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1.0  Introduction  
 
The Florida Department of Environmental Protection approved a Coastal Resiliency Grant 
(“Grant”) for the City of Jacksonville Beach, Florida for FY 2019-2020.  The Scope of Work for 
the approved Grant includes two major phases of work: 
 

Phase I - a risk assessment to spatially model and quantify the City’s vulnerability to flooding 
from sea level rise (SLR), spring tides, storm surge and other events, the presentation of the 
results in a public workshop, and the preparation of this Phase I Report;  
 
Phase II - an evaluation of policies, regulations and other strategies to reduce the City’s 
potential vulnerability and increase its resiliency to withstand and recover from the impacts of 
flooding, culminating with public hearings to adopt amendments to the City of Jacksonville 
Beach Comprehensive Plan to address the requirements set forth in s. 163.3178(2)(f), Florida 
Statutes, known as the “Peril of Flood” amendments.     

 
Phase I included extensive modeling, spatial analysis and mapping utilizing Geographic 
Information System (GIS) methodologies to build a comprehensive parcel-based data set and 
related series of maps to spatially depict the extent of flooding forecast to occur in 2040 and 2060 
under various scenarios.  The maps are designed to provide a user-friendly graphic depiction of 
flood risk so that the City Commission, City Departments, and the public can visually ascertain 
and easily understand the areas of the City most vulnerable to flooding and the potential water 
depths forecasted to occur within those areas.  The GIS analysis joined the flood modeling data 
layers to the Future Land Use Map and the Duval County Property Appraiser parcel data set to 
allow for the quantification of flood impacts cross-tabulated by different variables, such as acreage, 
number of buildings, assessed building value, age of buildings, existing land use and future land 
use, which form the basis for the vulnerability assessment.  The Technical Appendix includes the 
resulting map series (CD) and summary charts and tables.   
 
1.1  Inundation Scenarios 
 
SLR represents the forecasted increase in the mean sea level due to global warming, taking into 
account elevation changes (erosion and accretion) occurring in the region where the tide gauge is 
located.  Several climate models have been developed for the purpose of forecasting SLR, 
including models by the Army Corps of Engineers (ACOE) in 2013 and the National Oceanic 
Atmospheric Administration (NOAA) in 2012.  These two models utilize the following risk or 
probability levels in forecasting SLR: 
 
C1 = ACOE Low/NOAA Low 
C2 = ACOE Intermediate/NOAA Intermediate Low 
C3 = NOAA Intermediate High 
C4 = ACOE High 
C5 = NOAA High 
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This evaluation utilized the ACOE C2 and C4 scenarios, which result in the following forecasts 
for SLR (relative to NAVD 88) based on the nearest NOAA Tidal gauge at the Mayport (8720218) 
(Bar Pilots Dock) located roughly six miles north of the City at the mouth of the St. Johns River: 
 
Table 1.1.1.  SLR Increase at Mayport 
Scenario  SLR 2040 

(feet) 
SLR 2060 
(feet) 

ACOE C2 .6 1.2 
ACOE C4 .9 2.2 

 
The following graph compares the ACOE scenarios.  As evident from the graph, the low projection 
is linear, and the intermediate and high projection curves account for a change in the rate of change, 
resulting in non-linear curves with the high projection curve reflecting a greater rate of change as 
compared to the intermediate curve.   
 
Figure 1.1.1 (ACOE Sea Level Rise Calculator) 
 

 
 
 
As previously noted, the “Peril of Flood” statutory provisions require local governments to 
evaluate the potential impacts of flooding from SLR as well as spring tides and Category 1 storm 
surge.  The SRL water depth modeling forms the foundation for evaluating those additional 
scenarios.  Based on the Scope of Work, the following scenarios were developed, analyzed and 
spatially mapped to determine the extent and depth of inundation:     
 
 Spring tide water depths in 2019; 
 Category 1 storm surge in 2019; 
 SLR C2 and C4 in 2040 and 2060; 
 SLR C2 and C4 combined with spring tides in 2040 and 2060; and 
 SLR C2 and C4 combined with Category 1 storm surge. 
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These inundation layers were joined with other GIS data layers to allow for an evaluation of how 
the forecasted inundation would potentially impact Jacksonville Beach.  These additional layers 
include: 
 
 Future Land Use Map categories from the adopted Jacksonville Beach Comprehensive 

Plan; 
 Duval County Property Appraiser parcel data set; 
 Infrastructure layers including roads, stormwater, potable water and sanitary sewer. 

 
The GIS analysis resulted in a customized, comprehensive database integrating all of the data sets 
to allow for spatial analysis and cross-tabulation analysis to produce maps, summary tables and 
charts documenting: 
 
 the extent and depth of flooding within the future land use categories; 
 existing land uses impacted by flooding;  
 the number, age and assessed value of the impacted buildings; 
 the location and types of infrastructure impacted; and  
 the soil and habitat types impacted.  
   

These outputs were generated for the current and future scenarios referenced above and provide 
the basis for the vulnerability assessment presented in this Phase I report. 
 
1.2  Methodology 
 
This section briefly summarizes the modeling approach, data sources and limitations inherent in 
forecasting water depths and in conducting the spatial analysis at the parcel level.  
 
1.2.1  Bathtub Model 
 
For the purpose of evaluating the potential flooding impact on local communities, the Digital 
Elevation Model (DEM) was utilized in conjunction with the SLR data to determine the extent and 
depth of inundation.  Commonly referred to as the “bathtub model,” the model fills ground 
elevations that are below the sea level as though it were filling a bathtub.  Water depths are 
calculated as between the sea level and the ground elevation.  If the ground elevation is lower, then 
flooding occurs and fills the low spots to the elevation of the water level.  The DEM is based on 
highly accurate topographic elevations derived from Light Detection and Ranging (LIDAR) 
technology.  However, it is a raster form of data, which means that the data is presented in grid 
cells or pixels, which for this model is a 3m x 3m grid resolution, with each cell providing a single, 
average elevation for the cell.   The DEM for Jacksonville Beach includes over 2.2 million pixels, 
of which under 12,000 are located within the impacted area.  The modeling process determined 
water depth for each cell based on the ground elevation relative to the sea level.  This process 
resulted in forecasted water depths in one-inch increments that were converted to one-foot 
increments in the GIS analysis to allow the data to be analyzed and mapped in a format that is 
more easily comprehended.   
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1.2.2  SLOSH Model 
 
The Category 1 storm surge data were obtained from the Sea Lake and Overland Surges from 
Hurricanes (SLOSH) model.  SLOSH is a complex model that runs thousands of scenarios, 
accounting for the direction and forward speed of a hurricane, tide conditions, topographic 
elevations and other factors to map the geographic area that would be flooded by storm surge from 
a Category 1 hurricane.  SLOSH produces a conservative or worst-case scenario by utilizing a 
concept known as the Maximums of Maximums, whereby the model iterations account for the 
maximum values for each variable in the model.  In order to determine the combined effect of SLR 
and storm surge, the spatial extent of the Category 1 storm surge reach was analyzed to determine 
the corresponding elevation contour.  This method allowed for the Category 1 storm surge to be 
added to the SLR contour to provide a combined spatial extent, which was then utilized to run the 
bathtub water depth calculations in the same manner as for SLR as described above.   
 
