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EXECUTIVE SUMMARY

There existontgoing loca efforts by universities,government and rorrgovernmental organizations
(NGOs)researching the issue séalevel riseadaptation in FloridaThese agencies include NOAA, the
SoutleastFlorida Regional Climate ChangeCompact, FDOT, the Metropolitan Planning Agency, The
South Florida Regional Planning Council, Florida International University, the University of Miami and
Florida Atlantic University, the lead for the State University System @inhattiative. The focus of octh

of this workin South Floridahas been to understatié physical and economic vulnerabilty, as welas
developadaptation strategies for the natural and buitt environmjé&r&s$,4,5,6,9.(. Within these efforts,
there has beerimited attention to theelationship betweesealevel riseandhuman healthYet, both
nationally and internationally focusseéalevel risestudieshave underscored that the effectshoman
healthare amajor component to understandisgalevel risevulnerabilty andfor designing adaptation
plans;these includeThe National Climate Assessment, the Intergovernmental Panel on Climate Change
(IPCC), the Centers for Disease Control (CDC) Building Resiience Against Climate Effects (BRACE)
program,and theNational Institutes of Health (NIH) Climate Change &haman Health progranwhile

these programs assess and seek to undeisaltidoutcomes associated with climate change, they do not
consider health as a risk factor. This studyd@msideedhealth as a risk factars well as an outconbat

would contribute toand be affected bihe negative effects of climatehange Health, as measurday
chronic conditions, infectious disease, and accesarey wagonsidered imelatonship wih sealevelrise
asboth an outcome and risk factorvalnerability.

The Florida Institutefor Health Innovation (FIHI), previously the Florida Public Health Institute, was
awarded a twayear grant from the Kresge Foundatior(1pidentify the communiis in Southeast Florida

(Palm Beach, Broward, Miarade, and Monroe) that will be most vulnerablesealevel riseimpacts in

the coming decades; (@entify specific potential public health risks and correlate these risks to identifie d
populations undea 2030 and 2068ealevel risescenario; (3) share this information with local decision
makers to create more robust adaptation plans thatinclude human health considerations; and (4) develop a
technical assistance guidebook and toolkit that can bedsiviineother coastal communities. This research

was informed by antbliows the2012 Regional Climate Action Plan and ##4 RegionalClimate Action
Plan,Health Impact Assessment.

FIHI, the South Florida Regional Planning Council (SFRPC),Roiida Atlantic University Center for
Environmental Studie6~FAU,CES conducted research aadgaged the professionadmmunity to learn

and share about thelationship betweesealevel riseand healtin Southeast FloridaThis report presents
thosereaults. The research was composed eflépth analyses fdiour research objectiveand a final
objective to share findings and collect qualitative inpitie first three studies were to define vulnerabilties
within the region using the following defioihs: (1) geographic vulnerability defined adand having a

high risk of flooding due tsealevel riseand its relationship with groundwat&@) social vulnerability,
defined as areas demonstratifggver socioeconomicstatus, as measured by levels educational
attainmentincome below the federal poverty line, and-mdmite population;and (3)medical vulnerability,
defined based on rates of emergency department visits and hospitalizations ctiuenito obstructive
pulmonary diseas@sthmaandpneumoniagiardiasis,as well as healthcare access to 330 health centers.
This was followed by an effordgpdtos” 4i))n ovlee | aggit dire
considered for Adaptation Action Areas. Finally, (5) extensive outreasttonducted.

The researchieam developed sealevelgroundwaterrise projection maps that displaygeographic
vulnerabilty at the property leveinderspecifed scenarios. Thamodelused to determine the skeavelrise
and groundwater relationship waalidated by previous studiediscussed in this repoféd§. These
projections weraitiized in the mapping projecto thenidentify populations in Southeast Florida most
vulnerable tdhe impactsof sealevel risebased on socialulnerabilty and health datA comprehensive
Social Vulnerability Index (SVI) was createdrepresensocial vulnerability as a single variablen the
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region and was mappeby ZIP code. Medical vulnerabilty was expanded from the original health risk
factor variables@OPD, asthma, pneumonia) to include acute infectious diseases, such as giardiasis.

Populationsdemonstrating highriisk for all of thesevulnerabilities will be particularly vulnerable tthe
negative effects of selavelrise Adaptation mitigation and resiiency efforts must be prioritized for these
populations. The key components of ounethodologyand findings as well as strategy recommendations
weresummarized intaa toolkit The toolkit wil be shared withocal climate change indttives, coastal
communities both regional and nationaind via the Kresge Climate Adaptation Knowledge Exchange
website (cakex.orglinally, our maps and findings were sharedthrough an extensive outreacthitrt
established a crossectoral netwdr for gleaning insight and created an opportunity for our team to
communicate sectespecific information, based on health and vulnerabilty .data

Outreachncluded national s@king engagementagtworking events, climate change conferencas]
meeting with and/orpresenting to diverse regional and loagénciesKey opics included considerations
for human healthsealevel riseprojections and social vulnerability Topics werdailored tofit a context
relevant to the audience, addressingomes specific to each sector. Thasult of these outreach activities
was a vibrantinclusive discussionthat has informeanitigation andadaptation planningcross sectors and
the toolbox strategies that will be shar€doups were extremely recepti® our message; the overall
response was a new commitment, across sectors and the region, to inchlelelsese and health into
planning Outreach activities additionallgxpandedhecollaborative regionalnetworkof individuals who
will addressadaptation, mitigation and resiiency building within itheectors. Professionals in the region
rapidly understood thatealevelgroundwateriseis an important issutor the regiorthat will affect many
populationsand sectoracrossSouth Florida.Similarly, there was a newnderstandinghiat preexisting
vulnerabilties can be a barrier to adaptive capacity.

In summarythe study revealeseveral important facts

1. When considered according to our framekyothere are large populations who currently
demonstratat least one vulnerability social, medical, or geographito sealevel rise with many
of these vulnerabilties overlapping.

2. Sealevelrisehas a direct influence on groundwater and, tiulscause groundwater levels to rise
as the sea risemcreasing theumberof geogaphially vulnerable people

3. With time, there wil bean increasing number of people warte likely to be impacted by the
flooding effects obealevel rise whoare also socially and medically vulnerable.

4. Atpresent, thoseesiding inhigher socioeconomic status areas havglatisk of vulnerabilty to
sealevel rise Over time, this land mayo longer be viable.

5. There is a need to access more granular data to bettestamitthe health effects sfalevel risg
as they manifest over tim&eographic vulnerabilty can be evaluateédhe property level, and
demographiaata at the Census block levaiuch ofthe health data has only been available atthe
countyor ZIP coddevelwhich limits the ability to identify more specifigpopulations representing
vulnerability to all three factors.

6. Sealevelriserequires a constant conversation across sectors in South Florida for the development
of comprehensive mitigation and adaptation strategidstge portion of this project wdscused
on establishing a rapport with diverse sectors to learn their impressions of these findings as well as
to glean additional consideratioridealth care practitioners are essential to this conversation.

7. Adaptive capaity and resiliency building require a regional collaborative effort and will not be as
effective if localized.

To add tothe knowledgebase developed through regional research and efforts, including résgeng

from this project keyhealthrelatedrecommended studies are highlighted bedowd further discussed in
the Recommendatiorsection of this repart
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Develop a specific message for Southeast Florida about climate change and health that describes

the present.

Coastal areas should begin plannifay the impacts of water from flooding, sésvel rise and

ot her i mpacts in order to safeguard their

economic resources in the future.

Future outreach will need to include a compelling and comprehemsitadic health case,

emphasizing economic resiliency.

Health data should be collected more frequently, such as monthly, to allow testing for association

with monthly weather patterns such as changes in water levels, rain amounts, or temperature and

for relationships with soci@conomic vulnerability.

Health data monitoring systems should include increased reporting on and evaluation of emerging

disease related to sdavel rise.

Expand analysis to include variables representing a broader depictiore aftdraction between

social vulnerability, health and climate change, as more data becomes available.

Conduct longitudinal analyses that determine the impact ofesaz riseon health outcomes.

Develop methods to assess the impacts els&drise orhealth conditions.

o An effort should be developed to engage health practitioners in what to look for, how to
communicate information, and how to increase awareness of long term trends.

o Evaluate current data overseas regarding disease incidence and peveldictive models of
growth in southeast Florida.

o Develop tools to assess the impacts ofls®al rise to chronic conditions given that little
impacts could be discerned in this project.

Engage health m@ctitioners in identifying conditions dliness associated to climate chanbew

to communicate information, and how to increase awareness ctéomjirends.
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INTRODUCTION

NASA' s Goddard I nstitute for Space Studies (GI SS
nearly 2 FahrenheitD.5° Celsiussince 1975Much of the conjecturexplaining this increadeas focused
ongreenhouse gases, particularly carbon dioxi@eeenhouse gas emissidnsm human activitiesuch as

the burning of fossil f uetmsesphbra, wamig thepangts). Bytha ppe d i
end of the centuryglobaltemperatures are projected to tisel.8 to 4Celsius[8]. This global temperature

increasas projected to leatb furtherenvironmental changescinding alteregrecipitation pattars;the

melting of ice caps, sheets and glaciers; heating and acidification of oceans; and more frequent extreme
weather eventise. stronger storms, heat waves and drou§ht.

Climate change impacts wil be felt globally, buwibre localareas angopulations are recognized as
particularly vulnealde to climate change impacts [817. The Southeast Florida region, with its fow

lying coasts, subtropical climate, porous ground, and particular water hydrology, is one af thdmdst s
vulnerable agas Climate change threatens both theit andnatural environment awell asdensely

populated and highly divergeopulations[11,13. With 6.6 milion people,Southeast Floridaonstitutes

onethird o f t h etotabpopaldtion 'ared has among theghest rates of projected population growth
[14.The region’s |l argest city, Mi a mostexposedpdpdatoasmo ng t
to the effects of climate changg [1

Sea-Level Rise in South Florida

Global temperature risbas been directly linked to thmelting of ice caps, ice sheets, and glaciSsa
level riseis expected to continyedue tothe increasingly significant loss in ice mass and the thermal
expansion of the oceafs20,2q. This increase iexpected taeachthree feet by 210011,29,30,31,3R

The U.S. Army Corps of Engineeused Key West tidal data from 191999 toproject future levels of
sealevel rise Results showed thdhe sedevel in Southeast Florida wil rise one foot from the 2ah0
204Q ard could rise two feet by 2060 [B3

Sealevel riseis aclimate impacthathasproof of occurrenceDuring the past 100 years, an increase in sea
level has beeabservedSeeFigure 1), andis expected to have significant cemsiences for coastleas.
The combination ofealevel riseand populabn growth makes it essential foontinuel improvement to
and innovation inflbod management strategigs these areafl0,15,16,17,18,19 Various researchers
have confrmed sedevel rise impacts on oastal and island environments
[10,13,15,16,19,20,21,22,23,24,25,265regory et alsimilarly found that within the last two decades, the
global rate okealevelrisehas been larger than the 2@ntury timemean[27]. In addition to melting ice
capsand glaciers hereareincreasing contributions to globaéalevel risefrom the effects of groundwater
depletion reservoir impoundmentand loss of storage capacity in surface waters due to sif269g .

Coastalpopulations are particularly -sisk due to erdsen, inundation and storm surge; howewveterior
populations are also susceptible to rising water tables xadded periods of inundation. Studibave
demonstrate thatsealevel risecauses saltwatertision, which is a direct thre&t coastal potable well

fields. Additionally, reduced aquifer storage may lessen the capacity by which soil can absorb precipitation
and floodwaters, and thircreases the risk of groundwater flooding. Losing that deptarks the ability of

the aquifer to maintain its s@ltorage capacity [34Chang etal. descrbdtisasan over al | “ i f ti
by which there is a 1:1 ratio in water table elevatisectly correlated tsealevel rise[52]. Because the

water table in a coastal area is just aboveleses, storm surge and extreme high tides esmbit some

direct influence Sealevel rise the associated loss of soil storage capaaitgy more intense storms will
overwnelm the current stormater infrastructureTebaldi et al. estmatean increase in extreme weather in
whi c h t eydaa gvenswil IkehO occur every 20 years by 208
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Southeastern Florida hascamplex geology. The region is underlain byp@rous frestwater learing
imestone rock, the Biscayne aquifer. The aquifer is fnagécharged by rainwater amthe major source

of Southeast Florida’'s potable water, serving a

both sustains the regiory Iproviding drirking water ananakes the regiohighly vulnerable to se&evel
rise. As sedevelincreases, the saltwater does not soifacealong the coastlinet also seeps in from the
sea floor pushing from below against tmeshwater supply in the aquifeks aresul, the saltwater and
freshwater meet at a boundary that goes inlandigdo several miles. As the steavel rise moveslong

the boundary inlagh it also lifts the boundary closer to tharface. Saltwater moves through the porous
imestone infittrating freshwater drinking wells and pushing freshwater to saturate soils just beload gro
level.

Sealevel risethreatens livelihood in Southeast Floridaojectionsindicate thepotential for severe damage
toSout heast FIl or i transpartatian nastgiyre, agsiceltarad farsds, arttie largest
wetland in North America which host adelicate ecosysten7[LlJ. Too often generalized adaptation
solutions are the only solutions offered,B5,36. Sealevelriseis a slow, steady credipat requires, not a
reaction, butobustand thorough decisiemaking, coupled with adaptiveollaborativeplanningto prevent
stranded infrastructure afalled construcion projectg[10]. Without careful planning and actiamportant
infrastructurewil fail to persevereThis can be avoided withmproved datato guide decisionsand
prioritzed adaptation actonsZ hang obser ves Soliearhtrerassin terfd af area a’ s
population, and property value exposed atheincrement ofsealevel rise[10]. Analysis of nodinear
inundation reveals ach county in the region has a unique threshold beyond which losses take off
exponentially. It is therefore dangerous for decisioa k e r s t o -dndsweee "a a‘twaittude
tipping pointsapproach

Climate Change, Health and Risk Factors

Climate change has the potential to create a setiwesit topublic health in terms diealthoutcomes and
disease patternsdB Although stratgies for prevention, mitigatiomnd adaptiorfor climate change will
help lessen negative health impacts, humartthedl continue to be affected bgresent climate change
conditions f0,41,42. It is expected that climate changdlvidoth aggravate existindgiealth risks and
conditions andaciltate emerging diseaseith varying impactsand direct and indireatffects B1]. It is
projected that gpulations with pregnant women, children, the elderlymoobid condiions, low socic
economicstatus, and geographicinerabilities will be most affected [42This context would yield varying
health impacts,feft to different degregsdependenton action taken tamitigate andadapt, with
considerations fovulnerability [1,13,43,44

Seasonal climate changes and poor air qualty from air pulutéike partulate mattertropospheric
ozone, nitrogen dioxidecaused by carbon dioxide, and rising temperatures have the potential to impact
lung function and the incidence and prevalesicasthma, respiratoglergies,COPD and airway diseases

[45]. Extremeheat events increase particulate maitieghe air and thehances of harmful algal blooms,
which carry a potential to become aerosoliz&didfires, similarly, release respiratory irritagitand
carcinogenic substances into the kaicreased carbon dioeds strongly associated withcreases pollen
production, earlier flowering periods, and longer pollen sesfor some allergenic plants [43ncreased
rainfall and flooding along with rising temperaturgsan lead to the gwth of mold and fungi moors[46].

These factors can thexxacerbate asthma, respiratory allergies, and airway diselasesycompounding

ther effects.

Vectorborne diseases were the leading cause of death betweeli tenfify and early 2century [83.
Mortality from thesesignificantly decreasedin the ®2@entury due to advances in memic and vector
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control programg83]. However, since the 1970s, there has been an emergence of manybwawtor
diseases such awmlaria, plague, dengue fevegrhe disease, and West Nile Virus. Although a direct link
with sealevel rise and an increase in vectborne disease has not yet been determined, it must be
considered thasealevel and groundwaterise might influence thse types of diseases by providing
mosquitoes with more breeding grounds.

Many of the vecteborne and zoonotic diseases that once caused significapititgoand mortality in the
United Statessuch as y&w fever, have been controlled.ottever vectorsstil threaten heatlth in the form
of emerging disease or those that maintain a prevalence in populations, such as Lymg5dkebse
transmission of vectdoorne diseases dependn a number of factors including social, economic,
ecological, climaticconditions, and human immunity [h1Given this, timate variabilty ishighly likely

to affect the transmigan, incidence, and geographiange of vecteborne diseases [50b1Warming
global temperaturesealevel rise and changing precipitation pathspresent the perfect environment for
the development and reproductioha variety of vectors, such #®se that carrghagas and West Nile.
As environments warpfarger areaespecialy when inundated with standing groundwtzome ideal
condtins for theseectors to flouris{50].

Many mosquitedriven, vectorborne diseases, including malaria and dengue fever, are some of the most
sensive diseases to climate chand&][ Considered withthe common infrastructure effects of climate
changesuch as iman migration expanded areas of standing wa#ed interruption of health services,
mosquitedriven diseae transmissiois positioned to be amplifiefb7]. Further, population movement due

to changing environmentdike rising seas and increas groundwater anfiboding, could exposenew
populationsto vedor-borne and zoonotic diseas&§|f Modding of the effects of climate change on veetor
borne diseases projsdhat climate change will increafuture transmissionthoughthese models doot

take into account nedlimatic, public health prevention measures that coulbeffransmission $1].

A study performed by Ramasanmy Sri Lanka demonstrated that certain species of mosquitoes can
propagate in waters with a salinity of 18 pp8]. The species studied by Ramasamy demonstrated that
mosquitoes can and will breed in waters that contain satt. It also demonstrates that mosquitoes can and will
breed in almost any type of container, large or small, containing water, fresh or brackistmoseelaft

along the coastline as litter. Although the study took place in Sri Lanka, the species of mosquito species
that were included in the study are presetii@Southeastern United States][8Bhese species of mosquito

are known to transmit trerbeviruses causing dengugellow fever, and chikungunyamong many others

[58.

A vectorborne disease of recent concern for Southern Florida is dengue. Dengue is primarily transmitted
to humans from the bite of an infectéegdes aegyptr Aedes albojtus mosquito after the female
maosqguto bites an infected human [BEOf particular concern to the highly populated Southeast Florida
region is the fact thafedes aegyps adapted to living around humans and the domestic structures located
in highly populated regions. This speciean lay eggs in artificial containethat are often inadvertently

left lying around as garbagehich allow the mosgjto to breed uninhibited yeaound in the warm climate.

In 2014, there were 5 locally quired and 9 impoed cases of denguevier in MiamiDade County, 3
imported cases in Broward County, and 2 ingdicases in Palm Beach County [86

Heavyprecipitation rising temperatureand flooding have abeen associated wittvaterbornedisease
outbreaks in the U.S. [59,50The increasing frequency and severity of storm swagesealevel risewill
thusincrease the risland frequencyf populations beingxpogdto waterborne disease pathogebd .|
This exposure coulitadto serious health outcomes, including gastrointestinal ilnessigsy, chronic and
extended ilnessesnd even deatld4]. Certain populations are partictjavulnerable to these impacts
individuals with low socioeconomistatusthe disabled eldery, children, people with chronic diseases,
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residents of mobile homes, or people living in areas with outdated dragsigensRising temperatures
may also lead to an increase in the frequency of harmful algal blooms. Algal blooms coupled affth run
from heavy precipitation oftenontaminate recreational waterausingpeople in coastal communitiet®

be exposedo contaminated water, and thuegative health effects [44]59

Researchis still uncertain on the magnitddevhich climate change wilaffect subsurface grodwater
[61]. Climate variability increases demands on water management, leading to growing challenges for
wastewater treatment and water supply, as wededsiencies in storm drainagendstorage Failure to
address these chalges heightengisks that include water contamination andliminished feshwater
resourceswith anew set of vulnerabilties in areas with coastalaqufiéds Flooding in urban areas can
also lead to the contamination sfirfacewateis from sewage treatemt systems that cannot handle the
inundation, placing humans askiof diseasecausing bacteria [§1 Rising sea levels may aldmpact
existing infrastructure used to reduce saltwater intrusion into water sulppliesy the availabilty of
freshwatesupplies for communities and theitrrounding natural ecosystems [24\ lack of available
freshwater resourcesten leads to population displacement, exposing populationghephysical and
mental health effdsthat accompany displacement [6WUltimately, the relationship betwediboding and
water supply protectiois a very delicate one

Cryptosporidiosis,caused byCryptosporidium parvugs a singlecelled protozoan parasite aoe of the

most common waterborne diseasep@ople in the Uired States [ The most common source$ o
infection have beefound to bedue todirect contact with feces from animals lmimans, contaminated
water, orcontaminatedood Giardiasis,caused byiardia intestinaliswas the second most common cause

of parasitc human diarrheal disease @the most common waterborne disease in the United States.
Common sources of infection arentaminatedood, water, Ands, and inanimate objects [83imilarly,

there have been cases of outbreaks in the UnitedsStatesed by the failure of municipal water treatment
plants to fiter out the organism from contaminated water. Giardi@asthe acute ilnessost strongly
correlated with ineffective water treatment, when several diseases (including salmonela and
cryptosporidiosis) were analyzed.

