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1.1.1 

1 ECONOMIC EVALUATION 

1.1 Introduction 

This appendix presents an economic evaluation of the Tentatively Selected Plan for the 
Collier County Coastal Storm Risk Management Feasibility Study. The study area 
includes all land and water resources reasonably deemed to be within the vicinity of 
Vanderbilt, Park Shore, and Naples beaches and inland bay areas, as well as sections 
of Marco Island locating entirely within the jurisdictional boundary of Collier County, FL. 
This analysis was conducted in accordance with Engineer Regulation (ER) 1105-2-100, 
Planning Guidance Notebook, and ER 1105-2-101, Planning Guidance, Risk Analysis for 
Flood Damage Reduction Studies. The National Economic Development Procedures 
Manual for Flood Risk Management and Coastal Storm Risk Management, prepared by 
the Water Resources Support Center, Institute for Water Resources, was also used as a 
reference, along with the USACE Engineer Research and Development Center Beach-fx 
User’s Manual: Version 1.0 and Generation II Coastal Risk Model (G2CRM) User’s 
Manual v4.556.3. 

Due to the varying nature of flooding throughout the study area, two separate economic 
models were considered and approved for use in this evaluation, Beach-fx and G2CRM. 
The Beach-fx model was used to analyze the portion of the County in close proximity to 
the shoreline, namely damages associated with erosion and waves in connection with 
inundation from coastal beach processes. G2CRM was used to analyze the inundation 
damages in the back-bay areas. As geographical features were examined, the PDT 
decided that beach areas should also be evaluated in G2CRM due to the potential back-
bay flooding to beach structures as water enters through Doctors and Wiggins Pass. As 
inundation damages are, also, included in the Beach-fx evaluation, the inundation 
damages included for structures in the damage calculation for the beach areas are the 
highest inundation damages from either G2CRM or Beach-fx. The G2CRM analysis is 
covered in Chapter 2 and the Beach-fx analysis is covered in Chapter 3. 

The economic appendix consists of a description of the methodology used to evaluate 
National Economic Development (NED) damages under existing and future conditions, 
and compare to project costs. The damages and costs were originally calculated using 
fiscal year (FY) 2019 price levels and indexed to reflect October 2019 (fiscal year 2020) 
price levels. Damages were converted to equivalent average annual values using the 
FY20 Federal discount rate of 2.750% and a period of analysis of 50 years. The year 
2030 was identified as the base year for each of the alternatives as the basis for plan 
comparison. 

NED Benefit Categories Considered 

The NED procedure manuals for coastal and urban areas recognize four primary 
categories of benefits for flood risk management measures: inundation reduction, 
intensification, location, and employment benefits. Generally, the majority of the benefits 
attributable to a project alternative result from the reduction of actual or potential 
damages caused by inundation. In addition to inundation, wave and erosion benefits in 
the Collier County Federal project area are addressed in this evaluation. Benefits include 
the reduction of physical damages to structures and associated contents. 
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1.1.2 

1.2.1 

Physical Flood Damage Reduction. Physical flood damage reduction benefits include the 
decrease in potential damages to residential, commercial, industrial or public structures, 
their contents, and associated vehicles, as well as loss of land value. While future 
population growth was projected for the study area, a future development structure 
inventory was not included in the damage calculations due to the limited remaining 
available land and the expectation that future growth will more likely be accomplished 
through redevelopment. As the analysis does not appreciate structure and content value 
over the 50 year economic analysis, it is reasonable to, also, not consider the potential 
reduction in future damages by the redevelopment to higher standards beyond what is 
reduced through the raising process in G2CRM, as discussed in Section 2.3.3. 

Non-Physical Flood Damage Reduction. Non-physical flood damage benefits, eligible for 
inclusion, include emergency costs incurred by the community during and immediately 
following a major storm. This can include the costs of emergency measures, such as 
evacuation and reoccupation activities conducted by local governments and 
homeowners, repair of streets, highways, and railroad tracks, debris removal and the 
subsequent cleanup and restoration of private, commercial, and public properties. Non-
physical benefits could also include reduction in cost of future planned protective measures, 
transportation delay costs, reduced maintenance on existing structures, and intensification 
benefits. For this study, only the cost of debris removal is planned to be included. 

Other NED/NER Benefits. Other benefits of coastal storm management projects beyond 
those tied to flood damage reduction include recreation benefits which result from the 
additional recreation opportunity provided by the project. 

Regional Economic Development 

When the economic activity lost in the flooded region can be transferred to another area 
or region in the national economy, these losses cannot be included in the NED account. 
However, the impacts on the employment, income, and output of the regional economy 
are considered part of the RED account. The input-output macroeconomic model 
RECONS was used to address the impacts of the construction spending only associated 
with the TSP, since only this alternative provides detailed cost information necessary to 
prepare a complete and accurate analysis. The RED account is addressed in Section 
5.4. 

1.2 Study Area Description 

Geographic Location 

Collier County is located on the southwest coast of Florida, approximately 120 miles 
south of the entrance to Tampa Bay and about 100 miles north of Key West. The County 
lies along the eastern shoreline of the Gulf of Mexico and is characterized by low 
topographic relief. The average elevation is approximately 10 feet North American 
Vertical Datum of 1988 (NAVD88). Soils consist primarily of unconsolidated sand and 
clay strata. 

Naples is the largest city located along the shoreline, followed by the City of Marco 
Island and Everglades City. Collier County is bordered by Lee and Hendry Counties to 
the North, Monroe County to the South, and Broward and Miami-Dade Counties to the 
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east. The study area is comprised of two main geographic components: the North 
County and Marco Island. 

In the North County there is a continuous Gulf-facing beach running from the county line 
in the north, to the Gordon River in the south. Also from north to south, there are several 
named inlets including Wiggins Pass, Clam Pass, Doctors Pass, and Gordon Pass. 
These inlets were foci for developing measures for the inland bay areas. Wiggins Pass is 
the hydrologic link between the Gulf of Mexico and the Cocohatchee River, the Wiggins 
Pass Estuarine Area, Turkey Bay, and Vanderbilt Lagoon. Clam Pass links the Gulf to 
Outer Clam Bay and Inner Clam Bay. Doctors Pass is hydrologically partnered with 
Venetian Bay. Gordon Pass is the terminus of the Gordon River and is hydrologically 
linked to Naples Bay, the Upper Gordon River, as well as Rock Creek. Beyond Gordon 
Pass in the south is a relatively undeveloped Natural area that is not included in the 
study area. This Natural area stretches down to Marco Island and is the Keewaydin 
Island reach of the Rookery Bay National Estuarine Research Reserve. 

Marco Island is a highly developed, low-lying barrier island that also has public Gulf-
facing beach along South Marco. Hideaway Beach (private) and the Tigertail Natural 
Area, located on the northwest side of the island, are not part of the study area. The 
inland bays of Marco Island, along with the adjacent Big Marco and Caxambas Passes 
are used almost exclusively for recreational fishing and boating and do not contain a 
Federal channel. Marco Island is bordered on the north, east, and south by the Rookery 
Bay National Estuarine Research Reserve. For the purposes of this study, the Marco 
Island Area also includes the surrounding communities of Isles of Capri, Goodland, and 
Everglades City. 

The study is the divided into 6 planning areas (PA. Figure 1-1 shows an overview of the 
planning areas geographically. The beach portions of the project area is divided into 11 
economic reaches (9 in North Beach and 2 in Marco Island) for analysis within Beach-fx. 
The analysis in G2CRM includes 21 modeled areas (MA) that include both beach and 
back-bay areas. Specific geographical application to the G2CRM and Beach-fx analysis 
can be found in Chapter 2 and 3 respectively. 
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Land Use 

The U.S. Census totals the number of developed and undeveloped land within Collier 
County as 1,998 square miles. Established in 1923, the County is nearly fully developed 
with negligible remaining developable land. According to CRS activities completed by 
the county, approximately 54% of the Special Flood Hazard Area is preserved in its 
natural state as open space. As a result of limited vacant space, the majority of new 
development is expected to be accomplished through redevelopment and intensification. 
Residential buildings make up only 12.4% of the County. However, within the coastal 
study area, they make up the majority of land use. Land use for the County can 
generally be characterized according to Table 1-1. 

Table 1-1. Collier County Land Use 

Class Name Acres Percentage 
of Total 

Agricultural 391,728 30.6% 
Commercial 8,289 0.6% 
Conservation 703,334 55.0% 
Industrial 2,516 0.2% 
Recreational 7,082 0.6% 
Residential 158,287 12.4% 
Miscellaneous 7,485 0.6% 
Total 1,278,720 100.0% 

Source: Collier County 

1.3 Socioeconomic Background 

Population and Number of Households 

Table 1-2 displays the population for the County for the years 1980, 1990, 2000, and 
2010, as well as projections for the years 2020 to 2045. Historical data was sourced 
from the U.S. Census Bureau. Due to the lack of data from reputable sources pertaining 
to population projections, the County population estimate was based on the Bureau of 
Economic and Business Research (BEBR) data associated with the University Florida. 
The data gathered from the Bureau of Economic and Business Research contains 
population projection up to the year 2045. 

Table 1-2. Historical and Projected Collier County Population 
1980 1990 2000 2010 2020 2030 2040 2045 

Population 85,971 152,099 251,377 321,520 382,800 449,500 496,800 516,100 
Annual growth rate 5.9% 5.2% 2.5% 1.8% 1.6% 1.0% 0.8% 

  

 
 

   
 

 
    

      
  

   
 

    
   

  
 

  

   
   
   
   

   
   

   
   

   
 

 
   

 
   

 
   

      
      

   
    

     
   

 
    

          
         

          
   
 

      
     

     
    

  
 
 

1.2.2 

1.3.1 

Source: U.S. Census Bureau, Bureau of Economic and Business 

Table 1-3 shows the total number of households in the County for the years 1980, 1990, 
2000, and 2010 and projections for years 2020 to 2045. The projected number of 
households was based on U.S. Census Bureau data and extended from the year 2020 
to the year 2045 based on the compound annual population growth rate forecasted by 
the Bureau of Economic and Business Research. 
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1.3.2 

Table 1-3. Number of Households in Collier County 
1980 1990 2000 2010 2020 2030 2040 2045 

Number of households 33,966 61,703 102,973 133,179 158,562 186,190 205,783 208,744 
Annual growth rate 6.2% 5.3% 2.6% 1.8% 1.6% 1.0% 0.8% 

Source: U.S. Census Bureau, Bureau of Economic and Business 

The County experienced a decelerating growth in the total number of households 
between 1980 through 2010. From year 2010 and onward, the number of households is 
expected to continue to grow at a decelerating trend, which parallels the growth in 
population. This population increase is commensurate with the projected compound annual 
growth rate provided by the Bureau of Economic and Business Research during years 
2020 through year 2045. 

Income 

Table 1-4 shows the median household income levels for Collier County for the years 
2000, 2005, 2010, 2015 and 2018, the year with the latest available data. As shown in 
U.S. Census Bureau data, Collier County experienced a steady increase in household 
income between 2000 and 2018 with the exception of the period between 2005 and 
2010 due to the Great Recession. Median household income growth accelerated during 
and after the period of recovery 2010 to 2018. 

Table 1-4. Median Household Income 
2000 2005 2010 2015 2018 

Median household income ($) 47,792 52,301 53,341 62,385 70,649 
Annual growth rate 1.8% 0.4% 3.2% 3.6% 

Source: U.S. Census Bureau 

Table 1-5 shows the total nonfarm employment for Collier County for the years 2000, 
2005, 2010, 2015 and a projection for the year 2020 to 2045. Due to the lack of County 
summary data from reputable sources, non-farm employment data was drawn from the 
Bureau of Labor and Statistics (BLS) Naples-Immokalee-Marco Island Metropolitan 
Statistical Area (MSA) data. Economic growth within the MSA is expected to continue 
the current trend due to proximity to transportation routes such as Interstate 75 and 
Immokalee Regional Airport. The nonfarm employment projection for year 2045 used the 
compound annual population growth rate provided Bureau of Economic and Business 
Research. For the nonfarm jobs growth estimate, an assumption was made that the 
future employment growth will be identical to the population growth estimate. 

