $6,841. Among Ocean County 
communities, Manchester, Tuckerton, and Eagleswood incurred the highest payments per 
policies in force. 
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Table 4.3 National Flood Insurance Program: Profile of Ocean County Communities 

NAME Flood Loss Payments 
(1978 to July 2012) 
in dollars 

Policies in 
Force 
(2011) 

Payments/
Policies in 
force 

Covered by 
Insurance (2011) 
in dollars 

Barnegat  492,351   517  952  130,405,300  

Barnegat Light  309,902   1,039  298  282,007,100   

Bay Head  1,872,304   614  3,049  175,511,900   

Beach Haven  8,039,110   2,486  3,234  622,717,400   

Beachwood  39,785   49  812  13,410,300   

Berkeley  2,602,246   2,289  1137  540,804,000  

Brick  3,219,712   3,763  856  984,550,400  

Toms River  20,018,094  8,919  2,244  1,966,244,600  

Eagleswood  718,918   102  7,048  23,660,800   

Harvey Cedars  1,331,380   1,080  1,233  309,737,800   

Island Heights  103,430   98  1,055  24,865,200   

Jackson  55,790  113  494  29,731,600   

Lacey  4,340,895  2,887  1,504  710,321,300   

Lakehurst  -     1  -  250,000   

Lakewood  61,977   145  427  35,165,500   

Lavallette  1,983,806   1,994   995  454,120,000  

Little Egg Harbor  16,418,219   3,095  5,305  631,582,200   

Long Beach  13,006,937  7,314   1778  2,017,815,300   

Manchester  1,113,105  83   13,411  20,574,100  

Mantoloking  1,665,207  500  3,330  152,576,100  

Ocean  6,243,001   1,454  4,294  351,740,000   

Ocean Gate  472,740   387  1,222  78,726,200   

Pine Beach  2,243.55   28  80  8,900,800  

Plumsted  434,185  70   6,203  17,094,900  

Point Pleasant  686,370.70   1,702  403  423,857,700  

Point Pleasant Beach  5,595,148   1,718   3,257  411,940,600  

Seaside Heights  1,377,376  1,426   966  235,888,100   

Seaside Park  1,660,394  1,407  1,180  307,319,200   

Ship Bottom  4,286,778  1,582  2,710  395,229,900   

South Toms River  141,389   32  4,418  6,266,300  

Stafford  10,209,297   3,631   2,812  880,801,300  

Surf City  1,488,974  1,712   870  457,203,800  

Tuckerton  5,134,778  606   8,473  130,763,900   

Ocean County 115,125,842    52,843  2,179  12,831,783,600   

New Jersey 1,614,618,722 
 

236,068 
(2012) 

6,841 52,426,331,600 
 

Source: National Flood Insurance Program (2012). 



 

 52 

 
 
A number of our stakeholders emphasized that inland flooding as a consequence of Hurricane 
Irene had a surprisingly large impact on municipalities in the region. Figure 4.1 illustrates spatial 
patterns of flood losses, based on data from the NFIP, during the period from July 2011 to July 
2012, encompassing the period during which Hurricane Irene and Tropical Storm Lee affected 
the region. The figure confirms that flood damages were significant for a number of inland 
municipalities but also reveals substantial losses for a number of communities located along the 
coast and barrier islands. 
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Figure 4.1 Total Flood Losses (NFIP) in Ocean County, July 2011 to July 2012 Data Source: NFIP 
2012. 

 
Table 4.4 Assets at Risk: Stakeholder Quotes 

Natural Assets at Risk 

When you don’t have a beach to sit on, it doesn’t attract many visitors. Economic 
Development Stakeholder 

There’s a period of time in between storms that the beach replenishes ... If that starts 
getting less and less, . . . then you’re going to have more beach destruction, more 
houses collapsing into the sea, just because you have more storms. Fisheries 
Stakeholder  

You’re going to have changes in freshwater inputs into the estuaries. . . . if the 
freshwater inputs slow down, the salt concentration from the estuary will move 
further up the river, therefore increasing treatment costs and reducing the 
freshwater supply. Conservation Stakeholder  

You’re changing . . . ecosystems, and an area that was not flooded before, it is 
brackish water or salt water.  We’re starting to see some areas of the county where 
you’re starting to see some tree die-back right along the edge of the marsh. Economic 
Development Stakeholder 

Built Assets at Risk 

The stuff that is closest to the coast, which may not have been in a flood area before 
but is starting to transition to a flood area. …When we’re thinking regionally about 
our assets, we’re thinking about roads and bridges, and those are of course essential 
for evacuation….Areas that are vulnerable, areas that may now be vulnerable that 
weren’t vulnerable before. Economic Development Stakeholder 

The bridges and causeways themselves are not the [main] problem, it’s the 
approaches, you know. When you come down off the bridge, it always floods. So, 
you’re not going to get people out, even though the bridge is high. Real Estate 
Stakeholder 

My big concern has always been on the oceanfront, where we’ve seen enough 
storms, we’ve done enough post-storm surveys, we know the damage that has 
happened, will continue to happen. Real Estate Stakeholder 

If you think about people, much of the housing stock [that] is built on barrier islands, 
in particular Long Beach Island, those kind of places, are second homes and are 
investment properties. …I don’t know what happens when those houses start going 
under water or get destroyed. Conservation Stakeholder 

We’ll lose recreational access for the public. Natural Lands Manager 

…The police department, the fire department, the garage that houses the local 
ambulances. Normally towns utilize property that is not as favorable to somebody 
putting a house on, so it’s usually low-lying. Emergency Manager  

 



 

 54 

4.1.3 Vulnerable Groups 
 
Physical, economic and social factors that influence the relative vulnerability of individuals to 
climate risks are well documented in the scientific literature and include, for example, location 
in a floodplain or near a coast, income level, and presence of health impairments or other 
conditions (e.g., non-native English speaker). In addition to many of these factors, our 
stakeholders also pointed out vulnerabilities of some other types of groups including small 
business owners, municipal governments, and homeowners. 
  
The most frequently mentioned group was small business owners. Small businesses were 
regarded as highly vulnerable to physical damage as the result of climate change because they 
cannot afford to make repairs in situations where they are not insured or are under-insured, 
nor can they afford to put in storm protections such as bulkheads. 
 
In Table 4.5 below, the predominance of small businesses in Ocean County in 2010 is illustrated 
with data on proportion of establishments and of employees falling into various size categories.  
More employment in Ocean County is accounted for by small businesses of 1-20 employees 
than is true in the rest of the state. Employment in Ocean County’s tourism sector, represented 
here by food, accommodation, and recreation/arts/entertainment businesses, is even more 
concentrated in small enterprises relative to the rest of the state. 
 
Table 4.5. Distribution of Ocean County Establishments and Employment by Size, 2010 
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Already battered by the recession, local governments and those who rely on them were also 
thought to be among the most vulnerable.  Under a future scenario of sea level rise coupled 
with increasingly frequent and severe storms, they will be simultaneously stressed by losses to 
their tax-base, damage to facilities, and increased service demands.  
 
Also among the vulnerable groups identified were individual homeowners, especially those 
with low incomes and/or limited insurance coverage and resources for repairs. These low-
income or fixed-income property owners are often already experiencing property-related 
economic pressure because of rising property taxes that typically accompany re-development 
in shore communities. 
 
Table 4.6 Vulnerable groups: Stakeholder Quotes 

Vulnerable Groups 

Small businesses in particular. Their lifeblood may be where they are. The bulk of 
their business is three or four months out of the year. If they’re starting to get a lot of 
damage, it could drive them out of business…The larger ones may be able to do more 
bulkheading to give them more protection. Economic Development Stakeholder 

Independent properties . . . are more at risk because they don’t have the capital 
behind them, as a large chain hotel,  . . . if you have to physically put the money up 
before you can get reimbursed, that’s the issue. So the smaller people don’t have the 
ability to do that. Tourism Stakeholder 

I would definitely think a small marina would be more vulnerable. They have less 
income, likely less services, less things that can help them. Fisheries and Tourism 
Stakeholder 

Local government – which is barely hanging on now – will be among the most 
adversely affected.  When individuals are hit, they’ll appeal to local government, so 
they’ll be dealing with tax appeals, evacuation... and more demand on local services. 
Conservation Stakeholder 

The most vulnerable? Definitely that would include individual homeowners, 
especially the low income.  The wealthy will just put up sea walls.  Conservation 
Stakeholder 

 
 
4.1.4 Options to enhance resilience of assets 
 
Stakeholders identified a wide range of strategies for enhancing resilience of assets in the face 
of climate change. A number of these strategies entail investments in new infrastructure or 
implementation of other "hard" measures such as shore armoring. Others focused on "soft 
measures" such as implementation of living shorelines or changes in land use planning and 
controls.  In this section, we describe the major types of options that stakeholders suggested. 
While the costs associated with implementation of many of the proposed options were not 
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available, we have included estimates of these costs in those cases where data were available 
from other sources. 
 
 
Table 4.7 Options to Protect and/or Enhance Resilience of Assets 
 

Options to Protect Assets 

Beach replenishment/nourishment was discussed by almost half of the respondents.  
While common in the present, many potential future problems were identified. 

Shore armoring was mentioned by almost a third of respondents. It was considered 
effective in the short to medium term, but sometimes with unintended 
consequences. 

Retrofitting existing infrastructure and building new houses to code was suggested 
by a third of respondents.  Examples were given for houses, sewers, and storm drains.  
Some advocated continually raising the standards embedded in building codes. 

New infrastructure, such as bridges, roads, floodgates and desalination plants, was 
proposed. 

Restoration of marshes, dunes, and living shorelines to enhance their storm 
protection capabilities was suggested by a variety of stakeholders. 

Relocation/retreat was discussed as a prudent option, but one that is normally taken 
as a last resort. Measures like rolling easements were proposed. 

Land use planning and control: Stakeholders in conservation and real estate 
advocated for regulation and restriction of development to allow for the preservation 
of open space and its beneficial services (e.g., stormwater management) and to 
disallow construction or rebuilding in sites of repeated storm damage and flooding. 

Insurance practices can reduce the incentive to building in high risk areas either by 
allowing premiums to rise and/or by policy reform. 

Research to identify and test cost-effective adaptation options or provide additional 
climate change information was suggested by almost a quarter of respondents. 

 
 
Technological and Infrastructure-related measures 
 
Beach replenishment/nourishment was mentioned by a near majority of respondents as an 
important option that would protect coastal assets.  While many conceded the short term 
effectiveness of this common practice in buffering storm impacts and maintaining a 
recreational space valued by tourists and residents, respondents also raised concerns about its 
durability and affordability, pointing to rising costs as safe and environmentally sound source 
material becomes harder to find.  One stakeholder working in real estate acknowledged the 
political popularity, in fact near-necessity, of continuing with beach replenishment projects, but 
at the same time urged for policy reform to redistribute the burdens and benefits, such that 
those receiving the latter should pay for the former.  Specifically, this stakeholder advocated 
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that the communities receiving the beach replenishment projects should pay a much higher 
share rather than the current practice of relying on the federal government (and hence the 
general public). This would provide “incentives for communities to be more creative in their 
planning, and how they view what’s going to happen in ten years, in twenty years, in fifty 
years.” The stakeholder bemoaned the “false sense of security” sustained by the practice.  
  
Shore armoring was also frequently mentioned as a strategy to increase resilience in the face of 
climate change.  However, many respondents pointed out the shortcomings of this approach, 
including the expense and the tendency for bulkheads and other hard structures to undermine 
adjacent areas through erosion caused by eddy effects.  A few noted the inequity of the 
impacts on homeowners, small businesses, and others who do not have access to bulkheading, 
but at the same time lose property and/or enjoyment value due to the installations of wealthy 
neighbors.  
 
The study by Neumann et al. (2010a) illustrates the potential costs and benefits associated with 
beach nourishment, shore armoring, and other adaptations including elevation of properties 
and abandonment of properties in Ocean County, over the course of the 21st century. The 
results of their study indicated that there will be a significant financial incentive to protect 
coastal properties because of the relatively high value of both property and infrastructure in 
this region (Neumann et al. 2010a). Using a range of sea level rise scenarios, they estimate that 
the total costs of adaptation will range from $633 million (under a low sea level rise scenario) to 
$1.32 billion (under the high scenario) in Ocean County by 2100. While these are relatively large 
sums, the value of the property and infrastructure that the investments would protect is 
estimated to be on the order of $86 to $89 billion dollars (see Table 4.2). Although there is 
clearly a private incentive to invest in protective infrastructure, the significant ecological costs 
of such infrastructure was noted by many of the stakeholders (see chapter 3 above). Hard 
structures pose a direct threat to wetlands and impinge their ability to accrete or migrate in 
response to sea level rise; shore armoring threatens the long-term viability of ocean and 
estuarine beaches (Neumann et al. 2010a).  
 
Improvement of infrastructure through retrofits and rebuilding to strengthened construction 
codes was mentioned by a number of stakeholders. Several stakeholders pointed out that 
existing codes already reflected improved capacity to withstand storm damage compared to 
the past.  A few went on to argue for continual strengthening of building codes. Federal 
programs, such as the NFIP, can introduce requirements and incentives that might be politically 
difficult to accomplish at more local levels due to the costs they impose. Stakeholders noted, 
for example, the NJDEP is under massive pressure to drop its increased freeboard requirement. 
 
The imperative to retrofit water and sewer systems to cope with sea level rise and storm surges 
(increasing the diameter of storm drains, installing flex valves, etc.) was noted in the same 
breath as the major public cost and scope of such an undertaking.  For private firms, one 
stakeholder proposed low-interest loans such as those made by the Economic Development 
Agency as a way of funding “industrial retooling to adapt to climate change.”  Detailed 
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engineering-based feasibility assessment for specific municipalities would be required to 
estimate the costs associated with various types of retrofits and rebuilding strategies. 
 
Another adaptive strategy proposed was the construction of new infrastructure, in particular 
the creation of additional evacuation routes by building new bridges and roads. This option is 
also relevant to emergency management. 
 
