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Objectives 

The objectives of this gap analysis were to: (1) collect those vulnerability assessments 

already completed by jurisdictions throughout Southwest Florida’s 3 counties (Charlotte, Lee, 

and Collier); and (2) determine their state of compliance relative to the 2021 Resilient Florida 

Act. Criteria for DEP-compliant assessments are defined in FDEP (2021). Each study must: 

1. Provide predictions for depth of Tidal Flooding and include, to the extent practical, the

number of tidal flood days for each modeled scenario.

2. Include depth of Current and Future Storm Surge Flooding using NOAA or FEMA

storm surge data and must consider an event that equals or exceeds the current 100-year

event.

3. Consider depth of Rainfall-induced Flooding using spatiotemporal analysis or

hydrologic modeling.

4. Consider depth of Compound Flooding, herein defined as the combination of tidal,

storm surge, and rainfall-induced flooding.

Each vulnerability assessment must also utilize the following scenarios and standards: 

5. All analyses conducted relative to NAVD88.

6. Must include a minimum of two sea-level rise (SLR) scenarios and must consider the

NOAA 2017 Intermediate-Low and Intermediate-High SLR Projections.

7. A minimum of two planning horizons must be included for years 2040 and 2070.

8. Local sea-level data should be interpolated between the two closest NOAA Tide Gauges.

9. Must encompass the Entire County or Municipality.

10. Must include all Critical Assets.

11. Must employ the most recent publicly available Digital Elevation Model.

Executive Summary & Recommendations 

The five vulnerability assessments reviewed for this “gap analysis” (Charlotte, Lee, 

Collier Counties; cities of Cape Coral, Naples) were all conducted before passage of the 2021 

Resilient Florida Act. Only 1 of the 5 studies, by Naples, was conducted after the publication of 

the NOAA 2017 sea-level rise curves. Consequently, none could strictly conform to the Resilient 

Act-defined criteria. Criteria 6 and 7, in particular, could not have been pre-conceived. In 
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addition, jurisdictions would be hard-pressed to anticipate the need to assess vulnerability under 

a variety of conditions: two effects of SLR (i.e., nuisance tidal flooding, and storm surge 

exacerbated by greater storminess on top of SLR), extreme precipitation, and the compounding 

effects of the two. Table 1 outlines each study’s compliance with the 11 criteria. 

 Nonetheless, these older studies do have value. They predispose jurisdictions to a more 

effective second round of vulnerability assessments: much of the groundwork upon which these 

studies have relied can be reused or expanding. For example, all the studies have identified and 

mapped critical assets. Some of these may be dated and presumably new assets have been added 

to the landscape since the studies were conducted. All studies have employed digital elevations 

models. These may still be acceptable for future assessments, assuming the landscape’s 

topography has not change drastically (e.g., by recent storm erosion or deposition). Those studies 

that employed SLOSH modeling have probably met criterion 2, though the SLOSH modeling 

does not account for future changes in storminess and none of the studies used SLOSH to predict 

depth of inundation. 

 The prognosis for future assessment of vulnerability for our region, however, is 

promising. Collier County now has at its disposal ACUNE to conduct SLR-associated inundation 

by both nuisance flooding and climate-change-influenced storm surge. ACUNE has also been 

retrofitted to include NOAA 2017’s Intermediate-High and Intermediate-Low SLR projections 

and the 2040 and 2070 planning horizons. Consequently, ACUNE meets all criteria except 3 and 

4. ACUNE+ is a companion vulnerability analysis tool package that considers freshwater and 

compound flooding and will be available by late 2022, allowing the remaining two criteria to be  

met. 

 Lee County has received funding to conduct a new vulnerability assessment for their 

entire region, including incorporated and unincorporated jurisdictions, to predict inundation from 

compound flooding. They are currently fostering a competition to contract this work, and they 

will presumably meet the DEP criteria. Additionally, an expanded version of ACUNE for the 

entire 3-county region will be available by early fall, and these tools are available for their use. 

 Charlotte County has a couple of awards to conduct a vulnerability assessment. The 

expanded version of ACUNE will be made available to Charlotte as well. 

 Several municipalities currently have or are actively pursuing funding to look at 

vulnerability while meeting the Resilient Act criteria. These include Everglades City (to employ 
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ACUNE), Naples (which plans to reassess their 2020 study using ACUNE), Sanibel, and Cape 

Coral. 