Table 1-5. Total Nonfarm Employment 
2000 2005 2010 2015 2020 2030 2040 2045 

Nonfarm employment (1,000s) 62.3 73.4 103.3 143.8 158.9 186.6 238.2 247.5 
Annual growth rate 3.3% 7.1% 6.8% 2.0% 1.6% 1.0% 0.8% 

Source: Bureau of Labor Statistics 

Based on BLS data, as of January 2020, there are approximately 159,000 nonfarm jobs 
in the MSA with 5.5% unemployment rate. Major sectors of employment are leisure, 
hospitality, trade, transportation, utilities, education, and health services. Table 1-6 
shows the number of nonfarm employment by sector as of January 2020. 
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1.5.1 

Table 1-6. Nonfarm Employment by Sector – January 2020 

Sector 
Nonfarm 

Employment 
(1,000s) 

% of Total 

Mining, Logging, and Construction 18.4 11.6% 
Manufacturing 4.7 3.0% 
Trade, Transportation, and Utilities 28.9 18.2% 
Information 1.4 0.9% 
Financial Activities 8.5 5.3% 
Professional and Business Services 17.6 11.1% 
Education and Health Services 23.8 15.0% 
Leisure and Hospitality 31.4 19.8% 
Other Services 9.3 5.9% 
Government 14.9 9.4% 
Total Non-Farm Employment 158.9 100.0% 

Source: Bureau of Labor Statistics 

1.4 Compliance with Policy Guidance Letter (PGL) 25 and Executive 
Order 11988 

Given continued growth in population and employment, it is expected that development 
will continue to occur in the study area with or without a coastal storm risk management 
system, and, in general, will not conflict with PGL 25 and Executive Order 11988, which 
states that the primary objective of a flood risk reduction project is to protect existing 
development, rather than to make undeveloped land available for more valuable uses. 
The overall growth rate is anticipated to be the same with or without the project in place 
as no new lands will be created but rather measures will reduce the risk of population 
being displaced by flooding. However, it is possible that the construction of structural 
measures could reduce the perceived necessity for higher flood risk management 
standards and therefore, redevelopment behind structural measures could occur at 
lower standards than if the structural measures were never constructed. It is, therefore, 
recommended that structures with lowest adjacent grades at or below the effective 
FEMA Base Flood Elevation (BFE) be treated as if it remains within a regulatory 
floodplain and be subject to existing floodplain ordinance. This additional standard is 
necessary to further reduce the risk of flooding that can and does occur behind structural 
measures either from pooled stormwater or failure or overtopping of the structural 
measure. Implementation of this standard behind the structural measures is consistent 
with the County’s resilient strategy and the recommendation of multiple layers of 
protection to reduce residual risk. 

1.5 Recent Flood History 

Tropical Flood Events 

During the past 146 years, the County has been impacted by 21 major storm events, 
including 4 tropical storm events, 16 hurricanes, and 1 superstorm events. The total 
water level elevations associated with these storm events inundated structures and 
caused coastal erosion. Table 1-7 summarizes the peak water surface elevation 
recorded for each associated storm. 
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Table 1-7. Historic Water Level Elevations at Naples Pier Tide Gage 

Storm Event – Date & Name Type of Storm 
Peak Water 

Surface 
Elevation 

(NAVD88 )ft.) 
1 
2 
3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

October 7, 1873 
September 25, 1894 
September 1926 (Great Miami Hurricane) 
August/September 1935 (Great Labor Day 
Hurricane) 
October 1944 (No Name) 
August/September 1960 (Donna) 
October 1964 (Isbell) 
August/September 1965 (Betsy) 
August 1981 (Dennis) 
July 1985 (Bob) 
August 1992 (Andrew) 
March 1993 (“Storm of the Century”) 
November 1994 (Gordon) 
October/November 1998 (Mitch) 
September 1992 (Harvey) 
August 2004 (Charley) 
October 2005 (Wilma) 
August 2008 (Fay) 
June 2012 (Debby) 
August 2012 (Isaac) 
August/September 2017 (Irma) 

Hurricane 
Hurricane 
Hurricane 

Hurricane 

Hurricane 
Hurricane 
Hurricane 
Hurricane 
Hurricane 
Hurricane 
Hurricane 
Superstorm 
Hurricane 
Hurricane 
Tropical Storm 
Hurricane 
Hurricane 
Tropical Storm 
Tropical Storm 
Tropical Storm 
Hurricane 

7.5 – 10.5 
9.5 – 10.5 

4.7 

N/A 

6 
10.3 
N/A 
1.93 
1.54 
1.78 
1.24 
3.33 
1.43 
1.48 
2.22 
N/A 
2.47 
1.22 
2.17 
2.62 
4.6 

Table 1-8 provides a summary of property damage from flood events occurring 2000 – 
2019 as depicted in the National Oceanic and Atmospheric Administration’s National 
Center for Environmental Information (NCEI) and published in the Collier County Multi-
Jurisdictional Local Mitigation Strategy.  NCEI compiles storm data from a county, state 
and federal emergency management officials, etc. 

Table 1-8. Property Damage in Collier County (2000 – 2019) 

Location Event Count Property
Damage ($) 

Marco Island 
Naples 
Unincorporated /Countywide 
Total 

5 
10 
18 

193,000 
50,500 

6,291,000 
6,534,500 

Source: Multi-Jurisdictional Local Mitigation Strategy/NCEI 

1.6 Scope of Study 

The study area falls within the low, flat coastal plain where land elevations average 10 
feet NAVD88 and drainage gradients are limited. Consequently, a significant percentage 
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1.6.1 

1.6.2 

of the County is susceptible to flooding. These flooding events are from high tides, 
tropical storms, hurricanes, or other storm events, which may have a combination of 
heavy precipitation and storm surge. These events range from nuisance, overland flow 
to severe flooding. 

Coastal surge flooding is primarily caused by tropical storms and hurricanes. Because 
tropical systems spin in a counterclockwise direction, in Collier County, the highest storm 
surge occurs along the coastline just south of the center of the storm. The combination 
of atmospheric pressure differences in the storm and the effect on the Gulf waters from 
the high wind speeds creates a “mound” of seawater that is pushed onshore. Surge 
flooding can occur quite rapidly with extremely damaging impacts to structures and 
quickly create life threatening conditions. 

Project Measures and Alternatives 

The study area was investigated for structural, nonstructural, and natural and natural-
based features (NNBF) measures. For purposes of the economic evaluation, measures 
that do not meet the criteria of contributing to the National Economic Development 
objectives are ruled out, the remaining are formulated into different project alternatives. 
Detailed description of each measure can be found in Chapter 6 of the main report. The 
following is a summary of the measures considered for evaluation: 

• Structural Measures 
o Beach Berms and Dunes 
o Seawall 
o Storm Surge Barrier 
o Breakwater 
o Groin 
o Stone Revetment 

• Nonstructural Measures 
o No action 
o Buyout/Acquisition 
o Floodproofing 
o Elevation 

• Natural and Natural-Based Features 
o Vegetated beach dunes 
o Mangrove restoration 
o Oyster reef restoration 

Focus Array of Alternatives 

The economic evaluation focuses on the “final” array of 4 alternatives (as notated in the 
feasibility main report). The array examines combinations of structural, nonstructural, 
and NNBF measures. As more information became available, an optimized combination 
of alternative 4 was identified and added to the array. The optimized alternative can be 
identified as “4a” throughout this appendix. The discussed alternatives are summarized 
in Table 1-9. These alternatives can tentatively change as the study progresses. Further 
details of the plan formulation process are also provided in Chapter 6 of the main report. 
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1.7.1 

Table 1-9. Description of Alternatives 
Alternative Name Description 

0 No Action No action taken 

1 Beach Nourishment 

Beach nourishment (12ft dune/75ft berm) in PA1 
(Barefoot Beach, Barefoot Beach Preserve, Wiggins 
Pass, Vanderbilt Beach)), PA3 (Parkshore and Naples 
R58A-R71), and PA4 (Naples R68-R79 and Gordon 
Pass) 

2 Beach and 
Structural 

Measures included in alternative 1 and structural 
measures in PA1 (Bonita Beach Road Alignment and 
Wiggins Pass Surge Barrier), PA3 (Seagate Drive 
Alignment and Doctor's Pass Surge Barrier) and PA5 
(Tamiami Trail) 

3 Beach and 
Nonstructural 

Measures included in alternative 1 and nonstructural 
measures (acquisition, elevation, and floodproofing) for 
PA2, PA4, and PA6. 

4 

Beach and 
Combination of 
Structural and 
Nonstructural 

Measures included in alternative 1 and structural 
measures for PA1, PA3, PA5  and nonstructural 
measures for PA2, PA4, PA6 

1.7 Inputs to the Economic Models 

Economic Models Overview 

The Generation 2 Coastal Risk Model (G2CRM) Version 0.4.558.3 model was used to 
calculate the damages and benefits for the Collier County CSRM evaluation for all 
structures within the study area. The modeling includes both the beach and the 
applicable back-bay area. For some planning alternatives, even if measures are not 
overtopped or breached on the beachfront, structures may still be vulnerable from 
flooding through openings in the shoreline, like Doctors or Wiggins Pass, into the back-
bay. The Beach-fx Version 1.1.9.0 was used to calculate the damages and benefits for 
the areas of the county adjacent to coastal beaches susceptible to erosion and wave 
damages.  

For both models, the project base year, the year in which benefits begin to accrue, is 
assumed to be 2030, and the 50-year period of analysis ends on December 31, 2079. 
There are numerous other economic and engineering inputs necessary for these model 
to calculate damages. Some were kept consistent between both models, such as 
structure inventory, contents-to-structure value ratios, vehicles, debris, first floor 
elevations, and depth-damage relationships, ground elevations. There are also input 
requirements that differ between models, either in data format or required data input, 
such as water level stage-frequencies, erosion rates, etc. More detail regarding the 
specific inputs for each model can be found in Chapter 2 for G2CRM and Chapter 3 for 
Beach-fx. 

The uncertainty surrounding each of the economic and engineering variables was also 
entered into the models cases through the application of two statistical distributions. 
Either a normal probability distribution with a mean and standard deviation value, or a 
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1.7.2 

triangular probability distribution with a minimum, maximum and mode value were used to 
quantify the associated uncertainty. For example, a normal probability distribution was 
entered into the model to quantify the uncertainty surrounding the ground elevations. 

Existing Coastal Structure Inventory 

1.7.2.1 Structure Inventory 

Collier County’s Assessor’s Office provided 2018 real estate assessment tables to assist 
with characterizing residential and nonresidential structures for the economic analysis. 
Data includes addresses, property class description, property use, dwelling year built, 
dwelling condition/grade, crawl code, number units, etc. Property class descriptions, 
property use and Google Maps were used to classify buildings into Damage Categories 
and Occupancies. Florida statewide building footprints from the Florida Department of 
Environmental Protection were used to validate building footprints. National Structure 
Inventory (NSI2) data was used to supplement the structure inventory where information 
in the real estate assessment tables was missing and used to determine foundation 
type. First floor elevation assumptions were based on assumed foundation type and 
verified with available, elevation certificates. 

1.7.2.2 Structure Values 

Depreciated replacement value per square foot was calculated for residential and non-
residential structures using values for the Ft. Myers, FL area, the closest location factor 
adjustment to Collier County, using data from Gordian’s 40th edition of “Square Foot 
Costs with RSMeans Data.” The majority of structures in close proximity to the coastline 
were found to consist of luxury construction material with an average effective age of 25 
years residential and 35 years commercial. Whereas, the structures in the back-bay 
portion of the study were assumed to be built with average construction material and 
have an average effective age of 30 for both residential and commercial. 

Since square footage was not available for all structures, to determine a square footage 
per building, the following methodology was used. The polygon area of the building 
footprint was calculated in ArcGIS and multiplied by 0.9 to allow for unusable space such 
as doors, walls, etc. This area was multiplied by the number of floors, not to exceed the 
number of floors within the depth-damage function for the occupancy type of the 
structure. An average square footage was calculated for three construction classes 
(economy, average, and luxury) within each residential occupancy category reflecting 
the quality of the materials used in the construction of the buildings. An average 
replacement cost per square foot was calculated for four exterior walls types (wood 
frame, brick veneer, stucco, or masonry) within each construction class. 

According to the RS Means depreciation schedule, structures were depreciated based 
on the effective age, and then, depreciated an additional percentage to equal a regional 
adjustment of 80% for residential, as determined by RS Means for the Ft. Myers area. 
This process was used to calculate a most-likely cost per square foot for each 
construction class within each residential occupancy category. The most-likely 
depreciated cost per square foot was then multiplied by the square footage calculated 
for individual structures in each occupancy to obtain a total depreciated cost or value for 
each structure in an occupancy. Finally, the Marshall and Swift Valuation Service was 
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1.7.3 

1.7.4 

used to calculate a depreciated replacement cost per square foot for the manufactured 
or mobile homes in the back bay portion of the study area only since there were no 
mobile homes included in the structure inventory for the beach. 

