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ABSTRACT
This research paper is the beginning of a 5-year investigative effort by Woods Hole
Oceanographic Institution and Mote Marine Lab studying the harmful effects of red tides. This
paper investigates the resilience of coastal communities in western Florida in the face of natural
hazards. On Florida’s Gulf Coast, despite chronic exposure to natural hazards, coastal
communities are growing in population and economic scale. Coastal development is often
haphazard and unplanned, resulting in degradation of fragile and hazard-prone coastal
ecosystems. This places communities at greater risk to the effects of coastal hazards. This paper
hypothesizes that, although it is unlikely that natural disasters independently drive economic
trends in this region, their presence exacerbates preexisting vulnerable economic conditions on an
annual time-scale.
This study investigates community resilience of Florida’s 23 Gulf Coast counties,
exploring the adaptive capacity of the counties to absorb shocks while maintaining essential
functions. Community resilience of western Florida is affected by the spatial and temporal
distribution of hazard exposure. This paper assumes the effects of hazards are reflected in annual
economic and population data for the year following the hazard. It categorizes historical storms
and red tides and responses to these events via trends in four economic indicators for each county
from 1969 to 2011; population, employment, per capita income, and number of proprietors.
The results of this study show there were very few changes in the trends of the economic
indicators after one year for most of the hazard events. The majority of economic and
demographic data show persistent increases between 1969 and 2011, indicating that the Florida
Gulf Coast system is resilient to red tides and hurricanes. Decreases in economic data trends were
more closely correlated to years of economic recessions, not red tide blooms or major hurricanes
years. This analysis suggests that storms and red tides may exacerbate decreases in economic and
demographic data in the year following the storm, but that counties rebound to previous levels
after one year. It concludes that perturbations from normal economic and population trends are
most likely due to a combination of factors, such as economic recessions or anomalous air
temperatures, along with natural hazards. It is also possible that effective government policies
enhancing and protecting social and economic resilience can be addressed through public polices
over time in response to hazard events, contributing to the increased resilience of coastal
communities.
Policies that plan, mitigate, and adapt to these hazards create a more resilient socioeconomic system. Because the effects of these policies are not always immediately clear,
resilience planning is difficult. Red tides and hurricanes place the growing population of Florida
at greater risk for structural damage and economic downturns following hazard events. Increasing
population in the Gulf Coast of Florida and the impending effects of climate change may decrease
community resilience in the future. It is necessary for policymakers to consider these challenges
and others inherent in resiliency planning. This paper concludes with a compilation of policy
recommendations based on resilience research that state and local officials may consider for
mitigating harmful effects of natural hazards.
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INTRODUCTION
This research paper contributes to a 5-year project among scientific, academic, and
governmental institutions in Florida and other states studying the harmful effects of natural
hazards, specifically red tides and hurricanes, on Gulf Coast communities.1 It investigates the
resilience of coastal communities in western Florida in the face of natural hazards. Coastal
resilience refers to a coastal system’s capacity to respond and adapt to external disturbances.
Communities face many natural hazards, and mitigation policies can affect community resilience
by managing, coping with, or reducing the effects of the disturbance after it has occurred.2
Further, policies implemented at different governmental levels can affect community resilience.
Evaluating and strengthening system resilience has become an important aspect of environmental
management planning and research. Without proper guidance or education, however, many
communities cannot adequately implement management strategies to protect and enhance their
resilience to hazards.3,4
Natural hazards in Florida include hurricanes, tropical storms, drought, sea level rise,
flooding, and harmful algal blooms (red tides). This paper will focus on two of these natural
hazards; hurricanes and red tide blooms in the 23 Florida Gulf Coast counties. Florida is the most
hurricane-prone state of any of the United States5, and it is susceptible to red tides. Since 1997,
red tides have occurred off the Gulf Coast of Florida almost every year.6 These hazards may
affect the resiliency of Gulf Coast communities in Florida, as demonstrated in annual economic
and population profiles for each county. This paper argues that community resilience can be
addressed through public policies, and politics are effective based on federal, state, and county
hazard mitigation and adaptation plans. It hypothesizes that while hazard events do not
independently drive economic trends in western Florida, the presence of these events may
exacerbate preexisting weak economic conditions on an annual time-scale.
Growth in Coastal Communities
On Florida’s Gulf Coast, despite chronic exposure to natural hazards, coastal communities
are growing in population and economic function. Coastal counties are those located entirely or
partially within coastal watersheds. They make up 17% of land area in the continental United
States, yet 53% of the American population lives in these coastal counties. Studies on coastal
population growth have found that, on average, 3,600 people move to coastal counties in the
1
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“CNH: Collaborative research: modeling the dynamics of harmful algal blooms, human communities, and policy
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United States every day, and that there will be 165 million people living in American coastal
counties by 2015. In addition to permanent residents, 180 million tourists visit US coasts every
year.7
In the United States, Florida is a leader in population growth in coastal counties. Of the
ten fastest growing populations in coastal counties in the U.S. from 1980 to 2003, three were
located in Florida.8 In 2005, 321,697 new residents moved to the state of Florida, growth second
only to Texas. Of the 23 Florida Gulf Coast counties, 21 have experienced population growth
from 2000 to 2010, and 18 of these counties have experienced growth over 10% (Table 1 in
Appendix). Tourists and semi-permanent residents also contribute to growth and development in
Florida. Elderly seasonal tourists, termed “snow-birds”, generally vacation in Florida from
October through April.9 This precipitous growth in population may be unsustainable and could
put more people at risk for exposure to natural hazards.
There are positive and negative effects of population growth in coastal regions. Population
growth and tourism can generate new jobs, businesses, and educational opportunities. Tourism
and recreation services are growing quickly along U.S. coastlines, employing local populations in
service industry, including hotels, resorts, restaurants, fishing, marinas, dive stores, vacation
housing, and other retail businesses. About one-third of the U.S. gross domestic product (about
$4.5 trillion) comes from coastal watershed areas.10
Not all coastal population growth is beneficial. Coastal development is often haphazard
and unplanned; leading to increased construction of roads, bridges, and sewers, further degrading
the fragile and hazard-prone coastal ecosystems. Negative aspects of growth in coastal areas
include pollution, habitat loss and degradation, overfishing, invasive species proliferation, and
increased exposure to coastal hazards. 11
Demographic History of the Florida Gulf Coast
Florida has undergone three distinct growth periods; 1500-1900, 1901-1950, and 1951present day. St. Augustine, established in 1564, was originally founded as a port of call, and is
one of many Florida ports where ships stopped before the Atlantic crossing. Florida was officially
incorporated as a state in 1845, though southern Florida was still largely uninhabitable
swampland. Florida emerged from the Civil War largely unscathed. After the war, cotton
plantations brought new residents to Florida and the Internal Improvement Fund contributed to
massive drainage projects in Florida, which opened the state to farming and development. The
early 1900s brought more changes to Florida; railroads extending down the coasts connected the
Gulf and Atlantic regions.12 Florida’s real estate market began to boom and by the 1920s South
Florida became an exotic tourist destination. Developers profited from land booms until major
hurricanes in 1926 and 1928 (Great Miami and Okeechobee). During these storms, thousands
7
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suffered from Lake Okeechobee floods, which spurred reinforcement of the Herbert Hoover Dike
to control flooding. Urban development in South Florida continued until the economic collapse of
1929. Development once again took off after World War II, when many returning troops settled in
the tropical climate of Florida.13 This post-war development boom was aided by improved
technology, including widely available air conditioning units and automobiles.
More people began to vacation and move to Florida, which encouraged the cheap and
effective draining of wetlands for more urban development. In the 1960s, Florida’s retirement
communities grew as millions of seniors relocated in Florida.14 Caribbean immigrant populations
also exploded as many resettled in South Florida. Disney World opened in Orlando in 1971 and
was accessible by the newly constructed interstate highway systems. Population growth in South
Florida occurred much faster than in North Florida, a trend that continues today.
Florida is one of the fastest growing states in the United States, with a population
expanding from less than 500,000 people in 1900 to over 19 million people today.15 While
Florida’s growing population contributes to its economic prosperity, increased development along
coastlines results in greater human exposure to potential disasters. By degrading or destroying
natural coastal ecosystems, communities are at greater risk to the effects of coastal storms,
harmful algal blooms, and other hazard events. This paper shows that the Florida Gulf Coast
historically is very resilient, but it is possible that the current rate of population growth may by
unsustainable for the Gulf Coast environment. Coastal communities may become less resilient in
the future due to increasing population pressure and resource degradation.
RESILIENCE AND VULNERABILITY
Definition
In the field of natural hazard management, resilience implies the return to normal
conditions, or to a more adaptive system, after a perturbation. Within a system, resilience
demonstrates the adaptive capacity to absorb shocks while maintaining the system’s essential
functions. Resilience is reflected in the degree to which essential structures, processes and
feedback remain after the disturbance, and how the system adapts to uncertainty, as well as the
ability to organize, prepare, and adapt to emerging disturbances. Resiliency is often defined as the
positive adaptive quality of a community, while vulnerability is framed in negative terms.
Specifically, vulnerability is the susceptibility of a community to adverse events and the inability
to cope with these adverse events.16, 17, 18
The resilience of a system is assessed in two parts; the first is the ability of the system to
absorb an external disturbance or shock while maintaining its functions, the second is how the
13
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system responds to collapse.19 This can be measured as the amount of change a system can
undergo without loss of control over function and structure. For the purposes of this paper,
systems include the sociological, ecological, and economic aspects of communities. The entire
social-ecological system is important in resilience and vulnerability research. The ecological
system is the biological and biophysical aspects, and the social system includes the laws and
institutions of the community, as well as “systems of knowledge and ethics that interpret natural
systems from a human perspective.”20
Vulnerability is the inverse of resilience, defined as the “extent to which a population is
liable to be harmed by a [natural or anthropogenic] hazard event, which depends on the
population's exposure to the hazard and its capacity to adapt or otherwise mitigate adverse
impacts.”21, 22 It describes the hazards associated with the geography and climate of a location,
and also the societal processes that advantage some groups and individuals while marginalizing
others. Hazard vulnerability is the potential for physical harm and social disruption to societies
and their larger subsystems associated with hazards and disasters.23, 24 Hazard potential is
moderated or enhanced by geographic filters and social fabric, which includes community
experience with hazards and resilience to disasters.25
Review of Community Resilience and Social Vulnerability Literature
The socio-ecological community represents the intersection of human and natural
variables and how development, environmental destruction, and other human activities impact the
surrounding ecosystem. Social vulnerability describes the probability of “identifiable persons or
groups lacking the capacity to anticipate, cope with, resist, and recover from the impacts of
a…hazard.”26 In this context, vulnerability can be a function of population density, a changing
climate, or escalating storm intensities. Many authors attempt to describe aspects of resilient
communities and socio-ecological systems.
Examining cities as a type of socio-ecological community, Godshalk (2003) argues that
resilient communities are designed to anticipate, endure, and recover from the impacts of natural
hazards without leading to a state of chaos or permanent harm. The nature of a disaster depends
on the geography of the location. Walker and Salt (2006) suggest social diversity, ecological
variability, modularity (components that help control and contain shocks and perturbations), the
acknowledgment of slow controlling variables, tight feedbacks, social capital, innovation,
19
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overlaps in governance, and ecosystem services for increased resiliency.27 For coastal socioecological systems, Beatley (2009) identified actions that may enhance community resilience,
including ensuring sufficient wetland buffers, allowing coastal wetlands to migrate inland, and
protecting ecological systems and landscapes from perturbations that may cause irreversible
harms. Other elements supporting human community resiliency are a widespread knowledge and
understanding of hazards, shared community values, established social infrastructure, community
support (i.e. outreach services and advocacy groups), and involvement (indicating a broad
importance of social networks and relationships).28
Indices of social vulnerability may differ, but most agree that resilience is a function of a
region’s social, economic, and environment conditions. Most indices quantify factors such as
level of preparedness and coping capacity, employing mathematical models to quantify,
normalize, and assign community vulnerability scores. Dr. Susan Cutter and colleagues at the
University of South Carolina developed an index as a comparative metric that facilitates the
examination of the differences in social vulnerability among counties.29 Cutter et al. (2003)
analyze U.S. data to construct an index of social vulnerability (SoVI) because 1) social
vulnerability usually is ignored because it is difficult to quantify, 2) there are no consistent set of
metrics used to assess vulnerability; and 3) disagreements arise in the selection of specific
variables to represent factors that influence social vulnerability. The Cutter vulnerability index
considered 250 variables originally, and by using reductionist methods narrowed the assessment
to 11 variables that can be monitored over time and which comprise ~76% of the variance among
community vulnerability scores:
1) Personal Wealth; enables quick absorption and recovery from losses, risking more
material goods.
2) Age; a high population of children indicates a society with high birth rates, which can
be considered a proxy for low development index. A high population of elderly requires
the government to provide social security benefits, draining public funds.
3) Density of Built Environment; as measured by density of manufacturing and
commercial establishments, housing units, and new housing permits.
4) Single-Sector Economic Dependence; as seen by economic downturns (tourismdependent counties and agricultural economies are prevalent in Florida).
5) Housing Stock and Tenancy; the nature of housing stock, as well as the nature of
ownership and location, help describe the socio-demographic status of a community.
6-9) Race and Ethnicity; African American, Hispanic, and Asian specifically are targeted.
Increased racial inequality leads to increased social vulnerability. Suburban, wealthy,
white, and highly educated people have decreased vulnerability.
10) Occupation; counties dependent on lower wage service occupations suffer greater
impacts from natural hazards and face slower recovery from disasters.
27
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11) Infrastructure dependence; the economic vitality and revenue-generating capability of
a county are a good indicator of its ability to divert resources to hazard mitigation and
recover.
While the Cutter et al. approach begins to clarify the concept of community resilience to
hazards, the methodology for developing an index of social vulnerability is incomplete.
Importantly, SoVI is uncorrelated with presidential disaster declarations, which help to bring the
attention and focus of the nation to improve disaster study, mitigation, and resilience. Further, the
process by which Cutter et al. compile data to develop the index involves a seemingly subjective
selection of variables, reduced initially from 250 to 85 on the basis of apparent redundancy and
reduced further to 42, for no clear reason. The justification for the data reduction is based upon an
unelaborated “consensus among social scientists.” A further issue relates to the use of equal
weights across the final set of variables to construct the index.30
Cutter et al. employ a statistical approach called principal components analysis (PCA) that
relies upon modeling the variance in their selection of 42 variables. Application of the approach
leads to the identification of 11 principal components (or factors) that explain about 76% of the
variance in the data. Each principal component comprises linear combinations of the original 42
variables such that the resulting factors are uncorrelated with one another. When using PCA it is
very common for problems to arise in the interpretation of a factor (i.e., understanding exactly
what it represents) because of both the signs and weights of the contributions of each variable to a
factor. For example, Cutter et al. find that wealth—especially as represented by per capita
income--loads positively (thereby ultimately increasing the index of vulnerability), but the authors
note, “…there is more agreement [among social scientists] that the lack of wealth is a primary
contributor to social vulnerability…” (emphasis added). Median age experiences the same
problem; the expectation was that an older population would increase vulnerability, but both the
median age and the proportion of elderly in the population load negatively, implying that they
reduce vulnerability. Where the effect of a factor is ambiguous (vulnerability is both increased
and decreased), the authors assign an absolute value. This transformation implies that the authors
are making a negative factor positive. Finally, to construct the index, the authors employ an
additive model with equal weights for each factor. The authors admit, however, that no weighting
procedure—including the equal weights—is in fact defensible.
While the variables considered by Cutter et al. were helpful in identifying potentially
relevant aspects of vulnerable communities, the authors’ method of measuring social vulnerability
are not useful for this project. There were, however, three worthwhile suggestions in the authors’
conclusions:
1. Factors explaining vulnerability could be “historically reconstructed,” and the resulting
time series could be viewed historic reconstructions of variables that represent the idea of
resilience and how it changes over time. The behaviors of four variables that arguably are
proxies for resilience were studied over time (population, employment, income, and
number of proprietors).

