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Disclaimer: The material and descriptions compiled for this document (and appendices) are not
U.S. EnvironmentaProtection Agency, Southwest Florida Regional Planning

Council, or Charlotte Harbor National Estuary Program guidance, policy, nor a rulemaking
effort, but are provided for informational and discussion purposes only. This document is not
intended, nor cait be relied upon, to create any rights enforceable by any party in litigation with
the United States.

Reference herein to any specific commercial productspnafit organization, process, or

service by trade name, trademark, manufacturer, or othedwise,not constitute or imply its
endorsement, recommendation, or favoring by the United States Government. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government, Environmental Protexti Agency, Southwest Florida Regional Planning Council

or the Charlotte Harbor National Estuary Program and shall not be used for advertising or
product endorsement purposes.

The documents on this website contain links, for example ((Embedded image tmfiled
pic01212.gif)), to information created and maintained by other public and private organizations.
Please be aware that the authors do not control or guarantee the accuracy, relevance, timeliness,
or completeness of this outside information. Furttiex inclusion of links to a particular item(s)

is not intended to reflect their importance, nor is it intended to endorse any view expressed or
products or services offered by the author of the reference or the organization operating the
service on whiclthe reference is maintained.

If you have any questions or comments on the content, navigation, maintenance, etc., of these
pages, please contact:

James W. Beever Il

Southwest Florida Regional Planning Council
1926 Victoria Avenue

Fort Myers, FL 33901

Contact Name and Telephone Number:
Jim Beever

(239 3382550, ext 224)
jbeever@swirpc.org

Adaptation Plan Page4



Acknowledgements

This project has benefited from the contributions of numerous agencies and individuals that have
contributed information, time, and opinion to tentents and recommendations.

FUNDING FOR THIS REPORT WAS PROVIDED BY U.S. ENVIRONMENTAL
PROTECTION AGENCY ASSISTANCE GRANT NUMBER CB64574064 WITH
FINANCIAL ASSISTANCE FROM U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION 4. Special assistance was receifienn Mr. JohnWilson, USEPA, Region 4.

The Charlotte Harbor National Estuary Program and the Southwest Florida Regional Planning
Council have provided the venue and support for the entire project and regular input in the
structure and function of thaan.

The authorf this report are

James W. Beever lll, Whitney Gray, Daniel Trescott, Dan Cobb, Jason Ddeid Hutchinson,
John GibbonsTim Walker,Moji Abimbola: SWFRPC

And Lisa B. BeeverMaran Hilgendorf, Judy QtCHNEP

Significant portionsofti s document 6s analysis of vulnerabi
theLocal Mitigation Strategy for Charlotte County/ City of Punta Gorda 20&3proved by

FEMA on April 28. 2005 with theata analyzed and report produced by the Southiwestia

Regonal Planning Councénd authored blylarisa Barmby, Dan Trescott, and Tim Walklee

Florida Oceans and Coastal Council 2009 special report to the Florida Energy and Climate
Commission and the people of Florida entifléte effects of climate changeodnBr i dads o0c ee¢
and coastal resourcethelntergovernmental Panel @iimate Change. (IPCQ007 Climate

change 2007: Synthesis repdfie 2007reportentitied Florida and climate change: The costs

of inaction.By E. A. Stanton and F. Ackerman with thefifs University Global Development

and Environment Institute and Stockholm Environment InstitugCenter

Theconcepts of adaptation response to sea levetxigldred in this repodependn large part
on thework and contributions of Jim Titus, EPA;idhael Volk, University of FloridaandDan
Trescott, SWFRPC.

Information and technical assistance from Mrs. Nichole L. Gwinnett, Administrative Services
Specialist/IC&R Coordinator, SWFRPC; M3ebekah Hargnformation Specialist/Webmaster,
Southwest Floda Regional Planning Council; Ms. Jennifer PellecBienior Planner/Network
Administrator,Southwest Florida Regional Planning Council; Mr. Daniel L. Trescott, Project
Service Manager, Southwest Florida Regional Planning ColficiDavid Hutchinson,
Southwest Florida Regional Planning Couranid Ms. Liz DonleyDeputy Director, CHNEP.

Adaptation Plan Pageb



Table of Contents

DISCIAIMEN...... ettt e s e e e e e e e e e e e anaes e s s e e e eeeeeeeeeeeeenneeed 4
F N ([ 1V =T [T 0 L= ] T 5
Table Of CONENTS. .. ..ot e e e e eees 6
EXECULIVE SUMMAIY. .. cii i i eeeeeme e e e e e e e e e s 16
1] 0o [ Tod 1o o ISR 18
Elements of an Adaptation PLan.............cooiiiiiiimm e 20
The Current Climate of Southwest Florida and the City of Punta Gorda..................... 21
Geography, Topography and General Land USe..............uuuiiiiieemiiiiiiiiiiieeieeeee e 24
Figure 1: The City of Punta Gorda in Relation to the State of Florida................... 24
Figure 2: The City of Punta Gorda in Relation to the CHNEP Boundavy.............. 25
Figure 3: USGS TOPO Map of the City of Punta Garda...............cccceeivcreeevinnnnnns 27
Figure 4: Aerial Photograph of the City of Punta Gorda...............c.c.evvvieeeiiiinnnnne. 28
Figure 5: Existing Land Use of the City of Punta Gorda................cooovieeeeiiiieeennn. 29
Table 1- Generalized Existing Land Uses in the City of Punta Gorda.................. 30
Figure6: The City of Punta Gordaés Existing Lan
Total Land Uses Expressed aBi@ Chart..........ccccooiiiiiiiiiieeceee 31
City of Punta Gorda Vulnerability ASSESSMENL.......ccccoviiiiiiiiiicceie e 32
] QAN = 11 ] R 32
Summary of Priority CONSIAEIatiONS.........cc.uuuiuriiiiiiiieeeiiiirtriiee e e e e e e e s eseee e e e e e e e eeeeaeens 33
Communication with Stakeholders and Decision Makers............ccccvvvvveeee.. 34
Photograph 1: Left: Each person selecting the best cards for their hand.
Right: The group selecting the togb3rulnerabilities.................uiiiiiiiiiceees 36
Photograph 2: Group members adding alternative adaptation strategies to
tNE BNVEIOPES. ...t err e e e e e e e e ———— e aaaaaaaaes 37
Photograph 3: General consensus to address one of the vulnerabilities.............. 37
Figure 7: The Adaptation Game board helped participants recommend
locations where possible adaptations statake place...........ccccoovveeiiiiiiiceeecicieennnn. 39
Photograph 4: Two participants playing the Adaptation Ganteeat t
Unchecked or Unmanaged Growth table............oooooiiiiice e 40
Figure 8: Placed Based Adaptation Suggestions for the City of Punta. Gorda......42
Descripton of Specific Implementation ACtIONS............ccocvvvviiiiicecieiii e 43
1 0T[5 ox 1o )  UUESS PP 43
Specific Adaptations by Group..........cccceeeeeeiiivceeciiciiiieee e A6
Prioritized Vulnerabilities and Adaptations for the City of Punta Garda......47
Vulnerability 1. Fish and Wildlife Habitat Degradatian...............ccccooieieeeeieieeviiiiiieeeeeees a7
Negative effects on calCifying OrganiSMS..........oooviiiiiiiieeen e 47

Adaptation Plan Pageb6


20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014429
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014429
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014430
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014430
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014431
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014432
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014432
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014433
20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014433

Algal BIOOMS ... e O

Photograph 5: Red Tide Algae BloQmM..........cccooeeiiiiiiiieeeii e eceeeeeeeeeeeeeeee e 48

Figure 9: Intensity and location of red tides in Charlotte Harbor and

neardiore areas 1992003........coooiiiiiiiiiiirree ettt a e e e 49
Negative effECtS 0N SEAGIASS. ......uuuriiiiiiiiii i ieeee ittt 50

Figure 10: 20042006 Seagrass Extent in Upper Charlotte Harbor........................ 50
Hypoxia, stratification and NUEIHENTS...........oooiiiiiiiiiie s 50

Figure 11: Historic occurrence of hypoxia, July through Octaber......................... 52
Changes to coastal WetlandS..........ccoeeeieiiiiiieeeeec e 52

Figure 12: Wetlands and Uplands of Significance to Wetland Dependent

0 0103 =2 55
Coastal and wetland egradient transloCatian................uvuviiiiiieeeiiiiiiiiee e 56
Native and nomative marine and estuarine species range shifts and disease......... 56
Changes to wgradient wetland and upland habitats..............cccccoiiiiceeiiiiiiiiei. 57
Listed ANIMal SPECIES. .. ..iiiiii ettt e e e emernnana 60

Photograph 6: Smatbothel sawfish (Pristis pectinata) in the

Calo0SaNAtCNEE RIVEL........coii i iieeee e bbb e e e e e e e e e s seneees 61

Photograph 7: American crocodile in the Peace RIVEI...............uuvvviiiccceeeeeeeininnnns 62

Photograplt8: Brown pelican (Pelecanus occidentalis) and magnificent

frigate bird (Fregata magnifiCeNS)...........ooiiiiiiiiiieeee e 63
Coastal Erosion and Sea Level RISE..........oooiiiiiiiiieeen i 65
Development of Sea Level RiSE Maps...........uuuuiiiiiiiiieeeiiiiiiiiiieieee e e s e e 67

Table 2: Sea Level Projection by Year for Southwest Florida...................ccceeee... 68

Figure 13: South éida Peninsula: Areas Vulnerable to 27 Inches of Sea

oY B ] = TP 70

Table 3: Combined Sea Level Projections by Year for Southwest Florida............ 71

Figure 14: Sea level rise in three different probabilities least case (90%

probable), moderate case (50% probable) and worst case (5% probable) in

the year 2050 for Charlotte Harbor at Punta Gorda.................ccccvvcvvveeevvvivnnnenn 2
SOUICE: IPCC 2007 ... ettt e e e e e et e e e e e e sammmeeeeaanes 12
Figure 15: Sea level rise in three different probabilities least case (90%

probable), moderate case (50% probable) and worst case (5% probable) in

the year 2100 for Charlotte Harbor at Punta Garda...............ccccoeoivceveveeviiiiinnnnn 3
SOUICE: IPCC 2007.. . ettt e e e e e et e e e e e e e sbnmmeeseaanes 73
Figure 16: Sea level rise in three different probtiedileast case (90%

probable), moderate case (50% probable) and worst case (5% probable) in

the year 2200 for Charlotte Harbor at Punta Gorda...............ccccoovvcvvvvvvevnneennnn L4
SOUICE: IPCC 2007 ... ettt ettt e e e e e e e e e e e e e s anmmeeeenanes 74
Table 4: Predicted year of different elevation levels (NGVD) of sea level

rise for different future SCENAIOS.......coovii i 75
Figure 17: Approximate predicted yedrdifferent elevation levels

(NGVD) of sea level rise for different future scenarios...............ccevvvvvimiineeeennns 75
Table 5: Acres of habitat or land use at and below different elevations in the

City of Punta Gorda 200®ote number includes the prior acreage............ccccuu...... 76
Figure 18: Acres of habitat or land at and below different elevations in the

City of Punta Gorda 2009..........coiiiiiiiiiii e ceeeie e errn e 7’7

Adaptation Plan Page7


20090814%20Draft%20City%20of%20Punta%20Gorda%20Adapatation%20Plan.doc#_Toc238014442

Figure 12: Acres of mangrove and salt marsh habitat at and below different

elevations in the City of Punta Gorda 2009...........cccooiiiiiiiicccciiiieee e eeeeeeeee, 78
Figure 19: Acres of freshwater wetlands habitaha City of Punta Gorda
at and below different elevations 2Q0Q...............ccccuvuiimmmrnn e, 79
Figure 20: Acres of uplands habitat in the City of Punta Gorda at and below
different elevations 20009...........cccuuiiiiiiiiirre e a e e e e e e 80
Habitat and SPecieS CRaNQES.........cooiiiiiiiiii e e 81
Table 6: SLAMM 4.1 Predictions of Habitat Fates under Scenario A1B,
Mean (Max) for Charlotte Harbor, FL...........ouuiiiiiieeie e 83
Source: Glick 2006, SWFRPC 2Q0Q8...........cccooiiiiiiimeenseciiieiviee e eeeseseeereeeees 83
Figure 21: SLAMM Predictions of Habitat Fate under Scenario A1B, Mean
for Charlotte Harbor, FL. In PIEnhart FOrmal.......ccccceeeeeiiiiiiiii e 84
Figure 22: SLAMM Predictions of Habitat Fate under Scenario A1B, Mean
for Charlotte Harbor, FL. In Arial View FOrmat.........ccccccceeeiiiiiiccciieeeeeees 85
Source: Glick 1993, SWFRPC 2008...........ccoooiiiiiieeee e eeesssne e 85
Habitat MIGration............cooiiiiiiiiiieeee e e e e e e s emnn e e e e e e as 86
Figure 23: Habitat Structure 2000 Southwest Florida................ccoovvieeeiiiiineen 87
Figure 24: Habitat Structure 2200 Southwest Florida................ccoovvieeeiiii 87
EXOLIC PEStS QN0 DiSEASES......uuuvruuiiiiii it s ceeereeiiiiisa s s e e e e e e e e e e e eanesassaeeeeeeeaeeeeeeeeeessannns 88
Table 7: Adaptations to Address Fish and Wildlife Habitat Vulnerabilities (from the public
1011 1] 1[0 ¢ ) TP TPPPPPPP 91
Table 8: Adaptations to Address Fish and Wildlife Habitat Vulnerabilities
Remmmended Against (from the public Workshop)..........ccccvvviiiiiieeeeciiiiiiiieee 100
Adaptation: Seagrass Protection and RestoratiQn................ooooeeeeviiiiieee e 102

Figure 25: Seagrass coveragap from the City of Punta Gorda
Comprehensive Plan in the Tidal Peace River in the region of the City of

[ U 7= 0] o = S 103
Figure 26: Baseline seagrass coverage in Tidal Peace River inithe oég

the City Of PUNTA GOMOAL.......ceiiiiiiiiiiiie e s 105
Annual seagrass coverage (acreage) in Tidal Peace River and the total
SWFWMD portion of the CHNER..............uuiiiiiiiiiiieeeiiiiiie e 106
Table 9: Annual seagrass coverage (acreages) in the Tidal Peace River and

the total SWFWMD portion of the CHNEP..............oooiiiiii e 106
Figure 27: Annual seagrass acreages in Tidal Peace.RIVEr...............cccoveeeeennnn. 106
Figure 28: Seagrass persistence in Tidal Peace Rivers2D8B.................cccevveeeee. 108
Figure 29: Seagrass persistence in West Wall,-POBB...................ccoeeeeevieeeeeeennnn. 108
Figure 30: Seagrass persistence in East Wall,-2988.....................cccccmmeniiinne 109
Figure 31: NorRestorable Seagrass Areas in Tidal Peace River....................... 110
Baseline, nowrestorable and adjusted baseline seagrass extents and

potential seagrass targetS (ACIES).......uuuiiiiiiiiiiicceriie e e e e e e e e et e e aeeeaaas 112
Table 10: Baseline, narestorable and adjusted baseline seagrass extents

and potential seagrass targets (ACIrRS)........cuuuiiiiiiiiiemmieiiiiie e e e eeme e eeaaas 112
Table 11: Draft CHNEP Seagrass Targets in ACIES........uuuureeierieiieesiereeeeeeeeeeeeenss 112