An average square footage was calculated for each non-residential category or 
occupancy, and an average replacement cost per square foot was calculated for six 
exterior wall types (decorative concrete with steel frame and bearing walls frame, face 
brick with concrete block back-up with steel frame and bearing walls frame, metal 
sandwich panel with steel frame, an precast concrete panel with bearing walls frame) 
within each occupancy. Based on assessor’s data, it was determined that the average 
non-residential structure in the study area was approximately 30 years old for both the 
beach and back-bay. The RSMeans depreciation schedule for non-residential structures 
provides three depreciation percentages for structures based on their exterior wall type: 
wood frame exterior walls; masonry on wood frame; and masonry on steel frame. The 
masonry on wood exterior wall depreciation percentage was used as the most-likely 
value and applied to all of the non-residential structures in the structure inventory. An 
additional regional adjustment of 84%, or a 6% decrease in value, for the Collier area 
was applied to the depreciated cost per square foot. This process was used to calculate 
a most-likely cost per square foot for each structure within a non-residential category or 
occupancy. The most-likely depreciated cost per square foot was then multiplied by the 
actual square footage of the individual structures in each occupancy to obtain a total 
depreciated cost. 

The resulting Depreciated Replacement Values (DRV) are in FY2019 values, which was 
the most current value at the time this analysis was originally completed.  As such, total 
damages determined based on these values will be indexed to FY2020 for comparison 
to the current cost estimates used in the economic analysis. Going forward, these 
values will be indexed to the FY2020 price level for use in any future economic modeling 
during optimization efforts for this study. 

The residential and non-residential structures included in the inventory were then 
subdivided geographically into appropriate reach/model area as required by Beach-fx 
and G2CRM. Each structure were also classified into different structure occupancies as 
required. More information on the application of the structure inventory in G2CRM 
Beach-fx can be found in Chapter 2 and 3 respectively. It should also be noted that the 
value of land was not included in the valuation analysis. 

Future Development Inventory and Vehicles 

Due to the density of structures in the County and limited vacant, developable land, a 
future development structure inventory was not included in the damage calculations. It is 
anticipated that the majority of future development will be the infill of structures on the 
limited vacant land, or, most likely, redevelopment. The percentage of infill or new 
development is anticipated to have a negligible impact on the growth of the structure 
inventory and future damages as existing floodplain ordinance require new or 
substantially improved structures in FEMA’s Special Flood Hazard Area, or the 1% 
annual chance floodplain, to be constructed at BFE plus one foot of additional elevation 
per the Florida Building Code. Similarly, additional vehicles were not considered in the 
future inventory. 

Residential and Non-residential Content-to-Structure Value Ratios   
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Content-to structure value ratios (CSVRs) used in this feasibility study were obtained 
from North Atlantic Coast Comprehensive Study: Resilient Adaptation to Increasing Risk, 
Physical Depth Damage Function Summary Report and the Non-residential Flood 
Depth-Damage Functions Derived from Expert Elicitation Draft Report, revised 2013. As 
shown in Table 1-10 and Table 1-11, a CSVR was computed for each residential and 
non-residential structure in the study as a percentage of the total depreciated 
replacement value. A triangular distribution was used to estimate the error. 

Table 1-10. Content-to-Structure Value Ratios (CSVRs) – Beach-fx 

CSVR Percent 

Category Occupancy
Type Occupancy Description Most Minimum Maximum Likely Source 

Residential 

SFR1 
SFR2 
SFR3 
MFR1-3 
MFR4-7 
MFR8-24 

Residential, 1 Story 
Residential, 2 Story 
Residential, 3 Story 
Apartment, 1-3 Story 
Apartment, 4-7 Story 
Apartment, 8-24 Story 

25% 50% 75% 
25% 50% 75% 
25% 50% 75% 

8% 10% 14% 
8% 10% 14% 
8% 10% 14% 

NACCS, Prototype 5A 
NACCS, Prototype 5B 
NACCS, Prototype 5B 
NACCS, Prototype 1A-1 
NACCS, Prototype 1A-3 

HRISE Beach 

Commercial 

COMRET 
COMTOUR 
HOTL 
HOTLHR 
MUNC 
PARK 

Store, Retail 
Social Club 
Hotel, 4-7 Story 
Hotel, 8-24 Story 
Town Hall 2 Story 
Community Center 

37% 45% 53% 
20% 25% 31% 
20% 26% 33% 
20% 26% 33% 
14% 18% 24% 
20% 25% 31% 

2013     Prototype 12 
2013     Prototype 19 
2013     Prototype 4 
2013     Prototype 4 
2013     Prototype 7 
2013     Prototype 19 

Other 
GARAGE 
POOL 
ROAD-1 

TBD 
TBD 
TBD 

TBD TBD TBD 
TBD TBD TBD 
TBD TBD TBD 

TBD 
TBD 
TBD 
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Table 1-11. Content-to-Structure Value Ratios (CSVRs) - G2CRM 
CSVR Percent 

OccupancyCategory Occupancy Description Type 
Most Minimum Maximum Likely Source 

COM1 Retail 37% 45% 53% 2013     Prototype 12 
COM10 Garage 31% 37% 44% 2013     Prototype 4 
COM2 Wholesale 31% 37% 43% 2013     Prototype 11 
COM3 Personal & Repair Services 56% 66% 74% 2013     Prototype 13 
COM4 Prof/Tech Services Commercial 
COM5 Bank 

14% 18% 24% 
14% 18% 24% 

NACCS, Prototype 2 
2013     Prototype 7 

COM6 Hospital 35% 44% 50% 2013     Prototype 6 
COM7 Medical Office 53% 60% 66% 2013     Prototype 5 
COM8 Entertainment/Recreation 20% 25% 31% 2013     Prototype 19 
HRISE Urban High-Rise (NACCS Prot. 4A) 14% 18% 24% 2013     Prototype 18 
RES1-1SNB Res 1, 1 Story no Basement 25% 50% 75% NACCS, Prototype 5A 
RES1-2SNB Res 1, 2 Story no Basement 25% 50% 75% NACCS, Prototype 5B 
RES2 Mobile Home 68% 142% 209% Marshall & Swift Residential Valuation Service 

Residential RES3A Condominium, 1 Story 8% 10% 14% NACCS, Prototype 1A-1 
RES3B Condominium, 2-3 Stories 8% 10% 14% NACCS, Prototype 1A-3 
RES4 Hotel & Motel 20% 26% 33% 2013     Prototype 4 
RES5 Nursing Home 14% 18% 24% NACCS, Prototype 2 
EDU1 School 5% 7% 9% 2013     Prototype 21 
EDU2 College/University 5% 7% 9% 2013     Prototype 21 

Public GOV1 Government Services 14% 18% 24% NACCS, Prototype 2 
GOV2 Emergency Response 60% 70% 75% 2013     Prototype 18 
REL1 Church 5% 7% 11% 2013     Prototype 20 
IND1 Heavy Industrial 32% 38% 44% 2013     Prototype 14 
IND2 Light Industrial 32% 38% 44% 2013     Prototype 14 

Industrial IND3 Food/Drugs/Chemicals 14% 18% 24% NACCS, Prototype 2 
IND4 Metal/Minerals Processing 14% 18% 24% NACCS, Prototype 2 
IND6 Construction Facilities and Offices 32% 38% 44% 2013     Prototype 14 

(1) 2013 - Nonresidential Flood Depth-Damage Functions Derived from Expert Elicitation, Revised 2013 
(2) NACCS - NACCS Physical Depth Damage Function Summary Report 
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1.7.5 

1.7.6 

1.7.7 

Vehicle Inventory 

Analysis of vehicles is under development and will be added to the inventory included in 
the economic models for consideration at time of the Agency Decision Milestone. 

Emergency Costs 

Analysis of emergency costs, to include debris removal, is under development and will 
be added to the non-physical damage reduction benefits for consideration at the time of 
the Agency Decision Milestone. 

In addition to structural damages, a flooded community typically incurs a variety of other 
flood related costs including debris removal. The cost of the debris removal can vary 
according to the residential or nonresidential occupancy type of the structure. The 
content-related debris includes white goods (refrigerators, stoves, dishwashers, etc.), 
electronics, and hazardous waste (paints, oil, household chemicals, poisons, etc.). 

Interviews were conducted with experts in the fields of debris collection, processing, and 
disposal following Hurricanes Katrina and Rita. The experts were asked to provide a 
minimum, most likely, and maximum estimate for the cleanup costs associated with the 
2 feet, 5 feet, and 12 feet depths of flooding. A prototypical structure size in square feet 
was used for the residential occupancy categories and for the nonresidential occupancy 
categories. The experts were asked to estimate the percentage of the total cleanup 
caused by floodwater and to exclude any cleanup that was required by high winds. 

In order to account for the cost/damage surrounding debris cleanup, values for debris 
removal were incorporated into the structure inventory for each record according to its 
occupancy type. These values were then assigned a corresponding depth-damage 
function with uncertainty in the economic models. All values and depth-damage functions 
were selected according to the short-duration flooding data specified in a report titled 
“Development of Depth-Emergency Cost and Infrastructure Damage Relationships for 
Selected South Louisiana Parishes.”  The debris clean-up values provided in the report 
were expressed in 2010 price levels for the New Orleans area. These values were 
converted to FY 2020 price levels for the Ft. Myers FL area, the closest location factor 
adjustment to Collier County, using the indexes provided by Gordian’s 40th edition of 
“Square Foot Costs with RSMeans Data.” The debris removal costs were included in the 
structure records for the individual residential and nonresidential structures and used to 
calculate the expected annual without-project and with-project debris removal and cleanup 
costs. 

First Floor Elevations and Elevation of Vehicles 

Lowest adjacent ground elevations were obtained from Light Detection and Ranging 
(LiDAR) digital elevation model (DEM), downloaded from the National Elevation Dataset 
in NAVD88. Foundation type was obtained from parcel and NSI data, FEMA Elevation 
Certificates and Google StreetView. Foundation Heights were assumed to be 0.5, 3, 5 
and 7 feet for slab, crawl, pier and pile respectively and then updated by comparison to 
FEMA elevation certificates or by Google StreetView for select structures.  Steps were 
assumed to have a height of 6 inches. The foundation height (sum of the number of 
stairs) was added to the ground elevation to determine the first floor elevation of each 
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1.7.8 

1.7.9 

structure in NAVD88. Structures with ground elevations below 0, often adjacent to 
waterbodies, were updated to reflect positive ground elevations adjacent to the boundary 
of the structure.  Vehicles were assigned at ground elevation of the adjacent residential 
structures. The number and percentage of structures within each foundation type as 
used by each modeling software are provided in Table 1-12. 

Table 1-12. Foundation Type and Average Height 

Foundation 
Type 

Number of 
Structures -

G2CRM 

Number of 
Structures -

Beach-fx 

Average Height
Above Ground 

(ft.) 
% of Total 

Crawl 14,970 106 3.0 35% 
Pier 850 85 5.0 2% 
Pile 4,836 380 7.0 12% 
Slab 21,641 144 0.5 51% 
Total 42,297 715 100% 

Depth-Damage Relationships 

Various depth damage functions (DDFs) were considered for use on the study, however, 
given that no geographically specific curves were available for the Florida coastal region, 
a broader geographic collection of curves was considered. Given the high amount of 
multi-family and high rise condominiums in the study area, combined with the salt-water 
environment associated with the location, the DDFs established within the NACCS 
Physical Depth Damage Function Summary Report were determined to be the most 
appropriate for use on the study. The NACCS curves were used to model damages for 
all residential structures and the majority of nonresidential structures, unless curves for 
more specific non-residential structure types were developed as part of the 
Nonresidential Flood Depth-Damage Functions Derived from Expert Elicitation Report in 
2013 (2013). These curves were used in lieu of the NACCS curves for non-residential 
inundation to more closely match specific non-residential occupancy types within the 
structure inventory. Vehicle depth-damage relationships were taken from Economic 
Guidance Memorandum (EGM), 09-04., Generic Depth-Damage Relationships for 
Vehicles. The DDFs developed for sedan automobiles was applied to vehicles 
associated with residential structures and DDFs developed for small trucks was applied 
to vehicles associated with nonresidential structures. 

Uncertainty Surrounding the Economic Inputs 

The uncertainty surrounding the four key economic variables (structure values, contents-
to-structure value ratios, first floor elevations, and depth-damage relationships) was 
quantified and entered into the economic models. The G2CRM and Beach-fx models 
used the uncertainty surrounding these variables to estimate the uncertainty surrounding 
the stage-damage relationships developed for each study area reach. 

1.7.9.1 Structure and Vehicle Values 

A triangular probability distribution based on the depreciated replacement costs derived 
for the three construction classes (economy, average, and luxury) was used to represent 
the uncertainty surrounding the residential structure values in each occupancy category 
for the back-bay structures. The most-likely depreciated value was based on the 
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average construction class, the minimum value was based on the economy construction 
class, and the maximum value was based on the luxury construction class. These values 
were then converted to a percentage of the most-likely value with the most-likely value 
equal to 100% of the average value for each occupancy category and the economy and 
luxury class values equal to a percentage of these values. The triangular probability 
distributions were entered into the G2CRM model to represent the uncertainty 
surrounding the structure values in each residential occupancy category in the back-bay. 