1.2.3 Spring Tides 
 
Spring tides, also referred to as king tides, occur twice each month all year, regardless of season.  
Spring refers to the “springing” forth of the tide and not the season, which is a common 
misperception.  To estimate the spring tide increment to be added to the SLR increment, the highest 
spring tide elevations were obtained for each month as recorded at the Mayport tide gauge from 
2001-2019.  The average spring tide was calculated for this time period after removing statistical 
outliers, resulting in a spring tide elevation of 3.02’ relative to the NAVD 88 datum.  To put this 
into perspective, the Mean Higher-High Water (MHHW) elevation at Mayport is 2.01’.  Thus, the 
spring tides increase the typical MHHW elevation by about one foot.   
 
The accepted convention for modeling and mapping SLR has been to show the results for a 
MHHW tide, which is the higher of the MHW tide elevations at locations experiencing two high 
tides each day (i.e., diurnal tides).  MHHW has been selected since it represents the highest daily 
tide experienced by the community.  Therefore, in mapping the spring tide elevation, the spring 
tide increment effectively adds one foot to the SLR water depth, which is depicted at MHHW.       
 
1.2.4  Duval County Property Appraiser Parcel Data Set 
 
The Duval County Property Appraiser parcel data set provides parcel level information, including 
existing land use codified by the property appraiser, as well as the number of buildings on each 
parcel, assessed building value and the effective year built of each building.  The effective year 
built was utilized in this analysis, as it reflects the year that a building underwent structural 
improvements.  Assessed value is generally considered to be 80-85% of actual market value.  
Therefore, the assessed values presented in this report are expressed in 2019 dollars and should be 
increased by about 20% to obtain market value.  However, the assessed and market values in the 
target years of 2040 and 2060 would be substantially higher as a result of inflation.   
 
1.2.5  Limitations 
 
Models attempt to simulate complex real world conditions.  As such, all models include certain 
inherent limitations and are not perfect representations of complex conditions.  Similarly, the GIS 
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methodology also has certain limitations as do the data sets, such as just described for the parcel 
data set.  The following limitations are acknowledged in regard to the Phase I modeling and 
evaluation:   
 

1) The SLR forecast is based on the datum from the Mayport tide gauge, which is the nearest 
station to Jacksonville Beach.  The sea level conditions at Mayport will differ marginally 
from the City of Jacksonville Beach.     

2) The model grid resolution (3m x 3m) results in a uniform elevation for each cell and does 
not account for all topographic conditions within the cell. 

3) The 2001-2018 spring tide data were averaged as previously described.  This time period 
was selected in order to provide more recent data rather than utilizing the 1983-2001 epoch.   

4) The parcel data set provides existing land use, assessed values and effective age of 
structures.  However, some parcel records are missing one or more of the three variables.  
As a result, the total building count affected by inundation for a given scenario may differ 
somewhat from the breakdown by land use, age and assessed value.  However, those data 
set omissions do not impact the overall trends as summarized in the table and charts, which 
are aggregated.       

5) The 2040 and 2060 scenarios combining SLR and Category 1 required the conversion of 
the impacted geographic area to provide a uniform controlling elevation (46”) in order to 
add the SLR increment.  Aerials were examined to ensure that the 46” contour captured 
impacted parcels in the developed portions of subdivisions, while excluding parcels where 
flooding was marginal or insignificant.  

6) Stormwater management will significantly impact potential flood conditions in the City.  
As part of this Phase I work, the City’s stormwater system components, such as outfalls 
and manholes, have been identified and mapped in relation to the flood scenarios. While a 
general vulnerability assessment has been conducted in accordance with the Scope of 
Work, detailed engineering studies are beyond the scope of this effort.  However, Phase II 
will include recommendations regarding the future need for more detailed engineering 
analysis and potential engineering solutions.      

   
These limitations do not impact the validity of the analysis or overall results.  Please note that the 
maps produced for this exercise are not intended, and should not be relied upon, to determine 
the potential flooding that may occur on any given parcel or even within individual 
neighborhoods.  Rather, the purpose of the analysis is to provide an overall “community” level 
vulnerability assessment, which can be utilized to guide strategies to reduce flood risk and increase 
the resiliency of Jacksonville Beach to recover from such events.  Phase II of this effort will 
evaluate and develop potential intervention strategies for consideration by the City of Jacksonville. 
 
1.3  Context of Jacksonville Beach  
 
The City of Jacksonville Beach is located on the Atlantic Ocean between the City of Neptune 
Beach to the north and Duval/St. Johns County to south.   The Intracoastal Waterway (ICW) runs 
along the west side of the City and functions as more of a natural tributary at this location, which 
is less channelized than the ICW farther to the south of the City.  As shown by the context map 
below, the ICW at this location includes many tributary creeks that extend eastward toward the 
City.  The City benefits from significant marshlands that provide a buffer ranging from one-quarter 
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mile to almost a mile at some locations between the ICW and developed lands.  These marshlands 
or “lowlands” attenuate flooding to some degree, but may transition over time to support different 
benthic communities as water depth increases due to SLR.      
 

 
 
 
The City encompasses over 5,000 acres and is essentially built out.  The western-most areas of the 
City abutting the marshlands and the ICW tributaries primarily consist of low density, single-
family residential neighborhoods.  Existing multi-family, commercial and industrial development 
will also be impacted, but to a lesser degree as further discussed in the land use evaluation, which 
provides summary statistics regarding impacts on future land use categories.  The parcel data base 
also provides existing land uses for each parcel and closely tracks the future land use categories.  
Therefore, the land use analysis presented is based on the City’s adopted Future Land Use Map, 
as it also reflects existing land use conditions. 
 