Photograph 9: Closep example of a propeller scars in a seagrass meadow
in Charlotte Harbor This example shows a location where scars from a twin
prop vessel cross a scar from a single prop vessel........ccooooovviiiciiii v, 114

Adaptation Plan Page8



SoUrce: FDEP 20009........ i eeiee et eeeee e e e anene s 114
Table 12: Acreages and percents of propeller scarred seagrass habitat by
subbasin in the vicinity of the City of Punta Gorda, Charlotte Hadgpon

(Madley et al. 2009).......cccooeiiieieieieiemmr e e e e e e e annn 115
Vulnerability 2: Inadequate Water SUPPIY.......cooorriiiiiiieeee e 119
Table 13: Adaptations to Address Inadequate Waipply and Drought (from public
WOTKSNIOPS). . ettt eeea bttt e e ettt e e e e emer e e e e et e e e e e e e eeeeeas 122
Table 14: Adaptations to Inadequate Water Supply and Drought
Recommended Against (from the public workshap)............ccccvvviiiiceeiiiiiiiiieee, 131
ADAPTATION: Florida Friendly Native LandSCaping........ccccoveeeeeeeeiiiieemiiiieeeeeeeeeeeee 132
Vulnerability 3: FIOOING. .......ooiiiiii e eee et e e e e e e e e e e e 135
Hurricanes, Trogal Storms and Suthreshold Coastal Storms............cccccceeiiiiiemnnns 135
Figure 32: Atlantic hurricanes passing within 50 miles of 26.6 N latitude,
81.9 WESHE IONQITUAR.......ceeeeiiiieie e e e e eeeer e e e e e e e e e e e e e e e e nnne e 136
Figure 33: Atlantic hurricanes passing within 100 miles of 26.6 N latitude,
81.9 WESHE IONGITUAR.......ceeeeieiiiee e e e eeeer e e e e e e e e e e e e e e nnne e 137
Potential IMPACES.........oviiiiiiieie e e 137
Table 15: Estimated Values for Structures in Punta Gorda by Storm.Zone........ 138
Figure 34: Number of Structures in Punta Gorda by Storm Zone.2005.............. 139
Figure 35: Total Valwue for Punta Gordads S
(@21 (<o 0] VA2 0 L TSP P PP PP PPPPPPPPRPIN 139
HISTOMC STIUCTUIES.....evviiiiiiiiiiiee et ne e 139
Figure 36: Number of Historic Structures in Punta Gorda by Storm Zone
720101 PP PPPPPPRPPPPRRRP 140
TOP EMPIOYEIS ... et eeeea et r e e et e e e e e e eeer e e e e e e e e eeeas 140
Table 16: EstimateWalues for Structures Owned by Top Employers
Located in Punta Gorda by Storm Zone 2Q05.............covvvviiiiccriieeeeeee e 140
REPELitiVE LOSS SEIUCIUIES.......ccieieeeeieiieiiemme e e e e e e e e e e eaaan 141
Tablel7: Estimated Values for Repetitive Loss Structures Located in Punta
Gorda by Storm Zone 2005..........cooviviiiiiimr e 141
37: Charlotte County Storm Surge and Planning Zones with Top
Employers, Historical and Repiifie LOSS Properties..........cccceeeeveeeiieiceecvnnnneennn. 142
Figure 38: City of Punta Gorda Critical Facilities................cuuvvvieemniiiiiiiiieeeee 143
Source: Charlotte County/City of Punta Gorda dldditigation Strategy................. 143
(@ g1 (o= i = o 1111 144
Table 18: Estimated Values for Critical Facilities in Punta Gorda Based on
StOrM Z0ONES 2005.... . ettt e et eeaans 144
Figure 39: Number of Critical Facilities Located in Punta Gorda by Storm
ZONE 20005, . ettt — et e e e et e e et annn—aeetb e aeeanan 144
Figures 4042-35: Valwes for Critical Facility Structures in Tropical Storm,
Category 1, and Category 2 Storm Zones 2005.........ccuviiiiiiiieeneiiieieeeeeeeeeeene 145
Figures 43 & 44: Values for Critical Facility Structures in Category 3, 4 &
5 StOrmM ZONERO0S.... ..o 146
Table 19: Potential Minimum Coastal Storm Surge Losses for Critical
Facility Structures in Punta Gorda 2005............coiiiiiiii e e e e e e eeneeee s 147

Adaptation Plan Page9



Table20: Potential Maximum Coastal Storm Surge Losses for Critical

Facility Structures in Punta Gorda 2005............coiiiiiiii e eaeeeee 147
Tropical StOrM IMPACTS ...t ieee e e e e e e e e e mmne s 148

Table 21: Potential Coastal Storm Surge Losses for Punta Gorda from a

Tropical Storm Event 2005.........ccooiiiiiiiitieeei e eeer e 148

Figure 45: Potential Storm Surge Losses for a Tropical Storm Event 2005........ 148
Table 22: Potential Coastal Storm Surge Losses for Historic Structures in

Punta Gorda from a Tropical Storm Event 2Q08..............coovvvivimeeeeeeeeeeeeceiiiee, 149
Figure 46: Potetial Storm Surge Losses for Historic Structures from a

Tropical StOrmM 2008.........ooeeiieiiiee v e e e e errn e e e e e e e e e e e e e e e e e anena s 149
Tropical storm effects on top emMPIOYErS.........oooii i e 150

Table 23: Potential Coastal Storm Surge Losses for Structures Owned By

Punta Gordab6és Top Empl oyer.s..from.a.l%r opi ca
Figure 47: Potential Storm Surge Losses for Structures Ownednbg Pu

Gordad6s Top Employers .f.r.am..a..Tr.o.p.i.cl&d St or
Table 24: Potential Coastal Storm Surge Losses for Repetitive Loss

Structures in Punta Gorda from a Tropical Storm Event 2005..................cccccee... 151

Figure 48: Potential Storm Surge Losses for Repetitive Loss Structures in

Punta Gorda from a Tropical Storm 2005...........coooiiiiiiiiicee e 151

Table 25: Poterdl Minimum Coastal Storm Surge Losses for Critical

Facility Structures in Punta Gorda 2005..............uuuuiiiiiimemiiiiiiiiieeeeeeee e eeeeeeees 152

Table 26: Potential Maximum Coastal Storm Surge Losses for Critical

Facility Structures in PUNBOIdA...............uuiiiiiiiiiiieeeiiiiiiiiiieeee e 152

Figure 49: Potential Storm Surge Losses for Critical Facilities in Punta

Gorda from a Tropical StOrm 2005.........cuuuiiiiiiiiiiiieeeiiieeee e e 153
(G- 11T [0 0 I Y o | PSPPSR 154

Table 27: Potential Coastal Storm Surge Losses for Punta Gorda from a

Category 1 Storm EVent 2005..........oo e ernmr e 154

Figure 50: Btential Storm Surge Losses for a Category 1 Storm 2005............... 154

Table 28: Potential Coastal Storm Surge Losses for Historic Structures in

Punta Gorda from a Category 1 Storm Event 2005.............ccovvviiimmeeeeeeereeeeeiinnnes 155

Figure 51: Potential Storm Surge Losses for Historic Structures in Punta

Gorda from a Category 1 Storm 2005.........ccouiiiiiiiiiiie e 155

Table 29: Potential Catal Storm Surge Losses for Structures Owned by

Charl otte Countyodés Top Employers in Punta

StOrM EVENT 2008..... . it 156

Figure 52: Potential Storm Surge Losses for Structurese@wy Punta

Gordabés Top Empl.oy.er.s..2.005. ... 156

Table 30: Potential Coastal Storm Surge Losses for Repetitive Loss

Structures in Punta Gorda from a Category 1 Storm Event 2005....................... 157

Figure 53: Potential Storm Surge Losses for Repetitive Loss Structures in

Punta Gorda from a Category 1 Storm 2Q05.........cccooviiiiiiieeer e 157

Figure 54: Potential Stor Surge Losses for Critical Facilities in Punta

Gorda from a Category 1 Storm 2005..........oooiiiiiiiii e 158
CAtEYONY 2 EVEML.....oeiiieiiiee ettt e ettt e e ee e e e e e e e e e et ee e e s aat b eeeennenes 159

Adaptation Plan PagelO



Table 32: PotentigdCoastal Storm Surge Losses for Punta Gorda from a

Category 2 Storm EVent 2005..........oo i errmr e 159
Figure 55: Potential Storm Surge Losses for a Category 2 Storm.2005............. 159
Table 33: Potential Coastal Storm Surge Losses for Historic Structures in

Punta Gorda from a Category 2 Storm 2Q05........ccovviiiiiiiiiieeeeeeeeieeee e 160
Figure 56: Potential Storm Surge Losses fotdtis Structures in Punta

Gorda from a Category 2 Storm 2005..........ooiiiiiiiiiiii e 160

Table 34: Potential Coastal Storm Surge Losses for Structures Owned by

Charl otte Countyod6s Top Empdgorgdy ers i n Punt a
StOrM EVENT 2008, ... it ernmr e 161

Figure 57: Potential Storm Surge Losses for Structures Owned by Punta

Gordabés Top Employers f.r.om..a..Cat.e.golbly 2 St
Table 35: Potential Coastal Storm Surge Losses for Repetitive Loss

Structures in Punta Gorda from a Category 2 Storm Event 2005....................... 162

Figure 58: Potential Storm Sur@iesses for Repetitive Loss Structures in

Punta Gorda from a Category 2 storm 2005...........cccoviiiiiiieeeee e 162

Figure 59: Potential Storm Surge Losses for Critical Facilities in Punta

Gorda from a Category 2 Storm@.........ccceeveeeeeiiiiiiiieeei e eene e e 163
(@1 =To 0] 4 VARG I V=T o | PP PP PRSP PPPPPPPRPRIN 164

Table 36: Potential Coastal Storm Surge Losses for Punta Gorda from a

Category 3 Storm EVent 2005.........coooiiiiiiiiiiiccoee e 164

Figure 60: Potential Storm Surge Losses for a Category 3 Storm.2005............. 164

Table 37: Potential Coastal Storm Surge Losses faokisStructures in

Punta Gorda from a Category 3 Storm 2005............cuvvuvvriiccreeeeeeeeneee e 165

Figure 61: Potential Storm Surge Losses for Historic Structures in Punta

Gorda from a Category 3 Storm2005.............ooiiiiiiiiieeee e eeeneees 165

Table 38: Potential Coastal Storm Surge Losses for Structures Owned by

Charl otte Countybés Top Employers in Punta

SEOMM BEVENT.... ettt e e e et e e e e e et b e e b e e e eeeee 166

Figure 62: Potential Storm Surge Losses for Structures Owned by Punta
Gordadbs Top Empl oyer s..f.r.om..a..Calt.egol6ey 3 St
Table 39: Potential Coastal Storm Surge Losses for Repdtisge

Structures in Punta Gorda from a Category 3 Storm Event.............ccccccoemniinnnne 167

Figure 63: Potential Storm Surge Losses for Repetitive Loss Structures in

Punta Gorda from a Category 3 StQIM.........cceiiiiiiiiiiiieeieeeeeeee e 167

Figure 64: Potential Storm Surge Losses for Critical Facilities in Punta

Gorda from a Category 3 STOMML.......cooiiiiiiiiii e e 168
(O 1 (=T 0] VA2 Y LT V=T o) S PP 169

Table 40: Potential Coastal Storm Surge Losses for Punta Gorda from a

Category 4/5 Storm EVEINL..........oiiiiii e 169

Figure 65: Potential Storm Surge Losfmsa Category 5 Storm............ccoooevviiiee 169

Table 41: Potential Coastal Storm Surge Losses for Historic Structures in

Punta Gorda from a Category 4/5 STOMM..........cviiiiiiiiieeeeeeeeeeeee e 170

Figure 66: Potential Storm Surge Losses for Historic Structures in Punta

Gorda from a Category 5 STOMML.......oooeiiiiiiiiiceee e 170

Adaptation Plan Pagell



Table 42: Potential Storm Surge Losses for Structures Owned by @harlot

Countybdés Top Employers in Punt a..Gorldla fr om
Figure 67: Potential Storm Surge Losses for Structures Owned by Punta

Gordabés Top Empl oyer.s..f.r.om..a..c.at.egolfly 5 St
Table 43: Potential Coastal Storm Surge Losses for Repetitive Loss

Structures in Punta Gorda from a Category 4/5 Storm 2005.............ccccvvveemeeenee. 172

Figure 68: Potential Storm Surge Losses from a Category 4/5 Storm.2005....... 172

Figure 69: Potential Storm Surge Losses for Critical Facilities in Punta

Gorda from a Category 5 Storm 2005..........cooiiiiiiiiiii e 173
10 0 T £ 174

Table 44: Estimated Values for Structures within Punta Gorda Based on the

100 Year Floodplain 2005..........cooeuuiiiuiiimmee e e e e e e emseaann s e e e e e e e e aaeeees 175

Table 45: Estimated Values for Historic Structures within Punta Gorda

Based on the 100 Year Floodplain 2Q05...........ccoiiiiiiiicceeccieee e eeeeeen 175

Table 46: Estimated Valuesf6rt r uct ur es Owned by Charl otte
Top Employers Located within Punta Gorda Based on the 100 Year

FIoOdPIain 2005.........uueiiiiiiiiii e 176
Table 47: Estimated Values for Repetitive Loss Structures withirmPunt

Gorda Based On the 100 Year Floodplain 2005............coooiiiiiicccieeee 176
Table 48: Potential Losses for Structures in Punta Gorda from a 100 Year

Flood Event Based On Planning Zone 2005...............uuuuummimmmiiiiiiieiiieeeeeeeeeee e 177
Figure 70: Potential Losses for Structures in Punta Gorda Located in the

100 Year FIoodplain 2005..........uuuuuiiiieiiiiiiieeeiieeiee et e e e a e e e e e e 177
Table 49: Potential Losses for Historic StructireBunta Gorda from a

100 Year Flood Event Based on Planning Zone 2005..............coooiivcceeeeeeeeeeene 178
Figure 71: Potential Losses for Historic Structures in Punta Gorda from

FIOOAING 2005....... ittt eme e e e e e e e e neee e 178
Tabl e 50: Potenti al Losses for Structures
Employers Located in Punta Gorda from a 100 Year Flood Event Based on
Planning Zone 2005.........cccoiiiiiiieeieeeeeee e ————— 179
Figure 72: Potential Losses for the Top Employers Located in the 100 Year
Floodplain in Punta Gorda from flooding 2005..........cccooiiiiiiiiiecciiiiiiee e, 179

Table 51: Potential Losses for Structures Owned by Ghdrle Count y6s Top
Employers Located in Punta Gorda from a 100 Year Flood Event Based on

PlANNING ZONE 2005.... .. .uuiiiiiiiiieieee ettt e e e e et e e e e e e e e e e e nnne s 180

Figure 74: Potential Losses for Repetitive Loss Structures in Punta Gorda

from FIOOAING 2008.......eeeeieiiiiiiiee e e 180

Figure 75: Critical Facilities and the 100 Year Floodplain in Punta Gorda

720101 PP PPPSSRURPRRRR 181

Figure 76: The Coastal High Bard Area in Punta Gorda...............cc.ocoevvvieecennnnnnn. 182

Figure 77: Future Land Use (2018) in the Coastal High Hazard Area of

PUNTA GOFTAL......oiiieieeeeiie e et e e e e e e e e e e e e anne e e e e e e eaaeeeeees 183
Table 52: Adafations for Coastal Erosion, Sea Level Rise, and Storm Surge Flooding
(from the public WOrKSNOR)........iiiiiiiii e 184