Since the beach structures were assumed to be luxury construction class, the triangular 
probability distribution for these structures was based on the condition and effective age, 
rather than by construction class. These values were converted in a similar fashion, with 
the most-likely value equal to 100% of the average condition value for each occupancy 
category and the poor condition and good condition values equal to a percentage of 
these values. These triangular probability distributions were entered into the economic 
model to represent the uncertainty surrounding the structure values in each residential 
occupancy category in the beach area. 

A triangular probability distribution based on the depreciation percentage associated with 
the three exterior wall types (wood frame, masonry on wood frame, and masonry on 
masonry or steel) was used to represent the uncertainty surrounding the non-residential 
structure values in each occupancy category. The most-likely depreciated value was 
based on the depreciation percentage assigned to a masonry exterior wall construction, 
the minimum value was based on the depreciation percentage assigned to a wood frame 
exterior wall construction, and the maximum value was based on the on the depreciation 
percentage assigned to a masonry on masonry/steel exterior wall construction. These 
values were then converted to a percentage of the most-likely value with the most-likely 
value being equal to 100 percent and the minimum and maximum values equal to 
percentages of the most-likely value. The triangular probability distributions were entered 
into the economic models to represent the uncertainty surrounding the structure values 
for each non-residential occupancy category. 

1.7.9.2 Content-to-Structure Value Ratios 

A triangular probability distribution was used to represent the uncertainty surrounding the 
contents-to-structure value ratios (CSVRs) for residential structures. The minimum 
CSVR value, 25 percent, was obtained from the Willoughby GRR, an evaluation 
completed in Norfolk, Virginia, while the maximum CSVR value, 70 percent, was based 
on a survey of homes in coastal Louisiana. The most-likely value, 50 percent, was used 
to be consistent with other CSRM studies conducted in Florida. A triangular probability 
distribution was also used to represent the uncertainty surrounding the CSVRs for the 
non-residential occupancies. The minimum, maximum and most-likely values were 
based on data obtained from either the Physical Depth Damage Function Summary 
Report published as a part of NACCS study or the 2013 Draft Non-residential Flood 
Depth-Damage Functions Derived from Expert Elicitation, depending on the type of non-
residential occupancy. 

1.7.9.3 First Floor Elevations 

There are two sources of uncertainty surrounding the first floor elevations:  the use of the 
3m, or 10ft National Elevation Dataset, dated December 2017, and the use of parcel 
data, NSI2 and Google StreetView to determine the foundation heights above ground 
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1.8.1 

1.8.2 

elevation. The error implicit in using LIDAR data is normally distributed with a mean of 
zero and a standard deviation of 0.377 feet. The error implicit in the use of parcel data is 
also normally distributed with a mean of zero and a standard deviation of 0.5 feet for 
residential structures and 0.31 feet for non-residential structures at the 95 percent level 
of confidence. There was less uncertainty surrounding the commercial structures relative 
to the residential structures because there was less variation in foundation types. The 
combination of the two uncertainties yielded a standard deviation of 0.63 for residential 
structures and 0.49 for non-residential structures. 

1.7.9.4 Depth-Damage Relationships 

A triangular probability density function was used to determine the uncertainty 
surrounding the damage percentages associated with each depth of flooding for the 
various residential and non-residential occupancy categories. A minimum, maximum, 
and most-likely damage estimate for each depth of flooding was obtained from the 
Physical Depth Damage Function Summary Report published as a part of NACCS study 
and the 2013 Draft Nonresidential Flood Depth-Damage Functions Derived from Expert 
Elicitation. A national panel of building, construction, insurance, and restoration experts 
was used to develop the data contained in these reports. 

1.8 Engineering Inputs to the Economic Models 

Stage-Probability Relationships 

Stage-probability relationships were provided for the existing (2030) without-project 
condition and future without project conditions (2079). Water surface and wave height 
profiles were provided for nine annual exceedance probability (AEP) events at various 
confidence limits:  10% flood (10 year flood), 5% flood (20 year flood), 2% flood (50 year 
flood), 1% flood (100 year flood), 0.50% flood (200 year flood), 0.20% flood (500 year 
flood). The without-project water surface profiles were based on FEMA SWFL Study 
hydrodynamic model output data output data which was processed by the USACE at 
selected ADCIRC nodes or “Save Points” throughout the study area. 

Probabilistic Storm Suite 

The probabilistic storm suites for both the Beach-fx and G2CRM models were developed 
from the FEMA SWFL hydrodynamic model output data at selected ADCIRC nodes or 
Save Points throughout the study area. To develop the FEMA SWFL storms, data from 
historical storms was used to develop a statistical description of the hurricane storm 
climate of the area in terms of parameters such as central pressure deficit, radius to 
maximum winds, forward speed of the storm, azimuth of the storm track, etc., allowing 
for the probabilistic characterization of the occurrence and characteristics of potential 
hurricanes that may cause significant flooding along the SWFL coast. The FEMA SWFL 
Study followed the Joint-Probability Method (JPM) incorporated experience from past 
FEMA flood studies along the Florida Gulf Coast make appropriate data and model 
modifications to capture the conditions in Southwest Florida. The JPM-OS approach 
developed the representative set of 357 synthetic storms used in this study and their 
associated annual recurrence rates. These storms and their rates provide a condensed 
representation of the population of possible future synthetic storms used to calculate 
surge inundation probabilities. 
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1.8.3 

1.8.4 

Sea Level Rise 

For each of these ACE events, the water surface profiles for the years 2030 and 2079 
were determined by adding relative sea level rise, as determined by the USACE Sea 
Level Rise Calculator for Naples Pier, Florida using the USACE Intermediate Curve to 
the Save Point elevations. The mean sea level trend of 2.85 mm/year, or 0.00935 
feet/year, with 95% confidence rating +/- 0.44 mm/year, as published for Naples Pier, 
FL, was used as the sea level change rate. 

Uncertainty Surrounding the Engineering Inputs 

The uncertainty surrounding three key engineering parameters was quantified and 
entered into the Beach-fx and G2CRM models. These engineering variables include 
ground elevations, stage probability relationships, probabilistic storm suites, and sea 
level rise. The models used the uncertainty surrounding these variables to estimate the 
uncertainty surrounding the elevation of the storm surges for each study area reach. 

A variety of sources were utilized for ground elevations in the study area. For the beach 
areas, beach profile monitoring surveys collected in 2017 by Collier County as part of 
their nourishment programs was utilized in addition to LiDAR data collected post 
Hurricane Irma in September 2017. The vertical accuracy of the beach monitoring 
surveys is +/- 0.1 ft. while the majority of the LiDAR elevations were +/- 0.15 meters or 
0.49 feet.  The FEMA Southwest Florida Study (SWFL) DEM modeling grid was used to 
as an elevation source ground elevations in the Collier County back-bay areas outside of 
the extents of the Post Irma LiDAR. The vertical accuracy of the data used to develop 
the FEMA SWFL Study model grid ranges from 0.1 ft. to 1.16 ft.  

C-24 



  

 
 

   
  

     
    
    

   
  

   
   
 
  

    
    

  
  

 
    

  
 

      

  
    

 
 

 
  

 
  

 
 

  
  

   
     

      
 

 
  

 
 

  
    

   
      

     
    

   
  

2 G2CRM BENEFIT EVALUATION 

For the Collier coastal storm risk management research, G2CRM was used to estimate 
the inundation damages for project alternatives within the study area. G2CRM is 
distinguished from other models currently used for that purpose by virtue of its focus on 
probabilistic life cycle approaches. This allows for examination of important long-term 
issues including the impact of climate change and avoidance of repetitive damages. 
G2CRM is a desktop computer model that implements an object-oriented probabilistic 
life cycle analysis (PLCA) model using event-driven Monte Carlo simulation (MCS). This 
allows for incorporation of time-dependent and stochastic event-dependent behaviors 
such as sea level change, tide, and structure raising and removal. The model is based 
upon driving forces (storms) that affect a coastal region (study area). The study area is 
comprised of individual sub-areas (modeled areas) of different types that may interact 
hydraulically and may be defended by coastal defense elements that serve to shield the 
areas and the assets they contain from storm damage. 

• Driving forces – storm hydrographs (surge and waves) at locations, as 
generated externally from high fidelity storm surge and nearshore wave 
models. 

• Model areas – areas of various types (coastal upland, unprotected area) that 
comprise the overall study area. The water level in the modeled area is used 
to determine consequences to the assets contained within the area. 

• Protective system elements – the infrastructure that defines the coastal 
boundary be it a coastal defense system that protects the modeled areas 
from flooding (levees, pumps, closure structures, etc.), or a locally developed 
coastal boundary comprised of bulkheads and/or seawalls. 

• Assets – spatially located entities that can be affected by storms. Damage to 
structure and contents is determined using damage functions. For structures, 
population data at individual structures allows for characterization of loss of 
life for storm events. 

The model deals with the engineering and economic interactions of these elements 
as storms occur during the life cycle, areas are inundated, protective systems fail, 
and assets are damaged and lives are lost. Within the Collier County coastal storm 
risk management (CSRM) study, the model is used to compare the reduction in 
damages associated with implementing risk reduction measures within the back-bay 
area. 

2.1 Life-Cycle Approach 

The possible occurrences of each variable were derived through the use of Monte Carlo 
simulation, which used randomly selected numbers to simulate the values of the 
selected variables from within the established ranges and distributions. For each 
variable, a sampling technique was used to select from within the range of possible 
values. With each sample, or iteration, a different value was selected. At each iteration, 
different variables are sampled to allow for representations of uncertainty in variables, 
such as the number of storms in a year. Over a large number of iterations, the overall 
results should return values representative of the input variability. The number of 
iterations performed affects the simulation execution time and the quality and accuracy 
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of the results. This process was conducted simultaneously for each economic and 
hydrologic variable. The resulting mean value and probability distributions formed a 
comprehensive picture of all possible outcomes. 

2.2 Study Area Description 

In G2CRM, damages were estimated for 21 model areas (MA).The model areas can be 
defined as unprotected or upland. An unprotected modeled area is a polygonal boundary 
within G2CRM that contains assets and derives associated stage from the total water 
level (i.e. storm surge plus wave contribution plus sea level change contribution plus tide 
contribution) calculated for a given storm, without any mediation by a protective system 
element (PSE). An upland modeled area is a polygonal boundary within G2CRM that 
contains assets and derives associated stage from the total water level (i.e. storm surge 
plus wave contribution plus sea level change contribution plus tide contribution) 
calculated for a given storm, as mediated by a protective system element such as a 
bulkhead/seawall that must be overtopped before water appears in the modeled area. It 
can, also, have an associated volume-stage relationship to account for filling behind the 
bulkhead/seawall during the initial stages of overtopping. Based on guidance from 
G2CRM developers, all model areas, within G2CRM were specified as upland. More 
details will be provided in relation to the implementation of PSEs within G2CRM within 
section 2.3.6 below. 

Geographically, the modelling effort includes 9 adjacent to the shoreline that can be 
referenced by Florida DEP coastal range monuments and 12 inland bay areas at risk 
during coastal storm events. It is important to note that these MAs are not in conjunction 
with Beach-fx reaches. The model reaches in Beach-fx overlap most shoreline MAs but 
none of the inland bay areas. Each modeled area is self-contained to a single planning 
area (PA). The North Beach region contains MA01a-MA29a spanning PA1-PA5, while 
Marco Island contains MA16a-MA39a spanning PA6. Table 2-1 summarizes the PAs, 
MAs and their corresponding physical Florida DEP Coastal Range Monuments. The MA 
coding convention is an artifact of the iterative planning process and is not indicative of 
geographical discontinuity between each model area. Moreover, Figure 2-1 to Figure 2-6 
show the geographical location of the MAs within each PA. 
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Table 2-1. Model Area Geographical Reference 
Planning

Area Model Area Model Area Name Range Monuments 

1 

MA01a 

MA02a 
MA23a 
MA24a 

Barefoot Beach 1 
Barefoot Beach Preserve / Wiggins Pass / 
Vanderbilt Beach 
Wiggins Pass State Park 1 
Wiggins Pass State Park 2 

R1-R9 

R9-R29 
N/A - Inland Bay Area 
N/A - Inland Bay Area 

2 MA06a 
MA25a 

Pelican Bay / Clam Pass 
Clam Pass Bay 

R29-R46 
N/A - Inland Bay Area 

3 

MA09a 
MA10a 
MA12a 
MA26a 
MA27a 

Park Shore 1 
Park Shore 2 
Naples Beach 1 
Doctors Pass Bay 
Venetian Bay 

R46-R49 
R49-R57 
R57A-R68 
N/A - Inland Bay Area 
N/A - Inland Bay Area 

4 
MA16a 
MA18a 
MA29a 

Naples Beach 2 
Naples Beach 3 / Gordon Pass 
Naples Bay 

R68-R76 
R76-R89 
N/A - Inland Bay Area 

5 MA28a Upper Gordon River / Rock Creek N/A - Inland Bay Area 

6 

MA30a 
MA31N 
MA31E 

MA31WS 
MA32a 
MA39a 

Isles of Capri 
Marco Island Bay North 
Marco Island Bay East 
Marco Island Bay West South 
Marco Island / Caxambas Pass 
Goodland 