Soft Infrastructure, Land Use and Policy Measures 
 
Restoration efforts, including living shorelines and breakwaters, were proposed to increase the 
resilience of natural ecosystems. Restoration of tidal wetlands, possibly using dredged material, 
would counteract ongoing loss of habitat as well as provide storm buffers.  Protecting and 
restoring dunes has similar effects.  One stakeholder explained the utility of regulatory 
approaches, such as requiring that beach nourishment projects include dune-building 
components or rules preventing towns from bulldozing dunes. Demonstration projects can 
show the benefits of working with nature in this way and possibly inspire others to follow suit.  
 
The costs and benefits associated with protection versus restoration of wetlands are illustrated 
in Table 4.8. Once a wetland has been lost or destroyed, the costs of restoration can be very 
high on a per acre basis. Table 4.9 provides a range of per acre cost estimates for both coastal 
and inland restoration in the Barnegat Bay Region, based on data from recent studies of the 
costs of restoration for coastal and inland areas in neighboring New York State (Leichenko et al. 
2011). Coastal restoration costs are particularly high. An example of the mid-range is the cost of 
recreating the marsh islands of Jamaica Bay-Elders West, New York: about $10 million for 40 
acres ($250,000/acre). An example of a high range project is a 4-acre restoration of the tidal 
wetlands in Soundview Park, New York: including excavation costs, the total would be about $5 
million for 4 acres, or $1.25 million/acre. The inland costs are based on costs associated with 
restoration of wetlands around the Peconic River on Long Island. Costs of freshwater 
restoration of wetlands are estimated to range from $3,500 to $80,000 per acre and may entail 
activities ranging from simple preparation of soils and planting new vegetation to replacement 
of soils, grading, and planting trees (Brookhaven National Laboratory [BNL] 2001).  While the 
annual ecosystem-service benefits of these projects are relatively small, a more useful metric of 
comparison is to assess costs relative to the total benefits over many decades. For example, a 
project that yields $58,000 over a single year, would provide benefits of $580,000 over a ten 
year period.  
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Table 4.8 Illustrative example of Benefits of Preservation and Costs and Benefits of 
Restoration: Wetlands  

Type of 
Wetland 

Total 
acres  

Value of 
Ecosystem 
Services 
per 
acre/year 

Total value 
of ecosystem 
services per 
year 

Cost of 
Restoration  
(per acre) 

Costs of a 5 
acre 
restoration 
project  

Ecosystem 
Service 
Benefits of a 
5 acre 
project (per 
year) 

Freshwater  
Wetland 

66,732 $11,568 $771,956,000 
$3,500 (low) 
$80,000 
(high) 

$15,000 
(low) 
$400,000 
(high) 

$57,840 

Tidal 
wetlands 

21,449 $6,131 $131,504,000 

$250,000 
(mid) 
$1.25 million 
(high) 

$1.25 million 
(mid) 
$6.0 million 
(high) 

$30,655 

Sources: Barnegat Bay Partnership 2011; Costanza 2006; BNL 2001; United States Army Corps of Engineers 2010; 
Authors’ calculations of total cost 
 
Land use planning and controls, such as open space protection and other forms of regulation of 
development, were discussed by several stakeholders. One environmentalist urged New 
Jerseyans to establish an absolute limit to development based on “the notion of carrying 
capacity” before-- to take the crucial case of the water supply as an example, saltwater 
intrusion destroys aquifers and reservoirs.  Conservation easements and acquisitions of 
repetitive loss properties can be used to create and protect “dune zones, ” catch basins and 
other forms of open space which provide ecosystem services that enhance resilience.  Statutes 
and regulations can proscribe reconstruction in locations vulnerable to continual erosion, 
flooding and storm damage.  Authority can be exercised at the state level, as in the example 
given by one stakeholder: DEP could establish 300-foot buffers to saltmarshes to allow for their 
retreat as they become battered and submerged by the sea. Local authorities can use zoning to 
establish set-back and elevation provisions and, along the lines mentioned above, other 
“platinum standards for building construction.” 
  
Retreat and relocation, either by policy prescription or voluntary action, is regarded as the 
option of last resort for coastal and flood-prone zones.  Buyouts of repetitively flooded 
properties and rolling easements can ease the way, but, stakeholders acknowledged, the 
threshold of economic pain and political resistance may not be crossed until catastrophe 
strikes, sometimes repeatedly.  Moreover, on barrier islands there may literally be no place of 
refuge, and everywhere there are ecological costs of retreating from the shoreline (e.g., 
destroying marshes).  Certainly, the high level of development/build-out and high property 
values in New Jersey make relocation problematic. Neumann et al. (2010a) provides estimates 
of the value of abandoned properties under the scenarios of sea level rise. Based on the 
assumptions of their model, abandonment is recommended when costs of protection exceed 
the value of the property that would be protected. Under the minimum scenario of sea level 
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rise illustrated above, 2,446 acres in the Barnegat Bay region would be expected to be 
abandoned, while under the maximum scenario 4,676 acres would be abandoned.  
 
Insurance reform is another approach to tackling the problem of excessive risk.  Insurance 
companies may refuse to cover properties in high risk areas. Several stakeholders mentioned 
that insurance companies have become eager to withdraw from coastal coverage. One 
stakeholder described a model of insurance that provides incentives “that have the dual benefit 
of increasing or encouraging higher (building) standards, and on the other side of it, reducing 
potential damage and costs.”  Insurance companies could also send strong signals simply by 
increasing their premiums, but these can only be set on the basis of past damages. 
Consequently, they do not allow for future projections to be taken into account in setting rates.  
Changing the laws that regulate the insurance industry would be necessary to allow such 
adjustments to be made. 
 
Research to better understand likely climate change impacts and to identify cost-effective 
adaptive strategies was recommended by a number of stakeholders. 
 
 
Table 4.9a Technological Options to Enhance Resilience of Assets: Stakeholder Quotes 

We work with [an organization] and other similarly interested entities to make sure 
that anything that can be done and funded to keep those beaches intact, not only for 
the storm protection but obviously for the tourism impact that it has when you don’t 
have a beach -- as we didn’t have along a couple areas a couple years ago. Economic 
Development Stakeholder 

If the feeling among policy makers in the state is, we want to stay involved in beach 
nourishment, there’s got to be some recognition that it really isn’t the long-term 
answer. It’s going to get more expensive over time because the material is going to 
erode more quickly, and plus it’s not as easy to get on to the beaches. Real Estate 
Stakeholder 

…To the extent that beach nourishment is probably a preferable approach to storm 
mitigation than building sea walls, right. It’s one of those strategies that is available, 
that you know is obviously designed to help address the impacts of climate change. 
...Its future is probably fairly limited. I just think, and it’s heresy to say this stuff in New 
Jersey . . . in the end people are going to have to retreat off these places. They’re 
going to have to move these communities. Conservation Stakeholder 

On the back [bay] side, it’s rebuilding bulkheads and increasing the elevation of 
bulkheads. Some communities actually require that the bulkheads on the back side be 
built at a higher elevation when they’re reconstructed. …I can envision, in fifty years, 
we’re going to be kind of diking our barrier communities with structures. Dunes on the 
ocean front, bulkheads on the back. Real Estate Stakeholder 

People are going to want to respond to [more storms] by armoring…the coastline. 
Which is very, very expensive but also has a huge impact on the geomorphology of the 
coast, as it accelerates the erosion of the barrier islands in particular. Conservation 
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Stakeholder 

It would be nice to have a second bridge to Long Beach Island. Close to the first 
bridge. Emergency Manager 

Now the tide and the wind will push the water back up into the sewer and into the 
street.  Actually there is a terrific solution to that.  There’s a retrofit of a collar that 
goes on a storm drain.  Economic Development Stakeholder 

We’ve done living shorelines, there’s a design pending for that on one of our natural 
lands…Is there a way to do this…could you put up a breakwater, those kinds of 
discussions. I think there is another alternative way, way in the future, maybe some of 
these living shorelines and breakwaters are demonstrating that they can have a very 
positive effect. Maybe you can see some conversion in areas where you don’t really 
need a full bulkhead….Those solutions are much more effective at trapping sand 
transport than …walls.  Economic Development Stakeholder 

 
 
Table 4.9b Land Use/Policy Options to Enhance Resilience of Assets: Stakeholder Quotes 

Clearly there could be stronger statutes and regulations that don’t allow for 
reconstruction in areas that we know are really going to be vulnerable, continue to be 
vulnerable. Real Estate Stakeholder 

There’s a lot to do in the world of insurance to deal with this [not allowing excessive 
risk]… What other incentives can we provide through insurance that have the dual benefit 
of increasing or encouraging higher standards and, on the other side of it, reducing 
potential damage and costs. So it’s sort of a win-win for the homeowner and the insurer. 
Real Estate Stakeholder 

In a couple of the communities, some of these potential problems may have been 
addressed in the redevelopment or the rebirth of those communities. The boardwalk 
areas of Long Branch in the last few years have been almost totally rebuilt, and in doing so 
have possibly prepared themselves a little bit better for potential environmental 
problems. …Bradley Beach and Ocean Grove are going to take a big hit. They haven’t 
changed in twenty years. Economic Development Stakeholder 

…Not a mass migration away from beach, but in areas where we know the erosion rates 
are historically really high, vulnerability’s bad, and you see it again and again, we have to, 
we should have some planned retreat from those areas. Real Estate Stakeholder  

They’re going to have to move these communities. And it’s exceedingly difficult, both 
economically and politically, but there really is, I think there will come a point, that it’s the 
only opportunity, the only option that is left. And then that’s what people will do. And 
then it will be more costly that if they had done it prior to the event, but that’s the way it 
works. Conservation Stakeholder  
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4.1.5 Positive opportunities  
 
While the discussion with stakeholders generally focused on risks associated with climate 
change and the severity of the projected impacts of climate change on natural and built assets, 
stakeholders also noted that climate change provides some opportunities. First, as discussed 
above, the aftermath of destruction from an extreme storm event allows for rebuilding to 
higher standards, and may even provide political cover for ratcheting up those standards.  
Second, the influx of disaster relief money through FEMA, insurance payouts and other forms of 
reinvestment provides employment and an economic stimulus effect that circulates in the local 
economy for some time.  Even pre-storm preparation, such as hauling boats out of marinas in 
expectation of hurricane Irene, provided “evacuation money.”  However, such discussions also 
turned to uncertainty about whether these events provide a net gain to the local economy and 
to concern over the uneven distribution of the disaster costs and ‘benefits.’ 
 

4.2 Activities at Risk  
 
Most of the assets described in the previous section are pillars that support key economic 
activities in the Barnegat Bay region; thus, climate and weather related losses of assets clearly 
harm profits and livelihoods.  This section focuses on the impacts of climate change on 
economic activities in the region that depend on the Barnegat Bay and its natural and human-
made assets. Table 4.10 presents a summary of the stakeholder responses to our questions 
about key activities that are at risk and groups that are vulnerable to disruption of these 
activities. 
 
Table 4.10 Activities at Risk: Stakeholder Perceptions 

Activities at Risk 

Tourism was perceived to be at risk by two-thirds of respondents.  Not only are the 
assets for tourism at risk, but activities were feared to be disrupted more frequently 
by storms. 

Commercial fishing was a concern of a third of respondents, and not only of 
fisheries stakeholders.  It is at risk due to migration of fish and declines in the 
population of certain fish and shellfish species.  

Recreational fishing was cited by almost a quarter of respondents.  Both migration 
of fish and the disruption of tourist activities by storms were a concern. 

Wildlife watching and park visitation were a major concern of natural land 
managers. Damage to the region's natural assets would undermine these activities. 

Construction and real estate activities in the region are likely to be directly affected 
by sea level rise and flooding and indirectly by changes in tourism demand. 

Insurance activities could be at risk for insolvency, which was a worry of a few 
business and real estate stakeholders. 
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Agricultural production is threatened by increased variability and extreme storm 
events. 

Vulnerable Groups 

Small business owners (and their employees) in every affected sector lack the 
savings and capital to diversify their activities and are perceived to be at high risk.  
Over half of respondents listed small businesses as vulnerable.    

Commercial fishermen were described as less at risk and more resilient than 
tourism businesses in the short run, but greatly affected if sea life migration 
continues. 

Farmers can go out of business if they have one devastating season. 

Park users are affected when parks are closed as the result of extreme events or 
when natural assets are damaged. Lower-income people have fewer low cost 
recreational alternatives. 

 
4.2.1 Economic activities at risk 
 
Tourism was the sector most frequently cited as vulnerable to the impacts of climate change.  
Fine weather draws people to the beach, and foul weather turns them away.  The beach-going 
season runs only three to four months a year with peak visitation on weekends, so even a few 
days’ disruption by rain or storm can mean the loss of a high proportion of revenue.  A late 
summer disruption can effectively cut short the season, as was the case when Hurricane Irene 
in late August of 2011 caused many people to pull their boats out of the water, which then 
remained out for the season. Although the most severe damage from Irene occurred in the 
northern part of the state, the timing of the storm during the last weekend in August led many 
to conclude that "summer's over" and substantially reduced the number of visitors to the 
region during the all-important Labor Day weekend. Stakeholders noted that even those who 
were not home dealing with flood damage did not return for Labor Day. Although total tourism 
sales for 2011 were 8.3 percent higher in Ocean County than in 2010 (Tourism Economics 
2012), a number of our stakeholders asserted that revenue was substantially reduced by the 
storm. Several estimated that the storm cost "10 percent of the season's business." 
 
Other impacts of extreme storm events include flooding and power disruptions, which are 
especially costly to restaurants that must throw out food. Stakeholders noted that damage to 
transportation routes interrupts the flow of vacationers, and repair work extends the 
interruption. Public transportation in the region is especially vulnerable, and damage to 
infrastructure such as rail lines can lead to protracted disruption.  Economic disruption from 
extreme events can also be affected by media coverage. One stakeholder pointed out that 
managing the media perception of the damage was critical. The stakeholder noted that the 
media tends to direct attention to areas where there is storm damage, sometimes leading to a 
perception that damage is much more extensive than it is in reality. 
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In addition to threats associated with more frequent extreme storm events, several 
stakeholders also pointed out that tourism to the Barnegat Bay region generally is affected by 
its overall environmental quality, which is strained by climate-change-compounded effects, as 
discussed in the section on natural assets above. 
 
