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INTRODUCTION
This document is an executive summary report for the first task associated with the Community Vulnerability
Study (CVS): an assessment of potential vulnerabilities to the ‘perils of flood’ within Hillsborough County. This
study includes hurricane storm surge and sea-level rise, with some attention given to inland flooding. As a
companion document, the Community Vulnerability Handbook (The Handbook) summarizes a comprehensive
literature review about the issues and politics associated with flood, especially for Florida and Hillsborough
County, and includes frameworks for assessment and case studies of past floods. The Matrix of Vulnerabilities
interprets findings from The Handbook and creates a simplified set of lists, each enumerating aspects of our
communities that are vulnerable to flood. Generalizable vulnerabilities were put into three categories: the built
environment, populations and public health, and ecology; i.e. water treatment sites, low-income areas or
locations of mangroves. All vulnerabilities with available spatial data were mapped, providing an overview
perspective as to geographic relationships and concentrations. Findings were discussed with stakeholder
groups in order to create a prioritized list of vulnerabilities, which is shown in this report. In addition, an
interdisciplinary group of graduate students at the University of South Florida, led by faculty from the Florida
Center for Community Design and Research, used Hillsborough County and this study as the basis for an
interdisciplinary design studio. Within this process, graduate students from architecture, engineering, public
health, and public affairs conducted research to identify significant vulnerabilities within the county, especially
considering systems and how interlinked elements effect each other. Findings from this coursework, and from a
subsequent study of mitigation are included in a separate part of this overall CVS project’s final reports.
In addition two workshops were conducted during the study that engaged academia, government, non-profits
and for-profit organizations in Hillsborough County. In this document we summarize the highlights of Workshop
#1 on Vulnerabilities that was held in the spring 2019. Workshop #2, pertaining to Risk Mitigation Strategies, was
held in January 2020 and will be summarized in the Risk Mitigation Handbook. Ultimately this research will be
used to guide new language for Hillsborough County’s comprehensive plan, to address ‘perils of flood,’ and
long-range planning options and recommendations for the county’s coastal and low lying community areas in
preparation for future flooding and potential sea-level rise.
The project is commissioned by the Hillsborough County Department of Emergency Services, with project
management assistance provided by the Hillsborough County City-County Planning Commission.

Mapping Assumptions
This study uses a predicted sea-level rise scenario for the year 2045, based on the Tampa Bay Climate Science
Advisory Panel 2019 predictions, sponsored by the Tampa Bay Regional Planning Council. (Figure 1) The ‘high’
prediction is used, with an increase of 2.165 feet. (Tampa Bay Climate Science Advisory Panel, 2019).
Sea-level rise is identified as an individual hazard, but it also increases the overall effects of storm surge and
problems related to drainage. (Frazier et al., 2010) Current inland flooding levels are represented in the maps
(the 1% flood), but it occurs so frequently throughout the county that this hazard needs to be reviewed at a
more granular level. Please refer to the maps in the appendices to view pockets of infrastructure, population, or
environment that are impacted by the 100-year floodplain.
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Figure 1: “Graphic Relative Sea-level Change
(RSLC) Scenarios for St. Petersburg, Florida, as
calculated using the regionally corrected NOAA
2017 curves.” (Tampa Bay Climate Science
Advisory Panel, 2019)

A SHARED VOCABULARY OF RESILIENCY
“The advances that have given rise to perceived improvements to our way of life have at the same time
increased our vulnerability to the impact of natural systems.” (Beck, 1992; Irwin, 2001)
Words like resiliency and vulnerability are becoming more common in conversations about our urban
environments. But what is it that makes something resilient? And what makes a community vulnerable? The terms,
as described below, help to form a shared vocabulary for communicating and understanding the topic of
‘community vulnerability.’

Risk
The Intergovernmental Panel on Climate Change (IPCC) defines risk as “the potential for consequences where
something of value is at stake and where the outcome is uncertain, recognizing the diversity of values.” (IPCC,
2018) Risk is often represented as the probability of occurrence of hazardous events multiplied by the impacts if
these events actually occur. The impacts can vary depending on the characteristics of the community. Some
may be much more affected, or vulnerable, than others. It can be said, then, that risk can be understood as the
compounding effects of hazards, sensitivities, and adaptive capacities on an individual or community. (Engle,
2011) The alteration of any one of these factors will affect overall risk to and impact of a disaster.

Figure 2: The Elements of Risk Diagram. Adapted from diagrams by Engle (2011) and Tostevin (2014)
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Hazard
The term hazard refers to the potential occurrence of natural or human-induced physical events that may have
adverse effects on vulnerable and exposed elements. (Cardona et al., 2012) In our project, this is related to storm
surge, sea-level rise or other forms of flooding. Whereas this term is often thought of in the same way as risk, it is
currently and widely acknowledged, now, that it is a component of risk and not risk itself. (Cardona et al., 2012)

Exposure
All of the elements in an area where a hazard may occur are said to be exposed, or have exposure to risk. If
there are no assets to be affected by a hazard, then there is no exposure. For example, a house can be in a
flood zone but if the house is raised and out of harm’s way, there is no exposure, therefore no risk. This is often
associated with built environment features, but this also includes categories of populations and ecological zones.
(Cardona et al., 2012)

Sensitivity
Sensitivity explains how affected a system or individual is after being exposed to stress, or a hazard. (Engle,
2011) For example, a building could be completely exposed to a hazard, such as a flood but if the building is
completely sealed, sensitivity to the hazard is reduced. Depending on the flooding any particular building
incurs, the structure may still be prone to damage but can be minimized.
In our communities, it is important to realize that there are many population types, and that there are many
different levels of sensitivity.

Adaptation
Adaptation is a process of deliberate change in anticipation or in reaction to external stimuli and stress (Folke,
2016). Adaptation is the action of helping communities cope with changing conditions. Adaptation occurs as
ecosystems and animal species respond to changing environmental conditions such as temperature, water
salinity, disaster frequency, etc. In the same sense, humans can employ adaptation techniques to help society
adjust to changing conditions such as climate change and sea-level rise.

Adaptive Capacity
Adaptive Capacity essentially describes the ability to adapt (Engle, 2011), the ability of a system to prepare for
stresses and changes in advance or adjust and respond to the effects caused by the stresses (Smith & Wandel,
2006). Adaptive capacity in ecological systems is related to genetic diversity, biological diversity, and the
heterogeneity of landscape mosaics. In social systems, the engagement of institutions in groups or community
initiatives can strengthen networks that enhance social capital (Aldrich & Meyer, 2014). These networks learn and
store knowledge through experience, create flexibility in problem solving and balance power among interest
groups, which can play an important role in building adaptive capacity (Resilience Alliance, 2020). Adaptive
capacity influences the ultimate potential for the implementation of sustainable adaptations to changing
environmental conditions.
There are multiple types of adaptive capacity (Cardona et al., 2012):
●

Capacity to Anticipate Risk: The ability to reduce risk, prior to its occurrence. This can occur through
abilities associated with governance, finance, community and communication. Planning and urban
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●
●

design, land management, the creation of codes and landscape design are all ways that communities
can anticipate and effectively mitigate foreseen risks.
Capacity to Respond: This includes disaster response, or coping mechanisms, but also the pre-disaster
planning that prepares a community for what to do after the hazard has occurred.
Capacity to Recover and Change: In recognition of new forces affecting the security of a community,
climate change for example, a community must change. (Cardona et al., 2012)

Vulnerability
Vulnerability is 1) the susceptibility of people to injury as the result of a hazardous event, and 2) the susceptibility
of the things people value to damage as the result of a hazardous event. Vulnerability is a key component of risk,
and is a composite of several factors such as geography, poverty, built environment, and governance (Engle,
2011) (See the Community Vulnerability Handbook, 2020, for further details).
The Intergovernmental Panel on Climate Change (IPCC) defines vulnerability as having three components
(Engle, 2011):
● Exposure (as a pre-qualifying attribute): The extent to which a system is physically in harm’s way.
● Sensitivity: The degree to which a system is affected.
● Adaptive Capacity: The ability of a system to adapt, moderate, take advantage of, or cope with change.

Resilience
Resilience was first defined in ecology as an ecosystem’s ability to maintain the status quo (structure and function)
regardless of a disturbance to the system (Cashman, 2011). This ecological concept is now applied to human
society and sustainability, for example it is often referred to as a system’s ability to recover or “bounce back”
after a disturbance (Perrings, 2001). In this handbook, the system is a community of people and the disturbance
is sea-level rise, a flood or a hurricane. Resilience is about information flows, self-learning, flexibility, and improved
feedback mechanisms (Cashman, 2011). Resilience is social, natural, and economic. It exists in multiple scales;
at the individual, group, and system levels and over time (e.g., immediate, intermediate, and long-term) (Linkov
et al., 2014). Reduced resilience increases the vulnerability of a system to smaller disturbances that it could
previously handle. Even in the absence of disturbance, gradually changing conditions, such as nutrient loading,
climate, and habitat fragmentation, can surpass threshold levels, triggering an abrupt system response.
Resilience is often thought of as the ability to return to pre-disturbance equilibrium, but the new benchmarks for
recovery are shifting. Resilience thinking is about incorporating the realities of change; specifically, the way that
periods of gradual change (pre-disaster) interact with abrupt changes, and the capacity of people,
communities, societies, cultures to adapt or even transform.

Mitigation
Mitigation as a concept is the action of reducing the severity, seriousness, or painfulness of something. In the
context of disasters, mitigation is the effort to reduce the loss of life and property from disaster impacts. To establish
effective mitigation, there must be the understanding that disasters can happen at unexpected times, and it is
essential to be prepared for potential impacts.

Resilience, Adaptation and Adaptive Capacity
While resilience describes the ability to recover from an impact and return to the current “normal,” adaptive
capacity refers to the ability for a person or community to adapt to a new set of conditions. It is known, now, that
new conditions arise all the time, unexpectedly (Folke, 2016; Holling, 1973). This is proven by sea-level rise and
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storm events, but also with unforeseen economic situations, changes within theories of transportation, or even as
seen when there are secondary effects from other hazards. In the face of these challenges a set of terms have
developed that are worth explaining in order to set a framework for this study.
Mitigation and adaptation exist in a sphere, with mitigation describing the reduction of potential impacts and
adaptation referring to changes in human actions that perpetuate development while taking into account new
factors in the system (Folke, 2016). Mitigation is mostly associated with the reduction of risk. In looking at resilience
as a curve with time and impacts as axes, mitigation exists as forces that affect the shape of the curve during a
disaster (See figure 3). Alternatively, constructs such as social and human capital foster both resilience and
adaptation. Human capital refers to individual characteristics that affect resilience while social capital refers to
preparedness factors for a collective of individuals, institutions in one or more communities. Recently, resilience
has been linked to social-ecological systems (SES). When resilience is enhanced, a system is more likely to tolerate
disturbance events without collapsing into a qualitatively different state that is controlled by a different set of
processes.
If the graphed lines (figure 3) represent an individual or community, the black arrows indicate the forces acting
on that entity’s ability to resist and recover from a disaster / disruption. Robustness is a resisting force, or the
strength to keep that entity’s trajectory from hitting an irreparable low. Mitigative actions, resilience, and postrecovery activities affect the speed and degree of recovery possible. Depending on the forces affecting
recovery, some trajectories may not return to the existing norm. The multiple red lines represent different
redevelopment timelines and capacities. It has been shown that a resilient community can use unexpected
events to learn about their environment and to make changes to better situate their community within contextual
forces. Through the event, the community gets stronger and better. “Non-resilient social-ecological systems are
vulnerable to external change, whereas a resilient system may even make use of disturbances as opportunities
to transform into more desired states” (Folke, 2005).

Figure 3: Risk and Recovery. Adapted from diagrams by Linkov (2014) and Zong (2013)

Social Capital
Social capital is a resource that facilitates collective action for mutual benefit (Chamlee-Wright & Storr, 2011).
Social capital can also be defined as the networks that connect individuals to each other either through weak
or strong ties (Aldrich, 2017; Granovetter 1973). According to Aldrich (2017), there are three types of social capital:
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bonding, bridging, linking. Bonding social capital is the connections between people of similar ethnic, racial,
nationality, class. Bridging social capital occurs in institutions (schools, clubs, corporations) as the cooperation
between groups. Linking social capital, allows normal citizens to have access to power brokers, authority figures,
and decision-makers. Social capital can have a positive impact on growth and development in a community
(Chamlee-Wright & Storr, 2011). It also plays a role in pre-disaster community-level preparedness and post-disaster
recovery (Chamlee-Wright & Storr, 2011).

