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Executive Summary

There is broad scientific consensus that global climate is warfanggly as a result of increased
concentrations of carbon dioxide (g@nd other greenhouse gases in the atmosphere. Sea level rise in
the coming decadés anticipated to be a major effect of climate change with mostly negative impacts for
many coastal regions, including Florid&limaterelated sea level rise already is being experienced in
North America and other parts of the world.

Importantly, ientists advise that margnticipatedmpacts from sea level ris@n be addressed through
early planning and wellesigned adaptive responses.

In recent years, awareness of global climate change has grown markedly around the Av2€a9

public opinionsurvey by Yale University found that the majority of Floridians are becoming more aware

of climate change; however few are worried about local impacts. In Florida, as in many states, policies
and processes are being put in place to help mitfgatee dimate changdy reducing greenhouse gas
emissions In sharp contrast, measures to build adaptation plans and policies for anticipated impacts from
past emissions have been notably absent. Florida state law does not require sea level rise congideration i
its policies for planning or development. If climate change is to be effectively addressed in the state, both
mitigation and adaptation actions will need to be mainstreamed into all levels of decidiong.

There is a growing sense of urgency amtiregscientific community that adaptation actions need to begin

now. Significant delay into the next decade or beyond as climate continues to change reduces choices and
options, and increases the probability of more difficult and costly adjustments, raocdations, and

coping strategies both for human and natural systetasaging thémpactsof sea level risavill require

adapting human activities in the coming decades through decisive policies, programs and actions so that
critical human systems (e.gQramunities, economies, emergency systems) and natural resources (e.g.,
wetlands, coastal ecosystems, fisher@s)continue to function effectivelps &ér esi | i ent 6 sys
face of climate change

While average sea level rise can be projected watisiderable scientific confidence on a global scale,
localized change is more difficult to project because climate data and models are less advanced. Local
sea level rise impacts may vary widely from region to region also because of different bidpdmdica
sociaeconomic featuresSea level rise adaptation hinges on local action because it is at the local level
where specific climate impacts, including sea level rise, will ocBarong and persistent lodabdership

will be requiredto tailor adapve responses to the specific challenges and circumstances of each region

This assessment takes a sampling of five key policy areas to illustrate the kinds of powers and
responsibilities local governments in Florida already have at hand to advarlesedagse adaptation.

Though not designed originally for this purpose, these tools provide significant opportunities to build both
community and natur al system Oresilienced for se
plans, coastal managemt and beach preservation authority, ecosystem conservation policies, major
public facility and infrastructure investments, and fbisaster redevelopment planning.

Among these tools, one overarching instrument of local government clearly standsadtaraework for

future adaptation actions across all sectors. That is the local comprehensive land use plan. Among
immediate substantive actions that can be taken by local governments and communities is to begin to
integrate sea level rise consideraidnto all elements of local plaiisa process that will inevitably be
longrange and incremental and also will need to be flexible to adjust as new scientific information
becomes available. Essential for this action is the recognition that histote# da longer adequate by

itself for longterm planning since sea level rise rates may accelerate in the coming decades due to
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increased land ice sheet melt. A lontgnm planning horizon (at least§@ars forward) will be needed
if adaptive plannings to capture the longer timescales of sea level rise.

In addition, a number of immediate actions can be taken by local governments to build capacity for
adaptive planning. A primary action could be to designate a focal point within local governments
coordinate sea level rise actions and facilitate information sharing across the sectors and disciplines with
each government unit, with each unit also designating a lead for that unit. Secondly, an action that
several counties of Florida have takerergty is to establish a countyide climate change advisory body
(building on existing entities or created anew) with a principal purpose as laid out in terms of reference to
advise on neaterm and longerm strategies, programs, and policies for adaptdat sea level rise and
climate change; this body should be heavily represented by scientists and technical experts from all
relevant disciplines, and include community leaders.

Finally, a number of overarching principles for adaptation flow from #sessment. Three are worth
particular emphasis. Firstady planning for the impacts of sea level riseiiical for minimizing or
avoiding local risks and negative impacts from sea level ridany decisions made today will have
consequences for dmtes. Some of theneededadaptationsfor anticipated sea level rismay take
decades of gradual change.

Second, the several policies reviewed in the assessment already provide a powerful set of tools for local
governments to start early planning foa $evel rise. Whileew state and federal policiaso will likely

develop as learning progresstgse existing tools already providéroadpolicy framewaork for building
adaptation strategies, policies, and programs and for collaborating acresga and levels of society

in this important longange efforti including with regional, state, and federal agencies, the private
sector, universities, and ngovernmental organization3.he work can begin now.

Third, it is essential that state anddéral policies also be strengthened to support local actions.
Supportive state measures are important to define an overall policy direction and provide guidance, create
a level playing field and compatibility across jurisdictions, and provide fiscahtives for local action
wherever possible. Local governments will need to take a lead role in articulating and promoting state
and federal policies that best meet local needs and priorities. The initiatives local governments take now
using existing poliies will provide important insights and experience for this ensuing role.

*kkk
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INTRODUCTION
A. The Setting

There is broad scientific consensus tHabgl climate is changinginternationalindU.S. climate change
studiesagree the planet is warng, largely as a result of increased concentrations of carbon dioxide

(COy) and other greenhouse gases in the atmosphere duaitma n acti vilriopogéoalcbe
warming). According to the U.S. Climate Change Science Prodhaneffects of climatehangewill be

largely negativdor most regions of the United Stafe§he Florida Oceans and Coastal Council agrees,

concluding in a 2009 <climate change report that
FIl ori dabds nat u manl populaiecn® (althoughs thisoperspdcttive may change as new
knowl edge becdbmes avail abl e)o.

Scientists advise that many early impacts of climate change cefieotively addressed through early
planning and weltlesigned adaptive responses. The rarfiggptions and their effectiveness likely will
diminish as climate impacts intensify over time and the social and economic costs of adaptation become
more severe. Sea level rise in the coming decades is anticipated to be a major effect of global warming
and already is being experienced in many coastal regions of the wibiilslarguably one of the most
visible and understandable consequences of clicteiage for elected officials, community and private
sector leaders, residents, and the public at |dfge this reason, provides an entry point fdreginning a
discussion at the local level ab@adaptive responses to climate change that can will foster and promote
sustainable and resilient communities.

It is broadly recognized at state policy lev¢that alaptation to climate changsdfects and particularly
sea level rise, will be a major challenge for Flondahe years aheadFlorida Governor Crist, in his

2007 State of the State speecle mi nded wus all that 0mrgloceaniledetsands mor «
violent weather patterns than any other stateo i
citizens |living near t hat coastline, and decl ar ed

that we will facethic e nt3ur y o .

The Century Commission for a Sustainable Flondandated by the Florida Legislatucecreate a vision

for the future usin@5year and 5/ e ar ti me hori zons, identified cli
interesto andtoBlustiadadd il itse2907 eeport tolthe hapisldture, the
Commissiorconcludedhat climate change considerations will likely affattaspects of longange land

use planning and make such planning even more challenging, as well asittipo

The Florida Oceans and Coastal Council concurkis Council, created by the Florida Legislature in

2005 and comprised of 15 eminent scientists and other experts from key state departments and scientific
and academic bodies in Florida, decide@008 to examine the state of knowledge about climate change
effects in Florida. In a special report issued®009 the Council enumerated soroéthe reasons for

FIl ori dabts s p eespecallytsealévelase abi | ity

i [ F | diasiodern],20 miles of coastline, almost 4,500 square miles of estuaries and bays, and
more than 6,700 square miles of other coastal walérs.entire state lies within the Atlantic Coastal

Plain, with a maximum elevation less than 400 feet above sea levehastd f FI ori dadés 18
residents live less than 60 miles from the Atlantic Ocean or the Gulf of Mékxico.

Anotherrecentstate initiative, the Florida Energy and Climate Change Action Team created by Governor
Crist in 2007, issued &Florida Climate Chage Action Plan.in October 200%ursuant to its mandate.
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While that Plarfocusedprincipally on energy policy and strategies for greenhouse gas emission reduction
(commonly <called &éclimate change mit i égdapgatioano6) ,
Planning Frameworkutlining actions needed help Floridaadapt toclimate changebkely to occur this
centurydue to past greenhouse gas emissiorguding sea level rise The Act i succesb@ a mod s
body, the Florida Energy & Climate Comrign,is charged witlcompleting annual assessments of that

Plan and providing recommendations to the Governor and Legislature on needed actions, iwiluding
adaptatior.

Florida is among many states that haaken aggressive action in recent yeaith climate change
mitigation, particularly in such sectors as energy and transportation, to redya@n@©themgreenhouse
gas emissions Much less attention has been paid to building adaptation strategitws$ereffects of
climate changeincludingsea level risethat already have been set in motasna result gbast emissions

B. Purpose and Audience

The main purpose of this assessment is to stimulate dialogue among local and state policy makers,
community leaders, and concerned citizens eagidents about potential local impacts and risks of
climateassociated sea level rise in Florida and more particularly in Southwest FlGnwea.the coming
decades, much of coastal Florida will face increased coastal erosion, floodinglgihiparea and more

severe storm surge resulting from rising seas. Growing human pressures on coastal areas from continued
development and pollution will exacerbate these impa&g.exploringsome of the keyolicy areas
relevantfor sea level risadaptation athe local levelthe assessment aims to help inform and advance

this dialoguewith options and opportunities for actions that build communitieginning now, to be
moreresilient to climate change impacts in the decades to come.

It alsois envisionedhat this assessmetuy focusingsome of the concrete actions feasible for adapting to
local sea level risemay serve as eatalyst forbroader discussiagrabout otheclimate changeffectsthat
also may need attention for local communities economies,and socialand natural systemg be
sustainable.Thoseimpactsrelate tochanging species rangasd habitatsinvasive species, human health
stresseschanging food production and water resource pattantsmore extreme weather events.

The principe audience for this assessmerdre local and statepolicy-makes, community leaders,
organizationsand citizens and residents at laggamcerned abogea level risémpactsandinterested in
learning about and participating &fforts to buildadaptathn strategiesbeginning now and for the
decades to come

Sea level rise daptationhinges onlocal actionbecause it is at the local level where specific climate
impacts, including sea level rise, will occur. Local impacts may vary from region tnregien within

the state of Florida. Local leaderswill be at the forefront of decisiemaking about the kinds of
strategies, plans, and actiotfst most effectively address local social, economic, and environmental
priorities. While many local actionwill inevitably need supportive state and federal policies, it is at the
local level wheresffectiveadaptive measurdgnge on locallydriven responses.

How Floridians respond to sea level rise in the coming decades and over a timescale oftlat least
century will have potentially large economic and environmental cdsta. 2009 publicpinion survey

by Yale University Floridians offered mixed perceptions about sea level rissnaaded responsgSee

Box 1]. According to that survey, majority of Floridians are becoming more aware of climate change,

its causes and likely impactndare convinced it is happening and that human activities are involved
However few appear to bevorried about local impacts. At the same time, a majority of dikoms

believe it likely that over the next 50 years some parts of the coast will need to be abandoned due to sea
level rise and that elected officials should do more in climate change.
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Box 1: Florida and Climate Changei A Public Opinion Survey by YaleUniversity

A statewide public opinion survey on climate change conducted in May 2008 by Yale University and the
University of Miami with support from the U.S. National Science Foundation found overall that a large majorjty
(71%) of the public in Floda is convinced that global warming is happening. As to causes, 55% believe it is caused
mainly by human activities, while 32% believe it is caused mostly by natural changes in the environment, and 13%
that is caused equally by human and natural chaffgemwever, a large majority (79%) said they worried only &
little or not at all about the impacts, but rather believed that global warming is a greater thregtuoaorspecies
and people and places relatively far away, rather than to themselvethangeople in the state.