The following general findings are presented in more detail in the following sections of this report: 
 
 Flooding occurs from the intracoastal waterway in all scenarios and not from the Atlantic 

Ocean; 
 2060 storm surge results in the greatest inundation, impacting over one-third of the City 

(excluding right-of-way);  
 Impacts occur primarily within the Conservation and Recreation future land use categories 

followed by impacts to the Low Density Residential and Medium Density Residential  
neighborhoods west of the City’s historic ridge;  
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 Non-residential impacts occur at limited locations along the western-most frontages of 
Beach Boulevard and Butler Boulevard.    

 More than 90% of impacted structures in the worst-case 2060 scenarios are inundated by 
less than three feet of water.    

 More than 75% of impacted structures were built prior to the adoption of more stringent 
Florida Building Code standards following Hurricane Andrew; 

 2060 storm surge results in the most significant risk in terms of the assessed value of 
impacted structures at over $155 million (2019 dollars); 

 Consistent with the land use finding, residential accounts for most of the assessed value at 
risk in all of the scenarios; 

 Stormwater and road impacts pose the most significant infrastructure concerns; 
 Flooding impacts on roadways are similar in extent and in water depth to the impacts within 

the neighborhoods;   
 Stormwater management will be impacted due to the inability to achieve positive outfall 

discharge and as a result of saturated soils reducing percolation rates;  
 Water and sewer treatment plants are not impacted, but the collection/distribution system 

and related system components will be impacted, which will increase utility maintenance 
costs; and 

 The  extent of benthic communities, salt marsh, estuaries and freshwater wetlands will be 
marginally affected due to changes in water depth.        

 
 
2.0  Vulnerability Analysis 
 
The purpose of the Vulnerability Analysis is to identify the relative vulnerability of existing and 
future development to inundation due to the existing spring tide and Category 1 storm surge and 
the forecasted SLR, SLR+Spring Tide, SLR+Category 1 scenarios through 2040 and 2060.  The 
risk analysis forms the basis for evaluating policy options to reduce the vulnerability of property, 
structures and infrastructure to SLR flooding.  The following analysis examines future land uses 
within the forecasted inundation areas as well as the age and value of affected structures.  The 
analysis quantifies the potential impact in terms of the extent of affected acreage and number of 
buildings, and presents summary findings in regard to the land use and structural analysis as well 
as the type and extent of affected infrastructure.    
 
2.1 Overall Impact on Jacksonville Beach 
 
The City encompasses over 5,000 gross acres.  However, for the purpose of calculating summary 
statistics and comparing the impact of the inundation scenarios, all calculations are based on the 
net acreage of the City excluding rights-of-way based on the parcel data base.  Table 2.1.1 confirms 
that SLR impacts a relatively low percentage of the City compared to all other scenarios, while the 
2060 C4 scenario for spring tide and Category 1 storm surge confirm the greatest impact, 
inundating over one-third of the City.       
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Table 2.1.1  Acres/Percent1 of City Inundated By Sea Level Rise   
  2040 C2 2040 C4 2060 C2 2060 C4  
Acreage 60.81 173.97 126.80 719.48 
Percent 1.54% 4.42% 3.22% 18.26% 

 
Table 2.1.2  Acres/Percent1 of City Inundated by Current Spring Tide and Cat. 1 Storm Surge 
  Spring Tide Cat. 1 Storm Surge 
Acreage 1,020.87 1,121.80 
Percent 25.91% 28.47% 

 
Table 2.1.3  Acres/Percent1 of City Inundated By Sea Level Rise/Spring Tide 
  2040 C2 2040 C4 2060 C2 2060 C4  
Acreage 1,137.92 1,232.64 1,190.05 1,377.37 
Percent 28.88% 31.29% 30.21% 34.96% 

 
Table 2.1.4  Acres/Percent1 of City Inundated By Sea Level Rise/Category 1 Storm Surge 
  2040 C2 2040 C4 2060 C2 2060 C4  
Acreage 1,188.23 1,307.56 1,259.29 1,438.37 
Percent 30.16% 33.19% 31.96% 36.51% 

1.  Excludes rights-of-way 
      

 
The Category 1 storm surge scenarios’ impacts are marginally higher than the spring tide scenarios 
for each year (2019, 2040 and 2060).  The spatial patterns are also similar as confirmed in 
comparing the Category 1 and Spring Tide Maps in the Appendix, Task I subfolder.  At its most-
eastern reach south of Beach Boulevard, Category 1 Storm Surge (2060 C4) impacts occur west 
of S. 15th, well west of Fairway Lane and approach America Avenue only at a few locations.  North 
of Beach Boulevard, impacts do not extend as far east and are generally confined to the first couple 
of blocks from the current shoreline, except for a significant inland area occurring south of Seagate 
Avenue between Tanglewood Road and Oakwood Road/Lakeside Drive where drainage ditches 
overflow in the neighborhood. 
 
2.2  Future Land Use  
 
Chapter 163, Part II, Florida Statutes, requires all local governments to adopt a comprehensive 
plan, which must include a future land use map (FLUM) showing the location of all planned future 
land use categories.  The City of Jacksonville Beach Comprehensive Plan designates the following 
future land use categories on the FLUM: 
 

• Conservation (CON) 
• Recreation and Open Space (ROS) 
• Low Density Residential (LDR) 
• Medium Density Residential (MDR) 
• High Density Residential (HDR) 
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• Commercial (C) 
• Industrial (I) 
• Mixed Use (MU) 

 
As previously noted, impacts occur primarily within the Conservation and Recreation land use 
categories, which together account for 90% of the impacted acreage for the 2019 Category 1 storm 
surge, followed by the Low Density Residential category as indicated by Figure 2.1.1:   
 
Figure 2.2.1  2019 Category 1 Storm Surge 

 
 
 
 
 
 
Figure 2.2.2 confirms that Category 1 storm surge impacts to developable future land use 
categories (i.e., residential, commercial and industrial) increases to 34% by 2060 due to the SLR 
increment.  The same relative increase occurs in comparing the impacts for 2019 spring tide and 
2060 spring tide accounting for SLR.  The technical appendix provides the complete series of pie 
charts confirming how the percentages change in 2040 and 2060 for the C2 (intermediate) and C4 
(high). 
 