Table 53: Adaptations for Coastal Erosion, Sea Level Rise, and Storm

Surge Flooding Recommded Against (from the public workshap)...................... 190

Adaptation Plan Pagel2



ADAPTATION: Explicitly indicate in local master plans, (Comprehensive Plans), which areas

will retain natural SNOTEIINES..........ooo i 191
Adaptations for Coastal Erosion and Sea Level RiSe............coovvviiieeen s 192
[ (01 (=Tox 1 0] o H PRSP RPPPPPPPPPPPPPPPPRPR 193
Figure 78: A médtod of gradual filling of areas in front of shoreline
protection to keep pace with sea level [iSe.........cccceeeeeiiiieeeciii e, 196
Y F= T E= To=To 1] (=T S PP PPPPP PP PP PP R PPPPPPPPPR 197
Figure 79: Rolling easement step 1 Year 2010. Easement established at
(o0 =] o1 ] [0 (=11 =TSSR 198

Figure 80: Rolling easement step 2 Year 2050. Moderate case 9 inches sea
level rise. Mangroves and manstove inland. Former mangroves become

U] T0 Fo Y =T o PSP PPPPPPRP 199
oo ] o1 g T =Y [0 ) o P PPPUPPRRRP 202
Federal Policies and Programs........ccooooieiee e e s ceeeiiee e eeeeeaenme e e e eeee e 204
Florida State PoliCieS and PrograumisS...........uuuueeeiiiieieesiiiiiieeiieeeeeeeeeeeeesemsreeeeeeaee e 206
Local PoliCieS and PrOograms..........uuuuuuiiiii s ceeeeiiiiiiss s s e e e e e e e e e s sseeesasaseaeeaaaaaeeseennnnnes 210
Table 54: 200€onstruction Bare Unit Costs for coastal armoring. (LF =
linear foot; CY = cubic yard; SY = square yard)............oovvvvvrivimmmeeeeeeeeeeeeeniinnnnns 214
Additional Adaptations to Sea Level Rise (from the literature review).................... 215
A hypothetical comparison of relative costs of variousleeal rise adaptations......... 216
Table 55: A hypothetical comparison of relativetsad various se&evel
rise adaptations for the City of Punta Garda.................ovvvvcrriieeeeeeiiiiece e 219
Vulnerability 4: Unchecked or Unmanaged Growth............cccccoeviiiieeciie 222
CoStof COMMUNILY SEIVICES........cevveiiiiiiiici s rmmee e e e emnm e e e e e e e e e e aaeeeees 223
Carbon Markets and Land USE...........ciiiiiiiiiiie et eeeeveeee e e e e e e e eeeeeaneees 225
Table 56: Adaptations to Address Unchecked and Unmanaged Growthrahilities (from
PUBIIC WOTKSRNOPS) ...ttt e e e e e e e s e e e e as 227
Table 57: Adaptations to Address Unchecked and Unmanaged Growth
Vulnerabilities Recommended Against (from public workshops)........................ 233
ADAPTATION: Constrain locations for certain high risk infrastructure....................... 234
Vulnerability 5: Water Quality DegradatiQn...............cuuuuiiiiieeeeiiiiieieeeeeeeeeeeeeeeee e 236
Table 58: Climate Ready Estuaries Program has identified adaptation
options for maintaining water quality of marshes and wetlands.......................... 237
Table 56: Adaptations to dokss Water Quality Degradation Vulnerabilities (from Public
WOIKSRNOPS). ..ttt ettt et e e e e e e e e e e e e e s rmmme e e e e e e e e e e e e e a e 238
Table 59: Adaptations to address Water Quality Degradation
Vulnerabilities Recommended Against (from Public Works)op....................s 243
ADAPTATION: ReStriCt fertiliZer USE........cuuuiiiiiiiiiiei e 244
Vulnerabilities 6, 7, and 8: Education, Economy and Lack of Funds......................... 246
CHICAl FACIHTIES ...t eeeenenes 246
Estimated Values for Facility Structures Located within Punta Gorda Based
0N Critical FaCIlity STAtUS........cooiiiiiiiii e eeree e e e 247
Table 60: Estimated Values for Facility Structures Located within Punta
Gorda Based on Critical Facility Status............cccuuiiiiiiieeeriicee e, 247
Figure 83: Percentag# Critical Facilities in Punta Gorda...............ooooviiiiiceeeen. 248

Adaptation Plan Pagel3



Figure 84: Percentage of Estimated Total Value in Punta Gorda Based on

Critical Facility DeSIgNatiON............iiiiiieie e e e e ceeeiiies e e ee e eeeveene e e e e e e e eeeeaeenannnes 248
StateWide Approach for Identifying the Likelihood of Human Land Use
Protection from the Consequences of 10 Feet of Sea Level.Rise...................... 251
Table 61: Stat&Vide Approach for Idetifying the Likelihood of Human
Land Use Protection from the Consequences of 10 Feet of Sea Level.Rise......253
Figure 85: Land Use Projection Map Charlotte County at 5 foot sea level
ST PP PPPPPRP 254
Table 62: Adaptations to address Education and Economy Vulnerabilities (from public
L0 0] o153 255
Table 63: Adaptations to addseEducation and Economy Vulnerabilities
Recommended Against (from public WOrkShOps).............uvvvviiiiicceeeeeiiiiiinn, 276
ADAPTATION: Promote green building alternatives through education, taxing incentives,
[0 =TT T 1= o 11 o USSP 277
Decision Framework for Transportation Professionals to Use in Addressing
the Impacts of Climate Change on Transportation Infrastructure....................... 284

Table 63: Decision Framework for Transportation Professionals to Use in
Addressing the Impacts of Climate Change on Transportation Infrastructure....284

VUINEIADIIIEY O: FIr ... e 288
Figure 86: Fire risk zones closest to Punta Garda..............ccceevivmeveeeevvviniinnnn. 289
Table 64: Adaptations to address Fire Vulnerabilities (from public
L0 G 0] 153 O PPUPPPRRS 290

ADAPTATION: Drought preparedness planning...............eeeeeieeiiieemiererieeeiieeieeeeeeeeeeen 293

Vulnerability 10: Availability/Cost of INSUranCe...........cccoeiviiiiiiiieeeiiiceee e, 295

10 1 7= To [0 295
Table 65: Estimated Values for Structures Located Within Charlotte
County by Planning ZONE..........coooi i 297
Table 66: Estimated Values for Structures Located Within Punta Gorda............ 297
Table 67: Number of Tornado/Waterspout Events in Charlotte County from
January 1, 1950 Septembie30, 2004.........iiiiiiieee e ceeeeee e 298
Figure 87: Number of Tornado Events in Charlotte County from January 1,
195071 September 30, 2004.........ciiiiiii e 299
Figure 88:Percentage of Tornado Events in Charlotte County by Categary....... 299
Thunderstorms and High WINAS...........ouuiiiiiii e 300
Table 68: Valuations for Chatite County Structures Based on Taos Wind
ZONBS ...ttt e et ea e e e et e e ee e e et e e et eman e e e e e enea e e e e anrraans 302
Table 69: Wind Loss Estimates For Charlotte County in 2005.%...........cc.cconeee. 304
Winter StOmMS and FrEEZES.........ccooiiiiiiiiiiieeei ettt e e e e e e e e e aeaaeaeean 304
SYNEIGISTIC RISKS. ... ittt nnee e 307
ECOSyStem ServiCes RISKS.........ouuuiiiiiiiiiie e emmr e e e aeee 307
101U = T o = PP 308
How the plan affects existing management goals.............ccccoeeveeeevvivinnnnns 314
Monitoring and evaluation of reSultS..........cccooeiiiiiiiieeeei 316

Adaptation Plan Pagel4d



SUMMATY CONCIUSION. ... iiieeeiiiiie e eeene e e et eeeeeeenans 322

@4 ¢= 110 1T 324
Appendix I: April 9, 2009 Public Meeting iRunta Gorda, Agenda............... 338
SUIVBY ettt 339
Appendix II. Climate Change Adaptations Identified in the First Public Workshop
.................................................................................................................... 344
Appendix Ill. Results From the Second Public Workshop...............ccoce..e 352
Appendix 1V. City of Punta Gorda Critical Facilities..............cccoovivieeeenee, 361
Appendix V. PresentationS . .......oooevvieeirieisceeesee e e e e eeeriss e e e s e emnneeeeeeeannnnnes 369
Appendix VI. Adaptations List from the Regional Adaptations Review (Beever et
Al 2009). .. e e e e em———— e e e e e e e e e e e e e e e e e e e nam——— e aaaaaaaas 378
Appendix VII: Adopted SWFRPC Resolution #0T..............cccoeevvvvviiicmmennnns 398
Y o] 1= 8o |57 G VA | | S PURPPPPPRTRRRRY” {0
September 3, 2009 PlibMeeting in Punta Gorda..............cccceeeiiiivieeeneeee 409

Adaptation Plan Pagel5



Executive Summary

The City of Punta Gorda is currently experiencing climate change. The natural setting of
the City coupled with extensive infrastructure investment in the areas closestdoast

have placed the City at the forefront of geographic areas that will be among the first to
suffer the negative effects of a changing climate. Severe tropical storms and hurricanes
with increased wind speeds and storm surges have already gesnelged the

community. Significant losses of mature mangrove forest, water quality degradation, and
barrier island geomorphic changes have already occurred in the adjacent Charlotte
Harbor. Longer, more severe dry season droughts coupled with shoaigomwet

seasons consisting of higher volume precipitation will generate a pattern of drought and
flood impacting both natural and mamade ecosystems. Even in the lowest impact

future climate change scenario predictions, the future for the City neillde increased
climate instability; wetter wet seasons; drier dry seasons; more extreme hot and cold
events; increased coastal erosion; continuougesehrise; shifts in fauna and flora with
reductions in temperate species and expansions of tropueaive exotics; increasing
occurrence of tropical diseases in plants, wildlife and humans; destabilization of aquatic
food webs including increased harmful algae blooms; increasing strains upon and costs in
infrastructure; and increased uncertainty conicgy variable risk assessment with

uncertain actuarial futures. In the course of the project we identified 246 climate change
management adaptations that could be utilized to address the various vulnerabilities
identified for the City

Currently the City 6Punta Gorda is among the most progressive municipalities in the
United States with regard to planning for climate change. It has already adopted
comprehensive plan language tideess the impacts of sea level rise, and seek strategies
to combat its effés on the shoreline of the City.

This report identifies the alternative adaptations that could be undertaken to address the
identified climate change vulnerabilities for the City of Punta Gorda. These adaptations
are presented in the order of prioritizegteement from the public meetings. Only the
highest agreement adaptation in each vulnerability area is fully developed for potential
implementation. One of the utilities of this approach is that it provides a variety of
adaptation options, which the €itould select for implementation, adaptive

management, and subsequent monitoring.

During public workshops the citizens of the City of Punta Gorda Identified 54
vulnerabilities that combined into 8 major areas of climate change vulnerability for the
city including, in order of priority:

Fish and Wildlife Habitat Degradation;

Inadequate Water Supply;

Flooding;

Unchecked or Unmanaged Growth;

Water Quality Degradation;

Education and Economy and Lack of Funds;

Fire;

NookrwhE
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8. Availability of Insurance.

The City of Punta Gorda has already undertaken a variety of affirmation adaptation

actions that will assist in reducing the impacts form climate change and increasing

resiliency to climate change effects. These include elevation of structure and
improvementsofdai nage systems as part of the Cityo
Hurricane Charley; relocation of the public works facility to a location of lower hazard

from natural disasters and coastal flooding, adoption of a Transfer of Development

Rights program t@rotect historical and natural resource areas, and a completed Local

Mitigation Strategy for natural disasters.

The2010 City of Punta Gorda Strategic Plan Focus Area Objectives includes several
affirmative adaptations that will address some of theessil Avoidance, Minimization,
Mitigation and Adaptation for Climate Change. These include:

e Enhance energy independence of-cityned property, including more use of
solar and other forms of power to eventua

e Enhance greennitiatives to include adoption of green building ordinance
modeled after Charlotte County, participation in Green Futures Expo & Energy
Options Conference and publicizing programs in City departments.

e Achieve progress of annexations along US 41 corrittores Loop Rd. (pending
successful voluntary annexation of the Great Loop), US 17 corridor and other
areas as deemed appropriate during the year.

e Undertake through design and/or completion of ongoing infrastructure
improvements including the Public WofkKilities Cooper Street Campus;
Downtown Flooding Improvements; San Rocco/Madrid Blvd. Drainage
Improvements; Carmalita Street, West of Cooper Street, Drainage & Streetscape
Improvements; Multi Use Recreational Trail Phase 1 (Monaco to Aqui Esta);
Multi Use Recreational Trail Phase 2 (Aqui Esta to Airport and Monaco to
Taylor)T Design; Hendrickson Dam Spillway Replacement; East Side
Wastewater Improvements; Reverse Osmosis PRasign

e Develop a bike path program that meets the requirements of Bleyetelly
Community and prepare an application for the City to apply for that designation.

e Utilize pavers in parking areas.

e Consider expanding wastewater treatment capacity by having residential lawns,
irrigated parks, golf courses etc. served by gragmwat

A total of 104 acceptable and 34 unacceptable recommended adaptations were identified
during the public workshops and prioritized by agreement.

The top agreed upon adaptations for each area of vulnerability include:
e Seagrass protection and reatayn
e Xeriscaping and native plant landscaping.
e Explicitly indicating in the comprehensive plan which areas will retain natural
shorelines.
e Constraining locations for certain high risk infrastructure.
e Restrict fertilizer use.
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e Promote green building altetnzes through education, taxing incentives,
green lending.
e Drought preparedness planning.

These are the recommended first adaptations for development of implementation plans by
the City of Punta Gorda.

Introduction

SouthweskFlorida is one of the n®d vulnerable areas in the wotliithe consequences of
climate change, especially de&el rise and increased hurricaaivity and severity
Regardless of the underlying causes of clincatinge, global glacial melting and
expansion of warmingceans g causing sea level rise, although its extemate cannot
as yet be predicted with certainty.

On November 19, 2007, the Charlotte Harbor National Estuary Program (CHNEP) Policy
Committee added a climate change adaptation component to its Comprehensive

Conservation and Management Plan (CCMP), later adopted on March 24, 2008. This set

the stage for the Environmental Protection Administration (EPA) Region 4 to fund

CHNEP and, its host agency, the Southwest Florida Regional Planning Council
(SWFRPC)tocoduct a vulnerability asswmaustynent conc
study area.

EPA Headquartethennamel Charlotte Harbor one of six Climate Ready Estuary (CRE)
pilot programs. CHNEP and SWFRPC planned to partner witty £o develop an
adaptation plathrough aproject entitleddevelopment od Climate Change Adaptation
Plan for a Southwest Florida City

On December 17, 2008, the Punta Gorda City Cowntdd unanimously to participate

in the CHNEPCRE pilot program This progressive municipality Halready includd
climate change planning in their Comprehensive Flae objective and policy are listed
below. Additional resources associated with the City of Punta Gorda included a citizen
stakeholdegroup Team Punta Gordaitp://www.teampuntagorda.commeam Punta
Gordawasinitially formed as a grassoots organization working arecoveryfollowing
Hurricane Charley
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City of Punta Gorda Comprehensive Plan Climate Change Objective and Policy

Objective 2.4.2: Address the impacts of sea level rise, and seek strategies to combgt its
effects on the shoreline of the City.