In contrast, a large majority of Floridians believe the state still will be impacted during the next 50 years| some
expecting impacts as soon as the next 10 years (19%) or 25 years (16%). Most believed that during the next 50
years, global warming will cause worse storms, hurricanes, and tornadoes (80%), droughts and water shortages
(80%), fewer fish (69%), infiltration of groundwater supplies by salt water (68%), flooding of major cities (68%b),
food shortages (68%), less toumig64%), and increased rates of disease (57%). Similarly, a majority (69%)
believed that over the next 50 years it is somewhat or very likely that parts of the Florida coast will need to he
abandoned due to rising sea levels. Importantly, the majorignMeethat global warming is already causing or
making the following things worse: wildfires (66%), damage to coral reefs (61%), and more frequent hurricanes
(60%).

Finally, Floridians support more action by their elected officials. Large majoritiespdndents said that the|r
state legislators (66%Qovernor (62%), and mayors (56%) should be doing more to address global warming.

Sourceleiserowitz, A. (Yale University), and K. Broad (University of Miami) (Yale survayiay2 0 0 8 . AFl orid
APl i ¢c Opinion Sur v dylinethroughi hitpreesearch @ate adukprevirodment/climate/.

C. Scope of Work and Method
The assessment was initiated wibkir main tasks in mind:

1. highlight and translate presemdy scientific understandisgabout climat@ssociated sea level
rise in a form useful for policynakers and the community at large;

2. analyzekey policy tools alreadgvailable for locabovernments to begin to addreses level rise
adaptation;

3. identify some basigrinciplesfor climate change and sea level rise adaptation emerging from
growing experience at local and state levels; and

4. provide observations about specific leadership opportunities and actions possible to begin now to
build adaptation strategies for the challenges ®Etiming decades.

This assessmentakes a sampling offive key policy areasto illustrate the kinds of powers and
responsibilitiedocal governmentén Florida alreadyhave at hand to advansea level rise adaptation

While not designed originally fothis purpose, they provide significant opportunities for that purpose.
Theserelate toland use planning, coastal development, ecosystem conservation, public facilities and
infrastructure, and poslisaster redevelopment.heareasareall grounded in sta mandates or programs
where local governments haadeadershiprole in guiding and implementing actiof@ their localities
based on their . Bhistisms only a $aming pfeexisting policy tools which may be
relevant for sea levelsé adaptation; moreover, with time it is highly likely that new or strengthened
policies may be developed in response to changing needs and improvements in scientific information.
Nevertheless, for purposes of beginning dialogue and adaptation actise, tbkicy areas provide
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powerful instrumentswithin which adaptive responses to projected sea level rise mandggated into
future growth and developmeplfians and programs

For illustrative purposes, some of the specific policies and opportuaitiéisble to Sarasota County are
used as examples. This approach was undertaken to give some concretigeasalyses and elucidate
some of the general principles and policies as they are being applied or have potential for application.

The assessmé draws primarily on existing published literature, studies, and official materials,
particularly those of Florida whe@vailable As abaseline study to illustrate existing toadlsyas not

appropriate or feasible to undertake nesgsearch or survey The assessment 6s mai n
information includeccurrentFlorida statutesofficial reports from entities of the state of Florida, global

and national scientific assessmersd a growing body of relevapeerreviewedresearch reports from

acadent institutionsand specialized organizationsBecause of the technical nature of much of the

subject matter, this assessment includes footnotes where it was consdeognt to indicate the

sourcefor the information for reader followp, asdesired. In addition, a list of maimeferencematerials

is provided at the enaf the assessmenwith web sites where documents may be downloaded
electronically in many cases.

D. Organization

The assessmeris organizedn two mgor parts Part | on climée science and what it tells us for policy
making, and Part Il opolicies for localsea level rise adaptationPart | was prepared because it was
considered important to provide a scientific context for the policy discussion, particularly in view of the
growing body of scientific information being generated, almost on a daily basis, related to climate change
and sea level rise and the challenges facingsetentists indistilling those key elements critical for
preseniday decisiormaking. Section lcortains some background odlimate scienceand important

sources of credible, synthesized informatifam policy makers(sources heavily relied on for this
assessment)Sections 2 and 3 then move to a discussion of what science tells us aboutadsoaited

sea level rise globally and then in Florida, including Sarasota County where data are available or can be
extrapolated.

With this context Part Il elaborates on the five policy areas noted abodeexplorempportunitiesthat

exist for local goverments to begimo use these tools for theng-term and deliberativerocess of sea
level rise adaptatioand building resilient communities in the face of climate changection 4reviews

the state policy frameworks in the five areaghlighting sone of the main provisions where local
powers and responsibilitiese most directly relevant for building adaptive response measBeetion5

then turns to basiguiding principals for effective adaptationthat have been identified through
internationaland national assessments déinel emerging experiences elsewhere in Florida and other state
and local actions. Finally, the report closes with steadership opportunities forearterm actiols and
observations drawn from the assessntiagit provide a patve and hopeful context for moving forward.



BLausche/MPSLR Assessment Working draft

09/15/09
PART | i SCIENCE
1. SoME BAsics ABOUT CLIMATE SCIENCE
1.1 Climate and weather
The planetodés climate is a compl ex, theland,smowantd i ve s\

ice, oceans and othbodies of water, and living things.o understand climate change, it is important to
differentiatebetween climate and weathéwhile they are closely related, there are important differences
which sometimes can be confusing/eather is the conditiorof the atmosphere at a particular place and

time measured in terms of such things as temperature, humidity, atmospheric pressure, precipitation (rain,
show), fronts, clouds, and wind. Weather occurs because our atmosphere is in constant motion. Weather
can change from hodp-hour, dayto-day, and seasein-season. In most places weather is unpredictable
beyond a few days.

In contrast,climate traditionally was considered dse average weather in a place over more than 30
years with modern technigug scientistmow look at patterns over 50 years and longélimate change

is a longterm shift in the statistics of the weather (including its averagas)an be identifiedlt refers

to any change in climate over time, whether due to natural M#yiadr as a result of human activity.

Small scaleclimate fluctuations may happen over decades and large scale changes may happen over
hundreds or even thousands of yeafdimate scientists agree that in this past century the global climate
has beerwarming. Confusion sometimes occurs when, for example, a winter may appear to be colder
than usual suggesting we are not in a period of global warming. That seasonal weather, however, is not
sufficient in itself to interfere with a changing climate tramdess it is a predominant statistic far
prolonged period

It alsois important tadistinguishbetween global climate and regiomtimate. When monitoring climate

changemo st of tsdeetistsshave beegrdl@king, in the first instanceharttimate of the entire
planet. 6 Gl obal 6 climate is a description o¥Yariatiomee c | i me
averaged.Gl obal 6 change data and estimates refl ect ar
climate, again withall the regional differences averageth contrast, the climate where one lives is
commonlyreferred tadby scientificreporta s 6r egi onal 6 cl i mat e.

Most of the currentscientific knowledgeaboutglobal climate change comes from General Circulation
Models (GCMs) whichare quite reliabléor generating data oglobal average temperature increases and
precipitation on land and se&Vhile regional projections are improving, muesearctstill is neededo
refinethese modelandimprove regional data dectionfor localizeduse'* A parallelsituationapplies

to obsenations and projections of sea level rise, where glabatageprojectiors are much more reliable
than local projectiongs will be discussed more below

1.2 Key toolsin climate scierce

Significant improvements in scientific tools and techniques in recent decades have helped scientists make
major advances in understanding the climate system, and provide findings about climate change with
increasing levels of scientific confidence.

Satellite technology, more sophisticated climate computer models, methods for reconstructing past
climate changes, and an increased body of observatdatalhave facilitated these advances. The
growing array of climate observing systems being operatedolbgrnment agencies, universities and
other international and domestic groups continues to improve the quality of the observations and
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projections Multiple independent data sources help reduce biases and errors. Ice cores, tree rings, corals,
ocean andake sediments, and cave deposits all help scientists understand past variations in climate,
particularly temperature. Spabased observations, available since the early 1970s, have been especially
important forunderstandingresent and futurglobal and hemisphericlimate change because they can

take measurements over the entire surface of the Earth.

Tools specifically formonitoring sea level risalsohave improvedsignificantly. Tidal gauge data since

the beginning of the 20 century and sathite observations since the early 1990s have provided
progressively more accurate sea level dafith satellite observations havingearly global coverage.

There continue to be many uncertainties, however, because climate models for sea level olsasare n
well advanced as those for global temperature projectiomsscientific understandings of climate
feedback processes with respect to polar ice sheet melt, rates and limits of ocean thermal expansion,
ocean circulation patterns, and landter relatonships are still in early stages of development.

In addition to these tools, the scientific community has another important technigresfoing that the

best available data and expert analysis are the basis of findings and conclusions madd pisbiéca

highly formalized peereview process to validate climate research and its significance. This process
requires that researchers must describe their experiments, results and interpretations in scientific
manuscripts which are then submitted teceentific journal specializing in that field. Scientists who are
experts in that field serve as referees for the journal, reading the manuscript carefully to check that the
research and findings are valid. The journal editors accept or reject marsusas@tl on these reviews.

Through thispeerreview process only weltlocumented research with findings scrutinized by other
experts beconspublished papers and accepted as current science understanding. The Intergovernmental
Panel on Climate Changtaeleading international network of climate scienti@iscussed more below),

uses only research findings and data analyses that havadmsted angdublished through such a peer
review process. The U.S. Climate Change Science Prograriational Aadeny of Scienceand other
governmental science entities helping translate science for policy also apply this rule.

1.3 Key providers of climate science for policy makers

Climate change is not a new area $oience or policyin the United States. rém the 1980s, climate
scientistdfrom the U.S. Environmental Protection Agency and NASA, for example, alreadywwiitirey
abouthumaninduced climate change and urging adaptive actions, among other things, for anticipated sea
level rise Today,the field isunfolding almost faster than climate scientists can keep up.vdlbme

of publishedscientific researchbeing generated on climate changes grown substantially in recent
years. It is virtually impossiblefor policy-makers and othesecisionmakersto filter out whatis most
important for theilong-rangedecisioamaking.

For policy makerstwo principal sources of synthesizeimate science informatiohave emerged in
recent years, one at the global levké Intergovernmental Panel on@lite Changeand the other at the
national level, thdJ.S. Climate Change Science Programhese entities are linked and interactive,
sharing new research findings among countries and scientistsicamigringnew and emerging issues.

Intergovernmeratl Panel on Climate ChangdPCC) From thel980s, the international community
recognized thgrowing gap between what climate scientists were learning about climate change and what
policy makers needed to knaw makeinformeddecisions In response, thenited Nations established

the Intergovernmental Panel on Climate Chasgecificallyto provide policy makers with an objective
source of information about climate change. Todag,assessment reports generated by the IPCE are
principal source of syhesized scientific information about climate change for policy makeher
scientists,and the public at largeThe first IPCC assessment report was issuedl@90, followed by

8
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updated reports in 1995, 2001, and most recently in 20038. scientisthave actively participated from

the beginning of the IPCC, serving both as authors and reviewers, sponsoring key science research, and

facilitating productiorof reports™®

The IPCC reportsthrough each updated assessmeang considered to reflecthe latest collective
scientific understandingabout climate changbecause of the extensive and thorough preparation

and

review processs involved. The 2007IPCC assessmentomprised of a synthesis report, 3 technical
working group reports and supplent@ntechnical materials, is considered the most definitive statement

yet on the causes and impacts of preslant climate change and global warmingncdrporating
published data and analyses available through ,200bas produced by some 600 authors frdn

countries. In addition, over 620 expert reviewers and a large number of government reviewers also
participated. Representatives from 113 governmemsluding the United States, adopted the

synthesized Summary for Policy Makers and aaxdipte undeying scientificanalysegenerated by the

technical working groupsThe 2007 IPCC reports have been an important source of information for this

paper, with key reports listed in the reference sectiee Box2 on IPCC]

Box 2: Intergovernmental Parel on Climate Changg(IPCC) i
Bridging the Global SciencePolicy Gap

The I ntergovernment al Panel on Climate Change (
created in 1988 by the World Meteorological Organization (WMO) and the UnitetnsaEnvironment

common

Programme (UNEP). Itis open to all member states of WMO and UNEP, and is governed by a Bureau comprised of

30 climate experts from all regions of the world and includamgirs of working grous. Because of itg
intergovernmental naturéhe IPCC aims to provide scientific technical and s@tionomic information in a poliey|
relevant but policy neutral way to decision makevghen governments accept the IPCC reports and approve|t
Summary for Policymakers, they acknowledge the legitiyrof their scientific content.

