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ABSTRACT 

Sea level rise related to climate change poses problems globally, resulting in frequent 

flooding, storm surges, economic losses, land inundation, reduced biodiversity, and forced 

migration.  Sea level rise can begin with nuisance flooding and saltwater intrusion and end with 

permanent land inundation.  With its 1,350 miles of coastline, Florida is particularly vulnerable to sea 

level rise.  This study analyzes how a sea level rise scenario can affect property and socially 

vulnerable populations in Wakulla County, Florida, in 2050.  Our study focuses on permanent 

inundation.  Findings reveal that the total just value of affected properties ranges from $225 million 

to $350 million in today’s dollars, predominantly impacting residential homes.  Social vulnerability 

analysis shows increased vulnerability for Socioeconomic and Household & Disability themes for 

residents living within areas at risk of permanent inundation.  The analysis indicates minimal 

variations in the vulnerability themes of Ethnicity & Language and Housing & Transportation. This 

study can serve as a framework for other Florida counties implementing sea level studies. 

Keywords: Sea level rise, social vulnerability, GIS, Florida Statute, property risk. 
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ACRONYMS and ABBREVIATIONS 

SLR – Sea Level Rise 

GMSL – Global Mean Sea Level 

USACE – US Army Corps of Engineers 

CDC – U.S. Centers for Disease Control and Prevention 

SLIP – Sea Level Impact Projection 

FDEP – Florida Department of Environmental Protection 

NOAA – National Oceanic and Atmospheric Administration  

NAVD88 – North American Vertical Datum of 1988 

FEMA – Federal Emergency Management Agency 

 

INTRODUCTION 

Sea level rise (SLR) threatens coastal properties and those living and working in these at-risk 

areas.  Over time, it is expected that SLR will not only cause transient flooding and its associated 

adverse effects in many coastal areas but will also cause permanent inundation of land.  Despite this, 

coastal properties are generally densely populated, and these communities are often major economic 

producers, providing a disproportionate number of jobs, economic output, and trade entry points.  

The trend of coastal communities serving as hubs of high population density and significant 

economic activity is unlikely to change in the foreseeable future, as highlighted by McAlpine and 

Porter (2018).  Understanding the timing, extent, affected populations, and financial repercussions 

of permanent inundation due to SLR is crucial for future community planning efforts. 

Sea level rise can cause many adverse effects, including saltwater intrusion, erosion, and 

inundation (Chang et al., 2013).  However, SLR does not affect all areas equally, instead having the 

most pronounced effect on low-lying coastal areas.  Over the next century, these areas will likely 

experience flooding, erosion, and submergence (Beck and Lin, 2020). 

Florida has around 1,350 miles of coastal shoreline, the second most of any U.S. state, 

trailing only Alaska.  Significant SLR will put substantial numbers of people at risk of having their 
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properties damaged or destroyed. Some coastal residents and workers can weather the threats posed 

by SLR, but others would have their lives turned upside down with no clear path to recovery. 

Florida is a significant tourism draw, with over 140 million tourists visiting in 2023 

(VisitFlorida, n.d.). The economic impact of this creates many jobs and billions of dollars of revenue 

for the state (Harrington et al., 2017). Many visit Florida’s beaches, which account for 825 miles of 

Florida’s coastline, and receive more than 810 million visits per year (Houston, 2013).  Florida’s 

coastlines are clearly important to its people and economy. 

In 2020, the Florida Legislature passed a bipartisan law to address new coastline construction 

beginning in 2021.  Florida Statute 161.551 requires new coastal construction projects using public 

funds to undergo a sea level impact projection (SLIP) model analysis before construction.  The 

Florida Department of Environmental Protection (FDEP) Florida Resilient Coastlines Program is 

responsible for approving the models and making them publicly available. 

The original intent of this study was to demonstrate the FDEP’s methodology to interpret 

and implement Florida Statute 161.551.  However, the FDEP had not completed the rules and 

methods at the time of this project.  Further, the FDEP’s methods were designed to protect selected 

individual infrastructure investments, not a larger geographic area.  Since we could not use the 

FDEP’s methodology, we performed a county-wide analysis in hopes that our work could 

complement the FDEP methods. 

For this study, we perform a SLR impact projection for Wakulla County, Florida, for the 

year 2050 to determine areas of permanent inundation.  We use low, intermediate, and high 

scenarios, as shown by the U.S. Army Corps of Engineers (USACE) Sea-level Change Curve 

Calculator, to determine SLR.  The areas of permanent inundation are used to calculate the value of 

damage done to property parcels.  As calculated by the Centers for Disease Control and Prevention 

(CDC), social vulnerability characteristics are also used to count who is at risk and compare Wakulla 

County’s population to the portion of the county that will be at risk under the high scenario. 

 

BACKGROUND 

Sea levels have undergone major shifts over the past several million years, at times higher 

and lower than modern levels.  These shifts have caused significant changes in shoreline positions 

around the world.  Sea levels have been highly stable for approximately the last 6,000 years, as have 
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shoreline positions.  However, recent projections show that this period of sea level stability could 

end and that future sea level rise (SLR) rates could soon resemble historical deglaciation periods 

(Donoghue, 2011). 