Human Capital
Human capital refers to individual characteristics of a person including income level, skills, health status,
education attainment, etc. The Organization for Economic Cooperation and Development (OECD) defines
human capital as the knowledge, skills, competencies, and other attributes embodied in individuals that are
relevant to economic activity. (OECD, 2009)

Social-Ecological Systems
Social-ecological systems are complex and integrated systems in which humans are part of nature. The seven
principles for building resilience and sustaining ecosystem services in social-ecological systems are: maintaining
diversity and redundancy, managing connectivity, managing slow and variable feedbacks, fostering complex
adaptive systems thinking, encouraging learning, broadening participation, and promoting polycentric
governance systems (Resilience Alliance, 2020). The resilience approach emphasizes that social-ecological
systems need to be managed and governed for flexibility and emergence rather than for maintaining stability
(Folke, 2016).

VULNERABILITY ASSESSMENT AND ADAPTATION PLAN APPROACH FOR THE
COMMUNITY VULNERABILITY STUDY
Objective
The goal of the Community Vulnerability Study (CVS) is to develop a comprehensive, risk-based assessment that
identifies vulnerabilities in Hillsborough County’s built, social and ecological environments for flood and sea-level
rise scenarios. Additionally, the project recommends relevant adaptation strategies in order to reduce the risk
and impact of flood. Ultimately, information will be used to suggest comprehensive planning language to
address the ‘perils of flood,’ as described in Florida State Bill 1094. In order to accomplish these tasks, the project
follows recommendations for addressing climate change and for selecting adaptation strategies as set forth by
the Environmental Protection Agency’s (EPA) Being Prepared for Climate Change Workbook (2014) and the
Florida Department of Environmental Protection’s (FDEP) Florida Adaptation Planning Guidebook (2018). These
documents were synthesized to create a framework for the delivery of the CVS.

FRAMEWORKS
Being Prepared for Climate Change: A Workbook for Developing Risk-Based Adaptation Plans (2014)
SOURCE: Environmental Protection Agency. (2014). Being prepared for climate change: a workbook for
developing risk-based adaptation plans. Climate Ready Estuaries EPA Office of Water. Retrieved from
https://www.epa.gov/sites/production/files/2014-09/documents/being_prepared_workbook_508.pdf
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Summary
The EPA Workbook is a guide to climate change adaptation that aims to assist organizations in preparing riskbased adaptation plans. The workbook explains that integrating climate change risk into planning is imperative
for an organization to accomplish their future goals. The process set forth in this document is based on the
International Organization for Standardization’s (ISO) international standard for risk management, number
31000-Risk Management. ISO is “an independent, non-governmental international organization with a
membership of 164 national standards bodies.” (ISO, 2020) The ISO methodology is adjusted to follow a twopart process that consists of a vulnerability assessment and an action plan. It also stresses the importance of
communication and consultation at every step.

Vulnerability Assessments
The EPA Workbook describes that “A vulnerability assessment is an understanding of how climate change will
uniquely affect… a place’s purpose, missions, goals or objectives.” Without a relationship to goals, the impact
identified is just a detail or climate change impact study.
This workbook has five steps as part of the climate change vulnerability assessment:






Step 1: Communication and Consultation
Informing key people and asking for input
Step 2: Establishing the context for the vulnerability assessment
Identifying goals that are susceptible to climate change
Step 3: Risk Identification
How will climate stressors interact with your goals?
Step 4: Risk Analysis
Initial characterization of consequences and likeliness of each risk
Step 5: Risk Evaluation
Using a consequence/Probability Matrix to prioritize and build a consensus of each risk

The vulnerability assessment is generally not a final product on its own but rather the first step in forming an action
plan. It is an important and powerful tool for communicating information and bringing to light important questions
and issues. Therefore, it is recommended to take some time after the vulnerability assessment is completed, in
order to allow the communication of ideas, fostering of partnerships and securing of funding options.

Action Plan
The vulnerability assessment identifies risks that have the highest potential to affect an organization, and therefore
provides insight on what risks to focus on specifically. The action plan, then, identifies the actions to be taken in
order to decrease those risks.







Step 6: Establishing the context for the action plan
Identifying opportunities and constraints that will affect adaptation decisions
Step 7: Deciding on a course
Mitigate, transfer, accept or avoid risk
Step 8A: Finding adaptation actions
Finding mitigation actions for further investigation
Step 8B: Selecting Adaptation Action
Screening potential actions, and selecting a set of risk reducing actions to implement
Step 9: Preparing and Implementing Action Plans
Create a plan to track mitigating actions and the risks they address
Step 10: Monitoring and Review
Keeping track of actions and continue vulnerability assessments
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Figure 4: A roadmap showing steps 1-10 of the action planning process, from ‘Being Prepared for Climate Change’ (2014).

Florida Adaptation Planning Guidebook (2018)
SOURCE: Florida Department of Environmental Protection. (2018). Florida Adaptation Planning Guidebook.
Retrieved from https://floridadep.gov/sites/default/files/AdaptationPlanningGuidebook.pdf

Summary
The Florida Department of Environmental Protection (FDEP) Planning Guidebook provides a framework to
develop Adaptation Plans at any scale based on current Florida Laws, requirements and recommendations. The
guidebook suggests (see Figure 5) first defining the context of a location and then creating a vulnerability
assessment, which will guide the community to establish adaptation strategies, in order to determine what they
will implement. The purpose of this guidebook is to assist communities in “preparing and dealing with the effects
of sea-level rise, especially coastal flooding, erosion and ecosystem changes”.
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Steps to Create Adaptation Plans
Establish Context
The first part of the adaptation process is to establish the context, including geographic, social, infrastructural
and environmental conditions, focusing on how they relate to Sea-level Rise. It also entails the creation of goals,
objectives and policies to guide the planning process.
The next step is to assemble a steering committee to assist with organization and planning. This team should
reflect the community’s expertise and interests as well as be knowledgeable on technical aspects of flooding
and coastal dynamics. Therefore, the recommended members include the private sector, non-profits, technical
experts, public officials, planning agents, and members of the business community. As it was previously
mentioned, the guiding principles and motivations should be set by the plan development team and steering
committee. This sets a vision for the future which leads to planning goals.
Once the context has been described, community members beyond the steering committee should be
engaged in the planning process through meetings, workshops, and surveys. Similarly, stakeholders such as
government entities, community organization leaders and businesses should be identified. These are important
steps to identify factors that should be considered, but also to socialize the plan and inform the public so they
are knowledgeable and informed.

Figure 5: A roadmap to create adaptation plans, from the ‘Florida Adaptation Guidebook.’ (2018)
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Vulnerability Assessment
The Vulnerability Assessment consists of measuring the impact of sea-level rise and identifying the people,
infrastructure, and land uses that may be affected. Recommendations in this chapter draw from the California
Adaptation Guide (2012) and a review of adaptation plans across Florida. The guidebook recommends
preferable data sets, tools and methods to be employed at this stage.
“The Vulnerability Assessment draws from the Risk Assessment framework described in the Code of Federal
Regulations for Hazard Mitigation Plans (Title 44 CFR 201.6 (c)(2)), which measures the hazard exposure of a
community and its sensitivity.”
Vulnerability Assessment components:
1. Exposure Analysis: Visually represent the potential encroachment of the sea into land areas. It analyses
when, where and how much sea-level rise will affect, to determine which communities are more
vulnerable.
2. Sensitivity Analysis: Illustrates the variety of entities that may be affected by a rise. Each community may
adapt the Exposure and Sensitivity Analyses to suit their own priorities, it serves as the opportunity for the
planning team and its steering committee to identify the land uses, buildings, resources, and people
affected by the potential sea-level rise projected by the Exposure Analysis.
3. Focus Areas: The selected locations where the Adaptation Strategies component will direct its attention.

Adaptation Strategies
The Adaptation Strategies provide a framework to respond to the findings in the Vulnerability Assessment. This
step is where decision making regarding the application of strategies is addressed. Therefore a wide range of
engineering, political, and planning solutions come into play. Extensive collaboration and public input are
needed to develop a strategy that is locally accepted.
The Adaptation Strategies component includes the following processes:
1. Assess Adaptive Capacities: “The ability of a system to adjust to climate change, to moderate potential
damages, to take advantage of opportunities, or to cope with the consequences” (IPCC). This includes
regulatory and planning, fiscal, and infrastructure capabilities.
2. Prioritize Adaptation Needs: At this point the community creates a list of its biggest challenges to
determine what can feasibly be done where and when. It can be approached as selecting what can
be currently addressed, or aiming to tackle a large-scale issue regardless of cost and complication, due
to urgency.
3. Identify Adaptation Strategies: Specific adaptation strategies can be developed, vetted, and defined.
These fall into the categories: protection, accommodation, retreat and avoidance.
4. Integrate Into Existing Plans: Adaptation planning outcomes are more efficient when integrated into
specific local plans. Some of the plans that might already be in place are: Local Mitigation Strategy,
Special Area Management Plan, Economic Development Plan, Post Disaster Redevelopment Plan,
among others

Implementation Strategies
This process includes identifying, preparing for, and applying for potential funding opportunities; creating a
schedule of adaptation actions for the future; and monitoring and evaluating progress; taking steps to
incorporate adaptation planning, budgeting, and staffing mechanisms. The implementation strategies
component contains the plan’s logistics.
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Implementation Strategies Components
1. Surveying Funding Options: Funding can originate at non-profit, private, local, state, and federal levels.
Strategies should be prioritized to use funding in the most cost-efficient way.
2. Create a Schedule of Activities, Actions and Actors: identify the appropriate responsible party who has
the ability to complete a task, activity, or strategy. The planning team may then schedule their monitoring
and evaluation
3. Monitor and Evaluate: it is recommended that an adaptation plan include a Monitoring and Evaluation
component
4. Best Practices and Funding Options: adaptation strategies are integrated into municipal plans,
ordinances, and land development codes, adaptive strategies will be incorporated into a community’s
land-use decision-making framework.
5. Public Outreach Approach and Opportunities for Community Participation: Increased stakeholder
engagement throughout the adaptation planning process can help to create buy-in amongst the public
which can then in turn lead to greater political support for adaptation actions in the community.

APPROACH FOR THE COMMUNITY VULNERABILITY STUDY
Based on the above literature, the following process is presented as a step by step guide for how the Community
Vulnerability Study (CVS) approached its project. The process integrates relevant elements from the reviewed
literature, yet adapts the steps to make it an efficient methodology that is specific for the project in Hillsborough
County. For instance, it includes a process to prioritize and categorize risk based on the EPA Workbook, which is
a useful tool for determining which risks are preferable to mitigate in terms of likelihood and impact. Moreover, it
includes details on how to integrate the adaptation strategies into existing plans, which is necessary to have a
comprehensive action plan that facilitates coordination across multiple scales of planning, as informed by the
FDEP Guidebook. The following describes the methodology for this project.

0. Engagement and Community Perspective (Ongoing)
In all referenced literature community and stakeholder engagement through workshops, discussion and client
feedback are considered paramount to the success of the project. Proper engagement and dialogue, with
feedback and community perspective ensures the acceptance and understanding of the project at every level.
This occurred through client feedback, a series of presentations and discussions, and workshops with county
administrators.

1. Establish Context
In all referenced literature, the process begins by establishing the project context. Based on the Florida
Adaptation Planning Guidebook, information is gathered about geographic, social, infrastructural and
environmental conditions, focusing on how they relate to sea-level rise.
In this step, the goals of the project were established in order to determine the scope and boundaries of the
vulnerability assessment process.
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Figure 6: Project process for the Hillsborough County Community Vulnerability Study (CVS)

Goals and guiding principles:
1. Meeting the requirements for the Perils of Flood Act (SB 1094)
a. Reduce Flood Risk
b. Removal of Coastal Property from Flood Zones
c. Reduce Losses for Flood Insurance
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d. Construction Requirements
e. Coastal Construction Control Lines
f. The Community Rating System (NFIP)
2. Chapters 3 and 4 of the Local Mitigation Strategy, (Florida Division of Emergency Management, 2019)
with a focus on the following hazards:
a. Hurricanes
b. Flooding
c. Severe Thunderstorms
d. Climate Change & Sea-level Rise
e. Disease Outbreaks & Biological Incidents
f. Food & Waterborne Disease Outbreaks
g. Agricultural Disruptions
h. Water Contamination
3. Literature Review of:
a. Case Studies and Projects
b. Previous Assessments
c. Political Context
4. Establishing the Project’s Framework, which concluded with focus on the following categories:
a. Built Environment
b. Public Health
c. Ecology
d. Governance
Next, information such as sea-level rise (SLR) projections, census data, and geographic context (e.g.,
topographical, hydrological, zoning, etc.), was gathered from different sources and from subject matter experts’
input. The purpose of this step was to contextualize the physical location of potential vulnerabilities.
Understanding the landscape types and their functionality proved critical to developing strategies that related
directly to environmental challenges.

2. Assess Vulnerability
Identifying Vulnerabilities
The next step in the planning process consists of generating a list of potential vulnerabilities within the county. It is
important to consider all potential risks during this identification step in order to analyze them in the following
steps. These risks were identified through a thorough literature review and a review of past assessments. Several
vulnerabilities were recognized and classified into a Matrix of Vulnerabilities (see figure 7), which combines three
major categories: Built Environment, Population and Social Capital, and Ecology. The components within them
include all potential vulnerabilities to be considered in Hillsborough County.
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Figure 7: Sample subset from the Matrix of Vulnerabilities, which is located in the appendix of the overall Community
Vulnerability Study.