 Several questions have been raised concerning a jurisdiction’s qualifications to apply for 

future resiliency funds. For example, does a vulnerability assessment that was conducted prior to 

passage of the Resilient Florida Act qualify them for an award for adaption planning or 

implementation? Will an assessment conducted by a county cover the obligations of the 

municipalities within? On May 23, 2022, Savarese had a lengthy phone conversation with Ms. 

Diane Quigley, the Director of DEP’s Resilient Florida Program, covering these matters.  

1. A city does not automatically comply when the county conducts a vulnerability 

assessment that meets the statute’s criteria. Cities must have been cooperatively 

engaged with the county in their vulnerability efforts. This includes being consulted 

on the tool adopted and the tool use; and agreeing to the scientific foundations upon 

which the tools were developed and employed. Precisely how this will be evaluated is 

uncertain. 

2. Grandfathering older vulnerability assessments is acceptable under limited 

circumstances and for a limited duration. Each jurisdiction must eventually have a 

vulnerability assessment that fully complies with the statute’s criteria. However, 

jurisdictions can compete for adaptation and implementation awards under older 

vulnerability assessments. Proposals that rely upon compliant vulnerability 

assessments will score higher in competitions than those that do not. By 2024, DEP 

anticipates that the State will complete its statewide vulnerability assessment. When 

this is achieved, older, non-compliant jurisdictional vulnerability assessments will no 

longer be accepted for adaptation and implementation projects.  

3. The NOAA 2017 curves are likely to change as the science improves. What happens 

to a jurisdiction’s compliance then? The program is working towards changing the 

statute’s language to be more adaptive. 
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Analysis of Vulnerability Assessment Studies 

A. Charlotte County – Charlotte Harbor Regional Climate Change Vulnerability Assessment 

(2010) 

 Charlotte Harbor National Estuary Program (now the Coastal & Heartland National 

Estuary Program; CHNEP), in conjunction with the Southwest Florida Regional Planning 

Council, developed a regional vulnerability assessment in 2010 to handle the Charlotte County 

Region, including Punta Gorda and portions of Lee County which overlap with the Charlotte 

Harbor estuary. This report predicts the most significant vulnerabilities facing the region will be 

related to changes in “drought, flood, hurricane severity, land area, habitats, biological cycles, 

and uncertainty in environmental models”. The report goes on to summarize various regionally 

significant issues affected by climate change with emphasis on competition for freshwater, 

flooding, geomorphic changes of beach areas, and flooding (CHNEP, 2010).  The following is a 

discussion of each of the FDEP criteria in relation to this report. 

1. Predictions of Depth of Tidal Flooding. An extent, not depth, of sea-water inundation 

map is provided (Map 2) employing a bathtub modeling approach (see item 6 below). The 

number of tidal flood days in a given year is not considered, nor is it predictable given the 

approach employed in this study. 

2. Depth of Current and Future Storm Surge Flooding. Current storm surge modeling, 

using SLOSH, is included; Map 12 shows the extent, though not the depth, of surge flooding 

relative to different Saffir-Simpson hurricane categories. Prediction of future surge inundation, 

accounting for SLR and changes is storm characteristics, is not included in the study. 

3. Depth of Rainfall-induced Flooding. No hydrodynamic modeling is used to predict 

future rainfall-induced flooding. A FEMA flood zone map is included (Map 11), showing the 

100- and 500-year floodplains. These FEMA products do not consider the future influence of 

climate change.  

4. Depth of Compound Flooding. This was not included in the 2010 study. 

5. Maps Relative to NAVD88. This is difficult to assess because the datum used is not 

explicitly stated in the report. It is reasonable, however, to assume NAVD88 was employed as 

the vertical datum.  

6. NOAA 2017 SLR Scenarios. The report employs two research publications (Titus & 

Narayanan, 1995; Stanton & Ackerman, 2007) for sea-level rise estimates under 3 societal-policy 

5



scenarios: Lower, Intermediate, and Upper, with the differences reflecting more to few 

mitigation actions in the future to reduce greenhouse gases (GHGs), respectively. Extent of sea-

level inundation is predicted for 2100 under 3 SLR magnitudes (7.1, 19.8, and 45.3 inches); a 

simple bathtub model is employed, comparing topographic elevation with projected sea-level 

height (see their Map 2). Note this study was conducted well before publication of the NOAA 

2017 sea-level curves. 

7. 2040 and 2070 as Planning Horizons. Only one planning horizon, 2100 is included. 