Diverse types of businesses are dependent on or strongly linked to tourism.  Hence, the array of 
businesses vulnerable to these risks includes not only hotels, restaurants, and boardwalk 
operators, but also marinas, boating and bait-and-tackle shops (see recreational fishery below), 
convenience stores, auto dealers, fly-by advertisers, and even, as one stakeholder pointed out, 
accountants and all those providing services to tourism businesses.  Also significantly driven by 
the tourism market is construction and real estate (see earlier discussion above of construction 
industry). The value of commercial, investment and second-home properties rises and falls with 
tourist demand for their use, among other related factors.  
 
After tourism, commercial fishing was the sector that was most frequently described as climate-
vulnerable. Stakeholders explained that rising water temperatures were causing a northward 
shift of economically important fish such as bluefish and bluefin tuna and declines in 
populations of clams and oysters “with nowhere to go.”  At the same time, degradation of 
saltmarsh nurseries and other forms of environmental change are stressing populations of 
multiple species. 
 
Although fishing days on the water are weather-constrained for commercial boats, unlike 
tourist operations, they can be back in business immediately after a storm passes.  However, 
fishermen and the fish processing and marketing operations are vulnerable to power cuts and 
any conditions that might keep their customers away.  Thus, the boats were back in the water 
the day after Irene, but business was hurt all the same by the drop in demand for seafood due 
to a dearth of customers at local restaurants. 
 
When fish populations decline, or are perceived to decline, regulators increase size limits and 
decrease quotas for popular sport-fishing species, which amplifies the impact of the actual 
scarcity by discouraging participation.  This was among the factors that stakeholders cited as 
depressing participation in recreational fisheries and thus the revenues of the mostly small 
businesses involved – charters, party boats, fishing supply stores and the like. 
 
Both recreational and commercial fisheries are already under pressure (in “collapse” according 
to one stakeholder) from economic and cultural factors that are exacerbated by environmental 
stresses and climate change. Figures 4.2a and 4.2b below demonstrate the dramatic reduction 
of commercial bluefish and surfclam landings between 1991 and 2011. Sea scallops, the main 
generators of economic value for Ocean County fisheries, have so far thrived, though a 
stakeholder pointed out that eventually they can be even more impacted than finfish because 
it’s harder for them to migrate to cooler waters. (See Table 3.6 for revenue and price data for 
Ocean County and New Jersey fisheries). 
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Figures 4.2a and 4.2b Seafood Landings in New Jersey.  Data Source: NOAA-Marine Fisheries 
Service-Office of Science and Technology (various years). 
 
Other activities that are likely to be affected by climate change included visits to observe 
migratory birds and visits to state, county and local parks.  Birding activities are especially 
threatened as a result of loss of natural habitat for migratory birds, particularly estuaries. 
Regarding park visitation, numbers of visitors largely depend on weather conditions. One park 
manager noted that visitation rates, particularly for locations such as Island Beach State Park, 
are positively affected by warmer weather. As illustrated in table 4.11, the summer of 2010 was 
notably warmer than either 2009 or 2011, and park revenue from entrance fees, particularly at 
Island Beach, was considerably higher during 2010 than in the other two years. The park 
manager noted that parks currently have insufficient funds to accommodate larger crowds on 
very hot days and that there was a need for more lifeguards and personnel at parks to ensure 
that more visitors have access. 
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Table 4.11. Summer Temperatures and State Park Visitor Revenues: 2009-2011 

Year Mean Summer 
Temperature (June-
August) 
(in F degrees) 

State Park Revenue: 

Barnegat Lighthouse 

State Park Revenue:  

Island Beach  
 

2009 71.3 $43,223.77 $2,076,629.90 

2010 75.3 $44,887.33 $2,851.598.44 

2011 73.2 $43,912.97 $2,179,808.42 

Source: NJOSC; NJ State Park Service, Southern Regional Office. 
 
Although it was not possible within the scope of the study to estimate the total value of 
outdoor recreational activities within the Barnegat Bay region, recent estimates for the state of 
New Jersey are nonetheless illustrative of the magnitude of these numbers. Within the state of 
New Jersey as a whole, over 2.4 million individuals (including both state and non-state 
residents) fished, hunted, or wildlife-watched in 2011 (USFWS 2012). These individuals spent 
nearly $2.4 billion on an annual basis for equipment, trip-related expenditures, licenses, 
contributions, land ownership and leasing, and other items (USFWS 2012). Even modest 
reductions in these activities or shifts in usage to out-of-state locations would have a significant 
economic impact. 
 
In the greater watershed of Barnegat Bay, stakeholders noted that agriculture has also suffered 
losses due to storm damage and pest infestations, both of which are thought to have been 
worsened by climate change.  
 
4.2.2 Vulnerable groups 
 
Most stakeholders felt that small business owners are most vulnerable to potential hits to 
economic activity from climate change. Stakeholders noted that ‘mom and pops’ that are either 
directly or indirectly tourist dependent could lose a significant percentage of their summer 
revenues to closures for storm events, even when those events do not cause significant direct 
physical damage.  Without the access to savings or credit to diversify their operations or to get 
through lean periods, smaller businesses may not be able to weather the storms of change. 
  
While more resilient than those in tourism, smaller businesses engaged in commercial fishing 
businesses are similarly more at risk than larger, better capitalized and more sophisticated 
operations.  Different species of catch require different techniques, equipment and skillsets and 
some operators will have more adaptive acumen and resources. Baymen (a term describing 
fishermen with deep local roots) were described by one stakeholder as “at the top of the list” of 
the “heavily affected.”  Another described their present “culture [as] a mere shadow of what it 
used to be.”   
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The small businesses that support bay and surf related fishing activities (e.g., tackle shops, gas 
stations, food services) were seen as particularly at risk to storm and damage-related closure of 
beaches, infrastructure and access points. Stakeholders also noted differences in vulnerability 
between small business that are oriented toward ocean fishing such as charter or party boats 
versus those that serve bay and surf activities. While both are vulnerable to business 
interruption from extreme events, bay and surf businesses are especially vulnerable to long-
term interruption from damage to assets and loss of access points. 
 
Users of county and state parks were another group that was noted as vulnerable in light of the 
potential for damage to these natural assets from sea level rise and storms. While users span 
the demographic and income spectrum, particularly vulnerable users include those with fewer 
assets to put towards seeking out alternative activities which may require more costly, longer-
distance travel. Populations identified include lower income residents, elderly and other 
residents with fixed incomes, and school groups. In discussing impacts on park users, several 
stakeholders pointed out the voluntary contributions of area seniors to maintaining area parks 
and noted that these contributions were vital in light of budget cuts.  
 
Equally at the mercy of weather, farmers in the region are among the most vulnerable. Climate 
instability can bring drought and excessive rain in one year and crop failure could wipe out 
smaller and more marginal farmers. 
 
Table 4.12 Activities at Risk: Stakeholder Quotes 

Activities at Risk 

The reality, really, is we are so dependent on weather….I don’t care how great the 
boardwalk experience is - if it’s raining, or there’s a nor’easter or there’s a snowstorm, 
or if the weather is not good, people are not coming to the beach….The weather is the 
number one contributor . . .  in the success of our business. Tourism Stakeholder  

The tourist industry remains very important…and most of those facilities are on the 
water, so they are threatened by sea level rise or increase in storms. All of them are 
threatened, whether they are restaurants or amusements or other things people want 
to avail themselves of.  Economic Development Stakeholder 

But on the flip side, the day after the storm, we made it very clear that the beach is 
open . . . The (media) . . .were giving out information that wasn’t quite correct. Yes, we 
lost a section of the beach in Spring Lake and in Belmar, but the reality is that we have 
132 miles of beaches. And yes, maybe five miles of them got damaged. Tourism 
Stakeholder 

There are quite a few [tourists] that do take public transportation….How do you get 
around if you continue to get these [storms]?... Can’t get here, and trying to get 
home… Say we have a hurricane that wipes out part of the train, the physical train 
track. So we’re down, New Jersey Transit can’t get people here for three months. What 
do you do? Tourism Stakeholder 

A big part of the state’s economy, I think about a third of the state’s GDP, is related to 
tourism from the Shore. …All that economy is based upon the environmental quality of 
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the shore. Conservation Stakeholder 

The bayman culture is a mere shadow of what it used to be.  There is less shell fishing, 
the oysters have moved. Natural Lands Manager 

The clams and oysters are already in serious trouble.  The seafood industry is very 
large, it affects a lot of people at lots of levels.  Natural Lands Manager 

Fisheries are already pretty strained, stretched. The surfclam industry is the biggest 
sector of the fisheries in New Jersey, commercial fisheries….So to the extent that they 
have to go further to sea, further north, not only do they have increased costs, but 
they have more competition [from New England]. Conservation Stakeholder 

I mean, in order to have fishing, you got to have fish. And you [have to have species of] 
fish that people want to take home to catch . . . I don’t know what you’re going to do 
with an industry like [recreational fishing]. Fisheries Stakeholder 

Vulnerable Groups 

The people that diversify are the people that have money – ‘cause they can diversify. 
Most commercial fishermen, and I would say the commercial recreational part 
[particularly], are not as sophisticated as [the most diversified processor in the state]. 
So they’re the ones that are going to be hurt. Fisheries Stakeholder  

If you think about recreational fishing, and the small businesses that support 
recreational fishing, whether they’re the boat guides, or the guys that run the head 
boats out of Highlands, or the bait shops, the tackle shops. Those are all very, very 
small businesses that don’t have a lot of resiliency themselves, to use a climate-
change-related term. Conservation Stakeholder 

The fishermen would bounce back very quickly [from a storm] . . . the tourism business 
is what I was referring to [relative to vulnerability], more than the fishermen. They go 
back to work right away. Within a week, or within three days . . . Fisheries Stakeholder  

The attendance (to parks) goes up during hard times.  It’s a relatively inexpensive place 
to go on vacation . . . The county has the largest population of seniors north of Florida 
(as a percentage of population), and they’re living on retirement incomes. They’re 
heavy users of the parks and programs.  We also have school groups in three 
environmental education centers, but there are fewer of them because of cuts to 
busing budgets. Natural Lands Manager 

 
4.2.3 Options to enhance the resilience of activities 
 
Concerning options to enhance the resilience of the region’s activities, stakeholders had many 
different suggestions, as summarized in Table 4.13.  All economic sectors would enhance their 
resilience to climate-related shocks by diversifying, several stakeholders advised.  For example, 
diversifying the range of species caught and possibly branching out into aquaculture (despite its 
environmental downsides), might be a smart adaptive strategy for fisheries. Tourism operators 
and investors would do well to explore alternative, non-beach centered ventures, such as 
environmental tourism (e.g., inland kayaking, environmental education, nature-oriented guided 
trips), horseback riding and wedding packages. Moving to year-round attractions or expanding 
the shoulder season would also increase resilience and returns. The addition of more indoor 
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venues with air-conditioning, such as aquariums, would attract tourists on days when it rains or 
the mercury climbs to new highs. 
 
Stakeholders also stressed the connection between local and global resilience, suggesting that 
resilience is a matter of geographic and temporal scale – what works for one individual 
operator might work against community, regional or global resilience.  For example, efforts to 
increase local resilience via the energy-intensive strategies like more air conditioning would be 
at the cost of an incremental loss in resilience globally and in the future due to the increased 
greenhouse gas emissions entailed. By contrast, conservation and fisheries stakeholders 
suggested that interventions that protect and restore ecosystem services in and around 
Barnegat Bay would have the potential to increase the resilience (at all scales) of the natural 
systems that directly or indirectly support all the economic activities under discussion. 
 
Table 4.13 Stakeholder Perceptions and Quotes: Options to Enhance Resilience of Activities  

  Options to Enhance Resilience: Stakeholder Perceptions 

Diversification across the economy was cited by several stakeholders as a necessary step. 

Alternative tourism such as environmental tourism, non-beach activities, and agro-
tourism was suggested by three respondents. 

Diversifying into multiple fisheries and aquaculture were suggested by fisheries and 
conservation stakeholders, though some types of aquaculture have harmful effects. 

Infrastructural adaptations that minimize activity disruptions were mentioned by 
tourism stakeholders.  Examples include more indoor venues and air conditioning. 

Protecting ecosystem services was suggested by conservation and fisheries stakeholders, 
who described how these make most economic activities possible. 

Options to Enhance Resilience: Stakeholder Quotes 

One of the things that is becoming popular but is really untapped is [environmental 
tourism]. Rather than a traditional tourism business, if it was focused more on 
[environmental tourism], the fact that you don’t have as many facilities that are 
endangered by it. There a number of benefits to it, too, because it’s environmental 
education, it’s much more low-impact than some other traditional tourist activities. So 
that’s one of them that could have a nice niche in here. Economic Development 
Stakeholder 

To market a place as year-round, you sort of have to move away from, “just go to the 
beach….” We encourage the hotels to package with other people. So you might have one 
beach package, out of ten. What you want to do is your wedding packages, your horse 
farms out in Colt’s Neck, horseback riding. Tourism Stakeholder  

I’m a big supporter of the importance of, in the community, complementary fisheries 
here. Fisheries Stakeholder 

I guess my strategy is if you protect the natural functions of these ecosystems, or better 
yet, if you enhance and restore them, which is also possible, then the economic activities 
that come out of them or that are derived from them will both be sustained and  
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enhanced, or made better. Conservation Stakeholder 

 
 
4.2.4 Positive opportunities 
 
“Yes, there will be opportunities for some people… Certain people always come out on top,” 
was one environmental stakeholder’s reply to an inquiry about whether there might be any 
positive impacts on the region resulting from climate change.  Stakeholders noted that those 
operators who see and respond to trends, negative or positive, more nimbly than their 
competitors gain a comparative advantage. Several respondents pointed out that warmer land 
and sea temperatures will result in a longer summer season on the Shore, benefitting tourism.  
Conversely, excessive heat on land and species shifts at sea may be bad for business. Disaster 
recovery dollars stimulate economic activity from rebuilding efforts. Construction, in particular, 
receives a temporary boost from major storm damage and the influx of emergency and 
insurance payouts has temporary knock-on effects as that money circulates through the 
economy. 
 