Exposure Analysis
All elements within the Matrix of Vulnerabilities that had
available spatial data were mapped to visually
represented and spatially locate vulnerable assets and
communities within the sea-level rise projections and
hurricane storm surge scenarios. This helped to identify
areas of concentration and other aspects of spatial
distribution to show where, when and how much the
different vulnerabilities would be affected, and to
determine which communities are vulnerable.
Classifying Risk
The EPA Workbook recommends ranking risks using a
qualitative scale (high, medium, low) that considers
likelihood, scale, and time horizon, based on a justification
or source (see figure 8). Based on these recommendations,
the vulnerabilities were ranked.
Figure 8: Prioritization matrix, from Being Prepared for
Climate Change. (2014)

17
3. Identify Adaptation Strategies
Once the vulnerabilities were identified and ranked, a catalog of mitigation options was produced for the
county. Through workshops and discussion, some actions were selected as high priority options and were ranked
on for their potential cost and impact. Other insight was gained as the result of work accomplished in the
interdisciplinary studio course.

4. Adaptation Planning
The scope of the CVS is limited in that it sets out to provide general language to meet the Perils of Flood Act
criteria for the Comprehensive Plan. It does not get into specific projects to be implemented. Therefore, the
development and design of specific sites, or an action plan should be considered as next steps. However, the
interdisciplinary design studio projects (included in the package of CVS documentation) serve as examples of
sites to be addressed within the county and also strategies that could mitigate risk.
Projects should be coordinated through a cohesive resiliency plan, which binds together their individual
functionality and ensures overlapping solutions, so that each project is accomplishing multiple goals. This step
also includes the identification of pilot projects as well as integrating adaptation strategies into existing plans.
Planning processes should be multi-scalar and spatially oriented.
Multi-Scalar Planning
Expanding the scale of projects allows for indirect, systematic solutions to occur. It is not always most efficient to
tackle a problem, or a vulnerability, head-on. When taking a systems approach, it is apparent that there are
often indirect effects of site-based changes. (Da Silva, et al. 2012; Davoudi, et al. 2013; Stroh, 2015) Projects such
as Room for the River, Copenhagen Cloudburst, Climate Ready Boston and Race the Wave 5k, which can each
be found in the Mitigation Handbook, show that, for example, risk at the coast can be mitigated by changes to
inland infrastructure, or possibly through social mechanisms such as experiential learning within the community,
by festivals, or by intensified interaction with the environment. As the evidence indicates, sea-level rise is not
going away, attempting to fix each problem associated with it, individually, can become a long, drawn-out, and
resource-intensive process of trying to oppose environmental forces.
Spatially Oriented Strategies
Spatial strategies acknowledge that solutions eventually take up or fill space, and that this space must have
multi-faceted benefits for components within the system (National Academies, 2016). This includes human
interests, like real estate and recreation, but also aspects of the environment like wildlife and water flow. Spatial
strategies are constructed by identifying overlaps, of opportunities and vulnerabilities of place, and works to join
those overlaps for mutual interest. Examples of this can be found in project examples in the Mitigation Handbook,
such as the Room for the River project at Nijmegen-Lent, Hunter’s Point South Waterfront Park and Living
Breakwaters.
These types of projects, both multi-scalar and spatial, are highlighted as examples for Hillsborough County in one
of the companion documents to the CVS, titled Designing for Future Flood: A Systems-Based Approach to
Mitigating Flood Vulnerabilities in Hillsborough County.

5. Implement and Monitor
Projects should fit within local municipality and community capabilities. This implementation process ensures the
success of implementation but also continued stewardship. Smaller ‘pilot’ projects can be useful in reducing the
learning curve and by using short term monitoring and research to set up similar projects with bigger goals and
purpose. The EPA Workbook suggests that keeping track of actions is important, as well as continually updating
vulnerability assessments, with associated visioning and goals.
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WORKSHOP I: VULNERABILITIES
On July 11, 2019 the first community collaborative workshop was held for the CVS. Conducted at the Hillsborough
County government center with over 30 representatives from the county government, planning commission, and
the University of South Florida, a collection of maps were posted on the walls, illustrating individual social, structural
and ecological vulnerabilities. The maps were generated through work accomplished in student coursework and
in the research center in the spring.

Figure 9: Images from vulnerability workshop

The group broke up into multi-disciplinary teams and discussed overlaps and implications surrounding each of
the vulnerabilities, identifying the relationships and interconnectivities between them. The goal of the workshop
was two-fold: 1) To account for linked vulnerabilities, between the built environment, social factors, ecology and
how governance is involved and to 2) Have personnel from different departments within Hillsborough County
government discuss each vulnerability and understand how impacts overlap between disciplines.
Highlights of the outputs from this first workshop included connections between (sample set):








Hotels and tourist populations, hotels and coastal habitats, including potential for habitat migration due
to sea-level rise
Single parent families and shelters, schools, childcare facilities and community centers
Mining and neighboring resident health, coastal environmental health, and destruction of wetlands
Populations over 65 and dependencies on infrastructures that provide oxygen, medication, refrigeration,
and transportation
Agricultural lands and associated migrant populations
Year that a structure was built and communities that cannot afford to upgrade or ‘harden’ their homes,
and that do not have access to vehicles or safe sheltering opportunities
Ecological systems and increasing issues of heat

The worksheets used for note-taking during the event are included in the back of this document as an appendix.
An example is shown on the next page (figure 10).
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Figure 10: Worksheet for meeting with Hillsborough County administration and subject matter experts. For the workshop,
each category was discussed to identify overlaps between a vulnerable asset or community group and other aspects of
the built environment, populations or public health, ecology and governance.
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EXECUTIVE SUMMARY OF HILLSBOROUGH COUNTY VULNERABILITIES
Research showed that for Hillsborough County the greatest vulnerabilities, when examined individually, are
associated with the built environment. Populations in the county are generally not concentrated in high-risk
areas. For ecology, or more specifically within biotic communities, there are some specific areas with
identifiable vulnerabilities. However, when one area is affected it also creates change to other parts of the
system. For the purposes of this evaluation, no weight is given to specific ecological issues but rather potential
vulnerabilities are described throughout all ecological zones.
Geographic locations of each vulnerability in the lists below can be found in the maps (in the Appendix) and
are described more fully after the Executive Summary.

BUILT ENVIRONMENT
For the built environment, individual aspects of Hillsborough County that are most at risk are:
Storm Surge









Residential Property
Mobile Homes
Hospitals
Airports
Railroads
Power supply
Mining
Commercial Areas









Wastewater facilities
Roads/evacuation routes
Hotels
National Registered Properties
Port Tampa and Redwing
Industrial Sites
Superfund Sites

Residential Property
Mobile Homes
Industrial Sites
Power supply
Bridges
Hotels




Drainage Outflow
Septic Tanks (not shown on map,
water comes from below)
Mining Operations at the coast

Sea-level Rise









POPULATIONS AND PUBLIC HEALTH
Social vulnerabilities can compound when either layered on top of each other or when compromised by other
parts of the system. For example youth, ages 17 and under, are a uniquely vulnerable group. This vulnerability,
however, is increased when other infrastructures are damaged or diminished; for example when a school is
destroyed.
When considered individually, a few categories of vulnerable populations that are within risk areas to flood in
Hillsborough County include:
Storm Surge




Single-parent households
Low-income households
Veterans




Those without access to a vehicle
Those with a physical disability
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Sea-level Rise


Low-income households



Those with limited English proficiency

ECOLOGY
With regards to our biotic communities, Hillsborough County will feel the effects of sea-level rise and saltwater
inundation in our coastal zones, specifically with the threats of erosion, habitat loss or change, and hydrologic
change. (TBEP, 2016) The most significant consequence is the migration of habitats as saltwater begins to move
inland. Environments that are unable to migrate have an increased exposure to risks in areas where space is
not provided or protected.
Specific aspects of Hillsborough County that are vulnerable include:
Storm Surge





Erosion in Riparian Areas
Effects from Toxicity / Nutrient Load
Reduction in Water Quality
Tree Fall




Exotic Plant Infestation
Loss of Coastal Sand or Soil

Saltwater Marshes
Salt Barrens
Locations with Sea Walls



Saltwater Intrusion

Sea-level Rise




PRIORITIZATION AND RANKING OF VULNERABILITIES IN HILLSBOROUGH COUNTY
Ranking and prioritization of potential vulnerabilities are based on the following criteria:
1. Consequence, which is summarized as both the quantity and criticality of the component. This includes
concentrations of exposed assets or communities, along with the systematic impacts of potential failure.
2. Likelihood, associated with an asset or community’s location and the probability of it being affected. For
example, something is more likely to be exposed to risk if located within a category 1 scenario, as opposed
to a category 5. As an equation, this can be shown as:

PRIORITIZATION = LIKELIHOOD X CONSEQUENCE [QUANTITY OR CRITICALITY]

The following summaries evaluate assets or populations as singular instances. Locational concentrations of
increased exposure to the impacts of flood are also described and shown in maps. Overlaps, in the maps, show
opportunities where spatial planning exercises can integrate multiple mitigative strategies within projects, and
may be used for future projects. Later in this report, additional information explains characteristics of place that
overlap to induce increased vulnerability for communities. Throughout this study, especially when working
through the interdisciplinary design studio in 2019, it became apparent that many contingent factors are
intertwined to create resiliency, or vulnerability. Workshops were performed with county administration and
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subject matter experts to identify implicated vulnerabilities. These interconnected components, as discussed in
the workshops, were documented in worksheets and identified a range of potential studies yet to be
performed. A few were accomplished in this portion of the study, and are described in the full report.
This is a large scale study that provides a useful exposure analysis for Hillsborough County, with descriptions of
potential vulnerabilities both in this report and in the Community Vulnerability Handbook. Next steps should be
performed to validate findings through community engagement or in a more granular level study, to
understand each community’s sensitivity and adaptive capacity to complete evaluation of risk and support risk
mitigation strategies.

Figure 10: Place names in Hillsborough County.
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BUILT ENVIRONMENT
Built environment factors that were ranked below a level 3 were not included in this summary; more information
on these factors can be found in the Matrix of Vulnerabilities (located in the appendix) and the Built
Environment section of the Community Vulnerability Handbook.

Residential Property
Ranking: 1
Residential property can be defined as including single-family homes, condominiums, townhouses/villas, and
apartments. Residential housing is a huge concern for any city during a hurricane or flooding scenario – it is an
economic resource and the foundation of continuity. Other concerns arise from long rebuilding time, displaced
populations due to housing destructions, absentee issues, and renters. For example, renters may leave the area
and not return, creating dead areas within the city; they are also not incentivized to fortify their homes
compared to homeowners (Comerio, 2002).
Storm Surge:
High: South Tampa peninsula, Davis Islands, Harbor Island, Dana Shores, Bay Port Colony, Palmetto Beach, Town
‘N Country, Apollo Beach, Ruskin, and small areas of Gibsonton
Medium: Inland Town ‘N Country, inland South Tampa Peninsula, Palm River-Clair Mel
Low: West Tampa, Drew Park, Ybor City, and parts of Brandon
Sea-level Rise: Residential core of the Ruskin area along the Manatee River and along the coast, Apollo Beach,
Town ‘N Country, Davis Islands, Dana Shores, Bay Port Colony, and in various locations along the Hillsborough
River.

Mobile Homes
Ranking: 1
Mobile homes are a concern for emergency managers during a hurricane as they are an extremely vulnerable
structure to wind. Mobile home residents are required to evacuate in as little as a category 1 hurricane due to
potential wind damage. Their lack of foundation is of primary concern, along with the height and resiliency of
the structure. Because of these issues, this population can be greatly impacted by a major storm, which can
create rehoming issues and potential loss of population (Cutter et al., 2000).
Areas by the Alafia River and the Little Manatee River are especially vulnerable as they could experience both
sea-level rise and a category 1 storm surge, suffering compounding risks.
Storm Surge:
High: Gibsonton, Ruskin (areas around the mouth of the Little Manatee River), Double Branch, the mouth of the
Alafia River, Palm River-Clair Mel
Medium: Town ‘N Country, South Tampa near MacDill, greater areas of Gibsonton
Low: Sheldon Chase
Sea-level Rise: The areas by the Alafia and the Little Manatee Rivers.
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Hospitals & Ambulatory Healthcare Services
Ranking: 1
One major vulnerability for Hillsborough County is the risk to Tampa General Hospital (TGH); TGH is the only Tier 1
hospital to provide trauma services in the region. However, TGH falls within a category 1 storm surge risk and is
proximal to potential sea-level rise issues. If the hospital is damaged, not only can immediate medical demands
not be addressed at full capacity, there can be lapses in continuity of medical care for those with chronic
illnesses. TGH is a critical resource for the South Tampa Peninsula, which is extremely vulnerable due to the lack
of healthcare infrastructure.
In South County, there is a low density of hospitals and healthcare services. This is a vulnerability since, if one
healthcare service location is damaged in a hurricane, then a significant portion of the community would be
left without this medical support. Despite the lack of population density to justify multiple structures, special
consideration should be given to this area since there is potential for medical isolation.
Storm Surge:
High: Tampa General Hospital, Tampa Community Hospital (Town ‘N Country),
Medium: South County (absence of) and Memorial Hospital in South Tampa
Low: N/A
Sea-level Rise: Tampa General Hospital because of its adjacency. It is not within the projected zone of
encroachment.