30
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2. An index could be “coupled with hazard event frequency.” The natural hazard data for each
county was studied and compared with simple measures of resilience to reveal if hazard
events explain some of the variability on the resilience measures.
3. Subsets of counties could be compared on the basis of their relative levels of social
vulnerability.
Strobl (2008) approached the problem of social vulnerability differently, demonstrating
how hurricane wind speeds applied to coastal populations could be used to measure property
damage potential. According to Strobl, in the short term, storms’ destruction of property can be
measured in damages to housing, capital stock, agricultural crops, and disrupted flow of income.31
After a storm, replacement capital may come from disaster assistance, cleanups, and recovery,
which may counteract the short-term damages. These offsets, plus the insurance coverage on
damaged assets, result in difficult assessments of the net economic effects of hurricanes.
Additionally, studies show that economic losses from hurricanes are negatively correlated with
the economic wealth of a community, but these results are not accurate or consistent in regards to
different economic levels of development.
Strobl developed a Hurricane Destruction Index, an algorithm comprising wind speed
estimates and local exposure characteristics that could be used to estimate the effects on coastal
county, state, and national growth rates. The wind speed of a hurricane is a proxy of damage
potential; wind speed is related to monetary losses from hurricanes. The worst damages are from
building and crop destruction, saltwater contamination, and widespread flooding, though these
damages are neither identical nor uniform across localities. Strobl found precise and significant
correlations by analyzing census tract data using NOAA data for hurricane wind speeds and BEA
annual economic data. He concludes that wind damage is density-dependent; areas with a higher
density of individuals and establishments will be more adversely affected by hurricane winds.
Additionally, decreases in economic productivity were partly due to wealthy residents vacating
the areas where dramatic damages occurred. Strobl concluded that while harsh storms might have
an effect on the county or region upon which it makes landfall, economic impacts of hurricanes in
the United States are negligible at the state or national level.
Strobl modified an index of hurricane damages by Emanuel (2005) to obtain a proxy of
damages due to hurricanes at county level using census-tract-level data. Weights for variables
were assigned according to characteristics of the affected census tracks. This was intended to
capture geographical differences within counties in terms of the potential exposure if a hurricane
were to strike. Strobl utilizes BEA data to construct proxies of county-level per capita economic
growth rate and per capita wealth. The relative local wealth that was affected has likely changed
substantially over time as coastal communities grow in size and income. Population and income
were employed as proxies for measuring storm damage potential, and therefore, overall
vulnerability. Strobl’s paper and methods were much more closely aligned to the goals of this
study that those of Cutter et al. (2003).
Walker and Salt (2006) take a different approach in identifying variables that improve
community stability. According to the authors, “there is no optimal state of a dynamic system;
natural systems are always shifting and changing, and in doing so they maintain their
31
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resilience."32 The authors also note that both the ecological domain and the social domain are
shaped by “a range of linked cycles operating over different scales of time and space…linked
cycles of growth, crisis, and reorganization. 33 While humans can hold parts of the system
constant, the condition of the larger system is beyond human control. Scientists may understand
how ecosystem components function, but this does not mean overall behavior can be predicted. It
is impossible to hold a system in an “optimal state” because, while portions of a system “can be
regulated and returns increased over the short run, no part of the system operates in isolation from
the rest of the system. When some part is held constant, the system adapts around the changes,
and frequently loses resilience in the process.”34 Environmental problems are often due to a lack
of proper resource allocation and use.
The Gunderson-Holling model (Figure 1 in Appendix) demonstrates how an adaptive
ecosystem organizes itself and how it responds to acute and chronic stresses. Most systems
proceed through four phases: rapid growth, conservation, release, and reorganization. The manner
in which the system behaves is different from one phase to the next as the system changes in the
strength of its connections, flexibility, and resilience.35 The model demonstrates two modes, the
fore loop (development) and back loop (release and reorganization). The fore loop is
characterized by the accumulation of capital, stability, and conservation, which is essential for
increased system well-being. In this phase, change is incremental and predictable. The back loop
is characterized by uncertainty, novelty, and experimentation.
In the rapid growth (r) phase, the system is engaged in a period of growth, new
opportunities, and available resources.36 The system then enters the conservation phase (K), a
transition that proceeds incrementally. Energy is stored and materials accumulate. Connections
between the system components increase and may change. As the components become more
strongly interconnected, its internal state becomes more strongly regulated. Redundancy among
elements is eliminated in favor of efficiency.37 In the release phase (Ω), a disturbance occurs that
exceeds the system’s resilience. This breaks apart the existing web of reinforcing interactions.
Loss of structure continues as linkages are broken, and natural, social, and economic capital leaks
from the system.38 The release phase is costly, unpleasant, and involves loss of capital.39 Finally,
in the reorganization phase (α), small, chance events have the opportunity to shape the future.
Invention, experimentation, and re-assortment are likely to occur.40
Planning for increased community resilience is difficult; there are many complex
feedbacks that occur in social-ecological systems that are hard to predict and occur on both spatial
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and temporal scales.41 Initial conditions and the prevalence of the hazard vary by geographical
location. Demographic characteristics and capacity of the individual place to adapt contribute to
resiliency.42 Anthropogenic changes to the natural ecosystem can also cause the resiliency of the
system to degrade, and as a community changes and grows, the source of resilience may slowly
erode. This may occur without recognition that the source of resilience is vital to the structure and
function of the system, and may not be recognized until after the disturbance has occurred.
Another challenge for policy makers is that methods to assess resiliency are not universal or
agreed upon. Policy makers must therefore consider the acute and chronic stresses affecting their
communities, and adequately prepare for threats to the health and welfare of their citizens.
NATURAL HAZARDS AFFECTING WESTERN FLORIDA
Natural hazards are events that contribute to financial, ecological, and social disruption
and are caused by natural forces as opposed to human action. Coastal areas are affected by many
natural hazards; the most common coastal hazards in the southeast United States are harmful algal
blooms, hurricane winds, post-storm flooding, drought, and sea level rise.43 Community resilience
of western Florida is affected by the spatial and temporal distributions of communities, and their
exposure to these natural hazards. This paper focuses on two types of hazards; red tides and
severe storms, and examines these two hazards as sources of perturbations to economic patterns in
the 23 Florida Gulf Coast counties. Population growth along Florida’s coasts has increased the
number of people at risk to the impacts of hurricanes and red tides. Table 2 (Appendix) compares
the scientific and economic dimensions of red tides and hurricanes.
Red Tide Blooms
Red tide is a natural phenomenon, though anthropogenic pollution and nitrogen loading
may exacerbate and prolong bloom events. 44 Red tides in the Gulf of Mexico are caused by the
toxic dinoflagellate Karenia brevis, which is a species of phytoplankton found in the west Florida
shelf.45 Dinoflagellates are eukaryotic, single-celled algae.46 While most species of dinoflagellate
are harmless and provide the base of marine food webs, Karenia brevis is one of a few species
that releases a toxin. This toxin threatens coastal communities via dermal exposure to water,
inhalation of airborne cyanotoxins, or consumption of the toxin through seafood. The name “red
tide” is inaccurate because these events are not necessarily associated with marine tidal
movement, and may or may not have a red color. Ocean currents can move blooms closer to shore
or along coastlines.
There is limited scientific understanding of the mechanisms of these blooms due to
uncertain primary sources of nutrients. Under the right conditions of ample sunlight and nutrients,
41
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toxic algae photosynthesize and multiply, creating a bloom. Table 3 (see Appendix) lists the
factors that contribute to red tide blooms. The exact combination of factors is unknown, although
scientists believe that high temperatures, low wind, and low rainfall may contribute to red tide
events. 47 Temperature, salinity, and nutrients levels all contribute to red tide events, both toxic
and non-toxic. Nutrient concentrations of the western Florida shelf are low and insufficient to
support high-density blooms; their presence is not explained by ambient concentrations, riverine
flux, atmospheric deposition, or benthic flux of nutrients.48 Dead fish, exudation from
zooplankton, and other organic sources of nitrogen may support large blooms, but much is still
unknown about nutrient sources.49 More recent studies suggest that Karenia brevis has an
efficient nitrogen and phosphorus utilization capability versus other dinoflagellates, perhaps
allowing for better growth in low-nutrient environments.50,51
Karenia brevis can alter natural habitats, detrimentally affect indigenous species, and
cause eutrophication and hypoxic zones.52,53 Since 1987, the western Florida has witnessed red
tide blooms almost every year, resulting in fish kills, large underwater dead zones, marine
mammal mortalities, and adverse human health and economic effects.54 Various studies show the
negative effects red tides have in western Florida, including detrimental effects on public health,
commercial fisheries, recreation, and tourism. Woods Hole Oceanographic Institution (WHOI)
studied the economic impacts of red tide blooms using lost sales, medical costs and lost
productivity, expenditures for environmental monitoring and management, and other costs, and
found that red tide blooms had a significant negative impact on local economies.55 A 2007
investigation by WHOI examined the health effects of red tides in Sarasota County, Florida. By
comparing the relationship between harmful algal bloom cell counts and respiratory hospital
emergency department visits, it estimated marginal costs to be between $0.5 and $4 million from
2001-2006.56 Larkin and Adams (2007) found harmful algal blooms reduced restaurant and
lodging revenues by $2.8 million and $3.7 million per month.57 Morgan et al. (2009) used
statistical models to show that daily sales from three beachfront restaurants (within 50 feet of the
water) on the Gulf of Mexico in southwest Florida decreased from $868 to $3,734 during red
tides.58 These impacts demonstrate that red tides can decrease economic activity levels of a
community, cause health effects to local populations, and may deter tourist visits to affected
areas.
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Tropical Storms and Hurricanes
Hurricanes are tropical storms with wind speeds faster than 35 miles per hour, and are
particularly common in the Gulf of Mexico. Tropical storms and hurricanes typically lose strength
over land and dissipate into smaller, less powerful storms. Hurricanes are usually 500 miles wide
and can cause severe physical and economic damage. Hurricanes are categorized by the SaffirSimpson Hurricane Scale based intensity, wind speed and the height of the storm surges where
the hurricane makes landfall.59
Scientists believe the Atlantic Multidecadal Oscillation (AMO), which is an increased
cycle of hurricane frequency and intensity, entered an intense phase beginning in 1995, expected
to last 20-40 years. In 2004 and 2005 the United States experienced seven of the thirteen most
costly storms in United States history, and in 2005 Hurricane Katrina caused more damage than
any other hurricane in history. The 2005 season had more named storms than any other season. 60
In Florida, the Gulf Coast is relatively less prone to hurricanes than the Atlantic Coast, but still
witnesses many storms each year.61 The North Atlantic basin averages 11.3 named storms each
season, with an average of 2.3 becoming major hurricanes (Category 3 or higher).62 The peak of
hurricane activity occurs near September 10 each year.63
Long after the storm, flooding from high quantities of rainfall in combination with storm
surges and landslides can cause prolonged damage to affected area. Hurricanes winds cause
structural damage to buildings and crops and cause the displacement of people from their homes.
Strong rainfall and storm surges can result in flooding and landslides, causing severe property
damage, destruction and salt contamination of agriculture lands.64 A storm surge is an “abnormal
rise of water generated by a storm, over and above the predicted astronomical tides...This rise in
water level can cause extreme flooding in coastal areas particularly when storm surge coincides
with normal high tide.”65 Storms surge can cause severe property damage, destruction and salt
contamination of agriculture lands.66 Figure 2 (see Appendix) depicts the physical processes of
storm surges and Saffir-Simpson categorization criteria for storms.
The net economic effect of hurricanes is not easy to calculate. Strobl (2011) found that a
county’s annual economic growth rate falls by at least 0.45 % points in response to an average
hurricane. This can be a large shock to the economy, as the average annual county level growth is
around 1.68%. Strobl also found that 28% of the lost growth is due to more affluent people
leaving the area because of the hurricane. Hurricanes can cause large economic growth losses and
disruption to economic activity at the local level, but there are also positive economic impacts of
revenue derived from disaster assistance, cleanup and recovery activity, and production of capital
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after a hurricane hits. Insurance claims may generate revenue flow from outside the affected area,
which helps offset damage costs. Strobl also found that a county was more likely to receive
hurricane assistance if they had more political influence at the county and state levels. This study
concluded that the effect on the state economy was negligible after one year, and did not appear to
affect national economic growth rates. Moreover, the effect of hurricanes was shown to be
relatively short-lived with no significant economic impacts to the county economy on an annual
scale.
METHODS OR ANALYSIS FOR RESILIENCE IN WESTERN FLORIDA
Description of Data
The 23 Gulf Coast investigated for this study are Bay, Charlotte, Citrus, Collier, Dixie,
Escambia, Franklin, Gulf, Hernando, Hillsborough, Jefferson, Lee, Levy, Manatee, Monroe,
Okaloosa, Pasco, Pinellas, Santa Rosa, Sarasota, Taylor, Wakulla, and Walton (Figure 3 in
Appendix). To evaluate the resilience of these counties, each region is examined on a county-bycounty basis, investigating deviations from consistent economic and population trends. A county
is considered resilient if it does not show an appreciable deviation from economic trends despite
impacts of storms or red tides on an annual time scale. Some perturbation signals are too short in
duration to appear in annual economic data, implying that some areas have shorter anomaly
periods, while others take more time to return to equilibrium. Counties with longer deviation
times and greater negative fluctuations from socio-economic equilibrium are considered less
resilient. This paper also evaluates the existing policies at the county, state, and federal level for
disaster preparedness, areas of improvement, and recommendations for future areas of study in a
changing global climate.
The indicators for resilience in this study are population, per capita income (adjusted for
2011 dollars), employment (wage and salary jobs), and number of proprietors per county, in a
dataset from 1969 to 2009 for hurricanes and 1997 to 2011 for red tides. These indicators are
relevant proxies because they reflect the economic status of counties, and because they are used in
studies in they are considered proxies for indexing community resilience. The changes in these
indicators over time indicate the economic impact that a natural hazard may have on a
community. Figures 4.1-4.4 (Appendix) depict a visual representation of the changes in these
indicators in western Florida since 1969.
Historical storm data from 1969 to 2009, including wind speed (mph) and location of
landfall was obtained from NOAA. Economic data was collected from the U.S. Census Bureau
and the U.S. Bureau of Economic Analysis. Hurricane data was evaluated on a county-by-county
basis; the impact of a hurricane was assigned to the county in which it made landfall, because
hurricanes tend to lose their strength over land and less damage occurs after landfall.
The locations and extent of the red tide data off the Florida Gulf Coast from 1997 to 2011
was collected from the Florida Department of Agriculture and Consumer Services, with spatial
annual data. Because red tides often are difficult to identify and track, the data is sparser
concerning their location and extent. Since red tides occur off the coasts off each county, (as
opposed to hurricanes making landfall within a county), the impacts of red tides were assessed on
a regional scale, and compared against aggregated population and economic data of counties in
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that region. The water off the Florida Gulf Coast was therefore split into three regions, as
delineated by rivers and described in Dixon and Steidinger (Table 4 in Appendix).67
This study investigated major trends and perturbations from the mean for the four
economic indicators (population, employment, income, and number of proprietors) for each of the
23 counties, and identified whether there is a general positive or negative trend in the variables
that corresponds to years in which red tides or hurricanes occur. There were several years in
which perturbations in the indicator data occurred within a county during the year of an economic
recession. These data points during economic recession years were disregarded in order to target
hurricanes and red tides as the cause of resilience, and to control for the effects these recessions
may have on resilience.
Perturbation Analysis
Each of the four indicators for all of the 23 Gulf coast counties was analyzed for negative
or positive deviations from them mean during years when hurricanes or red tides occurred. A
negative deviation outside the 99% confidence interval was considered a perturbation, and an
indicator of a less resilient community. Because resilience is described as an indicator’s ability to
return to equilibrium after a perturbation, the authors assumed hazard events would have
immediate effects on a county’s annual economic and population data, and a perturbation would
be seen in the recorded data for the year of the event. By analyzing economic and population
trends in counties before and after hazard events, it was possible to identify negative perturbations
and connected them to hazards in each county for each year.
The resulting figures show economic and population trends for counties affected by
hurricanes (Figure 5.1 in Appendix) and regions affected by red tides (Figure 5.2 in Appendix).
The time scale for the hurricane figures is 1969-2009, and 1997-2011 for red tides. The data sets
were normalized (mean set at zero, standard deviation set at 1) so that all data could be compared
across the same scale. The 99% confidence intervals were delineated on all figures and the points
outside this confidence interval were considered significant perturbations. Time was set on the Xaxis, and years of hurricane events were marked with vertical blue lines and years of red tides
marked with vertical red lines. The thickness of these lines represents the highest recorded storm
wind speed in that year or the number of red tides detected for the region in that year. This
accounted for the assumption that stronger winds and multiple annual red tide events have more
severe impacts on their affected counties or regions. Economic recessions are marked with
vertical gray lines to control for economic trends that may affect these indicators, and all points
that intersected the gray lines were disregarded.
A resilient measurement was calculated for each of the four proxies for each county. This
measurement was conducted by dividing the total number of negative outliers by the total number
of both positive and negative outliers from the 99% confidence intervals, and multiplied by 100%.
The percentages for the four proxies for each county were then averaged together to determine an
overall percentage average measurement of resilience for each county. Table 5.1 (Appendix)
displays the average resilience measures of each county to hurricanes and Table 5.2 (Appendix)
displays the average resilience measurement by region to red tides. The analysis assumes that
counties and regions that did not experience significant perturbations during hazard years nor had
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lower average resilience percentage measures are more resilient than those that had higher
average resilience percentage measures. Indicators with no data indicate that county had either not
experienced a significant hurricane since 1969 (i.e. Dixie County), or that there were no instances
of negative perturbations associated with only a hurricane event or red tide.
RESULTS
Analysis of Data and Trends
Across 23 counties, there have been more than 60 significant storm events since 1969, and
red tides detected nearly every year since 1997 when recording was initiated. Storms cause
damage upon landfall and red tides a disruption to economic activity, both of which are
considered perturbations. Yet, the data analysis found that of the hurricane and red tide event
years in western Florida, very few made a demonstrable impact on the economic indicators after
one year. This may be due to effective policies and policies enhancing and protecting social and
economic resilience.
The visual model demonstrates that it is has been historically unusual to have any kind of
perturbation in the year of a storm event. Some patterns emerge from the data in terms of
frequency that counties experience adverse effects (Table 5.1 and 5.2 in Appendix). Table 5.1 and
5.2 display the least resilient counties in the region as those with the highest average measures,
and the years in which storms were most detrimental to counties’ economies. The least resilient
counties are Citrus (67%), Okaloosa (58%), Pinellas (50%), and Sarasota (63%). The most
resilient counties are Charlotte (0%), Hernando (0%), Pasco (13%) and Franklin (13%) (Table 5.1
in Appendix).
In several instances, county resilience is difficult to assess because these areas have not
experienced severe storm events for decades, and therefore have not tested local hazard mitigation
plans’ procedures for safe and effective evacuation, preparation, or recovery. Others, like Monroe,
experience hurricanes frequently, and have mixed success in economic resilience following the
event. Monroe County, which includes the Florida Keys, is subject to the highest number of
hurricanes of any county studied. This county saw the biggest population decrease (-8.2%) from
2000 to 2010 of any of the 23 Gulf Coast counties (Table 1 in Appendix), and has a relatively
high population percentage resilience measure of 64% (Table 5.1 in Appendix). Yet income levels
for Monroe County had a relatively low percentage resilience measure (20%) (Table 5.1 in
Appendix), indicating that resilience measurements can vary across the indicators within in a
county.
The same method of analysis was performed for red tides in the three regions. The visual
models show that, on a regional scale, population only declined during red tide events in Region
1. Employment only declined in Region 3, income decline in both Region 1 and Region 3, and the
number of proprietors declined in all regions during red tide years. Region 2, the middle of the
state, was the most resilient to red tides (8%), while Region 1, the northern part of the state, was
the least resilient to red tides (48%) (Table 5.2 in Appendix). Decreases in economic data trends
seemed to be more closely correlated to economic recessions, not persistent red tide blooms.
Some indicators may be more vulnerable to deviations than others. More counties and
regions showed fluctuations in income and employment than in population during particularly
vulnerable years. For example, Monroe (Region III), Pinellas (Region II), and Taylor (Region I)
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saw drops in number of proprietors during 1987, the latter which also saw a drop in income the
same year. The most significant storm event of 1987 was Hurricane Floyd, which made landfall
as a Category 1 in the Monroe County (Region III). These counties are also not contiguous in
geographic location, making it unlikely that the storm was the single cause of trend perturbations
among all cases. In another example, in 2001 Sarasota County (Region III) experienced a
Category 1 storm and 5 red tide events. That year, employment decreased in Sarasota County, but
Region III on the whole did not mark significant changes in any of the variables studied.
This hypothesis is supported by Hurricane Eloise (1975), which corresponded to a
decrease employment and income trends for Walton County that year. Some of the most powerful
hurricanes, such as Andrew (1992 in Monroe and Collier Counties), Wilma (2004 in Pasco
County), and Opal (1995 in Okaloosa County) did not appear to negatively affect the considered
economic variables. In direct opposition to this theory, a sudden increase of more than 20,000
proprietors in Region I during 1998 severely alters the otherwise smooth trend. That year, no
counties in Region I experienced hurricanes, but there were 5 detected red tides. These examples
demonstrate that, according to this model and method of observation, the correlation between
hazard events and economic trends is weak at best, and likely only one contributing factor to
yearly totals and potential perturbations.
An observer may assume unfavorable natural hazard conditions may deter people from
visiting and/or moving to Florida, as demonstrated in decreased economic activity or population
growth in some counties. However, the majority of economic and demographic data show
persistent exponential increases between 1969 and 2011, indicating that the Floridian economic
system is resilient to red tides and hurricanes.
CASE STUDIES
Franklin County: Conflicting Concepts of Resilience
Franklin County is comprised of 545 square miles, including two national protected areas,
four barrier islands, and two recognized historic sites, six distinct communities, and home to more
than 11,000 residents.68 The principle sources of revenue for the county are tourism, timber, and
seafood. According to the data analysis, Franklin County has proven resilient in the face of severe
storms (13% resilient measure to hurricanes, Table 5.1 in Appendix). The only significant
downturn in employment and number of proprietors that could be connected to hurricane activity
was in 1972 when Hurricane Agnes, a category 1 storm, ravaged the county. Franklin County’s
damages totaled $1.4 million (equivalent to $7.5 million in 2011), and this may have affected
economic productivity for that year.
Franklin County’s comprehensive emergency management services may contribute to its
economic resilience to severe storms. The annual emergency budget is supported by state and
federal grants to improve the structure and function of the emergency management department
funds included in the emergency management performance and assistant grants. This budget
totaled $493,686 in 2011-12 plans. Local mitigation plans set goals and policies to minimize
property damage, conduct hurricane procedures to ensure adequate hurricane evacuation times,
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and protect natural coastal barriers.69 The plan also includes mapping services provided by the
Department of Community Affairs, which models the hazards of every county in Florida using
GIS technology to estimate the potential damage and dollar losses resulting from a variety of
natural hazards.70 Communication services are advanced; the county’s emergency notification
system facilitates the spread of information emergency via Franklin County Alerts, providing
voice, text, email, and/or pager alerts to participants.71 This program is available for enrollment
on the county’s emergency management website, along with forms for shelter transportation and
registration. The website is easily navigable, providing tourist information, preparation plans, and
health and safety tips to residents.
In addition to up-to-date and accurate disaster and hazard mitigation plans, Franklin
County and its municipal constituents participate in a disaster planning group called Disaster
Resistant Communities. These counties have united “to create a task force to undertake a
comprehensive planning process that has culminated in the publication of the: Franklin County
Local Mitigation Strategy (LMS)."72 The task force identified the hazards threatening
communities within these counties, “to estimate the relative risks posed to the community by
those hazards. With these identified, the Task Force has worked to identify proposed projects and
programs to avoid or minimize these vulnerabilities to make the communities of the county much
more resistant to the impacts of future disasters.”73 According to the DRC website, a wide range
of tabletop exercises (facilitated analyses of an emergency situation in an informal, stress-free
environment) to health centers, government facilities, and workplaces, while providing online
exercise systems for report participation in exercise events.74 A list of working projects, including
exercise design, development, facilitation, and evaluation are available online for review, as well
as Franklin’s emergency management plan and local mitigation strategies. Testimonials and
photos from volunteer organizations, schools, government institutions, and animal rescue
facilities describe the positive experiences and knowledge gained from DRC’s tabletop exercises.
The widespread influence of the emergency management department, effective planning, and
involvement with public groups may contribute to its status as a resilient county.
An interview with a county emergency management planner from Franklin County offered
a starkly different picture of the county’s resilience levels. This county planner, who wished to
remain anonymous, conveyed that the county’s economic profile is not fully revealed in annual
data. The wealthy transient population compensates for major structural hurricane damages, but
natural hazards endanger financial welfare of the lower classes. The county is supported by a
large, “antiquated seafood industry that is dying.”75 Oyster fishing is a large driver of income for
the lower classes and informal contract employees, whose earnings are rarely reported.76
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Hurricane winds and red tides can spur a seafood shutdown for the county, leaving
hundreds of people unemployed for months. Contamination and red tides in the Florida Bay
caused by flooding from the Apalachicola River can also shut down seafood production, and
without a presidential declaration of disaster for these events, the county cannot collect federal
assistance to compensate for losses after disasters.77 Florida’s state and social service agencies
help compensate families’ loses during economic downturns, but they are limited in funds and
capacity. This county planner remarked that Hurricane Kate in 1985 caused such intense damage
that Franklin County was considered one of Florida’s areas of concern for the next 15 years.78
It is difficult to reconcile these differences in opinions and economic data. Emergency
managers from many counties may counter the results of these results based on personal
experience in disaster scenarios frustration with lack of financial support in times of need, and
income lost from unreported employment. While the aggregate methods of analyzing the data
calculate economic resilience in the face of hazards for Franklin County, these numbers may not
depict actual resilience conditions perceived by emergency managers and citizens.
Monroe County: Culture of Resilience and Vulnerability
Monroe County is an example of a county with high vulnerability to severe storms. The
county is comprised of roughly 1000 square miles of land and two distinct areas, the Everglades
and the Florida Keys, a chain of barrier islands.79 The mainland portion of the county is within the
Florida peninsula, and is largely uninhabited by people. Two nationally protected areas largely
occupy this area, Everglades National Park in the south and Big Cyprus National Park in the
north. The second portion of the county is made up of the Florida Keys, including Key West, the
largest city in the county. In 2010, the total population of Monroe County was 73,090 people,
primarily concentrated in the Keys.80 This is an 8.2% decline in population from 2010 (Table 1).
Unlike Franklin County, Monroe County has seen a significant number of negative
perturbations since 1969. These adverse effects in economic and population trends may be a result
of severe storms. According to the analysis, Monroe experiences a downturn in a major economic
indicator an average of 45% of years following storm events, and therefore is a county that has
proven less resilient in the face of severe storms (45% resilience measure to hurricanes). In the 17
major storms since 1969, 64% corresponded to a decrease in population, 55% to decreases in
employment, 20% to a decrease per capita income, and 40% to a decrease in the number of
proprietors. Contrary to statewide trends of increasing population, population is the indicator most
affected by storm events (64% population resilience measure to hurricanes in Monroe County,
Table 5.1 in Appendix).
Monroe, like other counties, maintains a comprehensive emergency management plan that
helps governments and residents mitigate the effects of storms.81 Much of the safety information
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for Monroe County is readily available in a well-designed and easily-accessible county website.82