Policy 2.4.2.1: The City will work with the SWFRPC to determine potential sea leve rise
impacts on the Coastal Planning Area.

Measurement: Completion and implementation of developed coastal studies or
development of model scenarios.
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Elements of an Adaptation Plan

Successfuadaptatiorto climate changé estuaries requisplans that respond to both

the unique vulnerabilitiesna the priorities of the places they protelelans need to be

flexible, to respond to changing conditions and informadiodto haverealistic

assessments of the degree of risk and cost that can be sustained. This document identifies
the key elementsfalimatechangeadaptation planningpr the City of Punta Gordand
providessomeof the information and resourcttsatthe City and the CHNERan usen

climate changadaptation EachCity mustselect the best order and process to develop
theiradaptéion plan

There are two critical elements tlzat EPA approveddaptation plan must include for
CRE recognition:

A Description of specific implementation actions

A Monitoring and evaluation of results

I n order to be r ec othenEPAegects thatat dinGinimummbesee Re ady ,
two elements are prepared and approvethe HNEP management c¢derenceand

EPA, as well as other appropriate reviewing organizations, such as state or local

oversight programs.

In addition, there are severather compaentsthat support the preparation of these two
critical elements. While not requirddPA hasecommenddcompleton ofthese
additionalcomponentss reasonable prerequisites for the two critical elements. The
development of these magpendnthe speifce st uar yés vul netoabil ity
whichthese elements are either already in place or completed. These other recommended
componentsnclude:

A An assessment of vulnerability

A A summary of considerations used to set priorities and select sciio

A Communication with stakeholders and decision makers

An adaptation plan can be a stealdne document or be incorporated as an additmnal
new element in an existing management plan, such as the CCMP. Regardless of where
the adaptation plan iohsed, some of the key considerations include:
A How the plan affects existing management goals;
A Additional climate changiduced goals and objectives beyond the existing
management goals;
A Management actions associated with achieving those goals andvasjeatid
A Steps required for implementation (including the associated tools and resources
that can beleployed).

Finally, any <c¢limate strategy ofongtHhaan needs
allows for relatively easy revisiting and updatinge@sponse to changing conditions and

lessons learned from monitoring and evaluation of results. Initial plans can be updated

and enhanced as information changes regarding vulnerability, uncertainty, management
priorities, technologyadaptation methods awdsts
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The Current Climate of Southwest Floridand the City of Punta Gorda

The climate okouthwestFloridais subtropical or tropical savanna (Hela 1952). This
results in alternating wet season flooding and sesengght. Theres anaverageof
appoximately135 cm (53 incheg)f annual rair(Bradley 1972). The dry seasams

from November to April and the wet season from June to September (Riebsame et al.
1974). Typicallyfrom 18 to 23% of annual rainfall occurs in dry season and 60 to 72%
of the rainfall occurs in wet season (Drew and Schomer 13&Hsonal wetlands, such
as hydric pine flatwoodand wet prairiesusuallybecome saturated and attain standing
water in the middle to late wet season. It is interesting to note that the distriblt

large, landscape scale hydric pine flatwoods in southern Collier and southern Lee
Counties corresponds with areas of higher rainfall isoplethes of 60+ inches annually
(Bamberg 1980).

Rainfall in the wet season follows a bimodal pattern, withitsegeak in May or June

and the second in September or October. It is of note that this pattern corresponds with
peak flowering periods for the understory components of the freshwater wetland plant
community.Thunderstorms are more frequent (over 10Quafiy) in the Fort Myers area,
in the center of theouthwest-lorida, than at any other location along the eastern Gulf
coast (Jordan 1973). Seveiiitye percent of the thunderstorms occur in the summer
(Jordan 1973, Duever et al. 1979). The short durahigh intensity thundershowers are
the result of cyclic landea breeze convection in a diurnal pattern peaking during late
afternoon or early eveningrhunderstorm rainfall can be very local, resulting in
differences of up téive inches per month b@een areas less théive miles apart

(Duever et al. 199). Individual cloud volumes during thunderstorms in south Florida
can range from 200 to 2,000 ade=t (Woodley 1970).

The wind patterns of south Florida are determined by interaction of pngvedsterly
tradewinds, local diurnal convective patterns in the summer, and continental cold fronts
in the winter Summer wind patterns are dominated by a daily wind shift that peaks
betweemoon and:00 P.M., with an onshore sea breeze during thexddyan offshore

land breeze at night. Winter dry season cold fronts occur approximately once a week
(Bamberg 1980). On a seasonal basis, the highest average wind speeds occur in late
winter and early spring, and the lowest speeds occur in the sumnelized strong

winds of short duration are generated by summer thundershowers, extreme cold fronts,
and tropical storms (Bradley 1972). On a typical day, wind speed is lowest at night,
increasing through the day to the afternoon, and decreasing agagneivening

(Gutfreund 1978).

Temperature in southwest Florida is primarily controlled by latitude and maritime
influences (Bradley 1972). The mean annual temperature is 74 degrees Fahrenheit, the
average January temperature is 64 to 65 degrees Fahranddige average August
temperature is 82 degrees Fahrenh®duthwest Florida is one of only two areas in the
southeastern United States where air temperatures exceed 90 degrees Fahrenheit more
than 120 days of thgear. Typically, there is @nedegre Fahrenheit difference between
Charlotte County and Collier County. More inland areas display a greater daily range in
temperature than coastal habitats.
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In winter, sharp drops in temperature occur following cold fronts containing cool, dry
arctic airfrom Canada. Cooling begins after sunset and reaches the lowest temperatures
at dawn. Temperature gradientsabbut six tal5degrees F can occur between coastal

and inland areas a few miles apart. A similar gradieabofit six talO degrees F occurs
between high, dry land (xeric pine flatwoods) and adjacent moist lowlands (hydric pine
flatwoods). On calm, cold, clear nights, frost may form in moist inland areas. A severe
freeze occurs approximately once every 20 years (Bamberg ¥a&@yding to he

Federal Emergency Management Agency, since 1953 alone, disaster declarations were
made in Florida six times for freezing conditioRederal Emergency Management

Agency FEMA) 2009).

The mean annual relative humidity averages approximately 75% withidhest (80
90%) in early morning and lowest (50%) in the afternoon. Seasonal differences are
not great: mean relative humidity tends to be lowest in April (71%) and highest in
summer and fall (80%).

Evapotranspiration refers to the sum of evaporaéind plant transpiration into the
atmosphereEvapotranspiration from the saturated soils of wetlands is an important

control of sea breeze intensity and the formation of convective thunderstorms. Because
evapotranspiration is a cooling phenomenon,f@adater gradients are reduced,

convective processes are reduced, and recently rapmtdareas receive less rainfall.

The effect is a natural feedback mechanism that results in a more even spatial distribution
of seasonal rainfall (Bamberg 1980). Tb& also ameliorate the tendency towards
formation of tornadoes over hot convective dry lafo@potranspiration estimates for
southwest Florida range from 30 to 48 inches per yeaw@nd Schomer 1984

South Florida is subject to more hurricanesitaay other area of equal size in the United
StategDrew and Schomer 1984 The area is subject to both Atlantic and Caribbean
hurricanes. Of the 38 hurricanes that passed over southwest Florida from 1901 to 1971,
30 occurred in August to October (Jande973). Tropical storms strike once evidmee

years in southern Collier County and once eV years in the northern extents of the
SouthweskFloridaarea (Bamberg 1980).

The three primary climatic effects of hurricanes are high wind, storm sandédweavy

rain. Wind force increases by the square of the wind speed such that a 93 mph wind
exerts four times as much force as a 47 mph wind. When hurricane winds attain 249
mph, as in the 1935 Labor Day hurricane, the effects on forested ecosystdnakng

tree fall, substrate disturbance, and propagule (cone) distribution, can be considerable
(Drew and Schomer 1984

ThePunta Gorda area receives an average annual rainfall efdiftynches, with
approximately sixty percent falling during thensmer months of June through
September in a typical wet season/dry seagale Rainfall in the winter months is
generally associated with cold fronts moving across the regiois ahdracterized by

low intensity, higher duration events. The summer adliplatterns consist of short
duration, intensive convective storms typically occurring in the late afternoon. It is this
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type of rainfall event that causes the highest volumes of stormwater runoff with the
potential of spot flooding and damaging effect<harlotte Harbor.
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Geography,Topographyand General Land Use

The City of Punta Gorda is located in southwdstida atthe south shore of the
confluence of the mouth of the Peace RiveCharlotte County (Figure 1).

City of Punta Gorda in Relation to the State of Florida
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Figurel: The City of Punta Galain Relation to the State of Florida

This placesthe City of Punta Gorda in the middle of the Charlotte Harbor National
Estuary Program study area (Figure 2).
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City of Punta Gorda in Relation to the CHNEP Boundary
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Figure2: The City of Punta Gordia Relation to the CHNEP Boundary

The City is very dw-lying with significantareas of wetlands and open lands principally
on the east shore of Charlotte Harbor and along Alligator Creek (Figures 3 ahe 4).
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topography of the City of Punta Gorda, identifiedrigure 3 and its environs is
generally flatwith elevations ranging from sea level to approximately fifteen feet above
sea level. Three vegetativ@ajorzones can be distinguished:

Thecoastalwetlandsare predominantly tidal mud flats, mangroves, and marsh
grassareaswith elevations from zero tfive feet above mean sea level.

Thetransitional zoneconnects the coastal area with the inland prairie area. This
zone varies in elevation from approximately fiveltbfeet above sea level. Most
humandevelopment has occurredthis transitional zondecause it provides the
most topographical reliefith the beter drained land. Theelict coastal shore
ridges of the transitional zone generally formed the location of the earliest
transportation links including the railroad, Tamiami Trail (US 41), a8dL@.

Theinland prairieis normally drained by overland sheet flow due to a lack of
natural stream beds. The flood condition of the prairie during heavy rainfall
restricts development; however, this condition enhances recharge of the
underground aquifer3he inland prairies are dominated by a combination of
mesic and hydric pine flatwoods, wet prairies and freshwater marshes.
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Figure3: USGS TOPO Map of the City of Punta Gorda

In the course of this study the City expanded ita byeincluding throgh annexation
former coastal outparcels completing @learlotteHarbor shoreline. Thisoundary

difference is shown between figures 3 and 4.
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City of Punta Gorda
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Figure4: Aerial Photograplof the City of Punta Gorda
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Figure5: ExistingLand Use of the City of Punta Gad

Prior to the recent boundary change @iy of Punta Gorda was 43.5 %, 11.RPacant
Land andsubsequently 4498 developed.
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Tablel - Generalized Existing Land Uses in the City of Punta Gorda

Land Use Acres Square Miles Percentage of Total
Land Us es
Residential 2,246.96 3.51 24.9%
Commercial 325.83 0.51 3.6%
Industrial 55.60 0.09 0.6%
Agricultural 0.00 0.00 0.0%
Recreational 434.74 0.68 4.8%
Conservation 3,924.36 6.13 43.5%
Educational 96.61 0.15 1.1%
Public Bui ldings & 78.05 0.12 0.9%
Grounds
Institutional 88.86 0.14 1.0%
Vacant Land 1,056.91 1.65 11.7%
Right of Ways Land 711.82 1.11 7.9%
Right of Ways Water* 6,297.81 9.84
Historic Resources** 99.21 0.16 1.1%
Total Land Uses 9,019. 74 14.09 100.0%

Source: 2007 City Punta Gorda & Charlotte County GIS *Right of Ways Water includes all navigable water
bodies used for transportation purposes and are not added into the totals for land area. ** Historic Resources
are individually assig ned to another generalized land use category and are not added into the totals for land
area.
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Figure6-The City of Punta Gordads Existing Land Uses
as a Pie Chart
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City of Punta Gorda Vulnerability Assessmen

The vulnerability ofa cityis a function both of theityd s sensi ti vity to
as well as its adaptive capacity to adjust to changes in climate (either reactively or
proactively through planning decisions). To assess its vulnerathiggity should

describe the specific effects from climate change that are likely to affect key management
goals. Climate change impacts will vary regionally, as will the approach taken to identify
the most significant vulnerabilitiesThere are many tlerent approaches to completing

an assessment, from simple batkhe-envelo approaches based on effects that are
already occurringto more sophisticated approaches that examine the links between
multiple effectsusingpredictive modeling or other ttsoto help project changes.

Although a general understanding of vulnerability may be enough of a basis to inform
adaptation actions in coastal areasstcitiesmay need and develaiy-specific

information that better characterizes the spatial didighuintensity, and frequency of
projected impacts. A more detailed and descriptive assessment may also be necessary to
better inform stakeholders atalprioritize andgain support for actia Additionally,

the time frame for effects will vary accondj to the selected planning horizon for the

city. Regardless, a vulnerability assessment could inciudiescription of the approach

used, a summary of the most significant effects, the timeframe for the predicted effects,
and any considerations for um@enties or other factors needed to set priorities.

Risk Analysis

Natural hazards are a threat the people and property of Charlotte County face on a daily
basis and most analyses project that these hazards are likely to increase in intensity
and/or frguency with climate changé.he level of risk differs by hazard type, time of

year, and location of the person or piece of prop&isk analysis is an essential first

step inhelpng the people oPuntaGorda prepare to face these risks. This risk amaly
includes four main components: hazard identification, profiling hazard events, asset
inventory, and estimation of potential loss.

An important step in the risk analysis process is to identify those hazards that are most
likely to impactthe City of Purta Gorda. While there is a long list of natural hazards that
havethe potentiabf occurring in Punta Gorda, the majority of these hazards hiave a
probabilityof occurring. Thus, the hazards that have been identified for anialykis

plan becausef their potential to impact the county include (in no particular order):
flooding, coastastorms, wildfire, tornadoes, thunderstorms and high wind events, coastal
erosion, droughtwinter storms and freezes, and exotic pests and diseases.

Profiling hazardevents describes the causes and characteristics of each hazatttk how
hazardhas impacted City of Punta Gorda in the past, and what part of Puntal@srda
beenvulnerable to each specific hazard. A profile of each hazard that is covered in this
plan islocated in thesection on eacimdividual hazard. For a full description of the
history ofhazard eveniglease see the appropriate hazard chapter and Appendix B.
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The asset inventory is a way to assess vulnerability from each hazard by looking at the
types anchumbers of existing buildings, infrastructure, and critical facilities located in
each identifiechazard area. In order to assign a monetary value for each structure, the
struct ur e dwaluercentehtaatue, angl fumctional use vakaeedetermined.
Appendix A explains the methodology ugedieterminghese values.

A Bplacement valuds the current cost of returning a physical asset to itslaneaged
condition It reflects present day cost of labor and materials to construct a buwfding
particularsize, type, and quality. For this analysis, vatithe building,as listed in the
property appwasusedn msasceswhethe buddsgvalue was not
available, the total value of the property was used.

Summary of PriorityConsiderations

Planning typically requires some narrowing of the scope to focus effonignagng
risk where most needed. Determining the greatest needs for a paditywbeitl likely
entail bothquantitativeandqualitativeanalyses of risk and inerability, as well as

discussion and agreement among key estuary managers, stakeholders, and collaborators.
Quantitative and qualitative climate change risk and vulnerability assessments need to be

balanced with theityd mianagement goals and objecivdn many cases, climate
change will not necessitateeation oinew management goals or initiatives, but rather
consideration of how existing programs will #lgle to address or li@pacted by a
changing climate. A summary of this information in anpaa@on plan should describe
the approach taken, decisgon priorities and any uncertainties or other considerations
that may affect the selection of specific activities.