N/A - Inland Bay Area 
N/A - Inland Bay Area 
N/A - Inland Bay Area 
N/A - Inland Bay Area 
R134-V319 
N/A - Inland Bay Area 
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- <all other MAs> 
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Figure 2-1. Planning Area 1 

C-28 



  

 
 

 

 
 

06a 

MA2Sa 

- <all other MAs> 

0 R Monuments 

Figure 2-2. Planning Area 2 
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Figure 2-3. Planning Area 3 
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Figure 2-4. Planning Area 4 
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Figure 2-5. Planning Area 5 
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Figure 2-6. Planning Area 6 
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2.2.1 Structure Inventory 

As discussed in Section 1.7.2.1, the structure inventory was developed from a 
combination of a real estate assessment table provided by Collier County and NS2 data. 
Within G2CRM, structures are modeled as single point assets.  Assets are spatially 
located entities that can be affected by storms. For this analysis, assets consist of 
structures and associated contents located within the 21 MAs. As depicted in Figures 2-
1 through 2-5, MAs are subsets of PAs, established to reflect area of influence for the 
DCIRC save points. The following Table 2-2 and Table 2-3 show the count and 
aggregated value distribution across occupancy type and MA respectively. Moreover, 
Table 2-2 shows the “raisable” parameter associated with each occupancy type in the 
raise structure assumption described in the following Section 2.3.1. 
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Table 2-2. Inventory Value by Occupancy Type 
Total Value ($FY19) 

Occupancy Occupancy Description Type Raisable Count % of Structure Contents Total Total 
COM1 Retail No 751 336,501,547 149,901,254 486,402,801 2% 
COM10 Garage No 1 8,439,261 3,122,527 11,561,788 0% 
COM2 Wholesale No 142 415,713,352 141,252,075 556,965,427 2% 
COM3 Personal & Repair Services No 336 232,264,836 151,340,281 383,605,116 1% 
COM4 Prof/Tech Services No 504 375,884,823 55,524,416 431,409,239 2% 
COM5 Bank No 37 34,922,423 6,286,036 41,208,459 0% 
COM6 Hospital No 9 353,742,305 155,646,614 509,388,919 2% 
COM7 Medical Office No 2 1,408,907 845,344 2,254,251 0% 
COM8 Entertainment/Recreation No 555 346,138,352 79,486,537 425,624,889 1% 
HRISE Urban High-Rise (NACCS Prot. 4A) No 78 877,153,099 128,217,510 1,005,370,608 4% 

Total Commercial 2,415 2,982,168,903 871,622,594 3,853,791,497 14% 
RES1-1SNB Res 1, 1 Story no Basement Yes 21,386 5,510,188,154 2,754,483,380 8,264,671,533 29% 
RES1-2SNB Res 1, 2 Story no Basement Yes 7,362 4,589,892,480 2,294,946,240 6,884,838,720 24% 
RES2 Mobile Home No 2,839 196,884,281 121,385,945 318,270,225 1% 
RES3A Condominium, 1 Story No 5,695 4,762,345,213 475,399,772 5,237,744,985 18% 
RES3B Condominium, 2-3 Stories No 1,185 1,962,039,800 195,854,569 2,157,894,369 8% 
RES4 Hotel & Motel No 123 228,373,083 51,016,346 279,389,429 1% 
RES5 Nursing Home No 4 21,317,255 3,837,106 25,154,361 0% 

Total Residential 38,594 17,271,040,265 5,896,923,358 23,167,963,623 81% 
EDU1 School No 85 170,125,404 11,908,778 182,034,182 1% 
EDU2 College/University No 3 1,115,853 78,110 1,193,963 0% 
GOV1 Government Services No 393 367,895,820 65,325,627 433,221,447 2% 
GOV2 Emergency Response No 1 415,093 290,565 705,659 0% 
REL1 Church No 153 131,204,066 9,184,285 140,388,351 0% 
IND1-IND6 Industrial No 653 509,955,772 188,625,773 698,581,545 2% 

Total Other 1,288 1,180,712,008 275,413,137 1,456,125,146 5% 
Grand Total 42,297 21,433,921,176 7,043,959,089 28,477,880,266 100% 
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2.3.1 

Table 2-3. Inventory Value by Model Area 
Total Value ($FY19) 

Planning Model Area Area 
% of Total Structures Structures 

% of Structure Contents Total Total 
MA01a 129 0% 119,639,795 18,028,631 137,668,426 0% 
MA02a 77 0% 310,018,594 32,585,885 342,604,479 1% 

1 MA23a 911 2% 246,724,859 103,506,707 350,231,567 1% 
MA24a 13,210 31% 5,111,725,500 1,702,540,300 6,814,265,800 24% 
Subtotal 14,327 34% 5,788,108,747 1,856,661,524 7,644,770,271 27% 
MA06a 

2 MA25a 
Subtotal 

46 0% 
602 1% 
648 2% 

646,066,455 52,829,182 698,895,636 2% 
457,644,410 74,930,147 532,574,556 2% 

1,103,710,864 127,759,328 1,231,470,193 4% 
MA09a 11 0% 370,200,242 27,765,018 397,965,260 1% 
MA10a 48 0% 521,117,327 39,083,799 560,201,126 2% 
MA12a 3 
MA26a 

89 0% 
514 1% 

243,257,085 36,151,547 279,408,632 1% 
328,939,893 113,522,598 442,462,491 2% 

MA27a 2,169 5% 1,026,210,469 403,753,687 1,429,964,156 5% 
Subtotal 2,831 7% 2,489,725,015 620,276,650 3,110,001,666 11% 
MA16a 
MA18a 4 
MA29a 
Subtotal 

121 0% 
141 0% 

3,796 9% 
4,058 10% 

75,211,397 18,802,849 94,014,247 0% 
147,980,845 36,804,692 184,785,536 1% 

1,647,935,017 633,735,895 2,281,670,912 8% 
1,871,127,260 689,343,436 2,560,470,695 9% 

5 MA28a 12,046 28% 5,557,017,919 1,906,858,175 7,463,876,094 26% 
MA30a 344 1% 96,294,186 42,729,248 139,023,434 0% 
MA31E 1,566 4% 649,625,984 313,847,599 963,473,583 3% 
MA31N 1,765 4% 834,666,904 336,184,764 1,170,851,668 4% 

6 MA31WS 4,298 10% 1,933,256,408 847,554,015 2,780,810,423 10% 
MA32a 73 0% 1,063,324,380 91,017,187 1,154,341,567 4% 
MA39a 341 1% 47,063,509 19,870,364 66,933,873 0% 
Subtotal 8,387 20% 4,624,231,371 1,651,203,177 6,275,434,547 22% 
Grand Total 42,297 100% 21,433,921,176 6,852,102,290 28,286,023,466 100% 

2.3 Assumptions 

G2CRM accuracy is not only dependent upon inputs but also requires consideration of 
the parameters (i.e. assumptions) under which the model is bound. This section 
describes key assumptions of the G2CRM model and specific parametric assumptions 
made for G2CRM evaluation for this study. 

Run Conditions 

Start year. The year in which the simulation begins is 2020. This year determines the 
starting structure inventory which will evolve through raising and rebuilding efforts 
throughout the period of analysis. 

Base year. The Present Value basis and the year in which the benefits of a constructed 
federal project would be expected to begin accruing is 2030. This is based on the 
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expected signing of the Chief’s Report in 2021, 3 years of funding appropriation and 
preconstruction engineering/design (PED), and 5 years of construction. 

Basis year. G2CRM makes a distinction between base year and basis year. While the 
base year parameter specifies the temporal reference to any monetary related statistics, 
the basis year parameter specifies the temporal reference to any sea level calculation 
within the model. The basis year was selected to be 1992, the midpoint of the utilized 
National Tidal Datum Epoch (NTDE) (1983-2001). 

Sea Level Change Rate. The mean sea level trend of 2.85 mm/year, or 0.00935 
feet/year, as published for Naples Pier, FL as of 2018, was used as the sea level change 
rate. 

Period of Analysis. The period of analysis is 50 years, from 2030 to 2079. Note that the 
model duration will be 60 years, from 2020, the model start year, to 2079, the model end 
year. The additional ten years allows the structure inventory to become damaged and 
raised prior to the federal project being in place. This limits the available flood risk 
damages to be reduced by the federal project. However, for purposes of economic 
evaluation only the time period from the base year will be used in benefit calculation. 

Iterations. G2CRM model runs used 160 iterations for the FWOP and the final array of 
alternatives. The moving average of FWOP damages stabilized by this point and was 
thus determined as an adequate number of iterations. Figure 2-8 shows the model 
stabilization before 160 iterations. 

Discount Rate. The analysis was conducted using the 2.75% Federal water resource 
project evaluation discount rate for fiscal year 2020. 

Table 2-4. Additional Run Conditions 
Setting Selection 

Calculate Depreciation 
Raise Structure 
Calculate Assets 
Use Benefit Bases 
Cumulative Damage 
Removal 
Calculate Life Loss 
Auto-Generated Waves 

No 
Yes 
Yes 
No 

No 
No 
No 

Calculate Depreciation. As discussed, structure values were calculated as depreciated 
replacement values. Therefore, additional depreciation was not considered. 

Raise Structure. Base Flood Elevations (BFE) were identified, according to the 
preliminary Flood Insurance Rate Map, dated December 31, 2019.  It is assumed that if 
a structure, within the Special Flood Hazard Area, is damaged or improved by 50% of 
the structure’s value prior to the event, then that structure will be required to be brought 
up to code to include a first floor elevation at the BFE + one foot of freeboard, as 
required by Florida Building Code. 
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Calculate Assets. Selecting “yes” for this setting directs G2CRM to use the uploaded 
assets. 

Use Benefit Bases. The Water Resource Development Act (WRDA) of 1990, Section 
308, FLOOD PLAIN MANAGEMENT. States that: 

(a) Benefit -Cost Analysis.--The Secretary shall not include in 
the benefit base for justifying Federal flood damage reduction projects—— 

(1)(A) any new or substantially improved structure (other 
than a structure necessary for conducting a water-dependent activity) 
built in the 100-year flood plain with a first floor elevation less than the 
100 -year flood elevation after July 1,1991; or 

(B) in the case of a county substantially located within the 100-year flood 
plain, any new or substantially improved structure (other than a structure 
necessary for conducting a water –dependent activity) built in the 10-year 
flood plain after July 1, 1991; and 

(2) any structure which becomes located in the 100-year flood plain with a 
first floor elevation less than the 100-year flood elevation or in the 10 -
year flood plain, as the case may be, by virtue of constrictions placed in 
the flood plain after July 1, 1991. 

(b) Counties Substantially Located Within 100-Year Flood Plain.--For the 
purposes of subsection (a), a county is substantially located within the 100-year 
flood plain—— 

(1) if the county is comprised of lands of which 50 percent or more are 
located in the 100 -year flood plain; and 

(2) if the Secretary determines that application of the requirement 
contained in subsection (a)(1)(A) with respect to the county would 
unreasonably restrain continued economic development or unreasonably 
limit the availability of needed flood control measures. 

Selecting “no” for this parameter directs G2CRM to assume all structures are in the 
benefit base. Collier County currently participates in FEMA’s Community Rating System 
and has secured a Class 5 rating, therefore, structures are assumed to comply with the 
Flood Insurance Rate Map effective at the time of their construction. 

Cumulative Damage Removal. Logic may suggest that a structure would be 
removed/acquired once the cumulative damage exceeds its present value or at a 
minimum, required to be brought up to code once exceeded the 44CFR 59.1 50% 
substantial damage. However, there are no current FEMA or USACE guidelines that 
require the removal/acquisition of a structure once damage has exceeded its present 
value. Additionally, tracking cumulative damages or improvements is a higher standard 
not often implemented by communities. For those reasons, this option was not used. 
See Section 2.3.2 for additional information about substantial damages removal. 
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2.3.2 

2.3.3 

Life Loss. This parameter allows the user to toggle life loss calculations on or off.  For 
this study, life loss was calculated. Associated model and parameter assumptions for life 
loss are also covered in Section 2.3.5 below. 

Auto-Generated Waves. Waves were included in the H5 files imported into each study 
area, therefore, auto-generated waves was not used. 

Structure Raising 

When a structure is rebuilt after exceeding the 50 percent threshold, it is raised to 
reduce future flood damage if it has a compatible occupancy type as shown in Table 2-2. 
For this study, only single family structures were modeled to be raisable within the 
G2CRM model.  This is different than the nonstructural policy where both single family 
structures and mobile homes were considered for elevation. 

The limit for raising a structure was capped at 12 feet. When a structure is raised in 
G2CRM, the structure is rebuilt in kind. The only changed parameter is the first-floor 
elevation.  The structure/contents values were set to be equal to the original values. For 
the rebuild that includes raising, the time to rebuild will be the maximum value from the 
pre-raised structure. 