IPC does not conduct new research. Its mandate is to make-péggant, as compared to polipyescriptive,
assessments of the existing worldwide literature on the scientific, technical, anécmeionic aspects ofimate

heir

change. Its main products are summaries and synthesis reports specifically for policy makers, backed up by
extensive technical chapters and data analyses to support its scientific findir2€7, the IPCC was awarded the

Nobel Peace Prize (jaiy with former U.S. Vice President Al Gore) fis efforts to fibuild up and disseminate

greater knowledge about mamade climate change, and to lay the foundations for the measures that are needed to

counteract such chang¥ Consultations already arederway among experts and governmeqiresentativeto
develop the outline and main themes for tHéBCC Assessment Repavhich will be issuedn 2014.

Source:Excerpts fromPCC website at http://www.ipcc.ch/about/index.htm.

U.S. ClimateChangeSciencelnitiatives The second major source of reliable, consolidated scientific
information for policy makersparticularly in the U.S., is the climate science research being undertaken

by U.S. federabepartments and agencies, frequently in collabmratith universities and other researc

h

institutions. The United States has supporfederalclimate change research and analysis for several
decades. NASA, the U.S. Environmental Protection Agency, National Oceanic and Atmospheric

Administration (NOAA), and U.S. Geological Survey have been particularly ativeanslatingclimate
sciencefor policy makers. Various otherfederal entities also have been involvedvith reviews and
assessmentd therequest olCongress, for example, the National Acaglesh Sciencesand with overall

climate science policy coordinatiorior example the National Science and Technology Council created

by PresidentiaDrder in 1993.

To better integrate and coordinate these many federal research effotisStlglimae Change Science
Program (CCSP) waformally establishedn 2002. Tls interagencyProgram is aconsortium of 13
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federaldepartments andgencies with major climate change research responsibilifibsir mandatds

to work togetheto investigate natutaand human nduces changes in the Earth
system; monitor, understand and predict global change; and provide a sound scientific basis for national

and international decisiemaking

A majorachievement of the).S. Climate Changec&nce Prograrhas been production ofseries of 21
6Synt hesi s and As s gensratedy the Phentbdr agendietiveer 200% Rral R009.
These reports integrate research results in a wide range of important science issues regarding climate
variability and changspecifically to support informed discussion and decisi@king by policy makers,
resource managers, stakeholders, the media, and the general Wiulie the Synthesis and Assessment
Products generally include important supportigehnical data and analyses, they all include executive
summaries and recommendations and findings that translate scientific findings for gdleyroducts

cover such subjects as human health and welfare impacts, ecological and agricultural iropguts, a
climate change, extreme weather events, and sea level rise. Attesting to the reliability of their findings,
the reports undergo an extensive prestiew and public comment process, and the resulting findings
reflect the consensus judgments of albgram agencies. Severall these Synthesis and Assessment
Products, especially the 2008eports which reflect the most updated climate change understandings in
this fast moving field of sciencbave been important sources of information for #sisesmentand are

listed in the references.

Beginning in 2009, the U.S. Climate Change Science Program was renamed the U.S. Global Change
Research Program (USGCRREeeBox 3 on the US. Global Change Research Prograr

Box 3: U.S. Global Change ResearchProgram i Bridging the U.S. SciencePolicy Gap

U.S. climate change reseaiisifunded through the U.S. Global Change Research Program which be
a Presidential initiative in 1989 and was codified by Congress in the Global Change Research Act
(Public Law 101606). The Global Change Research Prograovordinates and integrates federal reseg
on changes in the global environment and their implications for socilitis overseen by the Executiy
Office of the President.

The thirteenfederaldepartments andgenciegarticipating in the U.S. Global Change Research Prog
are 1) Agency for International Developmer) Dept. of Agriculture 3) Dept. of Commerce, Nationg
Oceanic and Atmospheric Admin. (also, National Institute of Standadi$ echnology, 4) Environmental
Protection Agency5) National Aeronautics and Space Administration (NAS8) Dept of Health ang
Human Services/National Institutes of Healf) Dept. of State8) Dept. of Transportatiqn9) Dept. of
Interior, U.S. Geolgical Survey 10) Dept. of Defense 11) Dept of Energy 12) National Science
Foundationand 13)Smithsonian Institution.

Some of the Synthesis and Assessment Products (SAPs) partidofariyative for this assessmer
include: Preliminary review of aaptation options for climateensitive ecosystems and resources, 2
(SAP 44), Thresholds of Change in Ecosystems, 2009 (SAB, &he effects of climate change
agriculture, biodiversity, land, and water resources, 2008 (SAF Analyses of the eftas of global
change on human health and welfare and human systems, 2008 {gABnd Coastal sensitivity to se
level rise: A focus on the Midtlantic Region, 2009 (SAP-4).

SourceGlobal Change Research Program web sitbtgi://www.globalchanggov/publications/reports
The CCSP reports are available through that website.

1C



BLausche/MPSLR Assessment Working draft
09/15/09

1.4 Dealing with uncertainties

Scientific knowledge and understanding about climate systems and the causes and effects of climate
change are making major stridesdiscussed above, especiall§th improving observational data and

more sophisticatedimate modeling. Still thereemain many uncertainties abdwtw the climate system

will react in the future to different levels of greenhouse gas emissions and atbes,fand the speed and
magnitude of any changes and resulting impadts. addition, it is difficult to predict how human
populations will grow, use energy, and manage resources, all activities which have a strong influence on
whether future greenhousagiemissions are reduced, remain the same, or increase.

To helptranslatelevels of scientific certainty and uncertaintya manner helpfulor policy-makers, the
Intergovernmental Panel on Climate Change (IPd@pduceda common framework of terms usein
its reportsto reflect the level of collective scientific agreement or confidearvengthe hundreds of
scientists, reviewers, and government representatingsarticular finding or outcoms. [See Box4]
This framework has beeadopted bythe US. Climate Change Science program in many ofetent
climate impactassessments It serves as a useful tool fpolicy makersecause it gives an indication of
the probability of certain projected effects and impacts to better weigh askgotental costs and
benefits of takinglifferentactions including taking no actian

Box 4. International terms to convey sientific certainty and uncertainty

The Intergovernmental Panel on Climate Chawgeking with scientists worldwideisesa frameworkof
agreed language to describe collective certainty and uncertainty with respect to specific fuing
climate change causes and effect§his language is used to descritw® types of judgments: Dhe
confidence levebf availabledata, modelsaand expertanalysis and 2)the likelihood of certain outcome
and events.The U.S. Climate Change Science Program and related federal initiatives have adoj
framework in their synthesis and assessment reports.

Expressing confidence in datd evelsof confidence that a particular finding or data result was cor
very high confidence (at least 9 out of 10), high confidence (about 8 out of 10), medium confidencg
5 out of 10), low confidence (about 2 out of 10), and very low confidence Ilfjis< tout of 10).

Expressing likelihood of certain outcom&¥hereuncertainty of specific outcomes is assessed using e
judgments and statistical analysis of a body of evidence (e.g., observations or model results),
following likelihood ran@s are used to express the assessed probability of occuvamgally certain
>99% probability, extremely likely > 95%, very likely >90%, likely >66%, more likely than not >§
about as likely as not 33% to 66%, unlikely >33%, very unlikely <10%, erisemnlikely <5%,
exceptionally unlikely <1%.

(Adapted from I PCC 2007a, )p. 27, iTreat ment o0

*kkkkkkk

Graphic lllustration of Likelihood Terms and Related Probabilities
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Source: U.S. Climate Change Science Program. [20B@ure R1, p. 12.
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2. WHAT SCIENCE TELLS US ABOUT CLIMATE CHANGE AND SEA LEVEL RISE
2.1 The Global Warming Connection
The terms 6global warmingé and o6climate changeb6 a
and scientific writings. In its 2008odate on climate change science, the National Academy of Science
noted that the phrase 6climate changed is prefer

convey that there are changes going on in addition to rising temperatufBseseinclude changes in
precipitation patterns and changes in ocean circulation. However, for our discussion here, we want to
focusspecifically onglobal warming fotthis is the main driver afcreasing sea levels.

To understand whdtas beerhappening wth global sea level risassociated with climate changhe

starting point igo look at what has been happeningnep | anet 6s | and and ocean t
becausesea level rise is most closely linkedtemperature changelhe two maincontibuting factors to

global sea level rise are therm@{pansionof the oceangwhen the ocean warms, water expands) and
increased temperatwever the landriggering more melbf glaciers and snow covéibwing into nearby

seas Since 1993 when sate#litdata hee been most reliable, U.S. scientists estimate that each of these
factors accounted for about half of the observed sea leveél rise.

Today, there is scientific consensus that the Earth is warmdisgoncludedn the2007 IPCC Report:

fi Wa rngpiof the climate system is unequivocal, as is now evident from observations of
increases in global average air and ocean temperatures, widespread melting of snow and
ice, and rising gtfobal average sea | evel .o

According to the IPCGQhis is cause for aeern becauste currenglobal temperatures are warmer than
they have ever been during at least the past five centuries, probably even for more than a miflennium.

Observations of recent chang®bservations from sites on all continents and in mosaos show that, at

the global scale, both land and ocean temperatures are r&sdetermined by the IPCC, the globally
averaged temperature rise over the 100 year period2@@®about 1.3 °Rwhen estimated by a linear
trend. Records also showed thaarming accelerated over the latter 50 years of that period to about 0.23
°F/decade, almost double the overall rate of change for the céhtury.

Land regions have warmed faster than the ocea#mvertheless, there is now clear evidence that the
ocears also are gradually warmindpuring 19612003, globahverageocean temperature rose by 0.18 °F
(0.10 °C)to a depth of2,297 feet TO0 meterk with increasedjlobal ocean heat dowas far asl.9 miles

(3000 meters® Analysesalso showdthatthe ocars took up over 80% of the heat being added to the
climate systenduring that period, with twethirds of the heabetweenconcentratedbetweerthe surface

and the700 meterdepth®” Observations about the temperature increases of the global oceans shows
consitzjserable variability on an annual basis and from decade to decade within thetdomgemarming

trend:

While temperature increasegdfobal, records indicate thatarminghas beemgreatest at higher northern
latitudes. Average Artic temperaturesr@ased at almost twice the global average rate in the past 100
years® AverageNorthern Hemisphere temperatures during the second half of tRec@0tury were
higher thamat any other 5§/ear period in the last 500 yediscreasing by about 0.9 °F overe period)

and according to the IPC®vere likely the highest in at least the past 1,300 ye&ars.
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These statistics ar e unus u haveraisedetiohseconteinamoogost of Ea

climate scientists andnany governments.Climat e has c¢changed on all ti me
history, but the origin of théhistorical changesnormally has beennatural variability and natural causes
(mainly, changes in the Earthoés orbit ggering he sut

additional changes in greenhouse gas concentrations and ocean cutfents)er,according to thee

latest IPCC findings, the concentration of carbon dioxide in the atmosphere has reached a record high
relative to more than the past haifllion yearsand these concentrations have been growdigan
exceptionally fast rat& [See Box5]

Box 5: Growth of atmospheric CQ, concentrations since industrialization.

It is possible to track the increase in greenhouse gas concentrations in the atenbgpheasuring the number pf
greenhouse gas molecules in one million molecules of dry air. Measurements typically are given in parts per
million (ppm) of CQ (or other greenhouse gases) in the atmosphere.

Evidence from ice cores spanning many thousasfdyears shows that global atmosphere concentrations of GHGs
have increased markedly since the 1750s (considered roughly the beginning of the industrial era) and now far exceed
pre-industrial values. In the piadustrial era, carbon dioxide was ab@®0 ppm (280 molecules of GQer
million molecules of dry airf’ In 2005, the concentrations increased to about 379 ppm, far exceeding the |natural
range over the last 650,000 ye&tsMoreover, the numbers show a rapid rate of increase. Looking oithe at
period 1970 through 2004, data show GHG concentrations from human activities jumped 70%, with the largest
growstg] due to fossil fuel use and, secondly, land use changes, including deforét&iorent levels are near 385
ppm.