Key considerations in assessing management priorities and risk include:

1. Timing of projected impacts (e.g., shadrm, midterm, longterm) relative to the
timing of management decisions and actjons
2. Severity of projected impacts (e.g., catastrophic, severe, major, minor,
insignificant), and geographic scale (i.e., localizeccitg-wide),
3. Probability ofthe occurrence of different impagts
4. Economic or social significance/valueafonomic, social or environmental assets
(i.e., what is being protecteddnd
5. Capacity of the community to undertake the action compared to the scale of the
impacts which could include:
a. Costs associated with implementing adaptation actions (e.g., budget
availability, funding opportunities);
b. Information availability, including ongoing monitoring and research (e.g.,
LIDAR, GIS, mapping, indicators);
c. Availability of adaptation options suitable for addressing risks;
d. Timing and time horizon (e.g., decision frequency, planning horizon,
implementation period);
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e. Linkage to other decisions (i.e., will adaptation actions impact other
decisions within theity or externally;

f. Regulatory, operational, politicandlegal constraints;

g. Public awareness, support, and concern about the issue; and

h. Ability to act under uncertaintyof either the likely impacts or the
effectiveness of the actions).

Communication with Stakeholders and Decision Makers

Adaptation actions will requireonsenfrom the citizens who livework, and play irthe

city, as well as decision makers who will have to provide approval, fundibgtioin

carrying out the selected actiondational Estuary ®grams NEP9 are very

experienced with appropriate communication tools for their locales, and should be able to
readily incorporate climate adaptation planning into ongoing information and education
programs. However, in many places communication forate adaptation may demand
either a different approach or new expertise for the NEPs. In particular, some NEPs will
be trying todevelop alternatives farevent futurenegativeoutcomes that are either
uncertain or unimagined. Rather than returniniggtoric conditiors of water quality or
ecosystem healtlejtizens and officialsnay have t@nticipate conditionthat as yet

have not manifested ihesystem.

A fi mu-mo d @dmeunication strategy may be necessary to address some of these
unfamiliarconcerns and to provide specific information on the actions that will be
necessary ithe watershed

Adaptation planning must be a cooperative efforolving all stakeholders: citizens;
construction, business, real estate, and agricultural interagisesefamilies; emergency
services; city and county government and more. The effort should be done in cooperation
with the city and/or county government, preferably as a part of the comprehensive plan
updateand other existing plannimocesss This erables the resulting adaptation plan

to take on the authority necessary to make sure recommended actions are eventually
implemented and an ongoing process for adaptive planning is put in place.
Comprehensive plan amendments, land development regulatibesmmunity

initiatives should result, infoned by the people on the ground, apgrovedoy decision
makers.

Communication efforts should stress the transparency of the process and the
accountability of the entity leading tleffort, whether it is theNEP, RPC,local

government or a citizen group. The planning effort should involve as much of the public
as possible, increasimgsponsiveness of the plan to local citizenry and resultipglhc
buy-in.

In the city of Punta Gorda, city staff was approadnéally by CHNEP and SWFRPC
staff to gauge interest in developing a climate change adaptation plan. Fortuhetely, t
progressive municipality liealready includd climate change planning in their
comprehensivelpn, so there was agreement on the eeduch planning and that the
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CHNEP/SWFRPC team was to take the lead in the effort with the full support of city
staff. On December 17, 2008, the Punta Gorda City Cowntdd unanimously to
participate Team Punta Gorda was suggested as a communityep&othelp with
outreach and organization.

A series of three public meetings was decided uporfirgtene to be held on April,9

2009, followed by other meetings on June 2, 2009 and September 6Sa@Othis

effort was supported by the grantiftdePA, fundraising for meeting space and other

aspects was not a factor, but may be in other situations, something to be taken into
consideration. OQutreach, using CHNEPOGs pres
and interviews on local televisionws that helped publicize the first meeting. Also, the

CHNEP and SWFRPC websites featured the event
out to regular subscribers of CHNEMews and postcards were mailed to CHNEP

supporters living in the Punta Gord&ar CHNEP hosted online registration for the

meeting, but phone registration was also available andiwsNvere accepted.

Meeting space was donated by the Punta Gorda Isles Civic Association and the SWFRPC
underwrote the refreshments. Contacts in ttyestaff as well as Team Punta Gorda

advised that morning meetings would draw the most participants, so the meeting on April

9 was scheduled to run from 9:00 a.m. to 12:00 p.m. Thirty eight people attended, which,
according to local expertise, was a gdaahout. The participants included residents,

people who work in the city, city staff, and seasonal visitors. Some represented

specialized groups, like recreational fishen.The attendees were asked to fill out a

guestionnaire when they came in whprbvided demographic information as well as the
respondent ds opinions and observations about
Gorda. The survegnd raw result datean be found in the Appendix.

The results of the survey showed thmadst of the paitipants live in Punta Gorda year

round and have been in Florida an average of 22 years. Most were from the 33950 ZIP
code, indicating that they live in or near the downtown area. Most of the people who
work, work in that same ZIP code. Most responddmiaght that winters in Florida are
becoming drier and cooler and that summers are becoming drier and warmer. Of those
with an opinion, respondents generally thought that fishing in Charlotte Harbor is
declining, that water quality in the Harbor is deirim that water quality in the canals of
Punta Gorda is declining, and that the presence of wildlife in Punta Gorda is decreasing.
It should be noted that a significant number of respondents were not sure about changes
in those conditions. Most people didt feel that storms are getting more severe or
frequent but a majority felt that they expected weather to get worse in the future. A
significant number felt weather would stay the same. Almost all respondents reported
damage to their property from Higane Charleyn 2004 ranging from roof and

structural damage to loss of vegetation and landscaping. Most people had responded to
that damage by fixing and/or upgrading roofs, windows, and garage doors, purchasing
generators and shutters, and adaptieg tandscaping to absorb more rainfall and be less
vulnerable to high winds. Many people listed other improvements they would like to
make, but, for most, cost is the limiting factor.

Respondents also listed things local, state and federal governmé&htodifferently to

be better prepared for storms, droughts and floods in the future. Those suggestions
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included Aintelligent growtho, physically ra
Esta and Olympia), improved water resource planning, putblicagion, improved

evacuation routes, irrigation restrictions, improved wetland protections, better forecasting

and improved communications.

Three presentations were given before the participants were broken up into small groups

for discussion. The firgiresentation was given by Dr. Lisa Beever of the CHNEP,

giving the background of the project and the
was given by Joan LeBeau of the City of Punt
climate change, especiallgalevel rise, in the wake of the devastation from Hurricane

Charley in 2004. The final presentation was by Jim Beever of the SWHR@avea

primer on climate in southwest Florida and the implications of climate change for the

area.These presentatisrare contained in the Appendix.

With all this background, the participants were divided up into several small groups of no
more than eight, lead by a CHNEP or SWFRPC facilitator. Dr. Beever introduced the
small group activity, which involved

e The Vulnenrbility Game,
e The Adaptation Game, and

e The Acceptability Game.

The Vulnerability Game was designed after a frame game dailmap Scooporiginally
Group Grope Group Scoopand the concept of frame games were designed by Dr.
Sivasail am i jarh Afeame gamelisaiteateddraineng game where one can
insert their own content. For the Vulnerability Game, participants were allowed to form
their own groups andleregiven as many index cards as they could use. They were asked
to individually braingsorm climate change vulnerabilities that they and City of Punta
Gorda faced. Each idea was put on a separate card. After 10 minutes, the cards were
collected, shuffled, antihree to fivecards dealt to each participant.

Remaining cards were put in theddle.

|

Photograph 1: Left: Each person selecting the best cards for their hand. Right: The groug
selectingthe top 35 vulnerabilities.
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Each participant had to pick and discard vulnerabilities so that they hadéeheo five

most serious vulnerabilities in their hand. The remaining cards were removed. Then, the
participants shared their cards with each other and, as a greegiede¢he most
importantthree to fivevulnerabilities.Group Gropehas been used in other venues by
CHNEP to replace scribing ideas on an easel pad. The game is quicker because
individuals are concurrently writing ideas. Other benefits include greatesrskip of

ideas, ability to quickly consolidate high ranked ideas, and inability for participants to be
passive.

The Adaptation Game was
based on another frame game
calledEnvelopesThe top
three to fivevulnerabilities
from the previous game were
written on separated8 1x0 0
envelopes. The envelopes
were distributed among the
group members. Each
participantbrainstormed
alternative possible
adaptations on individual
index cards and placed the
cards in the envelope. After a
couple minutes, group
membergraded envelopes

Photograph 2: Group members adding alternative EaCh_ member was ab_le to
adaptation strategies to the envelopes. contribute adaptation ideas to

their envelopes. Group

members were also
encouraged to include
ideas that they may not
necessarily agree with,
so that theynighthave
the opportunity to reject
them.

The Acceptabity

Game was conducted
with the participants
reassembled in the
main room. During the
break, staff reviewed
the envelopes and
similar vulnerabilities
from different groups
were collapsed. As eac

vulnerability (from the Photograph 3: General consensus to address one of the
e — vulnerabilities =
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envelopes) was called out, partiagpggshowed a thumbs up, thumbs down, or thumbs
sideways to show the level of their agreement for addressing the vulnerability in the
adaptation plan. The intent of the game was to gain a sense of agreement for each of the
adaptation measures. However, inethodtook longer than the time allocated. Staff

offered to develop a survey instrument from the Adaptation Garbe posted on the

CHNEP website

A second public workshop was hel dvabons June 2,
adaptation stratyy scenarios developed with input from earlier workshop arden

guestionnaires The agendé&eaturedone major activitya board gamerhe purpose of

the game was to identify general support or lack of support for adaptation options. The

adaptation opovns presented had been identified by participants of the first public

wor kshop and were identified from the | itera
creation for this public workshop.

The game board was created in ArcGIS from aerial imagerpawvitled additional
information such as storm surge zones and critical facilities. All areas considered for
annexation, as well as existing city facilities outside of the city limits, are shown. The
board includd an inset for an enlargement of downtowhe board includgtwo

Apar ki ng | o-wide adaptations anfl ane for@adaptations the participant
recommends against. The board was 34 inches in sizéSee Figure).
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Figure 7: The Adaptation Game board helped participants recommend locations where possible adaptations should take |
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The game pieces werteu rirE cAhdFdri eesnsd | Lya bAéhli st ce pRrei

processing file. Adaptation options from the first workshop were grouped by the major
vulnerabilities identified at the first workshop. Potential adaptations identified by
participants had a white background anditmithl adaptations identified in the literature
had a yellow background. This was done so that the participants would know the source
of the adaptation and show that we predominately used their earlier work. The font for
each adaptation was adjusted iresso each would be as large as possible. The original
lists were made available to the participants over the break so that they could familiarize
themselves with the list of adaptations and make initial selections. These sheets were
easier to read becauskthe consistent font size and became a useful tool for the
participants.

Six tables were set up with a game board, duplicate sheets of game labels, and a tabletop
name tent identifying which vulnerability or group of related vulnerabilities that table
represented. Each table had a separate set of game labels that were related to the
vulnerability or group of related vulnerabilities. Participants were allowed to go to the

table of their choosing and spend as much time at any individual table that disey ch

Most participants were able to visit all the tables in the time available. This strategy
allowed adequate room for the participants and allowed for easy sorting of the chosen
adaptations.

Photograph 4: Two participants playing the Adaptation Game at the Unchecked or
Unmanaged Growth table.

Participants were asked to place adaptations from thésshrte the map where the
adaptation should take place. If they wanted the adaptation to applyidaythey
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wouldf p a th&klabel inthecitwi de b o x . I f they didnodét 1i ke

Aparklee ol abel in the box na&amad nfAd aap Byt icomunt
the number of times any particular adaptation was choskative support for that
adaptation could be determined. Likewise, undesirathgtations werdocumented.

Place based adaptatioecommendationare found on the followimmap.
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Description of Specific Implementation Actions

Introduction

This report identifies thalternativeadaptations that could be undertaken to address the
identified climatechangevulnerabilitiesfor the City of Punta Gorda. These adaptations
are presented in the order of prioritized agreement form the public meetings. Only the
highest agreememidaptatiorin each vulnerability area is fully developed for guial
implemenation. One of the utilitief thisapproachs that it provides a variety of
adaptéion options which the Ciy could selecfor implementation.

The Florida Oceans and Coastal Cou(fe®CC)predicts thaFlorida including
southwest Floridawill respond to the adverse effects of climate change in three ways
(FOCC 2009)

1. Some effects will be toleratamieaning that no reasonable options will be
found.For example, Florida may have to accept the loss of its coral reefs.

2. Some effects will be mgated, meaning that strategies and actions will
compensate for some of the adverse effects. For exafegéral state regional
or local governmentsiay set aside additional coastal lands so that tidal
wetlands can migrate inland as sea level riseseprieg these essential coastal
habitatsn the pattern with ecotones that should occur naturally

3. Some effects will require adaptations, meaning that our way of life,
infrastructure, and/or economy will have to change in order to maintain the
same quaty of life to which Floridians are accustomed. For example, buildings
may need to be designed to new standards or located farther from vulnerable
shorelines.

To prevent or minimize the negative impacts amplrofit from the potential benefits of
climatechangecitizens and policymakers in the Gulf Coast region can and should take
action now.There ardour basic strategiek avoidance mitigation, minimization,
mitigation,andadaptation- thatcan reduce the region's vulnerability to the impacts of
climate change and yield significant ecological, economic, and health benefits, even in
the absence of major climate disruptidhey should be consideredprudent and
responsible approach to ensuring environmestealardship of the region's invaluable
ecobgical resources. Because much of the region is hgddvate land ownership,
strategies for dealing with both climatic and human stresses on ecosystenrms/olust
private landowners as well as governmental agencies and other sectors of society.

The asiest way to avoid the negatieensequenced climate changes to not place
resources oinfrastructurdan a location opositionto be impacted. This avoidance can
take the form of not building in floodplains, setting aside coastal areas to remain in
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natural shorelines and vegetation, placing critigeilities and shelters ifocationsaway
form and above storm surge.

The primary goal ofitigationis to reduce the magnitude of climate stresses on society
and ecosystem&educing greenhougm@s emisions, for instance, can be seen as a type

of "insurance policy" that aimet directly reducing the risks of global warming.

Investment in the region's substantial renewable energy resources (e.g., solar, wind, and
biomass) could provide incentives for neaghnology development and economic
diversification while reducing air pollutants and greenhouse gases.

Thethird strategy is to reduce human disturbances and destruction of ecosystems.
Employing "best practices" in land and resource usersaimizeecdogically harmful

side effects while continuing to provide significant, and often increased, economic
benefits. For example, progressive zoning initiatives that integrate different land uses

over a smaller area can protect natural resources and operirspaseburban sprawl.

Wise landuse practices can also help manage coastal areas, and best management
practices in agriculture and aquaculture can achieve goals such as water conservation and
reduced farm runoff.

Finally, residents, planners, land managand policymakers can act now to minimize

the potential impacts of global climate change and better prepare the region to deal with
an uncertain future througidaptation One of the best ways to deal with uncertainty is

to adopt learningriented, flexble approaches that include monitoring, periodic review,
and adjustment of previous decisions in light of new informatestrategy known as
adaptive management. The principal targets for adaptation include water resource
management, agriculture anddetry, land and biodiversity conservation, and

preparation of coastal communities to resporsktolevelise and severe coastal storms
such as hurricanes.