The primary drivers of SLR are melting ice masses and thermal expansion of seawater, both 

accelerated by global warming (Bilskie et al., 2016).  Global mean sea level (GMSL) rise was 

determined to be 1.7 ± 0.3 mm/year throughout the 20th century. If this increase continues at this 

rate, then sea level in 2100 would be 310 ± 30 mm higher than the previous century (Church and 

White, 2006). The rate of SLR has historically exhibited non-linear acceleration.  For example, 

between 1950 and 2000, the 1980s recorded the lowest rates, while the 1990s experienced the 

highest (Holgate and Woodworth, 2004).  Satellite altimetry data was combined with other data to 

determine a 2.2 ± 0.3 mm/year GMSL rise in 1993, and a 3.3 ± 0.3 mm/year GMSL rise in 2014.  

Researchers expect that SLR will further accelerate over the next century, eclipsing the fast rates of 

GMSL rise detected by this satellite altimetry (Chen et al., 2017). 

 

Evaluating Sea Level Rise 

There are many ways to analyze SLR.  Appendix A is a brief overview of data used in studies 

for different purposes.  The chart is not a comprehensive view of data inputs, but it gives a sufficient 

perspective of the various types of data inputs used in studies geographically proximal to Florida.  

The studies incorporate an array of 35 different types of data inputs, with tide gauges standing out as 

the most frequently used.  Tide gauges were predominantly used because they offer long-term, 

consistent records crucial for robust sea-level rise projections.  Local past sea level values and 

LiDAR data are the second most common inputs, followed by greenhouse emissions, air 

temperature, subsidence, land elevation, and global sea level values.  Hydrography, precipitation, 

glacier and ice loss, and tropical storms are uncommon inputs.  The subject matter of these studies is 

varied.  Several assess past and future SLR values.  Others examine coastal forest loss, saltwater 

intrusion, socially vulnerable populations, real estate losses, mortgage and home price vulnerability, 

and community exposure to flooding.  Appendix A shows a temporal view of data inputs.  Tide 

gauges were used consistently across 30 years.  LiDAR data is a recent addition predominantly 

utilized in contemporary studies.  Table A1 in the appendix provides a broad temporal perspective 

of the subject areas affected by SLR and the different data types used to quantify the results. 
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Florida Response to SLR 

Rule 62S-7 of Florida Statute 161.551 requires planned, state-financed, coastal construction 

projects to complete sea level impact projection (SLIP) studies.  These studies evaluate potential 

storm or SLR impacts on the construction. Florida Statute 161.551 places the FDEP’s Florida 

Resilient Coastlines Program in charge of developing and adopting implementation rules for the 

statute.  Sea level impact projection studies can be submitted through a web-based application 

developed by the FDEP or by adhering to the standards specified in Chapter 62S-7.012 of the 

Florida Administrative Code (F.A.C.). 

The SLIP study standards outlined in the statute require analysis of SLR 50 years into the 

future or for the life of the proposed project, whichever time is less.  It is required that analysis of 

SLR must include the intermediate-high SLR scenario from the National Oceanic and Atmospheric 

Administration’s (NOAA) 2017 report, Global and Regional Sea Level Rise Scenarios for the United States.  

The analysis must also use interpolated local SLR data from the two closest NOAA coastal tide 

gauges to the project site.  Flood depth must be calculated using, at a minimum, the North 

American Vertical Datum of 1988 (NAVD88) for the Intermediate-High SLR scenario as defined by 

NOAA.  Land subsidence must be included in the study as calculated by NOAA.  This interpolation 

uses local tide gauges and is automatically included in the NOAA SLR projections.  The standards 

also require analysis of flooding, wave action, and inundation 50 years into the future or for the life 

of the planned project, whichever time is less.  The statute outlines three specific methodologies for 

conducting this analysis.  First, NAVD88 must be used to approximate FEMA (Federal Emergency 

Management Agency) storm surge flood depth for a 100-year flood scenario.  Second, this flood 

depth must be used with the Intermediate-High flood scenario defined by NOAA to assess flood 

risk using critical elevation points.  Third, for vertical construction projects only, the cost of future 

flood damage must be estimated using Depth-Damage Curves from the USACE’s 2015 North 

Atlantic Coast Comprehensive Study.  The project must also receive a risk category defined by the 2020 

Florida Building Code (Table 1604.5, Risk Category of Buildings and Other Structures). The 

construction project must provide the windspeed for which it was designed.  This designation is 

determined by the risk category mentioned above.  Alternative project designs and site locations 

must also be submitted.  These designs and sites must state how they address issues such as releasing 

pollution and hazards from flying debris. 
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Florida Department of Environmental Protection Response 

The FDEP began developing the SLIP study requirements in October 2020.  During this 

process, they held roundtable talks with stakeholders, development workshops, and went through 

multiple refinements of the draft language.  On 1 July 2021, they finalized the SLIP study 

requirement language.  For the most recent updates on the process, refer to the official FDEP 

websites: https://floridadep.gov/rcp/florida-resilient-coastlines-program and 

https://floridadep.gov/rcp/beaches-funding-program/content/resilience-and-coastal-protection-

rules-development. 