Hotels
Ranking: 1
Hotels represent not only a massive monetary issue but also a social one. Hotels house tourists, which are
typically not familiar with the area and they are especially vulnerable in the case of a hurricane or flood event.
Although hotels provide evacuation information as the tourist populations may not have the local knowledge
of preparedness and of evacuation procedures (Cutter, 2014). Tourists are unlikely to have family and relatives
within the travel destination leaving them without a support system. Tourists are also likely unaware of formal
support system services (Cahyanto & Pennington-Gray, 2015). Employees are also a vulnerable population
during disasters, often being forced into response roles that they are not trained to do such as caring for the
customers and ensuring their evacuation. Hotels also serve as a ‘shelter’ for those displaced following the event
as well as recovery personnel who are brought in during the recovery phase.
Hotels can be found in Hillsborough County’s most urbanized areas, such as Downtown Tampa. 38% of hotels in
Hillsborough County are found within the category 3 with high sea-level rise storm surge predictions. Hotels built
before 2002 are also especially vulnerable due to the reduced requirements for building code (international
Code Council, 2017).
Regarding sea-level rise, hotels that are on or near the coastline and their associated massive structures can
have ecological consequences for habitat migration. Since they are most often a non-adaptive, hardened
coastline structure, the migration of coastal environments may be inhibited as saltwater moves farther inland.
Although there are hotels in coastal zones throughout Hillsborough County, there are major concentrations in
the areas listed below.
Storm Surge:
High: Rocky Point, West Kennedy Blvd., Gandy Bridge area, Davis Islands, Harbor Island
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Medium: Concentrations in Downtown Tampa, South Tampa, Westshore Plaza area, Town ‘N Country, Ruskin
Low: Brandon, the Fairgrounds and Hard Rock Hotel and Casino, the Dale Mabry corridor, and just north of the
airport
Sea-level Rise: Site-specific but hotels near Rocky Point are in close proximity to affected areas.

Airports
Ranking: 1
Airports are considered a critical facility. Airports are vital pieces of infrastructure that play key roles in the
preparation and recovery of an area affected by flooding. Without airports, the logistics and distribution of aid
becomes nearly impossible. As shown through the mapping presented in the Community Vulnerability Study, all
municipal airfields are within the risk area for flooding events related to tropical storms and hurricanes. These
facilities are not only vital for emergency response, but they are also large revenue generators for the Tampa
Bay and Hillsborough County area. There are two major airports, seven minor airports, and thirteen helipads in
the county (Hillsborough County, 2015).
All of Hillsborough County’s municipal and major airports (including Tampa International Airport, Tampa
Executive, Peter O’Knight and MacDill Airforce Base) are vulnerable in the event of a category 3 hurricane
event. Private airports including Midway Lake and Plant City Airport Services would be available for emergency
supplies, but these are private.
The road leading into Tampa International Airport is also at risk to storm surge in a category 3 hurricane.
Additional analysis of the single road that goes into TIA should be conducted to determine specific effects of
storm surge as it is vital to the movement of people and supplies.
Storm Surge:
High: Peter O’Knight Airport and MacDill Airforce Base
Medium: Tampa International Airport, Tampa Executive
Low: N/A
Sea-level Rise: Southwest corner of Tampa International Airport is next to areas affected by sea-level rise.
Please refer to 2017 Sea-level Rise Vulnerability Assessment for the City of Tampa (Hillsborough County Planning
Commission, 2017).

National Registered Properties
Ranking: 1
The National Register of Historic Places is the official federal list of properties that are significant in American
history, architecture, archaeology, or engineering (National Park Service, 2018). There is a high concentration of
these in Hillsborough County, especially in the Ybor City region and the north end of Bayshore Boulevard. They
have important cultural value that would come at a high replacement cost in the event of major damage.
Storm Surge:
High: From Ybor City through Hyde Park, Davis Islands, along Bayshore Boulevard, historic Ruskin area
Medium: Downtown Tampa
Low: West Tampa
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Sea-level Rise: Areas in proximity to sea-level rise issues include Davis Islands, historic Ruskin area and the north
end of Bayshore Boulevard.

Repetitive Loss Areas
Ranking: 1
A Repetitive Loss (RL) property is any insurable building for which two or more claims of more than $1,000 were
paid by the National Flood Insurance Program (NFIP) within any rolling ten-year period, since 1978 (FEMA, 2005).
These can be residential or commercial properties. RL is an indicator of flooding issues in an area. Despite this
frequent loss, the lands are typically redeveloped, and structures are repaired, leading to eventual further loss.
These areas are statistically more likely to suffer during a hurricane or flooding event due to the nature of the
site. Hillsborough County has large concentrations of repetitive loss areas along the coast that are vulnerable to
a category 1 hurricane, leading to increased exposure risk.
Storm Surge:
High: West Kennedy area with a concentration in Sunset Park/Virginia Park/Belmar Shore, Davis Islands, the
north end of Bayshore Boulevard near Spanish Town Creek, Palmetto Beach along the shore, the mouth of the
Alafia and Little Manatee River, Rocky Creek just south of Hillsborough Ave
Medium: Bullfrog Creek, along the Alafia, the central corridor of South Tampa just west of Manhattan Avenue,
and along the Hillsborough River
Low: Drew Park
Sea-level Rise: Rocky Creek south of Hillsborough Avenue, Ruskin Inlet, areas along the Alafia River, and areas
along the Hillsborough River.

Roads and Evacuation Routes
Ranking: 1
In many low-lying communities, roads are lower than the surrounding lands, so that land can drain into the
streets. As a result, the streets are the first to flood (Titus, 2002). Highways, and other designated evacuation
routes during emergency situations, are essential for outbound traffic but also for bringing in supplies like food,
water, and fuel (Hillsborough County, 2015). In addition to roads, planners should also account for other
roadway components such as bridges, overpasses, on/off ramps, interchanges, and traffic lights (Hillsborough
County, 2015; Plan Hillsborough, 2014; DesRoches, 2006, Graham, 2019).
Highway 41 is especially vulnerable as it connects north and south county; thus, this road would be used for the
recovery process to move personnel and resources. It is located predominantly in a category 5 high sea-level
rise storm surge, and is at the edge of a category 3 storm surge.
Additional analysis of the single road that goes into the Tampa International Airport should be analyzed for the
effects of storm surge as it is also vital to the movement of people and supplies. Generally, the road network of
south Tampa is critically affected especially hindering post disaster recovery or movement.
Maps were produced for the evacuation zones and routes, and although specific vulnerabilities were not
analyzed, these were evaluated as having high ranking for Hillsborough County. The County needs to meet the
level of service for evacuation routes; this includes any roadways, public transportation, and critical support
such as police that are needed to facilitate an effective evacuation scenario.
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Storm Surge:
Review the map in the appendices for location-specific roads, but a few areas of concern include: Highway
41, South Tampa peninsula, Palm River-Clair Mel, road access to Tampa General Hospital, and the road into TIA
Sea-level Rise: SLR is a consideration for road’s drainage capacity in addition to the environmental impacts
(hindrance of coastal habitat migration). For more information regarding sea-level rise, please refer to the 2014
Metropolitan Planning Organization Vulnerability Assessment and Adaptation Pilot Project (Plan Hillsborough,
2014) and the 2017 Sea-level Rise Vulnerability Assessment for the City of Tampa (Hillsborough County Planning
Commission, 2017).

Railroads
Ranking: 1
Rail lines are crucial to county infrastructure in transporting bulk products (DesRoches, 2006). Thus, they are
critical in the recovery phases of disaster for the import of critical supplies for needs and emergency repair. The
railroads are also tethered to many other businesses, providing distribution channels to central Florida and a
hub connecting it to North and South Florida. Rail cars are also connected to concentrations of toxicity. They
transport chemicals and other hazardous substances, with the possibility of being stationary and vulnerable in
the case of a hurricane or storm surge event (He et al., 2012).
The railyards in Hillsborough County are in a vulnerable area with the potential impact from hurricanes. If these
were destroyed during a hurricane, there would be major supply distribution issues post-disaster.
Storm Surge:
High: Southern rail line connections from the railyard along Highway 41extending into South County, rail lines
extending down and into both Tampa Port sites and additionally the old Tampa Port, rail lines adjacent to
Oldsmar
Medium: Main railyard in east Ybor City extending west into South Tampa, west extension through Town ‘N
Country.
Low: Rail access to Tampa International Airport extending north into Drew Park.
Sea-level Rise: Port Tampa City

Electricity, Power Plants, and Power Generation
Ranking: 1
This includes the power generation and transmission system for Hillsborough County including the above and
below ground lines, and the power plants and transmission stations. Power distribution systems are impacted
not only at their specific locations but also affect the network of people who rely on their service when they are
damaged, such as those that depend on electricity for medical needs.
Power plants represent a major critical infrastructure for Hillsborough County. Not only do they power our dayto-day lives, but the electricity produced here also supports disaster response and recovery. Power generating
capability may not meet total demand during extreme weather conditions or after a severe storm (Hillsborough
County, 2015). Also, if any of these facilities are damaged, extra strain will be placed on the entirety of the
electricity infrastructure of Hillsborough County.
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There are power plants and several substations located in the coastal zone area that are protected up to a
moderate storm event but not a severe disaster. According to our mapping analysis, over 60% of Hillsborough
County’s power plants are located within storm surge zones. Facilities located within the Coastal High Hazard
Area (CHHA) are projected for potential service disruption of 15 days for a Category 3 hurricane (Hillsborough
County, 2008).
Storm Surge:
High: Big Bend Power Plant, Bayside Power Station, Mosaic Company Tampa Facility, McKay Bay Facility, and
Howard F Current Advanced Wastewater Plant
Medium: TIA Solar
Low: Hillsborough County Resource Recovery
Sea-level Rise: Mosaic Co. Tampa Facility (Industrial CHP)

Industrial Sites
Ranking: 1
The Industrial category includes light and heavy manufacturing uses (Hillsborough County Planning
Commission, 2017). When in areas subject to storm surge, materials can release hazardous chemicals into
adjacent waters (Hillsborough County, 2015). The high-risk to both public health and the environment must be
taken into consideration. Industrial areas are concentrated near waterways, which creates a major
vulnerability for the entire coastal ecologic communities due to the potential for pollution. Industrial areas
surrounding estuarine water bodies such as McKay Bay are susceptible to category 1. They are concentrated in
this area and pose a cumulative effect. Some of these sites can be dangerously close to community
populations. Port Redwing, for instance, is directly adjacent to a community of houses on cul-de-sacs.
The Tampa Electric Company (TECO) plant at Big Bend has surface impoundments of approximately 21 acres
of coal ash, a byproduct of burning coal for energy. Surge water inundation can weaken impoundment walls,
triggering the release of billions of gallons of liquid coal waste potentially contaminated with heavy metals and
other toxic chemicals. The contaminants can foul groundwater, surface water, sediment and soil long after
surge water recedes (Wood Environment and Infrastructure Solutions, Inc., 2018). For more information
regarding the ecological effects of pollutants, please refer to the Ecological section of the handbook.
Storm Surge:
High: Port Tampa, Port Redwing and Big Bend area along Highway 41 (mostly comprising of TECO and Mosaic),
west Tyson Avenue, Port Tampa City, Ruskin, the Channel District, and the Bayside Power Plant
Medium: East Ybor City continuing to the north side of the Palm River-Clair Mel
Low: Drew Park and Tampa International Airport
Sea-level Rise: Tampa International Airport will also experience increased risk to sea-level rise by 2045,
increasing its overall exposure to risk.

Gasoline (Fuel) Supply (no map)
Ranking: 1
Gasoline is a critical resource for our everyday lives, not just for cars but also for buses, airplanes, power
generation, and the use of machinery. A significant amount of gas for the state of Florida comes through the
Port of Tampa. Major gas storage facilities such as Marathon's main distribution facility is located in Tampa's port
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which is susceptible to category 1 storm surge inundation. There is a reliance on Tampa's gas input as far as
Orlando, where it feeds the Orlando airport.
Additionally, there is concern surrounding the fuel storage itself. The most common mechanism of release of
chemicals and gasoline is the failure of their storage tanks. Flooding causes tanks to dislodge from their
foundations and move, releasing potentially hazardous chemicals for both human and environmental health
(HAS Engineers & Scientists, 2012). If diesel or motor oil are released, the majority will be beached on the eastern
coast line (He et al., 2012). Gasoline and liquefied petroleum gas are expected to evaporate.
There are two components to the distribution – the physical infrastructure such as the roadways and the human
capital (such as the truck drivers). During a disaster such as a hurricane, many of the people involved in the
process may evacuate to avoid the effects of the storm. This, coupled with damage to the infrastructure, can
lead to gas shortages and price raises for gasoline in the state (Expert Opinion, Denis Martin, CPE).