In addition, much must be done in the Gulf Coast region to raise awareness and
understanding of gbal climate change. This can begin by educating people of all ages
about the cultural and ecological heritage at stake. But it must also involve educating
them about the fundamentals of ecology and climate, and what drives them to change.
Many Gulf residats' livelihoods are inextricably linked its natural resources, and
visitors from around the world come to the Gulf to enjoy and learn about its ecological
heritage. Raising people's concern and understanding of climate change would help to
mobilize pultic support for climate protection (Twilley et #91).

There are five generic objectives of adaptation to climate variability and chi{#igja
and Tol 1997)

1. Increasing robustness of infrastructure designs anetésnginvestments e.g., by
exterding the range of temperature or precipitation a system can withstand without
failure and changing the tolerance of loss or failure;
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2. Increasing the flexibility of vulnerable managed systémg., by allowing mieterm
adjustments (including changefactivities or location) and/or reducing economic
lifetimes (including increasing depreciation);

3. Enhancing the adaptability of vulnerable natural systeeng., by reducing other
(non-climatic) stresses arrémoving barriers to migration (includingtablishing ece
corridors);

4 . Reversing trends that increaseg,byul nerabi l
introducing setback lines falevelopment in vulnerable areas, such as floodplains and
coastal zonesind

5. Improving societal awareneasd preparedne$se.g., by informing the public of the
risks and possible consequenoéslimate change and setting up easlgirning systems.

Given uncertainties and the long time frame of climate change impacts (Willows and
Connell, 2003)two generatypes of adaptation options discussed here may oftémebe
most appropriate and most readily funded:

ANo-regrets: These are options that are justified by current climate conditions, and are
further justified when climate change is considered. For examgducing water

pollution could improve potable water supplies. The pollution reductions meyene

more valuable should climate change reduce water supplies or degrade water quality. The
same can be said for introducing market reforms. However, gatiom scheme for a
droughtprone area may become more attractive when periods of drought, as a result of
climate change, occur more often or become more severe.

ALow-regrets:Low regrets changes are those made because of climate change, but at a
minimalcost . Thus, there is fAlow regreto if the
future climate conditions. For example, incorporating risks of climate change in design of
infrastructure may offer improved protection against current extreme climate eaent

well as potential future events under climate change, while increasing costs only

mar ginally (hence the Al ow0 regret).
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Specific Adaptations by Group

In the following discussion the identified adaptations are grouped by similar actions.
During public workshops the citizens of the City of Punta Gorda ldentified 54
vulnerabilities that combined into 8 major areas of climate change vulnerability for the
city including, in order of priority:

Fish and Wildlife Habitat Degradation;
Inadequate Water Sply;

Flooding;

Unchecked or Unmanaged Growth;

Water Quality Degradation;

Education and Economy and Lack of Funds;
Fire;

Avalilability of Insurance.

ONOOAWNE

This section of the report identifies the crucial amghere adaptation planning and
implementatiorwill be needed to avoid, minimize and mitigate the anticipated effects to
the natural and maaltered areas of southwest Florida. Some effsotch as air
temperature and water tempeiraf will be experienced throughout tity of Punta

Gorda andhe uthwest Floridaegion. Otheeffects such as sea level rise and habitat
shifts will occur in specific geographic and clinal locations.

In the course theulnerabilityassessmernd regional adaptation plannipgpject we
identified 246 climate changalaptations (Beever et al. 2009) that could be utilized to
address the various vulnerabilities identified for the region.
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Prioriti zed Vulnerabilities and Adaptationsfor the City of
Punta Gorda

Vulnerability 1. Fish and Wildlife Habitat Degradation

The range of potential impacts on species and ecosystehes City of Punta Gorda
include the following:

Negative effects on alcifying organisms(oysters clamsand other animals that
incorporate calcium in their body or shell)

Increased atmosphemoncentrations of carbon dioxide are expected to contribute to
increased acidity (lower pH) of sea wafdiarine organisms with calcium carbonate

shells or skeletons, such as clams, and plankton at the base of the food chain can be
adversely affected by deeases in pH and carbonate saturation state (IPPC ;2B8#s

2007). A higher carbonate saturation state favors the precipitation of calcium carbonate, a
mineral, while a lower state supports its dissolution into the w@sebonatedepositing
organismswill have toexpend more energy to maintahell construction and structural
integrity in a lower pH environmenPétersoret al 2007;SCCP2008;FOCC 2009
USEPACRE2008.

With decreases in the pH of seawater, some marine plants may show increases in
production until a particular threshold is met, and then will show a dd€iD€C 2009)
Some marine organisms will not be able to tolerate decreases(FQ$EC 2009)It is
probable that the dieffs of sponges, seagrasses, and other important contparien
coastal and marine ecosystems from increased sea surface temperatures will become
more frequen{FOCC 2009 USEPACRE2008. Ocean acidification may lead to shifts

in marine ecosystem structure and dynamics that can alter the biological produdtion an
export from the oceasurface of organic carbon and calcium carbonate (Royal Society
2005). Important fisheries habitats, suclogster barswill markedly decline or

disappear (Kleypast al200§ Ishimatsu etal. 2005).

The geographic range sbmemarine speciewill shift northward as seaurface
temperatures continue to rise. The species c
estuarine communities will change, perhaps drastically. With further rises in water and
atmospheric temperatures, cdiahs will probably become more favorable for certain

exotic plant and ani mal spefOCE200MNAs i nvade FI
marine species shift northward with overall warmer ocean temperatures, this shift may

have either negative or positilmpacts. Some species may be able to survive farther

north than in current ranges, but interactions among communities with new species

compositions cannot be predicted. Moreover, reproduction in some fishes decreases in

warmer temperatures, potentially ué#gg in population decreases (Straile and Stenseth

2007).

Increased numbers and altered ranges of jell@istexpected withosne invasion of
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exotic jellyfish speciesandwith increased predation on local prey species. Some highly
vulnerable prey spées may be significantly affectgé@erryand Yeage2006;FOCC
2009 USEPACRE2008.

Algal blooms

Harmful blooms are caused by microscopic algae in the water column that can produce
biological toxins, such as those generated by red tide in coastabmaaters; blugreen

algae in estuarine waters; or larger species of marine and estuarine algae that grow on the
bottom, which can smother corals and other native plants and animals. Environmental
factors, including light, temperature, and nutrient avditgpset the upper limit to the

buildup of biomass in marine algae (Smyda 199/ algae that cause harmful blooms

in coastal marine and estuarine waters are favored overabfjadispeciesvhen water
temperature is high and becomes therngthgtified (Paerl and Huisman 2Q08eperzak

2005 Van Dolah 2000FOCC 2009 Twilley et al 1991 Coastal States Organization

Climate Change Work Group 2007; Holman 2008; USERfice of Policy, Planning

and Evaluatiori997; USEPACRE2008. The increased occurnee, intensity, and

toxicity of harmful algal blooms may result in the disruption of coastal marine and
estuarine food webs, more frequent fish kills, and adverse impacts to people in or near an
affected coastal area (Smyda 19B@erl and Huisman 2008an Dolah 2000)Harmful

algal bloomshavb een reported throughout FIl oridads
(Carder and Steward 1985).

Photograptb: Red Tide AlgaéBloom.
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Increases in global surface temperatuvélslead to areduction in water quality due to
increased growth afuisance algae and lower oxygen le&ISEPA CRE2008
Rubinoffet al 2008; Holman 2008; USN&A 2008).

If climate change systematically increases nutrient availability and this alters the amount
of available light and the stability of the water colurthere may bsubstantive changes

in the productivity, compaosition, and biomass of marine algae, including harmful species
(Smetacek and Cloern 2008).contrast, prmanent reductions of freshwater flows in

rivers from both human activities and climateangecould substantially reduce

biological productivity in estuariggOCC 2009;Twilley et al 1991).

Source: Larry Brand, University of Miami
347 Florida Fish and Wildlife Commission
\ Charfotte Harbor Nattonal Estuary Program
Date:  November 7, 2006
~] ' 1994-2003 Red Tide
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Figure9: Intensity and location of red tides in Charlotte Harbor and nearshore areas2(333}
Source indicated on key.

Adaptation Plan Page49



Negativeeffects onseagrass

Sea level risés expected t@ause migration of seagrass bdslward with subsequent
depletion of existing beds at the deeper waterward edges due tenessaporof

sunlight This coupled with ncreased turbiditfrom erosion and breakug coastlines,
increased storm season runoff, and human actiwtididikely lead to die-off at deeper
edgesWhere natural shoreline exists, seagrass beglexpected tmigrateinto

appropriate depth&Vhere opportunities for landward migration of #fallow subtidal

zone is blocked by human bulkheads or other barriers, the seagrass beds will be reduced
and then disappear if the water depths at the sea wall barriers exceeds the light extinction
coefficient for the seagrass@sSCCSP2008; USEPACRE 2008).

Figure10: 20042006 Seagradsxtentin UpperCharlotte Harbor.

SourceCorbett et al. 200Kaufman/SWFWMD 2007

Hypoxia, stratification and nutrients
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Climaterelated changes in freshwater runoff to coastal marine systems, coupled with
changesn stratification (or layering) patterns linked to warming and altered salinity, will
change the quantity and availability of nutrients in estuarine systems (Boyd and Doney
2002). Changes in the absolute and relative availability of nutrients will leddhges

in microscopic plants (phytoplankton) and microbial activity in the marine food web
(Arrigo 2005). Induced changes may result in food webs that are less efficient in
transferring energy to higher levels, thus affecting the productivity of econdymical
important fish and other plant and animal life (Arrigo 2005).

Increased runoff in some areas, coupled with human population increases in Florida, will
lead to the increased transport of nutrients to coastal waters, contributing to hypoxia
(IPPC 2007band leading t@dverse impacts on bottef@edingfish and sessile (attached

to the bottom) organisms (IPPC 2007mcations that have experienced hypoxia may
experience longer hypoxic episodes or more frequent recurrence of hypoxia (Ogterman
al. 2007).Increased density stratification within estuaries calsdoccur with increased
precipitation and runoff. New locations with hypoxia may develop in coastal areas where
they previousljhavenot appeard (Ostermaret al 2007).
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Figurell: Historicoccurrenceof hypoxia, July through October.
Source: Heyl 1997

As seasurface temperatures continue to rise;affe of marine fauna incapable of

moving to cooler water are likely to become more frequent. Other factors, such as low
levels of dissolved grgen, the addition of nutrients and other Hoaded sources of
pollution, and harmful algal blooms, will exacerbate theseftfge The conditions that
havecontributal to fish diseases and various-aits in the Florida Keys may move to
more northern litudes. As seaurface temperatures continue to increase, the impacts
may begin to affect more northerly coastal and marine environments that have thus far
escaped these probleifiOCC 2009.

Marine thermal stratification will change dissolvexiygen lewels at different water

depths. This will result ichanges to zonation for animal and plant life and increase the
probability of fish and other marine life kil{€oastal States Organization Climate
Change Work Group 2007; Holman 2068 CC 2009 USEPACRE 2008)

Changes tocoastalwetlands

Although southwest Florida tide ranges are relatively small, tidal effects extend far inland
because much of the state idflab andlow in relativeelevation Because sea level

change has been relatively constant slow for a long time, tidal wetlands such as
mangrove forests and salt marshes have been able to grow into expansive habitats for
estuarine and marine life. However, these tidal wetlands are sensitive to theseste of
levelrise and can perishftifiat rde exceeds their capacity to adapt. With rising sea levels,
sandbars and shoals, estuarine beaches, salt flats, and coastal forests will be altered, and
changes in freshwater inflow from tidal rivers will affect salinity regimes in estuasies

well aspaterns of animal use. Major redistributions of mainland and barrier island
sediments may have compensatory or larger benefits for wetland, seagrass, or fish and
wildlife communities, but these processes cannot be forecast with existing models.

Sealevel ctange is an important lorgrm influence on alnangroves andalt marshes
(Gilman et al. 2008)Based on available evidence, of all the climate change outcomes,
relativesea levetise may be the greatest threat to mangroves. Most mangrove sediment
surfa® elevations are not keeping pace v levetise, although longer term studies
from a larger number of regions are needed. Risgaglevelill have the greatest impact

on mangroves experiencing net lowering in sediment elevation, where theread limi

area for landward migration.

Depending on the rate and extent of |&=d levethangemangrove angalt marsh

systems will respond differently (Tit@sd Richman 2009,987, Wanlesst al1994). If

rates ofsea levelise are slow, sommangrovesalt marsh vegetation will migrate upward
and inland and grow without much change in composition. If rates are too high, the salt
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marsh may be overgrown by other species, particularly mangroves, or converted to open
bodies of water. If there is no accretiminnorganic sediment or peat, the seaward

portions of the salt marsh become flooded so that marsh grass drowns andaif&rsh
erode; portions of the high marsh become low marsh; and adjacent upland areas are
flooded at spring tide, becoming high marSka levelise in southwest Florida has been
relatively constant for the past 3,200 years at around 0.4 mi@Q2, in/yr) but is now
thought to be rising at rates of 3 to 4 mm/yr (0.12 to (h)@ased on tide measurements
from Key West (Wanlesst al1994). Ifsea levelise continues at this present rate, many
of FI or i changreve andak raarshels will be impacted.

Don Cahoor{Cahoon et al. 1999)f the USGS has stated that if wetlands plant
communities are unable to keep vertical pace sgthlevel rise they will likely be unable

to keep pace with lateral migration upslophis can occur because on some soil types
when saltwater inundates formerly unsubmerged uplands sulfate reduction reactions can
cause the land to sink up to six inchesnicrotidal areas that shift from nontidal

wetlands directly to open subtidal waters (Titus, Pers. Comm. ZD88)would be

mediated by fetch and wave action as welbyathe emergent vegetation that is present,
since bothred mangroveRhizophora magle) andsaltmarsh cordgrasSpartina

alterniflora) can colonize low energy intertidal zones.

Estuarine circulation, salinity, and faunal use patternsleeadychangingwith changes
in climate and sea lev@Petersoret al 2008). Many tidal wetlandsre keeping pace with
sea levethanges (Estevez 1988). Some are accreting vertically, migratisigpsp, or
both (Williamset al 1999 Raabeet al 2004 Desantiset al 2007). The rate afea level
rise will be critical for tidal wetlands.

Extirpationof cooler watertemperate fishes that seasonally visit the Charlotte Harbor
estuaries and alteration iproductive rates and maturationnvertebratespecies
leading to declining populatiortan be expected fromgreases in global surfasater
tempeaturesUSEPA CRE2008 Rubinoffet al 2008; Holman 2008; USN&A 2008).

There will be changes associated with inundation of coastal wetlands and marshes
including altered tidal ranggsdal asymmetry leading to changes in tidal mixing
changes in sediemt transportmigration of estuarine salinity gradients inlandgration
inland of marsh species zonatj@ttered diversity of foundation dominant plant species
structural and functional habitat changasdless sunlight available to submerged marsh
plants (USEPACRE 2008;USNOAA 2008; Titus 1998; Bollman 2007; Volk 208

Higher maximum temperaturesith more hot days and heat waves over nearly all land
areaswill negatively affect wetlands and freshwater bodies. There wilhteased heat
stres infishes andvildlife, andincreased animal mortality from heat stre¥¥ith

increasing temperature, many invasive tropical species are likely to extend their ranges
northward. Native plants and animals, already stressed and greatly reduced in their
ranges, could be put at further risk by warmer temperatures and reduced availability of
freshwate(Twilley et al. 2001USEPA CRE2008.