4.3 Emergency management and hazard mitigation 
 
In addition to questions about assets and activities at risk, stakeholders were also questioned 
about the implications of climate change for emergency management and hazard mitigation in 
the region. These discussions generally focused on lessons learned from recent extreme 
climatic events, particularly Hurricane Irene, and the possibility of new climatic risks in the 
future (see section 2.3 above on stakeholder perceptions of climate risks and stresses). 
 
4.3.1 Lessons from recent events and implications of new climatic risks 
 
Many stakeholders, especially emergency managers, commented on the increase in and novelty 
of extreme weather events, particularly river flooding, that have required emergency response. 
An unprecedented number of extreme precipitation events provided many opportunities to 
reflect on emergency preparedness. Hurricane Irene in particular was mentioned by half of the 
respondents as an important learning experience by stakeholders. These respondents felt that 
the preparation and response to Hurricane Irene went well, was a good learning experience, 
and was an effective dry run for similar events in the future.  In addition to emergency 
managers, business and tourism stakeholders and others felt that the extensive preparation 
and high level of concern about the event were justified.  Irene prompted some business and 
economic development stakeholders to address emergency preparedness more formally, by 
establishing committees on disaster preparedness through trade organizations or updating 
emergency plans.   
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Table 4.14  Lessons Learned from Hurricane Irene: Stakeholder Perspectives 

The value of preparedness. Half of all respondents felt that the preparation and 
response to Hurricane Irene went well, was a good learning experience, and was an 
effective dry run.   

The importance of lead time. Several stakeholders emphasized that lead time for 
hurricanes allows sufficient time for preparation, unlike some other disasters, such 
as earthquakes. 

Cooperation of the public. Emergency managers and others lauded the public as 
crucial in the success of the response.  They were particularly impressed and relieved 
with the success of the reverse lane procedure. 

Need for vigilance in the future. Several stakeholders wondered if people would 
take warnings as seriously next time, since the first time we were spared a huge 
catastrophe. Emergency stakeholders warned that this could have been a worse 
disaster, and that we were spared by the hurricane’s path. 

Difficulty of attribution of damage. In discussing post-disaster relief, emergency 
managers noted the complications that resulted from Irene and Tropical Storm Lee 
following each other closely. Attribution of damage to particular storms is important 
for federal aid allocation. 

 
 

The ability to predict hurricanes well in advance contributed to the success of the response to 
Irene.  Emergency managers described well-established strategies for timing evacuation orders 
with the projected path of the hurricane, while fisheries and tourism stakeholders described 
their routine hurricane monitoring activities.  Nevertheless, Irene was considered a dry run 
precisely because its impact on the study area was not as powerful as was expected.  Some 
emergency managers noted that it could have been a huge disaster if it had veered just slightly 
off course.   
 
The “dry run” nature of the hurricane also prompted several stakeholders to wonder whether 
people, including authorities, would take warnings to prepare and evacuate seriously the next 
time a hurricane was on its way.  The governor’s memorable public appeal to get off the beach 
was mentioned by almost a third of the respondents, many of whom agreed that taking this 
tone was necessary to get people’s attention. A tourism stakeholder was concerned that New 
Jersey beaches were nationally labeled as unsafe without corresponding announcements when 
it was safe to go back. 

 
Overall, stakeholders who discussed the region's response to Hurricane Irene were generally 
pleased.  Emergency manages were grateful for outstanding cooperation from the public on 
evacuation. They were especially impressed with the success of the reverse-lane procedure, 
implemented for the first time in the state.  A life-long resident and tourism stakeholder noted 
that the usually rancorous politics common in New Jersey municipalities were set aside 
immediately and that everyone worked well together to assist those in need. 
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Table 4.15  Lessons Learned from Hurricane Irene: Stakeholder Quotes 

I think we are at an advantage, because we did have Irene last summer, that it’s proved 
that, I mean, we basically did a dry run of everything….I would say that we’re in a good 
position. Tourism Stakeholder 

Obviously the storm didn’t hit the way everybody was told it was going to, so… But I 
don’t think anybody was sorry they did what they did, nobody regretted being prepared 
for it. I think most were relieved that it wasn’t as bad as it was. Tourism and Fisheries 
Stakeholder 

The reality is that for Irene we could prepare far enough in advance so that staff could 
get out of here. This was a hurricane dry run; we were lucky.  Natural Lands Manager  

The discussion to have the [emergency management] committee happened before 
Irene. We had a hurricane… we had a storm, I don’t remember what it was. But one of 
our members [said], “Look, we should really be discussing the hurricanes, the 
emergency preparedness things, hurricane preparedness.”…And then Irene came, and I 
was doing it informally, and they said, “Let’s actually form this committee.” Tourism and 
Fisheries Stakeholder  

That’s what’s nice about a hurricane, if there’s anything nice about a hurricane, is that 
you see it coming. The climatologists are telling you, it’s coming. It’s not veering off this 
time, and you have that 36-hour window. And you say, alright. It’s time to make that 
call. Emergency Manager 

Person 1: Hurricane Irene was bearing down on us, and they implemented that reverse 
lane strategy, and it worked. To everybody’s amazement. 
Person 2: [The] thought was, from the nay-sayers, you’ll never have enough police 
officers to… Because you’ve got to stop every access and egress from those highways in 
order to reverse it going the other way, so you don’t have catastrophe on the highway.  
Person 1: Local police. State troopers . . . a lot of fire and police in the local 
communities... And I think getting it out, getting the word out to the local radio stations 
ahead of time helped out. Emergency Managers 

The state dodged a huge bullet…And everyone thinks that New York City got lucky, it 
didn’t experience a massive storm surge. But New Jersey got lucky that that storm 
stayed a couple ridges into the Appalachians and didn’t track over.  Emergency Manager  

The cooperation from the public was unbelievable. It was excellent. Will that occur the 
next time? The problem with storms is that people react according to history, and if 
nothing happened, getting them off [Long Beach Island] the next time may be just a 
little harder. And that’s what they’ve experienced down south with a lot of places. 
Those are the kinds of things that you have to worry about, that people understand that 
regardless of what’s about to happen, sometimes it’s best just to get out. Emergency 
Manager 

That becomes difficult also because [applicants for federal disaster relief] have to 
determine what’s old damage and what’s new damage, and that becomes very 
difficult…We had an issue with Irene and Lee because it was a very blurred timeframe. 
You had to really dig deep. Emergency Manager 
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4.3.2 Options to enhance emergency management and mitigation of climate hazards 
 
Much of the conversation about options to enhance emergency management was framed by 
current infrastructural shortcomings. Chief among these are the need for more evacuation 
routes.  A third of respondents, not just emergency managers, pointed to a shortage of 
evacuation roads.  Emergency managers specifically mentioned a second bridge to Long Beach 
Island as critical. Flood vulnerability of existing routes and the expansion of the population 
without a proportional expansion of the road network were both identified as causing the 
evacuation route shortage.  Closely related to this concern was the notion that the rapid growth 
of the area itself was unsustainable and made emergency management more difficult.  More 
sustainable approaches to new development were suggested by conservationist stakeholders 
as a comprehensive long-term response, whereas evacuation routes were a more immediate 
need. 

 
Table 4.16 Options to Enhance Emergency Management: Stakeholder Perceptions 

Evacuation routes were identified as a critical need by over a third of respondents.  
There is a need for more roads and bridges as well as for mitigating against flooding of 
evacuation routes. 

Coordination/communication will continue to be crucial.  Respondents noted mixed 
success in coordinating with utilities, and stressed the need for enhancing emergency 
communication. 

Planning ahead of time is also crucial. Emergency managers were confident in the 
existing disaster plans and felt educating the public about them is a good investment. 

Addressing special needs was mentioned by emergency managers. Registration of shut-
ins, planning for urban residents without cars, and provisions for the elderly were 
suggested. 

Shelters that can handle people with medical needs and animals, as well as the 
identification of more temporary shelters, were recommended. 

Training reserve emergency personnel such as volunteer medical corps or the National 
Guard was considered a good investment by several stakeholders. 

Specialized equipment was mentioned by emergency managers. More backup power 
was particularly critical, while a regional trauma center and specialized medical transit 
are desirable. 

 
 
Communication, coordination, and planning were listed as crucial to enhancing emergency 
preparedness. Hurricane Irene demonstrated their importance and the substantial progress 
made in that arena.  Utilities stakeholders and emergency managers described constructive 
pre-storm planning, though emergency managers noted that some utilities were more 
cooperative than others in setting joint post-storm priorities on where to restore service first.  
Tourism and business stakeholders noted the importance of communication and planning both 
within the business community and with the state.  A tourism stakeholder noted that actual 
municipal alert systems vary from town to town and could be more widely used.  Emergency 
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managers were confident that existing plans are workable and comprehensive and identified 
public education about them as a good investment.  Several stakeholders pointed out that the 
proximity of a nuclear power plant to most parts of the study region already makes authorities 
and the public more aware of the need to have and to follow emergency management plans. 
 
Equipment and facilities that could fulfill communication and other needs were listed by 
emergency managers.  More battery packs and longer-life back-up power equipment for 
communications were requested by emergency managers as well as natural land managers.  
Emergency managers also suggested that more shelters be identified, especially ones that can 
accommodate evacuees’ pets. They noted that during the past several disasters that required 
shelters, provisions for farm and companion animals were crucial.  Special-needs populations 
such as elderly and homebound people need shelters tailored to their needs as well as 
specialized transportation.  Municipalities and other authorities have worked to identify and 
register these special-needs evacuees ahead of time, and stakeholders suggested continuing 
this effort.  While most of the people in the study area have access to their own transportation, 
the elderly and low-income people in urban areas need buses or other options.  In a 
hypothetical situation where resources were more widely available, emergency managers 
suggested that a trauma center be built in the area, as the nearest one to the study area is 
located in Trenton.  
    
Volunteers are an important asset to emergency management in the study area.  While 
evacuating ill senior citizens is a challenge that emergency managers and others worry about, 
others noted that retirees contribute significantly to emergency management volunteer corps. 
The presence of a large number of retired medical personnel has provided a large reserve 
medical corps for the area. Volunteer animal response teams have also been helpful. 
Emergency radio communication needs are supplemented by amateur radio clubs.  
 
Emergency managers expressed the need to build on these local assets by providing more 
training and equipment to the volunteer teams.  The funds to do so have been limited recently.  
A fisheries stakeholder also pointed out that the National Guard traditionally played a major 
role in disaster response and needs to be recruited and trained for this purpose, which is 
proving difficult because of its use in war efforts.  Budget cuts across the board pose a barrier 
to implementing many of these options, but respondents had a clear sense of priority steps to 
enhance emergency response should resources become available. 
 
Concerning costs that are associated with enhanced emergency management, in addition to the 
need for large scale investment in infrastructure, some expenses noted included costs of 
preparation for storms, costs of extra staffing for emergencies, cost of pumping out septic 
systems that become filled with groundwater, and the costs associated with providing 
alternative restrooms in parks when facilities become flooded. Although the focus of the 
discussions was generally centered around precipitation events, the costs associated with 
operation of cooling centers during periods of extreme heat were also mentioned. Cost 
estimates for these measures were not available. 
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4.17 Options to Enhance Emergency Management: Stakeholder Quotes 

Well, partly because we’re a nuclear county, the evacuation routes get looked at pretty 
regularly. . . . But we look at them [often], and what made me think of them is that if sea 
level rise is for real, they need to be redone soon or at least looked at . . . I mean, the 
biggest impact of climate change for us that I see is the . . .quickness, the height of 
flooding, with various storms. Emergency Manager 

I think the first priority though would be to build extra evacuation routes . . . You look at 
our evacuation routes, and they haven’t changed since our population [was] 200,000, 
and we’re now approaching 600,000.  
Emergency Manager 

Person 1: A lot of these people we will have to take extra steps to evacuate, because 
they’re either in nursing homes or they’re ill. 
Person 2: Special needs… 
Person 1: It would be interesting to see how many nursing homes we grew in the last 
decade, I’m sure there’s quite a few.  
Person 3: Those nursing homes are quite a task to evacuate. 
Emergency Managers 

When we had the last wildfire, we were more interested in the pets and how do you 
house them. At that time we were fortunate when we had a reception center, 
ultimately we were allowed to have animals there. That was a last-minute decision. 
Now during Irene we had several reception centers that did, every one of them had 
animals housed there.  Emergency Manager 

Two things that have been brought to the fore with the latest disasters that we’ve had 
are the volunteers, both in the medical reserve corps and in the county animal response 
team: all those have grown and become more robust. Hopefully we’ll continue that, 
because that has paid off. Emergency Manager 

Person1: We were also concerned because [shut-down of electricity grid] kills the radio 
assistance to the emergency responders. 
Person 2: We have emergency generators here….And we do have several backups.  
Could we lose total communication? Probably. Hasn’t happened, but it probably could. 
Person 3: There are redundant systems. 
Person 1: But it’s very expensive.  Probably the best way to do it is with mobile 
generators.  Emergency Managers 
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5. Options and Barriers to Increasing Resilience 
 
The stakeholders consulted in this study proposed numerous adaptive strategies for increasing 
resilience to the economic impacts of climate change and climate hazards in the Barnegat Bay 
region.  At the same time, they identified multiple barriers that impede pathways to improved 
resilience.  The previous chapter laid out strategies to address specific threats to economic 
assets and activities in the region. This chapter first reviews the daunting list of barriers to 
adaptation and then considers the strategies put forward to overcome these barriers and 
otherwise to enhance the overall level of resilience and reduce the economic cost of climate 
change. 

5.1 Key barriers to increasing resilience  
 
5.1.1 Physical and technological barriers 
 
One important category under which the barriers to increasing resilience to climate change can 
be grouped corresponds to the material “facts on the ground” presented by the natural and 
built environments.  The most frequently mentioned physical barrier to taking such action was 
the fact that the slow progression of climate change makes it harder for people to recognize 
and acknowledge it is happening. This is especially true of awareness of sea level rise. People 
who are used to storms and flooding, on the barrier islands in particular, expect to cope as they 
always have. 
 
The second most frequently mentioned physical fact that impedes adaptive strategies was the 
density of settlement in New Jersey.  For example, relocation, rolling easements and the 
transfer of development rights are all made very difficult when there is no available space to 
move to or “transfer in.” Several respondents also noted that high property values, in part a 
consequence of dense development, exacerbate these difficulties.  They also impede such 
strategies as dune restoration, which may block multi-million-dollar views. Moreover, older 
development had only to comply with lesser-to-nil standards on such features as construction, 
location in floodplains, installation of retention basins, and the like. As a result, all of these 
deficiencies are locked in. 
 