Under | P Cplimistic modes €@would reach 549 ppm by 2100, or roughly 30 percent more than tbday.
Based on historical data, IPCC scientists consider that 450 ppm is a critical upper level for stabilizing the climate as
we know it. Some scientists believe, basedcurrent levels, that this critical point will be passed in the opposite
direction within decades unless there are prompt policy chdhges.

New analyses published by NASA and other international scientists in 2008 on how climate has responded over
geobgic time suggest that GOvill need to be reduced from its current concentration to at most 350ppm, but|likely

less than that if humanity is to preserve a planet similar to that on which civilization developed and to which life on

Earth is adapte®. The® findings may be further complicated by other new research published in February 2009

that concluded climate change due to increases in carbon dioxide concentrations may have irreversible effects for
1,000 years after emissions stop if concentrationgrageak of 450 600 ppm, those effects including irreversible
dyseason rainfall reduction in %ome regions and [6i nexor

Moreover, with greater than 90%cientific certainty the IPCC concluded thabost of the observedse
in global average temperatures since the-808 centuryhasresulted from increasing greenhouse gas
(GHG) concentrations, ainly carbon dioxidefrom humanactivities rather than natural caudes

It also confirmedthat at continental, regional and ocean masiales, numerous lotgrm changes in

climate already have been observeith mostly adverse effects on natural and human systehiese

include changes in arctic temperatures and ice, widespread changes in precipitation amounts, ocean
salinity, wind patterns and aspects of extreme weather including droughts, heavy precipitation, heat
weaves and the intensity of tropical cyclofies.

While not comprehensive, the IPCC and U.S. EPA have provided illustrative examples of some of the
higher likelihood efécts from climate change in the Southeast and Gulf Coast of the United States. These
include increased coastal erosion including loss of barrier islands and wetlands; intense coastal zone
development placing coastal floodplains at risk to flooding froanleeel rise, storm surge, and extreme
precipitation events; changing forest character as disturbances (e.g., fire and insect outbreaks) increase;
and higher summer heat with reduced winter cold sifess.
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Many natural systemalreadyare being affected- systems related to snow, ice and frozen ground
(including permafrost), hydrological systems (including runoff and earlier spring peak discharge),
terrestrial bi ol ogical systems (e.g., earlger O6gr
seasons), and marine and freshwater biological systems (e.g., changing salinity, oxygen levels,
circulation)®

Futureclimate changés likely to generate manimpacts in addition to those associated with sea level
rise in coastal region§yrther ctallenginglocal governments as they to pursue adaptive stratEgissa
level rise Stresses alreadgre being feltin such areas awater managementcoastal ecosystem
management, changes in both distribution and abundance of native species, exqpagatetbr invasive
speciesfood production, and human healtBlimate change impac#se likelyto become moreevere as
globaltemperatures increase.

Consistent with global trends, U.S. average temperatures also have increased durifigutiei2d the

21% century. In recent years, the average temperature rise for the contiguous United States has been
greater than the global average, at nearly 0.6 °F/dét#de.c or di ng t o NASA®ds Godda
ten warmest years on record (188present)were within the 13/ear period 1992008 Moreover,

while calendar year 2008 was the coolest year since 2000, NASA analysis concluded with confidence that
2008 still was within the range from the 7th to thelOth warmest year on record.

Projected Future @mperature RiseThe IPCChasconcluded, again with 90% scientific certainty, that
continued greenhouse gas emissions at or above current rates will cause further warming and induce
many changes in the global climate systemvkay likelywill be greate than those of the #@entury®

To estimate future temperature increases, the BBCT assessmenisedseveralscenarms covering a

range oflikely future emissionsand climate responsesanging fromb b usi ne s semssonsus ual 0O
increasingfor the next 5 ormoredecades) to an idealized alternative scenario, @fissions level off

this decade, slowly decline and by nuenturyare at orbelow 2000 levels).The range of projected
globaltemperature increases by 2100 generated by these scenasi@®m about 2 °F to 7 °F (1i&4.0

°C).*? Even if greenhouse gas emissions had been held constant at 2000 levels (levels now surpassed),
the IPCC calculatethere stillwill be a further 1.8°F [.6° C] risduring this centurjpecause of the slow

climate responsé&

The 2007 IPCC report projected ttadit of North America willvery likely warm during this century and

warm more than the global average in most afedsearly all the models assessed by the IPCC for its
2007 report projected that the aage warming in the United States would exceed 3.6 °F, with 5 out of 21
models projected an average warming in excess of 7.2 °F by the end of the century. In regions near the
coasts the projected warming is expected to be less than the national aversjgert with less
warming over the ocedf.

These projections are now considered too conservative by some scientists because of nAwtlata.
February 2009 annual meeting of the American Association for the Advancement of S8IRAS) in

Chicagg scientists connected with the IPCC discussed fresh data showing that GHG emissions
worldwide have increased far more rapidly then expetctad average of 3.5 %/year from 202007,

more than three times the 0.9% growth rate of the 189@4.that meetiy, scientists also warned that

new evidence indicates the arctic permafrost is beginning to melt and with the better climate models now
in use it is expected that the permafrost melting process will release more carbon dioxide than previously
estimated, asell as methane which is 25 times more potent a greenhouse gas than carbon dioxide.
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Given the higlr rates of observed emissionsretentyears scientists are now discussing the likelihood
thatthe wors-case IPCC scenasdor even worse) are beingalized. This was one of six preliminary

key messages from the International Scientific Congress on Climate Change convened in Manch 2009
Copenhagemo assimilate latest observations and research since the 2007 IPCdrrgpeparation for

the UnitedNations Conference on Climate Change in December and for the next IPCC assessment due in
2014¥ The Congress receivednast 1,600 new scientific contributions from researchers from more

than 70 countriesAmong the items discussed was new datattia@temissions from burning fossil fuels

since 2000 have largely outpaced the estimates used in the 2007 IPCC Report and that assumptions used
in scenarios of future emissions also are too conservative. It is anticipatdtewmnhew findingwill a

significant inputin the next IPCC assessment reports to be issued in 2014.

2.2 Global Sea Level Rise

Consistent with global temperature trends, global sea level increased fronf tioeti® 28 centuryand

by the end of theenturywasaccelerating.The total 28 century rise is estimated to bbout6.6 inches
(0.17 m) with the period 1962003 showing an average rate of rise of .07 inches per year (1.8nffh/yr.).
The most recent satellite and grotraised observations also show thegrage globadea level ha been
continuing to rise since 1993 at a rate well above average for theed®ury (about .12 inches/year
(3.1mm)). Indicators from historical climate charsyggest that global sea levels have been stable for
the last 2,000 to 3,000 yeanscadid not change significantly until the laté"x@®ntury?

Sea level has been observed to be rising along many coastal regions wotld#ileoncluded by the
IPCC, sea level rise and human development are together contributing to losses ofnebkestds and
mangroves and increasing damage from coastal flooding in many’areas.

There is high regional variability, howevein some regions sea level rise is up several times the global
mean rise while in others, sea level is falllAgGlobally, he largest sea level rise since 1992 (when
satellite data became available) was in the western Pacific and eastern Indian Ocean, with sea level falling
in the eastern Pacific and western Indian Oc&ansearly all the Atlantic Ocean experienced sea level

rise during the last decade.

In North America, sea level is rising in many coastal areas, though with wide variabiitglland a

wide range of trendsFrom the early 1980s, U.S. climate scientists were issuing reports on the potential
effects of gloll warming on sea level with recommendations for policy acfiofihe IPCC recognize

that this region already has experienced locally severe economic damage, plus substantial ecosystem,
social and cultural disruption from recent weattedated extremesncluding hurricanes, other several
storms, floods, droughts, heat waves and wildfites.

For the remainder of this century, the IPCC concluded with more thanc@ddidencethat global
averagesea level risavill exceed the average ravé riseduring he 19612003 period?® Usingthe same
scenariosas those developeid estimate futureglobal averagetemperature increasenoted aboveit
projected global average sea levels would rise within the range-28 iiichesby the end of this
century>’ Thes projections assumed no increase in the rate of polar ice sheet melt from Greenland and
West Antarctic becausaf insufficient published data arldck of agreement otthat issue assumptions

that are now considered too conservative by a growing numbsciehtists However, the IPCC
suggested that a partial melting of the Greenland and West Antarctic ice sbeletsontribute an
additional 13 to 20 feet (4 to 6 meters) or more to global sea levalriagime span that extended into

the next centurgnd beyongd®

Since the 2007 IPCC reportew satellite data confirms that the Greenland and West Antarctic ice sheets
are losing mass at an accelerating Tatds a result]PCC projectiongre in questionThis was a finding

15



BLausche/MPSLR Assessment Working draft
09/15/09

of a2008 report issuedytthe U.S. Climate Change Science Program on abrupt climate chamgkeby

the U.S. Geological Service t hat r e ptlough noficeshertdnodelfisAcurrently capable of
capturing the glacier speedups in Antarctica or Greenland that have beeredlmearvthe last decade,
including these processes in models will very likely show that IPCC projected sea level rises for the end
ofthe2fcentury are too | ow. o

Evidence of these changedso was afocus ofthe March 2009International Scientific Cagress on

Climate Changenoted earlier Scientists at that Congregsting the newsatellitedatg reportedthat it

now seems very cledhat sea level rise b 1 00 wi | | be great erpossibpas t he |
much as twice the predictioandthat the rate of increase after 2100 will be faster than it will be before

2100%° Several scientists at that Congress spoke about a global average rise of a meterbyrahofe

even if the worldés greenhoufe gas emissions were

Similar observatios emerged fromhe AAAS 2009 annual meetingoted aboveywhere an expert panel
focused on factors driving the ocean levels to rise. According to the panel, a consensus seems to be
forming that sea level risegegoing to occur fastethanthe scientific community had recently thought

and are likely to continue well after any control on greenhouse gas emissions stabilizes their
concentrations in the atmosphéte.

Based onimproved analyses of past climasgstem behaviorscientistsexpectglobal sea leved to
continue torise as the ocean takes up more heat and polar ice sheetantilelt new equilibrium
temperature is reached, and then seadestabilze The main uncertainties with respect to future sea
level rise relate to tle timing and magnitude dhe rise. These two factors, so important for developing
local adaptation strategiese complicated by limitations in scientifiomderstanding about the dynamic
feedbackprocesses and different time scales involved iithre polar ice sheet meltates of ocean
thermal expansion, and changesvater storage on the land.

Assuming a linear trend fron20" century sea level rise datarecent studies have madeew

approximationsuggesng thatglobal average sea level riselvide on the order o0 inches gne meter

by 2100, more than a foot above the IPCC kighl estimat&® In a 2009 report on sea level riseet
U.S. Climate Change Science Program (CCSP) usecestiatateas the upper end of a ranggolicy

makers shoul consider for their longange planning’

Other new research suggests, however, thatgtimatemayalsobe too conservativieecausduturerise

probably will not belinear due to the polar ice sheet probleninstead, sea levels may rise at an
acceéerated ratesincreaing global temperaturesigger complex interactions between the ice sheets and

the oceans thatould further increase the rate of polar ice sheet raelil sea ris€ NASA has warned

that estimates of future sea level rise contitubave uncertainties because of the-loear response
expected for the ice sheet melt, making it impossible to accurately predict the sea level change on a
specific daté® There is broad scientific agreement that the present generation of climates choeke

not capture these processes.