In many areas tidal saltwater and connected freshwetibndswill becomeopen water
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as water depths exceed the dsptilerated by emergent and submergent vegetation
(USCCSP2008;USNOAA 2008; USEPACRE2008.

Changes in precipitation will affedifferentwetlands differently with regional increase
or decreases depending on the type and landscape posaal.dxtrpations of fish,
amphibians, or wateatlispersed plantare expectedue to drought conditions that isolate
and dry dowrtributariesand connected wetlandd SEPACRE 2008; Holman 2008;
FOCC 2009).
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Wetlands and Uplands of Significance to
Wetland-Dependent Listed Species
of the City of Punta Gorda
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Figurel2: Wetlands and Uplands of Significancéat@tland Dependent Species
Source: FWC 2006
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Coastal and wetland upgradient translocation

As rising sea temperatures causdw@to 10% increase in hurricane wind speestisrm
events will resultn increasad beach erosion anddses of mangrogsemarshesnd other
wildlife habitats(USCCSP2008;USNOAA 2008;USEPA CRE2008. With sea level
rise there will be amcreased inundation of low mardbminated bySpartinaand

Juncus Subsequently there will beraigrationup-gradient and inlandf low marsh
habitatinto the high marsh areas with a resulexpansion of low marsaind adepletion
of high marshf high marsh does not have adjacent native upland to migrate into
(USCCSP2008;USEPA CRE2008. More frequent or longer lasting droughts and
reduced feshwater inflows could increase the incideotextreme salt concentrations in
coastal ecosystems, resulting in a decline of valuable habitats such as the mangroves and
seagrasseg\illey et al. 200

Shorelinenourishmentor the addition of sand #n erodedhore may be utilizedas a

mitigation factoito protect shorelines and human infrastructure. Howeweistiirts

indigenous biota living on and in the beach, and disrapecies that use teborelinefor

nesting, nursing, and breedinyetlards elsewhere are perishing as estuarine and coastal

forests and swamps are retreating and being replaced by marsh vegetation (\&filahms

1999 Raabeet al 2004 Desantiset al 2007). Open estuarine waters, some brackish

marshes, and mangroves in $oklorida estuaries are expanding (Glick and Clough

2006 Hine and Belknap 1986). Even at constant ratesgafleveltise, some tidal
wetlands will eventuallpeii pi edlea bt 6 wher e their upsl ope migr
upland defenses such as seaw@ktevez 1988Schleupner 2008).

Native andnon-native marine and estuarine species range shiftsxd disease

FIl oridads native marine and est upehapse systen
drastically as climate changd€gVilliams and Jackson 200Fields et al. 1993 The

impacts on living communities may stem from changing maximum and minimum water
temperatures, rather thénom changingannual means.

The spread of invasive species may involggadual pushing out of native species of
plants ad animalgfHolman 2008FOCC 2009USEPA CRE2008. By giving

introduced species an earlier start, and increasing the magnitude of their growth and
recruitment compared with natives, global warming may facilitate a shift to dominance
by nonnative speciesaccelerating the homogenization of global animal and plant life
(Stachowiczt al 2002).

The frequency and intensity of extreme climate events are likely to have a major impact
on future fisheries production in both inland and marine syst#x(2007b; Brander

2007). Nonnative, largetbodied bivalvesagroup ofmollusks that includes oysters and
clams will be the most successful invaders, while native, ldrgéied bivalves may be

more sensitive to environmental changes. Consequently, the ragtiesmay either

shift their ranges or become locally extirpated as climate shifts (Kaesah2001).
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Changes to phenology of anadromous fisiras other estuarine fishes will follow

changes in fresh flowsidelevels and timing ofriver flows (Pdersonet al 2007,

USEPA CRE2008. The cycle of spawning, eggs, early larval stages, nursery escape to
vegetated wetlands, juvenile movement into seagrass beds, and adult entry to deeper
waters or specialized habitats can be disrupted by the pattatis¢ritfution and volumes

of freshwater flows into the estuary.

And, as sea level rise alters hydrology, water quality and habitats in wetlands with
migration of estuarine salinity gradients, there will be reduced production efdbmity
mangroves witlimpacts on wood storks, roseate spoonbills and crocodiles and shifts
from estuarine to maringharacte(USEPA CRE 2008; Holman 2008; Ogden et al.
1999).

The effects of disease in marine organisms are likely to become more seware,

warmer temperatusegenerally favor the development of pathogens relative to their hosts
(Harvellet al 2002). Nomn at i ve, tropi cal i nvasive species
native temperate marine and estuaspstems (Bibbyet al 2007). Projections of future

conditiors portend further impacts on the distribution and abundance of fishes that are

sensitive to relatively small temperature changes. Some species may not persist. Other,

currently rare species may become dominant (Straile and Stenseth 2007).

Lower-diversitywetlands will replace highliversity wetlands in the tidal freshwater
reaches of coastal rivers (Van Armatnal 2005). Major spatial shifts in wetland
communities, including invasions of exotic species, will occur (Dahdbwébaset al

2005). More lowlad coastal forests will be lost during the next one to three centuries as
tidal wetlands expand across kying coastal areas (Castaneda and Putz 2007). Most
tidal wetlands in areas with | ow frsashwater
levelrise outpaces their ability to accrete vertically (Nyreaal 1993). More than half

of the salt marsh, shoals, and mudflats critical to birds and fishes foraging in Florida
estuaries could be lost during the'2entury (Glick and Clough 2006). Recreatiband
commercial fish species that depetshallow water or intertidal and subtidal plant
communities will be at risk (Glick and Clough 2006). The loss of tidal wetlands will
result in dangerous losses of the coastal systems that buffer storm irBaaicis (and
Hussain 2005).

The coastal systems most vulnerableda levetise includefreshwater marshes and
forested wetlands in subsiding delta regions, mangroves in limestone areas, coastal
marshes with humaaltered patterns and areas with extenbiveman development
(Twilley et al. 200).

Changes to p-gradient wetland and upland habitats

Climate change is predicted to be one of the greatest drivers of ecological change in the
coming century. Increases in temperature over the last century haxlg bken linked to
shifts in species distributions (Parmesan 2006). Given the magnitude of projected future
climatic changes, Lawleat al (2009) expecateven larger range shiftaver the next 100

years These changes will, in turn, alter ecological camities and the functioning of
ecosystems. Despite the seriousness of predicted climate change, the uncertainty in
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climatechange projections makes it difficult for conservation managers and planners to
proactively respond to climate stresses. To addmsaspect of this uncertainty, Lawler

et al (2009) identified predictions of faunal change for which a high level of consensus
was exhibited by different climate models. Specificdlgyassessed the potential

effects of 30 coupled atmosphayeean genal circulational model (AOGCM) future
climate simulations on the geographic ranges @542 species of birds, mammals and
amphibians in the Western Hemisphere. Eighty percent of the climate projections based
on a relatively low greenhoug@s emissions soario result in the local loss of at least

10% of the vertebrate fauna over much of North America. The largest changes in fauna
are not predicted for Florida.

Upland plant communities along tidal rivers and estuaries will be replaced Hyihay
flood-prone lands. Increased saline flooding will strip adjacent upland soils of their
organic content (Williamst al1999 Raabeet al 2007).

Increased air temperatures affagtwetlandhydrologywill alter salinity gradients.
Subsequently there will kaitered species distributiomssociated with salinity and the
timing, depth, and duration of inundation. Speamsractionswill be alteredand
metabolic activitydecreased with drought. Many species will experiemceased risk
of disease and parasin. Changes in drought and salinity wilben niches for invasive
specieUSEPA CRE2008; Holman 2008-OCC 2009Petersoret al 2007; Lee
County Visitor and Convention Bureau 2008

Changes in soil moisture could shift forest dyis and compositiarFor instance,
natural pindorests can tolerate lower soil moisture than-patle forests Twilley et al.
2001).

Shiftsin behavior phenologgf perching birds, seabirdandfarmland birdhave been
observed and are expected to contifRexrching bird will breed earliem the calendar

year. Seabird populatiorare expected tdecline due to reduction in needed prey itains
the right locations at the right time of the ye@armland birdare expected tdecline

due to reduced food iteneing availale at breeding timélhis disjuncture between the
breeding season and vital f oo ciisnmatchingt her
(Eatonet al 2008;USEPA CRE2008.

Open grassland and forest areasaunth Florida could become more vulneraige
damaging invasion bgxotic species such &hinese tallowMelaleucaandCasuarina
trees(Twill ey et al 2001).

Climate change will affect the phenology of pest and beneficial insg&kering
reproductive cycledeeding and predatigand mismatcing with host plants and
pollinators (Backlunaet al 2008).For example, mth phenologwill be shifted to earlier
dates. This will affect birds and other animals that depend upon the moths fqrtfieod
host plant vegetation that moth larvae feedaord the plants that depend upon the moths
for pollination(Eatonet al 2008;USEPA CRE2008).There will be both positive and
negative outcomes depending upon the phenological sequence and nature of the
participants. In any case significant change couldxpected.
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Air temperatureincreases will affect soil temperatures in uplands and other areas where
reptiles nest. The increased soil temperatures may affect nesting lizards, changing
hatchling gender determination, fithess, and hatch date, which maseelatehlings to
different prey availability and predation potentials (Telemeco 2009). Climate changes
will affect amphibian populations' ranges, health, and phenology (Backtuaid2008;
FOCC 2009USEPA CRE2008). .Increased air temperatures aifloaffect animal

health resuling in reduced feeding; reduced reproduction; reduced milk produ@tion
mammals¥or offspring; and increased pathogens and parasites (Bacdah@®008).

Increased air temperatures and reductions in freeze eventssuitliremangrove habitat
moving northward, replacing salt marsh in some areas (Doyle et al. 2003%tRbot
2003 Twilley et al. 2001 Twilley et al. 200). Reducedrost frequency would allow
expansion of black mangrove forests inland overtaking ma(Sweley et al. 2001).

In freshwater streams, warmer water temperatures and a longer growing season could
reduce habitat for coolavater species, particularly fish, insects, snails, and shellfish. In
very shallow water systems, higher temperatures deattito oxygen depletion and

cause potentially massive eidfs of fish and invertebrate3\yilley et al. 200

The timing of seasonal temperature changes is expected to disrupt predator/prey
availability; food and reproductive cycles; patterns of igash faunal migration;
disruption of temperaturdriven behavior including breeding and hibernation; and
disruption of biological oceaastuary exchanges of fishes and invertebrates (Petetrson
al. 2007). Events occurring in spriegsummer may occur let or have a longer
"window". Events occurring in fall or winter may occur later or have a smaller
"window". Events dependent on seasonal rainfall may occur differently with changes in
rainfall patterns. Some animal and plant populations may migratewa or inland to
conditions supportintheirrequired limiting life/reproductive cycles. There mayldeal
extirpation of some plant and animal populations with replacement by exotic species
tolerant of/or advantaged by the new climate conditions.

With flooding there will bechanges to available habitat for burrowing spe@iEsNOAA
2008;USEPA CRE2008.

Drought caused by increased atmospheric temperatures will result in water stress on
plant, animal and human communities. There will be increasetiitydue to water
stress and decreased resourtESNOAA 2008;USEPA CRE2008).
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Listed Animal Species

As of April 21, 2009 the southwest Florida study area provides habita? fatate Listed
Specieswith 11 of these Federally Listed.

Listed Animal Species of th€ity of Punta Gord@rea in the Order of Endangerment, as
of June 24, 2009

State Endangered Species

West Indian manatg@richechus manatus latirostjisperegrine falconHalco
peregrinug, woodstork (Mycteria americang Americancrocodile Crocodylus acutys
green sea turtleGhelonia mydgs leatherback sea turtl®érmochelys coriacga

K e mpRidiey sea turtlel(epidochelys kempiihawksbill sea turtleHretmochelys
imbricata), smalttoothed sawfishRristis pectinaty, shorhose sturgeonAcipenser
brevirostrum)

State Threatened Species

SoutheasterAmerican kestrelRalco sparverius paulysFlorida sandhill crane3rus
canadensis pratengideast tern$terna antillarun), Florida scrub jayAphelocoma
coerulescens easern indigo snakelfrymarchon corais coupéyiAtlantic loggerhead
turtle (Caretta caretty, gopher tortoiseGopherus polyphemys

State Species of Special Concern

Sherman's fox squirreSgiurus niger shermapiroseate spoonbilPlatalea ajajg, little
blue heronEgretta caerulep reddish egretHgretta rufescenssnowy egretgretta
thula), tricolored heronKEgretta tricolor, white ibis Eudocimus albys brown pelican
(Pelecanus occidenta)isAmerican oystercatcheH@ematopus palliatys bladk
skimmer Rhynchops nig¢y burrowing owl Athene cunicularia floridang American
alligator Alligator mississippiens)sAtlantic (Gulf) sturgeonAcipenser oxyrinchus
desotoj, mangrove rivulusKivulus marmoratys

All of the listed speciemhabiting the City of Punta Gordean be expected to be
impacted by potential climate change effects including hdbiaes and translocations
of habitat. Eleven listed animal species occur in the waters of the marine and estuarine
ecosystems of southwest Rtta indudingWest Indian manatgdrichechus manatus
latirostris), American crocodileGrocodylus acutys green sea turtl&Chelonia mydas
leatherback sea turtl®érmochelys coriacga, K Ridipy&ea turtlel(epidochelys
kempi), hawksbill sea tule (Eretmochelys imbricajaAtlantic loggerhead turtle
(Caretta caretty, shortnose sturgeoA¢ipenser brevirostruiAtlantic (Gulf) sturgeon
(Acipenser oxyrinchudesotoj and smalktoothed sawfishHristis pectinaty The smal
toothed sawfish will ecounter several problems from climate change in its critical
habitats in the estugar
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Changes irfreshwater releasesoin the peace rivewatershed
Increased storm frequency

Increased storm severity

Increased water temperature

Increased harmful algaeddms

Increased nutrient ruaff from watershed from increased precipitation
Decreased dissolved oxygen

Decreased Hniver submerged aquatic vegetation

Decreased forage fish

Photograpl6: Smalttoothed sawfish (Pristis pectinata) in the CaloosahatRhes.

Source: FWC 2008
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Photograph7: American crocodilén the Peace River.
Source: FWC

Twentysix listed animal species utilize the mangrove habitaBusita Gordancluding
West Indian manatgdrichechus manatus latirostjisperegrine falon Falco
peregrinug, woodstork (Mycteria americang American crocodileGrocodylus acutys
green sea turtle&Ghelonia mydas leatherback sea turtl®érmochelys coriacga

K e mpRidiey sea turtlel(epidochelys kempiihawksbill sea turtleHretmodtelys
imbricata), smalttoothed sawfishRfristis pectinaty, shortnose sturgeo’§ipenser
brevirostrun), southeastern American kestreh{co sparverius paulysleast tern
(Sterna antillaruny, eastern indigo snak®fymarchon corais coupéyiAtlantic
loggerhead turtleGaretta caretty, roseate spoonbilP(atalea ajajg, little blue heron
(Egretta caerulep reddish egretHgretta rufescerjssnowy egretKgretta thulg,
tricolored heronkgretta tricolor), white ibis Eudocimus albys brown pelican
(Pelecanus occidentalisAmerican oystercatcheHaematopus palliatys black
skimmer Rhynchops nigér American alligator Alligator mississippiens)sAtlantic
(Gulf) sturgeon Acipenser oxyrinchudesoto), and mangrove rivulus (Rivulus
marmoratus).