There are limitations to the effectiveness of engineering solutions to protecting natural 
features such as barrier islands and marshes.  Problems with sea walls, bulkheads, and beach 
replenishment were noted.  Moreover, land managers explained that these interventions are 
prohibited in protected areas since they interfere with natural processes. 
 
Several respondents discussed how knowledge gaps pose obstacles to effective action.  They 
pointed to a lack of knowledge about the best design of engineering and natural/living 
strategies to protect shorelines, as well as their effects and optimal deployment. Forecasting 
weather and predicting specific climate change trends and impacts remains a challenge. 
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5.1.2 Political and cultural barriers 
 
The human tendency to think in the short term, and in particular politicians’ tendency to limit 
their concern to the span of election cycles, was a concern of over a quarter of respondents.  
The long term and, importantly, unpredictable nature of the worst impacts of climate change 
on the one hand, and the high (and unevenly distributed) cost of many of the proposed short 
term interventions on the other, conspire to favor inaction.  A number of stakeholders referred 
to people’s “short term memories” between storm and flood events and predicted it would 
take a major catastrophe to provoke serious action. Moreover, the pattern of government 
interventions after major storms, through beach replenishment in particular, has lulled coastal 
residents into what one stakeholder termed a “false sense of security.” 
 
Related to this is the lack of political will to undertake adaptive action, which is exacerbated by 
the politicization and denial of climate change.  While some stakeholders decried the “political 
garbage” that makes climate change a “political issue” rather than a practical problem, others 
seemed uneasy acknowledging it as a present reality in light of what they understood to be the 
scientific uncertainty and political controversy surrounding the subject.  One outspoken 
stakeholder cited “the political obstacles to making change. You have a strong, organized 
faction  . . .  that captures government and tells us to bury our heads in the sand . . . It’s become 
politically unacceptable to come out and say we must do anything! The abdication of 
responsibility by the political leadership is reprehensible!” 
 
For a variety of reasons, a few stakeholders found that certain local governments are open to 
progressive action, while others lack the willingness or capacity to grasp climatic threats and 
strategic options for response.  One development stakeholder provided an example where 
NIMBYism on the part of one county (Middlesex) has for years blocked a rail line that would 
have potentially reduced congestion in neighboring counties, decreased emissions, and 
provided needed alternative evacuation routes. 
 
The rail line case is one of a number of examples given by stakeholders demonstrating the lack 
of regional planning and coordination. The lack of a rational transportation network including 
public transportation is one symptom that was frequently cited. This is a major obstacle to 
moving towards low-carbon development and to emergency management and hazard 
mitigation.  Other important examples given of maladaptive outcomes from lack of community 
and regional coordination include shore-armoring strategies that erode neighboring properties 
and the lack of geomorphologically strategic sequencing of beach replenishment efforts.  
Because in NJ “we live in a home-rule environment,” towns do not have to comply with county 
plans, and while there are incentives to match up with the state plan, there is no consistent and 
comprehensive coordination across scales of governance.  Moreover, the difficulties and 
expenses faced by low-capacity municipalities in processes of updating the local plans means 
that they cannot keep pace with environmental change. 
 
 The government budget cuts and limitations that have constrained adaptation and mitigation 
measures were remarked upon by a third of respondents.  An “economic climate where 
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everybody is downsizing” is constraining the ability of local government to take action, such as 
hazard mitigation projects.  At the federal level, several stakeholders pointed out that much of 
what has been spent by the federal government in response to mounting storm impacts is 
effectively deficit spending and is bound to be reduced or hit a wall in the future.  The particular 
cases frequently cited were beach replenishment projects and the National Flood Insurance 
Program.  In the portentous words of one conservation stakeholder, “Federal programs like 
flood insurance are going to be in greater and greater demand just as they are more hard hit.  
In ten years they will make Social Security seem solvent!... It will be (pun intended), the perfect 
storm!”   
 
A few stakeholders noted how the unequal sharing of burdens perpetuates this situation: the 
general public, not consulted and generally unaware, pays for the beach replenishment and 
rebuilding efforts that benefit a few communities and property owners. One went on to note 
the “complacency among property owners” that follows from reliance on insurance and, for the 
few, from wealth itself: “..it all starts with finance, I mean money. People just, they can afford 
it…they don’t, they don’t think about it.” 
 
Finally, several stake holders reflected on how decreasing exposure to nature due to cultural 
shifts and changing lifestyles lessens people’s awareness of and concern about climate change.  
The fact that seasonal residents of the Shore miss the chance to observe the sea’s winter fury 
and the resultant coastal erosion leads them to underestimate it, one respondent commented. 
 
5.1.3 Policy-related and regulatory barriers 

 
One third of respondents provided examples of how inflexible and inappropriate regulations 
stymie adaptive responses. For instance, the commandment to provide public access, originally 
intended to apply to beaches, was extended to marinas. Consequently, any time a marina 
owner wishes to implement even a minor improvement they must apply to the NJDEP, which in 
return will require that they provide public access, thereby necessitating a number of other 
improvements  (restrooms, parking, disability access) and incurring new liabilities.  This means 
that most marinas effectively can’t expand, leading to the loss of a different kind of access, 
namely for boat owners looking for (undersupplied) slips.  Natural lands managers seeking to 
put in living-shoreline demonstration projects and other environmental adaptations also 
require NJDEP permits.  Fisheries stakeholders complained of the lack of flexibility in the 
regulations applied to their industry.  
 
Expenses and delays entailed in obtaining permits and inspections were cited by a range of 
stakeholders.  In the case of demo projects mentioned above, a natural lands manger 
complained that a shoreline modification permit might require $25,000 and a three-year wait, 
although the stakeholder conceded that the NJDEP was aware of the issue and working to 
expedite environmentally beneficial projects.  Tourism stakeholders similarly averred that 
permitting requirements are holding up adaptations, though several noted that red tape has 
become less of a problem recently as the current state administration has attempted to be 
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more “business-friendly,” e.g., by establishing a business action center that intervenes to 
remove roadblocks. 
 
At the same time some stakeholders bemoaned burdensome regulations, others asserted that 
the problem is too lax, or laxly enforced, regulations.  They pointed to inadequate (re)building 
standards in construction codes and enforcement. 
 
Perverse incentives and misguided policies were the source of vehement concern on the part 
of stakeholders from multiple sectors.  One was adamant that the public access provisions the 
NJDEP imposes on marinas was threatening their viability. Fisheries stakeholders emphasized 
ways in which the Magnuson-Stevenson Act in particular and the whole regionally centralized, 
single-species driven fisheries management system in general, along with specific catch 
requirements, were compromising economically viable commercial and recreational fisheries.  
This is especially true for smaller operators. 
 
Several stakeholders pointed to the fact that provisions of the CAFRA (Coastal Areas Facilities 
Review) Act as amended in 1993 instituted a “right to rebuild” single family homes that has 
encouraged owners of repetitive-loss properties to keep on rebuilding after natural disasters.  
Stakeholders also pointed out flaws in the NFIP, FEMA and beach nourishment programs, 
including the lack of prioritization and cost-benefit analysis in the face of rising expenses.  Some 
predicted this will eventually lead to insolvency and/or a political crisis over federal spending.  
In each case, the fact that the bulk of the mounting costs of these programs is paid out of the 
public purse, while the individual communities and property owners reap the benefits, leads to 
perverse incentives for them to “remain in harm’s way” rather than consider strategic retreat.  
In fact, the security provided by public and private insurance has resulted in a situation in which 
modest bungalows along the shorefront are being torn down and replaced by increasingly 
expensive homes; private property values are thereby inflated while others bear the risk.  
Furthermore, assertion of private property rights can itself become an obstacle to addressing 
climate risks, as evidenced in such cases as when beach access has been denied for 
replenishment projects and the above-cited example of wealthy homeowners blocking dune 
restoration projects that they claim would spoil their ocean views. 
 
One problematic aspect of FEMA legislation signaled out by emergency managers is the fact 
that disaster declarations are determined on a state-wide, density-dependent basis, which 
makes it more difficult for New Jersey’s disasters to qualify for federal mitigation aid. 
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Table 5.1 Stakeholder Quotes: Barriers to increasing resilience 

Physical and technological 

The thing about the whole sea level rise climate change thing --  it’s so gradual, that in a 
lot of the estuaries and back bays, it’s not really perceptible by the public. Property 
owners don’t quite get it. They may notice, boy, the flooding seems worse than it did 
when we moved here twenty years ago, but because it’s such a gradual process in those 
areas, I don’t think it gets people’s attention in terms of how the public perceives the 
risk. And that really, the public perception I think is what drives a lot of the policy. Real 
Estate Stakeholder 

And you know, if we had the luxury of having a less densely developed shoreline, I think 
[setbacks] would happen. If there was more open space, and everything wasn’t built and 
crammed in, and houses weren’t a million or two million dollars apiece, it would be 
nice…[People in other states talk about] the concept of rolling easements, and the 
unfortunate thing is that you have to have a little space to roll. And we’re so densely 
developed along the shoreline, there’s nowhere to put people, there’s nowhere to set 
people back. Real Estate Stakeholder  

Ten years ago there was a study of adaptation on Long Beach Island.  They looked at 
rollovers…It’s ugly – for example, if you move houses to the back of the beach, you 
destroy the back marshes.  The [sea] will come in from both sides.  And retreat?  
Where? [Sea level rise] is not a nice, linear progression.  It’s not incremental – it’s not 
moving in a straight line. Natural Lands Manager 

We don’t know what works, if anything.  The [sea walls] don’t work.  Beach replacement 
is easy on the oceanfront, but not [near marshes]. Bulkheads are nice, but there’s 
nothing for the natural shoreline. Natural Lands Manager 

Political and cultural 

And if we go years without a major storm, a major flooding disaster in the state, people 
have short memories. And mayors especially, [they’re] in place for four or six years, or in 
some places two years, so that’s all they’re looking for. What are the two-year fixes?  
Emergency Manager  

The decision-making processes are very short-term: what are the costs, what are the 
benefits over the very short term. And natural systems are very long term. And I would 
think that healthy economies is kind of a long-term consideration. Conservation 
Stakeholder 

[We need to] find some place where government can … do that, without the 
interferences that you get with all the political garbage… If we need to correct what’s 
going on with global warming, we need to stop everybody making it into a political 
issue, and start dealing with the issue. Fisheries Stakeholder 

Public perception I think is what drives a lot of the policy…We need regional planning, 
but lack authority at the county level.  We have no jurisdiction over land use. The towns 
do that through their zoning… There is a [county] master plan, but it has no regulatory 
authority. Natural Lands Manager  

How long can the federal government sustain that level [of disaster recovery spending]? 
With the current financial situation of the federal government, logic is going to dictate 
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that the threshold is going to rise. And you’re going to see less federal payouts over the 
years. Emergency Manager  

I think there are a lot of things that create this complacency among the property 
owners, but it all starts with finance, I mean money. [Certain] people just, they can 
afford it. They don’t, they don’t think about it. Real Estate Stakeholder 

I see the advocates of the future not there… I mean, how did I get into all that I do?... 
Well, that isn’t because I was sitting in a house when I was five years old, playing a 
videogame… [I was out crabbing with Grandma from the dock]. Fisheries Stakeholder  

Policy and regulatory 

Right now a marina cannot apply for any kind of state permit to do any kind of work on 
their properties without allowing the public access to kick in…If they wanted to put in a 
new drain for boat washing, for toxins, they have to apply to get a permit from the 
DEP…In many cases the permits have been held up for legitimate improvements that 
they need to make. Everything from cleaning up the property to pulling gas tanks up and 
putting them above ground, all the things that they should do anyway. Economic 
Development Stakeholder 

What we’re trying is what can we do to protect our own shoreline in an environmentally 
friendly way, and this could be a good demonstration project…The regulatory 
environment, because there are some modifications needed, anything you do, putting 
up bio-logs or dune grass, anything you do on the shoreline requires a permit from the 
DEP. If you have to wait three years for the permit and spend 25,000 dollars, it’s 
[difficult].  Natural Lands Manager  

And you know, for a long time, a lot of folks have been trying to get the federal 
government out of the beach nourishment business. And without, I tell you, without a 
beach nourishment program like that, I think you’d see a lot different planning 
approaches to how to manage the ocean front. Real Estate Stakeholder  

And in the CAFRA, sort of ironically, the last time the law was amended was in ’93, after 
the big nor’easters in ’92, the October storms…They amended the law to allow the state 
to regulate single-family houses….But then they turned around and gave people a 
statutory right to rebuild after the destruction of a house during a storm. So the option 
to do mitigation . . . was lost there. Conservation Stakeholder  

The real estate market is so distorted by public subsidies and public interference in the 
market through flood insurance and through guarantees of evacuation, guarantees of 
rebuilding, infrastructure support, those types of things…. Conservation Stakeholder 

Once bulkheading is in place, it is very difficult to dismantle it, because that would 
threaten a particular property. Natural Lands Manager  

Because we’re the most densely populated state, that actually hinders us. We have to 
show as a whole state, and I don’t know the whole formula but it is a dollar figure per 
person, so 9.5 million people in the state of New Jersey, we’ve got to come up with 11 
or 12 million dollars in damages in order to reach the threshold of a presidential 
declaration. Emergency Manager 
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5.2 Options to Enhance General Resilience  
 
Strategic options identified by study participants as ways to reduce vulnerability and the 
economic burdens associated with climate change included strategies that directly tackle the 
obstacles listed above as well as more general approaches to increase resilience – often two 
sides of the same coin. 
 
5.2.1 Policy reform is the logical, albeit politically challenging, response to the barriers to 
resilience posed by policies that establish perverse incentives, rigid and burdensome regulation, 
under-regulation, short time horizons, uncoordinated planning processes, haphazard 
development, and the inequitable distribution of costs and benefits. In some cases stakeholders 
suggested policy alternatives, in others they just pointed out the flaws in existing policies. 
 