 
  

Institutional 0.0%

Mixed Use 0.0%

Commercial 0.3%

Industrial 0.4%

Residential 9.3%

Recreation 9.5%

Conservation 80.5%

Percent Inundation by Future 
Land Use Category
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Figure 2.2.2  2060 C4 (High) SLR/Category 1 Storm Surge 

 
 
   
 
The future land use categories were also evaluated to determine the extent of flooding within each 
land use category as indicated by the following bar chart comparison of the 2019 Storm Surge and 
2060 Storm Surge.  As expected, the extent of flooding within each land use category increases 
over time due to the additional impact of SLR.  Significant increases in the percentage of impact 
occur in all of the developed future land use categories, except for Institutional and Mixed Use, 
which are not impacted by any scenarios through 2060.    
 
  

Institutional 0.0% Mixed Use 0.0%

Commercial 1.9% Industrial 2.0%

Recreation 7.6%

Residential 22.5%

Conservation 66.0%

Percent Inundation by Future 
Land Use Category
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Figure 2.2.3  2019 Category 1 Storm Surge 
 

 
  
Figure 2.2.4  2060 C4 (High) SLR/Category 1 Storm Surge  

 
 
As would be expected, the same pattern occurs in comparing 2019 Spring Tide to 2060 Spring 
Tide impacts due to SLR.  The Technical Appendix provides the full series of bar charts to allow 
for a comparison of the incremental change over time for the intermediate and high scenarios. 
 
The spatial patterns are consistent across all scenarios.  The map series confirms: 
 
 Most inundation occurs within the Conservation/Recreation future land use categories 

followed by the Low Density Residential and Medium Density Residential categories (i.e., 
single-family neighborhoods); 
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 Low density residential neighborhoods account for 70-76% of residential impacts, 
depending on the scenario; 

 Medium density accounts for the balance, except for one impacted high density site (Pablo 
Hamlet elderly housing complex) south of Beach Boulevard on Shetter Avenue; 

 Impacts to commercial and industrial land use occur along Beach Boulevard, which is 
mostly comprised of one-story buildings;    

 Industrial land use is shown on the FLUM south of Butler Boulevard, but this area is 
actually developed with commercial uses along the frontage and also includes Marsh 
Landing residential to the rear of the commercial uses.  This appears to be the only 
impacted area where the uses are nonconforming to the land use category. 

 
2.3  Impacts Forecasted by Water Depth 
 
The next step in the vulnerability analysis forecasts and evaluates the severity of flooding by cross-
tabulating acreage by water depth in one-foot increments.   In interpreting the tables below, higher 
water depths are typically located nearer to the shoreline, although exceptions occur where creeks 
and drainage ditches extend landward.  The lowest water depths would occur at higher elevations 
and at greater distances from the source of water (i.e., ICW, creeks/drainage districts and retention 
areas) where the inundation disperses until the topographic elevation equals the water elevation.   
 
Table 2.3.1 compares the current spring tide and Category 1 storm surge inundation and confirms 
the total impacted area and water depths are marginally greater for the storm surge scenario.  Table 
2.3.2 confirms that SLR has limited overall impacts in terms of acreage as compared to the current 
spring tides and storm surge.  This is consistent with the comparative increases whereby spring 
tide is 3.01’ (NAVD-88), while 2060 SLR (high scenario) is only 1.72’ (NAVD-88).       
 
Table 2.3.1  Inundated Acreage by Water Depth (Current) 
Scenario > 0' to 1' > 1' to 2' > 2' to 3' > 3' to 4' Total 
Spring Tide 456.81 436.40 127.66 0.00 1020.87 
Percent 45% 43% 13% 0% 100% 
 
Category 1 Storm Surge 104.55 454.29 435.05 127.87 1121.76 
Percent 9% 40% 39% 11% 100% 
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Table 2.3.2  Inundated Acreage by Water Depth (SLR) 
Scenario > 0' to 1' > 1' to 2' > 2' to 3' Total 
2060 C4 Acreage 141.27 443.97 134.24 719.48 
2060 C4 Percent 20% 62% 19% 100% 
 
2060 C2 Acreage 126.80 0.00 0.00 126.80 
2060 C2 Percent 100% 0% 0% 100% 
 
2040 C4 Acreage 141.27 32.70 0.00 173.97 
2040 C4 Percent 81% 19% 0% 100% 
 
2040 C2 Acreage 60.80 0.00 0.00 60.80 
2040 C2 Percent 100% 0% 0% 100% 

 
Tables 2.3.3 and 2.3.4 provide the forecasted inundated acreage for the 2040 and 2060 SLR/Spring 
Tide and SLR/Category 1 Storm Surge scenarios, respectively.  The tables confirm the 
SLR/Category 1 Storm Surge results in a marginally higher percentage of acreage in the higher 
water depths overall results are fairly comparable between the tables for all of the scenarios.  Both 
2060 scenarios confirm that water depths will  
 
Table 2.3.3  Inundated Acreage by Water Depth (SLR/Spring Tide) 

Scenario > 0' to 1' > 1' to 2' > 2' to 3' > 3' to 4' > 4' to 5' > 5' to 6' Total 
2060 C4 Acreage 38.58 137.88 142.43 472.71 443.90 141.27 1376.76 
2060 C4 Percent 3% 10% 10% 34% 32% 10% 100% 
 
2060 C2 Acreage 132.05 472.76 443.97 141.27 0 0 1190.05 
2060 C2 Percent 11% 40% 37% 12% 0% 0% 100% 
 
2040 C4 Acreage 32.11 142.46 472.73 443.96 141.27 0 1232.54 
2040 C4 Percent 3% 12% 38% 36% 11% 0% 100% 
 
2040 C2 Acreage 79.93 472.76 443.97 141.26 0 0 1137.92 
2040 C2 Percent 7% 42% 39% 12% 0% 0% 100% 
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Table 2.3.4   Inundated Acreage by Water Depth (SLR/Category 1 Storm Surge) 
Scenario > 0' to 1' > 1' to 2' > 2' to 3' > 3' to 4' > 4' to 5' > 5' to 6' Total 
2060 C4 Acreage 124.33 128.98 138.90 464.48 440.87 140.72 1438.29 
2060 C4 Percent 9% 9% 10% 32% 31% 10% 100% 
 
2060 C2 Acreage 83.50 137.09 462.05 439.76 136.85 0 1259.247 
2060 C2 Percent 7% 11% 37% 35% 11% 0% 100% 
 
2040 C4 Acreage 127.35 138.35 464.15 440.25 137.38 0 1307.48 
2040 C4 Percent 10% 11% 35% 34% 11% 0% 100% 
 
2040 C2 Acreage 35.75 130.07 455.56 436.19 130.62 0 1188.19 
2040 C2 Percent 3% 11% 38% 37% 11% 0% 100% 

 
The GIS analysis also identified the location of structures within affected parcels to forecast water 
depths at the primary structure.  Table 2.3.5 confirms that SLR has a limited impact.  However, 
when combined with spring tide and Category 1 storm surge, the 2060 worst case scenario impacts 
up to 516 and 647 structures by 2060 as shown by Tables 2.3.6 and 2.3.7, respectively.    
 