Many studies have demonstrated that rising sea levels wil likely increase the salinity in coastal waters
including coastal estuaries, lagws, marshes, and mangroves|[%ater is considered fresh water if the
salinity is less than 0.5 ppt (parts per thousand), brackish if betwe8@ @&, and dime if greater than

30 ppt [59. Changes in salinity can affebiet growth of microorganisms and vectors that utiize water as
breeding grounds. It has been demonstrated that extremes in salinity can affect the gutirib spp.
Vibriosis epidemics have been associated with environmental changes related to globahgwa
specifically changedn temperature and salinity [B7Salinity too high or too low can decrease the amount

of Vibrio in the environment [8F Thus increases in salinity secondary to salt water intrusion could
potentially increase the incidencéwibriosis cases in Southern Florida.

There are many species dfibrio, but those of greatest clinical importaneeV. vulnificus V.
parahaemolyticusandV. choleraeV. vulnificusandV. parahaemolyticus are transmitted primariy
through eating raw or undercooked shelfidlut may also be contracted through open wouniis
contaminated sea water |8¥. parahaemolyticus the leading cause of bacterial diarrhea associated with
seafood consumption indfida and can occur year around][84. vulnificusis the leading cause of death

in the United States related to seafood consumption and nearly always associated with @ea&ulf
oysters [8% Finally, V. cholerads the causative agent of ch@ oubreaks and epidemics [B4here has
been research that has shown Wiario ilnesses, including choler@nd those due to seafood and wound
contaminationsare increasing around the world and this may be due to anincreased sea surface temperature
(SST)which canpromote the propagation ®fibrio in coastal and brackish waters[8An increase in
global temperature ansealevel rise has the potential to increase the exposure of humans to these
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waterborne ilnesses by increasing the geographic areaiat wWiey exist and also by lengthening the
timeframe during which these organisms are most abundant.

Social Vulnerability

Socioeconomic status, as measured by educational level, income, or ocenglatiih variables, has
confirmed association with health outcom§36,97,98,99,100] More recently, thisresearcthas been
expanded to decipher tl@nnection beveen socioeconomic status aselalevel rise as well asother
climate change factorgl01,102,103,104] A well-known and comtiuously developing measure of social
vulnerabilty is tle Social Vulnerability Index (&) [53,54]. A social vulnerability index describes the
vulnerability of communities when confronted with environmental change or hazards and allows local
decisionmakes to identify communities that may require more support in preparing or recovering from
environmental chang®.opulations that reside in lelying, compromised areas awtho havepredisposd
vulnerabilties wil be particularly susceptible limited resouces andlecreasedapacity to recasr from
sealevel rise impactsMostindices have specifically focused on disaster and displacememelaséd to
major hurricanes [68,69population evacuation assistance needd,[¢dmmuiity recovery and resilience
[75,76, and sustairaiity (ESI) [77,78,79. Yet, health and social vulnerability as indices stil remains
largely unexplored.

Cutter et alcreated a social vulnerability index based on a hazards of place [1@6l@D6] This social
vulnerabilty index was created by reducing more than 40 cedstged county level socioeconomic
variables into 11 factors using principle compdnanalysis.These factors were then used additively to
create categories of social vulnerabilty risk, whiceremappedt the county levelThe researchers were

able to provide a comparison of social valiglity among all US countiesSchmidtlein et al. tested the

social vulnerabilty index and found it to be stable, even when methods of construction wergl0afied

The social vulnerabilty index has been used to understand the social antecedents of leisure time physical
inactivity [108,and t he CDC’' s Agency for Toxic Substances
Analysis, and Services Program utiizes theiaovulnerability index to identify communities who are at
greatest risk in the event of a natural disa[d1@9].

A social winerabilty index (SVI) is used to repres@ntombinaibn of socioeconomic variablel. has
beenused in other researthprovide a holistic representation of socioeconomic sfa@fs 107,108] as

it is accepted that different aspects of social class or socioeconomic status are captured by different
measurefl10,111]

Page 14 of 78



OBJECTIVES

Logistics Summary

The objective wasto produce detailed maps of geographic vulnerabligsed on groundwater asda

level risedata and LIDAR mappinganalyze and map data foealthrisk factors and outcomgsreatean

index and maps describing social vulnerabilitp overlay the results dhese three studieand conduct
extensive outreach, providing st of comprehensiveecommendation$or different sectors angolicy-
makers.This work was strongly guided by the 2014 Health Impact Assessment, our partnerships, and
steering committee.

The project team conducted this research from the end of 2013 through December 2015 and was led by
FIHI. In-person meetings, during the second year, were held once a month and team calls were held once a
month, resulting in biveekly team meetings. Meetimgorovided an opportunity to discuss research
progress and results and to share new research and ideas.

Regional Climate Action Plan

This study sought to build upon many of the successful efforts within the region, one of these being the
RCAPIled by the 8utheast Florida Regional Climate Change CompBw Compact Work Group had
produced Gl$hased analysis for sdavel rise as a preliminary assessment, that did not include other
possible impacts associated with g@ael rise, such as groundwater. Thesgping efforts were followed

by preliminary maps considering health in the HTAe maps produced for this study representa much
deeperanalysis of all previous work with new consideratiemgher, this study based muchtef outreach
messagingon the RCAPs underscoring that cooperation is vital among the region and agencies for
prioritizing public policy and designing and implementing adaptation measures [144].

This study directly addressed many of the recommendations outlined in the 2012 Rdigiaial Action
Plan which preceded the Health Impact Assessmbase recommendations are outlined below:

SP-3: l ncorporate “Adaptation Action Area” definit
and/or county Comprehensive Plans, to provigieeans to identify those areas deemed most vulnerable to
sealevelrise and other climate change impacts including, but not limited to, extreme high tides, heavy local

rain events and storm surge for the purpose of prioritized funding and adaptatiomgplanni

SP-4: Develop criteria in collaboration with municipal and county planning authorities for the purpose of
defining Adaptation Action Areas as well as other areas requiring adaptation improvements related to
coastalflooding and sdavelrise that mainclude, but not be limited to:

1 Areas below, at, or near mean higher high water

1 Areas which have a hydrological connection to coastal waters

1 Other areas impacted by climate related drainage/flood control issues

SP-5: Conduct new or utiize existingulinerabilty analysis and other technical tools as they are developed
as a means for identifying Adaptation Action Areas as well as other areas requiring adaptation
improvements related to coastal flooding and-le®al rise, to provide guidance for adamn planning

efforts in areas especially-g$k to sedevelrise, tidal flooding and other related impacts of climate change.

SP-7: Develop sedevel rise scenario maps to be considered for inclusion in appropriate Comprehensive
Plans and/or regiongllanning documents as determined by the appropriate local government to guide
municipal and county government climate adaptation planning efforts and continue to update regional and
local planning efforts as more data becomes available and scientifictprgeare refined.
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SP-8: Identify locations within Adaptation Action Areas or similarly vulnerable areas where targeted
infrastructure improvements, new infrastructure or modified land use and/or development practices could
reduce vulnerabilty and/or jpnove community resilience.

PO-1: Provide outreach to residents, stakeholders and elected officials on the importance of addressing
climate change adaptation and preparedness and develop a program to educate specffic interest groups about
the Compact, Ragnal Climate Action Plan, and the benefits of Adaptation Action Areas.

PO-2: Collaborate among counties, municipalities and appropriate agencies to develop and carry out
outreach programs to increase public awareness about hazards exacerbated byhelinggtemitigation
efforts and adaptation strategies to minimize damage and risk associated with climate change.

2014 Health Impact Assessment

This grant allowed us the opportunity to build upon the HIA in several significant ways. The team was abe
to update the selevel rise model used to the modified bathtub, which was informed by LIDAR mapping
and data collection. Social vulnerability was more deeply analyzed expanding variables then developing
the Social Vulnerability Index, which provides a mavbust representation. Finally, health data was further
explored in a sulindex and data analysis and then used to determirgpbts for vulnerability.

The Regional Climate Action Plan Health Impact Assessmentarapletedo ensure that human health

was considered throughout tligompactupdate and implementation process. This effort alas led by

FIHI. The HIA was completed in 2014 and comprehensively assessed the 110 recommendations proposed
to determine the effects of climate change on regionathhdaproducel findings and recommendations

that describetbcal health implications of climate change in each of the six sections of the Climate Change
Compact's Action Plan: (1) Sustainable Communities and Transportation Planning, (2) Water Supply, (3)
Management and Infrastructure, Natural Systems and Agriculture, (4) Energy and Fuel, (5) Risk Reduction
and Emergency Management, and (6) Outreach and Public Pidieyconpact revealed the distribution

of health outcomes and presented an opportunityinimize futher negative health outcomes. The HIA
models were expanded upon to generate a more granular analysis of the regiorallaniett the

i dent i f ihota tpio dosVulner&biity: The HIA alsoused a bathtub model faealevel rise
projectims, which was modified to yield more accuracy in this project

The HIA highlighted that of professionals surveyed in the reg&iPo were not aware of the health impacts

of climate change. Nearly 50%f professionalsreported they were not aware of hedigmefits from
implementing mitigation strategied/hen asked in the survey the best way to prioritize public hefadth,
responses wert raise publc awareness, create inceribmsed strategies, educate the public and
emphasize ctenefits. Focus groups were also hosted in which participants expressed concerns-about sea
level rise and sewage contamination (following flooding, weakdiggical infrastructure, displacement,
saltwater intrusion on freshwater resources and the threat it poses to the nuclear plants), roads flooding,
and whether funds would be allocated to strengthen sewage lines anGpipaghese results, the outreach
component of this project was significantly expanded to ensafessionals in the regionpt only became

aware of health impacts of climate change vioerte able to understand how those impacts could affecttheir
work.

The HIA summarized data for tlmegion on health effects related to dexel rise, as outlined by the CDC,
including COPD, foodborne, waterborne, vedtorne, zoonotic, mental health and stresdated disorders.
The results of the HIAuided this study imarrowing the health variabiefor consideratignbased ortase
data anddata availability. This allowed oueam to more deeply analyzdmapthe health variables
described for the regionyhich were then compared to and mapped with datgdiographic vulnerability
and social vularability.

Page 16 of 78



The HIAsummarizedlata for water sourcds the four counties, for housing units as well as the percentage
of housingunits with sewage disposal. This informée investigation of water related contamination,
although, ultimately, there vgaot sufficient data to include this information in the final analysis.

The Southeast Florida Regional Climate Change C
successful in weaving health considerations into the CliiGdienge decisiemaking processThe HIA

has added valu® the growing body of research on climate change in South Fllnydepmprehensively

assessing the recommendations to determine the effects of climate change on heatlth in the region and the
distribution of those effects throughto the population.The HIA also indicated clear next steps for
understanding the complex relationship betweereed rise, health and other factors that influence this
relationship. It became evident that@mplementary mvironmental impact assessmeamuld be of great

value Other componentior researchivere identified agood supply, extreme heat, mental health issues,

and economic factors that may encourage migration of socially vulnerable people to geographically
vulnerable areas

Partnerships

The Florida Department of Health (FDOH) was aveard fouryear grant by the CDC for the BRACE,
Building Resilienceagainst Climate Effectqroject The BRACE team conducted sdatewide study

assessing the possible health implications of climategehén Floridato inform the improvement of the
public health sectors abilty to respond to climate variabiBiRACE has used bathtub model approach
in their sealevel rise modeling and hasonducted comparative analysis for a ranfelimate change

variables across the state of Florida

The FIHI Program Manager fahis grant servean the advisorypoardfor BRACE from 2013 to 2015
Quarterly meetings were held with the BRACE Program Manager and Data Analyst to share any new
findings, describe genenasearch and any new health daisults BRACE also provided several datds

for this study and was given updates on progress. The BRACE Program Manager additionally served on
the steering committefor this project Finally, the modified bathtub modetethod used ithis study was

shared with the BRACE team

The Florida Climate Institute (FCI) is a mudisciplinary network of national and international research
and public organizations, scientists, and individuals who sedletter understand climate change and
variability. The FClis led by the FAU, Center for Environmental Studies (CES)rasdseven member
universities— Florida Atlantic University (FAU); Florida State University (FSU); the University of Central
Florida UCF); the University of Florida (UF); the University of Miami (UM); Florida International
University (FIU) and the University of South Florida (USWjhile the FCI only met onaguring the grant
periodfor a working meeting with the compact, updates omtgpaogress were shared at that meeting.
Further,internal reviews of mas and indices were conductedddU, CESFCI members

The Southeast Florid&Regional Climate Change Compd&FRCCC)was created inahuary 2010 to
coordinate mitigation rad adaptation activities for Southeast Flaridde compact has servedas a convener,
thought leader, educational resource, and legsladidvisor since its inception. The compact had released

a report titledAnalysisof the Vulnerability of Southeast Florida to Sea Level Rib&h provides an
inventory of property and infrastructure vulnerable at differentieses rise scenarios. They also worked

with state and federal legislators to realize the amendment ofaFlavidto designate Adaptation Action
Areas, defined as areas particularly vulnerable to climate change impacts. During the establishment of the
compact the group committed to the following action items:
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Joint legislative policy development

Development cd regional GHG baseline

Development of regionally consistent SLR projections for the coming decades
Development of Preliminary Inundation Mapping

Development of a Regional Climate Action Plan

Coordination of an Annual Leadership Summit

el entl entl et e et

At least one membeif the compact has attended each steering committee mieegiegl during the project
and al outputs were shared with theo@pactsteering committee membeihese members provided a
great deal of guidance and feedback oplaining and result$n the second year of the study, the project
team presented findings and recommendations to the SFRCCC during {GerRfdct working meeting.
Additionally, the mpact will be provided with a copy of the final report as well as the toolbox resource
for adaptatn planning.

Finally, the Regional Climate Action Plan recommendations strongly guided and influenced the
development of this research especially those associated wikvetEse, detailed in the RCAP report.

Steering Committee

A multi-organization steering committee was assembled that reflected the Regional Climate Action Plan
Health Impact Assessment steering committee. The committeeasmeteded in 2013 and 2014 and
guarterlyin 2015, with a final meeting in January 2016. The committee advisnhow to best integrate
researcliindings into the rest of the region through outreach recommendationssangravided feedback

on deliverables Steering Committee meetings were helgérson at the South Florida ¢enal Planning
Council Offices.

Colin Polsky PhDDirector FAU, Center for Environmental Studies

Virginia Walsh PhD, PQChief,HydrogeologyMiami-DadeWater and Sewer

Meredith JaggeMS Program ManagerBuilding ResilienceAgainstClimate Effects

Dr. Maribeth Gidleyi Ocean Chemistry and Ecosystems Division, CIMMGAA

Anamarie GarcesMPH CEO, Urban Health Solutions

Nancy SchneideMMBA, MA Senior Program Officer, Institute for Sustainable Communities
(Implementation c8FRCCQ

Vicki BoguszewskiMPH, CHESPublic Heah Analyst

Dr. Jennifer Jurad®irector, Broward County Environmental Planning and Community Resilience
Division

Michael ZygnerskiMS Water Resources Assessment Program Manager, Broward County

Student Engagement
The projecteamcontacted Dr. VirginidMcCoy of Florida International Universityo request thater PhD

students create a catalogue of health outcomes associated witivedeme and public healttstudents

were asked to identify one human health factor that could be a potential chatersge/ fegion facing

climate change in the coming decades, based on the literature. Students were then asked to enumerate the
mechanism by which the selected factor might become problematic in any place and characterize the extent
to which the mechanism jgresent in South Florida, based on data. Finally, students were requested to
catalogue the factors that would allow some conclusions to be drawn about the adaptive capacity of the
population in questigrbased orthe identified vulnerabilitiesThe resulwas a library of seven summaries

of health factors associated withmate change and sdevel rise Topics included dengue, algal blooms,

West Nile Virus, campylobacteriosis, giardiasis, chikungunya, and cholera.
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The team felt it was important to engasgedents to complete research parallel tosthidy research. This
wasan opportunity to in@ase the information collectdor the studyand also to challenge current public
health students to explore the present implications ofesehrise and humahealth.

Challenges

One of the greatest challenges in this grant was the turnover duripgpjinet The original grantvriters,
Nicole Hammerer(FAU), Keren Bolter (FAU), Debora Kerr(FIHI) and Dr. Barry (FAU) either
transitioned positions or retiredhese positions were then replaced by FAU scierdstl lectures Fred
Bloetscher and Diana Mitsoxand FIHI Program Manager, Mirine Dy€&he director position at the FAU,
Center for Environmental Studies (CES) was filed by Dr. Colin Polsky when Dry Betired. In the
spring of 2015 FIHI transitioned the program manager position again from Miring MBto Kristin
GarcesMPH. Dr. Katherine Chung joined the project in May 2@kbthe epidemiological advisdferen
Bolter transitioned back to the peof in July 2014Finally, Jim Murley, of the South Florida Regional
Planning Council was appointed as the Chief Resiiency Officer in Misde and thus transitioned
leadership to Isabel Cosio Carballo.

As noted in the original grant, there were seve@inical challenges related to the layering of data due to

the various formats and different levels of data. One of the main barriers was that much of the health data
was available only at the county level or by Zl&de. Without more granular health aadnalysis had to

be limited to identifying socially and geographically vulnerable-dpoits within a medically vulnerable

ZIP code, indicating a larger population than may actualy be medically vulnerable. Additionally, whie the
original objectives outled the exploration of chronic disease it soon became evident that infectious disease
would represent an increased risk in populations. Given this, a request was submitted to Kresge in the early
spring of 2015 to include infectious diseases in analyhis. dpportunity was leveraged to engage Florida
International University, Public Health PhD students to identify infectious diseases that may serve as risk
factors and demonstrate health outcomes.

The previous Kresge Program Officdohn Nordstromhadsent an emailAppendix K) stating based on

the information provided by the first FIHI program manageruhderstoodiFIHI does not intend to
produce a ma p Thedatacgndrebaartes to proddice thesoriginally described maps were not
available untii December 20150owever, the decision was ultimately made to produce thepobtmaps

which comprehensively depict the results of these thesearch objectives and provide a wealth of
information that can be rapidly understood with regiarad national stakeholders.

Opportunities

In late 2015, Mayor Gimenez of MiasbBiade County created a position to addresdesas rise in Miami

Dade. This was in response to concerned citizens, at the 2016 budget hearings, who lobbied for the
prioritization of sedevel rise and funds to support the investigation of addressingggsaise in the

county. Jim Murley of the South Florida Regional Planning Cquidio served on this projectvas
extended an offer to serve in this position a&s@hief Resiience Officer for Miarade County. Mr.

Murley wil serve by coordinating efforts to make MiaD&de a more resiient community aatesthe

impacts of sedevel rise and climate change issues.

Research Objectives :Five Projectsin One

FIHI, the South Florida Regional Planning Council (SFRPC), Elodda Atlantic University (FAU)
explored the relationship between deeel rise and health through four studies talidwed indepth
analysis,providing quantitativemeasurements, and aliifseeking robust qualtative feedback on results.