Numerous specific policy reforms sought by stakeholders in conservation, real estate, 
emergency management, and tourism/development were outlined above.  The reforms that 
would have perhaps the greatest impact on general resilience are those that would change how 
development is regulated and emergency monies allocated. In particular, conservation and 
tourism stakeholders advocated for the following: building codes should be strengthened under 
NFIP and FEMA, beach nourishment projects should be prioritized and regionalized, and the 
limitations of financing all these programs should be addressed. Others pointed to potential 
reforms in the regulation and practices of the private insurance industry that could provide 
incentives to upgrade the storm-worthiness of structures and disincentives to rebuild on 
repetitive-loss sites. 
 
Some respondents mentioned promising steps in the right direction with regard to the 
implementation of state policies by the DEP, including expediting environmental enhancements 
such as living shorelines and business permitting through the new business action center. 
  
At the same time as some felt that adaptation would be facilitated by the government backing 
off, others wanted to see government step up to the plate to intervene more directly. An 
environmentalist provided a general perspective: “What we need is better policies. We can stop 
continuing to put ourselves at further risk. Most of the impacts are here: we cannot stop them, 
we can just soften the edge… We need to deploy a range of voluntary and regulatory 
approaches... There is a role for government at every level. It needs to say to people, ‘Here are 
the things that are no longer acceptable.’” 
 
A few stakeholders argued for expanded governmental control on development and other 
barriers to resilience through better enforcement of existing regulations and the exercise of 
existing authority to regulate.  In the words of one conservation stakeholder, “So even though 
we have laws-- we have the Coastal Areas Facilities Review Act, we have the Waterfront 
Development Act, the Tidal Wetlands Act, all of which have sufficient authority in them to 
require greater setbacks, limitation on building in high hazard areas, vulnerable places-- we 
don’t utilize those authorities.” 
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One crucial role for government spoken of by many stakeholders entails planning -- at all levels, 
well in advance of adverse effects, and in coordination with relevant parties. In implementation 
as well as planning, success is enhanced by communication between levels of government, 
adjacent local government units and among all units of government and stakeholder groups.  
The good working relationships that develop among these levels and within communities are a 
form of resilience, one that facilitates coordinated planning and action. Regional planning and 
coordination that encompass watersheds and other natural units that cross political boundaries 
was particularly stressed as critical.  At a larger scale, some stakeholders urged that ”regional 
compacts,” such as RGGI, should be supported in order to adapt to the threat of climate change 
by mitigating it. 
 
5.2.2 Better research and information for better planning was the wish of several stakeholders 
“if resources were unlimited.”  Examples include the previously mentioned research topics, 
such as coastal engineering and weather/climate forecasting research, as well as economic data 
and projections, such as the costs of storm and flood damage under different scenarios.  One 
planner felt that the latter “could go directly to the municipalities, so when they’re redoing 
their master plans and zoning they could take that into account.”  
 
5.2.3 Timing is everything. Stakeholders felt that despite political resistance, fiscal constraints, 
and other impediments to change, policy solutions can be found and implemented when 
favorable circumstances align: a confluence of leadership, ready-to-go solutions, and a driving 
event. Several stakeholders noted that it’s often catastrophe that drives people to act.  
Disasters, it was also noted, can provide a political opening for more intervention and stronger 
regulation. 
 
5.2.4 Education was often mentioned as another crucial piece of what will make it possible and 
likely for people to act.  This will first require them to understand the threats to their well-being 
posed by climate change -- and only then will they be interested in understanding the steps that 
will enhance our resilience in the face of it. 
 
5.2.5 Civil society is an important arena for enhancing resilience. According to two respondents 
involved in the non-profit sector, NGOs have an important role to play in the struggle to 
achieve resilience: through advocacy, research, demonstration projects and other forms of 
public outreach.  The example of Green Teams participating in the Sustainable Jersey program 
was given to show how local groups can make a difference, and how support and coordination 
from NGOs, government agencies and/or partnerships helps amplify their impact. 
 
Finally, as one stakeholder observed, increased resilience will come about if individuals change 
their behavior in ways that mitigate the causes of climate change and reduce their exposure to 
its inevitable impacts. 
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Table 5.2 Options to Enhance General Resilience: Stakeholder Quotes 

So even though we have laws, we have the Coastal Areas Facilities Review Act, we have 
the Waterfront Development Act, the Tidal Wetlands Act, all of which have sufficient 
authority in them to require greater setbacks, limitation on building in high hazard 
areas, vulnerable places, we don’t utilize those authorities. Conservation Stakeholder 

And it’s got to be through the redevelopment provisions, it’s got to be in, like, pre-storm 
planning.  When a storm hits, there’s such frenetic activity, everybody’s freaked out, and 
no one’s thinking straight, and everyone’s stressed. …We always try to promote pre-
storm planning that could sort of lay out that… Real Estate Stakeholder  

So there are incremental things that can happen along the way. I don’t know how big a 
change that sustains or how much that enhances your resiliency. In the end, if it’s done 
piece-meal, 560 municipalities, if you get two of them, what does it really mean?....I’m a 
big believer in regional planning and regional approaches to things, and I just don’t 
think town-by-town works for anything other than political empowerment. Which 
definitely, I think that’s what the game is about in municipalities in New Jersey.  
Conservation Stakeholder 

[Better data on costs] could go directly to the municipalities, so when they’re redoing 
their master plans and zoning they could take that into account… As for plans, it could 
change things.  Maybe [plan for] not a typical retail zone but some other type of 
commercial zone that can generate some income but isn’t as threatened by sea level 
rise. Economic Development Stakeholder 

Education. Climate change is an opportunity for education of the public. Natural Lands 
Manager 
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6. Conclusions 
 
This study investigated economic vulnerabilities to climate change and options for enhancing 
resilience in the Barnegat Bay Region. The study's multi-step methodology entailed: 1) 
identification of key climate change hazards in the region; 2) description of economic and other 
stresses in the region; 3) description of assets and activities at risk from climate change, options 
for adaptation, and implications for emergency management and hazard mitigation; 4) 
identification of options and barriers to enhancing resilience; and 5) consideration of 
knowledge gaps and areas for further study. In this concluding chapter, we summarize key 
findings in each of these areas. 
 

6.1 Climate and Hazard Risks 
 
Climatic records and stakeholder observations confirm that climate change is already evident in 
the Barnegat Bay region. Temperature and precipitation records over the past fifty years 
indicate that the region's climate has been gradually warming and that heavy precipitation 
events have become more frequent. Concerning the future of the region, critical risks, as 
identified by modeled projections, include continued warming, acceleration of sea level rise, 
increased frequency of extreme precipitation events, worsening of inland and coastal flood 
events, and increased intensity of hurricanes. Additional risks as perceived by stakeholders 
include increases in severe snowstorms, droughts, heat waves, and forest fires. Stakeholders 
also noted that a number of impacts of climate change have already been observed in the 
region, including marsh die-back due to saltwater intrusion, beach erosion, warming of ocean 
temperatures, and changes in ocean chemistry. 
 

6.2 Critical Non-Climatic Stresses 
 
The project also sought to identify critical non-climatic stresses for the region in order to place 
the discussion of climate change vulnerability and adaptation within a larger socio-economic 
and physical context. The non-climatic stresses that were identified by the majority of 
stakeholders fall into three interrelated areas, including:  

 Population growth accompanied by an increasing proportion of elderly residents, 
rising housing prices, and displacement of lower-income residents from 
oceanfront communities  

 Economic uncertainty and the economic downturn, and  

 Environmental degradation associated with new development.  
 
These and others stresses not only increase the vulnerability of the region to climatic risks and 
hazards, but also affect the ability of businesses, municipalities and others to take action on 
adaptation to climate change. The economic downturn, in particular, has created a situation 
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where businesses and municipal governments are focused on short-term survival strategies 
rather than on long-term planning for climate change. 
 

6.3 Assets, Activities, and Groups at Risk 
 
Climate change in combination with other stresses poses a significant threat to the region's 
economic assets and economic activities. Stakeholders identified the following as major types 
of assets and activities at risk: 

 Natural assets at risk: beaches, fresh water, marshes, wetland areas, forests, and 
marine life 

 Built assets at risk: roads and mass transit, bridges, waterfront properties, beach-
related infrastructure (boardwalks, marinas, etc.), and municipal facilities 

 Key activities at risk: tourism, commercial fishing, recreational fishing, boating, 
wildlife watching and park visitation, insurance, agricultural production. 

 
While many of the region's businesses, workers, and residents will be affected by climate 
change, a number of groups were singled out as particularly vulnerable, including: 

 Small business owners and their employees 

 Commercial and recreational fishermen and local businesses that support them 

 Local governments 

 Lower income homeowners 

 Users of parks and other recreational areas.  
 
Each of these groups was regarded as significantly exposed to climate change risks because of 
limited financial assets and lack of alternative livelihood or recreational options. 
 

6.4. Adaptation Options 
 
Stakeholders identified several types of strategies for adaptation of assets to climate change, 
including: 

 technological and infrastructure related measures, such as beach replenishment 
and shore armoring 

 soft infrastructure measures, such as wetland restoration 

 land use planning. 
  
Strategies for adaptation of activities emphasized diversification and preservation of ecosystem 
services. In particular, stakeholders recommended:  

 diversification of the region's economy as a whole away from tourism and 
construction   

 diversification within tourism and fishing sectors 

 protection of the region's ecosystem services, particularly wetlands and 
marshes. 
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While retreat and relocation were mentioned by many stakeholders, they were regarded by 
most as options of last resort.  
 

6.5 Emergency Management and Hazard Mitigation 
 
Climate change has important implications for emergency management and hazard mitigation 
in the region.  Stakeholders felt that the region's recent exposure to Hurricane Irene provided 
many lessons for emergency management: 

 The value of preparedness 

 The importance of lead time 

 The need for education and cooperation of the public 

 The need for vigilance to ensure that future warnings would be heeded. 
 
While stakeholders felt that the region is generally well-prepared for extreme events, they also 
identified a number of strategies that would improve the region's overall preparedness: 

 Additional evacuation routes 

 Better coordination and communication with utilities 

 More attention to special-needs populations 

 Provision of shelters for people with medical needs and animals 

 Additional training of reserve emergency personnel 

 Additional specialized equipment, particularly back-up generators 

 Development of a regional trauma center. 
 

6.6 Barriers to and Options for Enhancing Resilience  
 
In addition to suggesting specific adaptation strategies to protect particular assets and 
activities, stakeholders identified both barriers to and options for enhancing the region's 
general resilience to climate change.  
 
Barriers fell into three major categories: 
   
Physical and technological barriers. Options to enhancing regional resilience are constrained by 
the physical environment and scientific understanding of how to manipulate it.  In particular: 

 The slow progression of climate change disguises its urgency 

 The high density of settlement makes changing the pattern and quality of 
development unfeasible or expensive 

 Limitations to the effectiveness of known engineering solutions constrain what 
can be done to protect shorelines and property. 

 
Political and cultural barriers. Physical barriers interact with cultural attitudes to produce 
political consequences. The long term and unpredictable nature of the worst impacts of climate 
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change on the one hand, and the high and unevenly distributed cost of many of the proposed 
short term interventions on the other, conspire to favor inaction.  The resultant lack of political 
will to undertake adaptive action is both a cause and consequence of a number of other 
obstacles, including:  

 The politicization and denial of climate change   

 The lack of regional planning and coordination 

 The lack of a rational transportation network including public transportation 

 Government budget cuts and limitations in time of economic stress 

 Unequal sharing of burdens, in particular with respect to beach replenishment  

 Cultural trends flowing from decreasing exposure to nature. 
 
Policies and regulatory barriers. Many stakeholders identified misguided policies and 
regulations as significant barriers to resilience-building adaptation to climate stress. These 
include: 

 Inflexible and inappropriate regulations 

 Expenses and delays in obtaining permits and inspections 

 Lax development regulations and enforcement 

 Assertion of private property rights restricting mitigation activities 

 Misguided incentives and policies regarding development  

 FEMA’s practice of determining disaster declarations on a state-wide, density-
dependent basis. 

 
 
Options 
 
Stakeholders also had many ideas and suggestions for actions that would enhance the region's 
resilience to climate change: 

 
Policy reform. In addition to the sector-specific policy reforms outlined above, stakeholders 
proposed various ways that policy change could enhance the overall resilience of the region: 

 Strengthened building codes 

 More secure, rational and fair allocation of federal funds for disaster preparation 
and recovery  

 Better enforcement of existing regulations and the exercise of existing authority 
to regulate  

 All levels of government planning for adaptation and disaster recovery 

 Regional planning and coordination 

 Improved communication and strengthened relationships between levels of 
government, between adjacent local government units, and between 
government and stakeholder groups.   
 

Better research and information. Stakeholders recommended that more research and 
information on such diverse topics as economic projections and coastal engineering should 
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inform planning efforts. Ready-to-go practical and policy solutions should be in place so that 
when the right confluence of events takes place, typically precipitated by a catastrophic storm, 
it becomes possible to overcome resistance and implement them before the political moment 
passes. 
 
Education. A number of stakeholders pointed out a key component of resilience is an educated 
citizenry that understands the threats posed by climate change and is aware of alternative 
responses to it. 
 
Civil society. Non-governmental organizations, community-based groups and the commitment 
of individuals all have an important role to play in promoting more resilient behavior and 
resilient institutions, including responsive government. 
 

6.7 Knowledge Gaps and Recommendations for Further Analysis 

  
This study is an important starting point for identifying the types of economic assets and 
activities that are likely to be affected by climate change in the Barnegat Bay region, as well as 
the groups that are mostly likely to be vulnerable to these impacts. Our discussions with 
stakeholders revealed a number of gaps in knowledge regarding how specific types of climatic 
risks may affect assets, activities and vulnerable groups, as well as the types of adaptation 
strategies that might be feasible. These discussions suggested that the following topics would 
be fruitful areas for further analysis. 
  
Assets at risk. There is a need for analysis of how specific types of climatic risks such as sea 
level rise and extreme precipitation events will affect natural and built assets. There is a 
particular need for detailed documentation and assessment of natural assets, public 
infrastructure and utilities that are at risk in the region.  
  