8. NOAA Tide Gauges. The report illustrates tide gauge data for 3 South Florida NOAA 

tide stations: Fort Myers, St Petersburg, and Key West (their Fig. 21). These empirical datasets, 

however, are not used in the development or calibration of any SLR models. 

 9. Entire County or Municipality. CHNEP service region does not conform to 

jurisdictional boundaries. Consequently, though the organization services a much larger 

geography, the only jurisdictions included in their entirety are Charlotte County and the City of 

Punta Gorda (see their Map 1). 

10. Critical Assets. Several critical asset categories are included and mapped: (1) 

emergency, communications, and solid waste facilities (their Map 3); (2) water supply and 

wastewater treatment facilities (Map 4); (3) transportation facilities (Map 5); (4) electrical 

generation facilities (Map 6); (5) agriculture and forestry (Map 7); (6) mining areas (Map 8); and 

(7) historic structure and lighthouses (Map 9). These could be easily transferred to more current 

and compliant vulnerability analysis tools. 

11. Most Recent Digital Elevation Model. The report acknowledges using a “. . . digital 

elevation model and other topographic maps” to generate their depth and extent of sea-water 

inundation map (Map 2). 

 

B. Lee County – Lee County Climate Change Vulnerability Assessment (2010) 

The Southwest Florida Regional Planning Council developed a vulnerability assessment 

for Lee County in 2010 (Beever et al., 2010). The report covers the Cities of: Bonita Springs, 

Cape Coral, Fort Myers, Fort Myers Beach, Sanibel, and the Village of Estero. The City of Cape 

Coral also completed their own vulnerability assessment which will be discussed later in this 

report. The study was specifically designed for Lee County and provided little overlap with the 

larger Southwest Florida region. The report lists a series of climate change scenario predictions 
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to include “climate instability; wetter wet seasons; drier dry seasons; more extreme hot and cold 

events; increased coastal erosion; continuous sea-level rise; shifts in fauna and flora with 

reductions in temperate species and expansions of tropical invasive 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 concerning variable risk assessment with uncertain 

actuarial futures” (Beever et al., 2010). The report proceeds to list a prioritized ranking of 

climate change effects to be addressed in the following order: “Altered Hydrology; Climate 

Instability/ Storm Severity; Habitat and Species Changes; Geomorphic (Landform) Changes; 

Sea-level Rise and Water Temperature and Chemistry Changes; Infrastructure Impacts and Land 

Use Changes; Air Temperature and Chemistry Changes and Human Health; Human Economy; 

and Variable Risk” (Beever et al., 2010). The report recommends that Lee County closely 

monitor effects to prevent exceeding some threshold state where adaptive management is no 

longer possible. The following is a discussion of each of the FDEP criteria in relation to this 

report. 

1. Predictions of Depth of Tidal Flooding. An extent, and not depth, of sea-water 

inundation map is provided in a few figures (their Figs 21, 23, 25), employing a simple bathtub 

model (comparing topographic elevation with projected sea-level height). The number of tidal 

flood days in a given year is not considered, nor is it predictable given the approach employed in 

this study. 

2. Depth of Current and Future Storm Surge Flooding. The extent, and not depth, of 

current storm surge flooding accompanying hurricanes of differing Saffir Simpson categories is 

illustrated (their Fig 6). Though not explicitly stated, given the similarity between this figure and 

the comparable map in the Charlotte Harbor NEP report and in which the modeling method was 

described, it is reasonable to assume SLOSH modeling was also used here. No future prediction 

of storm surge is included. 

3. Depth of Rainfall-induced Flooding. Flooding associated with rainfall, although 

discussed generally, is not simulated, or modeled for this study. 

4. Depth of Compound Flooding. Compound flooding is not considered in this study. 
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5. Maps Relative to NAVD88. The National Geodetic Vertical Datum (presumably of 

1929), rather than NAVD88, is mentioned as the vertical datum in several figures expressing 

SLR effects. 

6. NOAA 2017 SLR Scenarios. The report considers 5 scenarios for future SLR. Three of 

the 5 come from the EPA Report “The Probability of Sea Level Rise”, which are also included in 

the IPCC AR4 (2007) (see their Table 1). They are titled: (1) least case with 90% probability of 

occurrence; (2) moderate case with 50% probability; and (3) worst case (5%). Two additional 

scenarios were added, after Stanton and Ackerman (2007), which anticipate a rapid societal 

response to GHG reduction (“rapid stabilization case”) or no change in mitigation practices 

(“business-as-usual case”). These 2 represent the best and worst of the 5 scenarios, respectively, 

regarding the magnitude of SLR. Collectively, these 5 scenarios define sea-level curves as 

prescribed by EPA and IPCC 2007, but differ from the more recent NOAA 2017 curves. 