Commercial Property
Ranking: 2
Commercial land use "includes uses such as office, strip centers, restaurants, hotels, mini-warehouses, boat slips,
and other light and heavy commercial uses" (Hillsborough County Planning Commission, 2017). Commercial
properties are useful for preparing a community for a flooding event, such as in a hurricane, by providing
resources. The same is true for post-disaster response and recovery.
One compounding risk associated with commercial districts is the concern for food security. For example, there
is a very low concentration of commercial businesses in South County, and those that exist are within areas atrisk to flooding, if damaged in a storm, this could pose an issue finding food. Other associations include job loss
and damage to the economy. 3.33% of Hillsborough County’s commercial property is affected by NOAA’s high
sea-level rise scenario.
Storm Surge:
High: Highway 41, major corridors in South Tampa and Downtown (including Linebaugh Ave, Memorial Highway
by Baycrest Park, Hillsborough Avenue west of the Veteran’s Highway), area between Cypress Point Park and
Beach Park, and the Westshore Mall
Medium: all of South Tampa’s commercial districts, Ybor City, and Downtown Tampa
Low: Florida Avenue (North and South of the Hillsborough River) and Nebraska Ave just north of the Hillsborough
River, southern parts of Dale Mabry, Brandon, and Drew Park
Sea-level Rise: N/A

Schools
Ranking: 2
Schools are an important community structure that is critical during the response and recovery phases of a
disaster. Schools can also be used as shelters. However, when closed or used for sheltering purposes, there can
be issues disrupting the day-to-day lives and education of those with K-12 students. School disruption is a critical
issue for children. Kousky (2016) found lower academic performance among schoolchildren affected by a
disaster, and that it can take anywhere from three to four years to return to normalcy. Disruption can also lead
to increased emotional consequences for students such as increased anxiety, withdrawal, and tantrums
(Needle & Wright, 2015). Normalcy is also important for parents as K-12 services allow parents to work during the
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day; following a disaster, these parents become responsible for their children during normal working hours. If
they lack a support structure or funding for daycare, they must make a distressing choice between maintaining
family income or watching their children. 19% of schools in Hillsborough County are within the category 3 for
storm surge with high sea-level rise predictions, with 35% predicted to be affected by a category 5.
Storm Surge:
High: Dickenson Elementary, Bay Crest Elementary, Town ‘N Country Elementary, Wedd Middle, Morgan Woods
Elementary, Woodbridge Elementary, Davis Elementary, Alonso High, Westshore Elementary, Monroe Middle,
Lanier Elementary, Tinker Elementary, Ballast Point Elementary, DeSoto Elementary, Phillip Shore Elementary,
Apollo Beach Elementary, Ruskin Elementary
* Please refer to the map for schools in medium and low vulnerable areas.
** Disclaimer: Only public schools were included in this analysis.
Sea-level Rise: N/A

Fire Stations
Ranking: 2
In South County, there is a low density of fire stations. This is a vulnerability since, if one location is destroyed in a
hurricane, then a significant portion of the community would be left without this critical response support. This
can lead to increased response times and increased risk.
Palmetto Beach has a high concentration of fire stations within a category 1 storm surge prediction.
Storm Surge:
High: Palmetto Beach, Apollo Beach, Ruskin, Davis Islands, Town ‘N Country
Medium: South County (absence of), inland Town ‘N Country, Westshore, inland South Tampa, Brandon, West
Tampa, Tampa International Airport
Low: Westwood
Sea-level Rise: N/A

Police Stations
Ranking: 2
Police stations are critical during the response and recovery phases of disaster in addition to keeping daily
order in an area.
Added vulnerability occurs in South County where there is a low density of police stations. If one location is
damaged in a hurricane, then a significant portion of the community would be left without this critical response
support. This can lead to increased response times and increased risk. Additionally, locations in the South
Tampa peninsula are vulnerable, leading to increased response times there as well.
Storm Surge:
High: N/A
Medium: South Tampa Peninsula (lack of), South County (lack of)
Low:
Sea-level Rise: N/A
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Bridges & Overpasses
Ranking: 2
Bridges and overpasses are critical to the overall transportation network in Hillsborough County. Bridges could
be damaged or blocked due to flooding or debris (Hillsborough County, 2015). These structures need to be
clear to allow evacuation and return during the time of a hurricane or flooding event.
Residents of barrier islands depend heavily on a small number of bridges and roads that connect islands to one
another and to the mainland; if one of the bridges or sections of the road are destroyed, damaged, or
congested, there are few, if any, alternative routes for evacuation (Frazier et al., 2013). Historical bridges,
including the Howard Franklin, are critical to facilitate evacuation from the isolated peninsulas in Tampa to
inland locations for an evacuation purpose. Please refer to the Local Mitigation Strategy 2020 for further
information on other bridges.
It will be important to consider the effect of sea-level rise on bridges. This level of detail is recommended for
future studies.
Historic Bridges Storm Surge:
High: HWY 41, bridges including those crossing the Hillsborough River and the south end of Davis Islands, Apollo
Beach, Beach Park, the Howard Franklin, and the Gandy Bridge
Medium: N/A
Low: N/A
Sea-level Rise: N/A
Other bridges: See map for specific bridges

Septic Tanks
Ranking: 2
County wide, septic tanks can create toxicity and pollution in groundwater. In our groundwater-fed hydrologic
system this can create pollution and consequences downstream. During flood events, septic tanks can
become backed up and may contaminate well water (EPA, 2006; Tampa Bay Regional Planning Council: The
Economic Development Administration, 2011).
Storm Surge:
High: Areas of concern include: along the Alafia River, Ruskin, Palm River-Clair Mel, Town ‘N Country
Please refer to the map in the appendices to see locations of concern for medium and low storm surge threat.
Sea-level Rise: A review of all septic tanks in coastal areas should be performed. Septic tanks are below ground
and are affected by increased elevations of ground water. Only surface inundation is shown in this study.

Mining & Extractive Services
Ranking: 2
Mosaic and phosphorous mining industry are a main economic resource for the region, including gypsum
mining near Port Tampa. These can be impacted by water hazards such as hurricanes and sea-level rise. This
can pose a public health and ecological hazard in the case of chemical leakage via air or water, which can
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impact communities living near these locations or the ecology along any nearby water bodies (Hillsborough
County, 2015). Please refer to the Built Environment section of the Community Vulnerability Handbook for
additional information regarding chemical releases.
Storm Surge:
High: Gibsonton, west of Progress Village
Medium: N/A
Low: N/A
Sea-level Rise: The mining operations in Gibsonton west of Progress Village could be affected as it is proximal to
the area affected by sea-level rise. A more detailed study will have to be done to understand site-specific
conditions.
In east county the Mosaic operations are within or near 100-year floodplain areas.

Wastewater Treatment Facilities
Ranking: 2
These are critical infrastructure assets due to the potential ecologic degradation and public health impact if
facilities are damaged and untreated water was reintroduced to the environment, including an effect on the
availability of drinking water. Other issues in the basin include elevated levels of fecal coliform bacteria from
agricultural and urban storm water runoff, sewage treatment plants, septic systems, and sewer overflows
(Hillsborough County, 2015; Copeland, 2005). Untreated sewage could affect five times more people than
direct flooding (Underwood, 2018).
Storm Surge:
High: In the port area on both sides of McKay Bay, Port Tampa City, Gibsonton, Port Redwing area, Palm RiverClair Mel, Along the Little Manatee River
Medium: Apollo Beach, Town ‘N Country
Low: Brandon, near Bullfrog Creek
Sea-level Rise: Individual site-level effects must be determined from the appropriate maps, but areas of
increased exposure are along the Little Manatee River, Port Tampa, and Bullfrog Creek.

Superfund Sites
Ranking: 2
A superfund site is “any land in the United States that has been contaminated by hazardous waste and
identified by the EPA as a candidate for cleanup because it poses a risk to human health and/or the
environment” (US Department of Health & Human Services, 2018).
Hazardous materials stored onsite can cause potential human health and environmental concern through
either surface water or soil contamination. Such materials include acids, ammonia, chlorine, petroleum
fuels/oils, metals, phosphorus, organic pesticides and insecticides, and other toxic chemicals (HAS Engineers
and Scientists, 2012). Prolonged inundation can erode safeguards keeping chemicals contained (Pierre-Louis,
2018).
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Of concern for Hillsborough County is the concentration of superfund sites along the Tampa Bay Bypass Canal
(C-135). Inundation to this location could pose significant health and ecological risk. This only occurs in a rare
category 5 scenario, but the effect of this potential event increases its ranking for this study.
Storm Surge:
High: Raleigh Street Dump
Medium: N/A
Low: Kimmerling Battery Disposal (on NE Corridor 58 and Columbus Dr.)*, Alaric Area Groundwater Plume (on N
71 St.)*, Helena Chemical Company (on N 71st St.)*, Stauffer Chemical Company (on Orient Rd)*, MRI Corp (on
Stannum St)*, Reeves SE Galvenizing Corp (on E Broadway Ave)*, JJ Seifert Machine Shop (on Old Highway 41)
*All of these are clustered around the bypass canal.
Sea-level Rise: Raleigh Street Dump

Solid Waste and Garbage
Ranking: 2
Solid waste facilities include transfer stations, landfill disposal, chemical collection centers, and those for
managing yard waste (Hillsborough County, 2010). When these interact with water, there is potential for
pollution that can affect both the ecology and public health of the area.
Proper and effective removal of waste from urban and rural areas is critical to reduce negative health effects
for populations such as pest and rodent control and the spread of infectious diseases (Krieger and Higgins,
2002). Improper waste management can also contribute to birth defects, cancer, low birth weight, and infant
mortality (Vlahov and Galea, 2002). In the event of a hurricane or flooding, garbage trucks may be unable to
access areas on their route that require this service. Garbage can also become pollution in the case of
flooding or a hurricane, where it can be carried in the water from residential areas to nearby water sources
such as rivers. It can also block roadways as debris, posing hazards during the recovery process. In many Florida
counties, there was a delay in garbage collection after Hurricane Irma (White, 2017) with contractors in North
Florida waiting for the highest bid on solid waste and storm debris collection services (Bousquet, 2017).
Storm Surge:
High: Port Redwing (Hillsborough Solid Waste off of HWY 41), Port of Tampa (Wheelabrator McKay Bay on N 34
and Clark St), the Mckay Bay Scalehouse in the Port
Medium: Town ‘N Country (Hillsborough Solid Waste on Linebaugh Ave)
Low: N/A
Flood Hazard: George Caniglio Landfill, Hillsborough County Solid Waste off of S County Road 39, Resource
Recovery Facility on N Falkenburg Rd (all of these are proximal to the 100-yr floodplain)
Sea-level Rise: N/A

The Year that a Structure was Built
Ranking: 2
Consideration of the year structures were built is critical for the resiliency of neighborhoods and structures. After
Hurricane Irma, the Florida Building Commission found no systemic failures of single-family houses built in
accordance with the 2001 Florida Building Code (i.e. houses built after March 2002). However, many structural
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failures in the pre- Florida building code houses were found (Prevatt et al., 2018). As such, emergency planners
should keep in mind areas of older housing stock in the county as they could represent areas of vulnerable
housing.
Older housing stock exists in Town ‘N Country, South Tampa, Palm River-Clair Mel, Davis Islands, Palmetto Beach,
central corridor both east and west of I-275, downtown Ruskin, and in Gibsonton.

Navigable Waters
Ranking: 2
The Tampa Bay region and other areas in the state of Florida rely heavily on shipping channels in Tampa Bay.
Transport involves important economic industries such as gasoline, tourism, and more. To make the area
navigable, the bay bottom is dredged to make man-made navigable waterways. These channels can be
impaired during severe storm events as sand makes areas too shallow to navigate. Port areas, such as Port
Tampa and Port Redwing, are also in highly vulnerable areas related to both storm surge and sea-level rise.
Sea-level rise will affect transportation under the bridges such as the Skyway. A compounding risk presents itself
with increased usage of Tampa Bay’s navigable waterways; as more wake occurs from boats passing, there
can be degradation to coastal environments such as seagrass beds and shorelines.

Fertilizer Production (no map)
Ranking: 2
Fertilizer production represents an industry with many hazardous materials. In the event of significant structural
or operational damage to these sites during a disaster, there would be a significant impact to the bay, both
from a public health and ecological standpoint. Nutrient-laden runoff is a primary concern, which can impact
existing ecosystems. For more information, please refer to the Built Environment section of the Community
Vulnerability Handbook for additional information regarding chemical releases.