The research team designed filiterent project objectives: to (1) determine geographic vulnerabilty, (2)
social vulnerability and (3) medical vulnerabilty ¢d)overlay these vulnerabilities idewtifg “hot-spots
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(5) and to share these results locally, regionally and nationally. The measurements for these(ijclude
geographic vulnerability, defined as land having a high risk of flooding due tewsdaise and its
relationship with groundwater(2) social vulnerability, defined as areas demonstratioger
socioeconomicstatus, as measured by levelsediicational attainmenincome below the federal poverty

ine, and norwhite population; and (3) medical vulnerability, defined based on ratdésemergency
department visits and hospitalizations due to chronic obstructive pulmonary disease, asthma, and
pneumonia, giardiasis, as well as health@eess to 330 health centers. These projects gueled and
informed by the results from the 2014 REAlealth Impact Assessment.

Each of thefive separat@rojectcomponert builds on the otherdhe first andoundational project used
GIS to create maps of projected dewsel rise uimg the modified bathtub modeThe research team
produced maps thaedonstated the geographic risk of seael rise for Palm Beach County, Broward
County,Monroe Countyand MiamiDade CountyThis component of the study provided decisiakers
and planners with datan who is most at risk for sdavel rise in the comgp years.

The second portion of the project was the creation ofdb@lsvulnerabilty index.The index helped to

identify those geographic areas that are vulnerable to negative environmental effects due to having a large
proportion of individuals olbwer socioeconomic statushe resulting social vulnerabilty indggVI) was

mapped at th&IP code level for each of the three counties.

The third project waan identification of health risk factors and health outcomes and the analysis and
mapping othis dataor the fourcounties- Palm Beach, Browardvlonroeand MiamiDade. This resulted
in the identification of medically vulnerable ZIP codes by disease or condition.

The fifth component of the project was outreach tuedcreation of goolbox —which were a critical grt

of the work that was don&hroughout the project, there was formalized communicatioh eahstituents

and colleaguesThese sessions consisted of a-tmay dialogue where the findings of the overall project
were shared and discesk but the very important opinions and viewpoints of those who were the focus of
outreach were voiced drfied back to the project teamtoolbox was created, which is another formalized
method of outreach to constituents and colleagues on the findirlggance, and applications of the overall
project.

The results of these projects were then overlaidetatify hotspots for vulnerability. ZIFodes with high

levels of risk for all three components were identffiadith geographic and social vulnerapili more
granularly displayed within a medically vulnerable ZIP Code for communtties in Southeast Florida (Palm
Beach, Broward, MiarriDade, and Monroehis component of the project served as a culmination of the
other components, astitiized the resutt of the sedevel rise mapping and social vulnerabilty index to
further pinpoint geographic riskThese results allowed the team (tb) identify communities most
vulnerable to sed&evelrise impacts in the coming decad@3identify specific potentiapublic health risks

and correlate these risks to identified populations under a 2030 and 2060edeise scenariq3) share

this information with local decision makers to create more robust adaptation plans that include human health
considerations; ah(4)develop a technical assistance guidebook and toolkit that can be shared with other
coastal communitieswhich were the goals of this study
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GEOGRAPHIC VULNERABI LITY: GIS MAPPING

Background

In order todeterminecommunities rost at risk, researchers at FlidlildFAU created andnalyzedmaps

that depicted data at the most granular level avaikabide ntify areas that will be most vulnerable to

sealevel rise by 2030 and 2060 using United States Army Corps of Engineers (USAGI)je ctions.

GIS mappingwas used to develdhesanaps that demonstrated groundwater andesad rise by property.

Data used for this was based on soil tension measurements which revealed the risk for standing water or
flooding. These mapaimedto identify vulnerable populations in terms lékelihood of physical exposure.

Regional Geographic Vulnerability to Sea -Level Rise

Profected Sen Level Rise, feet

o el e et This study usedn approach that avoids
"""""" 1 conditons  plotted at incremental
—_—f T
::u.:mtm-n i
. increments workd as threshold values
L
: vulnerable areas will be. This allows for
benchmarks provide a planning tool to

Higure Z: Predicion orsealevel rseusing a Quaaratic Acceleraton Equatonne grapn
outlines the average, and 1 and 2 standard deviations from the average of the current
The horizontal bars outline the ranges whendbalevel risecould occur (Heimlich, et al. 2009)

Quadratic Arceleration Model the uncertainty of adding timelines to
sealevel rise projections. The
T . investigators used, instead, current
— L —m——
increases of 1, 2, and 3 feetswalevel
rise using data from the US Army Corps
of Engheers to make projections’he
''''' 1 and support planning considerations by
_____ 4 providing planners the abilty to know,
' ahead of time, where the next set of
a conservative, proactive appch
utiizing observed and future sea levels
(See Figure 2). These setevel
inform infrastructure design and project
completion and can be further refined as
sealevel riseprogresses.

Prior to compiing data, local
community needs were assessed to
define an acceptablevel of service
(LOS) for the community. In this
context, a level of service (LOS) is
defined as how often it is acceptable
for flooding to occur in a community
on an annual basigtigure 3. is a
summary of high tide data from 2008
to 2013 depicting thain Southeast
Florida king tides occur annually in
October. While storms may alter this
pattern slightly, these would be
atypical events.Figure 4. shows the
Figure 3.6 years of highides at the Virginia Key tidal stations (20@D13). The same data, tides in order of height,
highest tides each year occur in the sl (October). Note the overall trend graphed from lowest to highest. This
(green dotted line) is upward. illustrates how the higst tides are
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much higher than the average. Thanglateso communities as increased flooding, longer durations of
standing watelgnd a diminished LO3.0S plans areisualy in place, howevewhen all environmental

and infrastructure factors are nakén into consideration there is often a loss of confidénttee planor

the plan fails.Sealevel riseis one of these essential considerations and this mapping can inform LOS plan
changes. Planning in this way allows for a itegn LOS that can be deéd and used for nedéerm
planning through comparativanalysis of flooding frequencyror example, 1% flooding frequency
translates to 4 flood days per year. In Miami Beach, the flood level is neadyRAVD 88, well above

the mean high tideSge Fgure 5). If sealevelrises one foot, the line will move downward one f¢ddshed

red line), and similarly for two feet (black dashed lines).

Previously, impacts of flooding or infrastructure damage were the focus in coastal regions, assessed using
average mean tides, or, mean high tiddgese efforts assumed a bathtub approach, which assumes that
flood and groundwater wil stabilize horizontally to match the elevation of the ocegnttddstermine
vulnerability [63. Bathtub models generally aley areas of low elevation with projectedalevel rise

relying on Light Detection and Ranging (LIDAR) to create surface topography. This scenario is used by
many governmental organizations due to the ease of data acquisiton and model creationnThe mai
disadvantages of this type of model is that it does not consider urban water control infresswciiuas

dikes and canal®r that groundwater levels can lead to underestimation of inundation because they do not
identify low-lying inland areas that giit flood at an earlier time than areas along the coast as a result of
higher groundwater tables. Bathtub models also do not account for natural and anthropogenic processes,
such as, erosion, accretion, beach nourishment and seawalls.

The means to idemngifinfrastructure vulnerable t®ealevel riserequires detailed topographic information
to assign units of elevation and toigate inundation vulnerability.Topography is a key parameter that
influences many of the processes involved in coastal chandehas, ugo-date, highresolution, high
accuracy elevation data are requiredriadel the coastal environmerevious approaches to modeling
inundation from simulatedealevel risehave beenlimited by coarsesolution elevation datasets (surveys,
field spot elevations, United States Geological Survey (USGS) maps) as opposed tesbigtiom
electronic imagery [6,6366. Communicating the importance séalevel riseto local entities requires
better dat§25,64,69. LIDAR is available in manyreas, but the coarse vertical definition, plus or minus
1 to 2 feet, is not as useful for coastal areas where inches matter.

As time has progressed, high resolution LIDAR has become available for most of South Florida and is used
in determining currentdihtub models. Currentlynultiple organizations have implemented a methodology

that uses the influence of a tidal surface elevation in modeling the vulnerabiigakevel rise The
methodology as described by NOAA is an adjusted bathtub model thatinédk accountlocal and regional

tidal variability and hydrological connectivityin this model type, a water datum such as the mean higher
high water (MHHW) datum is considedt as the base datum elevatidhis scenario is used by many
governmental orgazations due to the ease of data acquisition and model creation. The main disadvantages
of this type of model is that it does not consider urban water control infrastructure such as dikes and canals,
or that groundwater levels can lead to underestimafiamundation because they do not identify Hgiwng

inland areas that might flood at an earlier time than areas along the coast as a result of higher groundwater
tables[90]. Unfortunately, these current bathtub models may be misleading in Southera Hiogido the
extensive canal and dike systemd thast to control flooding [62 In addition, South Florida is underlain

by a very porous, fresiater bearing limestone rock, the Biscayne aquifer that is connected directly to the
Atlantic Ocean. As sekevel increases, flood impacts wil be compounded by pressure from the ocean
pushing from below against the fresh water supply and thus maintaining higher groundwater levels.

A modified bathtub model considers more than just static elevation to detsgaig®el risevulnerability.
Groundwater levels buid in elevation, ase moves away from the coa$he importance of the
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groundwater table in the model is that it is resga for determining the soil storage capawaihich is

the ability of local soils to absorb flood watefs soil storage capacity is lost, due to rising groundwater
levels, local and areal flooding increases. As aresul, it is important to inclugeotnelwater table isea

level risemodels for Southern Florida, to accurately identify the areas that wil likely be inundated as sea
levels rise over the coming years. Utilizing groundwater tablsgatevel risemodels wil help identify
potential haards to water, drainage, and sewer infrastructure that may be compromised in times of storm
surge and flooding due to increased sea levels. Water, sewerygtemand transportation infrastructure

in low-lying inland areas may be compromised fasterraote severely due to the loss of soil storage
capacity. Projecting groundwater levels wil identify infrastructure with a greater vulnerability to this kind
of flooding.

Methodology

The most important factor in determinisgalevel risevulnerability s the initial land surface elevation.

As the elevation increases, the effectsexdlevel riseinduced problems are reduced, especially in regions
that have high coastalridges that continue to decrease in elevation as you travel inland. The fitkisstep in
analysis was locating and obtaining the best vertical resolution digital elevation model (DEM) available.
The majority of LIDAR (Light detection and ranging) derived DEM information was conducted by the
Florida Department of Emergency Management (MPRith a vertical accuracy of seven inches. The
FDEM does not directly store the DEM data, but instead distributes the data out to other public
organizations to act as the repository of the data. The primary repository agency of the data was determined
to be the National Oceanographic and Atmospheric Administration (NOAA), with the coverage map shown
as the areas in rem Figure 9.

FIGURE9 .NOAALIDARDATACOV ERAGEAREA

The NOAA downloading server uses atiing system method for storing the datlowhiead system also
enforces a maximum data batch request size limit of one gigabyte of data per request packet. The dataset
for the state of Florida had to be broken down into multiple requests.

This required ranually deihing the data request segmesutsl recompiling the tiled data Bainto a single

DEM using thredoot cell size resolution. Threfeot resolution is the smallest cell size available for
download using the Digital Coast server. All data requested from the NOAA Digital Coastwasisig

the same parametesn additional download parameter of the data was that only the last returns of LIDAR
data were requested. Ground refwommonly called last return valyegpresergthe ground surface
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elevation values asewn as the fifth returiChreefoot cell size for the DEM was requested to allow for
the ability to create higher resolution dril down analysis in regions of high vulnerability.

The DEM sensitivity analysis was conducted to determine the optimal size resolution for usgrapthe

Though the native thref@ot resolution would bring the best results, the high resolution created issues in
data nanagement focalculating model results and rendering the data results. DEM data points were
resampledrom the native thredoot relution into different cell size resolution using different resampling
techniques in the ArcGIS resample toolset. Upon review of the new dasdset (composed of a matrix

of cells/pixels organized into a grid where each cell contains a valuegrougdata gaps were observed.

The data gaps represented areasdibpbyedan inadequate nuwmer of radar return data points. This made

it challengingto accurately determine the bare earth elevation resulting in a null value assigned to the cell.
The majority of the data gaps occurred where bare earth returns could not be calsulateds building

sites. The algorithm fills in null values within the raster data by interpolatirgctangular threeell by
threecell average value to apply to the missingl. ced minimize the amount of error introduced into the
project the threef oot c el | size DEM' s had the al ftg-foott hm ap
cells. Once in fiftyfoot cells the algorithm to fil the gagppwas applied a second time ib krger gaps.

The three metbds of resampling considered weising nearest neighbor, biinear, and cubic methods. The
nearest neighbor method works by determining an average value using a rectangular neighborhood grid
(SeeFigure 10).

3' DEM " 50’ Nearest Neighbor [

ikt | ACHN- . L 3
FIGURE 10 .EXAMPLERESAMPLING TECHNIQUERESULTS

The biinear method uses a distance weighted average method for determining the new cell value. The cubic
method creates a cubic convolution through the 16 nearest cell centers to craatk anibotkcurve

interpdation. A differential value map was created by subtracting the raster cell values from each of the
resampled datasets against each other. The difference map was intended to indicate the raster cell value of
difference between the different interpolationethods. The results of the comparisons indicated that
between the different resampling methods for Mi@ade County that no difference was indicated by
return values of zero’s. As a result, a decision
quicker processing time required to resample the data.

The resulting resampled DEM data was then tested against 150,000 data cells values to determine what cell
size to we on the project using a base thiea resolution cell size for comparisdBasel on the results,

the 40foot resampled cell size produced the best results for maintaining the standard deviation at the level
of native elevation accucy at the largest cell size, while still allowirigr reasonable processing times.
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Additional data sorces for DEM retrieval were obtained from the St. Johns River Water Management
District (SJRWMD) and the South Florida Water Management District (SFWMD). The advantage of the
DEM’s from the water management c¢ssa anddstribuediwas t h
fifty -foot cell sizes nidng retrieval more efficient foobtairng the cellsandeliminated the processing

need fothe NOAA files. For consistency, all elevation dgtials were converted to fiftioot cells for all

datasets. The basource of the DEM data used by water management disivies based on the FDEM

data, thuspo confict of input data was expectefinother advantage of the water management district

DEM’ s was t hajprocemssihg was icandueted to fil rmessidgta gaps using focal statistic

operators. Focal statistical operators work by calculating statistics over a specified neighborhood region
(ESRI ) . The NOAA dataset DEM s had to be process
dataset. Filing tb data gaps was necessary to minimize the amount of null value data cells in order to
create a more continuous base DEM data source.

Because there were different data sources and methods required to download the DEM data, a process was
developed to reasswle the data. A major issue when recompiling the data was that all of the individual
tles of NOAA data had to be mosaicked back into larger pieces that could then be modified to create a
complete state DEM model. To mosaic the tiles togethaew file geedatabase was created to represent

each download packet retrieved from NOAA.

The selected spatial reference for the dataset was changed to match the native spatialfrefanehich

the data was retrieved’he data ties were then loadetb the newly created raster datasehinitthe
ArcCatalog The number of tiles that could be loaded into each raster matched the original packet sizes
from NOAA which was approximately twelve tiles.

The final model step was to take the compiled andgssed DEM and extract out specific inundation areas
based on specifisealevel risedepths. The symbology was modified to classify the data into two groups,
those with values below a designated elevation and those above the designated elevation lyy manual
specifying break value®evelopment of the surfacetopog p hy i n c I|-tnutbirgj d tyirig @ to localn d
benchmarks and transportation plans and USGS groundwater and NOAA tidal data from local monitoring
stations. These were then correlated tonpiawater data.

Inland groundwater buids up due to friction while traveling toward the low lying hydraulic base (to the
sea). The buildup of water creates a scenariothat is not capturedin the bathtub model in that the soil storage
capacity is reduced) some casesesulting in permanent inundation prior to when it would be expected

to occur under a bathtub moddlhe first step for creating the model was incorporating a groundwater
surface elevation (hydraulic gradient) dataset into the model. Tie #tep included determining if a

current groundwater surface elevation model for all of Florida was already available. Data points for
determining the ground water surface were created by using the historical USGS well site records for
groundwater levsl In order to be considered, the gauging station had to have a minimum of 35 years of
continuous data. Only stations currently in use were considered to ensure the data incorporated the current
time period. The well records had to be tabulated into adsabase to allow functional transformation

into a geographical information system (GIS).

Based on the results of the database and large seasonal swings in the ground water surface, three separate
scenarios were determined to be considered to encompasBdhts of differensealevd rise intervals.

The determined levels consisted of the ninetieth percentile monthly average which showed the high levels
each year. A comparison of different tidal gauges located in different quadrants of the studyhoeggzh s

a high correlation between the stationshwhatching peaks and troughihe inner connectivity of the
groundwater table was thought to be an important factor in determining the relevance of an interpolated
groundwater surface elevation. If it wasedeed that localized mamade events played a strong role in
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influencing the groundwater table, then an interpolation would not provide a reasonable expectation of
future groundwater table behavigk. correction to the database values had to be completednigert
hydraulic head values from NGVD 1929 to NAVD 1988. The conversion process relied on determining the
conversion factors created by NOAA of transformation values at theefer@nced locations for the data.

Various interpolation methods were used to determine the surface that produced the best results. Some of
the interpolation methods considered were Inverse Distance Weighting (IDW), ordinary kriging, co
kriging, and kernel density function.he resuing interpolation that producethe best performance
measures was the ordinary kriging, which was then applied to the model as the groundwaier surfa
elevation. The output groumater surface model was created as a raster image using 50sftwbdah

matched the elevation sensttivity analysis for optimal mapping unit size. Part of the issue with the intial
interpolation was that there were no well sites near the coastal shore to curve the interpolation results to sea
level. To correct for theoastal bias, additional created data points were added to the dataset. The first
interpolation of created data points we<

located along the ocean interface with
assigned groundwater elevation of zel
Interpolations of the groundwater tab
surface wee analyzed using multiple
iterations of elevations between zero and ¢
foot of groundwater elevation above the ze .
datum. Additional calibration involved off [id
setting the created data points to the eas
the coastline. The results indicated that 1
bestmodel to use consisted affive hundred
foot coastal offset with 0.7& of elevatin
for the created data point$&sroundwagr
surface models were createding the

Soil Storage Capacity (October likely model)

ninetieth percentile. Future groundwate g (i Legend
surface elevation models were created § = Oct_likely
addng a specified height to the existin Fd = . & Feet
groundwater table. The assumption ma Rl -

was that an increase sealevel risewould £ 02
shift the starting point of the hydrologice SaGSSe = |

gradient, the ocean coast interface, by ' |——_—_—— —
same distance along the entire gradient li
The final inundation model was created -
GIS by subtracting the groundwater surface
model from the digital elevation model, with
the difference in elevation being the soil storage capacity of water.

Figure 12: Modified Bathtub model favliami Beach

This methodology waérst verified through a similarprojectin Miami Beach [62109] in which it
demonstrated the abilty to provide a high level of accu(&eg Figure8, 11,12). For flood prediction
purposes for Miami Beach, based on the LOS and soil saturation in low lying areas, the bathtudifieod
approach were usesde Figures 1-nd 12) to show that the latter is more realistic.

The goal of this effort was not to model groundwater flow, buteaotify the critical areas and tine
correlatedvulnerabilties. Hence, vulnerabilty here islefined in terms of the distance from the land

elevation to the top of the groundwater table. The three classifications delineate where the difference
between topography and groundwater is organized into levels of: extremely vulnerable (d&lw O
potentially vulnerable (€ ft.), and notvulnerable (>2ft.). The ter m “potentially wvul
areas tht need further investigation consideritg uncertainty of drainage and stewater inprovements
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that might affect levelsThe groundwater levels are the result of investigating all U&G& other
monitoring wells with at least 30 years of datt determine the critical junctures that would increase
vulnerability to surface floodingRomah similarly, plotted the data on gnadwater fluctuationg91]. As
noted inFigures 4-6, the peaksisually occur in OctobeBy plotting groundwatelevels from smallest to
highest, the peaks generally occurred altloe same time between welks the greatest vulnerability to
flooding occured when the groundwater was closest to the surface, thep®&entile (4 days/yr.) was
used to Krig the GIS Layer of groundwatdevels to match the tidal dafbhe topographic LIDAR layer
and the groundwater mapgreused to determirghe differencéetween land height and peak groundwater
elevation, essentially indicating whether the soil can absorb watetoorsaturatedo do so

Figure 7 is an outline of layersisedby FAU for the Kresge projecihe data wagathered for all four
counties using LIDAR mappinglhe first step in the analysis was locating and obtaining the best vertical
resolution digital elevation model (DEM) available. The majority of LIDAR (Light detection and ranging)
derived DEM informationused in the model was conducted by the Florida Department of Emergency
Management (FDEM).