7. 2040 and 2070 as Planning Horizons. The sea-level curves adopted are applied to 6 

planning horizons: 2025, 2050, 2075, 2100, 2150, and 2200. Sea-level rise inundation maps are 

provided for 3 probability scenarios in years 2050 (Fig 21), 2100 (Fig 23), and 2200 (Fig 25).  

8. NOAA Tide Gauges. To obtain a regionally adjusted sea-level curve, the sea-level rise 

rate average, as measured by the NOAA St Petersburg tide gauge, was multiplied by the number 

of future years from 1990; this value was added to the EPA normalized sea level projections. 

Consequently, NOAA tide data were used to compensate for local effects, though this adjustment 

was made on sea-level curves out of compliance with the Resilient Florida Act. 

 9. Entire County or Municipality. The entirety of Lee County and all its incorporated 

cities are included in the study’s geographic scope. 

10. Critical Assets. Critical assets (urban and natural, and not cultural assets) are 

mentioned and catalogued throughout the report. Only a few maps are included depicting the 

vulnerability of assets to SLR; examples include: urbanized area growth (Fig 2), and road 

vulnerability (Fig 51). 

11. Most Recent Digital Elevation Model. This is not explicitly noted anywhere in the 

report. The SLAMM modeling, used to predict the conversion of habitat types, does note that an 

available DEM from USGS was utilized. 
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C. Collier County – Floodplain Management, Section 4.3 Vulnerability Assessment (2015) 

Collier County published their vulnerability assessment as part of their Floodplain 

Management document in 2015. They did have a complete section devoted to vulnerability 

assessment, and this section was utilized for this discussion. The full document, in addition to 

Section 4.3, was utilized for any clarifications needed for discussion on the vulnerability 

assessment criteria.  

The Collier County Vulnerability Assessment was developed by the Collier County 

Floodplain Management Planning Committee (FMPC) under Federal Emergency Management 

Agency (FEMA) guidelines. The plan profiled hazards included “climate change and sea-level 

rise; coastal/canal bank erosion; stormwater and localized flooding; hurricane and tropical storms 

(including storm surge); and flood 100/500 year” (Collier County, 2015). Goals and objectives 

were developed during this process. The plan includes the Cities of Marco Island, Naples, and 

Everglades City. Naples has completed their own vulnerability assessment, which will be 

discussed later in this document. The following is a discussion of each of the FDEP criteria in 

relation to this report. 

1. Predictions of Depth of Tidal Flooding. The report employs NOAA’s Coastal Services 

Center’s SLR Viewer (at http://coast.noaa.gov/slr/). Figure 4-39 shows a map reflecting the 

impact of a one-foot SLR on Collier County using the NOAA viewer. The extent and relative 

depth of inundation is shown relative to Mean Higher High Water (MHHW). The SLR Viewer is 

recognized as a “modified bathtub approach” or a “linear superposition method”. What 

distinguishes it from a “simple bathtub approach” is its accountability of hydroconnectivity of 

inundated areas: areas of subcritical elevation won’t flood if they are not hydroconnected to 

flooded regions of the landscape.  

2. Depth of Current and Future Storm Surge Flooding. The National Hurricane Center’s 

SLOSH model was employed to map the extent (and not depth) of storm surge associated with 

each Saffir Simpson storm category (tropical storm through hurricane category 5; Figs 4-51 – 4-

57). The associated damage costs and the critical assets affected are included in a series of 

associated tables. This analysis of storm surge, however, does not consider climate change’s 

future effects on storm severity or of the exacerbating influence of storm surge on higher sea 

level. 
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3. Depth of Rainfall-induced Flooding. The report uses FEMA’s base flood elevation 

(BFE) map for the 100-year flood (Fig 4-40) and includes estimated building damage and 

content loss (Tables 4-30 – 4-33). The FEMA BFE map does not account for climate change 

(i.e., changes in precipitation or SLR). 