 

STUDY AREA 

Wakulla County, Florida, was selected as the study area for this project due to its 

geographical vulnerability to SLR and diverse social demographics, making it an ideal case study for 

a comprehensive approach.  Wakulla County (see Fig. 1) is located fewer than 20 miles south of the 

state capital, Tallahassee. The county exhibits minimal development and encompasses segments of 

both the Apalachicola National Forest and the St. Marks National Wildlife Refuge.  The shorelines 

are mostly marsh, only containing four small sand beaches stretching three miles.  Wakulla County is 

renowned for Wakulla Springs State Park and the iconic lighthouse at St. Marks.  Many movies have 

been filmed at Wakulla Springs because of its crystal-clear waters and secluded location.  Tarzan 

films were made in 1938, followed by The Creature from the Black Lagoon in 1954, as well as numerous 

https://floridadep.gov/rcp/florida-resilient-coastlines-program
https://floridadep.gov/rcp/beaches-funding-program/content/resilience-and-coastal-protection-rules-development
https://floridadep.gov/rcp/beaches-funding-program/content/resilience-and-coastal-protection-rules-development
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other works requiring clear water backgrounds.

 

Figure 1. Wakulla County, Florida (in red) is just south of Tallahassee. 

 

Looking to the future, populations are expected to increase. At the time of this writing, the 

2010 census was the most recent population data available and shows Wakulla County with a 

population of 30,766 residents. Table 1 provides population projections from the University of 

Florida’s Bureau of Economic and Business Research (BEBR, 2021) and the Florida Department of 

Transportation (FDOT). According to FDOT projections, Wakulla County is expected to have 

41,800 people by the year 2050, marking a 35.82% increase over a four-decade span. 

 

 
 
Table 1.  Wakulla County populations from the 2010 census and future projections from two 
different sources. 
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DATA PREPARATION and METHODOLOGY 

 

Our study calculates three categories of SLR risk (low, medium, and high) and analyzes each 

of these categories, as well as the entirety of Wakulla County, to identify social and property risks. 

Our data is gathered from various sources: some we prepare ourselves, some is publicly available, 

and a dataset was prepared for this project by request of field experts. Table 2 provides an overview 

of all data used in the project and its acquisition method and source. 

Data Type Development 
and/or 
Acquisition 
Method 

Publisher(s) Data Product(s) 

SLR  
Risk 
Categories 

Developed by 
authors 

Coastal Services Center 
Coastal Inundation Digital 
Elevation Model (DEM) 
 
Current Mean Higher High 
Water Inundation Extent 
(MHWIE) 
 
US Army Corps of Engineers 
(USACE) 

National Oceanic and 
Atmospheric Administration 
(NOAA) 
 
NOAA Office for Coastal 
Management Sea-level Rise 
 
 
US Army Corps of 
Engineers (USACE) 

Population 
Counts 

By request Florida Resource and 
Environmental Analysis 
Center (FREAC) / Florida 
State University (FSU) 

Custom intercensal 
population estimates 

Social 
Vulnerability 
Index (SVI) 

Publicly 
available 

FREAC/FSU FREAC SVI App. 
https://arcg.is/0P1Wfe 

Property 
Appraisal 

Publicly 
available 

Florida Department of 
Revenue 

Wakulla County Property 
Records 

 

Table 2. Overview of all data development and/or acquisition methods.  

 

Sea Level Rise Risk Category Data Preparation 

For this analysis, we adopted an approach to calculating SLR similar to that used by Tewari 

et al. (2019), specifically adapting it for Wakulla County, Florida.  The data and products used to 

develop the three scenarios of low, intermediate, and high SLR are shown in Table 3.  The projected 
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SLR and associated risk categories for the year 2050 are as follows: 0.41 feet for the low-risk 

category, 0.71 feet for the intermediate-risk category, and 1.66 feet for the high-risk category.  

 

Date Data/Product Source Purpose 

2012 Coastal Services Center 
Coastal Inundation Digital 
Elevation Model (DEM) 

National Oceanic and 
Atmospheric 

Administration (NOAA) 

Used to generate 
current elevation values 

2016 Current Mean Higher High 
Water Inundation Extent 

(MHWIE) 

NOAA Office for 
Coastal Management 

Sea-level Rise 

Used to fill missing 
gaps in the DEM for 

current elevation values 

2021 Sea-level Change Curve 
Calculator 

US Army Corps of 
Engineers (USACE) 

Used to determine 
inundation classes of 
low, intermediate, and 

high 

 
Table 3.  Details of the data and products used to prepare the three risk categories. 

Appendix B provides the details of the SLR category preparation and may be of interest for 

those seeking more information on SLR preparation. Figures 2 and 3 show the spatial results of the 

three SLR scenarios of low, intermediate, and high. 

 

 
Figure 2. Three resulting SLR scenarios for the county.  Blue (low) represents areas inundated by 
just 0.41 feet of SLR, yellow (medium) represents areas inundated by 0.71 feet of SLR, and red 
(high) represents areas covered by 1.66 feet. 
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Figure 3. The three resulting SLR scenarios at closer zoom.  The categories of low, medium, and 

high are shown by blue, yellow, and red respectively. 

 
Population Count Data Preparation 

Due to the delay of the 2020 census data release, we used an intercensal population 

estimation method to obtain 2021 population estimates at the property parcel scale.  This method is 

developed by the Florida Resources and Environmental Analysis Center (FREAC) at Florida State 

University. More information can be found on this unpublished method in Appendix C.  

The intercensal methodology combines census group quarter data, city/county population 

estimates, and property appraiser data.  The group quarter data is from the U.S. 2010 Census (group 

quarter data is updated every ten years in the decennial census).  The 2021 city/county population 

estimates are from the University of Florida’s Bureau of Economic and Business Research (BEBR).  

The Florida Department of Revenue provided the 2021 property appraiser database.  The 

intercensal estimation methodology focuses solely on aggregate population figures and does not 

extend to detailed demographic categories such as age or race.  Figure 4 shows the resulting 



46 
 

intercensal population estimates at the property parcel scale where each land parcel has a population 

estimate.  