Figure 13 demonstratethe difference betweeBft and 106ft. tiles depicting the challenge for horizontal
accuracy discussed in thdethodologysection The final hundation model was created in GIS by
subtracting the groundwater surface model from the digital elevation model with the difference in elevation
being thesoll storage capacitfzigure 14 outlines this process.

US Census data for 20 comes in a varietgf forms. The inttial download by the Department of Civil,
Environmental and Geomatics Hmgering was by census block3ensus blocks encompass a large number
of parcels, so scaling of tract data differed from the property ansketihlevel rise mappingA series of
maps wagleveloped as a means to idgnsocially vulnerable area# caveat was the need to define
threshold values that couldgwide separation between areas.

The property appraiser’s office edparceleaecimhGlSshapent v h e
fles. The intial directionwas to focus on Monroe Countyhis data was downloaded for Monroe County

(also Miam-Dade and Broward Countieshe properties have a series of codes attached to them that

define land use, and idégt parcels with homestead, disépil and other characteristic¥hese were

thought to be useful for mapping purposes.

1 Kriging is an interpolation tobused in ArcGIS (for more, see
support.esri.com/en/knowledgebase/GISDictionary/ternvkriging)

Page 27 of 78



Study Area - 3ft NOAA Digital Coast

[ X y

Study Area
e

o e
< 1 b
e Fa :
Ty ; s B

i 4 - .‘

%

; 0 smvoce- o

TH T o cveooen - 1

T | BTN

\‘ pi 1 X [ I
i L3 B > oece0000t - 12

- - " - I 1= somoooen - 18

S -LEV [ 1000001 - 29
\ g B = 2000007 9 w100
City boundary data source:

- 'Miami-Dade County GIS department

0 03 06 12
T a— LU

1 » 20cece0t - 12
B 00000001 18
[ wemement - 3¢
B 2000000001 - 142 000

City boundary data source:
Miami-Dade County GIS depariment

Figure 13. Comparison of LIDAR horizontal data

DEM elev. Groundwater elev. Soil storage capacity

Figure 14. Soil storage calculation (surface elevati@roundwater elevation = storage)

Results

Maps

First, sedevel rise data was analyzed, as showhable 1in Appendix B, summarizing the statistics for
current, 1, 2-, and 3foot sealevel rise scenariosiepicting vulnerable and potentially vulnerable [aod
areas most likely to flood or have standing walera result, pjecting groundwater levesisoindicated
infrastructure with a greater vulnerabilty for flooding where water, sewer, stater and transportation
infrastructure in lowlying inland areas may be compromised faster due to the loss of soil capacity.
Compromises in these structures could potentially expose populations to dsgasel5. in Appe ndix
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A compares these numbers direcillystrating that more land alnerable as selavelrisesLikewise, in

Figure 16, Appendix A, the potentially vulnerable land increases up to 3 feet, where, at this level, much
of the land has transitioned to a vulnerable st@ditydgayed by box plst Figure 17, Appendix A includes

P-P Plots which compare cumulative distribution function of a datafmtonstrating that the sésvel

rise data is not fully normally distributed, something more clearly shown on-@& Igts which compares

the quartiles of a data distributiorin Figure 18, Appendix A. Because maps were produced displaying a
single data set, rather than overlaid, communites were identified -r&k diased on the ZIP code
interpretation of vulnerability.

The sealevel risevulnerabity maps for the four counties Broward, MiamiDade, Palm Beach, and
Monroe areputlined below.

Appendix C. Figures 1922 depictvulnerable and potentially vulnebie areas in Palm Beach County.
Through outreach it was determined that mbelevel that Palm Beach County is flass vulnerable to
sealevel rise than other Southeast Floridauaties due to higher ground. However, the groundwater levels
in Palm Beach Countseveathat thesealevel riseimpacts are already a challenged will become more

so over time Of note,the inundation that wil occur toward the West in the form of standing water.

Figures 2326in Appendix D depictthe same inform&n for MiamiDade and Browardaunties
Similarly, the understanding of risk jnae somewhat negated due to the fact that the coastline is still being
developed. As noted, sdsvel rise will occur over time, yet many of the effects are seen presently in the
form of king tides, flooding and long periods of standing water. Througkaxh it was determined that
while manysectors are including the effectsefalevel risein their planningin MiamiDade and Broward,
none encountered during outreach were including groundwater considerations-Dididge and Broward
similar to Palm Beah County demonstrate greater vulnerability moving West as soil becomes saturated.
Many of these geographically vulnerable areasluding those toward the West are more affluent
neighborhoodswhich raises the question of population migration and displeent.

Figures 2731in Appendix E depict Miami BeachEach of these figuredemonstratethat theexpanse of

impact of sealevel riseand groundwateare significantly higher than bathtub mogebjecions. These

maps represent the opportunity fmomparison with current bathtub models that may not fully present
vulnerable areas. By not considering groundwater, these models may provide a false sense of security for
vulnerable neighborhoods and guide incomplete adaptation strategies.

Figures 3239 in Appendix F depictMonroe County by ZIP cod&onroe County is comprised of long,
narrow land with multipleZIP codesThe arrangement for MoreoCounty was altered to show ZIP code
changes on one graphhe percent of the area subject to inundationisislepictedn each figureas quite
significant More poignantly, the maps display that Monroe wil see inundation much sooner. Given that
this county hosts many tourists almals an economy that lisghly reliant on tourism, standing water and
sealevel fise both threaten health through the opportunity for introduction of new yswioe and
waterborne disease and economic stability as tourist destinations becodegea. This wil not only
impact the county, but the larger region of Southeast Florida.

Thesemapsnot only identify the areas prone to flooding due to groundwater, stgater intrusion or
ponding rainwaterbut alsoareas where sewers and septic tanks couldset¢rwith flooding (which
describes all of &ith Floridg. The toolbox for infastructure identifiessealing sewers as a priority.
Likewise, septic systems will need to be phasedout, but this is a poltical wil issue and prior effort to locate
maps of eptic area were not successBalt water itrusion isnot affected by sekevelrisein South Florida

as a result of the porous geologydamcreasing groundwater tablBtorm surge data is currently highly
unreliable. Another Kresge graaewasin the process afeveloping surge data. That data rbayavailable
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soon but was not available for this project. Its use is uncertain given the csei@evel risevulnerability
data acting as a surrogate for surge along the coast.

These figuresre the first step ishalding light on the impactof sealevel rise and groundwater in the
region. It is recommended that the base GIS beppdated with layers of information for water mains,
sewer mains, canals, catch basins, weirs and staiar facilties. Updating these mapsvith critical
infrastricture will not only provide a more comprehensive view of points where health may be impacted,
but alsca view ofthevulneraliity of critical infrastructure All systems, both community and othehould

be includedin this view as it wil provide a greaetail of, not only infrastructure risks, but can provide
insight for public health prevention planning
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SOCIAL VULNERABILITY :SOCIAL VULNERABILI TY INDEXAND MAPPING

Methodology

An index for social vulnerability was developed forthis project to demonstrate social vulne rability

for the regionand build upon recent developments in measuring and quantifying various aspects of
community vulnerability [53,55,66,67,68,69,70,71,72]73The application of this indexto ssalevel rise
projections wil albw the opportunity to develop mitigation and adaptation strategies before major
environmental changes occur.

Table 2 in Appendix B summarizes the statistics for education, poverty, and other-soa@mic
elementaused to develop thamaps and the social vulnerability indéar this project Preliminary maps for

social vulnerabilty variables were generated to provide individual depictions of population characteristics

that can be used for understanding communities, in addition to thev®l c h pr ovi des mor e
picture’ Figures 4049 in Appendix G include thepreliminary maps displaying dafer race, education

and poverty in the 4 countieét first glance, these maps indicate vulnerable populations almost opposite

those thapresent as geographically vulnerable in the GIS Maps. Some populations, however, toward the
West and long the coastline do demonstrate higher vulnerabilty. These are further explored-spbe hot

maps in this report.

Table 26 in Appendix B lists the variables used to construct the social vulnerabilty index (S&N.

existing indices have accounted for the health status of the affected populations. In addition, there is
growing attention to the anticipated health risks, such as waterborne diseases, resulting from prolonged
ponding conditions related to the effectsfloods and sedevel rise [8). The emphasis regarding
populations for this project was focused on health and social denominators. To accomplish this, a composite
measure to quantify healtklated vulnerability wageveloped to understand observed hedgia gaps and

how to potentially fill them. Thisubmeasure included variablesich as incidence of chronic and acute
health conditions in conjunction with so@gonomic variables and physical exposure to the anticipated
effects ofsealevel rise The poposed index should be understood as a framework developed to bridge
outcomes that relate to past, present and future conditiigsire 54in Appendix A. displays a flow chart

of the index components.

The Factor analysis and social vulnerabilty indexewvaot an original objective of the grant; however, it
became evident that these would be essential in describing the information that may not necessarily be
clearly portrayed in the mapBopulation characteristics were provided by the FDOH and weraettai

from Florida CHARTS and the US Census Bureau. Florida CHARTS is maintained by the FDOH Division
of Public Health Statistics and Performance Management. Estimates are provided by the FDOH Office of
Health Statistics and Assessment, and are availaloe 830 through the present and up to five years into

the future fittp//www.floridacharts.com/charjs/All denominator data for calculations pamwhed at the
countylevel use FloridaCharts data, andehannual population estimates available for the specific county

of interest.

There are several populatibased surveys that are undertaken by the US Census Baraaeagular basis.

Most of this datarefree and available for download and use fromvlebsite littp://www.census.goor
http://factfinder2.census.gpv Countylevel and ZIP codelevel data are available for population
information. HoweverZIP codelevel data is based aflP Code Tabulation Areas (ZCTAs), which are
generalized representations of #i€ code service areas used by the Census Bureau. All denominator data
for calculations done at thé&lP code lerel use 2010 Decennial Census pojita data. This is the best
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estimate available faZIP code level analysis. Therefore, rates for 2005 use health data fromb2005
population estimates based on 2010 census data. Another caveatis related to unZiRizdies. For
example jndividuak who providea PO Box address at intake will hav&l& code that is speciffic tineir
postal office box addresses. The US Census does not provide population estimatesZdP sodes.
OtherZIP codes may be specific to gomenent addresses. Again, population estimates are available
and suclZIP codes are excluded from rate calculations.

Socieeconomic data at thélP code level wasccessetfom the U.S. Bureau of the Censuémerican
FactFinder. The data includevariables from the Census 2010dathe America Community Survey
[92,93] The variables included in the analysis are derived from eight tables including social characteristics,
characteristics of the population 65 and over, disabiity characteristics, educational attainment, median
income poverty status, race/ethnicity, and health insurance coverage.

The Index was created using thecore approach. A-gcore approach is an appropriate technique for
variable sampling distributions that satisfy the normality assumptionssa®re indicates how much a
particular observation deviates from the mean xelat the standamkviation. A zscore is calculated as
follows:

0
z- score =

The KolmogorovSmirnov teststatistic and other statistical techniquesre used to test the hypothesis that

the observed data had an approximately normal distiib Data transformation and/or windsorization (i.e.
trimming of the tails to the 97"percentile) werg@erformed if outliers or extreme values that digtdrtre

distribution were present [J9Truncation was used to remove the effects of the outierthe mean and

the standard deviation. Truncation to thé @@rcentile preserves the extreme values in the tails of the
distribution, allowing them to still represent *
on the aggregation algihm.

To better understand the difemces between the regions, demographic and health datanaraged,
summarized, and analyzed with XLStatCorrelation analysis was used tdid@mte whether the variables
wererelated to other variable® an individual basiddowever, correlation analysis works best when there
are a limited number of variables, as opposed to the iZables identified. To address this problem, factor
analysis (R), which dates from Spearmanas used93]. There are tw main types of FA: Exploratory
factor analysis (EFA) and Confirmatory factor analysis (CFA). XI®Siaes EFA to reveal the potential
existence of underlying factors within data containing a very large humber of measured variables.

Using XLStat® an ad-on to EXCEL®, statistical analysis wasnducted for theealevel risepotential,
demographicsand disease incidencégequencies of all variables were calculated.

Statistical analysis was conducted floe developmentfahe indexard principal component analysBCA
was conducted to combineariables on two fronts: diseases aaanographic factors. These were also
plotted withsealevel rise vulnerabilty. The results are showiTable 3, 4 and 5in Appendix B. There
wasrelatively highcommonality between most of the social and health factors.

Principal Component Analysis (PCA) is a popular multivariate technique, mainly used to reduce the
dimensionality ofp multi-attributes to two or three dimensions. PCA is ecsgd case of factor analysis
(where k, the number of factors, equals p, the number of variables). Whie FA assumes a number of factors,
PCA is used to reduce the number of variable to factor sets, while maximizing the unchanged variability in
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order to oldin independent (necorrelated) factorsThe mathematics of PCA use an orthogonal
transformation to convert observations of possibly correlated variables into a set of values of linearly
uncorrelatediariables callegrincipal componentsP CA uses a multariate statistical parameter called an
eigenvalue a measure of the amount of variation explaing@dxch principal componer®® CA summarizes

the variation in a correlated medttribute to a set of uncorrelated components, each of which is a particular
linear combination of the originalariables PCA is the simplest of the true eigenvediased multivariate
analysesA ScreePlot is a simple line segment plot that shows the fraction of total variance in the data as
explained or represented by each component.

For disease versus demographics, PCA found that 6 factors represented 80% of the vanwnilly a
variables.These werdower education levels, education, older age, and poverty relating to diabetes and
pneumonia and graphed as Factor 1. Factor 2 w&@CEactor 3 was negative faagliesis and Factor

4 was a negative with heart disease.

All data was graphed on a Mimax PCA.Virtually all health and social data were located on the right
side of the circlewhile wealth was on the lefiVealthier people are more likely to live in areas susceptible
to sealevelrise, and are likely to have better access to medicalltaheuld be noted that similar results
were found for COPD, pneumonia, and asthaoorer, elderly populations were more susceptible to
negative health outcomeé&/ealth wapposite ofhealth risk. This is clear inFigure 55, Appendix A.

It is important to note that PCA is not indicativef correlative relationships.

Figure 56is a Scree plot developed for sleselrise and disease incidence. Factor 1 was primarily derived

from demographic factorspoor,elderly, lower education, etc. None weignificant. The sedevel rise
parameters were all negativEactor 2 was related to sé&vel rise vulnerabilty, albeit none of great
significance $ee Table 6 Appendix B). The principal component analysis did not generate useful results
when all factos were used. However, a Varimax plot for factor 1 and factBe2 Figure57) depicts sea

level rise parameters as greater than 90 degrees from demographics, indicating that these factors are not
correlated. The correlation matriXgble 7, Appe ndix B) demonstrates negative correlatidios disease

and sedevelrise.The findings confirm that the socially vulnerable do not live in the areas wheleveka

rise is the most extreme problem, specificaly neighborhoods with high-esomimmic status, neaw

homes, or homes on the water.

The Varimax plot inFigure 55, Appendix A visually depicts the results of the PCA analyBigure 58
Appendix A utiizes a graphical tool whereby red and oeadgts are strong correlatiofw@riables shown
when scroling over individual tiles) The sedevel rise vulnerability factors are not red and orange with
social and health issues.

Figure 59, Appendix A indicates results when the sukicesare used t@ompare sedevel rise. This
demonstrates health access hedlth status among other variables depicted together and above median
income opposite these variables with-¢meael rise variables rotating from the second to first quadrant

Results

The results of these efforts were the series of maps previdssissed and the use of the Social
Vulnerabilty Index in the final hespot maps which is indicated by rings and displays this information
summarized into a single variable.
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HEALTH VULNERABILITY :DATAANALYSISAND MAPS

Background

Health was analyzed as an outcome, risk factor and contributor to social vulnerabilityTo look at

health as an outcome, incidence rates of locally acquired cryptosporidiosis, salmonellosis, and giardiasis
were calculated and mapped. To examine healthpateatial risk factor for the negative effects of-sea

level rise, hospitalization and emergency department visit rates for heart disease, asthma, and pneumonia
were calculated and mapped. Finally, variables including disabilty were included aimdegub the SVI.

Health conditions were considered as both outcomes and as potential modifierdestkease effects.

Social and economic variables are often considered as measures of vulnerability, -dxistpge co

morbidity, disability or lack ofhealthcare access also impart vulnerabilty to a particular population
[53,54,55,56]. If someone has a chronic disease such as heartdisease or asthma, there would be an expected
exacerbation of il effects due to skeael risesequéae such as floodingpoor water quity, or decreased

food supply.Similarly, a disabled individual or an individual who had difficulty accessing the healthcare
system would be expected to have more difficulty avoiding the consequences of rising sea levels.

Eachdisease provides differinmformation on the risk of selavel rise adverse effec&sthma is an atopic
condition characterized by hyperactivity of the bronchial airways, which often occurs in retepsose
environmental triggerAsthma is a chronic siease that is particularly prevalent in lower socioeconomic
communities [112,113,114] Raciallethnic as well as socioeconomic disparities in asthma prevalence,
exacerbation, and hospitalization are well documefité®,113,114,115] In our framework, asthanis
analyzed as a chronic disease that is directly andeaijir inked to sedevel rise.As a disease of
environmental exposures and triggers, asthma rates would be expecteeldednas a result of seael

rise, and more broadly, climate char@&6,117] In fact, increasing rates of asthma have been noted in
association with climate changelatedfactors such as increased air polufibi8,119,120]. Sedvel rise
might directly cause an increase in asthma rates through an increase in wistégdeling to higher levels

of mold.

By virtue of its complicated relationship with socioeconomic fadtdt®,114, 121]asthma also presents

as a preexisting risk factor which identifies individuals and by extension, communities, that wil most
likely be negativelympacted by the effects of séevelrise. As sedevelrise is thought to impact on access

to healthcare by affecting transportation systems, and also to impact on housing quality, then it follows that
those communities with higher ratesasthma are more likehotoe negatively affected by sésvelrise.

Chronic obstructive pulmonary disease is aHmmgn disease of the lungs which largely stems from
smoking [122]. While asthma has a sign#iot impact on pediatric as well as adult populations PBGO
mostly affects older adultdn elderly adults, COPD can cause frequent hospitalizations and can increase
the risk for pneumonia. In particular, COPD is often ediegnosis along with cardiovasauldisease,
osteoporosis, anxiety, depression and malnutriti®#8]. Like asthma, COPD rates are likédyincrease as

a result of sedevel rise and climate change more brogd®4]. These rates will be affected by increases

in air polition and watetorne diseasedndirectly, there will be greater hardship omividuals with
COPD due to sekevel rise, as transportation systems are affected and aocceaset becomes more
difficutt. Accordingly, COPD is likely a risk factor for an individual to expece negative effects due to
sealevelrise.Individuals with COPD are likely to have less resilience in light afioz or environmental
impacts.COPD thus might burden individuals with a greater degree of vulnerabilty to the effects of sea
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level riseand climate chang@his vulnerability is further impacted by an association between COPD and
lower socioeconomic stat{25,126].

Pneumonia is an infectious diseasd diféects the lungsit has its most serious effects in the elderly, with
patients over age 65 having higher rates of hospitalization and mortality due to pnell@dhi&tudies

have shown an association between exposure to particulate matter, nitrogen dioxide, and pneumonia
[120,128] In addition, ozone and air pollution iemeral, have been shown to be associated with pneumonia
incidence[129]. Pneumonia is also an important marker because there are modifiable factors such as good
nutriton and immunization, which can decrease the incidence, morbidity, and mortality asbaitiat
pneumonia[127]. Here once againwould be a mecham of indirect impact from selavel rise as
decreased transportation, decreased access to healthcare, and lower quality of food and water supplies, are
likely to have impacbn pneumonia rateaccordingly.As such, pneumonia is a respiratory disease goces

that might be impacted by sé=velrise and climate change, but which also might act asex@ting risk

factor for negativeeffects due to selevel rise.As with the other health conidihs, pneumonia morbidity

and mortalty are worsened by lower socioeconomic sfafrs130]

Methodology

Incidence rates are used when reporting cases of ilness from the Merlin leotigdase surveillance
systemjn this stug only crude incidenceates wergrovided. For those diseases with only a few cases
reported during the observation period, asin the instance witifehious diseases reviewed in this study,

rates may be unreliablend sometimeslifficult to interpret.In this study aly gardissis presented enough

cases to allow interpretatiorSé e Figure63and 64, Appendix H). Though the Health Impact Assessment
outined some vectdoorne and waterborne diseases increasing in the number of reported cases, the number
of cases was not significant enough to be mapped by ZIP code for this study. This underscored the need for
more ganular health data especially since cases tend to be nam@ted.