Food Pantries
Ranking: 2
Food pantries are organizations that provide meals, rations, or other food supplies to families based on the
organization’s criteria for need or assistance. There are an estimated 151 food pantries located throughout
Hillsborough County, which are mainly operated by secular non-governmental and faith-based organizations.
Due to the number of different food pantry resources, the exact reliance or utilization of food pantry assets is
difficult to estimate. However, Feeding Tampa Bay, the local extension of Feeding America, estimates that over
52 million meals are delivered to at-need individuals annually by that organization alone. A 2014 study done by
Feeding America states that approximately one out of every six people in Hillsborough County lives in some
form of food insecurity, leading to potentially over 204,000 people reliant on food pantries (Feeding America,
2015).
Not only are there food pantries that would be affected by storm surge, there are also areas that are lacking in
food pantries, leading to a potential vulnerability if the few in the area are destroyed or become unusable
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following a hurricane. Overlaps between low-income neighborhoods and those with few or no food pantries
could lead to those having limited resources for food security in times of disaster.
Of note is the absence of food pantries in South County, specifically anywhere south of Palm River-Clair Mel
area in the coastal zones; if these areas become inundated during a water hazard event, there could be an
ongoing food security issue. This is in addition to those regions below that have food pantries in vulnerable
areas to storm surge.
Storm Surge:
High: Town ‘N Country, Port Tampa City, West Kennedy Blvd., Palm River-Clair Mel, Gibsonton, Ruskin, absence
of food pantries in South County
Medium: Central corridor of South Tampa, Bayshore Boulevard, Palm River
Low: West Tampa, Drew Park, Florida Avenue south of the Hillsborough River
Sea-level Rise: N/A

Parks & Recreation
Ranking: 3
Parks are often found near drainage or coastal buffer areas and are important for community recreation as
well as ecosystem services (Tampa Bay Regional Planning Council, 2006). Beach recreation values are likely to
drop due to a decrease in number and size from sea- level rise and erosion, limited access to fishing sites and
open beaches for sunbathing and sports (Hillsborough County Planning Commission, 2017; Nelson et al., 2013).
During a hurricane, storm surge can cause damage to beaches and trails, which can result in the need for
sand nourishment. The effects of sea-level rise include changes in vegetation and management in parks that
are coastally located.
Storm Surge:
High: Double Branch Bay Preserve, Upper Tampa Bay Park, parks within Town ‘N Country, Gandy Park South, EG
Simmons Park, Apollo Beach, areas near Gibsonton, parks along the Alafia and Little Manatee rivers
Medium: Downtown parks and plazas, parks in Palm River-Clair Mel, Ruskin parks, parts along the Hillsborough
River
Low: Vance Vogel Park, West Park, Ed Radice Park
Sea-level Rise: EG Simmons Park, Apollo Beach Preserve, Mosaic Park, Gandy Park South, Upper Tampa Bay
Park & Double Branch Bay Preserve

Fisheries and Fishing (no map)
Ranking: 3
Ecosystems that support robust wildlife and fisheries contribute to the seafood industry and sport fishing. This
affects the livelihood of the populations (Buck, 2005). Protection of our fisheries, both ecologically and
structurally, is vital to continued economic prosperity.
Hillsborough County also benefits from revenue from recreational fishing, a major tourism industry. If damage
occurs to the built and ecologic environments that support recreational fishing, there can be negative impacts
to the job market and the economy.
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Urban Service Areas
Ranking: 3
Urban Service Areas allow local government to maximize infrastructure investments within a boundary where
services are available and will be most needed as growth continues (Plan Hillsborough, 2019). A vulnerability
arises due to all municipalities being distinct from each other. In these areas, there may be overlapping or
incongruent decision making or approaches to flood mitigating issues. A high percentage of developable land
is within hurricane inundation zone and without a unified front to construction problems could arise to the future
resiliency of the county.

Boat Slips, Marinas, Docks and Piers (no map)
Ranking: 3
A boat slip is the portion of a pier, main pier, finger pier, or float where a boat is berthed or moored, or used for
embarking or disembarking. A marina is a dock or basin with moorings and supplies for yachts and small boats.
A marina differs from a port in that a marina does not handle large passenger ships or cargo from freighters
(Hillsborough County Planning Commission, 2017). Docks and piers for small boats and yachts are also
important. Projected property impacts through 2040 in the City of Tampa are mostly limited to open spaces
and docks (Tampa Bay Regional Planning Council, 2006).
There is a large amount of these structures in Hillsborough County and they are vulnerable to both sea-level rise
and hurricane tidal inundation with potential high replacement or repair cost. As well, they serve as a cultural
and recreational resource to the community, connecting Tampa Bay populations to its waterways.

Libraries
Ranking: 3
Libraries are important multipurpose structures as they have cultural, educational, and structural value that is
used by the community during both disasters and everyday life. They can be used for sheltering, outreach
programs, and distribution hubs during the preparedness, response, and recovery phases of the emergency
management process (E. Dunn, personal communication, October 2019).
One-third of Hillsborough County libraries are in the category 3 high storm surge prediction zones. Although this
is a significant amount, they are not critical resources and quantity of libraries outside the inundation zone leads
it to be of less concern. There are a limited number of libraries in South Hillsborough County and half are within
storm surge flood zones for category 3 hurricanes or less.
Storm Surge:
High: Port City Tampa, South Westshore, Town ‘N Country, Ruskin
Medium: Westchase, South Tampa, Downtown Tampa, Clair Mel City, Riverview
Low: West Tampa, Forest Hills
Sea-level Rise: N/A
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Food Processing
Ranking: 3
Food processing and storage areas are crucial to the county’s food supply. Over 112 parcels (over 753 acres)
are designated for some form of food processing most of which are found near the airport to the west and
Seffner to the east. The food processing industry in Hillsborough County is widely diverse ranging from milk/dairy
processing, fruit and vegetable packing, processing, and canning, meat processing, bakeries, catering, and
food innovation.
Storm Surge:
High: Ybor City area and zones just slightly east, Gibsonton
Medium: Town ‘N Country, along the Selmon Expressway in South Tampa
Low: High concentration around the airport and Drew Park
Sea-level Rise: N/A

Cultural Facilities (no map)
Ranking: 3
Cultural facilities represent a significant value to the community. This includes facilities such as theaters, art
houses, houses of worship, etc. Downtown Tampa and Ybor City are a few of the more concentrated cultural
facilities locations; both areas are within a category 3 storm surge.

POPULATIONS AND PUBLIC HEALTH
Public health is an important consideration in regards to water hazards such as hurricanes, flooding, and sealevel rise (Frumkin, et al., 2008). The presence of demographic traits, those considered as vulnerable, can lead
to heightened risk before and during disaster and possibly hinder recovery post-disaster. In Hillsborough County,
the vulnerable populations are mostly located outside of the critically vulnerable areas to storm surge and sealevel rise. Since there are vulnerable populations that do not overlap with these areas of water hazard,
geospatial analysis had to be conducted using county-wide population demographics farther to capture risk
disparities inland.
Hurricane Katrina was a catalyst for recognizing the disparities that exist among communities with regards to
emergency preparedness (Bourque, 2006). It revealed that natural disasters, while impartial by nature, do not
affect everyone the same way. Post-Katrina research highlighted population factors that culminate in some
community members experiencing more negative health effects. Social determinant factors that contributed
to these negative effects included poverty, home ownership, poor English language proficiency, minorities’
status, immigrant status, and high-density housing (Zoraster, 2010). Those with high social vulnerability
experience the brunt of storms due to hardships in recovering. This includes lack of transportation, needing
money to help rebuild, and losing jobs (Bullard, 2008; Elliot & Pais, 2006; Fussell, Sastry, & Van Landingham, 2009).
People’s response to floods and natural disasters is dependent upon the resources they have at their disposal
(Bullard, 2008). In addition, there has been much discussion surrounding the importance of having traditional
knowledge of the area in which one lives, which many vulnerable populations may lack. Transience is a
common theme of vulnerable populations, between moving for work, to different rental units, or to a new
place as an immigrant or refugee. This can lead to a lack of understanding of an area’s natural and traditional
information and a lack of knowledge about hurricane preparedness.
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Financial resources are required to properly prepare for a hurricane. A household needs money in order to
prepare a hurricane kit, to help prepare their house for flooding, to leave their jobs and evacuate days before
the hurricane hits (Dash, McCoy, & Herring, 2010). A lot of people have to rent which prevents them from
properly prepping their households. Many cannot afford to take enough days off work in order to evacuate in
a timely manner. Hotels are expensive, and many, especially immigrants and refugees, do not have social
networks they can rely on to stay with instead. These situations require monetary savings and several days off of
work, and strains those who live paycheck to paycheck. It also requires financial resources to recover from a
disaster or flooding event. If a person loses their job from the emergency, they might have been the family
breadwinner or a single-parent. Any of the vulnerable populations identified in the following text can become
more vulnerable in the case of a disaster if financial resources are strained.
This project identified 48 vulnerable population groups that exist within the literature that require consideration
when preparing for a disaster or flooding event. Though each carry their own individualized needs, there were
five persistent themes present among many populations. These factors prevent several vulnerable populations
from being appropriately prepared for natural disasters such as hurricanes and other flooding events.
Major considerations for determining population vulnerability include the community/individual’s:






Financial resources
Fear of discrimination
Risk of exploitation
Barriers to and accessing evacuation shelters
Education and understanding

Within each demographic evaluated within this Community Vulnerability Report, a brief description is provided
as well as associated compounding risks and the major areas of concern within Hillsborough County. Please
refer to the maps in the appendices to locate specific areas of interest. In addition to the materials provided in
the Community Vulnerability Handbook, please utilize the references provided here to learn more about the
individualized public health and sociological factors that contribute to disaster management.

Low-income Households
Ranking: 3
Low-income households may lack the resources to secure alternative housing during or after a disaster
(Morrow, 2002). People with low-incomes are also less likely to be able to harden their houses pre-disaster and
properly recover post-disaster (Van Zandt, 2012). This is especially true if their income is below the poverty line.
Poverty is a key factor in the degree of vulnerability that people face in response and recovery to natural
disasters (e.g., hurricanes, sea-level rise, etc.) (Kim & Marcouiller, 2016). Disasters serve as a powerful downward
trigger to poverty by destroying assets and housing, and also affecting infrastructures that serve the poor
(Kreinier & Arnold, 2000; Lee, 2018). From a community standpoint, the poor are likely to require substantial
government assistance including longer temporary housing (Morrow, 2002). Homelessness is also an issue facing
Hillsborough County, with approximately 1,650 people experiencing homelessness throughout the county
(Tampa Hillsborough Homeless Initiative, 2019).

Storm Surge:
High: Palm River-Clair Mel, West Tampa
Medium: Ruskin, Town ‘N Country, along the Hillsborough River
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Low: Progress Village, Brandon, University of South Florida area
Sea-level Rise: Palm River-Clair Mel, Gibsonton

Limited English Proficiency (LEP)
Ranking: 3
It has been documented that those with language barriers may have less access to warning information, or
they may experience more difficulties navigating recovery programs (Blazer & Murphy, 2008; Maldonado et al.,
2016). Currently, preparedness among health care workers does not include medical interpreters, leading to
barriers in communication with healthcare (Shiu-Thornton, 2008).
Understandings related to sea-level rise may be diminished due to lack of effective communication, or in
establishing options for adaptation.
Storm Surge:
High: Town ‘N Country
Medium: Inland Town ‘N Country, Ruskin
Low: East side of Interstate 92 up into Greater Carrollwood (the Armenia, Havana, Himes corridor from I-275 to
Busch), Waters Avenue
Sea-level Rise: Ruskin, Palm River-Clair Mel

Single-Parent Families
Ranking: 3
For single-parents there are additional mental and financial stresses due to having one income as well as being
the primary caregiver for children, whose dependencies increase during a crisis (Stack & Meredith, 2018).
Preparation, response and recovery all become more difficult (E. Dunn, personal communication, October
2019). Infant age children require additional resources such as diapers and formula for meeting basic nutrition
needs during a disaster. Single-parent households, particularly when headed by women, tend to live in the
economic margins adding an additional level of insecurity (Damaske et. al, 2017). Since this topic has a definite
pattern (see map) there are strategies to address it for post-disaster recovery. East Tampa and University of
South Florida areas are out of the flood zone, but have a high concentration relative to Hillsborough County.
Storm Surge:
High: Coastal Town ‘N Country, MacDill Airforce Base, Ruskin
Medium: Inland Town ‘N Country, east Tampa, University of South Florida area
Low: Progress Village, Brandon
Sea-level Rise: N/A
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Lack of Vehicle Access
Ranking: 3
Transportation out of an evacuation zone is problematic for people who do not have access to a vehicle.
These populations are more reliant on public transit, which may be disrupted or not in service before, during
and after an event (Bullard, 2008). Significant coordination is required in reaching this population during an
event and there is a heavy reliance on public transit, leading to more shelter usage (E. Dunn, personal
communication, October 2019). In Hillsborough County, this is aided through the use of the Sunshine Line
(Hillsborough County, 2019).
Storm Surge:
High: Ybor City through Downtown and West Tampa, including Davis Islands and Palmetto Beach
Medium: Southern half of South Tampa
Low: West Tampa, University of South Florida area
Sea-level Rise: N/A