These uncertainties have led some scientists to advise that a fasievetesse rate baisedwhen
planning adaptation measufésAs to what estimate might be reasonable for a faster rate during this
century, newcalculationsbased on climate modeling and analogies with past condgigggesthat sea

level riseincreases in excess of 2 metever this century probablgre physically untenablend that an
improved estimate of the range of sea level rise to 21€lQdimg increased ice dynamics lies between
roughly 2.5 to 6.5 feet)(8 - 2.0 meters® In light of these new data, the MiafDade Climate Change

Action Task Force in 2008 revised up its 2100 sea level rise estimates for purposes of local adaptation
strategies from 2 to & feet, as will be discussed more befdw.
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Further complications to estimating sea level rise, especially at regional level, bavaibed by another
research findingpublished in February 2009 This researctsuggess that rapid melhg of the West
Antarctic ice sheets may not lead to a uniform redistributioth@melt waters. Instead,it may cause a
disproprtionately high amount of the volume to be drawn to the northern Hemisphere, including
especially the coastal areas of Nofmerica. This is explained by analysis showing thttie ice sheet

melts, the gravitational attraction it exerts on the nearby ocean (which draws water toward the Antarctic
region), may be reduced and water may actually migrate awag. net effect, ean though the total
volume of the oceans increasemuld be thatsea level may actually fall within about 2000 km of the
collapsing sheet and progressively increase as one moves further dtoegitn’°

It is certain thaiscientistswill continue toimprove their analyses with new data and advanced climate
modeling. For the present, thesippears to be growing consensus in two respects: |) global sea level
likely will rise faster in this century than it did in the™@) the IPCC projection of up 2 feet of sea
level rise by 2100 is probably too conservative, anplaBar ice sheet melikely will be a significant and
perhaps even dominant factor this century and into the coming cemtsponding more strongly to
temperature increases in thE'2entury than the Z0century data suggeSt.

2.3 Abrupt Change

There is clear scientific evidence that sea level rise in some periods of the past has changed rapidly
within a decadé and some scientists believe it is possible that this coydgdmagain.Such an barupt
change could take place so rapidly that humans and ecosystems have difficulty adapting to them.

New data about rates of melt of the West Antarctic and Greenland ice shespsdmaptedsome leading

climate scientists to suggeshat such processes collde a 6t i ppi n gabrgpochamge® tr i gg
The o6t i ppdnocemis thadclinmate @hange may be amplified or diminished by other changes,

known as feedbacks. Fast feedbacks (e.g., melting snow and sea ice wbhisbsedark surfaces that

absorb more sunlight) occur quickly in response to temperature change, amplifying the initial temperature
change and adding to the warming. Slower feedbacks (e.g., the melting tundra which causes methane to
bubble out) amplify climte change over decades, centuries, and longer. Putting these processes together,

the potential for an abrupt chanigetriggered by thecombinedwarming that has already occurred, the

positive feedbacks that have been set in motion, and the additiomaingan the pipeline.

The issue of abrupt change has drasemiousattentionfromthewor | dés | eading cl| i me
O0Abrupt climate changedé is defined by-scaldeange. S. ClI
in the climate system thatkias place over a few decades or less, persists (or is anticipated to persist) for

at least a few decades, and causes substantial disruptions in human and naturaf®*systems.

In 2008 the U.S. Climate Change Science Program issusghthesis and assessrheeportdirected
specifically tothe potential for abrupt climate changes from global warming during this cenfury.
assessment, led by the U.S. Geological Survey, with contributions from the National Oceanic and
Atmospheric AdministratioiNOAA) and te National Science Foundation, analyzed published scientific
literature in fourtypes of changéhat stand out from geologic records as being so rapid and large in their
impacs that if they were to recur they would pose clear risks to the United Siaersns of our ability to

adapt. The foutypeswere I) rapid change in glaciers, ice sheets, and associated sea level, 2) widespread
and sustained changes to the hydrologic cycle, 3) abrupt change in the northward flow of warm, salty
water in the uppemlers of the Atlantic Ocean, and 4) rapid release to the atmosphere of methane trapped
in permafrost and on continental margins.

With respect to sea level rise,the reportdés scientists found that [
ocean waters withhe edge of ice sheets and ice shelves have a greater impagtahiausly known on
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the destabilization of ice sheets that might acceleratéesehrise. While understanding is improving
about tleseprocessegreatuncertaintiesemainas to the timing, as explained by the report

iRecent rapid changes at the edges of the Greenl
of flow and thinning, with the velocity of some glaciers increasing more than twofold. Glacier
accelerations causing ghimbalance have been related to enhanced surface meltwater production
penetrating to the bed to lubricate glacier motion, and teshed#f removal, icdront retreat, and

glacier ungrounding that reduce resistance to flow. The present generation of moédgl not

capture these processds.is unclear whether this imbalance is a shierin natural adjustment or a

response to recent climate change, but processes causing acceleration are enabled by warming, so
these adjustments will very likely [> 90% (ability] become more frequent in a warmer climétfe.

The assessmerdlso concurredvith other recent research findings that inclusion of these processes in
models will likely lead to sea level projections for the end of tiec2htury that substantiy exceed the
projections presented in the 2007 IPCC report.

A second reporfirom the U.S. Climate Change Science Prograteasedn January 200@ndalso led by

the U.S. @ological Survey with several contributing federal agend@s)sed on the potéal for abrupt

changes to North American ecosystems as a result of climate change and what this means for human
society” The r epor t 6 sgoak inihis assesssémsa smation better understan
potential for crossinggsé e ¢ o Il o ¢ ih ¢ &efifed ddhie @qint at which there is an abrupt change in

an ecosystem that produces large, persistent and potentially irreversible changes.

This assessment, again based on a synthesis of published scientific literature, found thuaslggs in
climate may trigger major abrupt ecosystem responses that are not easily reversditéatifitdd several
North American ecosystems for which conditionslready suggest an approaching climaated
threshdd. Of particular relevance fdflorida and adaptation strategidsese include coral reefs affected
by sea level rise, ocean acidification and increased water temperangesoastal resources and habitats
including salt marshes and wetlaridat may not be able ta@ep pace with selevel rise.

In addition, the report explained thatrhan actions add further stress (e.g., marine and coastal pollution,
coastal development) which may push these clirartisssed ecosystems more toward their ecological
thresholdsWhile acknowleding there is still much tdearn, especially about climate impacts on local
and regional scales of ecosystethg scientist€oncluded that climatassociated threshold changes are
increasingly likely to occur and that it is important to prepare for thenintyeasing societal and
ecological resilience Among the recommendations, the reptrtssedhe need for management actions

to slow or prevent ecosystems from crossing their thresholds wherever pdesiésitify early warning
signals of impendinghreshold changes, and to empblaptive management strategies to deal with new
conditionsand new combinations of speciés.

2.4 Regional Variability

Scientists agree that climate change and its effects may vary widely from region to region, jositas cl
varies from region to region. It follows that future climate change impacts, including sea level rise, also
will not be geographically uniform just as they have not been uniform in the recorded past.

In contrast to a decade agoglearer picturef regional climate change is emerging due to improvesnent

in climatemodel resolution, the simulation of processes important for regional change and the expanding
set of available simulatiod&. At the same time, there has been less development of asetbo
downscale regional information to stkgions and specific locations.
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Part of the challenge is to understand the-clonate factors thamay be contributing to local sea levels.
As noted earlier, mny coastal regions are already experienciegefifects ofocal (orrelative sealevel

rise The rise, however, may be the resulaafombination of climate induced sea level rise, geological
and humasinduced land subsidencéemperature, salinity, ocean circulation patserand how the
atmosphee, oceans, and land interact therBecause of weaker data and climate models, a major
challenge is to separate the different oceanographic, geophysical and human factors affectiitg
shorelines in order to make projections of local sea level riser

In addition, it is difficult to determine how global warming projections, the basis for sea level projections,
will play out locally. Human activities mayinfluence local warming or cooling, causing uncertainty
about projectng future impactsbased aly on global averages.For instance, specific areas may
experience significant urban heat island effects, particularly in concentrated metropolitan areas, undergo
significant localized land use changes (e.g., changes in vegetative cover), or genegalecatiazed
pollution or smog (keeping out the sunébés rays),
the large scale global or hemispheric air temperature avefagesw communities manage coastal
zones, draw down groundwater (leadipgtentially to coastal subsidence), or manage inland waters
flowing to the sea also may have localized effects on resident sea levels, complicating estimates of
climateassociated sea level risnd projectionsvith time.

Finally, even with reliable rstorical datamost climate modelingfforts now include the assumption that
global sea level is not only rising but also accelerating due to increasing global warming, as discussed
above. This suggests thastiorical datano longerare sufficient for developing future projections of
regional or localizedrise. Adding reasonablassumptions abouvhich nonlinear rates ofsea level
changeto use for adaptive planning at the local level presents a whole new set of challenges related to
understanding theabance of global and regional factors affecting resident sea level rise.

3. SEA LEVEL RISE IN FLORIDA
3.1 What we know

Sea rise measurements along U.S. coasts come mostly through several tide gauge stations operated by
NOAA. These records go kast as far back as the early"2@nturyat many sites.In recent yearsjde

station datahave been supplemented by satellite data in some aBzs®d on these dat@,2008 report

from the National Science and Technology Council estisntitat sealevel along most of the U.S.

Atlantic and Gulf Coastbas been risingd8 to .12 inches per year (280 mm/yr.), slightly higher than

the global averag®. Along much of the Florida coagiuring the 28 centurysea level rose somed7

inches accordingo a 2002 report from Environmental Protection Agency (EPANumbers from lie

Florida Oceans and Coastal Courmik roughly in the same range, their 2009 climate change report
concludingthat around Florida, sea level has been rising at a slow butasdnate of about an inch or

less per decadéut that a persistent upturn in the rate may have begun re®ently.

For regional and localizedea level riserends, NOAA and climate scientists relyaimly on thosetide
stations which have 30 years or malataand give the linear trends from that data a 95% confidence
level® For Sarasota County, the closest NOAA tide station 8fhor more years of data is St.
Petersburg, a station operating since 1947. St. Petersburg data shmvthly mean sea leveaise of
about .09 inchesl/yr. (2.36mml/yr.), translating roughly to 9 inolres a100 yeamperiod® This number
reflects total rise which may include contributions from -4ebmatic factors, e.g., subsidence or
sedimentation, as well as climaiesociatd rise.
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To understand the contributidhat climate change has mattethisrise, Mote scientists undertoakn

analysis of thdikely subsidence in Sarasota Countfubsidence in Sarasota Coumss not known

precisely,but could be estimated from by sites. The National Research Council in 1B8@adopted
a longterm average subsidence rate3ahches per century (0.8mm/yr.) for St. Petersburg, Flotida,
nearest siteand this was used to generate an estimate for Safasdthe calculationput Sarasota
Countyd s e s tlimaeaelatdbea level rise for the 2@entury at about 6 inches.

Fromthe variousNOAA tide stations across Florida, theaslevel rise data for the tQtaenturyshowed
little variability from one site to the negbmpared to that seen across all coastal sttes

Projecting future sea level rise gpecific locations such as Southwektridais difficult even with this
historical data As discussed earlieclimate models are not well developed for local applicatitataare

not as complete as for global estimates, andspigeific natural and human factors n&ffect localized
change As concluded by the Florida Oceans and Coastal Council in a 2009 report on climate change in
Florida, global climate models cuntty available, including those used by the Intergovernmental Panel
on Climate Change, are too broad to resolve issues about smaller, individual regions such &$ Fiorida.

be useful to managers, projections need to be downscaled using climate mo@gfingsmhat account

for local climate patterns.

In the mid2000s, the Southwest Florida Regional Planning Cotegjaina climate change vulnerability
assessment of Southwest Florida and, in particular, Charlotte Harbor. That project generated a draft
technical report in 2009 which included estimatefitfreregionalsea level risbasedn an historic rate

of .09 incheg2.3mm/yr)andadapting formulasleveloped by the U.S. Environmental Protection Agency

in the late 1990dased on probabilities argtientific understandirsgabout climatefactors affecting

future sea level rise changd&hose calculationmdicateda 90% probabilitybest case scenariof a 5

inch rise by 2050or Southwest Floridand a 10.4 inch rise by 2100, a 50% probab(litypderate case
scenario)of a 9.4 inch rise by 205@ith a 19.8 inch rise by 210@&nd a 5% probability (worst case
scenario) of a 16.1 inch rise by 2050 with 35.9 inches by 2100

Two otherrecentFlorida studies undertookdditionalclimate modelingallowing for some acceleration

from historical data in one case, amsingscenarios bfuture global greenhouse emissions in the other.