 

Figure 4. 2021 population estimates using an intercensal parcel estimation method (see Appendix C). 

Each dot represents an estimated number of people (usually 1+ to 10+ persons) at each property 

parcel. Larger circles represent higher populations. Note that the population is more logically 

distributed in towns and on the coast and not in national forests (census tract population 

distribution would have inaccurately placed population in the national forest). 

 

There are several advantages to the intercensal parcel-based method. First, it can be 

calculated annually, thus giving regular population updates rather than relying on the decennial 

census. Second, the scale is more resolute as the results estimate the population for each property 

parcel. Typically, population estimates are at the census tract scale, which assumes that a population 

is evenly spread over an area when, in reality, populations tend to cluster.  A census tract approach 

to population mapping could display populations in unpopulated areas such as forests and water 

bodies. 
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Social Vulnerability Data Preparation 

Social vulnerability index (SVI) data from the U.S. Centers for Disease Control and 

Prevention (CDC, 2018) is included in this study to assess further the populations affected by SLR.  

The SVI data is published by the CDC at the census tract level. For improved readability, we chose 

to use a publicly available tool that reworked the data to tie it to populated areas and visualize the 

four themes simultaneously instead of using four different maps (FREAC, 2021).  

The social vulnerability data are calculated using 15 data variables from the U.S. Census at 

the census tract scale.  Each variable is statistically processed and ranked across all other tracts 

within Florida on a scale of 1 to 99.  Each tract is assigned a score indicating its level of vulnerability.  

For example, a score of .23 represents a tract more vulnerable than only 23% of the tracts in Florida, 

indicating low vulnerability.  A tract with a vulnerability score of .90 would be more vulnerable than 

90% of Florida’s census tracts, indicating high vulnerability.  The CDC uses a quartile method to 

distinguish vulnerabilities, with breakpoints at .25, .50, and .75 to determine the four categories.  

The social vulnerability dataset comprises five distinct indices as decided by the Center for 

Disease Control and Prevention.  One is an overall index considering all 15 original data variables.  

Four other theme indices include assessments of census subsets to represent different vulnerability 

types.  Socioeconomic vulnerability includes income and education, which can affect basic 

household needs, emergency savings, health literacy, and awareness of legal rights and social 

services. Socioeconomic vulnerability can have intergenerational effects. The Household & 

Disability theme looks at the ratio of dependent persons in households and their disabilities. 

Households with a high number of elderly and children face increased need for caregiving, which 

can strain the working-age population. Those with disabilities often require specialized healthcare 

while simultaneously facing possible communication or physical barriers. Dependence on support 

systems increases vulnerability if these systems are weakened or displaced. Ethnicity & Language 

considers ethnic diversity and English skills. Ethnic differences can contribute to systemic 

discrimination in employment, education, or housing resulting in unequal opportunities. Limited 

proficiency in the dominant language can restrict information access, limit resources, and contribute 

to social isolation. The Housing & Transportation theme includes measures housing quality, safety, 

and stability, and access to transportation. Quality of housing can affect health, safety, and structural 

integrity in disasters. Transportation can determine access to healthcare and other resources and 

allow evacuation from an oncoming disaster. This study employs these four theme-based social 
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vulnerability indices to better delineate various public risk categories.  (For researchers interested in 

replicating the Social Vulnerability Index in the southeastern United States, the Florida State 

University application provides a convenient tool for this purpose [FREAC, 2021]). 

To avoid using four separate maps, we chose a publicly available glyph symbology (FREAC 

2021; Strode et al. 2020), where the four vulnerability themes are mapped simultaneously.  The glyph 

design uses a 1-km grid system that omits unpopulated areas to avoid confusion in forests and water 

bodies.  The glyph design incorporates color and spatial arrangement to signify the vulnerability 

type, and the glyph’s size indicates the degree of vulnerability.  For example, the Socioeconomic 

theme is shown in red in the upper left corner.  The size of the Socioeconomic symbology indicates 

the degree of vulnerability.  A small Socioeconomic square indicates the lowest vulnerability (<.25), 

while the largest square represents the highest category of vulnerability (>.75).  Compared to other 

regions in Florida, Wakulla County exhibits a relatively elevated level of vulnerability.  The southern 

side of Crawfordville (Wakulla County’s seat) has a somewhat high vulnerability for Household & 

Disability and low Socioeconomic vulnerability, as evidenced by the green and red of the glyphs.  

The town of St. Marks has higher Socioeconomic and higher Housing & Transportation 

vulnerabilities.  The county has low Ethnicity & Language vulnerability. Figure 5 maps the four 

social vulnerability themes for the county. 
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Figure 5.  The four social vulnerability themes mapped simultaneously as glyphs for populated areas. 

Note that there is very little blue showing in the glyph because there is little Ethnicity/Language 

vulnerability in the county. 

 

The land parcel inundation data and the parcel-based population estimates were used to 

determine which populations within the county intersected with the social vulnerability data.  A 

detailed population count was conducted, segmented by vulnerability levels, focusing on individuals 
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residing in parcels with a vulnerability index score of 0.50 or higher.  The 0.50 measure was chosen 

as it divides the upper and lower halves of the vulnerability rankings.  

 

Property Appraisal Data Preparation 

Identifying land parcels at risk for inundation is vital for community leaders, planners, and 

property owners.  Florida Department of Revenue data includes the geometry for land parcels and 

other information such as just value and land use classifications.  Figure 6 shows the geometries of 

land parcels. 