4. Depth of Compound Flooding.  Compound flooding is not considered in this report. 

5. Maps Relative to NAVD88. The NOAA SLR Viewer does map relative to NAVD88.           

6. NOAA 2017 SLR Scenarios. The NOAA SLR Viewer, back in 2015, did not have the 

capabilities of employing specific SL curves or to target specific planning horizons. The Viewer 

has these capabilities now. 

7. 2040 and 2070 as Planning Horizons. See the above text for item 6. 

8. NOAA Tide Gauges. The NOAA SLR Viewer employs either a tide gauge 

interpolation or a more sophisticated “VDatum” approach. 

 9. Entire County or Municipality. The entire county and its 3 incorporated cities (Naples, 

Marco Island, and Everglades City) are included. 

10. Critical Assets. Critical assets for the unincorporated portions of the County, for 

Everglades City, Marco Island, and Naples are plotted on Figs 4-34 – 4-37. Categories 

recognized include: major roads, assisted living centers, colleges, correctional facilities, 

electrical substations, fire stations, government buildings, landfills, medical facilities, police 

stations, schools, and waste water facilities. The report also uses FEMA Hazus to document the 

value of properties at risk based on occupancy type (e.g., agriculture, commercial, residential, 

etc.), differentiated by FEMA flood zone (e.g., VE, AE, X, etc.), and based upon 2014 county tax 

assessor property value data (Tables 4-20 – 4-23). A land use map is provided in Fig 4-38.   

11. Most Recent Digital Elevation Model. The NOAA SLR Viewer uses the most recent 

DEM available to the federal government. 

 

D. City of Cape Coral, Lee County – Cape Coral Climate Change Vulnerability Assessment 

(2016) 

The City of Cape Coral’s vulnerability assessment was completed by the Southwest 

Florida Regional Planning Council in December 2016 with the main author being James W. 

Beever III. Beever et al., 2016, indicate the future for the Cape Coral area will have “increased 

climate instability; wetter wet seasons; drier dry seasons; more extreme hot and cold events; 
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increased coastal erosion; continuous sea level rise; shifts in fauna and flora with reductions in 

temperate species and expansions of tropical invasive 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 concerning variable risk assessment with uncertain actuarial futures.” Like the Lee 

County report, Beever et al. (2016) proceeds to list a prioritized list of climate change effects to 

be addressed in the following order, from highest to lowest: “Altered Hydrology; Climate 

Instability / Storm Severity; Habitat and Species Changes; Geomorphic (Landform) Changes; 

Sea Level Rise and Water Temperature and Chemistry Changes; Infrastructure Impacts and Land 

Use Changes; Air Temperature and Chemistry Changes and Human Health; Human Economy; 

and Variable Risk”. They complete the introduction by indicating it is essential to “plan and act 

now to avoid, mitigate, minimize, and adapt to the negative effects of climate change, and to 

examine the possibilities of providing benefits to human and natural systems by adapting to the 

changing planet” (Beever et al., 2016). In general, this report is similar and follows the same 

general layout of the Lee County information. The following is a discussion of each of the 

required points in the FDEP criteria in relation to this report. 

1. Predictions of Depth of Tidal Flooding. An extent, and not depth, of sea-water 

inundation map is provided in a few figures (Figs 32, 34, 36) for 2050, 2100, and 2200, 

employing a simple bathtub model (comparing topographic elevation with projected sea-level 

height). The number of tidal flood days in a given year is not considered, nor is it predictable 

given the approach employed in this study. 

2. Depth of Current and Future Storm Surge Flooding. The extent, and not depth, of 

current storm surge flooding accompanying hurricanes of differing Saffir Simpson categories is 

illustrated in a few figures (their Figs 10-14). Though not explicitly stated, given the similarity 

between this figure and the comparable maps in the Charlotte Harbor NEP and Lee County 

reports, it is reasonable to assume SLOSH modeling was also used here. Unlike the Lee County 

Report (2010), storm surge maps are generated for 4 principal onshore wind directions: WSW-

W, ENE-E, NNW-N, and WSW-W. Additionally, the Maximum of the Maximum (MoM) storm 

surge, a worst-case scenario, is plotted (Fig 15). No future prediction of storm surge is included. 
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3. Depth of Rainfall-induced Flooding. Flooding associated with rainfall, although 

discussed generally, is not simulated, or modeled for this study. A map of FEMA’s flood zone is 

included (Fig 20). 