The eastern brown pelicaastate species of special concern, nests predominantly on
overwash mangrove islands and forages over open water, mudflats, and seagrass beds in
the shallow waters of estuaries, creeks, medtshore areas. Brown pelican rookesies

located on isolated red mangrove islands with a substantial water depth barrier that
protects the nests from mainland predators. Diet consists of fish of all sizes. Foraging
consists of plummeting dives, short plunges, and swimming scoops of fisbri¢4iky,
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brown pelican populations were reduced as a result of pesticides. Today, the greatest
threats to brown pelicans are still hur@aused. Brown pelicans and their
nesting/roosting/loafing sites are vulnerable to disturbance from constructiotiestivi

and monofilament line entanglement. Brown pelicans are especially susceptible to death
and injury caused by sport fishing equipment. It has been estimated that over 500
individuals die each year as a result of entanglement with fishing tackle (®cHe#s).

The brown pelican provides an example of the interaction of stressors to negatively
impact successful nesting at mangrove overwash island rookBlessing on gerwash
mangrove island rookeries will be threatened by incressztevels, incrased storm
frequency, and increased storm seveifiitye forage fish that the young nestlings depend
upon will be negatively affected bgcreasechutrientrun-off from increased
precipitationin the watershedhatwill stimulate and maintaimcreasedharnful agae
blooms Increases invatertemperaturevill moveforagefish schools intothe Gulf of
Mexico away fronrookeries andidal passesin addition, ¢gpbal warming will assisin

the expansion of theummer rangef the magnifient frigate bird(Fregaa magnificen
in the Charlotte Harbor area. The frigaird is a food stealer and predator on young
chicks. With increased presence there can be an expectagseiorimod stealing from
parents attempting to feg@ung resulting in malnutrition ortarvation for chicksand
increased direct predation on chicks

Photograpt8: Brown pelican (Pelecanus occidentalis) and magnificent frigate bird (Fregata
magnificens).

Source: USFWS 2008

Tricolored heron (Egretta tricolop, little blue heros (Egretta caeruled, white ibis
(Eudocimus albys andsnowy egret (Egretta thulg forage and nest mangroves. Little
blue herons and white ibis are the most common of the listed wading bird species
observed in mangroves in southwest Florida (Be2086B. Diet consists of small fish,
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crustaceans, insects, frogs, and lizards (Ogden 1978a). Nesting in mangroves typically
occurs on overwash islands. They appear to prefer to forage in freshwater habitats even
when nesting in saltwater wetlands. The little bieeon forages throughout the wet and

dry season in mangroves. Adjacent tidal wetlands are used throughout the year with
greater emphasis during low tides on seagrass beds. The snowy egret forages throughout
the wet and dry season in mangrove wetlandseoptbper depth to allow for their

foraging methods. Snowy egrets are the third most abundant listed wading bird observed.
Preferred foraging areas are the seadrads and mudflats adjacent to the mangroves.

Their diet consists of crustaceans, insectd,samall fish (Ogden 1978c).

Reddish egretéEgretta rufescensandroseate spoonbilllataleaajaja) are obligate
mangrove breeders. Reddish egrets forage on the sandbars and mudflats adjacent to
mangroves, in an active fashion with spread wings and sps over unvegetated
bottoms. Reddish egrets are the least abundant of the listed wading birds associated with
mangroves. Reddish egrets utilize a limited set of saltwater habitats that allow for use of
their unigue foraging method. Diet consists fstaceans and small fish. Kale and

Maehr (1991) indicate that red mangrove rookeries are used during the December
through June breeding period. Roseate spoonbills usgadvig pools in the high marsh,

and during low tides, adjacent to mangroves. Prefdéoredjing areas included sheltered
coves. They often forage in groups and with other wading birds including wood storks,
great egret@asmerodius albyswhite ibis, and snowy egret. Roseate spoonbills nest
exclusively in mangrove forests, typically on owash islands, and forage wherever
concentrations of small fish and crustaceans allow the birds to utilize their unique bills
for feeding (Ogden 1978b).

A wide variety of shorebird species forage on the mudflats of mangrove estuaries.
Among thestate lised species are the threateteabt terr(Sternaantillarum); theblack
skimmer(Rhynchopsiger), a species of special concern; andAnhgerican oystercatcher
(Haematopus palliatysalsoa species of special concern. Least terns and roseate terns
requireopen beach or bare substrates for nesting near areas where schools of forage fish
concentrate. American oystercatchers utilize oyster bars and mudflat areas in mangroves
and nest on bare unvegetated shores. Foraging occurs throughout the yseasutia
movements tracking warmer conditions.

Mangroverivulus (Rivulus marmoratyss a small fish living only in and around

mangrove areas as far north as Indian River County south through the Keys and north to
Tampa Bay on the west coast of Florida (Taylwl &nelson 1992). It is the only species

of Rivulusin North America and has adapted to conditions of varying water levels and
low oxygen levels of the mangrove community. It is an important link in the food chain,
as it has been found to constitute pduthe diet of many organisms including the wood
stork.lt is listed as a species of special concern bytite because of its limited

distribution and vulnerability to loss of its habitat.

Saltwater marshes support 23 listed animal specig®i€ity d Punta Gorda
Freshwater marsh support 19 listed animal spellassh species that have preferred
hydrologic needs for prey item selection include the wsiodkand a variety of wading
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birds with water depth niche partitioning includingseate spoonhilittle blue heron,
reddish egret, snowy egret, and tricolored heron.

There aralsoproblems for listed species and other wildlife with inland retreat from the
coast by humansMost southwest Florida xeric oak scrub is coastal or along rivers and
streams. Inland retreat will eliminate the rarest of the upland habitats with endemic
animals such as the Florida scrub jay and endemic listed plants. The interior pinelands
and other uplands are the last refugsomthwest Florida of the Florida panther, iiidia

black bearS h e r ni@xisquisel and regdockaded woodpecker.

Coastal Erosion and Sea Level Rise

Global sea level rise is one of the most likely effects of global warming. Along much of
the Florida coast, the sea level already has gsganto nineinches per century.

Because of local factors such as island subsidence and groundwater depletion, sea level
rise will vary by location. For southwest Florida, the sea level is likely to rise 10 to 36
inches by 2100. As sea level rises, coastal anelel®rida, particularly wetlands and

lowlands along the Gulf coast, will be inundated. Adverse impacts in these areas could
include loss of land and structures, loss of wildlife habitat, accelerated coastal erosion,
exacerbated flooding and increased eudtbility to storm damage, and increased salinity

of rivers, bays, and aquifers, which would threaten supplies of freshwater.

Sea level rise will change coastlinagnany wayJUSEPACRE 2008; Volk 2008;
Bollman 2007; Titus 1998includingerosionwith landward migration of coastlinesnd
barrier island disintegration. Where retreat is pos$d@atural systemshere will be a
migrationof mangrove and marsh species, altered plant community structural diversity
with potential changes in dominantfoundation speciesindstructural and functional
habitat changed.heability of barrier islands to shield coastal areas from higher storm
surges and the destructive effects of hurricanes will be reduced througfrigaieret

al. 2001; Titus 1998USHEPA CRE2008. Coastal transportation infrastructusél be
impacted byncreased overwasindbreaching of coastal roads (Sallengeal 2005 and
2006). Low barrier islands will vanish, exposing marshes and esto&fdsrlotte
Harborto opencoast; Ingh fetch conditions (Sallenget al 2009).

NOAA def i nes Dbtlieexariing awap « beach matesals by wave action,

tidal currents, or wind.o Coastal erosion 1is
environments; however, in areas where hunwivity negatively impacts the shoreline,

coastal erosion can become a serious problem. It is estimated that coastal erosion in the

U.S. costs $700 million annually (National Sea Grant Office).

Beach sand originates mainly from rivers and streams which it@irectly to the ocean.

Sand also comes from the gradual weathering of exposed rock formations and cliffs along
the shore, and from the deterioration of shell, coral, and other skeletal fragments of
marine life.

Wave action, wind, and currents maand up and down the coast. This movement is
called longshore transport. Sand is also moved onshore and offshore by waves, tides, and
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currents. During storms, higgnergy waves often erode sand from the beach and deposit

it offshore as submerged sandbdisis sand is then moved back onshore by-ém&rgy

waves in periods of calm weather. Sand that is moved offshore by winter storms, leaving
steep narrow beaches, is returned to the shore by gentle waves of summer, creating wide,
gently sloping beaches (Nenal Sea Grant Office).

Erosion and accretion of sediment on coasts are natural processes influenced by beach
slope, sediment size and shape, wave energy, tides, storm surge, and nearshore
circulation, among other things. Human activities such as drgdgver modification,
removal of backshore vegetation, and installation of protective structures such as
breakwaters can profoundly alter shorelines, mainly by affecting the sediment supply
(National Sea Grant Office).

According to the Evaluation of Esmn Hazards Study prepared for FEMA by the H.

John Heinz Ill Center for Science, Economics, and the Environment, the average annual
erosion rate on the Atlantaast is roughlywo to thredeetperyear and up tgix feet

peryear for states borderinge Gulf of Mexico. Charlotte County currently has several
miles of its beaches classified as critical erosion areas

Over 409 miles, or approximately 50% of FIl or
erosion. At present, &bfeandy beacheés are éxpetiechotng st at e 0
Acritical erosiono, a | evel of erosion whi ch

recreational, cultural, or environmental interests. While some of this erosion is due to
natural forces and imprudent coastal developmesigraficant amount of coastal erosion

in Florida is directly attributable to the construction and maintenance of navigation inlets
and shoreline hardening. Florida has over 60 inlets around the state, many have been
artificially deepened to accommodaterwoercial and recreational vessels and they
employ jetties to prevent sand from filling in the channels. Atoduct of this practice

is that the jetties and the inlet channels have interrupted the natural flow of sand along the
beach causing an accumutattiof sand in the inlet channel and at the jetty on one side of
the inlet, and a loss of sand to the beaches on the other side of the inlet (Department of
Environmental Protection Bureau of Beaches and Coastal Systems Beach Erosion
Control).

Currently, nme of the structures that fall within the boundaries of the City of Punta

Gorda f all within the Coast al Erosion Hazard
boundaries are considered at risk for losses to coastal erosion. As sea level rises this will

change.

The primary vehicle for implementing beach management planning recommendations to
address coastal erosion is the Florida Beach Erosion Control Program, which is a
program established for the purpose of working in concert with local, state, and federa
governmental entities to achieve the protection, preservation and restoration of the coastal
sandy beach resources of the state. Under the program, financial assistance in an amount
up to 50 percent of project costs is available to Florida's county anctipal

governments, community development districts, or special taxing districts for shore
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protection and preservation activities located on the Gulf of Mexico, Atlantic Ocean, or
Straits of Florida. This is not a useful mechanism for addressing thaloeasion that
will impact the City of Punta Gorda.

Coastalkhorelines beachesmangroveslow marsh,river andcreekshorelineswill
experience igher tides including higher high tides, higher normal tides, and higher low
tidesas aresultof sea leel rise resulting from increased temperature and expansion of
water volume (Titus 1998JSEPA CRE2008 Folland & Karl 2001]PCC 2007c).

Development of Sea Level Rise Maps

Current trends and policiesgarding land use, conservation and shoreline girote

providel a starting point for developing mapsoftigdé s | i kel 'y | and use r e
level rise. Nevertheless, because those policies do not precisely correspond to existing

land use categories, and because those categories can changae\sartie analysis

and judgment is necessary to develop the maps. This section explains and documents the
procedures used to create the mépdetailed discussion of the process used to

determine the likely extents of coastal protection/hardening casube fn Appendix VI.

This sea levetise portion of the study began by examinihgeesea level riséi s ever i t y o
scenarios:best caseworst case, and moderate case are based upon the reJalbéed,

below. This tabé is based on using Tabled &nd 92 of theUSEPAReport "The

Probability of Sea Level Rise Basically, the formula iso multiply the historic sea level

rise (2.3 mm/yr) in Southwest Florida (closest point used is St. Petersburg, Fl., -Pable 9

by the number ofutureyears from 199(plus the Normalized Sea Level Projections in

Table 91. For the study the 90% probability is considerecbtst casethe 50%

probability the moderate case, and the 5% probability the worst case scenario.
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Pro?(;)t)’"'ty 2025 2050 2075 2100 2150 2200
cm | inches| cm | inches| cm | inches| cm | inches| cm | inches| cm | inches
90 (est) | 7 | 28 | 13| 50 | 20| 7.7 | 26 | 104 | 40 | 15.7 | 53 | 21.0
80 9| 36 | 17| 66 | 26| 101 | 35 | 139 | 53 | 208 | 71 | 281
70 11| 44 | 20| 7.8 | 30| 11.6 | 41 | 163 | 63 | 247 | 85 | 336
60 12| 47 | 22| 86 | 34| 132 | 45 | 178 | 72 | 283 | 99 | 39.1
50
(moderate) | 13| 51 | 24 | 94 | 37| 144 | 50 | 198 | 80 | 314 | 112]| 442
40 14| 55 | 27 | 106 | 41 | 160 | 55 | 21.8 | 90 | 35.4 | 126| 49.7
30 16| 63 | 29 | 11.3 | 44| 171 | 61 | 241 | 102| 401 | 146| 57.6
20 17| 6.7 | 32| 125 | 49| 191 | 69 | 27.3 | 117| 460 | 173| 68.2
10 20| 7.9 | 37| 145 | 57| 223 | 80 | 31.6 | 143| 56.2 | 222| 875
5(worst) | 22| 8.7 | 41| 161 | 63 | 246 | 91| 359 | 171| 67.2 [279| 1100
25 25| 90 | 45| 17.6 | 70 | 27.4 | 103| 40.7 | 204| 80.2 | 344 | 135.6
1 27| 106 | 49 | 192 | 77 | 30.1 | 117| 46.2 | 247| 97.2 | 450 177.3
Mean 13| 51 | 25| 98 | 38| 148 | 52 | 206 | 88 | 346 | 129| 50.9

*The results of this table are based on using Table$ 8nd 92 of the USEPA Report "The Probability
of Sea Level Rise".

Table2: Sea Level Projection by Year for Southwest Florida

While the IPCC (200d) has been a standard for current planning purposes, several

researchers and scientists that expressemapirical opinions (Rahmstorf 2007) based on

other methods of modeling consider the IPCC projections to be conservative and expect
climate change to be more severe. This is be
Fourth Assessment Report (2007) excludes some of the feedback mechanisms that could
accelerate the melting of the Greenland and Antarctic ice sheets.

During our liteature reviewwe found that Stanton and Ackerman (2007) foresee a
different set of climate future extremes that include either a response to climate change
by humans to reduce green house gases, or inaction, a likely scenario at the time of their
repaqrutbds cati on. FIl oridads future climate
greenhouse gases today and in the decades to comdyexalise carbon dioxide persists

in the atmosphere for a century or memn the impacts of accumulated past emissions.
Stantan and Ackerman compared two scenarios: an optimisicl stabilization case

and a pessimistibusinessas-usual caseThesescenarios represent plausible extremes of
what is expected to happen if the world succeeds in a robust program of climate
mitigation, versus what is expected to happen if very little is done to address climate
change. The difference between the two is the avoidable damage to Florida. It can be
seen as the benefits of mitigation, or, from an opposite perspective, the costs of.inaction
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