. 

 

Figure 6.  Property appraiser land parcels of Wakulla County. Note that the parcels’ size and shape 

suggest land use (residential/commercial properties tend to be small and congested while 

agricultural/governmental parcels are larger and more orderly).  

 

The three SLR scenarios—low, intermediate, and high—were employed to identify land 

parcels susceptible to permanent inundation beginning in 2050.  Figure 7 shows which parcels are 

affected under the low, intermediate, and high scenarios.  Affected parcels within the property 
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appraiser database were analyzed for each SLR scenario to calculate the aggregate ‘just value,’ 

categorize them based on land use, and sum the ‘just values’ for each category.  The term ‘just value’ 

refers to the land parcel’s fair market value, determined by various factors, including location, size, 

and use.  The methodology for calculating property loss is straightforward and can be replicated 

using various geographic information systems, thus facilitating comparative studies. Figures 8 and 9 

show the affected parcels and glyphs mapped together. 

  

 
Figure 7.  Land parcels experiencing any inundation under all three scenarios.  
 
 
 
 
 

Land Parcels Affected by Inundation 
Lo

w Intermediate (including Low) 
High (including Low and Intermediate) 
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Figure 8.  SLR-affected parcels overlain by social vulnerability glyphs. The two legends on the left 

represent the social vulnerability glyphs, and the legend on the right shows land parcels affected by 

SLR. Note that many of the SLR areas are unpopulated (recognized as not having glyphs).  

Land Parcels Affected by Inundation 
Lo

w Intermediate (including Low) 
High (including Low and Intermediate) 
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Figure 9.  SLR-affected parcels and social vulnerability glyphs zoomed into southern Wakulla 

County. The two legends on the left represent the social vulnerability glyphs (areas without glyphs 

are unpopulated), and the legend on the right shows land parcels affected by SLR. 

Land Parcels Affected by Inundation 
Lo

w Intermediate (including Low) 
High (including Low and Intermediate) 
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The geographic information system (GIS) software used for this study includes ArcGIS Pro 

for raster analysis and data visualization. The three SLR risk categories are produced in shapefile 

format.  We used QGIS, an open-source tool, as a cost-effective approach to comprehensive 

analysis.  The three SLR scenarios are superimposed on population, social vulnerability, and 

property appraisal data to understand the potential impact on society.  The GIS tools used are 

considered basic. 

 

RESULTS 

Sea level rise projections for the year 2050 using the US Army Corps of Engineers Sea-level 

Change Curve Calculator for low, intermediate, and high scenarios have allowed us to create 

estimates for property value loss due to permanent inundation. Estimations were made for the 

number of individuals impacted under each scenario, utilizing the CDC’s Social Vulnerability Index 

to assess the demographics of the affected population. While the intercensal dasymetric method was 

used here for population estimates, researchers may employ alternative methods based on specific 

needs and contexts. 

 

Population and Social Vulnerability Analysis 

This study seeks to determine if SLR affects vulnerable persons equally across the county.  

The proportion of the vulnerable population at the county level was compared to that within areas 

designated as high-risk due to SLR.  Vulnerable populations are those in the upper 50% of the 

vulnerability index, with scores of 0.50 or higher, encompassing the two most vulnerable quartiles. 

To determine if SLR affects vulnerable persons equally, we compared the percentages of vulnerable 

persons in the county with those within the high SLR scenario.  Table 4 shows the vulnerable 

population comparisons in chart form.  Figure 10 shows the same data in graph form. 
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All of Wakulla County High SLR Scenario Only 

Total 
Population 

Percent of 
Total 

Total 
Population 

Percent of 
Total 

34,164 100% 1,828 100% 

Socioeconomic 
 

15,074 44% 1,200 66% 

Household & 
Disability 

11,010 32% 742 41% 

Ethnicity & 
Language 

0 0% 0 0% 

Housing & 
Transportation 

11,249 33% 561 31% 

 
Table 4.  Population counts and percentages for the four social vulnerability themes for the highest 

50% of vulnerability scores. Counts were taken for the county and the area of high SLR scenario. 

 
 

 

Figure 10.  Bar charts showing percentages of vulnerable populations (in the most vulnerable 50%) 

for the county and the high SLR scenario.  The left columns represent the county; the right columns 

represent the high SLR scenario.  The numbers below the bar charts show the percentage of 

vulnerable populations within each area. 

 

Among the four indices of social vulnerability examined, both Socioeconomic and 

Household & Disability metrics reveal elevated levels of vulnerability within regions designated as 

high-risk due to SLR compared to the county-wide data.  Contrastingly, the Ethnicity & Language 

and Housing & Transportation vulnerability metrics show slight variation between populations 

residing in high-risk inundation zones and the general populace of Wakulla County.  This data 

implies a heightened Socioeconomic and Household & Disability vulnerability for populations 

residing in coastal regions, which are most susceptible to permanent inundation due to SLR, 



56 
 

compared to the broader county population.  Although this study employs the intercensal 

dasymetric method for population estimation, alternative methodologies could be utilized, 

depending on the specific requirements and geographical context. 