4. Depth of Compound Flooding. Compound flooding is not considered in this study. 

5. Maps Relative to NAVD88. The National Geodetic Vertical Datum (NGVD; 

presumably of 1929), rather than NAVD88, is mentioned as the vertical datum in several figures 

expressing SLR effects. 

6. NOAA 2017 SLR Scenarios. This report, like the Lee County 2010 study, considers 5 

scenarios for future SLR. Three of the 5 come from the EPA Report “The Probability of Sea 

Level Rise”, which are also included in the IPCC AR4 (2007) (see their Table 1). They are titled: 

(1) least case with 90% probability of occurrence; (2) moderate case with 50% probability; and 

(3) worst case (5%). Two additional scenarios were added, after Stanton and Ackerman (2007), 

which anticipate a rapid societal response to GHG reduction (“rapid stabilization case”) or no 

change in mitigation practices (“business-as-usual case”). These 2 represent the best and very 

worst of the 5 scenarios, respectively, regarding the magnitude of SLR. This report, unlike the 

Lee County 2010 report, includes a short review of Greenland ice loss, research conducted 

between 2009 and 2012 (see Table 3). These data are used qualitatively to support an argument 

favoring a more extreme scenario for SLR rate. Collectively, these 5 scenarios define sea-level 

curves as prescribed by EPA and IPCC 2007, but differ from the more recent NOAA 2017 

curves. 

7. 2040 and 2070 as Planning Horizons. Similar again to the Lee County study discussed 

above, the sea-level curves adopted are applied to 6 planning horizons: 2025, 2050, 2075, 2100, 

2150, and 2200. Sea-level rise inundation maps are provided for 3 probability scenarios in years 

2050 (Fig 32), 2100 (Fig 34), and 2200 (Fig 36).  

8. NOAA Tide Gauges. To obtain a regionally adjusted sea-level curve, the sea-level rise 

rate average, as measured by the NOAA St Petersburg tide gauge, was multiplied by the number 

of future years from 1990; this value was added to the EPA normalized sea level projections. 

Consequently, NOAA tide data were used to compensate for local effects, though this adjustment 

was made on sea-level curves out of compliance with the Resilient Florida Act. 

 9. Entire County or Municipality. The entirety of the incorporated City of Cape Coral is 

considered.  
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10. Critical Assets. Critical assets (urban and natural; cultural assets were not included) 

are mentioned and catalogued throughout the report. A few maps are included depicting the 

vulnerability of assets to SLR; examples include: urbanized area growth (Fig 3), soil drainage 

(Fig 9), land use and landcover (Fig 56), and roads (Figs 62-65). 

11. Most Recent Digital Elevation Model. This is not explicitly noted anywhere in the 

report. The SLAMM modeling, used to predict the conversion of habitat types, does note that an 

available DEM from USGS was utilized. 

 

E. City of Naples, Collier County – Climate Change Vulnerability Assessment (2020) 

 The City of Naples utilized a team approach with consultants from AECOM to work 

on their vulnerability assessment. The team consisted of representatives from all aspects of 

county and city government including, but not limited to, Natural Resources, Streets and 

Traffic, Stormwater, Utilities, Naples Airport, Parks and Recreation, Facilities, Floodplain 

Coordinator, Fire Rescue, Police, Technology Services, and Planning and Risk Management.  

The vulnerability assessment outlines a plan for adaptation planning and strategy 

implementation as phase 2 and phase 3 of their process. 

1. Predictions of Depth of Tidal Flooding. Using NOAA 2017 SL curves, and to be 

consistent with ACUNE (Adaptation of Coastal Urban and Natural Ecosystems), the 

vulnerability analysis tool package developed by University of Florida and Florida Gulf Coast 

University, the following scenarios were simulated: 2030 (8.6-inch rise), 2060 (21.2-inch rise), 

and 2100 (45.2-inch rise), which represent the 50 percent exceedance probability of future water 

level conditions. Because of the uncertainty surrounding the future emissions of GHGs, and to 

appreciate the effects of a worst-case situation, a 4th scenario was simulated: 2100 with a 100.4-

inch rise, which represents a 17 percent exceedance probability of future water levels.  

Sea water flooding was simulated under two conditions: (1) daily high tide using mean 

higher high water (MHHW), which represents the average of the higher or two high tides each 

day; and (2) extreme storm tide (discussed below in item 2). The maps produced for sea water 

inundation utilized the mapping software developed within University of Florida’s Sea Level 

Rise Sketch Planning Tool. The model appears to employ a bathtub approach, plotting an area as 

inundated when sea level height exceeds ground elevation. Depth of that inundation is not 

shown. Maps for all scenarios are included in Appendix B. Note that the City of Naples intends 

13



to re-assess their vulnerability to tidal and storm surge flooding using ACUNE in the subsequent 

year. 