The availability of this data demonstrates the importance of the county’s educational program to
raise awareness of the risks associated with storm events. By meeting state emergency
management standards and exceeding requirements for ease of public access, Monroe could be a
strong example of community resilience. By implementing effective mitigation policies in
response to devastating storm events, the county continues to implement the best and most
effective methods of preparedness and adaptation to natural hazards. However, this study has
revealed the opposite is true.
Monroe County appears more vulnerable to storm events as population increases, with
recent storms demonstrating more severe economic impacts with longer recovery periods than
historical hazards. This stems from Monroe’s geography; as the southern-most county comprised
largely of island, it is more susceptible to storms than the other studied counties. As a result of
constant storm bombardments, the county accepts severe storms as a persistent threat absorbed
into community culture and planning. Monroe County continues to protect its growing population
by encouraging evacuation prior to every storm and providing easily accessible and
comprehensive information regarding hazard preparation.
A major component of Monroe’s emergency management plan describes hurricane
evacuation routes. However, geographic isolation and limited infrastructure developments have
left Monroe with a single hurricane evacuation route: US-1. This avenue serves as a link to
mainland Florida, and experiences heavy traffic during hurricane evacuations. Due to its isolation
and exposure, Monroe is a vulnerable location during or after storms makes landfall.83 As a result,
Monroe County officials carefully consider evacuation warnings, mandating special needs
populations to leave during any potential hurricane threat.84 A 2010 study by the University of
Utah showed that, in Monroe County, nearly 95% of people were willing to evacuate from the
southern-most Keys in the event of a hurricane.85 The study reveals that both experience with
historical storms and emergency management outreach efforts have educated residents about
benefits of evacuation before storms. This is in contrast to the general public, who tend to
disregard storm warning because of the burdensome circumstances of evacuation and relative
unlikelihood of widespread structural damage.
In conclusion, while economic comparison among Gulf Coast counties can help determine
the relative resilience, there is a limit to this method of analysis. Economic profiles may not sync
with the opinions of economic resilience among local emergency managers and citizens on the
ground, and some locations remain riskier than others due to geographic vulnerability and
isolation. For this reason, the authors recommend using these county resilience profiles carefully
and as a starting point for analysis of improving resilience.
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POLICY RESULTS
In-depth revealed the most accessible policy information via federal, state, and county
websites, and through communication with the county emergency managers for each of the Gulf
Coast counties (Table 8 in Appendix). Across all levels of local, state, and federal, government,
the most accessible red tide policies are concentrated in scientific monitoring/research and public
education, while hurricane policies encompass a wider range of policies, including command and
control, public education techniques, and to a certain degree, scientific monitoring/research.
Immediate dangers from red tides involve dermal exposure and seafood consumption from
affected areas, both of which can be limited by informing and restricting access to the hazard, and
limiting seafood consumption from the affected area. Hurricanes present a different type of
emergency management policy, as people must be evacuated from endangered areas, and counties
must protect vulnerable services, sites, and infrastructure from hazardous winds and water.
Federal Policies
At the federal level, policies applicable to red tides were prevalent in scientific monitoring
and research, geographical information systems, and public education. The Federal Emergency
Management Agency (FEMA), created in 1979, responds to disasters in the United States if the
local and state governments need assistance, and aid must be requested from the governor of the
afflicted state to the U.S. president. No major disaster declaration has ever been declared in
response to a red tide bloom.86 For hurricanes, FEMA plays an important role in public education,
preparation, and response to disaster events. There are also federal market-based policies for
hurricane insurance; including implementation of the Flood Mitigation Assistance program and
the National Flood Insurance Program (NFIP). FEMA uses command and control policies as well
as geographical information systems to manage the harmful effects of hurricanes on coastal
communities.87, 88
State Policies
At the state level, policies employed to manage red tides are concentrated in scientific
monitoring and research, and public outreach. This includes reporting, monitoring, and research
by the Florida Division of Aquaculture, the Florida Harmful Algal Bloom Task Force, and the
Florida Fish and Wildlife Service. The Northwest Florida Water Management District (a 16
county regional management institution) supervises water quality reporting but does not explicitly
manage water resources to mitigate the harmful effects of red tides.
The Florida Division of Emergency Management (FDEM) plays a similar role to FEMA at
the state level, employing disaster planning assistance and public education. FDEM is the pivot
between the federal and local governments, and coordinates and oversees the county-wide
Comprehensive Emergency Management Plan (CEMP). Florida also has state-wide building code
and a state run insurance program to mitigate hurricane effects. In the past, FDEM has offered
market-based competitive grants in the Emergency Management Preparedness and Assistance
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Trust Fund program to encourage emergency management objectives. This program has not been
funded in recent years due to budget shortfalls in the Florida government.
Under the 1988 Robert T. Stafford Disaster Relief and Emergency Assistance Act (Public
Law 93-288), states, local governments, and tribal governments must undertake a “risk-based
approach to reducing risks from natural hazards through mitigation planning.”89 Florida
established CEMP as a framework by which the state responds to emergencies and disasters, and
how to prepare for, respond to, recover from, and mitigate the effects of man-made and natural
hazards. 90 The Florida CEMP “defines the responsibilities of the government, private, volunteer
and non-governmental organizations that comprise the State Emergency Response Team
(SERT).”91 The CEMP ensures that governments can mobilize as unified emergency
organizations to protect the well-being of residents and visitors.
In Florida, notifications and warnings for all hazards are conducted in accordance with the
state CEMP and applicable operational procedures. “It is the responsibility of the National
Hurricane Center to notify the State Watch Office of an impending tropical cyclone risk which
has been identified and classified… Similarly, the National Weather Service will issue tropical
storm and hurricane wind warnings for inland counties.”92 Both organizations distribute warning
data via NOAA’s Weather Wire Service, Emergency Satellite Communications, media, or other
mechanisms.93 Under Florida Statute 252, each Board of County Commissioners must declare a
“local state of emergency for tropical cyclones threatening their jurisdiction and to order
necessary protective actions.”94 The governor of Florida may override local decision making as
seen fit. In emergency scenarios, the state aims to “relocate all vulnerable populations within the
hurricane storm surge areas, areas prone to inland flooding, populations residing in unsafe
buildings, and persons with special needs.”95
Plans must demonstrate that the Florida is committed to a comprehensive state mitigation
program, and may include the following initiatives:
• Government-sponsored workshops and training, state planning grants, and/or
“coordinated capability development of local officials, including emergency management
and floodplain management courses.”96
• Legislation, mitigation councils, public/private partnerships, and/or other executive
actions promoting hazard mitigation.97
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• To the fullest legal extent, requirement or encouragement of local governments to “use a
current version of a nationally applicable model building code or standard that addresses
natural hazards as a basis for design and construction of State sponsored mitigation
projects.”98
• Maintenance of a “comprehensive, multi-year plan to mitigate the risks posed to the
existing buildings that have been identified as necessary for post-disaster response and
recovery operations.”99
• A comprehensive description of how the State implements mitigation measures into
post-disaster recovery operation.100
County Policies
Scientific monitoring and public education are the dominant policy types for red tide
management, while command and control and public education are the dominant policy types for
hurricane management on the county level (Table 6 in Appendix). County policies vary among
red tide and hurricane management techniques. There are more total policies pertaining to
hurricanes than red tides, and the dominant mitigation policies for hurricanes involve command
and control and public education. Seven counties employed GIS and mapping in emergency
management planning, and three counties employed market-based policies. There were only two
counties that had scientific monitoring/research policies for hurricanes. Conversely, red tide
policies were split almost evenly among command and control, public education, and scientific
monitoring types. Scientific monitoring and public notices by the counties for red tides are often
conducted in conjunction with state agencies. There were no unique county policies employing
GIS or market-based mechanisms. The large number of command and control polices for red tide
management included fertilizer ordinances and land use planning, both of which are not proven
mitigation strategies for red tide blooms. Counties may implement these policies to protect water
quality, and not specifically to mitigate red tide effects.
While each county has a local hazard mitigation strategy, some are more effective than
others, both in written form and in implementation. Information dissemination is often a
roadblock for effectively communicating information to vulnerable county residents.
On a county or municipal scale, Local Mitigation Strategies (LMSs) help counties mitigate
risks associated with hazards. LMSs outline communities’ initiatives to reduce disaster losses,
limit reconstruction costs, and repeated damages. The planning process creates a “framework for
risk-based decision making to reduce damages to lives, property, and the economy from future
disasters.”101 LMSs must pertain to the Disaster Mitigation Act of 2000, a federal mechanism for
“collaboration between state and local entities that encourages pre-disaster planning, recognizes
need for mitigation, and designates funding for projects through Federal grant opportunities.”102
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The FDEM Mitigation Planning Unit helps counties update and review strategies on a three to
five year schedule. This state entity serves as a resource for “technical advice, knowledge of
funding sources, and general information regarding hazard mitigation.”103 Without an approved
LMS, a county is ineligible for federal grants for disaster assistance.
There are several necessary components in mitigation plans. Communities must focus on
the resources necessary for successful mitigation planning. These steps include “identifying and
organizing interested members of the community as well as the technical expertise required
during the planning process.”104 Additionally, counties usually develop mitigation goals and
objectives, review and analyze the hazard profiles and loss estimation, and seek public input for
mitigation strategies. In Florida, counties are encouraged to assess community support, determine
the geographic planning region, and remove roadblocks to successful plan creation and
implementation.105 Next, communities identify characteristics and consequences of hazards,
including geographic regions and important community assets vulnerable to impacts. The plans
must “identify alternative mitigation actions, identify and analyze state and local mitigation
capabilities, and evaluate, select, and prioritize mitigation actions.”106
Florida’s local mitigation strategies include building a planning team for thorough
investigation of communities’ mitigation capabilities. With improved understanding of risks
posed by hazards, “communities need to determine what their priorities should be and then look at
possible ways to avoid or minimize the undesired effects. The result is a hazard mitigation plan
and strategy for implementation.”107 To effectively complete this step, Florida counties prepare
and document an implementation strategy, and obtain the consensus of the planning team.
Counties also engage and organize public participation and education activities to better prepare
residents for emergency scenarios.108 Finally, communities institute the plan via implementing
specific mitigation projects and mandating changes in daily organizational operations. “To ensure
the success of an ongoing program, it is critical that the plan remains relevant. Thus, it is
important to conduct periodic evaluations and make revisions as needed.”109
POLICY ANALYSIS
Red Tides
In red tide management, the federal, state, and local levels play various and interactive
roles. Policies are integrated both vertically between different levels of government and
horizontally across different areas such as terrestrial and marine systems. Policies exist for
different issues such as economics and health, and among various government agencies. One the
local level, the governance for red tide does not seem to have the same level of emergency
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response plans as compared to hurricanes in Florida due to the more immediate, all-encompassing
threat posed by hurricanes. 110
Several federal agencies play important roles in regulating Florida red tides including the
Environmental Protection Agency, NOAA, the National Institutes of Environmental Health
Sciences, the Army Corps of Engineers, the National Centers for Disease Control and Prevention,
the National Park Service, and the National Science Foundation. At a federal level, the Coastal
Zone Management Act (1972) allows coastal states to develop and implement coastal zone
management plans. The federal government has authority over the water beyond three miles from
the coastline. The issue of water governance is not as clearly delineated, however, and it is
contested between the state and federal levels. Figure 6(Appendix) shows the complexity of the
regulatory frameworks for Florida water management at the local, state, and federal level.
Florida state agencies, including the Florida Department of Environmental Protection, the
Florida Department of Health, and the Florida Department of Agriculture and Consumer Services
(FDACS), have regulatory authority surrounding activities that affect state water quality.
Organizations involved in red tide management include the Florida Fish and Wildlife
Conservation Commission and its Fish and Wildlife Research Institute (FWRI), as well as the
Harmful Algal Bloom Task Force. The Florida Fish and Wildlife Service monitors for harmful
algal blooms in coastal waters and cooperates with local laboratories and monitoring agencies to
create red tide reports, especially in areas historically prone to red tides. The FWRI oversees most
of the state’s red tide research programs, has the most centralized information, and is generally
the first responder to red tide blooms.111
The roles of the federal and state governments in red tide management are transparent in
some areas and disputed in others. The Harmful Algal Bloom and Hypoxia Research and Control
Act, reauthorized of 2004, provided research frameworks that allow for collaboration between
federal, state and local managers.112 The federal government provides much of the funding and
infrastructure for red tide monitoring, and works closely with state agencies to collaborate on
research efforts. For example, NOAA's Harmful Algal Bloom Operational Forecast System
provides information on the location, extent, and the potential for development or movement of
harmful algal blooms. The forecast system relies on satellite imagery, field observations, models,
public health reports and buoy data to provide the large spatial scale and high frequency of
observations required to assess and predict bloom conditions, location and movements. HAB
conditions reports, including potential impacts for the next 3-4 days, are posted to this webpage
twice a week after confirmation of a HAB, and once weekly during the inactive HAB season.113
Additional bloom analysis is included in the HAB Bulletin that is provided to state and local
coastal resource managers in the region.
Hurricanes
Florida is the most vulnerable state to hurricanes; from 1900 to 1997, Florida experienced
about one-third of all hurricanes in the United States (57 out of 158) and about one-third of
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category 3, 4, and 5 hurricanes (24 out of 64; Table 7 in Appendix). The population of Florida is
also growing rapidly, so managing for hurricanes is of utmost importance. Emergency
management generally consists of four stages; mitigation, preparedness, response, and
recovery.114 Engineers conduct mitigation efforts; emergency planners oversee preparedness
measures; and local authority service providers and first responders monitor recovery and
response procedures.
In 1993, Hurricane Andrew caused over $25 billion in damage115, House Bill 911 created
the Emergency Management Preparedness and Assistance Trust Fund in Florida, and the Florida
Department of Emergency Management (FDEM) was established under the Department of
Community Affairs. FDEM coordinates county, municipal, local, and state governments’
emergency management affairs, and serves as the pivot point between the federal and local
governments.116 In 2005, the National Response Plan mandated that local governments be
prepared for the absence of federal aid for 72 hours after a disaster, and that local government
must request assistance from the state before seeking federal help. Florida has county Offices of
Emergency Management (OEMs), but their locations and roles within governments vary widely
among counties. This variation means that some counties are better equipped than others to deal
with emergencies and to meet the standards of performance mandated by FDEM.
FDEM implements the CEMP, which is responsible for planning the response and
recovery options. FDEM’s State Emergency Response Team (SERT) heads CEMP, and oversees
operations, information and planning, administration, logistics, and recovery transition. It uses a
“closest appropriate responder” procedure, where first responders are often from the county or
municipality. Florida statues state that all 67 counties must have emergency response plans to
provide for local residents during disasters. There are 17 emergency support functions, each of
which is headed by a Florida state agency, similar to the structure of FEMA.117
Fertilizer Policies
While the cause of harmful algae blooms in unknown, the increase in these blooms is
linked partly to increased nutrient loading, which is often due to fertilizer overuse.118 Reports
from the U.S. Commission on Oceans Policy (2004) and the Pew Oceans Commission (2003)
found that harmful algae blooms, nitrogen loading, and coastal eutrophication are all major threats
to coastal ecosystems. Due to scientific uncertainty, it is unclear what responsibilities exist at the
state and federal level in terms of red tide governance. In 1998, lack of enforcement of the Total
Maximum Daily Load (TMDL) provisions in the Clean Water Act spurred a lawsuit against the
EPA by several Florida environmental groups. TMDLs are quantity limits for pollutants allowed
in the water before violating water quality standards. In 1999, the Watershed Protection Act
required the Florida Department of Environmental Protection to establish a priority ranking,
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schedule, and methodology for identifying impaired waterways.119 In 2002, the Florida Green
Industries Manual was published, providing Best Management Practices for professional
landscapers with the goal of conservation and protection of water resources.120
Local communities are most affected by red tide governance, and local governments suffer
most of the consequences of red tide blooms. Counties are responsible for cleaning up fish kills
from red tides, often without local ordinances to direct financial resources. Recently, local
governments in Florida have taken preventive measures attempting to stem red tides beyond state
and federal requirements. A number of Florida municipal governments have adopted ordinances
regulating the use of fertilizer by homeowners.121 The city of Naples was the first city in Florida
to establish fertilizer regulations in 2006, but it applied only to professional landscape licensing,
not to individual homeowners.122 In 2007, the Southwest Florida Regional Planning Council
adopted a model ordinance, stricter than the BMPs, which other counties and cities used as a
model to create their own fertilizer policies. Sarasota County, City of Sanibel Island, City of
Sarasota, the City of Cape Coral, and the City of North Port had fertilizer ordinances in place by
2008. Since then, many other counties and cities in Florida followed suit with fertilizer policies.123
While these ordinances may indicate progress towards reducing water pollution, fertilizer
bans by municipalities have uncertain effectiveness for mitigating red tide blooms. It is unclear
whether most Florida citizens understand that restricting fertilizer use may not slow red tide
blooms. A study conducted in Sarasota County from 2007-2008 found that a lack of public
education concerning health impacts of red tide exposure exacerbates poor health conditions
events during blooms.124 In response, Sarasota instituted widespread education efforts to inform
the public of health effects of red tide exposure using press releases and signs at beaches with red
tides. However, there was pushback and political pressure from the tourism industry because of
resulting declines in tourism revenue.
Many of these fertilizer ordinances do not have corresponding enforcement policies,
relying on the public to be informed and act responsibly and honestly. Further, many of the
fertilizer ordinances have exceptions for “establishment” periods, which are the first 60 days after
planting a new lawn or landscape, and are allowed during the rainy season. Therefore, the effect
of these fertilizer policies is questionable for red tide management, both in terms of effectiveness,
education, and enforcement. Regardless, precautionary measures for fertilizer use could increase
community resilience by mitigating water pollution and possibly red tides.
In summary, prevention may not be a feasible mitigation strategy because the causes of
red tides are still relatively unknown. Control strategies are more effective, as they limit red tide
impacts by neutralizing harmful toxins or removing them from the water. Mitigation strategies
limit the impact of the blooms without dealing directly with the toxins. Public awareness of red
tide blooms and hazards is important for minimizing the effects of red tides.
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State-wide Building Codes
Building codes are vital for mitigating hurricane effects. After a series of hurricanes hit
Florida in the 1940s and 1950s, the state implemented statewide building codes. In 1974, Florida
implemented the State Minimum Building Code, requiring all local governments to implement
and enforce building codes. This policy was effective until 1992, while Hurricane Andrew caused
$15.5 billion in damage (equivalent to $24 billion in 2012). In 2000, the Florida legislature
authorized a new uniform building code. In 2002 this new policy was implemented, making
Florida the only state at the time with a statewide building code. This code provides minimum
safety standards for design and construction of buildings.125 After the 2004 hurricane season, it
was found that buildings constructed prior to the 2002 building code suffered more damage, while
buildings that complied with the 2002 standards suffered less damage than older buildings.
The Florida Building Commission amends the code annually for minor reference
standards and with major updates every three years. Florida even exceeds the requirements of the
national building model in some measures, including standards for limiting water intrusion
through walls, pressure ratings for windows, higher standards for roof coverings, increased design
practices for homes for higher wind speeds, etc. This legal mandate is effective because the local
governments enforce these codes through the Insurance Services Office (ISO), which reviews
local building departments, building codes and plans reviews on new buildings as mitigation
strategies against hurricane damage.126
Insurance Policies
Insurance adds to community resilience by providing monetary relief for disaster losses
after disturbances in exchange for the regular payment of premiums. Due to extensive growth in
Florida’s population and infrastructure and frequency of storm events, national storm modeling
firms consider Florida to have the highest level of risk in the country for catastrophic storm
damage. In 2002, the Florida legislature passed Senate Bill 1418 (known as the Windstorm Bill),
which created Florida Citizens Property Insurance Corporation (FCPIC). This is a not-for-profit,
tax-exempt government corporation that sells insurance protection to Florida property owners
who otherwise might not be able to find coverage. This bill was passed because many private
insurance companies pulled out of the market in Florida coastal regions. As of 2007, there were
almost 1.3 million policies under FCPIC covering over $400 billion in liabilities.127
Florida promotes FCPIC as providing affordable coverage necessary for economic
development of their coastal areas. As a result, it encourages population growth and development
in Florida’s Gulf Coast. This growth is often inefficient because the development does not always
produce enough value to cover storm damage. Further, hurricane risk is not evenly distributed
throughout the state and as a result, people in in less risky areas (not on the coasts) are charged
higher premiums to subsidize the development of the coasts.128 While increased economic activity
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resulting from the implementation of the FCPIC may increase the resilience of coastal
communities in the short term, the overall effect in the long term is not as straightforward.
The effectiveness of federal and state run insurance programs is largely debated. FCPIC
provides insurance to high-risk properties at below market rates because of a special session of
the Florida Legislature enacted the Insurance Industry Accountability and Consumer Protection
Act in 2007 that allowed FCPIC to compete with private insurance companies. This eventually
resulted in the almost complete withdrawal of the private insurance market from Florida. Other
states with similar state-run insurance programs are required to set prices above market rates to
avoid competition with private insurance companies.129
Similar to the FCPIC is the National Flood Insurance Program (NFIP), which also offers
flood insurance at below-market prices. The NFIP was created in 1968 when Congress decided
that private companies could not provide insurance in flood prone areas. The federal government
now provides insurance for most water damage from coastal storms, and private flood insurance
is essentially non-existent. The benefits of the NFIP are often questioned due to large costs to
taxpayers and because of the poor financial management of the program. After Hurricane Katrina,
the majority of $23 billion in claims to the NFIP was largely paid from loans from the federal
government, and is not likely to be repaid in the future.130 Similarly, the next big hurricane to hit
Florida may bankrupt the Citizen’s Property Insurance Corporation, with Florida forced to turn to
the federal government to cover insurance claims.
DISCUSSION AND CONCLUSION
The research conducted in this study found that most counties in western Florida rebound
to prior levels of demographic and economic activity within a year of red tides and hurricanes,
and thus can be considered resilient. Perturbations from normal economic and population trends
are most likely due to a combination of factors, such as economic recessions or anomalous air
temperatures, along with natural hazards. It is also possible that government policies are adjusted
over time in response to hazard events, and thus counties in western Florida have, over time,
become more resilient to natural hazards.
Many of the negative perturbations occurred in 2008 and 2009, and most likely spurred by
the 2007-8 economic recession. The downward trends found in many counties during this year is
likely explained by the U.S. housing market crash, and not solely due to natural hazards that
occurred during those years. According to a July 2008 report from Florida's Tax Watch
organization, “Population growth has noticeably slowed; the free-fall in the housing sector has
intensified; nationwide economic growth has remained anemic…and home foreclosures have
soared.”131 Tourism is crucial to the economic welfare of Florida, generating up to 15% of total
state tax revenue, and as many as one million jobs.132 According to a 2009 Wall Street Journal
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article, the global economic recession decreased out-of-state pleasure visits to Florida in 2009 as
compared to 2008 as more people vacationed closer to home (Figure 7 in Appendix).133
Other economic downturns in Florida may also be explained by trends in the construction
sector. Florida is highly dependent on its construction sector, which accounted for nearly 7.5% of
state GDP and over 12% in 2008.134 Florida’s Tax Watch noted that many construction jobs were
lost between 2006 and 2008, accounting for over half of all the lost jobs in Florida. Home sales
had decreased over 50% from 2006, with this causing a depression in economic growth of more
than 30%.135 “Expansion in the construction sector contributed about 8% of the state's 23 percent
cumulative economic growth from 2001-2005. Additionally, Florida accounted for 13 percent of
all new houses constructed nationwide…Florida accounted for only 4% of existing home sales in
the peak year of 2005.”136 In conclusion, while the risk of hurricanes and red tides may not have
detracted most travelers from visiting Florida, it is possible that natural hazards, in conjunction
with the global economic recession, contributed to negative perturbations in economic trends
found in 2007-2008.
The conditions and policies that exist to mitigate the effects of natural hazards create
social and structural resiliency in a community. Some segments of society are at greater risks than
others to natural hazards due to their geography and social inequality.137 Red tides and hurricanes
place the growing human population of Florida at greater risk for structural damage and economic
downturns following hazard events. Policies that plan, mitigate, and adapt to these hazards create
a more resilient socio-economic system. Because the effects of these policies are not always
immediately clear, resilience planning is difficult. For instance, by creating the Florida Citizen’s
Property Insurance Corporation, more people can purchase cheaper property insurance. In the
short term, this may increase the system resilience because more people can move to the coasts,
spurring greater economic development. These incentives place pressure on coastal ecological
systems and local resources, creating an unsustainable feedback loop of unsustainable
development in high-risk areas. The burden of recovery falls upon state taxpayers and perhaps
eventually federal taxpayers if the state funds run out. These taxpayers are the ones who take on
the responsibility of paying for coastal damage.
When considering what policies will increase the long-term coastal community resilience,
careful planning and research is essential. In order for systems to endure, they must be well
designed, adequately funded, and allowed to function with some degree of independence.
Assessing how local economies are likely to be affected by natural hazards is of considerable
importance to policy makers. Municipal and county staff must make decisions regarding
waterfront planning, beach use, storm preparedness and other activities that relate to the coastal
environment. County-wide emergency evacuation plans and warning systems are in place for all
coastal counties; however they are not necessarily equally efficient across all counties due to the
diversity of Florida’s population. Mitigation efforts focus on breaking the cycle of disaster
damage, reconstruction, and repeated damage, creating safer communities and reduce loss of life
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and property. On a county level, mitigation efforts include compliance with floodplain
management regulations, enforced building codes, flood, and wind requirements, and using
zoning to steer development from vulnerable areas.138 These efforts have progressed in some
areas; counties have made efforts to adopt zoning ordinances steering development from areas
subject to flooding, storm surge or coastal erosion. Public buildings have been retrofitting to
withstand hurricane-strength winds or ground shaking, and governments have led efforts to
acquire damaged homes or businesses in flood-prone areas, relocate the structures, and return the
property to open space, wetlands or recreational uses.
It is unlikely that natural hazard events are the chief determining factor of annual
economic activity on a local or regional scale, and this study does not attempt to assign weights to
the causes for yearly economic and population perturbations. The data suggests that, for both red
tides and hurricanes, certain patterns emerge that may describe the resilience of counties to
natural hazard events. Effective evacuation and mitigation hazard polices may indicate which
counties are better suited to avoid significant and lasting damage following storm and red tide
events. While conclusions concerning how storm activity, red tide events, and economic trends
interact are uncertain, this study suggests that storms and red tides may exacerbate decreases in
economic and demographic data in the year following the storm, but that counties rebound to
previous levels after this time period.
THE FUTURE OF FLORIDA
Values Important in Resilience Planning
Values and principles have been identified for optimal resilience, and should be stressed
within socio-economic systems. The following is a list of principles to suggest values for
improved resilience in hazard-prone urban systems:




Diversity--Promote and sustain diversity in biological, landscape, social, and economic
realms.139
Ecological variability--Embrace ecological variability rather than attempting to control
and reduce it.140
Tight Feedbacks--Refers to how quickly and strongly the consequences of a change in
one part of the system are felt and responded to in other parts. Institutions and social
networks play key roles in determining tightness of feedbacks. As feedbacks lengthen,
there is an increased chance of crossing a threshold without detecting it in a timely
fashion. Great interconnectedness among elements helps strengthen system resilience.141
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Civic Engagement–-Trust, involvement, well-developed social networks, and community
leadership after disasters is crucial for recovery. Communities must accept leadership
initiatives from outside their traditional ranks, and governments must accept offers of
assistance and partnership from engaged citizens and communities. However, successful
public engagement requires lower and middle-class citizens to overcome elite resistance to
their participation, and citizens to overcome government resistance to their participation.
Additionally, communities must extend participation beyond the energized early period of
recovery into the period in which more mundane and technical tasks must be
accomplished if progress is to continue. 142
Providing Assistance for Vulnerable Populations--Vulnerable populations are more
susceptible to the effects of climate change, and for whom adaptive change may be
difficult. Whether by virtue of economic status, social capacity and resources, health, age,
or geography, adaptation efforts should be mindful of, and include, planning to meet the
unique needs and conditions of people who are most vulnerable, protecting them during
sudden extreme events, and helping them adapt to health issues, energy costs, and other
chronic impacts.143
Innovation--Emphasis on learning, experimentation, locally developed rules, and
embracing change. The science informing the understanding of global and regional
climate issues evolve rapidly, and recognizing the options and strategies considered for
climate adaptations in Florida should be grounded in the most current and established
science and technology. 144
Ecosystem services--Natural coastal features such as mangroves groves and reefs help
protect coastlines from erosion and destruction from extreme events while reducing
nutrient runoff from terrestrial environments.145