 

Property Analysis 

Results from all three projections of sea-level rise indicate that permanent inundation will 

impact many land parcels.  For this study, a land parcel experiencing any permanent inundation is 

classified as affected when calculating the just value of impacted properties.  The methodology for 

calculating property loss is straightforward and can be replicated using various geographic 

information systems, thus facilitating comparative studies.  Under the low scenario, the total just 

value of land parcels experiencing permanent inundation is $225 million; under the intermediate 

scenario, the just value of inundated land is $266 million; and under the high scenario, $350 million 

of land will be inundated.  No matter which scenario is considered, the most valuable category of 

land parcel is residential, totaling $110 million, $138 million, and $204 million of land in low, 

medium, and high SLR scenarios, respectively.  The second highest valued category of land parcel 

affected is governmental, with inundated land parcel values totaling $79 million, $83 million, and $95 

million in low, medium, and high SLR scenarios, respectively.  The third highest valued category of 

land parcel affected is agricultural, with inundated land parcel values totaling $22 million, $28 

million, and $33 million in low, medium, and high SLR scenarios, respectively.  All remaining land 

use categories under all three scenarios total less than $10 million each, with industrial having the 

highest just value, then decreasing in order are commercial, non-agricultural acreage, institutional, 

and miscellaneous.  

The findings suggest that vulnerable land will incur significant value losses due to inundation 

over the next three decades across all scenarios.  Notably, the high SLR scenario forecasts a value 

loss exceeding 50% compared to the low scenario.  This increase is due to the permanent inundation 

of more land.  Table 5 shows that under the low SLR scenario, 975 parcels are affected; under the 

intermediate scenario, 1,231 parcels are affected; and under the high scenario, 1,786 parcels are 

affected.  While this study employs specific criteria for assessing property impacts, alternative 

methodologies may provide different insights depending on contextual needs. 
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Low Scenario 

Number of Land Parcels Affected 
and Categorization 

Just Value of Land Parcels ($) 

623 Residential 109,520,906 
142 Governmental 79,121,488 

95 Agricultural 22,093,754 
5 Industrial 8,005,985 

24 Commercial 4,982,703 
43 Non-Ag Acreage 866,854 

2 Institutional 434,887 
41 Miscellaneous 161,086 

975 total 225,187,663 

 
 

Intermediate Scenario 

Number of Land Parcels Affected 
and Categorization 

Just Value of Land Parcels ($) 

830 Residential 138,228,002 
147 Governmental 82,620,845 

121 Agricultural 28,178,763 
8 Industrial 8,613,641 

30 Commercial 6,265,469 
50 Non-Ag Acreage 1,085,135 

2 Institutional 434,887 
43 Miscellaneous 161,386 

1,231 total 265,588,128 

 
 

High Scenario 

Number of Land Parcels Affected 
and Categorization 

Just Value of Land Parcels ($) 

1309 Residential 203,760,903 
172 Governmental 95,131,489 

150 Agricultural 33,375,498 
11 Industrial 8,801,205 

37 Commercial 6,646,804 
61 Non-Ag Acreage 1,288,441 

2 Institutional 434,887 
44 Miscellaneous 179,546 

1,786 total 349,618,773 

 
Table 5.  Land parcel counts subject to permanent inundation and valuations of those parcels under 

the three SLR scenarios. 
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STUDY LIMITATIONS 

While this study provides valuable insights, it has limitations.  For instance, the research 

focuses solely on permanent inundation, the final phase of SLR, without accounting for preceding 

chronological stages such as increasingly frequent nuisance flooding, storm frequency, and land 

subsidence. Likewise, other factors related to SLR were not considered, including forced migration, 

saltwater intrusion, property devaluation, and job losses.  A broader study could include an 

assessment of infrastructure, including transportation, sewage, stormwater drainage, and pollutant 

impact. Further, studies into economic impacts such as employment and tourism would be 

beneficial. The SLR risk categories could be skewed due to disagreements between the DEM and 

actual relief of the earth’s surface. Likewise, a bathtub model was used to estimate SLR that does not 

account for hydrologic processes. 

 

CONCLUSION 

This study analyzes how a SLR scenario can affect property and socially vulnerable 

populations in north Florida’s Wakulla County, in 2050.  We applied land parcel, population, and 

social vulnerability analysis to projected SLR inundation for Wakulla County.  We considered low, 

intermediate, and high SLR projections through 2050. 

Population projections show a nearly 36% increase in population between the 2010 census 

results and 2050.  Land parcel analysis shows properties of various land use types threatened by SLR 

totaling $225 to $350 million in just value in today’s dollars.  Most social vulnerability themes have 

even spatial distribution across the county, both inland and within the risk areas, except Housing & 

Transportation vulnerability, where the residents of the coastal areas have less vulnerability of 

residents of inland areas, although the reasons are unclear. Possible explanations could be that they 

have vehicular means to evacuate or housing structural advantages. This finding, observed but 

unexplained, aligns with other research showing that coastal residents could have more resources 

available for storm and flood mitigation (Wang and Yarnal, 2012). 

The initial objective of the study involved demonstrating the methodology established by the 

Florida Department of Environmental Protection under Florida Statute 161.551, utilizing Wakulla 

County as the focal research area.  However, during the inception of this research, the guidelines for 

FDEP’s methodology were in the process of revision and development.  We learned that the 
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purpose of the FDEP’s guidelines was primarily to protect the state’s financial investment and only 

applied to single construction sites.  The FDEP’s methodology would inform planners of any risks 

to property during the structure’s life or fifty years out, whichever is shorter. This is helpful for 

analyzing risks to state infrastructure, but almost meaningless in assessing risks to private property 

owners.  