Table 2.3.5  Number of Buildings Impacted by Water Depth (SLR) 
Scenario > 0' to 1' > 1' to 2' > 2' to 3' Total 
2060 C4 Buildings 0 5 10 15 
2060 C4 Percent 0% 33% 67% 100% 
 
2060 C2 Buildings 3 0 0 3 
2060 C2 Percent 100% 0% 0% 100% 
 
2040 C4 Buildings 1 3 0 4 
2040 C4 Percent 25% 75% 0% 100% 
 
2040 C2 Buildings 3 0 0 3 
2040 C2 Percent 100% 0% 0% 100% 
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Table 2.3.6  Number of Buildings Impacted by Water Depth (SLR/Spring Tide) 
Scenario > 0' to 1' > 1' to 2' > 2' to 3' > 3' to 4' > 4' to 5' > 5' to 6' Total 
2060 C4 Buildings 66 286 120 31 9 4 516 
2060 C4 Percent 13% 55% 23% 6% 2% 1% 100% 
 
2060 C2 Buildings 105 31 9 4 0 0 149 
2060 C2 Percent 70% 21% 6% 3% 0% 0% 100% 
 
2040 C4 Buildings 51 120 31 9 4 0 215 
2040 C4 Percent 24% 56% 14% 4% 2% 0% 100% 
 
2040 C2 Buildings 51 31 9 4 0 0 95 
2040 C2 Percent 54% 33% 9% 4% 0% 0% 100% 

 
Table 2.3.7  Number of Buildings Impacted by Water Depth (SLR/Category 1 Storm Surge)1 
Scenario  > 0' to 1' > 1' to 2' > 2' to 3' > 3' to 4' > 4' to 5'  >8 to 9' Total 
2060 C4 Buildings 205 270 114 27 8 3 627 
2060 C4 Percent 33% 43% 18% 4% 1% 0% 100% 

 
2060 C2 Buildings 157 113 27 8 3 0 308 
2060 C2 Percent 51% 37% 9% 3% 1% 0% 100% 

 
2040 C4 Buildings 263 113 27 8 3 0 414 
2040 C4 Percent 64% 27% 7% 2% 1% 0% 100% 

 
2040 C2 Buildings 0 4 178 8 3 0 193 
2040 C2 Percent 0% 2% 92% 4% 2% 0% 100% 

1.  No buildings are located in 6’ to 8’ depth in 2060 C4 scenario. 
 
The tables confirm over 90% of impacted buildings will experience water depths of less than 3’ in 
all 2040 and 2060 scenarios.  By 2060, spring tides occurring once per month will cause water 
depths of 2-3 feet impacting 120 buildings or nearly one-quarter of all affected buildings.  These 
would typically include homes located on the first block from the current shoreline or immediately 
adjacent to creeks.  At the lowest scenario (2040 C2), spring tides impact fewer than 100 buildings 
with more than half at one foot or lower, while storm surge impacts 193 structures with nearly all 
occurring between 2-3’ of water depth.  The 2040 SLR scenario adds approximately one foot.  
Therefore, current spring tides and storm surge impacted buildings are roughly estimated by 
shifting the number of buildings one column to the left as compared to the 2040 C4 scenarios (e.g., 
> 2’ to 3’ would shift to > 1’ to 2’).  For example, the current storm surge would impact 
approximately 113 buildings with water depths of one foot or less. 
  



 

Page 16 
 

2.4  Age of Structures 
  
The analysis classifies the age of structures into three categories.  Structures built prior to 1977 
pre-dated the City’s participation in the NFIP program and would typically mean that the structures 
are located below base flood elevation.  Structures built between 1970 and 2001 were built 
pursuant to the City’s floodplain ordinance requirements, but pre-date the amendments to the 
Florida Building Code in 2001 following the post storm assessment from Hurricane Andrew.  
Structures built in 2002 or later would typically incorporate the code improvements.  Tables 2.4.1 
and 2.4.2 confirm that over three-fourths of the impacted buildings were constructed or 
substantially improved under the NFIP program, but pre-dated the FBC improvements.  Few 
impacted buildings show an effective age pre-dating the NFIP.  
 
Table 2.4.1  Age of Buildings Impacted (SLR/Spring Tide) 
Scenario Pre-NIFP 1977-2001 2002-Present Total 
2060 C4 Buildings 13 415 88 516 
2060 C4 Percent 2.5% 80.4% 17.1% 100% 
 
2060 C2 Buildings 2 116 34 152 
2060 C2 Percent 1.3% 76.3% 22.4% 100.0% 
 
2040 C4 Buildings 2 170 42 214 
2040 C4 Percent 0.9% 79.4% 19.6% 100% 
 
2040 C2 Buildings 0 75 20 95 
2040 C2 Percent 0% 79% 21% 100% 

 
 
Table 2.4.2  Age of Buildings Impacted (Sea Level Rise/Category 1 Storm Surge) 
Scenario Pre-NIFP 1977-2001 2002-Present Total 
2060 C4 Buildings 22 509 96 627 
2060 C4 Percent 3.5% 81.2% 15.3% 100% 
 
2060 C2 Buildings 4 259 45 308 
2060 C2 Percent 1% 84% 15% 100% 
 
2040 C4 Buildings 8 341 65 414 
2040 C4 Percent 1.9% 82.4% 15.7% 100% 
 
2040 C2 Buildings 3 161 29 193 
2040 C2 Percent 2% 83% 15% 100% 
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2.5  Value of Structures 
 

The parcel database was also analyzed to document the assessed value of impacted buildings by 
existing land use (i.e., residential, commercial and industrial) for the C-2 and C-4 scenarios in 
2040 and 2060.  The worst case scenario (2060 Category 1 storm surge) confirms 647 buildings at 
risk with an aggregate assessed building value of over $155 million dollars, while the 2060 spring 
tide scenario generates an aggregate assessed building value roughly 10% lower.    
 