With these principles in mind, the following list is a compilation of policy
recommendations for state and local officials to consider when preparing for and mitigating the
harmful effects of natural hazards:
Policy Recommendations
Policy Recommendation 1) Implement evacuation plan policies that assist vulnerable
populations in obtaining transportation both to and from local shelters prior to hazards.
Policy Option 1: Utilize the New Orleans City Assisted Evacuation Plan as a national model for
disaster mitigation.
In order to increase community resilience, all cities should have a master plan with
enforcement by the law and a comprehensive zoning ordinance. The New Orleans City Assisted
Evacuation Plan (CAEP) helps citizens who want to evacuate during an emergency, but lack the
capability to self-evacuate, including citizens without transportation and persons in need of
medical resources. The plan is designed to vacate all citizens and visitors from the city prior to
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storms or other county-wide emergencies. The city of New Orleans and associated homeland
security offices have overall command and responsibility for execution of the CAEP, which
allows the city to utilize its facilities, manpower, and other resources to provide assistance to
citizens who cannot self-evacuate during the declaration of an emergency. Florida’s Gulf Coast
cities can support local communities, strengthen existing networks, and adapt the parts of the plan
that fit their own unique conditions. Florida can adopt these concepts by identifying, locating, and
addressing socially vulnerable populations within county emergency management plans. Counties
may consider setting up registries of volunteer organizations that can be activated during
disasters. Contact information for the organizers and directors can be made available in disaster
situations in order to disseminate aid and resources efficiently.
Policy Option 2: Building resiliency and redundancy within the transportation system.
Vulnerable populations include, but are not limited to, people who are unable to selfevacuate and those with specific or functional needs. These are people that can function
independently on a day-to-day basis, but require extra assistance during a disaster. By examining
and reformulating evacuation policies to reduce social exclusion for vulnerable populations,
planners and policymakers can help vulnerable populations that lack efficient and widespread
public transportation. With increasing levels of dependence on automobiles, transportation and
evacuation policies represent a key resilience issue that requires a national policy response.
Building redundancy within the transportation system is vital to improving preparedness.
This may include creating reliable backup evacuation routes in case of roadblocks or traffic
overflow, as well as utilizing widely available and affordable public transit systems to evacuate
vulnerable regions. Studies by the U.S. Department of Transportation and Department of
Homeland Security found that nationally plans to evacuate people with special needs during
catastrophic hurricanes were virtually nonexistent.146 Federal policy mandates for pre-disaster
planning is also limited (Table 8 in Appendix).
Florida’s cities need to become more resilient by crafting evacuation plans that are more
inclusive of immobile and vulnerable populations. That includes managing and staging resources,
cross-training personnel, and educating the public, especially at-risk populations. This may be
challenging because creating and implementing these policies requires the identification of
transportation-disadvantaged populations. Understanding the needs and providing transportation
for vulnerable populations is challenging because these groups are diverse, constantly changing,
and hard to assess since their needs vary widely. Due to liability concerns, transit organizations
are not attracted to involvement in evacuation planning for unprepared local governments. These
barriers must be overcome if emergency transportation policy is to be successfully implemented
in western Florida.
Policy Recommendation 2) Employ policies that advance risk and vulnerability assessments.
Policy Option 1: Mandate increased detail in disaster risk assessment plans.
While each county has a vulnerability assessment in place, adding greater detail on issues
like fertilizer use and coastal development restrictions can be conducted within the context of the
uncertainties and complexities posed by climate change. This may be available via employment
of scenarios, assignment of probabilities, and ranking of harmful impacts. The utility of these
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assessment outputs, however, is greatly influenced by the quality and accuracy of the information
available to drive the analysis, such as flood plain borders, watershed boundaries, and
environmental risk assessments.147 By identifying and filling critical information gaps, the process
and products of risk and vulnerability assessments will be enhanced, leading to better and more
cost-effective adaptation plans, actions, and decisions.148
Policy Option 2: Evaluate and prioritize adaptation strategies for implementation based on
policies in most resilient counties.
Disasters may have severe local impacts, and if local governments cannot handle the
magnitude of a disaster, state governments must provide the necessary resources or seek
assistance from the federal government.149 The federal government requires metropolitan
planning organizations to engage in regional transportation planning, but not in evacuation
planning.150 Every county has evacuation plans outlined in the LMS, but governments also need
to prioritize specific adaptation strategies and emergency preparedness determined to be the most
effective and efficient. Evaluation and prioritization of adaptation alternatives should consider
many factors, including the probability and magnitude of potential impacts, the resilience of the
groups or individuals affected the range and feasibility of alternatives available, broad-based
stakeholder input, and the opportunity to build upon current programs and successes.151 Careful
consideration is warranted for examining the current and future benefits and costs of different
adaptation alternatives.
Policy Option 3: Incorporate informal and social networks into emergency planning and
management activities.
Social networks are assemblies of individuals or groups related to one another through
connections such as familial ties, friendship, similar interests, similar beliefs, or other common
circumstances. Robust social networks are associated with benefits to individuals, households,
and organizations, such as increased community mobilization, better physical, psychological, and
social well-being, improved employment opportunities, better access to financial resources, and
increased access to social services.152 Strong social networks are also important for improving
community resilience in preparing for and responding to a disaster, facilitating emergency
response and disaster mitigation from the bottom up. Inclusion of organizations in emergency
plans can help protect vulnerable populations in disaster situations, which can be more effective
in fostering social and cultural change than a command-and-control approach.153
Policy Recommendation 3) Enhance scientific understanding and use among policy-makers
within state and local governments.
Policy Option 1: Require stricter regulations regarding nutrient run-off from non-point sources.
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While it is unclear whether improving water quality helps control red tides, improving
water quality can have other benefits for Florida while perhaps helping mitigating red tides
blooms. The presence of smelly, unsightly, and potentially toxic algal blooms keeps people away
from beaches and other recreational activities, resulting in lost tourism dollars. Across the U.S.,
blooms of harmful alga cause more than $80 million in economic damage annually.154 Algae mats
that wash ashore may house E. coli bacteria, contributing to poor water quality and causing beach
closures.155
Florida attempts to reduce the frequency and intensity of algal blooms by managing
nutrient run-off and loading in coastal waters. Regulatory agencies, local, state and regional
governments, utilities, non-governmental organizations, and industries make decisions that can
affect water quality in various ways by implementing policy tools. These include National
Pollutant Discharge Elimination System wastewater and storm water permits, Effluent Limitation
Guidelines, Water Quality Criteria and Standards, Designated Uses, and Total Maximum Daily
Loads for managing impaired waters.156 Continued research and monitoring of offshore water
quality could determine if and how nutrient loading contributes to red tides, and whether stricter
regulations can contribute to improved water quality in marine ecosystems.
Policy Option 2: Employ more experts in hydrology and environmental science within Florida’s
water management districts.
Florida is divided into five water management districts, each determined by its watershed
boundaries.157 The principle mission of these organizations is to manage freshwater resources
within the districts, but also to protect their respective coastal zones.158 A governing board of
elected officials runs these organizations from counties within these districts. The qualifications
for appointment to a governing board of a water management district are not particularly strict;
they are 1) the ability to secure the endorsement of a governor and 2) to have significant
experience in one or more of the following areas: agriculture, development, local government,
government-owned water utilities, law, civil engineering, environmental science, hydrology,
accounting, or financial business.159 The disciplines most often absent from governing boards are
environmental science and hydrology, resulting in insufficient expertise in these managing
parties.160 By employing a greater diversity of individuals into governmental positions and
considering scientific evidence of successful management tools, Floridians can expect improved
governmental planning and land use practices.
Policy Option 3: Increase use of technology and GIS.
Technology has the potential to greatly increase the ability of communities and
government to better plan for natural hazards and respond to affected areas when a hazard occurs.
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Already, the National Hurricane Center can forecast hurricanes within 100 miles a full day before
the storm makes landfall. Other technology includes resource management technology and
Geographical Information Systems (GIS), which can be a crucial tool for emergency management
in mapping population distributions and demographics, shortest routes of responses, power
outages, flooding, downed trees and power lines, etc. FEMA has a GIS division, and affirms that
GIS can be crucial in making decisions about emergency planning and responses, mitigation,
homeland security, and national preparedness.161
At a federal level, the National Flood Insurance Plan has continuously failed to maintain
accurate flood maps, and the FEMA GIS division is understaffed.162 As the need for GIS
capabilities increases, FEMA should augment federal capabilities by hiring more geospatial
technicians and experts.163 GIS divisions should become customary at all locals of government for
implementing disaster and resilience planning.
Policy Recommendation 4) Increase community outreach and public education.
According to Alcock (2007), “public education and outreach is perhaps the most vital
component of an effective mitigation strategy.”164 In southwest Florida, the grassroots group
Solutions to Avoid Red Tide (START) has partnered with various organizations such as Mote
Marine Lab, the Florida Fish and Wildlife Research Institute (FWRI), and the Florida Department
of Health to educate the public about red tide hazards. While similar groups also work on public
education efforts, there is not always coordination and consistency between these groups.
A study conducted in Sarasota County from 2007-2008 found that human exposures to red
tides were increased by a lack of community knowledge about the possible health impacts. The
county implemented an education campaign by informing the public with press releases and signs
at beaches with red tide outbreaks. This was somewhat successful in diminishing human exposure
to red tide, but political pressure from the tourism industry pressed for changes to this reporting
system due to declines in tourism revenue. As tourism is Sarasota County’s largest industry, the
question of how to best inform the public while keeping the economy strong is an important
concern for policy makers.165 The county then held public forums where community and industry
representatives, including member of START, discussed how and what to post on beach signs,
press releases, and online advisories.
Mote Marine Lab in Sarasota County also developed an online reporting system of daily
beach conditions that has been extremely successful. It is now in place for three adjacent counties.
Residents and visitors can use telephone or internet resources to access the system, updated twice
daily to obtain real time beach conditions. While this system effectively informs the public about
the dangers of exposure and risks of red tides, the website could be updated for easier use for first
time visitors. Similar online reporting systems should be considered in all Gulf Coast counties.
Education and monitoring projects should be considered in other aspects of red tide mitigation.
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Policy Recommendation 5) Continue to encourage cooperation among levels of government
and communities.
Policy Option 1: Coordinate community resources.
Coordination of community resources is critical to disaster management, which requires
communication among all levels of government. This requires strong trust and relationships
among communities and governments before disaster events. Kapucu’s 2008 collaborative
emergency management study found that greater community coordination improves the public
response to hurricanes.166 This study recommends bottom-up efforts for effective emergency
management; while the federal government is vital, this study recommends that the local and state
governments take the initial steps in emergency management and encourage local community
action. For red tide management, Alcock (2007) advises reorganizing the Task Force to ensure a
greater balance between state and local policymakers and the other local stakeholders. Also
critical in coordinating community resources is the support of elected officials, the use of
technology in planning, mitigation, and responses, and the support of the media, which can have
positive or negative effects on disaster responses.167 Overall, increased cooperation and trust
between all levels of government and the media would serve to increase community resilience.
Policy Option 2: Implement regional/watershed fertilizer programs.
While scientific uncertainty exists over the causes and proliferation of red tide blooms,
policies to decrease water pollution should still be pursued. These policies can have positive
effects; precautionary measures such as fertilizer ordinances may decrease the intensity of the
blooms, while effectively reducing other types of coastal pollution. Regional and watershed
fertilizer programs could be created to control the effects of these fertilizers throughout the entire
watershed.168 Other policies to decrease pollution should be pursued as well, including technology
to help monitor, track, and predict red tide blooms and other types of water pollution.
Policy Recommendation 6) Implement and/or restructure innovative market-based policies.
Policy Option 1: Restructure Florida’s private/public insurance program
The current insurance policy methods at the federal and state levels are likely
unsustainable and inequitable because governments subsidize premiums for coastal properties.
The National Flood Insurance Program (NFIP) gives subsidized insurance for protection against
storm surge and floods, and Florida Citizens Property Insurance Corporation (FCPIC) uses money
from other sources such as automobile and medical malpractice insurance to fund claims for wind
damage. Without incentives for precautionary measures, these policies may encourage
development in hazard-prone coastal areas.
In 2007, a law was passed in Florida that allowed FCPIC to compete on premium prices
with private insurers, akin to the NFIP historically forcing private insurers out of the market by
offering lower or equal premiums. FCPIC has also forced most of the private insurers out of the
market. Private firms set premiums based on risk levels, while government may set premiums
based on political influence. For example, coastal homeowners can exert pressure on their
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representatives to keep premium levels below sustainable rates, and in 2006, Florida voters
ranked the cost of property insurance as their number one concern.169
In addition to flood insurance, there is also widespread support for putting wind insurance
under federal control as well. Currently the NFIP insures damage from flooding (including from
storm surges), but not hurricane wind damage. This causes a confusing system of wind versus
flood damage and is often hard to navigate for claims after a storm. It is often difficult to prove
whether winds or floods caused property damage, mainly because the total damage is usually a
combination of the two forces. This creates an unequal system in which wealthier individuals who
can afford legal representation are more likely to push for wind or storm damages if they are
initially denied insurance payments. If both wind and flood insurance programs move to the
federal level, there will be less incentive for local governments to encourage efficient land use and
planning, stringent building codes, and other mitigation strategies because the federal government
would be responsible for damage coverage.
Instead of moving forward with wind insurance programs at the state and federal levels,
policy makers should consider phasing out the NFIP and the FCPIC, moving towards private
insurance. Private insurance companies will be more likely than government run programs to
search for innovative methods of insurance strategies against storms, and to operate in an efficient
manner. Instead of subsidizing coverage for insurance premiums and claims, the government
could give tax credits or vouchers for low income households while allowing the market to set
prices for insurance. Restructuring the program should be done slowly, employing a partnership
between the government and the private insurers.
The federal government could provide reinsurance policies to private firms until the
market has developed to a level in which the firms can sustain business, allowing reinsurance
companies to be established. Risk could be diversified by combining policy holders from
throughout the country or world. Since hurricane damage is localized and large claims are paid
out for each storm, bringing more firms from diverse locations into an insurance pool could
decrease risks for private companies. To make rates more competitive, taxes on premiums could
be eliminated and the money instead reserved for catastrophic losses. The government could
consider making wind insurance mandatory in coastal areas, and/or the insurance market for wind
and flood could be combined to increase cooperation, understanding, and efficiency.170, 171
Climate Change Vulnerability in Florida
This investigation does not address the impact of climate change and sea level rise on the
resilience of western Florida counties. Scientific predictions of climate change are uncertain. Due
to a variety of influencing factors, it is difficult to know how demographic trends, economic
development, and technological advances could influence greenhouse gas emissions.172 Changes
in climate can cause subtle or devastating effects to humans, human infrastructure, and natural
systems, and will escalate over time. Global climate changes could affect hurricanes and other
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tropical storms. The energy of hurricanes comes from warm tropical waters, which are projected
to continue to warm over the next several decades.173 Changes in the intensity, duration, and
number of hurricanes and tropical storms may increase human exposure and vulnerability to
coastal hazards.174
Globally, societies have adapted and enhanced their resilience to the impacts of climaterelated events such as severe floods, droughts and storms.175 Nevertheless, additional adaptation
measures will be required at regional and local levels to reduce the adverse impacts of projected
climate change and variability. According to the Intergovernmental Panel on Climate Change
(2007), “there is high confidence that neither adaptation nor mitigation alone can avoid all climate
change impacts; however, they can complement each other and together can significantly reduce
the risks of climate change”.176
Along much of the Florida Gulf Coast, human activities have eliminated natural features,
including natural vegetation buffers. About half of the natural shoreline of Tampa Bay and most
of the low-lying areas in the state has been developed.177 Even if climate change does not change
accelerated rates of hurricane frequency or intensity, Florida will be at risk for more damage from
hurricanes due to sea level rise, which could increase the height of storm surges and associated
coastal flooding frequencies, permanently inundating low-lying coastal areas, and amplifying
shoreline erosion.178 If a hurricane starts from a higher level of the ocean, the surge will also be
higher. Extensive development, infrastructure, and increasing populations would be affected in
these expanding vulnerable areas.
Climatic change could also have serious implications for harmful algal blooms. Warming
water temperatures alter the thermal structure of lakes, which in turn influences nutrient cycling
and the development of hypoxic zones.179 Changes in thermal structure leading to decreased
mixing could cause larger and more frequent hypoxia in shallow aquatic areas.180 Warmer water
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temperatures stimulate algal blooms due to increased activity of microorganisms releasing
phosphorus from organic matter. More frequent and severe precipitation events in the future will
cause increased loads of phosphorus to wash from the landscape into lakes, and more frequent
and intense storms will increase nutrient pollution from combined sewer overflows.181 Changing
and more variable temperatures, microbial ecology, biogeochemistry, or salinity may also
contribute to harmful algal blooms; waterborne pathogens likely will change in response to rising
temperatures and alterations in flow characteristics and contaminant loadings.182 Systems for
tracking these changes are not well developed, nor are they well integrated with geospatial, waterquality, and public health information.183
Despite historic high levels of resilience, without effective and efficient adaptation and
mitigation strategies, the state of Florida may decrease its socio-economic resilience to natural
hazards. This could result in shifting equilibriums and, perhaps in extreme scenarios, system
collapse. Florida Governor Charlie Crist cited in a 2007 speech to the state legislature: “With
almost 1,200 miles of coastline and the majority of our citizens living near that coastline, Florida
is more vulnerable to risking ocean levels and violent weather patterns than any other state. Yet,
we have done little to understand and address the root causes of this problem [global warming], or
frankly, even acknowledge that the problem exists. No longer.”184, 185 As Governor Crist urges,
Florida’s policymakers must begin preparing for the impacts of climate change and planning for
coastal inundation from sea level rise.
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APPENDIX
Figures
Figure 1: Gunderson-Holling model of system resilience.186
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Figure 2: The Physical Processes of a Storm Surge.