The first byFlorida State UniversityFSU) published in 200Tsedhistorical datf r om f i ve of FI ¢
oldesttide gau@ stationgFernandina, Key West, St. Petersburg, Cedar Key, and Pensidolselected
thesesitesbecause they haat least 50 years of historical dathich was considered a better timeframe

within which tounderstand fluctuations at a given coaktehtion®

Using thishistoricaldataand trend linethe FSU analysis allowed feomeacceleration in sea level rise
similar to values used by global climate maatsl|for the 2001 IPCC assessmghe latest available at

that time) The study foundhat relative sea level rise in Florida from 2006 to 2080 could be higher than
past straight trend lines arddill respect the historical trend. Moreovéhnge five sites showed little
variationin projectionsfrom station to stationThelargest projects risefor 2080 wasfor St. Petersburg

at 13.7 incheg0.35 m)?* One of the conclusions from this study was the recommendation that future
economic planning keep in tune with climate modeling scenarios that suggest the strong possibility of an
acceleratig sea level rise in Florida.

The FSU studydiscussed abovdid notinclude assumptions aboabrupt change in sea level from
accelerating polaice melt The second study, undertaken by Tufts Universilig include recent

estimates of ice sheet mehtesas a basis foprojecing sea level rise anfiliture economic impactg§om

greenlouse gas emissions. Published also in 200i5 study created twdifferent scenariosand
compared the difference in costs tuture Breeohousel a 0s e
emissions were substantially reduced or maintained at current¥afése 6 b u s -asmsuab scenario

2C



BLausche/MPSLR Assessment Working draft
09/15/09

assumed thajreenhouse gancentrationsontinue to rise through the endtbis century and ice sheet

melt accelerates. This wasmpared witham pt i mi st i ¢ ¢ rseeparidwherémaddiateé,i zat i o
large-scale reductions in greenhouse gas emissioogr with greatly reduced emissidog mid-century.

The studyalsoassumedhe IPCC findingthatfuture sea level risén Florida will be at approximately the

global average over this centdfy.

Based on these assumptionsthia businesasu s u a | case, &rtempelatdraidcecadd.9 er ag e
°F by 2050 generating@ most | i kel yd esti mat ¥.7ihahes sva & hl @vhel Ormwi
possibled being 27.6 inches. By 2100 the temper
climate model t@85.4 inchedy 2100i n t h e ¢ case&lbse to th&kemkrgirty global sea level rise
estimate of 1 meteor 39inches) and 55. 1 i dbch®sein the 6éworst

Those estimates are relatively in line with some recent scientific studies urgirigcedaadaptation be
designed with the possibility of a faster sea level rise pineviously estimated by IPCEon the order of

one meter or more by 2160. In 2007, theMiami-Dade County Climate Change Action Task Force
advised community leaders that the IPCC projection of roughly 2 feet of sea level rise by 2100 be used
for purposes of local adaptation plargninin 2008, the Task Force revised this projection upwardso 3

feet by 2100 to be more in line with the new data on polar ice’mecientists on that Task Force
estimate such arise would put spring high tides 86 to +8 feet?®

3.2 Potential Impacts

Florida and its residents face many challenges with climate changeegiahal sea level risen the
decades to come Floridais recognized in global and national reports as one of the most vulnerable
regions for sea level rise due to its intensavel extensive urban development in dlyimg areas and

along the coastlines, the economic importance of tourism and agriculture, its unique ecosystems, and
reliance on groundwater for human consumptiéitorida after Louisiana is the most ldwng statein

the country[See Box6 onsomestatistics for Florida ]

Box 6: Some statisti cs charbcteu t Fl ori d

Coastal Character

1 By federal definition, the entire state is coastal.

1 67 counties- 35 with coastal shorelines, 25 in coastal w&lteds 7 inland

1 One of the longest coastlines (8,436 miles).

1 825 miles of sandy beaches fronting the Atlantic Ocean, Gulf of Mexico and Straits of Florida; &
2008, about 391.5 miles of these beaches and 8.8 miles of inlet shoreline were dkagnateally
eroded (a condition where previous or continuing erosion threatens private or public developme
infrastructure, or significant cultural or environmental resoures).

Coastal Populatian

1 From 20042006,Floridaranked third in coaat population and thirteenth in coastal density among
coastal state¥?

1 Asof 2006, roughlythrequarters of the stateds popul ati
approximately 18 million resident§!

Extra stress from rising seas will ordyacerbate erosion in these critical areas.

Coastal Economy:
T Floridadés economy is highly dependent on i
f Coastal economy contributed almost $562 billionin2006 78 . 7% of FI%ri da
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In January 2009, the.B. Climate Change Science Program isstgehost definitive assessment
to date of the effects of sea level rise on coastal areas of the United States. Among its findings were

severaldirectly applicable td-lorida’®

1 While the midAtlantic region is higly vulnerable to sebevel rise, regions like the Gulf Coast
are just as vulnerable or more so.

1 Sea level rise isirtually certain (99% probability) to cause some areas of dry land to become
inundated.

1 It is very likelythat erosion will increase in respse to sea level rise, especially in sandy shore
environments, and barrier islands will also erode in response to future sea level rise.

1 Itisvirtually certaint hat t he Nationds tidal wetl ands al r e
level rise and asstated high rates of loss will continue to lose area under the influence of future
accelerated rates of sea level rise and changes in other climate and environmental drivers.

1 Depending on local conditions, habitat may be lost or migrate inland in resfmosea level rise.

Loss of tidal marshes would seriously threaten coastal ecosystems, causing fish and birds to move
or produce less offspring. Many estuarine beaches may also be lost, threatening species
dependent on those areas.

The 2009 climate changereport from the Florida Oceans and Coastal Cowwrilcurred It identified
four main effects of sea level rifer Florida,summarized as follows:

Increased stresses on, or losses of, tidal wetlands;

Changes to the landforms of estuaries, twaetlands, and tidal rivers;
Greater instability of beaches, barrier islands and inlets; and
Increased threats to coastal water supplies.

=A =4 -4 =4

Thatr epor t concluded that none of these effects ¢
resources orgople although this perspective may change as new knowledge becomes adilable

An important secondary impact from sea level rise locally will be greater high tides and storm surges.
IPCC climate models indicate that coastal areas in the Gulf of Bexientially will be more exposed to
stormsurge flooding than some other coastal areas because of likely increased intensity of hurricanes and
other storms® IPCC models do not predict an increase in the number of hurricanes, only an increase in
intensty. With increasing sea levels, storm surges build on top of a higher base of water such that
existing coastal developments and {lying areas may experience an increase in damages.

For boh natural and human systems, conclutthedFlorida Oceans ar@gbastal Cancil, the rate at which
resident sea level rises will be equally as important to how much it'ffse€oastal wetlandssalt
marshes and mangroves ateexpectedo be negatively affected by skesvel rise especially where they
are constraireon their landward side, or starved of sedinweriteshwater

Even where these natural systems are not constrained, their ability to adapt will depend on the rate and
magnitude of inundationNatural systems may be able to adapt if the inundatinotitoo great and over

a gradual timeframe.Since the 1980s tidal wetlands have been extensively studied for their possible
reaction to sea level rise. It is understood thes@nt day tidal wetlands have developed and expasled
productive systems fastuarine and marine life as a consequence of a relatively constant séar leneel

last 2000 years, risingt avery low rate relative to earlier timegszindings fromearlyresearch undertaken

by scientists at Mote Marine Laboratory showed ihatetlands have the space to move upland into
adjacent lowlying areas there will be greater likelihood they may survive but Hy#t rsea level rise
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could still have harmful effects especially along the oceanammd) creeks, because thetlandsmay

not beable tomove inland fast enougim which case they would drowf. This could apply to tidal
marshes and mangroves which could be submerged permanently or so often (with higher high tides) that
water logging would occur, or soil chemistry would be advgsiected.

Recent researctuggests thanangroves and salt marsteeeady arén dangemunder botHow and mid
rangeestimate®f IPCC projections if applied teesident sea level risgSee Box7]

Box 7: Some Limiting Ratesof SLR for Wetlands

Mangroves Salt Marsh

9-10 in/Century (.1 in/yr.) ~20in/C (.2 in/yr)
South Florida Chesapeake Bay
~20in/C (.2 inyr) ~47 in/C €1/2 inlyi)
Caribbean SE Atlantic

SourceDr. EstevezMote Marine Laboratorydrawn from various sentific studies.

These mphysical changes may triggéwcal and regionakocioeconomic impacts As with natural
systems, the capacity of local government and communitiadapt with effectivgolicies and programs

will be more likelyand bringless social and economic disruption if the rise is slow enough so that the rate
of change can be accommodatédnumber of recent studies have looked at these issues.

For instance, sea level rise arinate change effects on human health will beajor challenge. The
Centers for Disease Control and Preventaentifies sea level rise as increasing the risk from extreme
weather events in coastal areas, threatening critical infrastructure and worsening immediate and chronic
health effects. Salwater enteng freshwater drinking supplies and increased salt content in soil
hindering agricultural activity in coastal areas also are health concerns in coastal fégions.

A 2009 study by the U.S. Climate Change Science Pro{@ad$P)analyzed the human dimensgof

climate change and especially the effects on human health, human settlements, and humanlwvelfare.
concluded that climate change, interacting with other changes in land use and demographics already
underway in many regions of the United Statedluding coastal areagouldsignificantlyimpact human

welfare, quality of life and welbeing.’®® As applied to Southwest Floridéhe challenges posed by
population growth, an aging population, and urban and coastal development in the most vulnexable are
will be compounded by climate change effestech asigher temperatures, increased hurricane intensity,
andflooding. Those populations and communities unable to prepare for these impacts in advance will
face the potential of increased health risks.

As concluded by this CCSP health studya &evel rise and other climate change impatitsadd stresgo

social and political structures by increasing budget requirements for such public services as public health
care, disaster risk reduction and ficlsafety. As these strassgrow, the resilience of social and political
structureswill be particularlychallenged:®
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Over the century,ea level riseand its associated effects have thwential not only to affect local
communitiesdirectly, but aso indirectlyin many sectors of the local econoiinyfor example, tourism,

fishing, real estateRecent studies have highlighted the potential economic impacts of climate change in
Florida. The Century Commission in its 2007 annual report toRlbeéda Legislatureidentified tourism

as one of the economic activities that will be most affected as beaches are gradually eroded by sea level
rise: fATourism is |likely to be hit harder "y clim

A 2006 study by theNational Wildlife Federation (NWFand Florida Wildlife Federatiolooked at the

impact of a 18nch rise in average sea level (a@Vel scenario) this century in nine Florida coastal sites.

The study found cost | y mecial s qegreationa fshefy and onFcbastali d a 6 ¢
tourism by contributing to beach erosion and property damage. It projected a loss of nearly 50 percent of
critical saltmarsh for fish nursery habitat and disappearance of roughly 30 percent of the odees beac

and twethirds of estuary beaches at those sites.The study concluded that sea level rise, left

unchecked, would extensively alter habitats criti
shorebirds, sea turtles, manatees and many wiliife species According to tht study, about 90% of
FIl oridaés most i mportant recreational and commer c

lives in seagrass meadows, salirshes, mangroves and other estuarine habitats.

In beachrelated impacts alone, a 2000 estimate by the Environmental Protection Agency found that a 1
foot sea level rise due to climate change, on top of other factors such as land subsidence, would erode
most Florida beaches 1@DO0 feet unless measures weaken to hold back the s€4. A 3-foot rise

would require the state to speed $4 to 8 bhillion just to replace the sand that would be lost to beach erosion.

The 2009 climate change report of the Florida Oceans and Coastal Gidsmgjhve attention to man

related effects, concluding that climate change thaspotentialto threaten every aspect of life, from
essential infrastructure (e.g., buildings, roads, water systems) to the health of residents and visitors, the
stat eds e-beingandnibngernwsestalnability™> While all future impacts cannot be predicted

and many environmental and human costs cannot be measured in dollars, the iGdizatdd that

Afinegative impacts wil!/ out wei gh benef iThedmpdcsr mo st
will place immense strains on public sector budgets. The secondary impacts of climate change can
include higher prices, feduced incomes, and job I

The Tufts study, discussed abowso projectedsevereeconomic costso Floridaif greenhouse gas
emissionsare not rapidly stabilizedThat study estimated monetary values d er t h-asuéliad ibne s ¢
casefor four major categories: loss of tourism revenue, increased hurricane damages due to the greater
intensity, residential real ede at risk from sea level rise, and increased costs of electricity generation as
temperatures and atonditioning requirements ris&€he analysis found thairojected total annual costs

of inaction would be $92 billion by 2050 ($40 billion and $23 hilifvom tourism and real estate
respectively, the two most directly linked to sea level ri$8). By 2100 the annual estimated costs

increased to $345 billion ($107 billion lost from tourism, and $56 billion from real estate). These
projections did not idlude other sectors such as fisheries, transportation and water systems.