Physical Disability
Ranking: 3
Individuals with physical disabilities during times of emergencies face more difficult means to prepare and
respond to the event and even face long-term health impacts (Stough & Kelman, 2018). Those dependent on
motorized mobility, such as an electric wheelchair, cannot use them in floodwaters (Connecticut Development
Disabilities Network, 2002). Not all private properties, which may be used for temporary housing, may have
accessible entrances, leading to issues in the recovery phase for those with physical disabilities (US Department
of Justice, 2012).
Storm Surge:
High: Ybor City, Tampa Heights
Medium: Palm River-Clair Mel
Low: Sun City, University of South Florida
Sea-level Rise: N/A

Veterans
Ranking: 3
A portion of the US military veterans’ population with combat duty experience have comorbidities with mental
health and disability (Trivedi et al., 2015). In the post-9/11 era, there has been a significant increase in the
number of veterans with “service-connected disability,” estimated as high as 25 percent (Sisk, 2019). During an
emergency like a hurricane or flood, this is only exacerbated, and researchers have observed higher rates of
post-traumatic stress disorder (PTSD) after these events (Constans, 2012). PTSD can last for months or years,
leading to increased mental trauma for those who suffer from it.
Storm Surge:
High: Apollo Beach, Ruskin

41
Medium: North of MacDill Air Force Base
Low: Sun City Center, Brandon
Sea-level Rise: N/A

Age 17 or Younger
Ranking: 4
Minors (e.g., 17 and under) are especially vulnerable post-disaster. It is important to stabilize their systems of
care to avoid long-term consequences such as mental health issues and emotional trauma (Abramson &
Garfield, 2006). School disruption is also of major concern, as not returning to normalcy can cause diminished
academic performance and can place financial burden on families that need childcare. Younger children
also require additional resources and medical care (Kousky, 2016).
Storm Surge:
High: Downtown Ruskin
Medium: Progress Village and areas to the north and east, Westchase
Low: N/A
Sea-level Rise: N/A

Over 65
Ranking: 4
Those over 65 have a wide variety of vulnerabilities associated with their age. It has been shown that this
population suffers higher mortality rates; during Hurricane Katrina, over 70% of the deceased were 61 years or
older (Brunkard et al., 2013). Elderly tend to be more susceptible to food borne illness, heat stroke, and
infectious diseases (United States Federal Drug Administration, 2011; CDC, 2017; Rhoades et al., 2013). Elderly
also have other medical associated risks, such as access to oxygen or refrigerated medicines such as insulin;
mobility issues; cognitive decline, etc. (Peek & Fothergill, 2008; Rhoades et al., 2013; US Federal Drug
Administration, 2017). They are also typically harder to reach via communication messages and are more often
socially isolated (E. Dunn, personal communication, October 2019).
Storm Surge:
High: N/A
Medium: Sun City Center (additionally proximal to the 100-year floodplain)
Low: N/A
Sea-level Rise: N/A

Unemployed
Ranking: 5
Research has shown that those with higher income have more resources to cover costly disaster preparedness
measures, setting themselves up for more success during the preparedness, response, and recovery phases of a
hurricane event (Frankenberg et al., 2013).
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In reference to our mapping, there are no concentrations of unemployed in areas susceptible to sea-level rise
or flooding.

No High School Diploma
Ranking: 5
Research shows that "the better educated were in better psycho-social health than those with less education"
and concluded that education is associated with higher levels of resilience over the longer term, thus making it
a concern in the emergency management process. Those with higher education cope better in the recovery
phase; they are also less likely to stay in temporary housing and are more likely to stay with friends or rent a new
home (Frankenberg et al., 2013).
Storm Surge:
High: N/A
Medium: Town ‘N Country, Ruskin, Gibsonton south of the Alafia River, Palm River-Clair Mel
Low: University of South Florida area
Sea-level Rise: N/A

ECOLOGY
Ecologic systems are critical in mitigating the effects of flood, such as the benefits of wetlands on water storage
or mangroves on dissipating storm surge energy. Maintaining the health of ecologic systems is critical in order to
utilize those services that biotic communities provide. Hillsborough County has been able to revitalize its sea
grass beds in the bay area waters, but knowing that these environments operate as a system should draw
attention to the vulnerabilities created by upland development, where water is soaked into the soil, through the
destruction of mangroves, the hardening of shorelines, or the removal of wetlands.
Six main ecosystem services, the landscape functions that could potentially be impacted by flooding, were
taken from the Harte Institute in their presentation “Ecosystem Services Visualized” (Plantier Santos, C., 2013).
These services include:







Coastal protection
Environmental regulation
Recreation
Cultural and economic resource
Wildlife habitat
Nutrient balance

With those services in mind, the research settled on three stressors due to flooding:




Habitat loss or change
Erosion,
Hydrologic change

It is the ‘nature’ of these communities to withstand environmental change, like in the case of hurricanes.
However, urban conditions can exacerbate potential issues or may prohibit a ‘natural’ response. Additionally,
urban areas may have developed dependencies on ecologic services, which are affected by a dynamic,
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changing ecological environment. With these human influences, it may require human input and resource to
either adapt to increased rates of sea-level rise, or to cope with stressors such as hurricane winds and flood.
Since ecologic systems operate as a collective, a ranking is not utilized in this section as each zone performs its
own function that contributes to the overall health of our region and the bay. On their own, these
environmental types are able to sustain and adapt to storm surge and sea-level rise. However, when
intertwined with human systems, vulnerabilities arise from the lack of maintenance and management to
compensate for cultural effects. In any case, the main vulnerabilities to these systems are habitat loss or
change, erosion, and hydrologic change, which can be worsened by human impacts.
Related to storm surge, there are concerns for:
 Erosion
 Nutrient load and toxicity from urban environments
 Post-storm ecosystem management, with protection against exotic and invasive plant colonization
Related to sea-level rise:
 The projected growth of mangroves is double in acreage by 2100 and coastal wetland.
 Coastal freshwater wetlands, tidal flats, salt marsh, and salt barren are expected to experience the
greatest acreage loss.
 Seagrasses are extremely important to the overall ecology of Tampa Bay, and understanding their
response to sea-level rise is critical to developing future habitat management strategies.
 Inhibitors to habitat migration
Summary
Each environment includes a brief description and areas of major concentrations, or lack thereof, of each
habitat community when in storm surge or sea-level rise inundation zones. Please refer to the maps in the
appendices to locate specific areas of interest. In addition to the materials provided in the Community
Vulnerability Handbook, please refer to the Tampa Bay Estuary Program’s (TBEP) Tampa Bay Blue Carbon
Assessment, which analyzes the ecosystem of the bay and identifies susceptible environments and how they
will change with our changing climate.

Upland (Pine Flatwoods)
In Hillsborough County, this landscape type is noted for its flat topography and Karst ecology. It is also important
in a whole-watershed system management approach as supratidal habitat (such as this) is considered the
headwaters of the system (TBEP HMP 2020). Water does not flow across the surface as much as it percolates,
saturating the soil, moving through it until finding its way into streams, rivers, springs, and later the bay (Whitney,
2004).
This is an important zone in our landscape for infiltrating and storing water, to reduce downstream effects. As
such, the biggest threat is development and the conversion of forested wetlands to non-forested. TBEP
estimates a loss of 39% of native uplands between 1990-2017 (TBEP, 2020). In upland situations, saltwater
intrusion from storms and sea-level rise will have an impact on the cultural landscape plants such as turf and
garden material. It can also damage trees, plants, and agricultural fields (Williams, 2010). These landscapes can
also be imperiled by erosive effects of flooding (Jackson, 2006). Other concerns arise from development
affecting seed dispersal and habitat regime, pollution, and the introduction of exotic/invasive plants (Jackson,
2006; US Fish and Wildlife Service, 1999).
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Storm Surge: N/A
Sea-level Rise: N/A

Lakes
Lakes can serve to purify water, retain it for additional percolation, and digest sewage (Zohary & Ostrovskt,
2011). A lake has multiple underwater zones with a rich biodiverse aquaculture. In Hillsborough’s flat
environment, lakes and ponds collect and infiltrate water into the aquifer (Whitney et al., 2004).
Design and management of lakes can impact the health of the system. A lake often includes an important
littoral edge, where sediment is captured and nutrients filtered by shoreline vegetation. This zone is being lost
through urban expansion and water management policy (see part 4c and d of SWFWMD, 2018). Additionally,
abnormal water-level fluctuations due to urban drainage and pond/lake design creation diminished littoral
zones, associatively decreasing the food resources and nursery/shelters. This will decrease the reproduction and
survival rates of both terrestrial and aquatic organisms and have cascading effects on species diversity,
richness and abundance, and the water quality of the ecosystem (Zohary & Ostrovskt, 2011). Coastal lakes can
transition with sea-level rise if they become inundated or are affected by changes in hydrology.
There are no immediate concerns predicted for lakes within Hillsborough County from the effects of saltwater
inundation via storm surge and sea-level rise.
Storm Surge: N/A
Sea-level Rise: N/A

Wetlands
The EPA defines wetlands as “areas where water covers the soil, or is present either at or near the surface of the
soil all year or for varying periods of time during the year, including during the growing season” and can include
coastal (saltwater) and inland (freshwater) areas. (EPA, 2020) One of the most significant characteristics of
wetlands is that they act like sponges, soaking up moisture. Wetlands also attenuate and store water, mitigating
flooding effects following heavy rainfall. They help filter out pollutants, which naturally improve water quality.
Wetlands within urban areas are extremely valuable because they can reduce the volume of surface-water
runoff from pavement and buildings (Whitney et al., 2004). Wetlands provide additional watershed functions,
such as habitat for plant and animals, soil erosion control, and delivery of complete organic matter to the food
web (TBEP, 2020).
Areas that are affected by both sea-level rise and storm surge, such as Double Branch Bay, can suffer from
compounding effects threatening its health as we look forward to 2045. Any areas affected by storm surge can
become inundated with saltwater during a storm, threatening the wetlands found there. Wetland areas have
also been diminished due to urban growth and policies.
Storm Surge: South County, Town ‘N Country, Double Branch Bay, West Chase, area in South County by the
county line
Sea-level Rise: Along the Little Manatee River, Double Branch Bay, Port Tampa City
Also notable are where there is a lack of wetlands: South Tampa, Ybor City, and the downtown corridor.
Wetlands provide a natural storm surge protection in addition to other ecological services, hinting at possible
coastal vulnerability as this important water absorbing capacity has been removed for development. There is a
very high concentration of inland wetlands in northeast and northwest Hillsborough County, and these must be
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actively protected from development as it can greatly impact the hydrology in other parts of the ecosystem
(TBEP, 2020).

Wet Prairie
A wet prairie is a habitat found in flat or gently sloping areas with wet, but not inundated, soils. The length of
time that soils are flooded ranges from 3-7 months each year. Often a wet prairie is found between lower lying
depression marshes or swamps and slightly higher pine flatwoods (Whitney et al., 2004). There is a high
concentration of wet prairies (also known as freshwater wetlands) in northeast Hillsborough County, and these
should be actively protected from development as they can greatly impact the hydrology in other parts of the
ecosystem (TBEP, 2020). Since these areas are freshwater-based, there is the chance that the ecosystem will
transition to another with the introduction of saltwater via sea-level rise or storm surge.
Storm Surge: coastal Ruskin area (from Apollo Beach to EG Simmons Park), the coast from Gibsonton to
Adamsville including Bird Island and Sunken Island, Picnic Island, South County border
Sea-level Rise: Apollo Beach to EG Simmons in coastal Ruskin, Picnic Island

Mangroves
Quantities of mangroves are predicted to increase with sea-level rise and warmer temperatures. According to
the TBEP, mangroves will migrate inland as current stands die, and other habitats are overtaken. Since
mangroves are fast-adapting, they will increase while marshes and other coastal habitats that are not as
adaptable will decrease with saltwater intrusion (TBEP, 2016).
Notable areas lacking in mangrove forests include in front of Apollo Beach, west and east coasts of South
Tampa, and McKay Bay. This can cause reduced storm surge protection for these areas, making them more
vulnerable to the effects of storm surge compared to if they had adequate mangrove coverage.
One of the compounding effects of sea-level rise is that, in areas where adaptation to sea-level rise is limited,
there is potential for habitat loss, especially for the black mangrove, which does not sustain itself in a terminally
inundated condition. Mangroves also help to reduce sediment erosion, so as they migrate inwards, there is
potential for land loss as their roots will not be collecting and holding sediment in that area. Another area of
concern is the Port Redwing area north of Apollo Beach. Since they are planning on bringing larger ships into
this area, there will be increased wave action; these waves can further degrade natural buffering systems and
change the bathymetry of the natural system, leading to further environmental loss.
Of note is the Manatee River, which is predicted to gain mangrove stands. Terra Ceia Bay, however, is
predicted to lose 86% of its existing mangroves (Tampa Bay Estuary Program, 2020)