This study assesses risks to more land and people than the FDEP’s methodology.  It shows 

SLR for all of Wakulla County using three scenarios.  Further, we overlay population, social 

vulnerability, and land parcels with SLR.  Our results are helpful in several ways.  The maps can raise 

awareness of SLR’s dangers using visual demonstration.  Planners can use the provided information 

for locating and permitting development projects.  The social vulnerability information can assist 

planners in allocating resources according to vulnerability type and population density. 

Our research advances analysis through fine-grained population and social vulnerability 

mapping. Our parcel-based population estimates improve census tract population mapping by 

providing a clear view of residential areas.  Evaluating multiple social vulnerability themes instead of 

a singular index allowed the detection of variation in the Housing & Transportation category.  We 

hope this research catalyzes further interest in fine-grained assessments, thereby uncovering data 

patterns that might otherwise remain obscured.  The use of open-source software (no financial cost) 

for a portion of the analysis demonstrates that the tools needed for this type of research are within 

the reach of municipalities with limited funding. 

We hope that our findings stimulate public discourse on the criticality of integrating climate 

models with societal impacts.  Additionally, this research could help inform policy recommendations 

including enforcing stricter construction regulations in high-risk areas and allocating resources based 

on vulnerability type and population density.  We hope to educate the public and empower local 

governments to set policies for addressing SLR.  

 

REPLICATION 

 This study can be replicated for other counties and the results could be combined for a 

statewide assessment.  The most time-consuming process is the development of the SLR categories 

of low, medium, and high (see Appendix B). We used Esri software for this step. It may be possible 

to use alternative methods from other sources to develop these boundaries. We used custom 
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population data because at the time of this project the 2020 U.S. Census data had not been released 

and our choices were to develop our own method of estimation or use 2010 data. However, now 

that the 2020 data is released, there are several alternatives for population data that could be 

substituted. (The intercensal population method is currently submitted for publication.) The SVI 

data is publicly available from the CDC, however, we recommend using FSU’s application as it 

improves visualization and simplifies analysis. Property appraiser data is readily available for every 

Florida county. 
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Appendix A 

 

Table A-1. Overview of data inputs used for previous SLR studies in areas near Florida. 
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Appendix B 

Detailed Instructions for Developing the Three SLR Categories 

We began with the National Oceanic and Atmospheric Administration (NOAA) Sea-Level 

Rise Data Digital Elevation Models (DEM) (NOAA, 2020). The DEMs needed for this project were 

the 2012 NOAA Coastal Services Center Coastal Inundation Digital Elevation Model: 

Mobile/Tallahassee (AL/FL) WFO - Mobile County in Alabama and Escambia, Santa Rosa, and 

Okaloosa (portion) Counties in Florida (ALFL A1); the 2012 NOAA Coastal Services Center 

Coastal Inundation Digital Elevation Model: Mobile/Tallahassee (AL/FL) WFO - Okaloosa 

(portion), Walton, Bay, Gulf, Franklin (portion), and Wakulla (portion) Counties (AL/FL A2); and 

the 2012 NOAA Coastal Services Center Coastal Inundation Digital Elevation Model: 

Mobile/Tallahassee (AL/FL) WFO - Wakulla (portion), Franklin (portion), Jefferson, Taylor, Dixie, 

and Levy Counties (AL/FL A3) (DOC, NOAA, NOS, & CSC 2012).  

The AL/FL A1, AL/FL A2, and AL/FL A3 DEMs were available via the NOAA Sea-Level 

Rise Data Download portal (NOAA 2020). The DEMs were in a 5m resolution, referenced vertically 

to the North American Vertical Datum of 1988 (NAVD88) in meters, and horizontally to the North 

American Datum of 1983 (NAD83). The DEMs were derived from LiDAR data with an assumed 

1m horizontal accuracy. The DEM values were in a 32-bit floating-point raster tiff format. Lastly, 

the data for the DEMs were collected in 2007 (DOC, NOAA, NOS, & CSC 2012). The DEMs were 

used to generate the elevation values from which each inundation class was derived (Tewari et al., 

2019).  

The second data needed were the features from the NOAA Office for Coastal Management 

Sea-Level Rise Data: Current Mean Higher High Water Inundation Extent (MHWIE) (DOC, 

NOAA, NOS, and OCM, 2016). The MHWIE data was available for download from the NOAA 

Sea-Level Rise Data Portal (NOAA, 2020). The MHWIE data was in a geodatabase format with 

feature classes that represent water inundation in feet. The data ranges from 0 to 10ft. inundation. 

The feature class data utilized the NAD83, the NAVD88 and was updated in 2016 (DOC, NOAA, 

NOS, and OCM, 2016). The 0ft. MHWIE feature classes for TLH 1, TLH 2, and TLH 3 were 

utilized to fill NoData gaps and missing 0ft. elevation data in the DEMs. 

The last dataset was needed to determine the classes or categories for sea-level rise 

inundation for 2050. The US Army Corps of Engineers (USACE) Sea-level Change Curve 
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Calculator: Version 2021.12, Estimated Relative Sea-Level Change Projections (ERSLCP) for 

Gauge: 8728690, Apalachicola, Florida, for the USACE 2013 Scenario (USACE, 2021), were used to 

set the inundation classes. The 2050 values were 0.41ft. for the USACE Low category, 0.71ft. for the 

USACE Int., category and 1.66ft. for the USACE High category for sea-level rise estimates 

(USACE, 2021). The Low, Int., and High USACE ERSLCP categories were used to classify the 

value ranges derived from the merged DEM and MHWIE data sets. 