Health data was obtained through the Florida Department of Health (FDOH), Division of Disease Control

and Health Protection, Bureau of Epidemiology. Data was accessed from the FDO#&l Biire
Epidemiology’ s notifiable di sease reporting syst
following variables: case defintion, case classification, event date, county of residence, and ZIP code of
residence. The data was limited to tineet period of interest for this project which was the first quarter of

2005 through fourth quarter of 2012 and for only the counties of Palm Beach, Broward[Mideniand

Monroe.

Data on the locally acquired cases of cryptosipsis, simonellosis, ath giardiasis were analyzedr
20052012 for Palm Bach County, MiarriDade Couty, and Broward County. Datar Monroe County
onany of the reviewed diseases wanavailabledue to either no cases reported or an RSE rate of greater
than 3Q which indicates the data are potentialynreliable. In addition, data for dengue fever, West Nile
Virus, and vibriosis for all four counties could not be obtained due ¢olow incidence of locally acquired
casessStatistical analysis was conducted for the diseatse dNotehat chronic disease ke COPBthma,
heart conditionsandpneumonia weradditionally analyzed.

Correlations werassessed amongriables on two fronts: diseasand their association with demographic
factors, and diseases and theircaggion with sealevel risevulnerability. This was dondo test the
hypothesighat there is an association between medical and other forms of vulnerabiliy.

Figure 65 demonstrates thpathwaysin which climate change might exert an impact on health outcomes
while these represent different levels of inundation, it is recommended that all be considered as a part of all
planning with a health len&igure 66 provides a conceptual framework whidbstrates the potentially
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modifying effect of health on the negative consequences désekrise Health will ultimately be highly
related to resiiency and adaptive capacity.

Results

For those diseases with only a feweaseported during the observation period, as in the instance with
some otthe disease&wiewed in this study, rates wetificult to interpret. This may also occur when there
are no cases reported for a given location during the period of interestDO1e used relative standard
error (RSE) as a way of measuring the reliabilty for statistical estimates.

The healthsubindex relies on health data BP code for four counties (Broward, MiaibDiade, Monroe

and PalrBeach) obtained from the Florida Department of Health. The health data encedi@tssIP

codes and include the number of cases treatedin emergency departments and the number of haspitalizatio
for asthma, COPD (chronic obstructive pulmonary disease), heart failure, myocardial infarction,
pneumonia, anéiardia over a period of eight years (20052012) which were the inttial targets of this
project as defined in the proposBecause thers little Iterature to suggeshat sedevel rise wil impact

chronic conditions, such as diabetes, variables were limited to only those identified as increasing in the
HIA, supported by the literature as demonstrating a potential association widvdese and providing
sufficient data to permit analysis

Additional health data was acquirém the purposes of the indda provide a broader understanding of

health vulnerabilty as it includes thodirect effects, such as waterne diseaseand indiect effectssuch

as increased exposure to risk factors, and chronic/acute health conditions which can be associated with
various age, incomeand race/ethnicity group80]. Collecting both sets of dafarovided a broader
understandingf who is vulnerale beyond lowincome households and those living below the poverty line

who traditionally have been the focus of populatelated vulnerabilty assessments. The data were made
available as spreadsheets which were further processed to create datdbdisat fivere imported into
ArcGIS and joined to the spatially referen@dB Code Tabulation Areas (ZCTASable 8. in Appe ndix

B outlines the potential vector amdterborne ilneses for South Florida.hE list was generated in 2014

and does natepresent more recent potential ilnesses

Ultimately, the issue with waterborne and vediorne diseases is that their incidencan increase
significantly. Figure 67 in Appendix A is an example, gleaned from veryitied literature, of what
incidence of giardia mighlook like as sea levels ris®bviously, this assumes conditions are not altered,
for example througimore stormwater pumping, etd/Vhat the data reveal is some organisms are seasonal
— salmonella has eongh data to demonstrate thiSee Figure 6875, Appendix A). It is difficult to
delineate the true relationship without data collected not only annually but seasonally as this wil provide
greater insight into whether or not there is a direct link betwealevel rise and ilnesses associated to
seasonal organisms. It is important that this be further addressed with improved reportinglledéitan

and communication between health practitioners andesearise analysts who currently do not have a
protocol for communication.

With this in mind, understanding the effects that-leeal rise may have on susceptible populations will

aid in finding solutions to mitigate its effect. With the recent cases of dengue fever and the newly arrived
chikungunyafever in southern Florida, it is ever more important to continue research into climate change
and sedevelrise and its implications on the environmant! populations. Public heatfficials can utiize

this study to innovate more precise ways for noonity and diagnosing waterborne and vettome
iilnesses. Currently, many waterborne and vebtwne diseases go undiagnosed. Knowing a potential for
harm exists for local communities, health care officials may consider educating patients and providing
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additional testing that is not routinely performed. This wil allow epidemiologists to better track and
potentially mitigate the potential for these diseases to become more prevalent in Southeast Florida.

As of December 2015, the teawuhd that complete septic tank maps were not available. Some maps
containing partial information were available but found to not be-d®i8patible. Due to this, water
contamination analysis was not included.

There are a number of issues that migffect drinking water qualityHowever Bloetscler et al. and
Heimlich et alfocused on the impacts to drinking water utiites a result of selavel rise[11,12] From

that study, thevater plants were the leastrék facilties due to elevatiorLikewise the wells were located

away from industrial and septic areas, and generally on high ground, but have been moving away from the
caast due tcsaltwater intrusion caused bye digging of drainage canalgery few people in Miambade,
Broward or Monoe County have individual weldhey get water from theamepublic utiity systems.

Wastewater plants asdightly differentfor the region There are fouiarge plants located on the coast
Surge is a more likely stressihian a steady risgiven thatthe design criteria for construction plants
generally causes thetm be located at higher ground, mounded on the ddastever, gnificant leakage
into the sewer systeoan occur during heavy rains finanflow, which can overwhelm thegpits and draw

in saltwater, complicatingfforts toward reuse tfie wastewater for irrigatiorSealing the sewers, viag

G7 programs suggeted[62]. There are 400,000 septic tanks in the four courtiéferts have caused the
abandonment of most of tleeptic tanksn Monroe CountyBroward County is convéng areas on a
regular basisThe issue from septic areas is that the higlreundwater table in the summer aadl €an
encourage leakage into the soil or septic diiald failure. This is an artifact conditio of the past and will
likely to resolve with time Septic tank maps were housed on County websites at one time, but efforts to
secure comprehensive mapsthis project were unsuccessflbastal waterwaysr{anyseptic tanks are
located near canalsan lecome contaminated as a restilhe Counties monitor this as a part of their MS4
permits.

In addition, data related to tmember ofSection 336fundedHealth Centers serving ZCTAs, total number

of health center patients servey those centers, unserved (by Health Centé&ns}income population,

health center penetration of lemcome population, and health centergieation of total population were
accesseftom the Unified Data System (UDS)apper bttp://www.udsmapper.org/index.cfri9d]. UDS
Mapper is a welservice funded by the Health Resources and Services Administration, U.S. Department of
Health and Human Services, and developed in collaboratitnJohn Snow, Inc. and the Robert Graham
Center(http://www.udsmapper.org/index.cfm)

Table 9. in Appe ndix B summarizes the statistics for all health variables asseBsadubtes waslitimately
excluded from the study due to the lack of support from the lterafigeare 76. in Appendix A is a &t
of box plots for COPD, asthma, and heart conditiofisese demonstrate thasewide variation among
most of the variableszigures 80-83in Appendix H depictwhere these populations are Hy° code.The
datareveathat there are variatisracross the region, but their relationship with other facteesls further
elucidation

Figures 5053 in Appendix G shows acess to 330 health facédis asa measure fdnealth access. These
maps demorigate that socially vulnerable people live in certain areas of the community, and that those
areascorrespond to the same populations identified as socialy vulnerable based on demographic
characteristicshat were analyzed. These areas also tend not to correspgedg@phic vulnerability
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though, similar to social vulnerability variables, some of these do overlap, especialy given geographic
vulnerabilty data was the most specific of three types tf daalyzed

Figures 119-122depict variables for chronic disease, cases treated in the ER and hospitalizations, health
disparity, as measured by a health disparity index, and infectious disease, depicted as giardiasis and
pneumoniaThese maps are imgant as they indicate that chronic disease is shown less prevalent in many
of the ZIP codes demonstrating high social vulnerability and low geographic vulnerabiity and is more
prevalent in ZIP codes that tend to have higher geographic vulnerability. eHitl llisparity index
corresponds to social vulnerability as does the map for infectious disease. The asthnfaguegs §0

83) also more closely resemble the health disparity and infectious disease maps. This indicates that the
conditions that are motitely to be exacerbated by sésvel risein terms of increased vectors, increased
particulate matter (outcomes that wil most likely result over the coming decadesih on the cusp of
affecting much larger populations as-deeel rise creeps into tse communities, while those conditions

that will be more impacted in terms of access to care, etc. are already facingpthstages of se&evel

rise. The overlap or hapots portion of this report discusses this in more detail Hiuhately, this
describes a very delicate situation.

Mitigation will largely rely on the collection of health data by season, annually and at a more specific level
than ZIP code to understand emerging trends in infectious disease and hawvélasewith more granular

chronic disease data. Further, mitigation strategy wil, similarly, rely on the inclusion of health care
professionals who are partners in collecting this data. Itis essential that these individuals be included in the
conversatin and made aware of the geographically vulnerable areas and how those areas will expand over
time. Practitioners should also be encouraged to join this effort.

To have made health outcome projections about exposure to mold, infectious disease, hpacited
conditions, occurrence of exposure to contaminated water supplies, occupancy of flooding related injury,
and mental health issues related to property damage and displacement required more grannlénedata
future, it will be important to analgzthis data andorrelate it tageographic data arfdr accurate health
projections by community
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RESEARCH HOT-SPOTS: OVERLAY OF GEOGRAPHIC, SOCIA L AND MEDICAL
VULNERABILITY RESULT S

If one thinks of the social, political and natural systemayes's, one can better envision the world as one
where all things share spadmit move at different speedshange is constant, but not consistent. The
natural environment changes relatively slowly, and people have less abiity to affect nature intthe sho
term. The buitt environment changes relatively quickly, with new development replacing the old on a cycke
of about 3660 years. Infrastructure, such as transportation networks -stater systems, water treatment
systems, and energy providers, can takger, sometimes up to 50 years to retrofit. This is the layer that
takes the longest, has the most impact on our future ability to cope with impacts and adapt to change, and
is the layer that should be the focus of planning efforts now.

Methodology

Defining vulnerable people can be accomplished by identifying specific thresholds for each variable and
creating a map here these variables coincideor examplein KeyWest this process was utiizeBigure

84 outlines the area in blue ikey West with ppulation percentage greater than 50% minoFRigure 85

outines in red the areaskfey West witha ppulation with greater than 20%% people age@5 yearsor

older. However as noted IFigure 86 these two areas do not coincide which means either the variables are
not correlated or the threshold values are not set properly.

A second attempt to addredss issue is shown ifrigure 87. Here variablethresholds were set as
transparencies, whereuitiple coincident variables, above a given threshold wil create a darkened area.
The variables and thresholds were set as age percent@gme Rinority percentage > 30he carkened
square indicates where this happeNste in this figure, the squaithat was missing inFigure 86 is
highlighted because thereshold values were adjustédso important tonote is the degree to which the
factors needed to be septad to create differentiation which represent very small differences.

To better understahnthe differences between the regions, the collected data was managed, summarized,
and analyzed with XLStat, which is a post procesBaus package takes spreadsheet data and can conduct
sophisticated statistical analyses like principle component, ata facalysis without having to use of
other programs like SPSS and SAgich are more traditionalCorrelation analysis was used to indicate
whether the variables for sd=vel rise, social data and health data are related to other vambles
individual basis.

Ultimately, policymakers wil need more information to prioritize resources and to address the most
drastically needed improvementsor example, a major goal to reduce economic vulnerabilty requires
identifying where economic activity occuasid where potential jobsxist At-risk populations, valuable
property (tax base) and emergency response may be drivers, which means data from otksensstioee
considered in tanderfigure 7.in Appendix A outlines the levels of data that can be obtained for most
communities.

Figure 88is a third effortwith the same intentionThe variables are set as follows:

- 3 shads of blue and hollow represatitferent amounts of overlap

- The darker the more overlaps
o Clear = No positives
o Light Blue =1
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o Medium =2
o Darker Blue = All 3 requirements met

In Figure 88the same square is highlighted, but again the threshaldssaksigned to the variables are
critical component.

Figure 88. Overlay transparency map in Key West.

The next step was to overlay the identified critical census block over the parcel map with hospitals and
medial centers identified (Sdggure 89).

At this point, FIHI noted three importanisiges that impacted trefforts. The first was that disease data
was only available b¥IP code or countyand thamore specific data that woultdentify clustes of people

might violate HIPPAA third issue was that FIHI could not identify a source that might be able to reduce
the ZIPcode data to a finer gridhs a resuftFAU was requiredo rollup all data to ZIRode level.The

ZIP code rollup ha two benefits to the projecthe first was that all data would be at the same scale.
Scaleup from parcel level to ZIP code is a significant step and a ZIP code might include over 10,000
parcels.

Page 40 of 78



FAU s Civil En gi n esealevelnisgriskgareasbypZIPcealé avartificurtseedarios (0,

1,2, and 3t. sealevel rise).Disease data waooveyed by Al to FAU for use in further analysis, and
similar maps vere created for the diseases of intefBis¢ next step was to redevelop the query to the ZIP
code.The initial praesswvas to find uninsured persorkhere were 114 ZIPs with Uninsured > 20Phe

next was to find where areas with >20% uninsured persons and median household income under $50,000
There were 81 Zlleodes that met these criteridhe next was to find wherareas with >20% uninsured
persons, éucation less tha@" grade and median household income under $50,008re were34 ZIP

codes that net these criteriaThe next was to find where areas with >20% uninsured persons, education
less thar@" grade,repated speaing English less than very well, and median household income under
$50,000 There were22 ZIP codes that met these criteri®f note, he thresholds were created forcka
variable and results wesedtered if the thresholds changddhe next was to find where areas with >20%
uninsured persons, educati@ss thard" grade,reportedspeaing English less than very wel, had
population ofgreater than 5% without a vehicle and median household income under $3Be0dwere

7 ZIP cades that methese criteria.

The representatives from the South Florida Regiofzadrihg Council noted that tEP codes highlighted

did not conform to where they knew the vulnerablegee were 33122 had a low disease ra38009
(Hallandale Beach) hagmrtions vulnerable teealevel rise, but those are expensive hoed the disase
incidence is middle rang83022 (Hollywood) has the highest incidence range, but excludes dtevel

rise vulnerable lakédnomes, and is prinndy a middle classcommunity (SeeFigure 90). None of these

would appear to indicate the coincidemtnerable populations sougfithat was the commentary when this

was first presented and it was suggested that a different method be pursued given the lack of information
provided.

The @ame concept was applied to theys after thesealevel risemapping was revised for the Keys. The
Keys (Monroe County) are highlyulnerableto sealevel rise throughout arttie population iselatively
homogenousThese maps proved uninformativer thepurposes of the project as well

Concurrently, analysis was conducted about the coincidence of chronic diseasalandl rise.Little

dataof conditions that could be assaed with sedevel rise existedor this. However, there does exist

much moredata suggesting that acute disesamight become more prevalent. The Kresge Program Officer

was contacted by the FIHI Program Manager at this point and a request to investigate infectious disease
was approved. The lterature provided several diseases that are associatedlesmbl sisa. These were

* Giardissis (flooding)
* Cryptosporidiosis (flooding)

*  Vibriosis

+ Salmonella

* Malaria

» Campylobacteriosis
+ E.Coli

* Dengue (water)

*  Chikungunya(water)

* West Nile Virus (water),
* Vibriosis (water)

All have been experienced in South Florida or the CaabhtHoweverdatafor Monroe County on the
reviewed diseases was unavailable due to either no cases reported or due to an RSE rate of greater than 30

Page 41 of 78



which potentially indicates the data is unreliable. In addition, data for dengue fever, West NileMius,
vibriosis for all four counties could not be obtained due to no cases reported or the low incidence of locally
acquired cases.

For those diseases with only a few cases reported during the observation period, as in the instance with the
diseases reweed in this study, rates may be unreliable and could be difficult to interpret. This may also
occur when there are no cases reported for a given lodduiamy the period of interest. As previously

noted, the FDOH useelative standard error (RSE) as aywof measuring the reliabilty ftatistical
estimateskor rates, thixalculation can be simplified kyking the inverse of the square root of the total
number of cases and multiplying by 100. When the RSE is large, it indicates that the ratciséanpihe

FDOH chose a cypoint of 30, such that rates with an RSE greater than 30 in this report should be
considered unreliable. This is that-off used by several CDC programs. The FDOH suppressed all crude
rates as wellas case counts for strath art RSE > 30. All health data was collected and completed by the
FDOH.

The resulting maps from this effort were, similarly, deemgiformative for the following reasons:

1 ZIP code datavere theonly available data provided to FAU for the diseases

1 Censudlocks are a finer grid that should expose more vulnerable neighbdshd P codes can
obscurethese neighborhoods by averaging witletiieecommunitiesThe specificity of the social
vulnerability is lost at the ZIP code level

1 Thesealevel riserisk data is even further diluted at the ZIP code level.

Given the inabilty tofurther specify dat&rom ZIP codes to census blocks the next step was to attempt to
identify correlations with XLSTat®. Inadditioto this,me mber s of FAU’ s ur ban pl an
FIHI worked to develop a social and health vulnerabilty index since many factors appearedto be correlated.
The medical social andsealevel rise vulnerabilty data that weneade available as spreadsheet¢se

further processd to creatdBase files that were imported into ArcGIS and joined to the spatially referenced
ZIP Code Tabulation Areas (ZCTAsJhe health, social ansealevel rise vulnerabilty factors were
correlated with XLStat®The resulting orrelations identified that ZIP codesinerable to se&vel rise

and socidy andmedically vulnerable ZIP codes were inversely correlatesipreviously discussedrhe

results of these efforts reinforcéht in order to produce informative mapsinerabilities would need to

be depicted individually but on the same map in the form of-Bpbts within a ZIP code, rather than as
highlighted ZIP codes

Hot -spots: Overlapping Risks

The goal of overlapping riskswas to determine nexus pointsr fihot-spotsowhich are highlighted by

health data by ZIP code, sedevel rise scenariodby property, and socieeconomic databy ZIP code.
Researchers atthe FlIHhdFAUd e not ed a place as “vulnerable” i f

1. Locations lkely to banundated from sedevel rise by 2030, 2060, and 21®&@&sed on United
States Army Corps of Engineers (USACE) projections;

2. Locations with low socioeconomic indicators; and

3. Demonstrating ulnerability to disease (e.grespiratory iliness, cardiovascularisease
giardiasis, etc), as measured by 2010 Census and 2013 Florida Health Department data.
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By determining areas most affected by disease relatedatvel rise as well as demonstrating social
vulnerabilty, actions may be taken to mitigate the riegaeffectssealevel risemight have on specific
groups living in Southern Florida.

In this portion of the study, the investigators virtually overlaid the social vulligrabaps, health maps,
and sedevel rise maps. In particular, Zi€ded social vulnerabilty quinties, the health maps
individually > and the soil capacity at 1 foot of sea level rise were cadpand overlaid to identify ZIP
codes where there existad overlap indicating thegdhest risk for each categorihe goaln doing so was

to identify ZIPcodes that are particularly vuliable to iteffects due to selevel rise.