Storm Surge: N/A
Sea-level Rise: Terra Ceia Aquatic Preserve and its surrounding mangrove forests, the southern point of South
Tampa Peninsula, EG Simmons Regional Park, the mouth of the Little Manatee River
Saltwater Marshes
A salt marsh is a grassland between the forest and the sea (Whitney et al., 2004). According to TBEP, this is the
most critical area in peril for our bay due to sea-level rise. Habitats will migrate landward as saltwater moves
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inland, forcing out the salt marsh environment in favor of mangrove forests or open water (TBEP, 2016). Salt
marsh coverage is estimated to reduce to 10-14% of the estuary ecosystem and their associated salt barren
habitats are estimated to diminish to less than 1% (Sherwood & Greening, 2013). Juncus marsh, primarily found
in freshwater marshes, has been shown through predictive modeling to be especially vulnerable to sea-level
rise (TBEP, 2016). Because of hard edge development, habitat migration options are limited. A natural balance
of coastal areas is critical to overall ecosystem health; marshlands also represent important ecosystems such as
acting as a significant carbon sink and reducing storm energy through friction (TBEP, 2020). TBEP predicts a 69%
loss in South Bay, 53% loss in Middle Bay, and a 61% loss in Old Tampa Bay (TBEP, 2020).
The largest saltwater marsh in the region is along the Manatee River, which is impounded for water supply. This
area is under threat by both storm surge and sea-level rise, posing a significant vulnerability (TBEP, 2020).
Storm Surge: Existing vulnerable areas include southern end of South Tampa Peninsula, coastal South County,
Town ‘N Country from Rocky Point to Double Branch, along the Little Manatee River
Sea-level Rise: Southern end of South Tampa Peninsula, along the Little Manatee River

Tidal Flats
Tidal flats are coastal wetlands that form in intertidal areas where sediments have been deposited by tides or
rivers (Whitney et al., 2004). Tidal flats are transition zones that have the ability to oscillate inland and towards
the sea caused by high/low tide and sea-level rise. This habitat is important and can be negatively impacted
by the effects of sea-level rise (TBEP, 2016).
This is not a localized issue, and instead affects any coastal zone in Hillsborough County. These areas will be
most impacted by sea-level rise, not hurricane storm surge. Tidal flats will become submerged as sea-level rises,
leading to habitat loss or transition.

Seagrass Meadows
Seagrasses are highly valuable coastal aquatic plants and can be impacted by climate change,
development, and sea-level rise (Sheehan et al., 2016). Seagrasses provide coastal protection and sequester
carbon, to name a few of their benefits. Limited light supply affects sea grasses as waters deepen due to sealevel rise, and clarity is reduced due to a decrease in water quality. However, high sea-level rise predictive
modeling has shown an overall increase in seagrasses as they migrate into other zones (TBEP, 2020). There has
been successful restoration of seagrasses in Tampa Bay that was managed through the treatment of storm and
wastewater in addition to dredging regulations (TBEP, 2016).
From our analysis, there is a notable lack of seagrasses in McKay Bay, Bayshore, and Davis Islands, in front of
Apollo Beach near Port Redwing, and in front of the Alafia River at the Mosaic Shipping Port. These locations
can be lacking in seagrasses due to the dredging that occurs to keep the waterways navigable in addition to
the changed hydrology caused by boat wakes.
For more information, please refer to the Tampa Bay Estuary Program’s “Tampa Bay Blue Carbon Assessment”.
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CONCENTRATED RISK AREAS
Areas that were repeatedly identified as having potential vulnerabilities include:











Port Tampa
Port Redwing
Palm River-Clair Mel
South Tampa Peninsula
Town ‘N Country
Downtown Tampa
South County (general)
Ruskin
Apollo Beach
Gibsonton








Ybor City
West Tampa
Areas of Toxicity
Subsurface Aquifers
Shelters and Sheltering Options
Drainage

Port Tampa and Port Redwing is an area with concentrated risk. This area lies within a category 1-3 predicted
storm surge by 2045 and also is home to many critical facilities. There is a concentration of hazardous chemicals
that, if damaged, could lead to public health and environmental ramifications for those living nearby. Many
systems and services rely on the product and economy created by the port. If, for instance, the port was
damaged in a hurricane, gasoline supplies would be in peril for places such as Tampa and Orlando Airport.
Palm River-Clair Mel is frequently discussed in the public health section of this report, hinting at compounding
effects that could arise during flooding events. This is a low-income area that has mobile homes, an older
housing stock, and industrial sites.
The South Tampa Peninsula is extremely vulnerable to storm surge. This area, which houses MacDill Airforce Base
and a large population, as well as major commercial areas and coastal infrastructures, is completely inundated
with the projected surge from a category 3 hurricane. Some areas are identified as already having
concentrations of repetitive loss properties, where multiple flood insurance claims have been made. This is an
important economic area for the region, but is built to its edges and is already dealing with seasonal rain and
drainage challenges. The north end of Bayshore Boulevard, near the historic Spanish Town Creek, is more lowlying and susceptible to storm surge flooding. This area is noted as one of the first residential communities in
Tampa and has many historic structures.
Town ‘N Country is vulnerable due to its situation within projected storm surge scenarios. This area has a
concentration of residential property with associated schools, a hospital and infrastructure such as water
treatment and garbage facilities. There are multiple ecologic vulnerabilities with a large area of low-lying
wetlands, some of which have been urbanized. Socially, the population in Town ‘N Country has a higher
percentage of minority and non-English speaking people that are also characterized as having lower income
and percentage of the population with high school diplomas.
Downtown Tampa is extremely vulnerable. The city core of Tampa is completely inundated by a projected
category 3 hurricane storm surge. The county has grown with this area as its main center, hosting much of its
business, culture and tourism industries. Hotels, financial offices, medical facilities, portage for cruise ships and
main parks facilities are all located in this concentrated zone.
South County is characterized by low density and residential-only development, and therefore has a lack of
community infrastructure. Many critical resources such as fire stations, police, hospitals, commercial areas, and
food pantries are sparse. If a flood event were to negatively impact this area, it would lead to resource and
service gaps. This study identified that hotels, grocery stores, gas stations, and the other elements mentioned
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are most likely found in more connected urban areas or directly alongside interstate highways, at major
intersections. Development, such as is currently found in South Hillsborough County, has a much more
diminished emergency response and preparedness system to support communities.
South County also has significant evacuation vulnerability regarding access to transportation and major
highways – there is a lack of options. Those in South County who lack vehicle access may have additional
compounding risks arising from lack of community infrastructure.
Ruskin is a similar yet older community. It has the same issues of being low-lying and adjacent to coastal
wetland communities. That area is composed of a population that meets many of the categories for the more
socially vulnerable, with high percentages of low-income earners, single parents, veterans, youth, non-English
speaking, and uneducated.
Apollo Beach is a man-made island built within coastal wetlands and sea grasses. Sea-level rise has and will
continue to impact its parks and beaches and the ability for ecological communities to adapt. The community
also has critical infrastructures located within category 1 storm surge scenarios.
Gibsonton, similar to Ruskin, is low-lying and historic area located adjacent to coastal or riverine waters. Flood
scenarios show exposure to flood for its commercial and industrial areas, and in this location the community is
recognized as having higher degrees of social vulnerabilities, such as lack of vehicular access.
Ybor City is a nationally registered historic district and commercial area that is located within the category 3
storm surge scenario. There are also many industrial sites, with adjacent residential structures.
West Tampa could be impacted by various degrees of storm surge. It is a historic residential community with
associated infrastructure. The community is characterized by higher levels of low-income populations with a
lack of vehicular access. This creates vulnerability for those that cannot evacuate or that have older homes,
and that do not have the income to fortify or prepare for an event. This area’s fire station is located with the
category 3 hurricane storm surge scenario.
Areas of Toxicity there exists a large concentration of hazardous chemical sites. This mostly follows the Tampa
Bay Bypass Canal, where multiple superfund sites are located within a small geographic area (see maps).
Additionally, industrial areas and mining facilities are concentrated in the bay around McKay Bay and to the
south, on the east side down to Apollo Beach. Storage, processing and transport of phosphorous and its
byproducts can pose a threat to communities and ecologies in the area if inundated by water, in the
immediate future or with sea-level rise. Multiple tailing facilities along the Alafia River are another area that can
be potentially inundated by flood, discharging toxicity into the watershed and surrounding areas. Critical
wildlife habitats at the mouth of the Alafia River could be affected as well as other riverine and bay
environments. Another area, Piney Point, is just south of the county line in Manatee County, and is of concern
when related to flood. Although a political delineation exists between counties, the industry at Piney Point
poses a significant risk due to the toxicity of sites and industrial output.
Subsurface Aquifers, in general, are another item to consider. Salt water intrusion poses risk to our water supply
and is currently encroaching at a rate of 6” per year. This will continue to increase with associated levels of sealevel rise. This can affect our urban communities, but also Hillsborough County and its neighbors in South County
are currently second in national production of aquaculture. This important economic and ecological asset
operates in-ground and can be affected by both sea-level rise and hurricane storm surge.
Sheltering and access to shelter facilities is an issue of concern. For many populations, sheltering is stigmatizing.
There can be fear of discrimination, uncertainty or unfamiliarity, fear of predation or issues surround pets or
children. If many people choose to evacuate rather than shelter locally, especially if not in an evacuation
zone, it can create congested evacuation routes, slowing down overall evacuation efficiency. Shelter
capacity can also be compromised if allocations are not made for those that need to flee their homes for
safety or security issues. Some of these residences may be located outside the evacuation zone, but often see
their residences leaving home none-the-less.
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Drainage is one particular infrastructure that is most vulnerable to these uncertain times is in this dynamic
environmental moment; communities should be planning for change and uncertainty. The reliance on a fixed
and buried system of water conveyance with capacity limits creates the potential for costly modifications in
the future or overburdens on the ability to move water. Those communities that rely more on fixed, ‘gray’ water
infrastructure should assume more risk as they head into the future. Recently, the City of Tampa, which lies
within Hillsborough County, approved a long-range plan for Progressive Infrastructure Plan to Ensure
Sustainability (PIPES). This program over a 25 year period will be modernizing and improving the water and
wastewater management, leading to potential reductions in risk (City of Tampa, 2019).
The following maps show overlaps and concentration areas of vulnerabilities.
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Sea-level Rise Vulnerabilities Map

Figure 11: Map analysis showing concentrations of potentially vulnerable areas due to sea-level rise within Hillsborough
County.
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Storm Surge Vulnerabilities Map

Figure 12: Map analysis showing concentrations of potentially vulnerable areas due to storm surge within Hillsborough County.
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COMPOUNDING AND SYSTEMATIC VULNERABILITIES
Compounding risks are induced by circumstantial and layered exposures. For example, this can occur for
populations that live outside of flooded areas but that are reliant on vulnerable infrastructures. This is true for
those needing power for refrigeration, business, and/or medicine. Others rely on public transportation, schools,
food pantries or food distribution. Another regional example is the Orlando Airport, which receives its fuel from
the Tampa Port. Although Orlando is many miles inland, the Tampa Port is well within a projected category 1
storm surge, causing great vulnerability for the airport.
Additionally, a community may be very resilient in its own capacities, but it may have contextual exposures
when waters flood. For example, contaminants can be introduced to the water system, causing a dispersal of
pollutants and nutrients. Other layered risks can occur for renters or low-income residents that are unable to
fortify their dwelling, or tourists that are unaware of standard procedures during a hazard event. Many of these
sensitivities are discussed under specific headings of populations and public health, in this report but also in the
Community Vulnerability Handbook.
With sea-level rise, the County faces a dynamic challenge. The environment is transforming and the county’s
coastline will be different in the future. Compounding effects may occur if this is not accounted for. For
example, if habitat zones are not able to migrate and valuable ecological services are lost. Water quality,
storm mitigation, fisheries and overall environmental health are all tied to the functionality of the eco-system.
These interwoven or associative vulnerabilities were examined through the interdisciplinary studio course at USF
in the spring of 2019, associated with the Community Vulnerability Study, and a workshop that included
Hillsborough County administration and subject matter experts. Refer to the studio project document for further
review.
The following pages show examples of the workshop worksheets and maps of compounding or systematic
vulnerabilities. Overlaps point to potentials for mitigation strategies, where projects can address multiple issues
at once. Areas where systematic vulnerabilities are present may point to strategies of redundancy, where the
system is ‘backed-up’ in one or more additional locations. Mitigation strategies, however, are not part of this
document but are discussed in the Mitigation Handbook, which is also part of the overall CVS project.
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Figure 13: Map analysis showing hazardous chemical sites in Hillsborough County
and the residential areas located within a one mile radius buffer.

54

Figure 14: Map analysis showing hotel sites in Hillsborough County and adjacent mangroves and sea grass meadows. Circles
identify areas of potential conflict with sea-level rise.
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