The target first-floor elevation was developed by extracting the BFE for each structure 
from the preliminary Flood Insurance Rate Map, dated 12/31/2019, and adding one foot 
of freeboard, according to the Florida Building Code.  If a structure was located in a 
Zone VE or on the water side of a Limit of Moderate Wave Action line, also known as a 
Coastal A zone, an additional foot was added to the target first floor elevation to allow for 
the depth from the bottom of the lowest horizontal member to the top of the first floor. 
FEMA requires structures within Coastal A or VE Zones have their lowest horizontal 
member to be at or above BFE. The additional depth coupled with open space free of 
enclosures below the structure allow waves and flooding to flow unencumbered under 
the structure and reduce damages. 

Additionally, the ability to elevate a structure depends on a number of considerations 
that are outside the scope of this feasibility study including, but not limited to, site 
characteristics such as soil bearing capacity and building condition. 

Structure Rebuilding 

The rebuilding parameter within G2CRM restricts the amount of monetary investment 
allocated to structural repair for any specific building type in order to most accurately 
reflect real-world behavior. Allowing for an unlimited amount of rebuilding in the period of 
analysis may be unrealistic for a CSRM study and can potentially overstate damages in 
the FWOP. As a result, the number of rebuilds has been limited to reflect this behavior 
as follows: 

• For structures within the beachfront model areas – 20x, approximately once 
every 3 years of model runtime. This number has also been employed on other 
coastal studies such as Willoughby Spit and Vicinity, Norfolk, VA. 

• For structures within the back-bay model areas – 5x, approximately once every 
12 years of model runtime. 
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2.3.4 

2.3.5 

Significant Rebuild Damage Threshold – Each study has a significant rebuild damage 
threshold associated with it, which is automatically set within G2CRM as 50% for all 
model areas. This is consistent with 44CFR 59.1 of the National Flood Insurance 
Program (NFIP) that defines substantial improvement as any reconstruction, 
rehabilitation, addition or other improvement to a structure, the total cost of which equals 
or exceeds 50% of the market value of the structure before the start of the construction 
of the improvement. Additionally, if structures are damaged, or improved, to a value 
equal or greater than the pre-modification value, the structure must, then, be brought up 
to code which includes elevating a structure to the existing floodplain ordinance. After 
the number of rebuilds is exceeded, the structure is removed from the asset inventory for 
the remainder of the life cycle. 

Structure Removal 

There are three ways for G2CRM to remove a structure from inventory: 

• After a raising event was attempted, but the height required to raise the asset was 
greater than the inputted maximum raise height, or 12 feet NAVD88 for this study. 

• After a user-defined number of significant damage events is exceeded 
• After a user-defined percentage threshold for cumulative damage within an iteration 

is exceeded 

Each structure has a target first-floor elevation, a first-floor elevation distribution, and an 
occupancy type with a maximum raising feet. If a structure is scheduled to be raised 
(see “Asset Raising” above) then the currently drawn first-floor elevation will be 
compared to the target first-floor elevation. If this comparison exceeds the maximum feet 
to be raised, then the structure will be removed from inventory. 

The structure-specific setting for number of rebuilds will be compared throughout the 
iteration to the rebuild count for that structure. If a rebuild is due to damage that is 
greater than the study’s significant rebuild threshold, then the number of rebuilds will be 
incremented. Whenever the structure is damaged and cannot be rebuilt due to 
exceeding the allowed rebuild count, then the structure will be removed from inventory. 

G2CRM also allows for structures to be removed once a percentage cumulative damage 
threshold is met or exceeded.  As discussed earlier, a cumulative damage threshold was 
not employed in this study. 

Life Loss 

In an effort to identify risk to life safety each project measure might have, each 
considered alterative was modeled for potential life loss. G2CRM is capable of modeling 
life loss using a simplified life loss methodology. Since there is a high level of uncertainty 
in modeling life loss, the future without project condition was modeled to serve as a 
baseline. Therefore, when compared to the future with project condition, any increase or 
reduction of life loss from the baseline would serve as a proxy in identifying impacts to 
life safety for each alternative. 
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In G2CRM, life loss calculations are performed on a per-structure per-storm basis. Each 
structure has an occupancy type, which has an associated storm surge lethality. For this 
study, only structures being occupied as residential buildings were assigned lethality 
functions. There are three possible lethality functions for structure residents: safe, 
compromised, and chance. Safe would have the lowest expected life loss, although safe 
does not imply that there is no life loss. Chance would have the highest expected life 
loss. During each storm, the model cycles through every active structure. For each 
structure, the model default the lethality function to safe and check for the maximum 
lethality function such that the modeled area stage is greater than the sum of the first 
flood elevation of the structure and the lethality function’s surge above the foundation. 
This will be checked separately for under and over 65, as these two age groups can 
have different lethality functions depending on the age-specific surge above foundation 
for that occupancy type. 

Using the proper lethality function, a random number is generated and interpolated using 
the Lethality Function Values to get the expected fraction of life loss. The way the default 
lethality functions are formed is that the smaller the random number, the higher the life 
loss. This interpolation from the lethality function is multiplied by the nighttime population 
for the corresponding age range and the remaining population fraction in order to 
calculate the life loss under 65 and life loss for 65 and older. This is recorded in fractions 
of lives, so depending on the level of output, there exists small rounding differences. The 
total estimated life loss is then simply the sum of estimated life loss under 65 and over 
65 age groups. 

For each structure, G2CRM calculates the statistics across 160 iterations and 
aggregates all outputs into structure distributions using the life-cycle method described 
in Section 2.1. The structure distributions are then aggregated to MA levels and used to 
carry out an analysis on the TSP’s impact to life safety, the summary is featured in 
Section 5.3 of this Appendix. 

Two key inputs contribute to the calculation of life loss, the number of people living within 
each structure and hurricane evacuation zones. The number of people living within each 
structure were derived using census data. According to the U.S. Census Quick Facts, 
dated July 2019, there is an average of 2.55 persons per household. In addition, 32.2% 
of the population is 65 or older. For a single family residence, 2.55 people are assumed 
to inhabit the structure with 1.7289 people under the age of 65 and 0.8211 people are 65 
or older. The nighttime population for under 65 is assumed to be 1.7289. The daytime 
population for under 65 assumes one person works outside of the home and is 
therefore, half or 0.86445. The daytime and nighttime populations over the age of 65 are 
assumed to be the same. For multiple family residences, the same assumptions were 
applied to the number of apartments on the first two floors, or the limit of the depth 
damage functions. 

To calculate life loss, G2CRM also requires information on evacuation planning zones. 
An evacuation planning zone (EPZ) is a spatial area, defined by a polygonal boundary to 
determine the population remaining in structures during a storm (i.e. population that did 
not evacuate). For each MA, the remaining population is modeled with a triangular 
distribution using minimum, mode and maximum values. Table 2-5 below shows the 
remaining population attributes were calculated from Evacuation Rates for residents 
living in site built homes from Regional Behavioral Analysis in the Florida Statewide 
Regional Evacuation Study. From this data, the minimum, maximum, and most likely 

C-41 



  

 
 

  
    

     
  

  
   

   
      

      
      
      
      
      
      

       
 

      
     

     
   

 
   

      
 

 
  

    

    
    
    
    
    
    

  
 
 
 
 
 
 
 
 
  

percentages were derived as input parameters to the triangular distribution required by 
G2CRM. Table 2-6 shows these specific inputs. These rates were applied based on 
evacuation zone(s) within the model areas. Moreover, Figure 2-7 gives a geographical 
overview of these evacuation zones. 

Table 2-5. Evacuation Rates for Storm Categories 
Collier Evacuation Rates (%) Storm Threat Scenario 
Site-built Homes Cat1 Cat2 Cat3 Cat4 Cat5 
Tropical Storm* 50 60 70 80 90 
Cat 1 Surge Evacuation Zone 50 60 70 80 90 
Cat 2 Surge Evacuation Zone 30 55 60 75 85 
Cat 3 Surge Evacuation Zone 20 25 60 75 75 
Cat 4 Surge Evacuation Zone 10 5 35 60 60 
Cat 5 Surge Evacuation Zone 5 5 25 50 60 
* Rates assumed to be the same as Cat 1 

Table 2-5 above represents the % of residents that will evacuate.  Therefore, the 
remaining population is equal to 1- (value/100). The evacuation rates were applied 
across the model areas.  A separate tourist rate, which may be higher, was not 
employed as populations were not entered for hotels in G2CRM. 

The minimum remaining population is equal to the remaining population for a Cat 5 or 1-
(90/100). The mode uses values for Cat3 and the maximum uses Cat 1 values. 

Table 2-6. Remaining Population 
Remaining Population 

Model Parameter Min Mode Max 

Tropical Storm* 
Cat 1 Surge Evacuation Zone, A 
Cat 2 Surge Evacuation Zone, B 
Cat 3 Surge Evacuation Zone, C 
Cat 4 Surge Evacuation Zone, D 
Cat 5 Surge Evacuation Zone, E 

0.10 0.30 
0.10 0.30 
0.15 0.40 
0.25 0.40 
0.40 0.65 
0.40 0.75 

0.50 
0.50 
0.70 
0.80 
0.90 
0.95 

* Rates assumed to be the same as Cat 1 
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Figure 2-7. Applied Evacuation Zones 

Protective System Elements 

Flood hazard as manifested at the storm location is mediated by the associated 
bulkhead/seawall PSE. The PSE prevents transmission of the flood hazard into the 
model area until the flood hazard exceeds the top elevation of the bulkhead/seawall. 
When the flood hazard exceeds the bulkhead/seawall top elevation the flood hazard is 
instantaneously transmitted into the model area unmediated by the bulkhead/seawall. 

PSEs are defined in G2CRM to capture the effect of built CSRM infrastructure (i.e. what 
in G2CRM is categorized as a bulkhead/seawall). For the study area the infrastructure is 
neither present in the existing condition nor future without project condition, but rather a 
part of an alternative plan. In theory, this should influence the type chosen for each MA 
(upland vs unprotected).  For instance, MAs with an existing or proposed structural 
infrastructure would be specified as a protected model area.  An area without structural 
infrastructure would then choose an unprotected model area. However, based on 
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guidance from the model developers, protected areas with a PSE were employed for 
model areas with structural or nonstructural measures. 

For structural areas, the PSE was derived from the line shapefile representing proposed 
structural measures and existing dunes. The waterside ground elevation was set to the 
existing ground and the top elevation was set to 0.  New runs of G2CRM will use 0 for 
waterside ground elevations for structural and nonstructural model areas for FWOP and 
FWP. For FWP, the top height was set to 10, 12 or 14 feet NAVD88 for model areas 
with structural measures. See Section 2.4 below for additional details.  

2.4 Future Without Project Condition 

Planning efforts were conducted using the intermediate Sea Level Change scenario for 
all modeling and formulation. Any display of FWOP model results from G2CRM are 
those derived from the “Without Project Plan” output files unless specifically indicated 
otherwise. The FWOP damages was modeled as a “no action” scenario in order to 
identify the risk and damage potential to Collier County infrastructure in the absence of 
any action and also to provide a commensurable baseline for comparative purposes. 

As discussed in Appendix B: Engineering Appendix, model areas were developed based 
on location of save points that were determined to have the appropriate environmental 
forcings, as a subset of planning areas. G2CRM model areas, also, include beach areas 
to calculate inundation that can occur from the back- bay. For the TSP analysis, 21 
model areas, shown in Table 2-1 were evaluated as individual studies in G2CRM. As 
mentioned earlier, each study was defined as an upland model area with a bulkhead 
PSE. For nonstructural areas, the waterside ground elevation was set to the existing 
ground and top elevation was assigned a zero value. Future modeling will set the 
waterside ground elevation and top elevation to zero because water can enter the 
passes and flood in the back-bay by long before it overtops the beach berm and dune. 
Even though, the source of the water is from the gulf /beach side, the save points used 
are located in the back –bay and therefore, assume a lower water level with less wave 
action as it travel through open . 

Similarly, for structural measures, the bulkhead PSE, is assigned a waterside ground 
elevation equal to the existing ground and top height of zero as flooding is expected to 
enter the back-bay before overtopping the dunes. Future modeling with assign a zero 
waterside ground and top elevation for the same reason.  FWP will have a zero 
waterside ground elevation and a top elevation of 10, 12 and 14. 

The TSP includes increasing the height of the dunes because it is assumed that water 
can overtop the dunes, in their existing condition before it overtops the structural 
measures. A separate analysis was completed to estimate the residual risk if dunes 
were not raised in the TSP. Figure 2-8 shows a transect line taken through MA1a and 
MA23a to represent topography in PA1. 
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Figure 2-8. Planning Area Transect Line (MA01a and MA23a) 

A G2CRM analysis of MA01a employed a save point from the beach side, bulkhead 
PSEs with a waterside ground elevation and top height equivalent to the average DEM 
height along the bulkhead and a stage-volume curve.  Table 2-7 compares the results to 
the FWOP calculated with the back-bay save point. 