In summary, examining baseline health data as we did in this study provides coneidefrapecified
diseasegCOPD, pneumoniaasthma)asboth risk factors for lleffects due to climate change and as
potential outcomes which over time, mayexacerbated by climate changdeyy association among these
variables—as represented byspdhts newhsr powetfalobtieseshhobhcr
factors concurrently, provides valuable information about who is most likehe hegatively impacted by

sealevel rise both directly and indirectly.

Socioeconomic status, as measure by educational level, incomegupatiorrelated variables, has been
shown to be associated with health outcof@é®7,98,99,100] Meanwhile, there has also been research
on a connection between socioeconomic status, sea level rise, and [1iBia1€2,103,104] This study
examined lie potential relationship betwr socioeconomic status and-dezel risewith a heatlth layer

While we created maps of many different social va
“percent 1living b e | o vimpdrtane propdust\ofethistprpject way tkel credtion ofme v e |
social vulnerabilty index (SVI), which represents a comimnatof socioeconomic variabledhe

methodology and background for creation of the SVIin this project has been pyeprassnted in thi

report. The social vulnerabilty index has been used in other research settings to provide a holistic
representation of socioeconomic stdfi35,107,108] as it is accepted that different aspects of social class

or socioeconomicstatus.

Methods

US Census data from 20@D11 was the source of sodita utiized in this study.he variables that were
chosen for the social vulnerabilty index represent different coemits of socioeconomic statMsriables
used include living below the povertyvild, educational level, language spoken at home, income,
employment status, ceipt of food stamps, and racéhe methodology used to create the social
vulnerability index (SVI)has been previously discusséthe SVI was divided into quintiles and the
quintles weremapped according to zip codd$e zip codes with the highest SVI quintile were identified.

The three healthisk variables: asthma, COPD, and pneumoniare mapped individually by ZIP cade
The data source for the heatlth variables wadRlrida Department of HealtiAge-adjusted emergency
department (ED) visit rates were cdddad for the years 20e812. These rates were divided into quintile s,

2 Disease rates mapped were the combined asthmadjggted ED visit rates from 20@912, number of visits per
1000 residents, divided intguintiles; the chronic obstructive pulmonary disease (COPD}adgested ED visit
rates from 2002012 - the combined number of cases per 1000 residents, divided into quintilegiescaimbined
pneumonia agadjusted ED visit rates from 202912, numbeof visits per 1000 residents, divided into quintiles.
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and the quintles wemmapped according to ZI€odesThe ZIP codes with the highest quintile rfeach
health variable were identified.

The soil capacityvas projected for 1 foot of sdavel rise according to a methodology that has previously
been presented in this rep@bil capacity was then divided into three categories: less than O-f2&tef
and > 2 feet, with the less than 0 feet category representing the highest t&skelor flooding due to sea
level rise. These three categories of soil capacity wererthpped according to ZIEbdesThe ZIPcodes
with the highest level or riskhe lowest soil capacity) were identified.

In this study, soil capacity was mapped for the current situation, at 1 foea @l rise, at 2 feet of sea
level rise, ad at 3 feet of sekevelrise For theoverlay analysis, 1 foot of sdewvel risewas chosen because
at this level, there was still variation in exposures to varymigcapacities among ZIBodesBy 2 or 3
feet of sedevel rise, most ZIREodes had the highest level agk represented within the ZIP code
boundariesWhile many ZIRcodes had the highest level gkirepresented at 1 foot of sleaelrise, there
were stil some ZIRodes that did not include any areas with the highest level or risk.

Each of the health variables was overlaid with the SVI naaudssoil capacity map3hus ZIPcodes that

had the highest asthma ED visit rates, the highest SVI, and the lowest soil ycapacirrently were
identified. ZIP codes with the highest COPD ED visit rates, the highest SVI, and the lowest soil capacity
concurrently were identifé@ Similarly, ZIPcodes with the highest pneumonia ED visit rates, the highest
SVI, and the lowest soil capacitoncurrently were identifiedin this manner, we were able to ridify
“h-spot s” wh icodas withehe legheatlletel of risk on theete components.

Results

ZIP codes with the highest level of concurrent risk for the health measure, SVI, and soil capacity at 1 foot
of sealevel rise were identifiedWe found the correspondincities represented by each ZiBde, and
whether or not thescities were ordered by the ocean (coast&keTables 10-18for resultsandFigures
91-118for maps

The cities which correspond to tZ#P codes with the highest overlapping ssk Palm Beachra: for
asthma West Palm Beach, Lake Worth, and Boyn®each; for COPD West Palm Beach and Lake
Worth; and for pneumonia- West Palm BeacHh,ake Worth, and Boynton Beachhe cities which
correspond to the areas with the highest overlapping risk in Broward are: asbweeafield Beach,
Pompano Beach, Rotauderdale, Holywood, and Hatidale Beach; for COPBPompano Beach and
Fort Lauderdale; for pneumonia Pompano Beachrort Lauderdale, and Holywoodn MiamiDade
County, the dies which correspond to the Z8®des with the highest overlappingkssare: for asthma
Miramar (which lies at the border of Broward and Middaide counties), Opa Locka, Miami, Hialeah, and
Homestead; for COPBHomestead; and for pneumonieHialeah, Miami, and Homestead.

Asthma had the greatest number of Zigtes tht overlapped the highest quintile of ED visit rates with the
highest risk for social vulnerability and soil capacity (the g h e s t  n esnpboet This’ wds true foro t
Broward, MiamiDade, and Palm Beach counti€OPD had the lowest number of ZtBdes that were

“ h-e p o fThais, i order to increase the sensitivity of using tifpe of analysis to identify ZIPodes at

risk for overlapping risk, asthma would provide the best health outcome to consider, as it is the most
inclusive health variableGiven the previously discussed link between asthma exacerbations and lower
socioeconomic statygl2], this makes sense, as a higher rate of ED visits for asthma in a particular area
could potentially be caused by some other, unoneasaspects of socialass.As measured by SYive

know that these are the Zt#®des with a high proportion of individuals of lower socioeconomic status, but
our study now tellsis that individuals in these Ziddes also have higher rates of-présting asthma as
measured b¥ED visits, & well as a greater risk of séevelrise as measure by soil capacity projections.
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Despite a belief that sdavelrise wil have its greatest impact on coastal areas, it is interesting to note that
most of-spolh & cotled @e¢ nenoastalln Palm Beach County the coastal ZtBdes with the

highest overlapping risks were for asthma: 33404 (West Palm Beach), and 33435 (Boynton Beach); for
COPD: 33404 (West Palm Beach); and for pneumonia: 33404 (West Palh)Baat 33435 (Boynton
Beach).All other ZIPcodes were nenoastalln Broward County the coastal Z&&des with the highest
overlapping risks were for asthma: 33441 (Deerfield Beach), 33064 (Pompeach)Band 33009
(Hallandale Beach); and for pneuni@n33064 (Pompano BeacWl other ZIP codes were nenoastal.

In MiamiDade County, all of the ZIPodes with the highest overlapping risks were-coastal.

Discussion

The results of this study are beingvieaved and the research team has creatqdhn for further
disseminationof the findings. The knowledge that emerged from this analysis is useful to planners and
public health officials, in preparing their communities for, and increasing resilience to, thieeneffacts

of sealevel rise.The methodology of overlaying maps health factorssocioeconomic factors, and sea
level rise related factors, can be replicatedother geographic locationgVe are providing a tool to help

in the difficult task of prepang for the illeffects of sedevelrise.

Each of the measuresocial vulnerabilty, health (asthma, COPD, and pneumonia ED visits), and soll
storage capacity, were mapped by ZIP codes aedlaid to identify hotspots.Zip codes were utiized
because this was the smallest level at whitvariables were availablideally, a more granular level than
the ZIP code would provide even more infisation about community risks fadverseeffects due to sea
level rise.In future studies, a more local level of data should be acquired and analyzed.

In this analysis, wgrouped health data from 20@812 together in order to look at the current situation
crosssectionally, which does not allow any inferences on the direction of the effect, nor on the impact of
time. We examined geographical associations through overldlyagghaps, but we did not examine changes

in disease ratesver time, as they relate to seael rise, or socioeconomic statlis a future study, we

would analyze the 2008012 data longitudinally throughRpissontype of regression analysjé31], or

simply by creating separate maps by yeadafa and comparing over timéhe limiting factor for this
approach would be the number of visits or cases, which would be decreased by analyzing each year
separately. Howevdry analyzing the trend over timeregiter knowledge would be gained regarding cause

and effect, the directionality of the association, and the change over time.

Hot Spots: ZIP Codes with the Highest Level of Risk for Disease, Social
Vulnerability and Soil Capacity

Zip Code City Coastal
33404 West Palm Beach Coastal
33407 West Palm Beach Non-Coastal
33417 West Palm Beach Non-Coastal
33460 Lake Worth Non-Coastal
33435 Boynton Beach Coastal

Table 1 0: Zip codes with the highest level of risk for asthma  ED Vvisits, social vulnerability, and soil capacity:
Palm Beach County.
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Palm Beach County Hot Spet€OPD

Zip Code City Coastal
33404 West Palm Beach Coastal
33407 West Palm Beach Non-Coastal
33461 Lake Worth Non-Coastal
33460 Lake Worth Non-Coastal

Table 11 : Zip codes with the highest level of risk for COPD ED visits, social vulnerability, and soil capacity:
Palm Beach County.

Palm Beach County Hot Spot®neumonia

Zip Code City Coastal
33404 West Palm Beach Coastal
33407 West PalnBeach Non-Coastal
33417 West Palm Beach Non-Coastal
33460 Lake Worth Non-Coastal
33435 Boynton Beach Coastal

Table 12 : Zip codes with the highest level of risk for pneumonia ED visits, social vulnerability, and soil
capacity: Palm Beach County.

Broward Hot Spots- Asthma

Zip Code City Coastal
33441 Deerfield Beach Coastal
33064 Pompano Beach Coastal
33060 Pompano Beach Non-Coastal
33311 Fort Lauderdale Non-Coastal
33020 Hollywood Non-Coastal
33023 Hollywood Non-Coastal
33009 Hallandale Beach Coastal

Table 13 : Zip codes with the highest level of risk for asthma ED visits, social vulnerability, and soil capacity:
Broward County

Broward Hot Spots COPD

Zip Code City Coastal
33060 Pompano Beach Non-Coastal
33311 Fort Lauderdale Non-Coastal

Table 14 : Zip codes with the highest level of risk for COPD ED visits, social vulnerability, and soil capacity:

Broward County.

| Broward Hot Spots Pneumonia

Zip Code City Coastal
33064 Pompano Beach Coastal
33060 Pompano Beach Non-Coastal
33311 FortLauderdale Non-Coastal
33312 Fort Lauderdale Non-Coastal
33020 Hollywood Non-Coastal
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Table 15 : Zip codes with the highest level of risk for pneumonia ED visits, social vulnerability, and soil

capacity: Broward County.

| Miami-Dade County Hot SpotsAsthma

Zip Code City Coastal
33025 Miramar Non-Coastal
33055 Opa Locka Non-Coastal
33056 Opa Locka Non-Coastal
33169 Miami Non-Coastal
33054 Opa Locka Non-Coastal
33167 Miami Non-Coastal
33013 Hialeah Non-Coastal
33147 Miami Non-Coastal
33150 Miami Non-Coastal
33142 Miami Non-Coastal
33030 Homestead Non-Coastal
33034 Homestead Non-Coastal

Table 16 : Zip codes with the highest level of risk for asthma ED visits, social vulnerability, and soil capacity:

Miami -Dade County.

Zip Code
33030

Miami-Dade County HoSpots- COPD

City

Homestead

Coastal

Non-Coastal

Table 17 : Zip codes with the highest level of risk for COPD ED visits, social vulnerability, and soil capacity:

Miami -Dade County.

Miami-Dade County Hot SpotsPneumonia

Zip Code City Coastal
33013 Hialeah Non-Coastal
33147 Miami Non-Coastal
33150 Miami Non-Coastal
33142 Miami Non-Coastal
33030 Homestead Non-Coastal
33034 Homestead Non-Coastal

Table 18 : Zip codes with the highest level of risk for pneumonia ED visits, social

capacity: Miami -Dade County.

vulnerability, and s oil

Future Mapping Considerations
A sample map protocdbr refining this effortwas developednd isdescribed below

Recreate the census block data
Identify a color scheme wittransparency shading

Recalculate the vulnerabilty indices

Identify the threshold values of interest in the social factors
Create maps in GIS

Identify “ h-e p o forsinerable populations

NogkrwdpE
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OUTREACH

Outreach was developed as the final objective of this simidpitiate the conversation with local,

regional and national groups and stakeholders about the intersection of health, sésvel rise and

social vulnerallity , with se ctor-specific me ssage d/Vhile uncertainties in the scale, timing, and location

of climate change impacts can make decismking difficult, response strategies can be effective i

planning is initiated earlyBecause vulnerabiity can nevbe estimated with 100% accuracy, the
conventionalanticipationapproach should be replaced or supplemented with one that recognizes the
importance of buildingresiliencyFl or i da’ s crucial interdependent we
resourceghatp ay an 1 mportant rol e i willikelg beumpactedjby stdrre r e gi
surges exacerbated by rising sea levelngiextreme weather events [12

The Health Impact Assessment provided guidance on how to convey teeala@de and health impacts
message. The assessment describes populations as feeling climate change and health messaging too
technical, because it is usualy framed in scientifianteand presented as more of an environmental
problem. The HIA recommends framing dewel rise in terms of daily life impacts, with a focus on public

health effects. The HIA additionally recommends the creation of a health frameworkto redefine tree impact

of climate change, increasitige abilty for people to understand the impacts through terms that are more
familiar [143]. This was included in outreach messaging and is previously discussed in this report. Finally,
the report recommends target decisn-makers at all levels elected officials, business leaders, and other
leaders within the regionwhich were the target audiences for outreach.

The HIAreportprovided six recommendations thisformed the RegionalClimate Action Plan how to best
incorporate health considerations into the current policies and protocols. These messageboeelr
our findings andghared and expanded upon during outreach. They included:

1. Integrate public health planning with municipal and regional planning to prejsanetheast
Florida for the broader impacts of climate change.

2. Educate the public and elected officials on health outcomes associated with climate change.

3. Include heat vulnerability, health and soe@onomic factors when developing vulnerability
mapping ordetermining priority zones.

4. Encourage, fosterand supportinvestigative work to fully understand the impacts and economic
costs attributed to climate change and health.

5. Establish healthrelated metrics to use when planning for adaptation strategies tpatetclimate
change effects.

6. Revisit city and county development plans and revise based on heat vulnerability mapping a
specific amount of shade trees or canopy to increase safe active access to goods in extreme heat.

During initial outreach athe end of 2014 it was discoverdglat the conversation surrounding the
intersection of geographic, social, and medical vulnerability was not happening among many groups and
professionsGiven the results of our researektensive outreach was plannediéu of focus groupsnd

grew into a main objective for this granthd research teafound in South Florida,people were not
communicating nor aware tifese issues as they reltdesealevel rise nor how groundwater wil rise as

the sea rise®Outread wasextended to be the focustbe seond, third, and fourth quarters tife grant

for 2015.Outreach engagements axdlined inTables 19-21, Appe ndix B and included, not only meetings
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with professional groups, but mestream media interviews, nat&metworking opportunities for climate
change topics, and academic publicatiome team, further, intends to submit manuscripts to a variety of
journals to ensure outreach extends beyond the region.

Sealevel rise and its impacts remain a much deb&ipid despite increasing evidence dfrisased high

tide flood eventsOutreach efforts had to achieve a fine balance of informing without alarming and
presenting longerm impacts while rejang short to mikerm urgencyA crucial aspect of the outreach
strategy was to provide a health framework that would resonate witheadth professionals and speak to

the economic implications. Another important consideration was which stakeholders would be approached
and in what timeframe.Stakeholder meetings dpresentations were scheduled based on recommendations
from the Steering Committee and from coleagues within the region.

Outreach efforts evolved over time to reflect audiermaposition and research statdarly presentations
focused on introducinghé project and differentiating from concurrent 4eeel rise and climate change
studies. For the secomdund of presentmns, SFRPCand FIHI staff examined how health could be
defined more broadiyA table developed by the Americ&t|nning AssociatioliTable 22, Appe ndix B),
summarizing health topics within a planning context was identified and became the framework for
discussing impacts outside of the health commuigalevel riseimpacts orhumanhealth were discussed

in the context ofinderstandingulnerabilty and adaptation strategies for the natural and buitt environment.
This yielded avariety of perspectivesnd furtherinformed recommendations.

SFRPCand FIHIstaff carefully considered geographical distribution to ensure altngas taking place

locally, regionally and statevide with some national speaking and networking opportuniti2isersity in

stakeholder expertise was also important to ensure a comprehensive range of perspectivesGFRP C

staff worked to identifyagencies that dealt with the project areas, such as transportation, water and sewer
infrastructure, and environmental issueject team members considered which stakeholders would value

and address the lorignge nature of the impacts while sharing hber information shared would be put

into practice. Planners were ideal because the planning community understaadmgri®r longterm

planning.

The South Florida Regional Pl anni-ter;d ch@lengas candl ' s m
opportum t i e s facing Southeast Florida and assist t h
creative strategies that result in more prosperous and equitable communities, a healthier and cleaner
environment, and a more vibrant economy. The Council ldedSautheast Florida Regional Partnership

which is a voluntary, broadased collaboration of more than 200 public, private, and civic stakeholders

from across Southeast Florida. It was through this network that the SFRP C established many of the outreach
opportunities. The SFRPC staff leveraged their agency role as intergovernmental coordinators and regional
converers to schedule presentatiombe decision was made to join the agenda of existing meetings instead

of creating separate forum&dany of the stakeholders engaged, conducted and attended meetings that
SFRPC staff were directly involved or interacted with the group members.

Key messages shared at these meetings were:
1 Asground watelandsealevekrise, geographially vulnerable areasvill expand with time
9 There are current populations that ageographically vulnerable teealevel riseand
socioeconmically or medically vulnerable; these size of these populations will increase over time
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1 Healthdatashould be collectedt monthly and even more temporally granular intervals, in order

to facilitate assessment for temporal associations between vector and waterborne diseases and

episodes of flooding

An emerging oncern ighatsocially vulnerable peophill not have resources to react

Sealevel rises a 100year issuesomany changes will occum both the environment and

infrastructure as the searisgbough effects can be felt now

It is essential to bag planning now to develop the redevelopmesssage antb address the

physical vulnerability ppblem

1 Adaptatiormust be coordinated arstrategies must be incremental

1 Efforts should be made diminish impacts to both socioeconomically and geographically
vulnerable populations

1 Thisis an issue thatffects a variety of sectors, thus requiring collaboration and cooperation

= =4 =4

To rapidly communicate the relationship betweenlseal rise, health and social vulnerabiliigures 60

62were developed to demonstrate the regions challenges for adaptivtycapéhis intersection grows.
Discussions were guided to include topics sucthaselationship between health a®hlevel rise hard
infrastructure solutions for flood and property protectisoft infrastructure solutions that included
economic, kalth, cultural, and social consideratiotmls that can be used to help protect water resources
from the impacts of climate change; adaptive planning efforts; and how our findings relate to other research
in the region. The results of these discussigase summarized into toolbox strategies.

These key themes were highlightéal raise awareness among key stakeholders and-pwiggrs of the
correlation betwem norrchronic health impactssocioeconomicfactors,and geographally vulnerable
populations. The presentationgredesigned to gather insigrnd specificaliytailored toeach individual
audience.Messages for specific groups are summarized halatlning keyfocus points:
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FPotential population migrationg Lower SES to Geographically vulnerable
areas

8 FChanges in values of housing

= I anner iIssues EConsider social vulnerability vs adaptive capacity

FConnectivity of communities/economic opportunities

FPrevent an increase in social vulnerability due to worsening economic
circumstances

FStrengthen shorelines; Seal sewers; Remove septic tanks

H PMonitor for disease Water treatment to prevent infectious diseases;
P Ubl IC Works Assess and protect air quality; Improve drainage; Facilitate access to
care for vulnerable populations

EPreparedness must occur in the face of scientific uncertainty; Modeling
1 changes in disease patterns; Tracking of disease; Risks require management
P u bI I C H ealth FReduce risks to health; assess-$egel rise and allergen data; conduct more
H Health Impact Assessments; provide data and recommendations to deeision
P rOfeSS I 0 n al S makers; All vulnerabilities should be examined given-k=eel rise and
flooding

FAccess to Emergency services; Access to health services

Tl‘anSpO rtatl on FConnectivity of communities
( Ad aptive C ap aC|ty) FConnectivity of economic opportunities

FAsset value vs vulnerability/protection

FCooperation
FSocial vulnerability vs adaptive capacity
FConnectivity of communities; Connectivity of economic
opportunities; Crime; Migration issues;
Transportation/Water/Sewer/Stormwater Cooperation

Intergovernmental

Figure 123 Key Planning Themes by Sector

FI HI s coll abor at i BhD.advisot at Flotida nterRatiobal Wniersity docehgade in
a research project with PhD students was also considered as a component of outreach.