2. Depth of Current and Future Storm Surge Flooding. To obtain future storm surge

(herein defined as “extreme storm tide”), the tide height associated with the current 1% annual 

chance coastal storm (4.3 ft) was used as the foundation upon which sea-level rise’s height was 

added. Note that this methodology does not account for increased storminess as climate change 

ensues. Maps exhibiting extent, but not depth, of inundation for all scenarios are included in their 

Appendix B. 

3. Depth of Rainfall-induced Flooding. Freshwater flooding was not considered in this

study. Nonetheless, changes in precipitation are predicted for Naples’s future at 3 planning 

horizons (2030, 2060, and 2100) by employing downscaled CMIP3 and CMIP5 Climate and 

Hydrology Projections. Predictions for two IPCC Representative Concentration Pathways, 

RCP4.5 (mid-century stabilization) and RCP8.5 (“business as usual”) are presented (Table 2). 

4. Depth of Compound Flooding. Compound flooding was not considered in this study.

5. Maps Relative to NAVD88. Sea water flooding simulations were all done relative to

NAVD88. 

6. NOAA 2017 SLR Scenarios. NOAA 2017 SLR curves are acknowledged and used.

Figure 8 shows the family of curves. ACUNE (Adaptation of Coastal Urban and Natural 

Ecosystems, developed by University of Florida and Florida Gulf Coast University [but not 

employed in this study]) utilizes the NOAA Low, Intermediate, and High curves, rather than the 

Resilient Act’s prescribed Intermediate-Low and Intermediate-High SLR projections. ACUNE, 

however, is being retrofitted to predict flooding using these two projections, in addition to the 

other three. 

7. 2040 and 2070 as Planning Horizons. Three planning horizons, the same employed by

ACUNE, were used: 2030, 2060, and 2100. (Note: ACUNE is being modified to include 2040 

and 2070.) 

8. NOAA Tide Gauges. Tide data from Naples’s NOAA gauge are illustrated in the report

(Fig 7). The vulnerability analysis tool package ACUNE (but not employed in this study) 

regionally adjusts the NOAA 2017 global SLR curves using empirical data from the Naples tide 

gauge station. For the SL flooding under future tidal MHHW and extreme storm tides, simulated 

herein, water surface elevations from the NOAA tide station were retrieved (0.6 ft and 4.3 ft, 
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respectively, relative to NAVD88) and used as the foundation upon which higher seas were 

added.   

9. Entire County or Municipality. All of incorporated City of Naples is included.

10. Critical Assets. Many critical assets, spanning numerous categories, were identified,

mapped, and assessed for their vulnerability. Table 4 lists the categories; assets are mapped on 

Figures 11-13. The vulnerability assessment conducted is quite sophisticated and comprehensive. 

11. Most Recent Digital Elevation Model. A most recent DEM was employed.
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Table 1. Summary of compliance for the 5 regional vulnerability assessments (VA) conducted to date. The 11 criteria are listed as 
column headers and are described in the text. A criterion marked with a “?” means the matter was not explicitly mentioned in the 
report but the implicit interpretation is shown. “Partial” means the spirit of the criterion was met but the one or more factors, 
addressed in the statute, were not considered. 

Jurisdiction VA Date 1. Tidal
Flooding

2. Storm 
Surge 

Flooding 

3. Rainfall 
Flooding

4. 
Compound 

Flooding 

5. 
NAVD88 

6. NOAA 
2017 SLR 

Curves

7. 2040 & 
2070 

Planning 

8. NOAA 
Tide 

Gauges 

9. Entire 
Jurisdict- 

ion 

10. 
Critical 
Assets 

11. 
Recent 
DEM 

Charlotte Feb 2010 No Partial No No Yes? No No Partial Yes Yes Yes 
Lee Oct 2010 No Partial No No No No No Yes Yes Partial Yes? 

Collier Mar 2015 No Partial Partial No Yes No No Yes Yes Yes Yes 
Cape Coral Dec 2016 No Partial No No No No No Yes Yes Partial Yes 

Naples Jun 2020 Partial Partial No No Yes Partial No Yes Yes Yes Yes 
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