These several studidhistratesignificant potential impacts fatloridafrom climate change and sea level

rise in the coming decades that are worthy of concerted adaptationiattat state and local levels.

Estimates and projections wibntinue to be generated and vifiprove asscientific researclproceeds

and better methods aredevelopedfor downscaling global and regional averagesthis region As
stressedbythe Flo i da Oceans and Coast al -speafiosealevel trendsffoams t i n g u
future global trend% is a critical research need.

Even as scientifieinderstandings about climate change continue to adyvtrere isa growing sense of
urgencyammg the scietific community that adaptatn actiors need to begin now Signficant delay
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into the next decade or beyond as climate continues to change reduces choices andiogplioceases
the probability of more difficult and costly adjustmerds@mmodations, andoping strategieboth for
human and natural systems

The process of adaptatidimoken down intoconcrete goals and frames of reference (dag¢ use
planning, infrastructuregonservation, etg.)f begun nowprovides policymakers ad local communities

time to define mutually-agreed goalsand feasible actions that are scienebasedand flexibe to
accommodate new information as it developsr example, even the high global estimates of one meter
or more (approximately 40 inches)ifbg projected for 2100, when viewed as a linear average over the
next 90 years mean less than half an inch per year or roughly 4 inches in ten years.

The next part explores some of the key policy tools currently available for policy makers and
communities to use to help build adaptive responses to sea level rise in Southwest Florida.

PART Il -- POLICY

4. A SAMPLING OF LOCAL PoLicy TooLs

Whether climate change is viewed as a crisis, opportunity, or unknown phenomenon by communities or
individuals, tle science is unequivocal that we will face sea level rise and other impacts from climate
change in the coming decades regardless of future actions to reduce greenhouse gas emissions. Because
such scientific evidence is so strong, scientists increasinglgadling for policymakers to begin now to

prepare their communities for these anticipated impacts through adaptation strategies and actions.

A wide array of existing policy tools and program options are available to local governments to aid
communites in longrange planning and action for sea level rise preparedness. These policies and
programs provide local poliesaker the opportunity to begin now to integrate sea level rise into local
decisionmaking.

Adapting to the impacts of rising sea l&vés a complex task and local governments face many
challenges. Science is at an early stage in understanding sea level rise due to climate change in this
region, but analytical work and observational data are advancing steadily to improve localop®poti

likely impacts. Longrange policy planning for the sea level rise brings many advantages. The sooner the
process is begun, the more robust the range of options and involved the many community and other
interests. Starting now provides the tineeniinimize and potentially avoid some negative impacts of

local sea level rise, and put in place policies that can be accommodated through incremental and
consecutive measures, using the best available science, to identify vulnerabilities and act iedmeasur
ways to address the most immediate and highest risks in ecological, economic, and human health terms.

Beginning adaptive planning processes now for sea level rise gives local governments a favorable
planning horizon for estimating impacts, identifyinvulnerabilities, gathering the best scientific
knowledge, and working with all sectors of the community to prepare proactive and anticipatory
responses that build 6Resiliencyd has betaoame ampa
to coastal environments and communities and their ability to adapt to sea level rise. As defined by the
Gulf of Mexico Alliance, afivest at e Go v e rtimabimcladedlaridaa | i t i on

iresilience is the capacity o dapthoauand recovarnfrom nat ur

change. To continue to enjoy living and receiving the benefits these coastal areas have to offer, there
is a need to make the natural, built, and social environments more resilient. Enhancing resilience
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requires adjustments toy#o-day living as well as adjustments to processes of-leng settlement
and development® of coastal areas. 0

The discussion below focuses on five policy tools which, though not designed originally for this purpose,
provide significant opportunitestoui | d bot h community and natur al s
rise: land use planning; coastal development along beaches, shorelines and estuaries; public facilities and
infrastructure; ecosystem conservation; and-gastster redevelopment. Impamtly, these tools are not

new, but already are well integrated into the operations of local governments and comnaunities
existingprocesses and institutional mechanisoreover, by state mandaden d 6 home rul ed prr
these tools endow local gernments with strong leadership powers and decisiaking authorityfor

designing solutions specifically for local social, economic, and environmental priostekng as

consistent with broad state policies.

For illustrative purposes, examplesrfro Sar asota Countyds policy framewc
to elaborate on specific sea level rise adaptive options its leaders and communities may consider.
Sarasota County and its municipalities have taken significant policy and program actidimsaie

change mitigation through commitments to reduce greenhouse gas emissions, improve energy efficiency,
and promote 6gr e Bdx8 oan Sardsateo Coangyinitiatives [in climate change

mitigation] .

Box 8: A Sampling of Sarasota Countylnitiatives in Climate Change Mitigation

Key activities to reduce greenhouse gas emissions and pursue Climate Change Mitigation by Sarasota
Local Governments include:

Sarasota County, the City of Sarasota and the City of Venice: members of (l@tdfhational Council for
Local Environmental Initiatives), an association of local governments that provides consulting, traini
evaluation tools for setting and achieving energy efficiency objectives.

Sarasota County:

1 1st U.S. County to sigrhé AIA 2030 Challenge for carbon neutralitya voluntary pledge to desig
county buildings to be carbon neutral by 2030.

f 1* Florida local government to gain LEED (Leadership in Energy and Environment Design) bl

certification

1" ENERGY STAR labeleduilding in Sarasota Count@ounty Judicial Center

Certified by the Florida Green Building Coalition as a Florida Green Local Government at the

Gold level

1 Participating in the ENERGY STAR 10% Challenge to improve county building energy effidign

10% and tracking all facility energy use

Completed greenhouse gas emissions inventory

Greening county fleet with hybrid electric vehicles and buses,-iBlitybrid Electric vehicles, an

alternative fuels

1 Preparing a Countyide Energy and Climate Acth Plan

f
f
f
f

Sarasota City:
1 Signed U.S. Mayor Climate Protection Agreement ( to reduce carbon emissions to 7% belo
|l evels by 2012) * Please check Citybds GHG i
1 Completed green gas emissions inventory
1 Greening ity government fleet with hybrid electric vehicles
1 Application in progress for Florida Green Local Government certification

City of Venice:
1 Signed U.S. Mayor Climate Protection Agreement
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1 Program for alternative energy funding through penny sales tax
1 Application in progress for Florida Green Local Government certification

City of North Port:
1 Application in progress for Florida Green Local Government certification
1 Completed a comprehensive audit of energy usage in all City facilities

(Source: SarasaCountyGov. Sustainability Office and Municipal Goweb sites)

Adaptation for climate change has been much slower to take hold in Sarasota County. There has been
little concrete movement to explicitly integrate climate change impacts into demiaking, including

sea level rise which is one of the most likely in the coming decades. Sarasota County and its
municipalities have been leaders in environmental stewardship and many local policies, including the five
areas highlighted below, reflect impant actions that provide a strong foundation for further steps
toward sea level rise preparedness.

Sarasota County and its municipalities have made commitments to sustainable development and decision
making processes based on three sustainabilityitestenomic viability, environmental soundness, and
social equity. In light of future climate challenges, these commitments and goals will be most effectively
advanced when local governments incorporate sea level rise and other climate change ingsacadl acr
aspects of their public policy work, identify major vulnerabilities, and begin to build adaptive strategies
with the community. The discussion below provides a sampling of policies that offer opportunities to
begin this important process.

4.1 Land Use Planning

Land use planning and sea level rise in Florida are intricately linked. Current growth plans and
development projections have the majority of residents clustered near the coast or in flood plains,

reinforcing current growth patterns.h'e Cent ury Commi ssion i nlimate 2007 r
change considerations will likely affeeil aspects of longange laneuse planning and make such
pl anning even more chal® enging, as well as import

4.1.1 Local comprehensiveland useplans

The overarchingtool for land use planning in Florida ibe local government comprehensive plan. A

state law requiring such plans was adopted in 1985 in response to problems being experienced with rapid
growth. This law, the Local Government@prehensive Plan and Land Regulations Act, lays out state
goals and policies for comprehensive planning, detailed provisions on what is to be in local plans, and the

process to be used for preparation, amendment, and periodic updating, including ptitilafian**

Broad local duts and powers Every county and incorporated city or town is required to have a
comprehensive plan to guide Athe orderly and bal a
and fiscal development of [their] aré&’ Local comprehensive plans become official public documents

guiding public decisiommaking and land use regulations once adopted by the Board of Commissioners.

The Florida Department of Community Affairs (DCA) provides guidance and reviews each playp or
amendments for compliance with the state comprehensive plan before adoption. Each plan also must be
consistent with the corresponding Regional Planning Council Regional Policy Plan.

Statelaw does not explicitly require consideration of sea leva i local comprehensiand use
planning However, compliance with genesthte goals and policider longterm developmentwhich
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are tobe translated intcsubstantiveelementsof the plans increasingly will need to integrate climate

associated sdavel rise by the very nature of that new threat to coastal stability and resiliglecsents

that plans must covenclude the location of land development; the provision of public facilities and
infrastructure for residential, commercial, and indastgurposes; conservation, use, and protection of

natural resources; housing; recreation and open space; capital improvements; and coastal management
(for coast al counties and cities). A planédés <con
financially feasible. Zoning, building codes, and other local land development regulations become
implementation tools for the policies adopted inltdwl comprehensive plan.

This stateplanning mandate is one of the main policy toofidocal governmets to guide and direct
future growth and developmentState lawdelegates extensiveuthorityand responsibilit to the local
level as part of home rule powers under the constitufeee Box9 on home ruld. As such,
comprehensive plarmgovide a key oportunityand obligation for local governments to take a leadership
role in integrating sea level rise issues into their #@an and longerm planning strategies and
decisionsmaking.

Box 9: Home Rule in Florida

Floridad €onstitution and statutesvg counties and cities significant powers over their own affairs. T
6home r ul e 0e thpeabiigy rofscountinscahducidies to establish their own forms of govern
through their charters, and then to enact ordinances, codes, plans, antioresajenerally without prio
state approval in order to perform the necessary public functions and deliver needed public service
powersalsoi ncl ude the ability to enforce such i ng§g
county orcity grows. Of course, ounty and city laws cannot conflict with state and federal laise
concept of 6 h o metheprindipke thatths citigenschave greadtrust in their respective
and county leaders.