Lessons Learned

All groups and stakeholders targeted dotreach had not considered groundwater rise in relationship to
sealevel rise. Whié most did consider that so@aconomically vulnerablgopulations would be affected

and, perhaps, health would be impac¢cteche displayed an understanding of what theciBpenealth

impacts may be. Further, it is important to note that the health message did not resonate alone, however,
when shared wiith the context ofthe complete findingsdid tend to esonatewith audiencesThese
outreach opportunities allowed ouate to develoa network of concerned groups, beyond that established

by the Compact, who were interested in remaining informed about this research and the final results for
their planning.

A main takeaway message from the outreach was the régjiooking for strong leadership in elucidating
the full impacts of climate change in the region. Further, a single message alone does not resonate, perhaps
because the impacts will not touch only one factor, such as health, rather they wil haveeeskipasits

on a variety of factors with economic, environmental and structural implications
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TOOLBOX

Outreach strategies are critical for increasing-lseal rise awareness and for promoting adaptatios
toolbox represents a culmination of findingsd atreachthat are placed in a regional and community
context

A change in behavior is more likely when risk communication empowers residents and stakeholders. The
toolbox and guide have been developed as a set of hard and soft infrastructure planitegatons and
recommendations and key components for successful adaptatiomapbkare also included in the toolbox

as a reference guide for planning purposes anémaing and managing public health issues.

The toolbox and guide were created to vigl® local decision makers and partners tangible
recommendations for addressing 4¢®zel rise with considerations for health and social vulnerabilty so
future adaptation plans wil be more robust, including human health consider@hiersxtensive outiach
conducted by the team allowed the gathering of information to inform a toolbox of strategies that could be
used to help mitigate health risks to vulnerable populations. These strategies can be applied to most coastal
communities, though specificity eeded to determine applicability.

The toolbox and guide canbe appltedmprove the regional resiliency to sleaelrise. Itis recommended

that this begin with addressing haadd soft infrastructure systems in skemm andong-term planning.

While not an exhaustive list, these were informed by some of the discussions during outreach or driven by
the findings of this study.

When seas begin to rise, roadways wiltheefirst areas that will see more frequent flooding since roadways
are traditionaly buit at elevations lower than the finished floor of structures. In addition, most
infrastructure systems are located within the roadwagsgwsewer, storswater, pover,etc). As a resul,

there is a need to prioritize where funds are spent on transportation infrastructure and other major
investmentsTable 23 outlines hard infrastructure solutions for flood and property prote @atastrophic
flooding would be expeted during heavy rain events because there is nowhere for the runoffTizego.
vulnerabilty of transportation infrastructure wil require the design of more resistant and adaptive
infrastructure and network systems. This would, in turn, involve thelagenent of new performance
measures to assess the abitily transportation infrastructure (e.g., roadways, bridges, rail, sea ports,
airports)in preparation for sekevel rise and to enhance resiience standards and guidelines for design and
constructionof transportation facilties. Specifically, considerations must include -fiting, material
protective measures, rehabiltation and, in some cases, the relocation of a facility to accommdeleeé sea
rise impacts. As they are relategtpundwater is similarly, expected to have a significant impact on
flooding in these lowying areas as a result of thess of soil storage capacityhile previously
overlooked, oustudy demonstrates that growater needs tbe an important consideration gtanning

efforts forimproved regional resiiencytsealevel rise.

At the center of these planning efforts should also exist the provision for an adequate drainage system,
designed to accommodate increased volume of water. This provision wil baldntiprotecting the
roadway baseAs noted most base courses are installed above the water table. As long as the base stays
dry, the roadway surface wil remain stable. As soon as the base is saturated, the roadway can deteriorate.
FDOT and most municglities rely heavily on exfitration trenches or French drains. These systems work
because the perforated piping is located above the water table, thereby allowing water to leach out; however,
they cease to function if they are located below the water. tAblthe water table rises, exfitration systems

in low-lying areas will cease to work as they become submerged. Because these systems will not be viable
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as sealevels rise, future storm water systems should be designed like sanitary sewers withgjgiitpip

minimal allowances for infitration, and adequately sized pumping stations that permit discharge points and
means for associated treatment of the stmater.Discharges of storrwvater to water bodies may portend

poorly to vital seagrasses aneéfe so some effort wil be required to determine the level of treatment
needed to protect the ecosystem in the face of excessive water levels. Drainage wells could be an essential
component to improving drainage systems. These wells require splitter ayakéiters to remove solids,

regular inspections, and regular maintenance which would all need to be included in budget considerations.

Water would be a second priority for leteym, hard infrastructure planninds number of strategies can

be consideredor improving water supplies, although the applicability wil vérom one location to the
next.Table 24summarizes tools that can be usedto help protect water resources from the impacts of climate
change, which would in turn protect public healthdigking water supplies.

Table 25 outlines eforts to address social issues and hedithportant to his are outreach, a
communication protocol betweépalth professionsland climate scientists, and improved data collection
andanalysis for diseases with preliminary indication that they may be associated wilveda&e If
information is not conveyed to those treatigpple who are il and protocol does not account for a changing
environment and subsequent impacteg sysem fails. The current strategy does not faciltate
communication adequatetpr does it outline a need for analyzing health data at a more granulairievel
addition to this, otreach to vulnerable populations is notoriously difficult and is a challdragemust be
overcomelt is additionally essential todentify effects of longerm chronic conditions as they may affect
residents seasonally. The data did not lend itself to hkeargughly discerned in this project. For example,
there is insufficient @dence to determine if presence of mold resulting from water and increases in pollen
has affectethe incidence of asthméhe only data available was thumber of cases of asthma in the
region Finally, an effort should be developed to engage healittifmaers in developing loAagerm
strategies to address the effects of climate change and communicate them to the public.

Much focus has been spent on the causes eesebrise and the potential flooding caused by the same.

Tidal flooding can be useas a surrogate for estimating the social and economic impacts-levetase
oncommunies. Byperforming vulnerability assessments, coastal areas can begin planning for the impacts
of climate change to saf egu amnnentahaed econano resources.t y ' s
Policies need to focus on both mitigation of and adaptation to the causes and effects of climate change.
Policy formulation should be based on sound science, realizing that policy decisions wil be made and
administeredat the local level to better engage the community and formulate local decisions.

Making longterm decisions wil be important. Businesses look at-tengn viabiity when making
decisions about relocating enterprises. The insurance industry, whicladitsnally been focused on a
oneyear vision of risk, will consider lorgerm risks and not insuring property rebuild in #iskne areas.

The Pew Center report on climate change indicates that the socioeconomic implications of climate change
on water suplies and demands, or the lack thereof, will be directly related to the abilty of water managers
and planners to act on required plans, infrastructure and devetophaeges in the near term [8Deyle,

et al.outline that the need for planning will bspecially important given the competition for scarce public
dollars allocated toward adapting water supplies to climate changes over the next 20 to 1@B]years

Current projects on the timeframe of deeel rise will likely require alteration due tocertainty in the

rate of warming, deglaciation, and other factors. When planningtdong 50100 years in the future, many
factorswil play a role.From the perspective of the authors, to allow flexibiity in the analysis due to the
range of increases within the different time periods, an approach that uses incremental increases of 1, 2,
and 3 feet of selevel rise wagonsidered for the scenarios.€efincrements can work as threshold values

in planning considerations in terms of allowing planners the abilty to know ahead of time where the next
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set of vulnerable areas wil be to allow a for proactive response approach that can be matched to the
obsered future sea levels. Hence as sea level benchmarks are met, certain infrastructure should be
completed and new infrastructure planned.

The toolbox and guide will be shared with all contacts made during outreach, hosted on the SFRPC, FIHI,
and FAU, CESwebsites, uploaded to the Kresge CAKE site, and shared with the South Florida Regional
Climate Change Compact, Resilient Miami, and local legislators.
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Table 23 Hard Infrastructure Improvemerftr South Florida

Implementation Strategy

Benefits

Cost

Barriers to Implementation

Point when Action may
need to be Abandoneo

Exfittration Trenches

Excess water drains to
aquifer, some treatment
provided

$250ft.

Significant damage to
roadways for installation,
maintenance needed, cloggin
issues reduckenefits

If groundwater table is
above exfitration
piping, the exfiltration
efficiency diminishes

quickly

Infitration Trenches

Excess water gathered fro
soil and drained to pump
stations, creating storage
capacity of soil to store
runoff, soil treatment

$250ft. plus pump
station

Significant damage to
roadways for installation,
maintenance needed, cloggin
issues, costs for pump statior

Complete inundation
means pumps run
constantly and may
pump the same water
over and over

Install stormwatepumping
stations in low lying areas to
reduce storm water flooding
(requires studies to identify
appropriate areas, sites and
priority levels)

Removes water from
streets, reduces flooding

Startat $1.5t0 5
milion each,
number unclear
without more study

NPDES permits, maintenancg
cost, land acquisition,
discharge quality

When full area served
is inundated (>3& ft.
SEA-LEVEL RISE)

Added dry retention Removes water from $200K/ac Land availabilty, maintenanc{ When full area served
streets, reduces flooding of pond, discharglecation is inundated
Armoring the sewer system | Keeps stormwater out of | $500/manhole imited expensd®eyond capital none

(G7 program)

sanitary sewer system ang
reduces potential for
disease spread from sewa
overflows. Major public
health solution

cost
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Central sewer installation in
OSTDS areas

Public health benefit of
reducing discharges to
lawns, canals and
groundwater from septic
tanks

$15,000 per
household

Cost, assessments against
property owners

none

Raise roadways

Keepstraffic above

$2 - 4 milion/lane

Runoff, cost, utility relocation

When full area served

floodwaters mile is inundated

Class V gravity wells Means to drain $250K ea. Needs baffle box, mited flow] When full area served
neighborhoods volume (1 MGD) is inundated

Class | injection wells Means to drain $6 milion Needs baffle box When full area served
neighborhoods, 15 MGD is inundated
capacity

Bioswales Means to drain $0.5 milion/mi land area, flow volume, When full area served
neighborhoods, provides maintenance is inundated
treatment of water

Raise sea walls Protects property $.1-1 milion/lot Private property rights, n/a

neighbors
Relocate Wellfields $20 milion assuming $20 milion Cost, concern over saftwater|{ When well is inundated

westward/horizontal wells

locations can be permitted
in Biscayne aquifer

assuming locations
can be permitted in
Biscayne aquifer

intrusion east and west,
inundation of wellfields,
permitting by SFWMD

Salinity/lock structures

Keeps sea out, reduces
saltwateilintrusion

Up to $10 milion,
may require
ancillary
stormwater
pumping stations a
$2-5 milion each

SFWMD, western residents,
private property rights
arguments

n/a—solution to retard
sea encroachment and

saltwater intrusion
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Regional relocation of locks | Creates regional system tq $200 milion ea. SFWMD, western residents, | n/a—solution to retard
to Pump stations use coastal ridge to proteg private property rights sea encroachment ang
inland property, keeps arguments protect property which
saltwater out can exist at levels
below sea level
Pump to Everglades via huge volume of water can| unknown Water quality When full area served
Regional system be removed from urban is inundated
area and used to recharge
Biscayne aquifer
Pump to Tide huge volume ofvater can | unknown Water quality to reefs,sea | When full area served

be removed from urban
area

grassesetc.

is inundated
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Table 24. Tools for Protection Water Resources from Climate Change Impacts

Water Resource Adaptation Alternatives

Water conservation

1 Reducing requirements for additional treatment capacity and development of alternative water su
(AWS)

REDUCING THE IMPACTOF SEALEVEL RISE ONEXISTING WATER SOURES

1 Hydrodynamic barriers: aquifer injection/ infiltraticmenches to counteract saltwater intrusion using
treated wastewater

1 Horizontal wells
9 Salinity structures and locks control advance of saltwater intrusion
1 Relocation of wellfields when saltwater intrusion or other threats render wellfield operations icgbral
Gaining access to alternative water resources
1 Desalination of brackish waters
1 Regional alternative water supplies
1 Capture and storage of stomater in reservoirs and impoundments
1 Aquifer storage and recovery (ASR)
Wastewater reclaim and reuse
1 Irrigation to conserve water and recharge aquifer
1 Industrial use and for cooling water
1 Indirect aquifer recharge for potable water
Stormwater management

1 Reengineering canal systems, control structures and pumping
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Table 25 Soft Infrastructurémprovementsfor South Florida

Implementation Strategy Benefits Cost Barriers to Implementation
Prioritize a data collection strategy that allows { Allows the opportunity to Will vary Challenges with HIPPA rules
more granular dataand seasonaldata guantify the health effects of se
levelrise
Create policies that protect socially vulnerable | Lessens risk of socially Unknown Pressure from developersntal properties at
populations from forced migration due to sea | vulnerable people moving to risk
level rise vulnerable areas
Redevelopment control ordinances and policie§ Reduces competition for land by Unknown Pressure from developers, rental propertieg
removing land from risk, property rights issues.
redevelopment
Public acquisition of atisk property Reduces potential for migration | May provide Public resistance or public support
to vulnerable property by taking| shortterm
property out of circulation income
Increased data collection of skeael rise or flood | More complete datasets for Unknown Adherence to data collection protocol
related vectorand waterbord&seases analysis
Increasednd improvedeporting tools for small | Increased avenues for data Unknown Community and professional bty
populations dinfected individuals that permit reporting
monthly/weeklyreporting vs annually
Educate health practitioners to understand the| Practitioners looking for, Unknown HIPPA rules competing priorities for

potential association of disease pattesith high
tide/king tide eventanddevelopprotocolto track
ilness patterns

collecting and reporting data
associated to sdavel rise

practitioners

Provide preventive measurées subjectillnesses
where available

Reduced risk or severity of
symptoms

Publc resistance or public suppobtidget;
adherence
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Improved eporting tools for health departmenty Health department has the Unknown HIPPA rules
to collect datan ilnesses of concern with sea | opportunity to analyze data
level rise
Develop a communitypased protocolfor Informs residents about their Unknown Access to target populations; establishing
communicating risks vulnerability to sealevel rise relationships with the community; prioritizing
health outcomes health outcomes due sealevelrise
Continued and extensivaitreachabout the Though this study focuses on | Unknown Access to target populations, public interes
relationship between sdevel rise, health and South Florida the message is of support
social vulnerability that will resonate nationally and
internationally with any
community facing the effects of
climate change
Develop stat®ata Commonsvhere the public, | This can be used to better Unknown Ensuring quality of data contributed; state
organizations and researchers have access to| understand the complex effects buy-in; educating populations about the
variety of datasets and intersections of sdavel rise resource
with a variety of factors
Conduct an economic vulnerability assessmen| Can associatie effects and Unknown Support
intersections of sekvel rise
with economic outcomes and
costs
Prioritize RCAP recommendations for Water Mitigate the negative health Unknown Political will, Support, Funding
Supply, Management and Infrastructure adding effects connected with wate
health lens. supply and contamination due t
sealevel rise
Prioritize RCAP recommendations for Natural | Mitigate the negative health Unknown Political will, Support, Funding
Systems adding a health lens. effects connected with changes
the natural environment due
sealevel rise
Prioritize RCAP recommendations for Mitigate the negative health Unknown Political will, Support, Funding

Agriculture adding a health lens.

effects connected with food
supply due to sekevel rise
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Conduct a comparative risk assessment for he
(previously recommended in the Health Impact
Assessment).

Will determine tipping points for
disease in the region

Unknown

Funding
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Guidelines for Planning: Adaptation and Mitigation

The recommendations for adaptation, mitigation and resiiency planning are meant to build upon other work
in the region including the Health Impact Assessment and Regional Climate Action Plan. Because the
RCAP andHIA focus on specific recommendatioribese are meamb serveas a set of guidelines for
consideration during planningnd implementationThis information was sharedsowith a variety of local
decisionmakers, representing diverse sectors, to begirtdmversation of adaptatievith considerations

for human health.

In addition to these messagess, essential thgtlanners, policymakers and public health professionals be
cognizant of impending environmental and population chafgesimpacts orealth require study over
time to truly understand the effects and how to prepare and protect popul@ighsed below are key
componentgo successfuhdaptation and mitigation stegiegevealed during our researshipported by
the literaturewith aheatlth lens applied

ResilienceStrate gy. Incorporating adaptation and mitigation strategies into public health policy is crucial
to reducing climate change vulnerapiitand poor health outcome€lmate change adaptation and
mitigation strategies, poles, and protocols should focus on short andteng changes with an emphasis

on sustainable developmeand protection of public health and community viabif§41]. Adaptation

refers to adapting systems and building resiience in response to amtiogienate stimuli and their effects

in order to redce harm or exploit benefits [1383]3 Mitigation is the preventive approach of implementing
policies, strategies, and protocols that work to redugeent and future impacts [I4MWhile the two
straegies both work towards the same goal of resiient communities through preventing the effects of
climate change, the timeframes and distribution of benefits of the two strategies vary. Adaptation can be
both reactive and proactive to the effects of clinedtange, working locally in short timeframes to directly
create benefits. Mitigation is more letgyrm and proactive in preventingetieffects of climate change
[141,142.

Identify Co-Benefits: Climate change adaptation and mitigation strategies whichligreed with public
health strategies often havelenefits. Healttiocused climate change strategies candirectly and indirectly
have environmental ebenefits and climate change adaptation and mitigation policies wil often have a
favorable impact on fadth outcomeg135,138,13% Many mitigation policies reducing greenhouse gases
will have cebeneficial health effects of redng morbidity and mortality, especially from chronic ilness
such as asthmd38]. For example, mitigative policies reducimglividual vehicular use by encouraging
the use of public transportation, walking, or biking would also directly helpeasithe U.S. obesity
epidemic [13}. Focusing on implementing policies that maximize thesberefits can help to benefit
health outomes and prevent climate chafgg].

UnderstandSyste mc Effe cts: A variety of effective climate change strategies must be considered in terms

of how they impact one another and how disparate systems may be connected. For example, the access to
clean dinking water is a fundamental issue when addressing public health protection. Likbe/isek of
contactwith contaminated water is a fundamental concernin trying to reduce vector and waterborne disease.
As a result, protection from contact with contaated waters is thist line of defenseSince virtually all

residents are connected to potable water systems that are routinely tested, the waters supply risks are
generated via temporal storm events as opposed tewdaise Similarly, salwaterintrusion is less

affected by sedevel rise than groundwater levels which may increase infitration into sanitary sewers,
storm sewer and septic drdialds, absorbing capacity of these system and consuming the available
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capady for their intended purge.Results in Dania Beach and Hollywood identify a correlation between
higher groundwater tables and septic areas near water bodies as opesseEa tmpacts in sewered areas.
Septic tank failure is an indicator of changing conditions. Water infrasteuin imperative foeny public
health protection. Additionallyaccess via roads and public transportation are imperatives for protection of
the public health, as is the lessening of standing water.

SeekCost-effe ctiveness Adaptation and mitigation sttegies which focus on cost effectiveness are
important for the health sector. Some adaptation and mitigation strategies have already demonstrated
success in termsf benefits exceeding costs Bl3For example, early warning systems for extreme heat
evens have proven to be a much more cost effective policy to decrease morbidity and mortality than to
treat heatelated ilness [135,137 Costbenefit analyses have been conducted to determine the economic
valuation of lowering greenhouse emissions (a ntitigastrategy) in terms of the associated health impacts
from reduced air pollution. While results varied on exact cost savings, all calculations determined that the
cost savings of health benefits made up for a substantial poftibie costs of mitigadn [133.