Table 2-7. MA01a Beach Save Point Analysis 
Back-bay Beach Save 

Save Point ($) Point ($) 
23,187,583 53,008,167 

As expected, damage from water overtopping the dunes is greater than damage from 
water entering the passes. Increasing the height of the dunes in combination with the 
structural measures is important to ensure that full economic benefit is realized and to 
prevent water from overtopping the dunes. 

The damages assigned to each modeled area were estimated in G2CRM using 
economic (e.g. Assets) and engineering inputs (e.g. Storms) to generate expected 
present value (PV) damages for each structure throughout the life cycle (i.e. the period 
of analysis). The possible occurrences of each economic (i.e. triangular distribution) and 
engineering (i.e. relative probabilities) variables were derived through the use of Monte 
Carlo simulation and a total of 160 iterations were executed by the model for this 
analysis. That is every iteration represents expected PV damages for the period of 
analysis and cumulative damages of assets converged at about 160 iterations. 
Figure 2-9 demonstrates the model stability prior to 160 iterations for modeled area 
MA01a. The plot is representative of the entire back-bay study area. 
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Figure 2-9. Model Stabilization 
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The years 2030-2079 were selected to represent the future without project condition. No 
additional development within the study area is anticipated since it was assumed that 
new development would most likely be redevelopment due to limited space and be built 
to higher standards and less vulnerable future flood risk during the period of analysis. It 
is noted, however, a combination of both wealth and complementary effects are likely to 
contribute to growth in the value of the assets at risk in the study area. The same 
structures within the back-bay study area will continue to be affected by the risk of 
flooding from coastal storms and suffer increasing losses each year. 

Table 2-8 displays the mean expected PV damages and average annual damages for 
the study area by modeled areas for the future without project condition. Moreover, the 
following Figure 2-10 displays the % of asset counts, values, and the future without 
project condition PV damages for each modeled area. According to the figure, MA28a 
makes up the most value and damages of structures in the study area. 
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Table 2-8. Future Without Project Estimated Damages (50-year, 2.75% discount rate) 

Planning
Area Model Area PV Damages 

($FY20) 
Annual 

Damages 
($FY20) 

% of Total 

MA01a 23,634,660 875,450 0.1% 
MA02a 32,147,380 1,190,769 0.2% 

1 MA23a 110,423,727 4,090,196 0.7% 
MA24a 1,167,736,645 43,254,039 7.1% 

Subtotal 1,333,942,413 49,410,454 8.1% 
MA06a 152,544,403 5,650,385 0.9% 

2 MA25a 490,910,639 18,183,781 3.0% 
Subtotal 643,455,042 23,834,166 3.9% 
MA09a 52,556,080 1,946,726 0.3% 
MA10a 35,457,457 1,313,377 0.2% 

3 MA12a 
MA26a 

55,430,801 
82,275,612 

2,053,208 
3,047,564 

0.3% 
0.5% 

MA27a 427,238,518 15,825,308 2.6% 
Subtotal 652,958,467 24,186,182 3.9% 
MA16a 16,358,392 605,930 0.1% 

4 MA18a 
MA29a 

11,621,642 
897,232,365 

430,476 
33,234,312 

0.1% 
5.4% 

Subtotal 925,212,400 34,270,718 5.6% 
5 MA28a 8,415,293,615 311,710,213 50.9% 

MA30a 409,604,532 15,172,129 2.5% 
MA31N 2,463,127,473 91,236,506 14.9% 
MA31E 225,303,648 8,345,454 1.4% 

6 MA31WS 1,015,867,788 37,628,677 6.1% 
MA32a 129,682,171 4,803,547 0.8% 
MA39a 329,875,263 12,218,883 2.0% 

Subtotal 4,573,460,874 169,405,196 27.6% 
Total 16,544,322,811 612,816,929 100.0% 
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Figure 2-10. Future Without Project Damages by Model Area 
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The result is an increase in the expected PV damages for the future, meaning that the 
losses suffered by the affected structures will increase between 2020 and 2079. Like 
that of the existing condition, G2CRM used Monte Carlo simulation to derive the 
expected PV damages with 160 iterations completed. The sum of all damages for each 
life cycle were divided by the number of iteration to yield the expected PV damages for 
that modeled simulation. A mean and standard deviation were automatically calculated 
for the PV damages for each modeled area to account for uncertainty. These PV 
damages for each modeled area were summed to derive the study area expected PV 
damages. 

The forecasted sea level rise in the future, without a project in place, resulted in higher 
expected average PV damages. According to Table 2-8 above, the total FWOP PV 
damages are approximately $16.5 billion or about $613 million average annual. The 
forecast of the future without project condition reflects the conditions expected during the 
period of analysis and provides the basis from which alternative plans are evaluated, 
compared, and selected since a portion of the flood damages would be prevented (i.e. 
flood damages reduced) with a Federal project in place. Furthermore, according to the 
modeling results, for a typical life cycle (reference Figure 2-9 below), the majority of 
damages was shown to have incurred more toward the beginning of the life cycle before 
leveling off toward the end of the life cycle. This seems reasonable given the modeling 
assumptions that structure inventory will evolve over time as damaged structures exceed 
the 50% threshold of substantial damage. When assets get damaged, there will be a 
rebuilding period (assets offline not receiving damages) and these same assets would 
be rebuilt to a higher elevation at or above the existing floodplain ordinance and thus, 
less vulnerable from damage from storm events. Therefore, as the life cycle gets toward 
the end, these damages would be more reflective of the less damaging storm events. 
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Figure 2-9. Representative Present Value Damages by Year 
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Additionally, the damages based on a typical life cycle from the model was shown to be 
more concentrated in PAs 5 and 6. While most of the back-bay study area is made up of 
residential structures and shown to receive damages, the damage estimate for PA 5, 
which contains only MA28a, is considerably higher than others. Damages concentrate 
on lower elevation regions in the southwest of the planning area adjacent to Gordon 
River and Rock Creek, next to Naples Municipal Airport. Figure 2-10 shows the 
distribution of estimated damages throughout PA 5. 
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2.4.1 

' ' ' 
d tliie GIS User Community 

FWOP damages for alternate Sea-Level Rise (SLR) scenarios 

The G2CRM FWOP analysis for alternate Sea-Level Rise scenarios is 
underdevelopment 

2.5 Future With Project Condition 

The future with project (FWP) condition is the most likely condition expected to exist in 
the future if a specific project is undertaken. The FWP condition were evaluated by 
G2CRM for both structural and nonstructural scenarios in the back-bay of the study 
area. 

Due to engineering concerns, structural measures were found to only be suitable for PAs 
1, 3, and 5. Structural measures in PA 1 include the Wiggins Pass surge barrier, Bonita 
Beach Road floodwall, and the two Bonita Beach Road floodgates.  A higher beach dune 
and beach berm are also included in PA1 from the northern County line (approximately 
at Florida DEP range monument R1) through Vanderbilt Beach (approximately R29). 
The measures are shown in Figure 2-11 below. 

Figure 2-11. FWP Planning Area 1 Measures 
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2.5.1 

Planning area 3 is the second area containing structural measures and includes the 
Seagate Drive floodwall and floodgate, as well as the Doctor’s Pass surge barrier. 
Additionally, planning area 3 includes higher beach dunes and berms from Park Shore to 
Naples Beach (approximately R46-R68). Planning area 5 is the third area containing 
structural measures, which include the Tamiami Trail floodwall and floodgates. 

For each of the mentioned planning areas considered for the structural scenario, the 
implementation of a recurring beach nourishment program is assumed to be required to 
support the effectiveness of the back-bay measures. The economic analysis of the 
beach nourishment measures is analyzed separately in the Beach-fx model, results of 
which can be found in Chapter 3 of this Appendix and then later combined with the 
results from this G2CRM analysis for an economic comparison of separable elements. 

Nonstructural Measure Selection 

Nonstructural measures are permanent or contingent measures applied to a structure 
and/or its contents that prevent or provide resistance to damage from flooding. Existing 
structures within the study area were identified and considered for either acquisition, 
floodproofing or elevation.  Nonstructural measures differ from structural measures in 
that they reduce the consequences of flooding instead of reducing the probability of 
flooding. 

Structures were selected for nonstructural measures if their FFE was 1 foot or more 
below the Water Level calculated for 2079. 

2.5.1.1 Residential Structures 

Single family residences (RES1-1SNB and RES1-2SNB), were evaluated for acquisition 
and elevation. The costs were calculated and compared.  The least cost measure was 
selected for the structure.  It is should be noted that as the Recommended Plan 
develops, additional review will include considerations such as neighborhood cohesion.  
In addition, it is expected that additional information, obtained through Preconstruction, 
Engineering and Design, such as building condition, etc. may make structures ineligible 
for elevation. 

Elevation Costs 

The cost to elevate a structure was derived from per square foot costs published in the 
USACE National Nonstructural Committee Best Practice Guide 2020-01.  A locality 
adjustment, from RS Means, of 0.8 for residential structures was applied for Collier 
County, as shown in Table 2-9. The adjusted per square foot cost was multiplied by the 
area of a single story to calculate the cost to elevate the structure. 
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Table 2-9. Elevation Costs 
RESIDENTIAL STRUCTURE RAISING COST 

CALCULATION (sq.ft.) 

Ft. 
Raised 

1STY-
SLAB 

2STY-
SLAB 

1STY-
PIER 

(CRAWL) 

2STY-
PIER 

(CRAWL) 
1 82 90 73 80 
2 82 90 73 80 
3 84 92 75 83 
4 87 99 75 83 
5 87 99 75 83 
6 88 100 77 85 
7 88 100 77 85 
8 91 103 79 87 
9 91 103 79 87 

10 91 103 79 87 
11 91 103 79 87 
12 91 103 79 87 
13 94 109 80 88 

2.5.1.2 Mobile / Manufactured Homes 

Nonstructural measures were considered for mobile/manufactured (manufactured) 
homes (RES2). In this initial analysis, only acquisition was considered. Additional 
discussion and coordination with the local sponsor will be necessary to formalize a path 
forward.  Manufactured homes provide a lower cost alternative for citizens. A 2017 
Urban Land Institute report concluded that Collier County has an affordable housing 
problem. However, manufactured homes provide a challenge to mitigate.  Until the U.S. 
Department of Housing and Urban Development (HUD), adopted new structural 
resistance guidelines for wind in 1994, manufactured homes were not constructed to 
withstand high wind loads.  This is important because an elevated structure is 
subjected to higher wind loads than a structure closer to the ground.  In addition, 
manufactured homes are, generally, valued less than stick built structures, 
depreciate rapidly and may deteriorate more quickly than a stick built structures. 

There is precedence for elevating mobile homes.  FEMA and USACE have either 
elevated or developed plans to elevate manufactured homes.  FEMA publication 85, 
Protection Manufactured Homes from Floods and Other Hazards, outlines standards for 
elevating manufactured homes. As the study evolves, manufactured homes may be 
considered for elevation. To be considered for elevation, the manufactured home will 
need to have been constructed after 1994 and be in good condition. The year a 
manufactured home is built may not be readily available if it is located in a large mobile 
home park.  Similar to residential structures, there is a high probability that a number of 
structures identified in future analyses for elevation will be determined ineligible in PED 
when more detailed information about the structures becomes available. 
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2.5.2 

2.5.1.3 Non-residential Structures 

Non-residential structures and large multi-family structures were considered for 
floodproofing.  For floodproofing, a 3 feet height was assumed for all measures. 
However, this assumes a watertight barrier of 3 feet around the structure. It should be 
noted that, where applicable, additional measures, such as closures for windows and 
doors, may be appropriate and may provide a higher level protection than evaluated in 
this analysis.  For the FWP, depth damage functions were adjusted to remove damage 
percentages 3 feet and below. 

Preliminary Comparison of Structural and Nonstructural Measures 

Due to the size and complexity of the CSRM study, the project delivery team (PDT) 
decided to perform a preliminary analysis before conducting a comprehensive analysis 
of the FWP condition to rule out unsuitable measures that clearly do not contribute to 
National Economic Development (NED) objectives. Annualized average benefits (AAB) 
for structural and nonstructural measures were estimated using G2CRM and compared 
to annualized average costs (AAC) estimated using costs of similar projects previously 
implemented in Florida. Both AAC and AAB for all MAs were aggregated to derive the 
net benefits and benefit-cost ratio (BCR) for each PA.PA To meet NED objectives and 
qualify for continued consideration, measures included within a planning area must 
result in positive net benefits and greater than one BCR. For the preliminary analysis, 
structural measures in planning area 1, 3, and 5 were modeled to be implemented at 
different heights according to Table 2-10. 