National Hurricane Center, NOAA/National Weather Service, 2011. Available online at: www.nhc.noaa.gov/surge

Storm Type
Tropical Depression
Tropical Storm
Hurricane: Category 1
Hurricane: Category 2
Hurricane: Category 3
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Figure 3: The 23 Gulf Coast Counties from Escambia County in the north to Monroe
County in the south.
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Figure 4.1: Decadal Population Changes in Western Florida.
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Figure 4.2: Decadal Changes in Per Capita Income in Western Florida.
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Figure 4.3: Decadal Changes in Number of Proprietors in Western Florida.
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Figure 4.4: Decadal Changes in Western Florida Employment (Wage and Salary Jobs).
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Figure 5.1: County Economic Data (Hurricanes). Each figure depicts changes in four
indicators (population, income, employment, and number of proprietors) for each of the 23 Gulf
Coast counties from 1969-2009 and corresponding storm and recession years. These trends were
normalized with a mean of 0 and a standard deviation of 1. A 99% confidence interval is
delineated with dashed lines. Storms are marked with blue vertical lines and the relative thickness
of the lines is correlated to wind speed of the storm. Vertical gray lines mark notable economic
recessions. Very few examples exist of deviations from the growth trend during storm years. The
large negative perturbations typically do not correspond uniquely to storm years, but rather, can
also be attributed to economic recessions.
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Figure 5.2: Regional Economic Data (Red Tides). Each figure depicts changes in four
indicators (population, income, employment, and number of proprietors) for each of the 23 Gulf
Coast counties from 1997-2011 and corresponding red tide and recession years. These trends
were normalized with a mean of 0 and a standard deviation of 1. A 99% confidence interval is
delineated with dashed lines. Red tides are marked with red vertical lines, and the relative
thickness of the lines is correlated to the number of annually detected red tides. Vertical gray lines
mark notable economic recessions.
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Figure 6: The complexity of the regulatory frameworks for Florida water management at the
local, state, and federal level.

Adopted from Alcock, 2007.189

189

Alcock, 2007.

65

Figure 7: Annual change in Florida’s GDP from 2002-2008, and number of Florida visitors
from 2007-2010.

“Recession Chills Sunshine State Tourism.” 8.15.2009. online.wsj.com. 190
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Tables
Table 1: Population changes from 2000-2010 in 23 Florida Gulf Coast counties.
County
Lee
Walton
Pasco
Wakulla
Hernando
Santa Rosa
Collier
Hillsborough
Manatee
Citrus
Dixie
Levy
Franklin
Taylor
Jefferson
Bay
Charlotte
Gulf
Okaloosa
Escambia
Pinellas
Monroe

2000 Population
440,888
40,601
344,768
22,863
130,802
117,743
251,377
998,948
264,002
118,085
13,827
34,450
9,829
19,256
12,902
148,217
141,627
14,560
170,498
294,410
921,495
79,589

2010 Population
618,754
55,043
464,697
30,776
172,778
151,372
321,520
1,229,226
322,833
141,236
16,422
40,801
11,549
22,570
14,761
168,852
159,978
15,863
180,822
297,619
916,542
73,090

Change
177,866
14,442
119,929
7,913
41,976
33,629
70,143
230,278
58,831
23,151
2,595
6,351
1,720
3,314
1,859
20,635
18,351
1,303
10,324
3,209
-4,953
-6,499

% Change
40.3%
35.6%
34.8%
34.6%
32.1%
28.6%
27.9%
23.1%
22.3%
19.6%
18.8%
18.4%
17.5%
17.2%
14.4%
13.9%
13.0%
8.9%
6.1%
1.1%
-0.5%
-8.2%

Data from U.S. Census Bureau.
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Table 2: Comparison of Scientific and Economic Dimensions of Hurricanes and Red Tides.
Unique to Red Tides
May require waterfront, beach,
and/or shellfish bed closures
Sources of blooms poorly
understood by scientific
community
Human health effects from
direct contact include rashes,
paralytic shellfish poisoning,
respiratory and ocular irritation,
especially among vulnerable
populations
Mitigated by monitoring and
water quality tests, largely by
Florida Fish and Wildlife
Research Institution
Long-term beach and/or
shellfish bed closures may
endanger robustness of local
economies
Beach closures and warnings
delivered via press releases and
on public forum/government
websites

Shared Assets
Limits public/tourist access
to coasts, reduces economic
activity in coastal regions
May be exacerbated by
warming global
temperatures
Physical conditions effect
human health and wellness

Unique to Severe Storms
May require evacuation,
household preparations for longterm disaster
Geographic and physical causes
of storms are well documented
and understood
Humans endangered by
widespread hazardous conditions,
i.e., flooding, building collapse,
flying debris

Mitigation plans exist at
governmental levels

Considered a severe hazard,
necessary to address in individual
county hazard mitigation plans in
Florida
Depending on insurance policies
and damage, long-term economic
impacts may be devastating for
affected area
Depending on methods of
counties’ mitigation plans,
warnings of storm approaches
broadcast on public radio,
websites, television, and via
public media press releases

May have extended
economic impact

Requires public
information/ warning
system
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Table 3: Recipe for Florida Red Tides Bloom and Proliferation. Listed are the main factors
involved in the nutrient delivery mechanisms that can contribute to the initiation and development
of Florida red tides. Each factor is depicted as an ingredient with an accompanying description of
its impact. Some ingredients (trichodesmium blooms, coastal runoff) are enhanced by others
(dust, rainfall). Some ingredients may be more or less important at different stages of a bloom and
it is unlikely that red tide blooms are dependent on any single ingredient – they can still occur
when one or more are missing. The more ingredients that are present, however, the greater the
likelihood of a bloom.191
Ingredients

Impact

Upwellings

Upwellings of deep, nutrient enriched water along the continental shelf are viewed as playing a potential role in
the initiation of offshore blooms.

Saharan Dust

Dust clouds from the Sahara Desert contain iron. When deposited in the Gulf of Mexico the iron can boost
trichodesmium blooms and their production of nutrients.
Rainfall may enhance a number of nutrient delivery mechanisms including those that involve atmospheric
deposition (see trichodesmium discussion) and terrestrial fluxes.

Initial Factors

Rainfall

Grazing and
Excretion

Proximate Nutrient Sources
Trichodesmium blooms often precede and/or accompany Florida red tides. Trichodesmium can provide
significant nutrients for red tide blooms through a process known as nitrogen fixation.
Trichodesmium uses iron to fix nitrogen from the atmosphere and excrete it in a form that can be used by a red
tide bloom.
Similar to the above mechanism whereby nitrogen is created as a byproduct of Trichodesmium blooms, other
species of plankton consume one another and excrete nutrients as byproducts of their metabolic processes.

Terrestrial
(land-based)
fluxes

Terrestrial fluxes can include a variety of organic and inorganic nutrients that result from human activities as
well as natural physical processes. While a substantial portion of these nutrients are absorbed before escaping
into the Gulf, some may become accessible to red tides.

Benthic (sea
bottom) Fluxes

The benthos or sea bottom serves as a significant reservoir of nutrients. A rich variety of marine life utilizes
these nutrients but it remains unclear whether or not significant amounts can flux or escape into the water
column in a manner that allows Karenia brevis to access them.

Trichodesmium
Blooms

Regenerated
Nutrients
Dead Fish

191

Self-Sustaining Mechanisms
K. brevis, in association with bacteria, may be particularly adept at regenerating nutrients from metabolic
byproducts as well as the nutrients that are released when cells die. While this should not contribute to bloom
growth it may allow red tide blooms to maintain themselves until more nutrients become available.
Dead fish can disperse a large amount of nutrients throughout the water column. As red tides become larger and
more intense they begin to kill more fish. The fish kills result in the release of additional nutrients that can
intensify the bloom.

Adapted from Alcock, 2007, and Carpenter and Montoya, 2011.
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Table 4: Regional delineation of 23 western coastal Florida counties (Dixon and Steindinger,
2004).192

Region I Counties
Escambia
Santa Rosa
Okaloosa
Walton
Bay
Gulf
Franklin
Wakulla
Jefferson
Taylor

192

Region II Counties
Dixie
Levy
Citrus
Hernando
Pasco
Pinellas
Hillsborough
Manatee

Region III Counties
Sarasota
Charlotte
Lee
Collier
Monroe

Dixon and Steindinger, 2004.
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Table 5.1: Percentage of economic data in which Florida Gulf Coast counties experienced
negative perturbations from the 99% confidence interval following hurricanes and total
counts of instances (1969-2009). Percentages calculated by dividing negative perturbations by
the total number of perturbations from the 99% confidence interval.
Population
Bay
Charlotte
Citrus
Collier
Dixie
Escambia
Franklin
Gulf
Hernando
Hillsborough
Jefferson
Lee
Levy
Manatee
Monroe
Okaloosa
Pasco
Pinellas
Santa Rosa
Sarasota
Taylor
Wakulla
Walton

Employment
50%

-100%
44%
--

-67%
0%
33%
0%
33%
0%
25%
33%
20%
64%
100%
50%
100%
0%
100%
75%
25%
50%

Proprietors
50%
0%
25%

--

--

-25%
29%
0%
0%
33%
0%
40%
13%
20%
100%
0%
0%
50%
0%
50%
0%
50%

--

Employment
1
0
1
4
0
4
0
1
0
1
0
1
1
1
7
2
2
2

Income
1
0
2
0
0
2
1
0
0
1
0
1
1
1
6
1
0
1

-0%
13%
33%
0%
25%
0%
50%
50%
33%
40%
0%
0%
50%
33%
100%
25%
33%
33%

-20%
33%
20%
55%
33%
0%
50%
0%
50%
33%
50%

Average
38%
0%
67%
32%

0%
0%
0%
57%

--

40%
13%
0%
0%
33%

Population
Bay
Charlotte
Citrus
Collier
Dixie
Escambia
Franklin
Gulf
Hernando
Hillsborough
Jefferson
Lee
Levy
Manatee
Monroe
Okaloosa
Pasco
Pinellas

Income
50%
0%
100%
0%

33%
13%
17%
0%
31%
0%
24%
39%
21%
45%
58%
13%
50%
21%
63%
46%
27%
44%

Proprietors
1
0
0
1
0
1
2
0
0
1
0
0
2
1
2
2
0
0

0
0
0
4
0
0
1
2
0
1
0
3
1
1
2
0
0
1
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Santa Rosa
Sarasota
Taylor
Wakulla
Walton

0
2
3
1
1

0
1
1
1
0

1
0
2
0
1

1
2
1
1
1

Table 5.2: Percentage of economic data in which Florida Gulf Coast counties experienced
negative perturbations from the 99% confidence interval following red tides and total
counts of instances (1997-2011). Percentages calculated by dividing negative perturbations by
the total number of perturbations from the 99% confidence interval.
Population

Employment

Income

Proprietors

Average

Region 1

60%

0%

33%

100%

48%

Region 2

0%

0%

0%

33%

8%

Region 3

0%

17%

20%

20%

14%

Population

Employment

Income

Proprietors

Region 1

3

0

1

1

Region 2

0

0

0

1

Region 3

0

1

1

1
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Table 6: Summary of existing, most accessible policy types pertaining to red tides and
hurricanes across the 23 Florida Gulf Coast counties. Data collected December, 2011January, 2012 via interviews with county emergency managers and from county emergency
management websites (see table 8).
Type of Policy
CC
GIS
MB
PE
SM
Total

Red Tides (# of policies)
20
0
0
12
15
47

Hurricanes (# of policies)
32
7
3
32
2
76

Policy Type Key
CC: Command and Control
GIS: Geographical Information Systems
MB: Market-based
PE: Public Education/Outreach
SM: Scientific Monitoring/Research

73

Table 7: United States mainland hurricane strikes by state (Texas to Maine), 1900–1996.
(National Hurricane Center, 1997). 193 All hurricanes in this group had wind speeds above 30
mph. State totals will not necessarily equal United States totals, and Texas or Florida totals will
not necessarily equal sum of sectional totals.

Area

United States (Texas to Maine)
Texas
Louisiana
Mississippi
Alabama
Florida
Georgia
South Carolina
North Carolina
Virginia
Maryland
Delaware
New Jersey
New York
Connecticut
Rhode Island
Massachusetts
New Hampshire
Maine

193

Category
Number

1
58
12
8
1
4
17
1
6
10
2
0
0
1a
3
2
0
2
1a
5a

2
36
9
5
1
1
16
4
4
4
1
1a
0
0
1a
3a
2a
2a
1a
0

All

Major

3 4 5 1,2,3,4,5
3,4,5
47 15 2
158
64
9 6 0
36
15
8 3 1
25
12
5 0 1
8
6
5 0 0
10
5
17 6 1
57
24
0 0 0
5
0
2 2 0
14
4
10 1a 0
25
11
1a 0 0
4
1a
0 0 0
1a
0
0 0 0
0
0
0 0 0
1a
0
5a 0 0
9
5a
3a 0 0
8
3a
3a 0 0
5a
3a
2a 0 0
6
2a
0 0 0
2a
0
0 0 0
5a
0

Wilson and Oyola-Yemaiel, 2001.
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Table 8: Policy types in 23 Florida Gulf Coast counties, at the state and federal level. Data collected December, 2011-January,
2012 in interviews with county emergency managers, county emergency management websites, state websites, and federal websites.
Federal Policies
Hazard

Policy
Type

Red Tides

SM

Description
Centers for Disease
Control and
Prevention (CDC)

Red Tides

PE, SM

NOAA Harmful Algal
Bloom Operational
Forecast System
(HAB-OFS)

Red Tides

GIS

Mapping Harmful
Algal Blooms

Red Tides

Disaster
Aid
(none)

FEMA

CC, PE

National Incident
Management System
(NIMS)

Hurricanes

Details
CDC is working with investigators from local, state, and federal health agencies to assess the respiratory effects
of recreational and occupational exposure.194
Advance warning of harmful algal blooms increases the options for managing impacts resulting from these
events. NOAA's Harmful Algal Bloom Operational Forecast System provides information on the location, extent,
and the potential for development or movement of harmful algal blooms in the Gulf of Mexico. The forecast
system relies on satellite imagery, field observations, models, public health reports and buoy data to provide the
large spatial scale and high frequency of observations required to assess and predict bloom conditions, location
and movements. HAB conditions reports, including potential impacts for the next 3-4 days, are posted to the
NOAA Web page twice a week after confirmation of a HAB, and once weekly during the inactive HAB season.
Additional bloom analysis is included in the HAB Bulletin that is provided to state and local coastal resource
managers in the region.195
The HABSOS internet map service was created by NOAA's National Coastal Data Development Center
(NCDDC). Karenia brevis presence and absence data is provided by NOAA's Center for Operational
Oceanographic Products and Services' Harmful Algal Bloom Operational Forecast System (HAB-OFS) and
NCDDC HABSOS Data Entry Tool.196
In his article from 2005, MA Governor Romney asked for disaster unemployment assistance funds because of red
tides. Governor Romney's request for a major disaster declaration was denied by FEMA and FEMA spokesman
Marty Bahamonde said there had never been a major disaster declaration for red tide, stating ''There was no
precedent for it.''197
How counties organize for emergency management, standard way across the board. NIMS established post 9/11
for all responders (federal) because during 9/11 efforts weren't coordinated among different responders from
different parts of the country. NIMS works hand in hand with the National Response Framework (NRF). NIMS
provides the template for the management of incidents, while the NRF provides the structure and mechanisms for
national-level policy for incident management. 198
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Hurricanes