Community-level risks and vulnerability. While this study has provided a regional overview of 
key risks and vulnerabilities, there is a need for investigation of how risks and vulnerabilities 
vary across the many different types of communities located in the Barnegat Bay region. Inland 
communities, for example, face different types of climate hazards in comparison to oceanfront 
communities. Moreover, vulnerability and resilience also vary within communities along 
multiple lines, such as age, class and immigration status. More information about how 
perceived risks and options for adaptation vary among and within communities is needed. 
While development of community vulnerability scores was beyond the scope of this study, 
additional analysis of the relative vulnerabilities of different communities via development of 
metrics of vulnerability is also an important area for additional analysis. 
 
Adaptation options. Regarding adaptation, most of the strategies and options suggested were 
based on actions that have already been used in response to climatic hazards in the region.  Yet 
it is likely that the region will need to adapt to novel and unprecedented types of change in the 
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future. There is a need for additional research that will help to identify new types of options for 
adaptation to respond to climate change, including approaches that are being used in other 
regions that may be applicable to Barnegat Bay.  
 
Expanding the sample of stakeholders. The stakeholders who participated in this study 
represent a broad-cross section of public and private interests within the Barnegat Bay region. 
Given the region's reliance on tourism and recreational activities, which are largely supported 
by individuals living in other regions (e.g., recreational boaters from North Jersey), expansion of 
the sample of stakeholders to include individuals from "away" may provide valuable insights 
into outside perceptions of regional vulnerabilities and strategies to enhance resilience. 
 
Financing of adaptation. Many stakeholders, while recognizing the importance of adaptation, 
voiced concern about the costs to local businesses and communities, particularly during the 
present era of slow economic growth. Additional investigation into the costs and feasibility of 
specific types of adaptations and options for financing adaptation is needed. 
 
Barriers to adaptation. Further study of barriers to climate adaptation is also needed, together 
with effective policies and modes of regulation to overcome those barriers.  In order for this 
research to have impact, there is a related need for the investigation of successful models and 
methods for the exchange of knowledge and new research findings among researchers, 
planners and the public. 
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8. Appendix 
 

8.1. Interview Instrument Used for Stakeholders 
 

FINAL VERSION  
November 28, 2011 

 
Economic Vulnerability and Adaptation to Climate Hazards and Climate Change: Building 

Resilience in the Barnegat Bay Region and Coastal New Jersey  
 

General Interview Instrument for Decision makers and Stakeholders 
 
Introduction: This study is being conducted with funding support from the Barnegat Bay 
Partnership and the New Jersey Sea Grant Consortium. We are interviewing stakeholders, 
managers and decision makers in this region in order to gain their perspectives on economic 
impacts and vulnerabilities associated with climate hazards and climate change, as well as 
options and opportunities for adaptation.  
 
 
1. Climate change risks:  
 
a. What types of physical or environmental changes do you expect under predicted changes in 
climate and climate variability? 
 
b. What types of physical impacts do you expect as a result of these changes in the near term 
(next 1-2 years)? 
 
c. What about in the long term (next ten years and beyond)? 
 
 
 
2. Economic assets: 
 
a.  What types of assets -- both human-made and natural - are likely to be affected by these 
changes in climate and climate variability?  (Assets include property, built infrastructure, 
beaches, ecosystem services.) 
 
b. How would you rank these assets in terms of their value? 
 
c. Do you have any information on the monetary value of these assets or do you know of any 
studies that have looked at these values? 
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d. [Are there any non-monetary values that you think will be affected and how?] 
 
e.  Who would be most affected by damage to or loss of these assets? (i.e., which individuals, 
groups, businesses, communities) 
 
 
 
 
 
3. Economic activities:  
 
a. What types of economic activities are likely to be affected by these changes in  climate and 
climate variability?   
 
b. How would you rank these activities in terms of their value? 
 
c. Do you have any information on the monetary value of these activities or do you know of any 
studies that have looked at these values? 
 
d. [Are there any non-monetary values that you think will be affected and how?] 
 
e. Who would be most affected by interruption of loss of these activities? 
 
 
 
 
 
4.Options and opportunities to enhance resilience of assets: 
 
a. Can you identify specific steps to address the impacts on human-made and natural assets?  
 
b. Do you have any knowledge about the types of cost that would be involved in these steps?  
 
c. What factors would make it more likely to take these steps successfully?   
 
d. What would be the obstacles to making these changes? 
 
 
 
 
5.  Options and opportunities to enhance resilience of activities: 
 
a. Can you identify steps to address the impacts on economic activities?  
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b. Do you have any knowledge about the types of cost that would be involved in these steps?  
 
c. What factors would make it more likely to take these steps successfully?   
 
d. What would be the obstacles to making these changes? 
 
 
 
6. Emergency preparedness: 
 
a. How do you think emergency preparedness needs to change to respond to changes in 
climate and climate variability?  
 
b. Do you have any knowledge about the costs that might be involved?  
 
c. What factors would make success more likely?   
 
d. What would be the obstacles to making these changes? 
 
 
7. Summing Up: 
 
a. What are some other critical pressure and stresses that the region is facing?  How might 
these interact with climate variability and change? 
 
 
b. What do you see as the most critical issue(s) in the region in connection with climate 
variability and climate change? 
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8.2 Additional Stakeholder Quotes 
 
Addendum to Table 2.5 Climate Stresses: Stakeholder Quotes 

Increases in Extreme Events 

Every time I turn on my computer, I get the weather forecast telling we’re going to have 
coastal flooding tonight because of the full moon. Well, those areas are going to see a 
lot more flooding.  Fisheries Stakeholder 

First and foremost it’s going to be coastal flooding issues… many areas that are 
vulnerable to rising sea levels. We do have regular storms, that come, whether 
nor’easters or the hurricanes, and if the base level of the water is increasing, the storms 
will have more of an impact. Economic Development Stakeholder 

[It's] very unique for us [river flooding is]. Usually it’s back bay.  Emergency Manager 

And now we’re in the constant state of monitoring…because we’ve had such a warm 
[spring?] summer, and you’ve seen a lot of tropic storms starting already, that [we’re] 
already planning on having certain things in place. Tourism Stakeholder 

And supposedly with climate change, hurricanes are going to become more intense, 
more active, more often. Fisheries Stakeholder 

Last summer we had, not county wide, but a couple of large communities -- Brick and 
Barnegat had cooling centers open. Emergency Manager 

I can tell that during some of the heat waves we’ve had in the past, we’ve had to have 
firefighters standing by to water down some of these [electricity] transfer stations, or 
whatever they’re called. Because of the excessive heat. Emergency Manager 

Gradual Changes  

Person 1: Looking at the water level rise, you got houses in Tuckerton that will all be 
under water . . .If the predictions are correct, in about a hundred years, Tuckerton, 
Mystic Islands, maybe in about fifty years, Mud City, places like that. 
Person 2: Like the lost city of Atlantis? Emergency Managers 

Person 1: I can’t see it. I can see when it’s nice weather, and we have a full moon tide or 
a new moon tide, it’s about where it’s supposed to be. I mean, how can you really tell 
two, three, four inches, or six inches or …A couple feet, it might be [more visible]… 
Person 2: We’re bulk-headed here, that’s the difference from the parks. They can see 
approaching water. Fisheries Stakeholders 

You’re changing, really, ecosystems, and an area that was not flooded before, it is 
brackish water or salt water.  We’re starting to see some areas of the county where 
you’re starting to see some tree die-back right along the edge of the marsh. Natural 
Lands Manager 

There’s a period of time in between storms that the beach replenishes itself. If that 
starts getting less, and less, and less, then you’re going to have more beach 
destruction…Fisheries Stakeholder 

Maybe it’s their food chain. They don’t have enough food there because temperatures 
changed. Or they’re just, they’re very sensitive to the ambient temperature in the 
water…Fish don’t want to live here anymore. Some of them. Fisheries Stakeholder 
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Certain species, like the sand lances, what we call the sand eels…won’t spawn unless the 
water temperature falls below thirty-eight degrees. Well, this winter we have only had 
forty-degree water temperatures. So did they spawn? Did they find a cold-enough place 
to spawn? …As the water warmed up, the sand eels disappeared. And when those sand 
eels disappeared, the runs of bluefish started going down, the size of the bluefish 
schools. Fisheries Stakeholder 

I was out in Colorado…I’m looking at the hills…and half the trees are brown. From the 
pine bark beetle . . . Well, people don’t realize the same thing is going on in New Jersey 
because we have less severe winters… Fisheries Stakeholder 

 
Addendum to Table 3.11 Economic Stresses: Stakeholder Quotes 

I think everybody is still holding on and trying to survive. You know, if we were maybe in 
a really good economy and things were booming, maybe those discussions would be 
happening more. But I’m going to guess, and I’m just guessing, that right now 
everybody is still in survival mode. It’s been a long road. Tourism and Fisheries 
Stakeholder 

To the extent that New Jersey really has relied on what they call beach replenishment 
as a strategy, that in my mind is also going to run out of capacity…Because one, you 
have diminishing federal dollars being made available to projects…There are going to be 
fewer and fewer real dollars out there. So you’re going to run out of money, and these 
projects are 75% paid for by the federal government, which is the only thing that makes 
them happen. Conservation Stakeholder 

And [high-tech businesses in Monmouth] were big centers of innovation, and big 
technology drivers for a long time, and those have gone away…I think most of the 
economic activities have shifted to being tourism-related and home-building related, 
people living in the area running small business. Conservation Stakeholder 

 
Addendum to Table 3.12: Environmental Stresses: Stakeholder Quotes 

Person 1: What you might want to look at is land use. Not just how many more people 
but density of homes. 
Person 2: Along our coasts. What’s happening to Barnegat Bay right now and what is 
the reason for it.  Sea nettles and algae and loss of oxygen and whatever else is being 
introduced into the water. Emergency Managers  

 
Addendum to Table 4.4. Assets at Risk: Stakeholder Quotes 

Natural Assets at Risk 

I guess it was in 08-09 in that area, we had some nasty nor’easters that almost wiped 
out [the beaches] I mean there were beaches that went from almost 100 yards to, like, 
five yards, like that [snaps].  Economic Development Stakeholder 

Well, the wells were getting saltwater intrusion. I mean, we keep going deeper down 
here. I first of all made a well tip around thirty or forty feet.…When I had to replace my 
well, I went down about 110 feet to get water that’s…basically drinkable. Fisheries 
Stakeholder  
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Built Assets at Risk 

If you’re worried about the economic impact of the engine that drives the Shore, if you 
can’t go there you’re not going to…You know, the loss of the infrastructure, the 
transportation infrastructure, getting to those tourist areas would be something…Have 
you at the local level mitigated the risk to -- I mean if you lose a causeway, you can’t get 
on LBI, there is no summer. Emergency Manager 

Probably the most vulnerable thing [in the region] will be a municipal or county-owned 
road that hasn’t been upgraded, that’s forty or fifty years old. Emergency Manager  

If you look at all those, if you go to the barrier island, and if you go from Island Beach to 
Point Pleasant, all those roads have sides that are flooding. What happens when they 
start flooding more often? Fisheries Stakeholder  

…All these causeways were flooded out in South Jersey….What’s the impact on our 
other built infrastructure, railroads? I saw it happen during Hurricane Irene, when mass 
transit was basically shut down. Now it’s an extreme event, but it’s not something that 
we don’t expect to reoccur. Real Estate Stakeholder  

Person 1:You close the bridges for two reasons. One is the wind. In fact about two years 
ago they closed the bridge. The other thing is on the far side, on the island side of the 
bridge, it floods. So if you let them over, you’re going to back up the bridge.  
Person 2: Well you can’t get to the bridge, that’s the problem. 
Person 3: Coming out you can’t. Coming in you get over all the bridges and then you 
stop. Emergency Managers 

The practical impacts are access issues that affect users.  It’s hard to not think it will 
only get worse.  Yes, we can do beach replenishment, but it won’t get easier to manage 
the public use of [our facility]. Natural Land Manager 

The cost of evacuation, the cost of lost revenue, who knows what houses get 
destroyed, all that kind of stuff then goes back to the municipality, which translates 
back to their tax base. Conservation Stakeholder 
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Addendum to Table 4.10a. Technological Options to Enhance Resilience of Assets: 
Stakeholder Quotes 

It’s 65-35. 65 federal, 35 non-federal. . . So one thing you have is you have towns not 
really paying much for these very expensive projects. And so, when you’re not really 
paying a lot, you don’t have as much interest in it… I think it should be flipped to 65 
non-federal, 35 federal. . . it should be changed to better reflect who benefits. And that 
would suggest a much higher burden on the communities. And I think that 
unfortunately the existing policy doesn’t provide incentives for communities to be 
more creative in their planning, and how they view what’s going to happen in ten 
years, in twenty years, in fifty years. Real Estate Stakeholder 

…Not a mass migration away from beach, but in areas where we know the erosion 
rates are historically really high, vulnerability’s bad, and you see it again and again, we 
have to, we should have some planned retreat from those areas. Real Estate 
Stakeholder 

They’re going to have to move these communities. And it’s exceedingly difficult, both 
economically and politically, but there really is, I think there will come a point, that it’s 
the only opportunity, the only option that is left. And then that’s what people will do. 
And then it will be more costly that if they had done it prior to the event, but that’s the 
way it works. Conservation Stakeholder 
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Addendum to Table 4.10b Land Use/Policy Options to Enhance Resilience of Assets: 
Stakeholder Quotes 

We really should have the platinum standard for building construction. Because I think, 
again, that’s a reasonable balance to what we’re doing in subsidizing the existence of 
those homes through all these state and federal programs that spend a lot of money to 
protect them. Real Estate Stakeholder 

Howard Kunreuther…talked about a different model of insurance that actually 
provided incentives for people to upgrade their own homes over time . . . usually now 
it’s, well, in order to get flood insurance, you have to build to the standard, but when 
we know is the standards are not sufficient enough to prevent the damage. Real Estate 
Stakeholder 

… [Insurance companies are] paying out hundreds of millions all the time. Just 
constantly paying that out, and it keeps going up and up. And they can’t adjust the 
premiums, it always has to be based on the past. They can’t take a climate change 
scenario…And it’s sort of, it involves a strong carrot and stick approach, which is money 
and payouts. Real Estate Stakeholder 