Residential buildings account for the vast majority of impacted buildings and total assessed value 
in all scenarios.  The Pablo Hamlet elderly facility accounts for the maximum residential assessed 
value, while the median residential value is more indicative of single family residential assessed 
building values.  The 2040 scenarios, which do not include the elderly facility, show a maximum 
value ranging from $988K to $1.2MM, with median values that are similar to the 2060 scenarios, 
confirming that the median value is driven by the value of single family homes.   
 
Commercial and industrial buildings are higher valued as compared to residential buildings 
overall.  For example, even though commercial buildings account for only 2.9% of the total number 
of impacted buildings in the 2060 Category 1 storm surge scenario, they account for 13.4% of the 
aggregate at risk assessed value for that scenario.  These patterns are consistent across all scenarios.     
 
 
Table 2.5.1  Impacted Buildings by Use by Assessed Value (2060 SLR/Spring Tide) 

Scenario Existing 
Land Use 

Buildings Minimum Maximum Median 
Value 

Total Building 
Value 

2060 C4  Residential 481 $62,036 $3,923,339 $184,043 $113,754,169 
  Commercial 14 $141,115 $6,539,398 $976,143 $19,749,815 
  Industrial 12 $58,300 $1,132,354 $385,246 $5,981,843 
Total   507       $139,485,827 
2060 C2  Residential 138 $85,658 $1,201,113 $193,564 $37,539,228 
  Commercial 6 $266,584 $3,140,458 $1,784,745 $9,319,662 
  Industrial 2 $833,729 $941,841 $887,785 $1,775,570 
Total   146       $48,634,460 

 
 
Table 2.5.2  Impacted Buildings by Use by Assessed Value (2040 SLR/Spring Tide) 

Scenario Land Use Buildings Minimum Maximum Median 
Value 

Total Building 
Value 

2040 C4  Residential 199 $73,282 $1,201,113 $188,958 $50,659,551 
  Commercial 6 $266,584 $3,140,458 $1,784,745 $9,319,662 
  Industrial 5 $790,675 $1,132,354 $941,841 $4,693,048 
Total   210       $64,672,261 
2040 C2  Residential 90 $104,875 $1,201,113 $191,663 $24,307,130 
  Commercial 3 $266,584 $3,140,458 $1,818,437 $5,225,479 
  Industrial 0         
Total   93       $29,532,609 
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Table 2.5.3  Impacted Buildings by Use by Assessed Value (2060 SLR/Category 1 Storm Surge) 

Scenario Land Use Buildings Minimum Maximum Median 
Value 

Total Building 
Value 

2060 C4  Residential 590 $36,342 $3,923,339 $180,031 $128,320,053 
  Commercial 18 $68,746 $6,539,398 $536,973 $20,843,985 
  Industrial 12 $58,300 $1,132,354 $385,246 $6,065,519 
Total   620       $155,229,557 
2060 C2  Residential 286 $73,282 $987,931 $186,489 $67,559,202 
  Commercial 6 $243,166 $3,140,458 $1,131,368 $7,731,381 
  Industrial 11 $58,300 $1,132,354 $369,856 $5,664,883 
Total   303       $80,955,466 

 
 
Table 2.5.4  Impacted Buildings by Use by Assessed Value (2040 SLR/Category 1 Storm Surge) 

Scenario Land Use Buildings Minimum Maximum Median 
Value 

Total Building 
Value 

2040 C4  Residential 385 $73,282 $987,931 $185,808 $88,133,904 
  Commercial 11 $243,166 $3,140,458 $971,703 $12,694,379 
  Industrial 12 $58,300 $1,132,354 $385,246 $6,065,519 
Total   408       $106,893,802 
2040 C2  Residential 187 $104,875 $987,931 $188,131 $46,562,094 
  Commercial 1 $3,140,458 $3,140,458 $3,140,458 $3,140,458 
  Industrial 0       $0 
Total   188       $49,702,552 

 
 
2.6  Infrastructure 

 
The four major components of the City’s infrastructure are roads, stormwater, wastewater and 
potable water.   
 

A.  Roads   
 
Local road inundation generally tracks the extent and water depths indicated within the 
neighborhoods served.  Table 2.6.1 provides road acreage by water depth and resulting percent 
distribution.  Consistent with the land use findings, the current Category 1 storm surge results in 
slightly greater inundation and water depths as compared to spring tides with water depths 
primarily occurring in 0-1’ for spring tides and 1-2’ for storm surge. 
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Table 2.6.1  Local Road Inundation (Current Spring Tide and Category 1 Storm Surge) 
  > 0' to 1') > 1' to 2') > 2' to 3') > 3' to 4') Total 
Spring Tide Acres 5.3 1.2 0.4 0.0 6.9 
Percent 76.1% 17.5% 6.4% 0.0% 100.0% 
Category 1 Acres 1.3 4.8 1.2 0.4 7.7 
Percent 16.5% 62.2% 15.6% 5.8% 100.0% 

 
 
Tables 2.6.2 and 2.6.3 provide forecasted road inundation for spring tides and Category 1 storm 
surge, respectively, for 2040 and 2060.  These tables also show the same relative pattern with 
storm surge resulting in greater inundation.  By 2060, both C4 scenarios indicate significant 
flooding in 2-3’ and 3-4’ of water depths spring and both reaching 5’-6’ in limited areas.    
 