CC, PE

Federal Emergency
Management Agency
(FEMA)

Hurricanes

CC, PE

Hurricanes

MB

FEMA Emergency
Support Function #1 –
Transportation Annex
Flood Mitigation
Assistance

Hurricanes

MB

National Flood
Insurance Program
(NFIP)

Hurricanes

GIS

FEMA

FEMA mission: support our citizens and first responders to ensure that as a nation we work together to build,
sustain, and improve our capability to prepare for, protect against, respond to, recover from, and mitigate all
hazards. Post-disaster relief and assistance, National Flood Insurance Program, Community Rating System,
Hazard Mitigation Grant Program, Repair and Restoration of Disaster-Damaged Historic Properties program. 199
Emergency Support Function (ESF) #1 – Transportation provides support to the Department of Homeland
Security (DHS) by assisting Federal, State, tribal and local governmental entities, voluntary organizations,
nongovernmental organizations, and the private sector in the management of transportation systems and
infrastructure during domestic threats or in response to incidents. ESF #1 also participates in prevention,
preparedness, response, recovery, and mitigation activities. ESF #1 carries out the Department of Transportation
(DOT)’s statutory responsibilities, including regulation of transportation, management of the Nation’s airspace,
and ensuring the safety and security of the national transportation system. 200
Federally funded state program providing 75% of cost to elevate or relocate repetitively damaged properties in
NFIP communities.201
Federal home insurance for flooding from hurricanes, tropical storms, heavy rains and other conditions. Created
in 1968 by Congress. The NFIP offers flood insurance to homeowners, renters, and business owners if their
community participates in the NFIP. Participating communities agree to adopt and enforce ordinances that meet
or exceed FEMA requirements to reduce the risk of flooding. 202
FEMA employs six full time employees and two part time employees in their GIS division. From their website:
“Our primary mission is administration, coordination, collection, and dissemination of geographic information
for FEMA and the Emergency Management Community under Emergency Support Function #5 (Information and
Planning) of the National Response Framework and in support of the Robert T. Stafford Disaster Relief and
Emergency Assistance Act (PL 93-288) as amended. Our current concept of operations includes a full range of
GIS services to all FEMA program offices that encompasses sophisticated geospatial analytics through the
Mapping and Analysis Center (MAC) and deployable GIS technology through the Deployable Emergency GIS
program (DEGS). In the near future, we will be offering online discovery capabilities for finding FEMA GIS data
that includes presidential disaster declaration areas, imagery derived products for declared disasters, and other
publically available programmatic and event data.”203
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Florida Policies
Hazard

Policy Type

Description

Details

Red Tides

SM

Florida Harmful
Algal Bloom
Task Force

Advisory body established in 1971 to address HAB issues in Florida waters. Members include representatives from
government, universities, and the public and private sectors. The Florida HAB Task Force was legislatively mandated in
1999. Reports prepared by the Florida Harmful Algal Bloom Task Force identify and address harmful algal bloom issues and
concerns, including negative environmental impacts and potential human health risks. The reports also identify and address
harmful algal bloom issues and concerns, including negative environmental impacts and potential human health risks. 204

Red Tides

CC

Florida Statute
379.2272

Red Tides

SM

Regional
Ambient
Monitoring
Program
(RAMP)

Red Tides

PE

FWS Website
and Hotlines

Charges FWRI with implementing “a program designed to increase the knowledge of factors that control harmful algal
blooms, including red tide, and to gain knowledge to be used for the early detection of factors precipitating harmful algal
blooms for accurate prediction of the extent and seriousness of harmful algal blooms and for undertaking successful efforts to
control and mitigate the effects of harmful algal blooms….The goal of this program is to enable resource managers to assess
the potential for public health damage and economic damage from a given bloom and to undertake control and mitigation
efforts through the development and application of an integrated detection and prediction network for monitoring and
responding to the development and movement of harmful algal blooms in Florida marine and estuarine waters.” 205
RAMP coordinates the bay-wide water and sediment/benthic quality monitoring programs of many sampling entities in the
state including both the public and private sectors. RAMP meets quarterly to collect water samples for inter-laboratory
comparisons and to discuss approaches to strengthen overall monitoring program compatibility. Each of the monitoring
programs has its own laboratory run the samples for a core group of parameters and the RAMP participants compare the
results at a following meeting. This process, which allows the participants to resolve differences between laboratories and
discuss updated methods and techniques, has been recognized by the State of Florida as a core group for inclusion in the
developing statewide program.206
Florida Fish and Wildlife Service website provides data about cell concentrations at specific locations and closed shellfish
areas; the Red Tide Status Line and 24-hour Freshwater Toxin hotline is available for callers reporting detailed conditions
throughout the state207
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Red Tides

SM, PE

Florida
Division of
Aquaculture

Daily status reports of shellfish harvesting areas. To satisfy the Interstate Shellfish Sanitation Conference (ISSC) guidelines,
water and shellfish meat samples are collected by Division of Aquaculture staff for testing. Determination of red tide cell
counts and brevetoxin toxicity are procedures completed by Florida Fish and Wildlife Research Institute personnel. A live
count method is used to determine the number of Karenia brevis cells per liter of seawater. Background levels of K. brevis
throughout the year are usually 1,000 cells or less per liter of seawater. Counts of 5,000 K. brevis cells per liter or greater
close shellfish harvesting areas. A shellfish harvesting area is not reopened until cell counts drop below 5,000 K. brevis cells
per liter and bioassay tests confirm the shellfish are not toxic. 208
Online Food and Waterborne Illness Complaint Form209

Red Tides

PE

Red Tides

CC, SM, PE,
MB

Online Report
Form
Northwest
Florida Water
Management
District

Hurricanes

CC, PE

Family disaster
planning
(Disaster
Planning
Assistance)

Using the information provided, this website creates a personalized Family Disaster Plan for future emergencies. Included in
your plan is recommended amounts of food and water based on family information, contact information for local emergency
responders and maps of local Evacuation Zones, and checklists of important steps to take before, during, and after a
disaster.211

Hurricanes

CC

Comprehensive
Emergency
Management
Plan (CEMP)

Each county is mandated by law to have a CEMP. Florida law establishes the plan as the master operations document for the
State of Florida and it is the framework through which the state handles emergencies and disasters. It defines the
responsibilities of the government, private, volunteer and non-governmental organizations that comprise the State Emergency
Response Team (SERT). The document consists of a Basic Plan, which describes the process for preparedness, response,
recovery and mitigation activities of the SERT. It also contains an annex for the 18 Emergency Support Functions (ESFs), the
primary mechanisms for providing assistance at the state level, and annexes for responding to specific hazards such as
wildfires and pandemic disease outbreaks. The CEMP ensures that all levels of government are able to mobilize as a unified
emergency organization to safeguard the well-being of the state’s residents and visitors. It is the plan to which many of the
State of Florida’s other disaster response plans are aligned. 212

The District is one of five water management districts in Florida created by the Water Resources Act of 1972. The District has
worked for decades to protect and manage water resources in a sustainable manner for the continued welfare of people and
natural systems across its 16-county region. It serves Bay, Calhoun, Escambia, Franklin, Gadsden, Gulf, Holmes, Jackson,
Leon, Liberty, Okaloosa, Santa Rosa, Wakulla, Walton, Washington and western Jefferson County. 210
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Northwest Florida Water Management District, Online.
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Welcome to FloridaDisaster.org, Online.
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Hurricanes

MB

Citizens
Property
Insurance
Corporation

Florida state run home insurance program. 213

Hurricanes

CC

This code provides minimum safety standards for design and construction of buildings. 214

Hurricanes

CC, PE

Hurricanes

CC

Florida State
Wide Building
Code
State Hazard
Mitigation Plan
Florida
Division of
Emergency
Management
(DEM)

Hurricanes

MB

Emergency
Management
Preparedness
and Assistance
Trust Fund

Hurricanes

CC

Florida
Division of
Emergency
Management
(DEM)

The State Hazard Mitigation Plan contains risk assessment and vulnerability information for all natural hazards in the state of
Florida.215
The Division of Emergency Management plans for and responds to both natural and man-made disasters. These range from
floods and hurricanes to incidents involving hazardous materials or nuclear power. The division prepares and implements a
statewide Comprehensive Emergency Management Plan, and routinely conducts extensive exercises to test state and county
emergency response capabilities. The division is the state's liaison with federal and local agencies on emergencies of all kinds.
After a disaster, the division conducts damage assessment surveys and advises the Governor on whether to declare an
emergency and seek federal relief funds. The division maintains a primary Emergency Operations Center (EOC) in
Tallahassee. The EOC serves as the communications and command center for reporting emergencies and coordinating state
response activities. The division also operates the State Warning Point, a state emergency communications center staffed 24
hours each day. The center maintains statewide communications with county emergency officials.216
Provides competitive grants to state or regional agencies, local governments, and private non-profit organizations to
implement projects that will further state and local emergency management objectives. However, their website states: The
Division of Emergency Management will not be executing contracts for this application cycle. Due to Florida's budget
shortfall, funds for the Emergency Management Preparedness and Assistance Competitive Grant Program were not
appropriated by the Florida Legislature. Any future funding of this program will require legislative approval. 217
List of county managers, 7 DEM regional coordinators.218
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County Policies
County

Hazard

Policy Type

Bay

Red Tide

PE

Description
Beach Advisories,
Bay County Health
Department

Hurricanes

CC, PE

Emergency
Management
Department

Hurricanes

PE, GIS

GIS map galleries

Red Tide

SM

Periodic Sampling

Red Tide

CC

Fertilizer Ordinance

Hurricanes

PE

Red Tide
Hurricanes

Charlotte

Citrus

Details
Notification and warning of the presence of red tides, usually by television reports and posted signs at
beaches. Flag warning system for marine hazards. 219
Outlines mitigation procedures and provisions such as not building in certain zones, building one foot above
freeboards to try to keep flooding in the street. Mitigation (what measures to take to reduce hazards) such as
building higher, building stronger, generators for backup power. Point website users and citizens to FEMA
and state website for more information about hazard planning. Pet friendly shelters.220

CC, MB

Emergency
Management Plan
WWTP and
Reclaimed Water
Users

Emergency planning maps, hurricane preparedness maps, etc. 221
County works with the Florida Fish and Wildlife Conservation Commission to sample and test for red tide.
Charlotte County samples two locations every Tuesday in addition to the other locations sampled directly by
FWC and sends the samples to St. Petersburg for testing. If red tide is present in medium to high
concentrations signs are placed at the County’s beaches informing patrons of compromised water quality. 222
In 2011, Charlotte County Board of County Commissioners approved Ordinance No. 2011-017 regulating
the use of fertilizers containing nitrogen and/or phosphorous on Charlotte County lawns. It establishes Best
Management Practices (BMP’s) for both residential and commercial turf fertilizer application. The new
ordinance requires fertilizer contain at least 50% slow-release nitrogen.223
Office of Emergency Management lists categories and translations of wind speeds on website, defines
differences between advisories, hurricane watch, tropical storm watch/warning, etc. Gives preparation
options (stay home, stay with friend or relative in safe place, evacuate area completely), also using public
shelters, provides link to National Hurricane Center website with hurricane tracking map. Lists links to road
closings, list of refuge sites, evacuation zones, evacuation routes, and emergency bulletins. 224
WWTP were created and expanded along with having golf courses utilize more reclaimed water so that
pollution could be lowered in local waterways. This is part of the local mitigation strategy for wastewater
treatment.225

CC

Local Mitigation

Outlines all of the potential hazards faced throughout the county including hurricanes and other disasters,
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Powell, Tina, 2011.
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Charlotte County's Fertilizer Ordinance, Online.
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Office of Emergency Management, Online.
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Mitigation Strategy Working Group, 2010.
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Collier

Dixie

Strategy

provides strategies for mitigating disasters and reducing their potential human impacts.226

Hurricanes

PE,CC

Evacuation Zones

County map divided into sections that will need evacuation based on the size of storm event 227

Hurricanes

PE

Hazard Alert System

Red Tide

SM, PE

Collier County
Pollution Control &
Prevention
Department

Red Tide

CC

Fertilizer Ordinance

Hurricanes

PE

Red Tide

CC,SM

Emergency
management website
Local Mitigation
Strategy

Hazard alert system designed to show public current threat levels are to hazards 228
The department provides frequent (1-2 times weekly) red tide updates and monitors pollution in drinking
water. Their goal is to monitor and assess Collier County’s water quality through the collection and
evaluation of ground water samples and surface water samples. They also coordinate sediment studies
throughout the county and ground water quality studies in areas with a high density of privately owned
residential drinking water wells. The team provides technical assistance to other agencies and county
departments (e.g. South Florida Water Management District, Big Cypress Basin Board, Florida Department
of Environmental Protection, Collier County Coastal Zone Management, Wastewater, Water, and Parks and
Recreation Departments, and others229
To reduce the risk of fertilizer runoff from contributing to nutrient pollution in County waters the Collier
County Florida-Friendly Use of Fertilizer on Urban Landscapes was adopted July 26, 2011 230
Features up-to-date map on current weather, links on website to current emergency information, disaster
volunteer teams, forecasts, emergency contacts, national hurricane center, mapping hazards for homes, pet
information, and evacuation information. 231
Land use plans that involve monitoring of coastal erosion and depletion of wetlands and other factors that
might limit pollution runoff into the ocean.232

Hurricanes

CC,PE

Hurricanes

SM

Evacuation Routes
Local Mitigation
Strategy

Evacuation routes written out for the population for use during an emergency situation s. 233
Part of the LMS calls for scientific monitoring of mitigation strategies to see which are having the greatest
effect234

Hurricanes

CC

Local Mitigation

Outline of potential risks and mitigation strategies for Dixie County.235
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Strategy

Escambia

Franklin

Red Tide

SM

Red Tide

CC

Hurricanes

CC, PE

Escambia County
Health Department
CEMP sections 8 and
10
Escambia County
Emergency
Management, CEMP

Hurricanes

CC and PE

Local Mitigation
Strategy

Hurricanes

GIS

GIS mapping

Red Tide

CC

Local Mitigation
Strategy

Hurricanes

CC

Local Mitigation
Strategy

The Escambia County Health Department, Northwest District DEP's Watershed Management Section, and
Citizen Volunteers partner in a weekly water quality report for Escambia and Santa Rosa counties. Website
links to Florida Fish and Wildlife Conservation Commission website for red tide advisories.236
Emergency Support Function (ESF) 8 and 10: Health and Medical and Hazardous Materials.237
The Division of Emergency Management is responsible for coordinating mitigation, preparedness, response,
and recovery efforts for emergency events in the community. Hurricane shelters, etc.238
The Escambia County LMS Plan was approved by FEMA in September 2010; the next update will be in
2015. LMS identifies specific hazards, man-made, natural, and technological, that could negatively impact
the community, and have created a strategy to mitigate hazards. Also includes public education to inform
citizens of risks and mitigation activities. 239
Hurricane evacuation zones, transportation, property, storm surge zones240
Red tides are listed under infestation/disease hazards, and the extent of threat is listed as very minimal for
humans but, because of the tremendous fish and marine life kills, red tides consistently pose a threat to the
county’s seafood industry. There was insufficient information to generate an estimate of potential dollar
losses from this type of hazard. Potential losses will be estimated as more information and technology
becomes available. This capability will be reassessed each planning cycle. 241
Because of the importance of avoiding or minimizing the vulnerability to these hazards, the public and
private sector interests of Apalachicola, Carrabelle and Franklin County have joined together to create a task
force to undertake a comprehensive planning process that has culminated in the publication of the: "Franklin
County Local Mitigation Strategy (LMS)." 242
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Hurricanes

Gulf

Hernando

CC

Hurricanes

GIS

Red Tide

CC

Hurricanes

CC, PE

Hurricanes

CC, PE

Hurricanes

GIS

Red Tide

CC

Hurricanes

PE,CC

Local Mitigation
Strategy
Mapping for
Emergency
Management Parallel
Hazard Information
System (MEMPHIS)
Local Mitigation
Strategy
Local Mitigation
Strategy
Emergency
Management
Department
Mapping for
Emergency
Management Parallel
Hazard Information
System (MEMPHIS)
NPDES Storm water
Permitting System
Community
Emergency Response

Mitigation goals and policies include minimizing property damage, conducting hurricane procedures to
ensure that hurricane evacuation times do not exceed 24 hours for Category 1 and 2 storms and 30 hours of
Category 3, 4, and 5 storms, protecting natural coastal barriers, etc. 243
The Department of Community Affairs (DCA) provided the Mapping for Emergency Management Parallel
Hazard Information System (MEMPHIS) to model the hazards of every county in Florida. MEMPHIS uses
Geographical Information System (GIS) technology to estimate the potential damage and dollar losses
resulting from a variety of natural hazards. 244
Land use policies (not specifically for red tide mitigation) including storm water regulations, coastal land
use, agricultural practices, river systems, water resources management systems, coastal development, 245
The public and private sector interests of Port St. Joe, Wewahitchka, and Gulf County created a task force to
undertake a comprehensive planning process that has culminated in the publication of the: "Gulf County
Local Mitigation Strategy (LMS)." A revision will take place in 2015.246
Gulf County Emergency Management is responsible for planning for emergency preparedness, response,
recovery and mitigation efforts for all types of emergencies and disasters in Gulf County, Florida. 247
The Department of Community Affairs (DCA) provided the Mapping for Emergency Management Parallel
Hazard Information System (MEMPHIS) to model the hazards of every county in Florida. MEMPHIS uses
Geographical Information System (GIS) technology to estimate the potential damage and dollar losses
resulting from a variety of natural hazards. 248
FDEP requires permits for storm water management systems for municipalities the size of Hernando County.
Hernando County must utilize its own BMPs in order to meet the minimum requirements for pollution
levels249
Volunteer program designed to make the community a larger part of their own protection. While the program
includes a wide range or positions part of it involves emergency management for situations like hurricanes 250
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Team