Article VI |1 of the Constitution (1968) relates to local governmedit®me rule powersncluding

For counties-Secti on 1(g): iCounties operating un
selfgovernment not inconsistent with general law, or with special law apprbyedote of the
electors. The governing body of a county operating under a charter may enact county ordina
inconsistent with general law. The charter shall provide which shall prevail in the event of g
between county and municipal ordinances

For municipalities- Section 2(b):A Muni ci pal i ties shal/l have g
powers to enable them to conduct municipal government, perform municipal functions and
municipal services, and may exercise any power foricipal purposes except as otherwise provig
by | aw. Each municipal |l egislative body sh

In addition, in 1973 the Florida legislature enadeglslationto end challenges related to city and cou
home rule powers, including the follovgii

8166.021(Title XIl), Powersof Municipalities.-- (1) As provided in s. 2(b), Art. VIII of the Staf]
Constitution, municipalities shall have the governmental, corporate, and proprietary powers tq
them to conduct municipal government, perfamanicipal functions, and render municipal servig
and may exercise any power for municipal purposes, except when expressly prohibited by law.
(2) "Municipal purpose” means any activity or power which may be exercised by the state
political subdvisions.
(3) The Legislature recognizes that pursuant to the grant of power set forth in s. 2(b), Art. VI
State Constitution, the legislative body of each municipality has the power to enact leg
concerning any subject matter upon whilsl state Legislature may act, except:
(a) The subjects of annexation, merger, and exercise of extraterritorial power, which
general or special law pursuant to s. 2(c), Art. VIl of the State Constitution;
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(b) Any subject expressly prohibited kiye constitution;
(c) Any subject expressly preempted to state or county government by the constitution
general law; and
(d) Any subject preempted to a county pursuant to a county charter adopted under the aut
ss. 1(g), 3, and 6(e), A1l of the State Constitution.
(4) The provisions of this section shall be so construed as to secure for municipalities thq
exercise of home rule powers granted by the constitition

8125.01(Title XI) (Powers and duties of county government)(1) The legislative and governin
body of a county shall have the power to carry on county government. To the extent not inco
with general or special law, this power includes, but is not restricted to, the power to:
(a) Adopt its own rules of cedure, select its officers, and set the time and place of its of
meetings.
(b) Provide for the prosecution and defense of legal causes in behalf of the county or st
retain counsel and set their compensation.
(c) Provide and maintain coty buildings.
(dProvide fire protection é.
(e) Provide hospitals, ambulance service, and health and welfare programs.
(H Provide parks, preserves, playgrounds, recreation areas, libraries, museums, h
commissions, and other recreation anttural facilities and programs.
(g) Prepare and enforce comprehensive plans for the development of the county.
(h) Establish, coordinate, and enforce zoning and such business regulations as are nece
the protection of the public.
(i) Adopt, by reference or in full, and enforce housing and related technical codes and regu
() Establish and administer programs of housing, slum clearance, community redevelopmg
conservation, flood and beach erosion control, air pollution contrdipavigation and drainage
é . (k)1. Provide and regulate waste and sewage collection and disposal, water and alterng
water supplies, including conser vati on programsé. o

Planning horizon State lawcurrentlyspecifies a minimum planning horizof at least 10 years for most
elements of the comprehensive plangears for capital improvements. Local governmentshowever,
may extend their planning horizons beyond 10 years as needed to properly plan for future challenges.

As elaborated in Pal, a 5 to 10 year planning horizon does not capturgrbiectedmpacts that need to

be considered for sea level risdlational surveys show that many local jurisdictions are beginning to
employ 50 year planning horizons for purposes of climate chadgetation, and this is a strong
recommendation from recent United States climate assessments. In Fifglmgrough County has

begun an effort to employ a §@ar planning horizon as wéfft The MiamiDade County Climate

Change Advisory Task Forcefter two years of analysesecommendedn 208 that all their county

entities use 50 years as their planning horizon for purposes of climate change assessments, including sea

level rise'?®

Future land use plan requirement®ne of the key opportunitiefer addressing future sea level rise

through the future land use plan required bystlag¢elegislation. This future land use plan is to reflect the
vision and direction of future devel opmenandt hroug
other sensitive ecosystems, e.g., beaches, estuaries, critical wildlife habitat, lands for recharge of
groundwater, and riverine systems. The future plan must be based on surveys, studies, and latest
available data.

As with sectoral elements of tlttwmprehensive plarstate lawcurrently does not require that climate
change and sea level rise be one of the factors dealt with in studies forming the basis of future land use
plans. But it does require inclusion of greenhouse gas reduction stragegiesige made by the Florida
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Legislature in 2008%*° The Florida Energy and Climate Change Action Team in its 2008 report to the
state government considered this an important initial step toward climate change action even though only
oriented toward energyse and climate change mitigatigh.

On a multiyear basis, local governments revise and update, as needed, their local comprehensive plans
based on evaluation and appraisal reports. These cycles provide three key opportunities for sea level rise
adapation: 1) revision of future land use plans and maps to reflect anticipated vulnerabilities from
projected sea level rise and adjust land use categories and densities accordingly, 2) systematically
assessing risks from sea level rise for the many esksptig@ces and functions, (e.g., infrastructure,
public facilities, transportation, etc.) that local governments are expected to provide to sustain quality of
life, local economies, and ecological services, and 3) developing information resources alideguide

and initial longrange climate change adaptation plans and strategies, including in particular for sea level
rise, across all relevant sectors and levels.

Reinforcing these important measures, abbeREODBI &
Coastso, singled out t wmakers pheutdi consider ae partiofohuiklingsat at e
responsive policy framework for climate change adaptation:

AFl ori daés comprehensive planning ltiemwmdightand pr c
of climate change predictions. In particular, coastal communities and regions that are likely to
experience longerm sea level rise and the combination of sea level rise, hurricanes, and storm surge
will want to ensure that development outie next several decades does not put people and
communities in harmdés way.

AFuture | and use maps will have to be revised,
Comprehensive Plans, including especially Coastal Management and Capital Improveme
el eméhts. o

2009 legislation on growth managemerfEnactment of new growth management legislation in 2009
moves even more O6home ruled responsibility to | o
updated, scientificaligroundedlocal compehensive land use plarisat incorporatea long planning

horizon and anticipated lorgnge issuesuch assea level risdor coastal localities That legislation,

entitled the Community Renewal Adtas a broad scope with many provisions in areas refatatban
developmentschoolservices and housing™

Of directrelevanceto sea level rise adaptationethew legislationamends the comprehensive planning
law as well as concurrency and developr@hrtgionalimpact statutesgiving local governments
increased authoritio promote urban infill and urban redevelopmprtjects in designated urban service
areas particularly a dense urban land area (defined in the legislatfonThis is accomplishedy
authorizinglocal governments to useertainexemgionsfor proposed developments that normaiiguld
apply under state law. These rel&begiving developer exemptionsinder certain circumstances,
transportatiorconcurrency requiremenfwhich normallyinvolve the developeexpanding upgradingor
building new roadsandthe review processf theregional planning agendgr developmenprojecs that
may haveregional impacts These provisions make the comprehensive plans even more dentral
guiding longrange decisionbecause such exemptionsust be supported by updated comprehensive
plans reflectindong-term transportation strategies for urban areas that include alternatives to new roads
(e.g., mass transit) and that identifie specific designatagtban areadeterminedo beappropriate for
such exceptions.

For coastal communities, infill and redevelopment will fp&rticularly important growth management

toolsfor sea level rise adaptatitsecause they may provide muceeded revitalized urban arg¢asvhich
vulnerable coastal residentacabusiness may moyéhus reducing suburban and rural sprawk the
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same time,hese tools anticipate incregipopulation densities in tharbanareas so designated. Thus, it
will be essential foupdated locatomprehensivéand useplans(and futurdand use plans) to incorporate
the best available scientifiscenarioson local sea levelareasso as to avoid designating the most
vulnerable areafor such infill and redevelopment.

Intergovernmentallocal and regionalcoordination on comprehensivelaps, a continuing state
requirementalsowill be even more critical with sea level rise adaptation strategies and designated urban
service areasince somealevelopmentsnay now be giverexception from the formal developmesft
regionalreview process|n addition, this legislation will place more responsibility on local governments

to selfinitiate processes with the regional planning council for ongoing coordination, information
sharing, and consultation in order to continue to have the best availaddigical information on
potential regional and cumulative impacts from local plans and development decisions covered by the
new legislation.

412 Sarasota Countyds Future Land Use Pl an

Sarasota County has a long history of planning to deal witraaticipate the problems associated with

rapid growth. lts first formal plan, issued in 1981, was entipdxee the Seminole Indian word
meaning tomorrow, and this name has endured with subsequent plans. The County Plan guides
development in the uniocr por at ed parts of the County (about
incorporated municipalities (Sarasota City, City of Venice, North Port, and the Town of Longboat
(portion within the County) also prepare comprehensive plans for their territor®sapti to the same

state goals and requirements as those applied to county plans. These plans require compatibility because
their economic and ecological underpinnings for development and growth overlap and are intricately
linked in the near and loAgrm [See Box10on Sarasota County statistick

Box 10: Sarasota County and its Municipalitiesi Some Basic Statistics

Sarasota County is considered a highly desirable coastal location for its natural and cultural feature
yearround climate. The Caity and its Municipalities have experienced significant growth in recent y
resulting in rapid economic development.

Land ared™!

1. Sarasota County land area covers 572 square miles, its water area 154 square miles. 76%
square miles), is unincorpated outside the four existing incorporated cities (Sarasota, North
Port, Venice, and Longboat Key (part). In the total land area of Sarasota County, Sarasota|
comprises 2.6%, North Port 18.1%, Venice 2.9%, and Longboat Key (.4%).

2. Part of the 16 countgouthwest Florida Water Management District (SWFWMD), containing
national estuaries (Sarasota Bay and Charlotte Harbor), and portions of four major watersh
(Myakka River, Piece River, Braden River, and Sarasota/Lemon Bay. These watersheds a
drained by over 420 miles of rivers and streams into over 70 square miles of estuaries and
the county.

Population*®?

1 2000 Population, according to the U.S. Census:tiimié residents were 325,957, (with roughly

20% more with seasonal residents).

1T 20Besti mates put Sarasota Countyds popul a
Approximately 95% are considered urban, and 5 % rural. Even with the current economic
downturn and expected slowdown in population growth for the next few yeaesdta is still
projected to reach half a million by 2025, arg500 by 2035.
Most of Sarasota Countyds population is 4§
The incorporated cities having the highest concentrations: North Port (56, 316), Sarasota (4
174), Venice (22,1496, and t he countyébés portion of L

= =
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area the remainder (254,891). (BEBR April 2008 est.)

Economic growtH*
f I'n 2006, Sarasota Countyds gr dmthesiaeme st i (

1 Per capita persohamcome (2006):$52000, Florida average $38,000.
1 Sarasota County has been traditionally known as a tourist and retirement area. The Count
working actively to diversify the economy.

Sarasota Countyds current plechimNovesber2008)p It eohtans si ve P
12 chapters dealing with functional elements (e.g., environment, parks and recreation, watershed
management, public buildings and related facilities, transportation, housing, economic development,
future land use, and plic school facilities). Each chapter contains updated information in that subject
area based on | atest studies, data, and analyses
out goals, objectives, and detailed policies for action. glel i ci es | ai d out i n ea
represent measures the County has committed to take to achieve the stated goals and objectives. These
policies trigger changes in county ordinances or land development regulations, as needed, or the manner

in which government agencies function or services are delivered.

The County Plan overall does not explicitly call for integrating sea level rise and associated climate
change impacts in each of the plands aleeehmsants (1t
concerns for barrier islands and tidal shorelines, as discussed more below). Nevertheless, important for

sea level rise preparedness, the 2007 Plan introduceyeab@lanning horizon through its future land

use chapter and accompanying gupe me nt , 6Sarasota 20506. This s
ordinance in 2002 following approval of the framewaork in 2000, is an incebéised and voluntary 50
year | and use plan which formally serveRanas an op

In defining the Countyds devel opment vision and
longer planning horizon needed to meaningfully plan for projected sea level rise and related climate
challenges with incremental adaptive measur&ollowing the trend in the regi@nd nation Sarasota

2050 i ncBmap@rroanttehsd J°muisn migp léersesour ce management ar
urban and suburban sprawl (and the associated infrastructure costs), strengthen existing communities
preserve environmental systems and rural areas, direct population growth away from floodplains, and
conserve water and energy.

Among these resource management areas, Sarasota 2050 defines an Urban Service Boundary to
demarcate the vieargdl yAssnotadinbaa2f08 stiely commissioned by Sarasota
County, approximately 90% of the population of Sarasota tydives in the developed areas within this

Urban Service Boundary® [See Figures1 and 2] Being along the coast, this is the mdssirable area

for residents and also the area which, in coming decades and through the century, will likely be most
stressed by climate change impacts from sea level rise and storm surge.
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Figure 1: Sarasota County Urban Service BoundarHighlighted

___ Fruitville Rd

Town of
Longboat Key ¢

City of Sarasota

City of Venice

—— | Jrban Service Boundary

Future Urban Service

SR.72

(Source: EarthBalance. 2008. Figure 5, p. pg)rqission granted by Sarasota Codinty

Figure 2: Sarasota County Future Land Use Map (2007 Comprehensive Plan)
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