The SLR scenarios for the analysis were processed using Esri’s ArcGIS Pro: Version 2.8.1 

(Esri, 2021). As in Tewari et al. (2019), the DEMs were added to a project document in ArcGIS Pro, 

inspected visually and via histogram. The AL/FL A1 DEM had large areas classified as NoData with 

elevation data values of -9999. All DEMs had some areas of NoData. The NoData areas would need 

to be fixed later utilizing the MHWIE 0ft. elevation values. NoData values for the DEMs were set to 

-9999 in subsequent raster processing to remove these erroneous areas from the analysis (Esri, 

2021).  

Next, the AL/FL A1, AL/FL A2, AL/FL A3 data sets were processed using the Raster 

Calculator in the Spatial Analysis Extension (Esri, 2021). The first calculation was to multiply each 

raster cell by 1000. Then each raster cell was converted to an integer. Afterward, each raster was 

converted to a polygon using the Raster to Polygon Conversion Tool (Esri, 2021).  

In the newly created AL/FL A1, AL/FL A2, and AL/FL A3 polygon feature classes, fields 

were added to the attribute tables of the layers for calculations using the Calculate Field Data 

Management Tool (Esri, 2021). The first calculation was to convert the grid code back to its original 

value by dividing the values by 1000. Next, each value was converted from meters to feet by 

multiplying by 3.28084 (Esri, 2016). Finally, the last Calculate Field operation was used for 

classifying the USACE ERSLCP low, int., and high categories/classes from the DEM derived grid 

code feet values into a text field.  

The TLH 1-, TLH 2-, and TLH 3-MHWIE 0ft. feature classes were added to the project 

document like the DEM data. Afterward, a new text field was added to the MHWIE feature classes 

for the USACE ERSLCP low classification category to be calculated for each feature in the dataset 

(Esri, 2021). Once all features in the MHWIE 0ft. feature classes, AL/FL A1 feature class, AL/FL 

A2 feature class, and AL/FL A3 feature class were classified with a USACE ERSLCP range of low, 

int., or high, the features were dissolved using the Dissolve Data Management Tool (Esri, 2021), 

based on the text field with the USACE ERSLCP classes. The last step was to merge the TLH 1-, 
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TLH 2-, TLH 3-MHWIE 0ft., AL/FL A1, AL/FL A2, and AL/FL A3 feature classes into one 

shapefile using the Merge Data Management Tool (Esri, 2021). 

For more information, contact Mike Core mcore@fsu.edu. 

 

Appendix C 

Summary of Expanding cadastral-based population methods to produce estimates for 

intercensal years (This method is under review for publication) 

 

Accurate population estimation is important in many fields of study, including emergency 

management, access to healthcare, crime hotspots, and environmental monitoring. The Census 

Bureau aggregates its collected data for privacy concerns and these data are widely available for 

planning purposes.  Most maps created from census data are in choropleth format, a simple and 

commonly used mapping technique.  Although the mapping style is ubiquitous, questions arise 

concerning the usefulness and scalability of census data in this original format.   

Choropleth mapping has known problems that lie with the structure of the choropleth map 

itself.  The choropleth map gives poor resolution, arbitrary boundaries, and abrupt data shifts at area 

edges.  Population is assumed to be evenly distributed across areas and accuracy is compromised 

when census areas are divided.  Subtle population changes can be masked causing nuanced patterns 

to be overlooked.  As a result, the questions planners and emergency responders are able to ask are 

limited and the answers they receive are often in coarse resolution.   

Cadastral-based population methods can alleviate many of the problems with choropleth 

mapping because of its fine grain. Figure C-1 shows an example of a population model using census 

block data, census group quarter data, and county property appraisal data. This high-resolution 

mapping allows easy estimation of populations with custom polygons. (See https://usng-

gis.org/population.html for more information on estimation models for Florida.) FREAC has 

developed a statewide cadastral estimate using 2010 data using the method by Strode et al. (2018). 

mailto:mcore@fsu.edu
https://usng-gis.org/population.html
https://usng-gis.org/population.html
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Figure C-1. Sample of 2010 cadastral-based population distribution where each land parcel is 

assigned a population estimate.  

 
For those wanting high-resolution and timely data, we developed an intercensal method that 

combines a decennial cadastral baseline, newer data from county property appraisers, and 

city/county population projections. 

 Here is a simplified overview of our method: 

1. Obtain a baseline (historical) cadastral population estimate (we used 2010). 

2. Obtain projected population estimates at the city/county scale (we used BEBR). 

3. Obtain property parcel layer of the same or previous year as the projected population. 

4. Using GIS, compare the baseline parcel layer with the new parcel layer. Pay attention to new 

and demolished housing. 

5. Disaggregate the city/county population projections to the newer property parcel layer to 

appropriate areas. Add population to new housing, remove population from demolished 

housing, and retain the baseline population estimates if the housing has not changed. 
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Be sure to validate that the population totals for the new parcel layer total the city/county 

population projections. The result is an updated property parcel layer with current population 

estimates. Figure C-2 shows a map of Leon County with population estimates gained and lost due to 

housing changes according to property appraisal data. 

 

 

Figure C-2. Leon County, Florida population estimation changes 2010-2013 as determined by 

changes in housing availability.  

 
For more information, contact Georgianna Strode gstrode@fsu.edu. 