Hillsborough

Jefferson

Lee

The Hernando County LMS plan identified three broad hazard mitigation goals: increase public awareness
regarding mitigation, promote a disaster resistant community, and partner with the Division of Forestry to
develop a wildfire mitigation program. 251
Hernando County rated a 7 in the community rating system. This allows Hernando County residents to
receive a 15% discount on flood insurance.252

Hurricanes

CC, PE

Hurricanes

MB

Local Mitigation
Strategy
National Flood
Insurance Program

Hurricanes

PE,CC

Evacuation Zones

County map divided into sections that will need evacuation based on the size of storm event 253

Red Tide

SM

FWRI Monitoring

Hurricanes

PE

Preparation Guide

Hurricanes

PE

Hurricane Evacuation
Assessment Tool
(HEAT)

Red Tide

CC

Hurricanes

CC, GIS

Red Tide

PE, SM

Water quality monitored by Fish and Wildlife service office (St. Petersburg) and is run by State of Florida254
Official hurricane guides and evacuation zone maps for the counties in the Tampa Bay Region. A hurricane
evacuation will be ordered by Level (A, B, C, D or E) as shown on these color-coded maps. The maps also
show the location of evacuation routes and public shelters to zones inland. The guide offers 10-step
preparation guide to protect from strong winds, floods, storm surges, includes advice for elderly and pets. 255
Assists residents of Hillsborough County by providing evacuation and sheltering information in the event of
a hurricane or other natural disaster. This interactive program was designed to assist the public in easily
determining if they are in one of the five evacuation zones. It also provides information on shelters, hospitals,
fire stations and sandbag locations. 256
County has an ambitious plan as part of their LMS. They are looking to increase their conserved lands from
2.6% to 32%. This massive increase would give Jefferson County the highest amount of conserved lands
proportional to county size in the state. 257
County's LMS contains many different maps that show various zones for damages based on the strength of
the storm. Also included in these maps are areas of flood risk from storm surge. 258
Monitored by Fish and Wildlife Commission and Lee County Health Department. People can check the
condition of the beaches online, updated twice a day259

Land Use
Hurricane
Vulnerability Maps
Online Beach
Monitoring System
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Red Tide

Levy

CC

Fertilizer Ordinance

Hurricanes

PE

Lee County Hazard
Vulnerability
Analysis

Hurricanes

CC

Emergency
Operations Center

Red Tide

CC

Levy County
Comprehensive Plan

Red Tide

CC

Levy County
Comprehensive Plan

Lee County has experienced increased water pollution in recent years. Effects of harmful algal blooms
include fish kills, adverse human health impacts, and negative effects to the economy as a result of nutrient
pollution in our waters. Nutrient pollution comes from various sources including fertilizer, septic tank &
package plant failure, atmospheric and road runoff deposition from cars, and improper disposal of yard &
other wastes. The ordinance seeks to minimize harmful algal blooms in the Lee County watershed. 260
Supplies information regarding the potential number of people that could be affected by natural or man-made
disasters and it estimates how often an event may occur. The individual results are subject to wide variability,
but the process allows emergency managers to rank potential risk using similar criteria. This allows
preparation, response and recovery resources to be directed at the most significant challenges. 261
Command center for official Lee County emergency information when a hurricane becomes an imminent
threat. The Hurricane Preparation Guide website provides links to evacuation zone iPhone Apps, flood
hazards, special needs, public shelters, evacuation zones, storm water monitoring, long-term disaster
recovery, hurricane debris collections, and housing resources available after the storm. There are also links to
local agencies and volunteer training programs to assist in disaster management. 262
Policy 1.3. Wetlands shall be protected and preserved. New development shall preserve the total area of
wetlands on site and protect the natural drainage features of associated wetland systems. All water courses
shall be preserved in a natural state to protect the natural drainage features of the land. However,
development necessary for essential public uses may be allowed in such areas consistent with Conservation
Element Policy 3.1.263
Policy 2.1-2.3. Conserve water and water resources to protect springs. Policy 2.1 The use of landscaping best
management practices as described in Guidelines for Model Ordinance Language for Protection of water
quality and Quantity Using Florida Friendly Lawns and Landscapes. (Florida Department of Environmental
Protection, September 2, 2003) is required. Policy 2.2 Levy County will establish guidelines for managing
existing and future lawns and landscapes at all Levy County facilities using the educational guidelines
contained in the University of Florida Extension’s Florida Yards and Neighborhoods Program,
Environmental Landscape Management (ELM) principles and Best Management Practices. Such guidelines
shall include practices that are designed to reduce nitrate infiltration into ground and surface water. Policy
2.3 All golf course siting, design, construction and management shall implement the prevention, management
and monitoring practices, detailed in the golf course siting, de sign and management chapter of the Protecting
Florida’s Springs Manual Land Use Planning Strategies and Best Management Practices (November 2002).
These practices are derived from the Audubon International Signature Program. 264
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Manatee

Monroe

Emergency
broadcasting towers
Hurricane
preparedness guides

Plans developed as part of the county LMS to bring in emergency frequency broadcasting towers so as to
better communicate with the county's rural population during an emergency.265
Levy county website links to a number of hurricane preparedness guides to help residents in time of
emergency.266
Withlacoochee Regional Planning Council helped develop a storm surge map to show what kinds of damage
would be caused by storm surges of varying intensities.267

Hurricanes

CC, PE

Hurricanes

PE

Hurricanes

PE, GIS

Red Tide

PE, SM

Red Tide

SM, PE

Storm Surge Maps
Online Beach
Monitoring System
Lifeguard
Awareness/Protectio
n of Swimmers

Red Tide

SM

Fertilizer Ordinance

Red Tide

CC

Intra-Agency
Coordination

Hurricanes

PE, CC

The Emergency
Management
Division of the
Public Safety
Department

Beach condition available online, updated twice daily. 268
Manatee County Marine Rescue is involved in a Red Tide Program with the Mote Marine Laboratory to stay
up to date with red tide water testing results and any blooms that may exist in the area. The lifeguard staff is
alerted of the signs of red tide and post signage and flags when this phenomenon occurs. 269
To help prevent algal blooms, fish kills and poor water quality in our lakes, streams, rivers and bays.
Manatee County has adopted a residential fertilizer ordinance to reduce the potential for nutrient-laden runoff
to our aquatic environment. Three groups have responsibilities under the adopted ordinance: 1) Residents and
businesses that self-apply fertilizers; 2) Fertilizer retailers; and 3) Landscape maintenance professionals. 270
The Marine Rescue Division depends on two research institutes for information regarding our marine
environment and they are the Florida Wildlife Research Institute (located in St. Petersburg, FL) and the Mote
Marine Laboratories (located in Sarasota, FL). Their efforts, regarding the study of the marine environment,
are crucial to the understanding, protection and preservation our waterways and other aquatic ecosystems.271
Provides protection for the health, safety and welfare of the citizens of Manatee County. This is
accomplished through effective contingency planning, disaster event coordination of local and state agencies,
all hazards public education, disaster training and exercises for emergency responders. Online resources
include preparation advice for a wide array of hazards, a disaster preparedness course, emergency shelter
locations, and a special needs registry. It also has links to checklists and disaster plans for different facilities
and groups (i.e. medical facilities and businesses).272

Red Tide

PE

Monroe County

The Monroe County Board of County Commissioners and the University of Florida shared a productive
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Extension Office

PE

Hurricanes Brochure

Red Tide

PE, SM

Water Sampling,
Public Service
Announcements

county/state/federal partnership through the Extension Service for over 35 years. The primary mission of the
Extension Service is to disseminate and encourage the application of research-generated knowledge. The
Monroe County Extension Office provides objective information to individuals, businesses, and agencies for
better decision making and by creating programs and services that provide unique lifelong learning
opportunities that empower people to improve their quality of life. 273
Hurricane Survival Guide lists what to do before, during, and after a hurricane to be prepared, how to prepare
an evacuation kit, what to do when the order is given to evacuate, shelter locations, family emergency plan
cards, shelter directions and evacuation routes, as well as information about storm surges and flooding. 274
Water sampled every Monday. Public service announcements via television, internet, and beach postings. No
mitigation/prevention programs because no feasible way of getting rid of red tides. Moves along with tide,
typically only around 3-4 days at the most. Don’t get red tide outbreaks very often. Okaloosa County Health
Department (run by the state of Florida).275
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Emergency broadcast radio system, hurricane tracking (through NOAA), shelter openings and locations,
daily situation reports, disaster supply kit, emergency contacts276
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Available for public viewing.277
Prepares, maintains and executes the CEMP that includes natural, technological hazards, and manmade
events. Public outreach, educational programs, coordination of multi-agency plans and responses and
interaction with state agencies.278
A list of conservation strategies that average residents can adopt without additional hardship. While mostly
designed to conserve water, it does work to limit runoff and other such residential pollutants. 279

Designed with flood control in mind Pasco county wants to protect its wetlands. An additional benefit to this
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Pasco county commission approved a plan that would limit the sale and application of nitrogen as a fertilizer
in the Tampa Bay area. This would limit nitrogen pollution that has been shown to cause algal blooms in the
past.280
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"Red Tide Seafood Safety", Online.

274

State of Florida, Visit Florida, Online.

275

Okaloosa County, Health Department, Online.

276
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Okaloosa County, Emergency Management, Evacuation Routes, Online.
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"Pasco County, FL", Official Website - Emergency Management, Online.
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"Board of Commission Meetings", Pasco County, FL, Online.
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program however is the added filtration provided by wetlands which would limit coastal pollution281
Pasco County has developed its own set of flood mitigation measures so as to make itself eligible for federal
funds for flood insurance282
Pasco County as a part of their LMS has adopted the statewide 2007 building codes as well as requires that
all residential construction within the category 1 evacuation zone is required to mitigate the impact on
shelters. This means in total that buildings must be built to be more sturdy and be able to withstand stronger
storms283
Pasco County's guide to hurricane preparedness and survival. This document outlines many potential risks
faced by residents in the event of a hurricane. It gives specific advice to groups that are at greater risk such as
seniors. In the document they outline what to keep in a hurricane survival kit, what to remember to do help
protect homes, and what to do if an evacuation is called. Guides also available in Spanish.284
All red tide research in Pinellas County is by the Florida Fish and Wildlife Research Institute. In 2003,
Pinellas County implemented a random site selection program for all of its open waters. This new design
provides for a more statistically significant assessment of water quality status and trends to assess the
effectiveness of management actions.285
Ban on fertilizer use during the summer rainy season, Sales of fertilizer with nitrogen or phosphates banned
June through September or any time during the year when big storms hit. Ban initiated in summer 2010.286
Pinellas County issues official evacuation orders soon after a hurricane warning. Whenever any evacuation is
ordered, all mobile- and manufactured-home residents must evacuate. Weather alert radios are available from
the Citizens Information Center, which publically broadcasts news and alerts. Online, PDFs are available
with advice on how to prepare homes, vehicles, yards, medications, and insurance for severe weather events.
County maps are also available with potential surge heights and locations to evacuate during hurricanes. 287
Does not monitor water quality for red tides, only informs public when there is an outbreak. 288
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Pasco County, Emergency Management, Local Mitigation Strategy, Online.
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Pasco County, Emergency Management, Hurricane Guide, 2011.

285

United States, Fish and Wildlife Research Institute, Online (Also: Personal Communication with Pinellas County Dept. of Emergency Management, 2012.)
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Lay, Raymond, 2012.
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Shelter in place plans, hazard kits, "All Hazards Approach."289
The Emergency Management Division is responsible for work in the development, implementation and
management of county-wide disaster prevention, preparedness, response, recovery and mitigation. It is
responsible for the County’s all-hazard Comprehensive Emergency Plan and coordinates the activities for the
County’s Emergency Operations Center (EOC). 290
People can check the condition of the beaches online, updated twice a day, and report fish kills to local health
authorities so frequent cleaning of effected areas is done on a regular and as needed basis. Daily Red Tide
updates in Sarasota County and Sarasota Red Tide hotline, press releases, warnings, health effects available
online for residents.291
Beginning in January 2006, the Sarasota County Health Department, working jointly with Mote Marine
Laboratory, conducts weekly red tide (Karenia brevis) cell counts to monitor red tide on our county beaches.
Samples are typically taken on Mondays with results available and updated by Wednesdays. Sampling and
results may be delayed due to severe weather or holidays.292
Aug. 27, 2007, the Sarasota County Commission approved an ordinance regulating the use of fertilizers
containing nitrogen and/or phosphorus within Sarasota County. Ordinance No. 2007-062, Sarasota County
Fertilizer and Landscape Management Code. No fertilizer may be applied to impervious (non-porous)
surfaces, and any spillage must be removed. Fertilizer may not be applied within 10 feet of any water body or
wetland, A six-foot low-maintenance zone of landscape plants appropriate to preventing fertilizer runoff is
recommended for any water body or wetland. 293
Website listing preparation plans and items to have, “should I stay or should I go” list, links to resources for
people/families with special needs, emergency shelters, evacuation routes, and access to NOAA weather
radio.294
Public information on how to best prepare house/family/business/automobile for a hurricane 295
Requirements for coastal buffer zones (578) and coastal septic systems (579) both of these are pursuant to
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sections 42-545 and 42-545(d) respectively.296
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Outlines what is and is not allowed for dumping into estuaries pursuant to 42-545( c)297
Mitigation strategy for Taylor county for dealing with a number of different disasters both manmade and
natural. Included in this document are the potential risks and mitigation strategies Taylor county faces from
hurricanes298
General requirements for shoreline development, building codes etc. that must be up to hurricane resistance
standards.299
Shoreline use requirements including hurricane evacuation plans for all residents. 300
Goals: 1) Maintain an early warning system, 2) define the severity and extent of the occurrence, 3) minimize
illness, 4) monitor harvest areas, and 5) reclaim contaminated areas for harvesting. - At 5000/quart Shellfish
beds close - Under the Division of Aquaculture the NSSP, and ISSC. 301
Outline of risk assessment to different disasters including hurricanes in Wakulla County- outlines potential
damages based on different size storms. Data compiled from nation-wide university studies. 302
National regulation requiring counties to create mitigation plans in exchange for disaster relief funding. 303
County offers a hurricane survival guide that provides a set of proven guidelines for people to follow when
preparing for and during a hurricane so as to decrease risks. 304
Monitor water quality for beaches. If there are red tide readings, the county notifies the main office in
Tallahassee, which then sends out closure announcements. To inform public of red tides county uses
newsletters, notifies press, and local media. Neighboring counties often publicize red tides on nightly news.
County takes directive from state about whether to mandate a beach closure. Posted warning signs on
beaches alert individuals of dangers of red tides.
Coordinate emergency response to severe weather, disasters, medical emergencies, fires, rescues, animal
control, and hazardous materials situations. The division develops plans, standard operating procedures,
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“Monicode." Code of Ordinances of Taylor County, Florida, 2012.
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Ibid.
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Taylor County. Emergency Management. Local Mitigation Strategy, Online.
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Ibid.
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State of Florida. Department of Agriculture and Consumer Services, 2011.
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American Red Cross and Apalachee Regional Planning Council, 2009.
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Ventura County. Disaster Mitigation Act Fact Sheet, Online.

304

American Red Cross and Apalachee Regional Planning Council, 2009.
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protocols, and policies to support emergency operations. The division conducts training, exercises, and
critiques to support furthering the capabilities of the county’s emergency response teams. 305
Resources and information for natural or man-made hazards including disaster supply kits, family emergency
plans, evacuation routes, etc. 306

305

Little, Ken. Walton County, FL. Rep. Walton County Public Information, Online.

306

Monroe County Florida, Emergency Management, Local Mitigation Strategy, Online.
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Sources of Error
During this study, the most likely source of error is from the raw data. Because annual
data was investigated, any changes that occurred on a time scale of less than a year were not
incorporating in the analysis. It is also possible that the four studied indicators do not accurately
nor completely portray local and regional economies. Local economies are complicated, and
sometimes fluctuate unexpectedly. It is possible that outside circumstances may have affected
the indicators, falsely displaying resilience. Another potential issue considers when data was
recorded every year. The hurricane season in Florida takes place from June to December, but
recorded data is measured on based on the fiscal year. This means that a county may display
resilient economic factors according to our analysis, but differences between the hurricane
season and fiscal season may have allowed time for county recovery before data was recorded.
For storm data, some historical wind speed records are estimated and not completely accurate.
Red tides analysis may yield other sources of error. We utilized a regional approach
rather than considering each county individually. This means that the indicators of the more
populous counties are likely to have stronger weights in demonstrating resilience of regions than
less populous counties. Another issue is that the red tide data was analyzed on a much shorter
time scale (15 years) than hurricanes (40 years), perhaps an insignificant time series to properly
demonstrate conclusive trends.
In collecting data on the policies at the local, county, and federal levels, the most
accessible policies were recorded for each type (command and control, GIS, market-based,
public education, and scientific monitoring). Some types of policies are easier to access in
internet searches or on emergency management websites. For each county, interviews with
county officials and county emergency managers yielded a great deal of information, but may
have been biased towards managers’ individual priorities, or ignored the full spectrum of policies
for their county. Therefore, it is possible that other policy types exist and are not included in the
policy table due to uninformed research. This is noted in our analysis by stating that the “most
accessible policies” are listed, but it may be a shortcoming of this study. Future systematic,
county-wide investigations could determine the presence and absence of policies to determine if
some policy types are truly rare, or they were omitted due to the nature of data collection.
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