I’d put in place studies of environmentally friendly approaches [to coastal adaptation], 
not just putting out piles of rocks…. We don’t know what works, if anything.  The…walls 
don’t work.  Beach replacement is easy on the ocean front, but not [for marshy areas].  
Bulkheads are nice, but there’s nothing for the natural shoreline. Natural Lands 
Manager 

The key to it, to fix it and improve the whole situation, has got to be to figure out some 
mechanism that is affordable, in which you go in and take all the existing 
development…[We] looked at some retrofitting options, and it costs a lot of money. 
Emergency Manager  

All these beach replenishment projects are controversial in their efficacy. There’s all 
kinds of solutions that they proposed out there but ongoing beach nourishment is 
probably the most effective. But it has to be ongoing, not like it’s once and it’s done. 
The ocean is too dynamic. Economic Development Stakeholder  

I spend a lot of time talking about codes and standards. This is something that doesn’t 
make people move out of their neighborhood, it doesn’t force you out. At least if 
you’re there, you should be building the platinum version of every… in terms of 
whatever you can do. …I think, again, that’s a reasonable balance to what we’re doing 
in subsidizing the existence of those homes through all these state and federal 
programs that spend a lot of money to protect them. Real Estate Stakeholder  

We need to plan for the next twenty years – how do we retrofit every sewer plant in 
the United States…. You can either create an osmosis system or a carbon filter system 
to basically [filter drugs and other chemicals], then we can start reusing the water, so 
that will help reduce some of the water problems. Fisheries Stakeholder  

In the past 10-15 years, there’s been such a rebuilding effort….And they’ve all caught 
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up to or built to current standards….The coastal housing is in good shape. But that 
infrastructure, the drainage system that’s fifty years old, that hasn’t been increased. 
Emergency Manager 

We don’t focus priorities on a certain area but on a certain activity. An acquisition of 
property in a flood area or where people are in harm’s way. That’s our number one 
priority. Above the flood-control type projects. Emergency Manager 

You can identify readily, and this is sort of another technique, I guess, to adapt or to 
respond, is that there are properties in particular which are repetitive damage, as 
opposed to ones which get occasional damage.  So you can tease out where the most 
vulnerable areas are. And we had advocated that [the state] identify those repetitive 
damage properties and buy them out, and restore the floodplain there, as an 
alternative to [a large engineering project]. Conservation Stakeholder 

We could have a floating dock of peat or plants or even salt marsh specimens or 
endangered species.  But we’re not sure if this will work….So far, nothing has worked 
[for storm protection] in experiments.  They are also expensive. Natural Lands 
Manager 

Take [dredged sand] and you restore tidal wetlands to the boundaries that they were 
in 1962, let’s say, just to pick a date when there was a big storm. Cause we know we’ve 
lost, we lose thousands and thousands of acres of wetlands every five or six years. 
Then you would, one, not only get the dredging done you wanted to get done, but you 
would also increase the resilience of the coast by increasing the buffers, right. 
Conservation Stakeholder 

[FEMA and the state] funded the project to put the floodgates in the [Hoboken] PATH 
station. It was sort of like, well, it’s time. Before then, it was not that big a deal, now 
it’s time. Real Estate Stakeholder 

Person 1: That’s a huge success story, because…Bound Brook wasn’t even a story 
[during Irene]. Because of that Army Corps project [the Green Brook flood gates]. 
Emergency Manager  

We’re going to have, we have, a problem right now building with water quality and 
quantity. I mean, look at [Keansburg]. They just put a desalinization plant. Which 
creates other problems . . . Fisheries Stakeholder 

What other incentives can we provide through insurance that have the dual benefit of 
increasing or encouraging higher standards, and on the other side of it, reducing 
potential damage and costs? Researcher Howard Kunstler had great ideas for how we 
can change, how we manage insurance. Real Estate Stakeholder 
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Addendum to Table 4.13 Activities at Risk: Stakeholder Quotes 

Activities at Risk 

So yeah, we’re very vulnerable to weather, when it’s a good season, too. Even like, 
we’ve had some summers where it rains every Saturday or every Sunday. [Sales are 
down], everything is down.  Tourism and Fisheries Stakeholder 

If it’s incredibly hot, the beaches are really packed, ‘til it gets to be about a 105. And 
then the sand gets too hot. So you don’t want it too hot… Tourism Stakeholder 

 
Addendum to 4.18 Options to Enhance Emergency Management: Stakeholder Quotes 

Evacuation routes are almost nonexistent, for the most part. I live three-and-a-half 
miles from the power plant, so I’m cognizant of it, more so than just from the coastal 
evacuation.  Economic Development Stakeholder 

When we’re thinking regionally about our assets we’re thinking about roads and 
bridges, and those are of course essential for evacuation. Getting people in and out 
and response emergency crews and utilities crews.  That’s what we’re actually now 
looking at.  Areas that are vulnerable, areas that may now be vulnerable that weren’t 
vulnerable before. Economic Development Stakeholder 

Person 1:We…work closely with the Office of Emergency Management for Ocean 
County…and obviously working with the state…We do have a pretty good emergency 
management plan. And again, we work well with the others, you know, state and local 
agencies.  
Person 2: We do manager meetings throughout the hurricane season…So I think 
everybody is in good shape…We have a pretty good communication plan between all 
of us. Tourism Stakeholder  

[What] emergency preparedness changes [are] needed? I think just more focus on the 
plans that are in place already. This is not recreating, reinventing the wheel….Plans 
have been in place, and they work, as long as people employ them…The common 
denominator is, we plan for disaster, and as long as we stick to the plan, and exercise 
the plan, and educate the public on the plan, then we’re doing… And that may be 
where the costs come in. Exercising and educational type activities. Emergency 
Manager 

Person 1: Atlantic City in particular, they need the [evacuation] busses. A very high 
percentage don’t have vehicles. 
Person 2: The demographics there, it’s low-income. Emergency Managers  

We’ve been using our national guard [for emergencies], and we lost a lot of that 
because they got tired of going to Iraq or Afghanistan three or four times. We need to 
really train our national guard about how to basically [handle emergencies] during 
those storms. Fisheries Stakeholder 
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Addendum to Table 5.1 Stakeholder Quotes: Barriers to increasing resilience 

Physical and Scientific 

Unfortunately the opportunities for the creative transfer of development rights are a 
lot less because everything is so built [up], you don’t have areas to trade in. Real Estate 
Stakeholder 

Well, I think climate change to the human being is a relatively slow process.  To the 
world it’s probably a very quick process. But, so there’s not much to look at year to 
year. Except perhaps for the increase in natural weather phenomena.  Tourism 
Stakeholder 

Those businesses that focus around tourism, hospitality industry, many of those are 
part of the shore economy. [Climate change] is important to them, again I’m certainly 
not that knowledgeable about the whole global warming and sea level rise issue, but 
you know, the talk is out there. And that’s got to be tough to weigh in the back of some 
folk’s minds, what impact is that going to have on their businesses along the 
coastline….Not so much for the sea level rise yet, because I still think, as much as it’s 
talked about now a days, it’s still far in the back of most people’s minds and they don’t 
see that happening in the near future. Economic Development Stakeholder 

We need [strong] symbolism…that really hits people hard. But the problem is, how do 
you train people for mostly a slow progression? Now it’s getting, the timetable might 
be getting faster, but you’re talking, again, before, some of this is twenty years [away].  
Fisheries Stakeholder 

Political and Cultural 

And the problem is everybody thinks in such small time periods, and you know, politics 
is basically a two and four year…process, and that’s it. It’s a shame, because they don’t 
really care about ten or twenty years, because they care about two-year reelection 
cycle if you’re an assemblyman, or senate for more. Real Estate Stakeholder  

I think you are not going to see a movement by the business community until disaster 
is visited upon them. They have a lot of investment… Unless there’s a clear definition of 
what’s around the corner they’re not likely to make any changes. Tourism and 
Economic Development Stakeholder 

But the way the weather patterns have changed. I think, I don’t know if it’s climate 
change so much as pattern change, [but it] has really affected all of us. That’s for 
scientists [to figure out]. …There’s a lot of politics involved in this stuff. Emergency 
Manager 

There has been criticism of this nationally, that the threshold for disasters [to be 
declared federally] has been lowered significantly, so it’s a little easier to achieve that 
level. But we are getting more events that will cause that. Emergency Manager  

I’ve always been worried about the New Jersey beach nourishment program…[While] I 
think in some areas it makes sense, it’s provided a little it of a false sense of security for 
some communities, who feel that, well, sea level may rise and storms may become 
more extreme, but we go the Corps of Engineers out there pumping sand on the beach, 
and we’ll be fine….Real Estate Stakeholder 
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Policy and regulatory 

We went down [to the fishermen’s rally in DC]. And the purpose of that was to show 
that fishermen are united. Recreational and commercial in wanting to ensure that 
there is a healthy resource. The law that governs fisheries in the United States, the 
Magnuson-Stevens Act, is going to be up for reauthorization and the fishermen are 
looking for flexibility within the law, which does not currently exist. Fisheries 
Stakeholder  

When we look at things, we actually look at things in a vacuum. I’ll give you the worst 
example. When we do fisheries management, we do single species management.  
Fisheries Stakeholder 

We’ve done living shorelines, there’s a design pending for that on one of our natural 
lands properties … What we’re trying is what can we do to protect our own shoreline in 
an environmentally friendly way, and this could be a good demonstration project and if 
possible people could mimic it... The regulatory environment, because there are some 
modifications needed, anything you do, putting up biologs or dune grass, anything you 
do on the shoreline requires a permit from the DEP. If you have to wait three years for 
the permit and spend 25, 000 dollars, it’s [difficult].  To its credit, the DEP is aware of 
that, and is receptive and saying let’s get beyond those stumbling blocks where we’re 
really doing something with a net environmental impact. Natural Lands Manager  

And the problem is that the major development law in this state, which is CAFRA, it 
was amended in 1993 to regulate single-family homes on beaches and dunes...The 
legislature realized that we can’t leave it to towns to regulate adjacent uses on and 
adjacent to the beaches. So anyway, the statute was amended, but in order to get 
everybody to buy into it and support it… included a implicit right to rebuild provision in 
the law itself. And it basically says, if your house is destroyed, however it’s destroyed, 
fire, storm, flood, act of God, nothing in this law will prevent you from building your 
development….Unfortunately, this provision reinforced this mentality folks have of, 
we’re going to stay here. Real Estate Stakeholder  

We advocated to the department, to the DEP, that they use their regulatory authority 
to maintain retreat zones for tidal marshes. That when people build on the shore, they 
don’t build right up to the edge of the existing marsh right now, but rather that they 
anticipate some kind of retreat. And we haven’t really been able to, we have got 
nowhere with it. Even though they had the authority to, in the rules, in the books, to 
create the 300-foot buffers. Conservation Stakeholder 

And the big problem is what’s the equity to property owners, who may get either 
planned out of it or set back from the ocean front area? And you know, to me, whether 
there would have been some merit to having some stricter moratorium on rebuilding 
in certain areas, provided there’s compensation. And I know some people say, well, 
why should we compensate somebody who’s foolish enough to build their house on a 
sand bar? But, you know what, it’s been a hundred years we’ve been doing it. And in 
fairness to people who are there, I’m OK with spending some money, because I’m 
going to know that that’s it. That’s one less property we have to think about, we have 
to worry about. And a lot of people criticize the National Flood Insurance Program by 
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calling it kind of a subsidy for wealthy second-home folks. The reality of that is that the 
NFIP, while there is some of that, if you didn’t have the ability to get federally insured 
insurance, I don’t know how much, whether people’s building habits would be the 
same. But the reality is that without the NFIP, you wouldn’t have improved building 
codes that are in existence today. Real Estate Stakeholder 

And there’s also another mechanism for folks to take advantage of federal subsidies. 
There’s something called the casualty loss deduction, which can be claimed on your 
federal income tax. So even if you didn’t have flood insurance, if your house gets wiped 
out, you can write that off as a casualty loss deduction. So the tax code includes a 
provision that provides that kind of relief. The NFIP was intended to reward people 
with this insurance program, and the quid-pro-quo is you build a better house that’s 
less likely to be damaged. So in the end, that’s a good thing, because people are likely 
to build there anyway, so they might as well incorporate the best possible standards. 
Even though those NFIP standards are minimal and not quite cuttin’ it, as we know.  
Real Estate Stakeholder 

[Regarding the trend of replacing small shore houses with large ones]: Now 
unfortunately what it means is you’re increasing the value of the property at risk. You 
actually increase the potential for greater population density, cause instead of a little 
beach bungalow, you now have a five-bedroom home. So while people can say, “Well, 
the houses were already.” Well, no, it’s really the cost is going to be greater because 
the value of the real estate is so much higher now. Real Estate Stakeholder 

When the NFIP [becomes] insolvent, the Treasury just wipes out debts. Real Estate 
Stakeholder 

 
Addendum to Table 5.2. Options to Enhance General Resilience: Stakeholder Quotes 

Person 1:The problem is that almost all programs are defined by political boundaries so 
it’s really difficult to get, to institutionalize or even to get communities to think about 
that they’re part of a larger watershed.  
Person 2: We’re trying, we’re looking for ways to get the municipalities to think a little 
more regional in their approach….It would be an interesting synergy, to try to take, and 
this is more my background speaking, a watershed management approach to hazard 
mitigation. Emergency Managers  

We’re fortunate that in New Jersey a disaster hasn’t happened all at once when we’re 
not prepared for it. We’ve had a series of little disasters that we kind of learned from. 
Tourism Stakeholder 

And I think [education is] our best solution. I mean, society is very cynical of anything 
we come out with. We need church leaders who influence all the…It’s interesting 
because there are certain evangelical movements that realize that in the Bible it tells 
you, you need to protect the earth. And some of the pastors have realized that we 
need to do that. But we need those types of individuals to come out. Because the 
ministers and the pastors can do a lot. Fisheries Stakeholder 

There are some grounds for optimism. Local green teams are asking all the right 
questions. We need to support them, to make it possible for them to implement the 
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things they’ve been proposing. Conservation Stakeholder 

My kids, they’re all being taught in school that [climate change] is something normal, 
they understand it, they understand why, they understand about the fossil fuels and 
everything else. So if it’s taught to them at an early age, they have more of a chance to 
do something as they get older. Tourism Stakeholder 

 
 