Table 2.6.2  Local Road Inundation (SLR/Spring Tide) 

SLR/ 
Spring Tide 

> 0' to 1' > 1' to 2' > 2' to 3' > 3' to 4' > 4' to 5' > 5' to 6' Total 

2040 C2 Acres 1.0 4.8 1.2 0.4 0.0 0.0 7.5 
Percent 13.3% 64.6% 16.2% 6.0% 0.0% 0.0% 100.0% 
2040 C4 Acres 1.6 4.2 4.8 1.2 0.5 0.0 12.3 
Percent 13.4% 33.9% 39.2% 9.8% 3.7% 0.0% 100.0% 
2060 C2 Acres 3.7 4.8 1.2 0.5 0.0 0.0 10.2 
Percent 36.1% 47.5% 11.9% 4.5% 0.0% 0.0% 100.0% 
2060 C4 Acres 1.6 6.8 4.2 4.8 1.2 0.5 19.1 
Percent 8.6% 35.6% 21.9% 25.3% 6.3% 2.4% 100.0% 

 
Table 2.6.3  Local Road Inundation (SLR/Category 1 Storm Surge) 
 SLR/Category 1 > 0' to 1' > 1' to 2' > 2' to 3' > 3' to 4' > 4' to 5' > 5' to 6' Total 
2040 C2 Acres 1.6 3.7 4.8 1.2 0.4 0.0 11.8 
Percent 13.4% 31.7% 40.9% 10.2% 3.8% 0.0% 100.0% 
2040 C4 Acres 6.6 4.2 4.8 1.2 0.4 0.0 17.2 
Percent 38.2% 24.3% 28.0% 7.0% 2.6% 0.0% 100.0% 
2060 C2 Acres 3.7 4.0 4.8 1.2 0.4 0.0 14.2 
Percent 26.0% 28.4% 33.9% 8.5% 3.1% 0.0% 100.0% 
2060 C4 Acres 5.3 6.8 4.2 4.8 1.2 0.4 22.8 
Percent 23.5% 29.8% 18.4% 21.1% 5.3% 2.0% 100.0% 

  
 

B. Stormwater  
 
The Stormwater Management Element of the Comprehensive Plan confirms that the historic, north 
south ridge runs roughly along 10th Street at an elevation of 20’.  Three drainage basins exist on 
the east side of the City, but extend west of the ridge.  The Stormwater Management Element 
makes several findings that should be considered in evaluating the risk of future inundation 
scenarios: 
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 The basins generally experience greater flooding issues than the area west of the basins; 
 The central and south basins experience greater flooding issues than the north basin; 
 The basins primarily discharge to the ICW through drainage ditches and culverts; 
 The older parts of the stormwater system were designed for only a three-year, one-hour 

rainfall event and the City has undertaken improvements to improve the level of service 
to receive runoff from a 5-year, 24-hour event; and 

 The City has required private stormwater systems to comply with a 25-year, 24-hour 
storm event. 

 
The City’s stormwater system consists of transmission pipes, manholes, catch basins/drains and 
outfalls.  Table 2.6. confirms the linear feet of the stormwater transmission network within the 
forecasted inundation areas for the 2060 C4 scenarios.  
 
Table 2.6.4  Linear Feet of Pipes within Inundation Areas (2060 C4) 
  Stormwater 
SRL/Spring Tide 19,691 
SLR/Category 1 Storm Surge 25,569 

 
 
The Appendix includes a map series showing the location of all components within the forecasted 
inundation area for the higher intensity (C4) 2040 and 2060 scenarios.   Engineering studies will 
be required to evaluate options for maintenance where manholes are submerged.  Submerged 
outfall locations pose the most significant concern to the extent that positive discharge may not be 
feasible, which may cause stormwater runoff to back into retention areas and drainage ditches.  
This condition would be worse still where the water table elevation increases and permanently 
saturates soils beneath retention areas, which could potentially reduce percolation rates, resulting 
in a compounding effect over time due to SLR.  Phase II of the work program will further evaluate 
options that can be considered to reduce or mitigate these problems.    
 

C. Sanitary Sewer and Potable Water Systems 
 

The City’s sanitary sewer and potable water treatment plants/wells are located outside of the 
forecasted inundation areas.  However, transmission lines and other system components are 
located within the forecasted inundation areas.  Table 2.6.4 summarizes the linear feet of the 
transmission networks within the 2060 C4 forecasted inundation area:   
 
Table 2.6.5  Linear Feet of Transmission Network within Inundation Areas (2060 C4)  
  Sanitary Sewer Potable Water 
SRL/Spring Tide 58,713 52,668 
SLR/Category 1 75,100 68,143 

 
The water system includes the following additional components, which are located in the 
forecasted inundation areas:  hydrants, meter boxes and valves.  These components are located 
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along the transmission network as shown on the potable water map series, which depict the 
network for the 2040 and 2060 C4 scenarios. 
 
The sanitary sewer system includes the following additional components, which are located in the 
forecasted inundation areas:  clean outs, lift stations and manholes.  These components are located 
along the transmission network as shown on the sanitary sewer map series, which depicts the 
network for the 2040 and 2060 C4 scenarios.  
 
These systems will remain necessary as they serve existing neighborhoods.  While the transmission 
network can operate in a submerged condition, engineering studies will be required in order to 
evaluate options for providing service where manholes are submerged and cannot otherwise be 
floodproofed.  Similarly, engineering options must be evaluated in regard to hydrants to ensure 
proper operation.  Lift stations utilize submersible pumps, which would not be significantly 
impacted, but engineering analysis should be undertaken to determine the extent of improvements 
that may be required from an operational perspective.  
 
Please refer to Appendix for infrastructure maps and tables.  
 
2.7  Flash Floods 
 
The National Weather Service describes flash floods as: 
 

Flooding that begins within 6 hours, or often 3 hours of the heavy rainfall…Flash 
floods can be caused by a number of things, but is most often due to extremely 
heavy rainfall from thunderstorms… The intensity of the rainfall, the location and 
distribution of the rainfall, the land use and topography, vegetation types and 
growth/density, soil type, and soil water-content all determine just how quickly the 
flash flooding may occur, and influence where it may occur. 

 
Urban Areas are also prone to flooding in short time-spans and, sometimes, rainfall 
(from the same storm) over an urban area will cause flooding faster and more-
severe than in the suburbs or countryside. The impervious surfaces in the urban 
areas do not allow water to infiltrate the ground, and the water runs off to the low 
spots very quickly. 