Collaborative ProcessResponses to the health impacts of climate change are not isolated to the public
health sectof133,134] Climate change adaptation and mitigation strategies impacting health outcome
strategies ripple muittiple benefigross multiple sectors. Approaches for addressing these issues must be
crosssectoraland include stakeholders from transportation, building and housing, energy production, land
use planning, and other division89]. Adaptation activities must includefal range of stakeholders from

the community, government, and public and private sectors taeeps$i@ctive implementation [B7
Choosing to implement mitigation strategies that engage key stakeholders from multiple sectors wil help
to overcome implemeation barriers in creating a more cohesive sustainable development.

Apply Scientific Framework for Leveraged Capacity: Adaptation planning must merge scientific
understanding with political andsitkutional capacity on a@ppropriate scale and horizoAccording to
Mukheibir and Ziervogel [132]there are 10 steps to consider when creating an adaptation strategy at the
municipal level. To summarize, the steps are as follows:

1.  Assess current climate trends and future projections for the region (defigisgidhce).

2. Undertake a preliminary vulnerabilty assessment of the community and communicate results
through vulnerability maps (using GIS and other tools).

3. Analyze vulnerabilty spatially, by overlaying development priorities with expected climate
charge on GIS maps to identify hepots where adaptation activities should be focused.

4.  Survey current strategic plans and development priorities to reduce redundancy and
understand institutional capacity.

5. Develop an adaptation strategy that focuses onyhighinerable areas. Make sure the
strategy offers a range of adaptation actions that are appropriate to the local context.

6. Prioritize adaptation actions using tools such as-tuitéria analysis (MCA), codbenefit
analysis (CBA) and/or social accountimgtrices (SAM).

7. Develop a document which covers the scope, design and budget of such actions (what they
call a Municipal Adaptation Plan (MAP)).

8. Engage stakeholders and decisoakers to build political support. Implement the
interventions prioritized ithe MAP.

9. Monitor and evaluate the interventions on an ongoing basis.

10. Regularly review and modify the plans at predefined intervals.

The strengths of using this framework include the initial focus on loegienific science, the use of both
economic andocial evaluation criteria, and the notion that the plan is not a fixed document, but rather a
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process that evolves in harmyowith a changing environmenthe final two steps recur at iterative intervals
by the community with associated adjustments made.

Community Modeling to Identify Priority Areas : Based on findings of theulnerable areas, it is
recommended tdevelop a varietyf scenarios whereby a set of options are utiized to address potential
health risks resulting from sdevel rise in the commmity. The goal is to identify successful flood
mitigation strategies used by other cities that face similanayai and construction problenksgure 124

outlines a simplified flow chart used as a basis for the evaluation, notingrdie GIS layers in a model.

The GIS system can be useddentify hotspots where adaptation and communication activities should be
focusedThis effort can also identify critical data gaps in data, which, when filed, can enable more precise
identification of atrisk infrastructure and predictions of impacts on physical infrastructure and
communities. Data quality varies by community. Scales can also be different which complicates the
process as it did for this project.

Recommendation s: Next Steps

Recommendations were developed as next steps to continue to build upon the previously mentioned work
in the region and would further support the growing body of knowledge and research surrounding climate
change and health in the region. Developing the folgwrecommendations allows the opportunity to
garner increased political wil and would add to the information that leaders are able to share with
stakeholders and communitties.

Use fooding as a surrogatefor understanding the social and economic impaafsclimate change

Flooding will alter incidence patterrg disease fomwaterborneyectorborne, and foodbornédinesses.

Coastal flooding, air and water qualitgcology and agricultureeach represent pathways to new disease
patterns [56] To determine preventive strategy requireca@mprehensivevulnerability assessment of
coastal areas to safeguaammunities against theocial, cultural, environmental and econornipacts

[57,58] Resilience strategies must focus on both mitigation andat@epstrategies in order to address

both the causes and effects of climate change. Policy formulation should be based upon sound science,
realizing that informed decisiemaking at the local level wil better engage the commuaitg increase
adaptive cpacity. Flooding allows the opportunity to project additional-lseal rise health outcomes.

Develop a specific message for Southeast Florida about climate change and health that describes the
presentln inspiring policy and immediataction,the messagef sealevel rise projections and potential

health risks alone often did not resonate; what was of most interest was the more immediate impacts of
climate changevithin a greater context of multiple, immediate effects along with hedditdevelop this
message requires the identification of a more specificleses rise and health impacts pathway. In addtion,
these impact pathways wil wil need an analytpallcy architecture examined over time. To be specific,

the populations and diseases in questidhbe dynamic so sustained monitoring wil be required to map

the exposures, sensttivities and response/policy effectiveness over space and time.

Coastal areas should begin planning for the impacts of water from flooding ,-e@! rise and other

impad s i n order to safeguard their communityés soc
in the future. Tools thatinclude parameters to assess vulnerabilty for social and geographic situations can

be useful to devejp infrastructure and policiesn addition, social issues are rarely static, and geographic
vulnerability is known to be in fluxAs a result, any analysis of current conditions should include a focus

on future mitigabn and adaptation strategieduch policy formulation should befammed by sound

science, and both policy and science should be administered on the local scale to better engage the
community and formulate local decisions.
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Planning and implementation for gstainable water supplies will require an understanding of how
Florida water resources are affected by climate changlee Pew Center report on climate change
indicates that the socioeconomic implications of climate change on water supplies and demands, or the lack
thereof, will be directly related to the abilty of water managers and planners to act on required plans,

infrastructure and development changes in the neaf{88jnGi ven Sout h Florida’'s de

this will be a priority for the region.

Future outreach will need to includea compelling and comprehensive public health case, emphasizing
economic rediency. Outreach efforts will need threepronged focus; 1. awarenesscBange, and 3.
preparednessnd should be expanded to includehe business camunity and elected officialsAs
previously mentioned, the health message alone did not resonate ghalvevmore outcomes shared in
addition to health the more groups were able to connect direct impacts with their own professions and work.

Health datashould becollected more frequently, such as monthtg,allowtestng for association with
monthly weather patterns such as changes in water levels, rain amounts, or temperandeor
relationships with socieeconomic vulnerability As noted,Sout h Fl ori da’ s human
substantially acrodsoth time and geographic space. Commugiynposition, ethnic or socieconomic
signatures, based on observed changes, will continue to significantly change ov&hdénoellection of
longitudinal health data wihelp to elucidate hypothesized associatind wil be essential for appropriate
mitigative andadaptive strategy development for population health.

In the context ofsealevel rise the built and natural environments must be considered through a systems
approach The social, political and natural systenserveas layers, as in a Gi8ap,while these change at
different rates they will each be affected by-#=el rise.Long-term decisionghatconsider this systems
approach aressential tdocal governments and businesassheyexamine longerm viability, particularly

in respecto relocathg and maintaining development. This is already occurring in the insurance industry.
Iti's in the c onodeveloptayplansing iframtework ¢osatiapstrlevel riseand protect
vulnerable infrastructure through a letrggm plan.

Health data monitoring systems should include increased reportingaod evaluation ofemerging
disease related to seavel rise.Sealevelrisecarries with it numerous public health risks, either directly
or through mediators. In addition to those ppasly mentioned, new health threats can be linkedater
quality changes (i.e. salt water intrusion and increased urban runoff) andduit&inage capacity due to
high ground water levelsHuman exposure to toxingvil increasethrough recretional waer related
activities, this coupled with exposure to extreme temperatueesl flooding that can increase vector
exposures Flooding eventssimilarly, wil causehousing dislocation, limited healthcare accessl
compromised food supply

Expand analysisa include variables representing a broader depiction of the interaction between social
vulnerability, health and climate change, anore data becomes availabl&uture topics for research
should include food supply and production, heat, mental healtigytete¢ matter, pesticide exposure, live
births under 2500 grams, dengue, malaria, West Nile, vibriosis, all enteric diseases, chikungunya, Zika, all
arboviruses, algal blooms, all water contamination, wastewater treatment, water supply, water bacteria
levels, saltwater intrusion, nutritional deficiencies, economic factors and population migration. Salinity
measurements should albe tracked as they impact the number of contaminant organisms in the water
systems. Currently, the data on these is eitheavaitable, not reported, or reported in such low numbers
that analysis cannot be conducted.

Analyze vulnerability spatially, by overlaying development priorities with expected climate change on
GIS maps to identify hespots where adaptation activitieshould be focusedThis effort includes
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identification of the critical data gaps which, when filed, wil enable more precise identificatiorrisi at
infrastructure and predictions of impacts on physical infrastructure and communities. Since roadways and
other infrastructure are normaly designedd&® to 10@year service life and are rarely abandoned,-long

term panning for climate impacts isritical Storm events may create temporal impacts trahabe
infrastructure and makeiihpossible to acces®rtain services, for exampleealth servicefoadways are

useful for predictive purposes since most other public infrasteioggs them.

Plan resilience strategies tocus on both mitigation and adaptation strategies in order to address both
the causes and effects of climate chand®olicy formulation should be based upon sound science, realizing
that informed decisiemaking at the local level wil better engage the community and increase adaptive
capacity.

Ensure any climatechangeresearch out of the region hagolicy implications. Florida has a delicate
situation regarding the poltical wil for addressing climate changeleVgbime acknowledge the threiait
will be important for the region to guide policyréagh sound researahd data. The standard for the region,
given the threat of selavel rise should be that amesearch conducted should result in the impleatent

of new policy and strategidmsed on findings.

Conduct comparative cost analysis to determine the codtsisnesses and industrfhe economic case

for sealevel rise wil be a unifying one especialy given the poltical climate in South Florida. A
comparative cost analysis will demonstrate how industry such as tourism, real estate and devatmpment
local businesses wil beffected.

Model population migration Such work has been undertaken in Cincinnati, OH among otheliratbas
United StatesThese models should be reviewed to determine if sufficient data exists to evaieat@a p
patterns of migrgon. Models of population migration may help predict how quickly the socially vulnerable
will be exposed to geographic vulnerability. Bayesian statistical methods are recommended.

Develop a probability model that combines skeael rise and property valud his would include se&vel
rise asit affects the amount of livable property, projected increases in population, projected property values,
and future economic activity. This type of effort would complement migration studies in defining the

“t i ppiimtg” plecanomeadlycvulnerable populations.

Conduct longitudinal analyses that determine the impact of $ezel rise on health outcomeSoutheast
Florida is currently best positioned to conduct a cohort study as we are experiencing the betgigesg

of sealevel and groundwater rise. A population exposed teleses rise could be followed and compared

to an area not exposed to dewel rise. These groups could be followed over time to assess for the
development of climate changelated hedft conditions.

Overlay maps and conduct tests of geographic association among the vulnerability fadkfnie it

appears that there are many areas with a confluence of more than one vulnerabilty factor, the question of
the association among these fact@a be answered statistically using methodologies that are appropriate
for GISbased data. Statistical tests would be done for geographic association.

Develop methods to assess the impacts of-lsgal rise on health conditionsThis project yielded
prelminary insight into the health conditions that are thought to be exacerbatedlbyedeme. Asthma

rates, for example, will likely increase in the presence of higher mold counts. Incidence rates of infectious
diseases such as salmonella and giardibaisb likely increase due to expansion of mosquito populations.

A) There is a need for continued longitudinal collection of these health data to assess for trends over time.
This is entirely appropriate as the effects oflewalrise are long term andlvmanifest over many years.

B) In addition to yearly data collection, which is already the norm, health data collection at monthly
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intervals would faciltate a query into an association between disease rates and rainfall patterns. C)
Currently, health da is available atthe ZIP code level. However, mapping of health data at more granular
levels will facilitate greater insight into geographic associations between health dededeiae.

U An effort should be developed to engage health practitioners/ivat to look for, how to
communicate information, and how to increase awareness of long term trentfsthis
project, the conversation between climate researchers and health practitioners has initiated a
new relationship between these two sectors. Irdaladequately elucidate the intricacies of
the twoway relationship between human health andleeal rise, it wil require effective
collaboration and communication between health care practitioners and climate researchers.

U Evaluate current dataoverseas regarding disease incidence and develop predictive models
of growth in southeast Florida. Limited data might suggest another Bayesian exercise, but
the application would need further evaluation given altered conditions that exist in southeast
Florida.

U Develop tools to assess the impacts of-meel rise to chronic conditions given that little
impacts could be discerned in this projecAsthma, for example, would figure to increase in
the presence of mold resulting from water and increasedam.pddealth data tracking is not
sufficient for this type of analysis (the needis by month or preferably day to match with rainfall
events), and the data is not available in this manner. There is a need to adjust disease reporting
to permit more granat analysis of trends.

Identify successful flood mitigation strategies used by other cities that face similar drainage and
construction problemsScenarios shoulde developed based on idéed vulnerabilties and cost
effectivenessThis allows for tle development ch framework to evaluate the impacts of climate change
on infrastreture and economic developmeas they are inimsically intertwined Figure 124. outlines a

simplified flow chartthat describes thiand is further discussed below

Framework for Identifying Vulnerable Populations

Local/Regional Characteristics

Topography Population Health/disease data
Characteristics

<:| Sealevelrise

Analysis of Coincident
Attribute s

Development of Adaptation
Strateaie9dToolhox
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Figure 124. Analytical framework

The strength of this frameworkdien the proposed holistic andcremental approach to understanding
climate change impacts which entails understanding of combined social and health vulnerabilties in the
context of higher exposure of the physical infrastructure to hazards. As such, it combines physical
vulnerability with health indicators and social enadion criteria, and conveys the notion that a plan is not

a fixed document, but rather a process that evolves with the changing environment.

The devadpment of options requires amderstanding of the communitizach community is different.
Topographé modeling of the impacts ekalevel risemust be undertaken in a manner thatjles, useful,
accurate dataCrude maps and low resolution LIDAReamot sufficient.Census block data is more useful
that lower resolution tract GIP code data for ideifiying pockets of vulnerable peopl€hanges in
demographics between census events complicate the analysis, Einallyunity health data is needed at
a fine resolution.

These results are funneled through analysis to a set of options that can @lidéfibals to community
solutions Since water is the first line of defense, many initial projects are local infrastructure: pipes, water
mains, sealing sewers, replacing septic tafkese types of projects are currently underway in Southeast
Florida. These options are identified rables 23 and 24The reduction of flooding and standing water
reduces the potential for vectors amdterborne disease developmeft.the center of these planning
efforts should also exist the provision fadding resiience and adaptive capacity measures to each
component of the framewark
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CONCLUSIONS

This study, following the Health Impact Assessmesiycidated the intersection between-tael rise,

public health, and vulnerable populations in Southeast Florida given presentto 2100 projoatidaam

was able to geographically map vulnerability to-feel rise impacts in the coming decade shifig

specific potential public health risks, and the populations that would be most affected by these outcomes.
This information was then shared with a variety of local decisiakers, representing diverse sectors, to
begin the conversation of adaptatgiven the risks to human health.

Based on current projections, there is no doubt that sea levels wil continue to rise. With timsl,in mi
knowing the effects that sdavel rise may have on socially vulnerable populations may aid in finding
solutions © mitigate its effect. With the recent cases of dengue fever and the newly arrived chikungunya
feverand Zika virusin southern Florida, it is ever more important to continue meseaio climate change

and sedevel riseand its implications on the envimment. Public healtbfficials can utiize this studjo
innovate more precise ways for monitoring and diagnosing waterborne and-h@cker ilnesses.
Currently many waterborne and vectborne diseases go undiagnosed. Knowing a potential for hars exis

for local communities, health care officials may consider educating patients and providing additional testing
that is not routinely performed. Thigil allow epidemiologists to better track and potentially mitigate the
potential for these diseasedirome more prevalent in Sousts Florida.

This proect s resear ch not o nfoyfutume rstodies ahdealthitbdae alsd iofarm d at i on
adjustments to current and future infrastructure planrémgd provides considerations for social
vulnerability.

The conclusions of this effort confirmed the following:

1. When considered according to our framework, there are large populations who currently
demonstrate social, medical, or geographic vulnerabiity toeleseh rise; few today who are
sccially vulnerable and medically vulnerable are also geographically vulnerable, however this may
not remain constant over time.

2. Sealevelrise has a direct influence on groundwater and, thus, will cause groundwater levels to rise
as the sea rises, increggiime number of geographically vulnerable people.

3. With time, there is an increasing number of people who are likely to be impacted by the flooding
effects of sedevelrise, who are also socially and medically vulnerable.

4. Atpresent, those residing in h@hsocioeconomic status areas have a high risk of vulnerability to
sealevel rise. Over time, this land may not no longer be viable.

5. Thereis a needto access more granular data to better understand the health effeletgdfisea
as they manifest @r time. Geographic vulnerability can be evaluated at the property level, and
demographic data at the Census block level;, much of health data has only been available at the
county level which limits the ability to identify populations representing vuliligrato all three
factors.

6. Sealevelrise requires a constant conversation across sectors in South Florida for the development
of comprehensive mitigation and adaptation stratefida.ge portion of this project was focused
on establishing a rapport Witliverse sectors to learn their impressions of these findings as well as
to glean additional considerations. Health care practitioners are essential to this conversation.

7. We must expand how we define vulnerabilitp include all factors that would influee the
population’s addeperisece capacity for sea

8. There should be enhanced monitoring and reporting of vector diseases.

a. South Florida’s human population varies s
space. Communities with a certain ethnicsocieeconomic signature today may have a



completely different composition in a decade or generation. Thus we should continue to
collect health data longitudinally as this will help to elucidate hypothesized associations.

b. Health data should be mappedhtat block group or census tract level.

c. Health data should be collected monthly if possible, to help assess for associations with
monthly weather and watdgvel variations.

9. Adaptation needs take different forms depending on location.

a. This caninclude thinstallation more coastal salinity structures, the raising of road beds,
abandoning some local roads, increasing storm water pumping, and adding storm water
retention to address many of the problems.

b. Better monitoring and reporting of sésvelriserelated diseases

c. Expand the scope of health data thatis considered.

10. The number of people moving to southeast Florida will continue to increase the current population
(estimated to be 9 milion by 2050), which in turn will increase the number of soaiglically,
and geographically vulnerable people.

11. Given the limited land available, altered patterns for redevelopment will increase competition for
higher ground, challenging the ability of socially vulnerable populations to remain in their current
locatilns. Population movement will likely create an increase in the intersection of vulnerability
as socialy vulnerable people move to more geographically vulnerable areas.

12. Sealevel rise wil decrease available land, increase competition for developmenite r@dged
infrastructure (and costs) and increase risk to socially vulnerable populations.

13. Health data related to incidence of waterborne, foodborne, and “beci@ diseases can be
collected at greater intervals, and finer grid, in Southeast Florida. adlaptive capacity to deal
with potential increases in ilness will require more specific reporting, data collection and analysis,
tracking and public health solutions (access, treatment) than currently exists.

14. Adaptive capacity depends on funding; Tageliected for storawater fees, business activities
and property assessment should be considered

This project has provided FAU, FIHI, and SFRPC an unusual opportunity to explore some of the cutting
edge theoretical and methodological dimensions of aiadr@®-Century policy question: How can a
growing metropolitan area exposed to significant and increasinigsdaise avoid some of the associated
negative human health impacts? We now have the analytical basis for generating innovative, and sustained
projectons of which Southeast Florida communities appear to be at greatest risk of health impacts linked
with sealevelrise. Our analytical framework has been applied to produce preliminary results, which we
have sharedith interested stakeholdelxally, regonally and nationally

Through the outreachfforts our research team was confronted wittsubstantial demand for refined
prgections using our methodology. Accordingly, 2016, we plan to submit grant proposals that, if
successful, will permit us teverage our progress to date, and produce a seeomtatioreffort that will
continueto apply this work and maintain momentuatross the region, nationally, and internationaliye

found the data requirenaexpandedanalysis to determine true corrédas between selavel rise and

specific health outcomes. The impacts on health require study over time to truly understand the effects and
how to prepare and protect populatidosther practitioners must be involved in this procé&i, the sea

levelrise and population health research has led us to distinct conclusions on how to prepare and lead South
Florida through one of the greatest transitions and resiibuiiting efforts it will face.
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