 
The NWS does not maintain a database of flash floods due in part to the difficulty in precisely 
defining the event.  However, Jacksonville Beach, like much of Florida, is prone to flash floods 
due to the intensity of the thunderstorms, extent of impervious surfaces and the limitations of the 
City’s stormwater management system.  As previously noted, an analysis of engineering options 
is beyond the scope of this evaluation; however, it is clear that stormwater improvements should 
be considered a high priority and will be addressed in conjunction with recommendations 
addressing intervention strategies for responding to SLR, spring tides and Category 1 storm surge 
events.  
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2.8  Habitat Succession and Soil Conditions 
 
SLR will also impact habitat and soil conditions within and near the forecasted inundated areas.  
The Appendix includes a Cooperative Land Cover map which provides the breakdown of habitat 
conditions within the City.   The teal color primarily represents salt marsh and estuary habitats, 
which can be further distinguished based on the assigned codes.  These habitats would be expected 
to potentially expand as sea level rise submerges additional acreage landward of these habitats.  
As previously noted, SLR is forecast to increase by 2.2’ by 2060 in the worst case, high projection 
scenario, while the 2040 C4 and 2060 C2 scenarios are forecast to increase by closer to one foot.  
Each of these scenarios would be expected to reduce the size of islands within the ICW as the 
submerged area expands.  As referenced on the map, the islands are comprised of various wetlands 
depicted in dark green, which are primarily comprised of wet flatwoods and mixed wetland 
hardwoods.  These wetlands also occur as a buffer between the marine/estuary and many 
developed subdivisions.  The size of these buffers would also be expected to diminish as the 
submerged area increases.  Finally, the lime green color on the map represents mesic flatwoods, 
mixed hardwood/coniferous and shrub/brushland.  These habitats occur on ICW islands and as 
buffers along the edge of subdivisions and would be expected to diminish in size as well as the 
submerged area increases.   
 
The soil map aggregates soil types into very poorly drained (red), poorly drained (orange) and 
somewhat poorly drained (yellow), which generally correspond with the habitat classification.  The 
very poorly drained soils are characterized by mucky peat conditions and correspond with the salt 
marsh/estuarine areas.   Orange areas are comprised of fine sandy soils (#14 and #32) which occur 
on some of the islands.  The balance of the orange areas are urban soils occurring with developed 
subdivisions, particularly subdivisions abutting shorelines in the south part of the City.  The yellow 
areas comprise the balance of the subdivisions within the forecasted inundation areas near the 
shoreline, particularly north of Beach Boulevard.  These are also urban soils, which drain 
somewhat better than the orange areas. 
 
Subdivision lots would be expected to develop salt tolerant vegetation where the slope is relatively 
flat.  Where the elevation increases more significantly where urban fill occurs, subdivision would 
be impacted to a lesser degree.  As previously noted, the SLR acreages are relatively modest, 
except for the significant increase forecasted for the 2060 C4 scenario.     
 
3.0  Policy Implications 
 
The Vulnerability Analysis set forth above indicates the need for a multi-prong strategy.  Due to 
the built out conditions of Jacksonville Beach, the most feasible options include: 
 
 Incentives or regulations to: 

o elevate structures (i.e., vertical mitigation) as redevelopment occurs; 
o reduce the maximum impervious area permitted; 
o increase drainage retention capacity on private lands. 
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 Select engineering solutions, which may include: 
o limited fill/bulkheads/seawalls; 
o increasing the conveyance capacity of the City’s stormwater management system; 
o elevating local roads in conjunction with stormwater improvements; 
o floodproofing infrastructure components where feasible. 

 
These strategies will be evaluating in greater detail in Phase II of this effort.   
 
Land use strategies should also be considered, even though they are inherently difficult to 
effectively implement in built out communities.  Land use strategies would seek to reduce the 
extent of existing development within the forecasted inundation areas and would be prioritized 
based on those areas most susceptible to flooding, which are generally located within the first few 
blocks from the shoreline.  Vertical mitigation will not likely provide an adequate solution for the 
most susceptible neighborhoods.  While the structures could be elevated during reconstruction in 
these areas, it may not be possible to solve the stormwater management challenge to achieve a 
relatively safe and healthy condition.  Locations that are forecasted to flood from sea level rise 
alone would be first priority since those areas would experience sustained flood conditions. 
 
Land use strategies would potentially incorporate a combination of land acquisition and 
incentives/regulations to transfer development rights to locations outside of the forecasted flood 
areas.  Ideally, a cost-benefit analysis should be performed to compare the cost and effectiveness 
of maintaining existing subdivisions within the most flood prone neighborhoods versus the cost 
and effectiveness of implementing land use strategies.  Even where vertical mitigation is feasible, 
it may not be cost effective to maintain infrastructure within the most flood prone areas, and it may 
not be feasible or desirable to implement engineering solutions, such as seawalls, along the ICW.  
Selective land acquisition may be feasible for limited areas, but would typically not provide 
sufficient funding for acquiring lots within established subdivisions.  Given the demand and 
pressure on acquisition programs, a transferable development rights (TDR) program may provide 
the best land use option.  However, for a TDR program to work effectively, market conditions 
must create demand for the purchase of transferable densities/development rights.  Therefore, a 
TDR program would require significant increases in density at potential receiver sites.  Phase II 
will further evaluate the feasibility of TDR strategies, including whether sufficient receiver sites 
could be designated and whether such higher-density receiver sites would be compatible with the 
City’s objectives regarding community character.   
 
Phase II will provide a more comprehensive evaluation of all potential options, culminating in a 
public workshop to obtain public input on recommended strategies to reduce and mitigate the 
impacts of flooding.  This will be followed by drafting proposed amendments to the City’s 
Comprehensive Plan to address the “peril of flood” planning requirements set forth in s 
163.3178(2), Florida Statutes.       
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IMPACTED ACREAGE BY FUTURE LAND USE CATEGORY 

Figure A-1, Category 1 Storm Surge (Current) 

 

 
 

Figure A-2, Category 1 Storm Surge (2040 C2) 
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Figure A-3, Category 1 Storm Surge (2040 C4) 

 
 

Figure A-4, Category 1 Storm Surge (2060 C2) 
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Figure A-5, Category 1 Storm Surge (2060 C4) 

 
 

Figure A-6, Spring Tide (Current) 
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Figure A-7, Spring Tide (2040 C2) 

 
 

Figure A-8, Spring Tide (2040 C4) 
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Figure A-9, Spring Tide (2060 C2) 

 
 

Figure A-10, Spring Tide (2060 C4) 
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INUNDATION WITHIN FUTURE LAND USE CATEGORIES 
 

Figure A-11, Category 1 Storm Surge (Current) 

 
 

Figure A-12, Category 1 Storm Surge (2040 C2) 
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Figure A-13, Category 1 Storm Surge (2040 C4) 

 
 

Figure A-14, Category 1 Storm Surge (2060 C2) 
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Figure A-15, Category 1 Storm Surge (2060 C4) 

 
 

Figure A-16, Spring Tide (Current) 
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Figure A-17, Spring Tide (2040 C2) 

 
 

Figure A-18, Spring Tide (2040 C4) 
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Figure A-19, Spring Tide (2060 C2) 

 
 

Figure A-20, Spring Tide (2060 C4) 
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