Table 2-10. Preliminary Structural Implementation Height 

Planning
Area 

Model 
Area Model Area Name 

Preliminary
Analysis Structural 
Height (NAVD88 )ft.) 

1 

MA01a 

MA02a 

MA23a 
MA24a 

Barefoot Beach 
Barefoot Beach Preserve / 
Wiggins Pass / Vanderbilt 
Beach 
Wiggins Pass State Park 1 
Wiggins Pass State Park 2 

11.5 

16.0 
11.5 
16.0 

3 

MA09a 
MA10a 
MA12a 
MA26a 
MA27a 

Park Shore 1 
Park Shore 2a 
Naples Beach 1 
Doctors Pass Bay 
Venetian Bay 

16.0 
13.0 
13.0 
11.5 
13.0 

5 MA28a Upper Gordon River / Rock 
Creek 10.5 

The structural measures are implemented as protective system elements in G2CRM and 
simulated using the same Monte Carlo procedure applied in the FWOP scenario. The 
damages from this simulation make up the FWP scenario. The coastal storm damage 
management (CSRM) present value (PV) damage reduction benefits within the back-bay 
can then be calculated as the difference in damages between the two futures. Although 
the simulation for both futures accrued damages for 60 years (from 2020 to 2079), the 
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2.5.3 

damage reduction accrued between the start year (2020) and the base year (2030) will 
be a net of zero dollars. The protective system elements for the FWP scenario will start 
to go into effect at the start of the base year, thus only deviating the damage estimates 
from the base year to the end of the life cycle (2079). Similarly, nonstructural measures 
will only be implemented by G2CRM starting in the base year to the end of each 
simulated life cycle. 

The AAB can then be calculated by multiplying the PV damage reduction benefits for 
each planning area by the capital recovery factor derived using the Federal project 
evaluation discount rate for fiscal year 2020 of 2.75 percent and a period of analysis of 
50 years. Table 2-11 and Table 2-12 summarize the estimated AAC and AAB for 
considered structural and nonstructural measures. 

Table 2-11. Preliminary Economic Summary by Planning Area – Structural 

Planning
Area 

Average 
Annual 

Benefits ($) 

Average 
Annual 

Costs ($) 
Net Benefits 

($) BCR 

1 27,370,442 12,573,287 14,797,155 2.2 
3 18,151,652 3,106,829 15,044,823 5.8 
5 74,613,159 8,490,549 66,122,610 8.8 

Table 2-12-. Preliminary Economic Summary by Planning Area – Nonstructural 

Planning
Area 

Average 
Annual 

Benefits ($) 

Average 
Annual 

Costs ($) 
Net Benefits 

($) BCR 

1 
2 
3 
4 
5 

22,533,874 
7,234,148 

13,440,322 
79,191,315 
77,950,829 

79,125,097 
10,115,685 
43,703,403 

243,406,688 
85,618,898 

-56,591,223 
-2,881,537 

-30,263,081 
-164,215,373 

-7,668,069 

0.3 
0.7 
0.3 
0.3 
0.9 

6 397,848,992 171,758,291 226,090,701 2.3 

Due to the substantial reduction to NED benefits from the inclusion of nonstructural 
measures in planning area 1, 3, 5 and nonstructural measures in planning area 4, they 
are eliminated from consideration. The reduction in net benefits from nonstructural 
measures in planning area 2 is unsubstantial and can become a gain during 
optimization. Thus, it is carried forward within the comprehensive analysis. 

Modeling Results 

For the remaining measures under considerations, structural measures were evaluated 
at the 10-foot (S1), 12-foot (S2), and 14-foot (S3) NAVD88 wall heights.  More 
information about the level of protection associated with these wall heights can be found 
in the Engineering Appendix. Table 2-13 and Table 2-14 below summarize damage 
reduction benefits calculations for both structural and nonstructural scenarios for each 
modeled area. 
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Table 2-13. Average Present Value Damage Reduction Benefits – Structural 

PV Damages ($FY20) PV Damage Reduction ($FY20) 

Planning
Area 

Model 
Area 

PV FWOP 
Damages 
($FY20) 

S1 - 10' S2 - 12' S3 - 14' S1 - 10' S2 - 12' S3 - 14' 

1 

MA01a 
MA02a 
MA23a 
MA24a 

Subtotal 

23,634,660 
32,147,380 

110,423,727 
1,167,736,645 
1,333,942,413 

18,876,378 16,445,859 15,059,318 
27,822,878 26,716,537 25,107,240 
64,358,406 56,037,983 52,361,654 

809,503,970 736,668,027 681,679,779 
920,561,631 835,868,405 774,207,990 

4,758,282 7,188,801 8,575,342 
4,324,502 5,430,844 7,040,140 

46,065,321 54,385,744 58,062,073 
358,232,676 431,068,618 486,056,867 
413,380,782 498,074,008 559,734,422 

3 

MA09a 
MA10a 
MA12a 
MA26a 
MA27a 

Subtotal 

52,556,080 
35,457,457 
55,430,801 
82,275,612 

427,238,518 
652,958,467 

45,277,959 34,746,148 31,054,298 
33,669,010 32,002,866 30,499,406 
25,840,636 24,595,848 31,202,221 
63,907,543 50,156,248 44,032,945 

245,871,662 203,660,474 196,586,129 
414,566,810 345,161,585 333,374,999 

7,278,121 17,809,931 21,501,781 
1,788,446 3,454,590 4,958,051 

29,590,165 30,834,953 24,228,580 
18,368,069 32,119,364 38,242,667 

181,366,856 223,578,044 230,652,388 
238,391,657 307,796,882 319,583,468 

5 MA28a 8,415,293,615 2,114,981,590 1,933,226,714 1,810,031,145 6,300,312,025 6,482,066,900 6,605,262,470 
Total 10,402,194,495 3,450,110,031 3,114,256,704 2,917,614,134 6,952,084,464 7,287,937,790 7,484,580,360 
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Table 2-14. Average Present Value Damage Reduction Benefits – Nonstructural ($) 

Planning
Area 

Model 
Area 

PV FWOP 
Damages 
($FY20) 

PV FWP 
Damages 
($FY20) 

PV Damage 
Reduction 

($FY20) 
MA06a 152,544,403 130,037,671 22,506,732 

2 MA25a 490,910,639 173,719,967 317,190,672 
Subtotal 643,455,042 303,757,638 339,697,404 
MA16a 16,358,392 9,825,151 6,533,242 

4 MA18a 
MA29a 

11,621,642 
897,232,365 

8,112,214 
368,636,375 

3,509,428 
528,595,991 

Subtotal 925,212,400 386,573,739 538,638,661 

6 

MA30a 
MA31N 
MA31E 

MA31WS 
MA32a 
MA39a 

Subtotal 

409,604,532 
2,463,127,473 

225,303,648 
1,015,867,788 

129,682,171 
329,875,263 

4,573,460,874 

152,492,736 
729,292,992 
100,633,667 
444,879,441 
54,529,739 
74,068,071 

1,555,896,647 

257,111,796 
1,733,834,480 

124,669,981 
570,988,347 
75,152,432 

255,807,191 
3,017,564,227 

Total 6,142,128,317 2,246,228,025 3,895,900,292 

Using the same process to calculate AAB described above, the damage estimations for 
annual FWOP and FWP were calculated. The annual damages for FWP were subtracted 
from the annual damages of FWOP to determine the annual damage reduction, or 
benefits, for each modeled area. Table 2-15 and Table 2-16 show the equivalent annual 
without-project damages, with-project damages, and equivalent annual benefits in 2020 
prices for each modeled area using projected intermediate sea level rise. Moreover, 
Table 2-17 summarizes the aggregated average annual benefits calculation for each 
planning area within the G2CRMG2CRM analysis. These inundation benefits will be 
combined with the shoreline benefits estimated using Beach-fx in Chapter 3 and 
compared to cost estimations to evaluate the different formulated alternatives in each 
separable planning area. 
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Table 2-15. Average Annual Damage Reduction Benefits – Structural (50-year, 2.75% discount rate) 

Annual Damages ($FY20) Annual Damage Reduction ($FY20) 

Planning
Area 

Model 
Area 

PV FWOP 
Damages 
($FY20) 

S1 - 10' S2 - 12' S3 - 14' S1 - 10' S2 - 12' S3 - 14' 

1 

MA01a 
MA02a 
MA23a 
MA24a 

Subtotal 

875,450 
1,190,769 
4,090,196 

43,254,039 
49,410,454 

699,198 609,170 557,811 
1,030,585 989,605 929,995 
2,383,895 2,075,698 1,939,524 

29,984,771 27,286,861 25,250,046 
34,098,449 30,961,334 28,677,376 

176,251 266,280 317,639 
160,184 201,163 260,773 

1,706,302 2,014,498 2,150,673 
13,269,268 15,967,178 18,003,993 
15,312,004 18,449,119 20,733,078 

3 

MA09a 
MA10a 
MA12a 
MA26a 
MA27a 

Subtotal 

1,946,726 
1,313,377 
2,053,208 
3,047,564 

15,825,308 
24,186,182 

1,677,137 1,287,029 1,150,280 
1,247,131 1,185,416 1,129,726 

957,161 911,053 1,155,759 
2,367,194 1,857,834 1,631,021 
9,107,312 7,543,771 7,281,731 

15,355,936 12,785,102 12,348,517 

269,588 659,696 796,446 
66,246 127,961 183,651 

1,096,047 1,142,155 897,449 
680,370 1,189,731 1,416,544 

6,717,995 8,281,536 8,543,577 
8,830,246 11,401,080 11,837,666 

5 MA28a 311,710,213 78,340,863 71,608,495 67,045,218 233,369,351 240,101,718 244,664,995 
Total 385,306,849 127,795,248 115,354,932 108,071,110 257,511,601 269,951,917 277,235,739 
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Table 2-16. Average Annual Damage Reduction Benefits – Nonstructural (50-year, 
2.75% discount rate) 

Planning
Area 

Model 
Area 

Annual FWOP 
Damages 
($FY20) 

Annual FWP 
Damages 
($FY20) 

Annual 
Damage 

Reduction 
($FY20) 

MA06a 5,650,385 4,816,715 833,670 
2 MA25a 18,183,781 6,434,747 11,749,034 

Subtotal 23,834,166 11,251,462 12,582,704 
MA16a 605,930 363,933 241,997 

4 MA18a 
MA29a 

430,476 
33,234,312 

300,484 
13,654,630 

129,992 
19,579,682 

Subtotal 34,270,718 14,319,047 19,951,671 

6 

MA30a 
MA31N 
MA31E 

MA31WS 
MA32a 
MA39a 

Subtotal 

15,172,129 
91,236,506 
8,345,454 

37,628,677 
4,803,547 

12,218,883 
169,405,196 

5,648,471 
27,013,683 
3,727,564 

16,478,744 
2,019,832 
2,743,549 

57,631,842 

9,523,657 
64,222,823 
4,617,891 

21,149,933 
2,783,715 
9,475,334 

111,773,354 
Total 227,510,081 83,202,351 144,307,729 
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Table 2-17. Average Annual Benefits by Planning Area ($FY20, 50-year, 2.75% discount rate) 

Planning Area 
Evaluated Measures 

1 
Structural 

2 
Nonstructural 

3 
Structural 

4 
Nonstructural 

5 
Structural 

6 
Nonstructural 

Structural S1 - 10' 
Average Annual FWOP Damages 49,410,454 24,186,182 311,710,213 
Less: Average Annual FWP Damages 34,098,449 15,355,936 78,340,863 
Total Average Annual Benefits 15,312,004 8,830,246 233,369,351 
Total Average Annual Benefits (Rounded) 15,312,000 8,830,000 233,369,000 

Structural S2 - 12' 
Average Annual FWOP Damages 49,410,454 24,186,182 311,710,213 
Less: Average Annual FWP Damages 30,961,334 12,785,102 71,608,495 
Total Average Annual Benefits 18,449,119 11,401,080 240,101,718 
Total Average Annual Benefits (Rounded) 18,449,000 11,401,000 240,102,000 

Structural S3 - 14' 
Average Annual FWOP Damages 49,410,454 24,186,182 311,710,213 
Less: Average Annual FWP Damages 28,677,376 12,348,517 67,045,218 
Total Average Annual Benefits 20,733,078 11,837,666 244,664,995 
Total Average Annual Benefits (Rounded) 20,733,000 11,838,000 244,665,000 

Nonstructural 
Average Annual FWOP Damages 23,834,166 34,270,718 169,405,196 
Less: Average Annual FWP Damages 11,251,462 14,319,047 57,631,842 
Total Average Annual Benefits 12,582,704 19,951,671 111,773,354 
Total Average Annual Benefits (Rounded) 12,583,000 19,952,000 111,773,000 
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3.2.1 

3 BEACH-FX EVALUATION 

3.1 Purpose 

A portion of the study area included in the Collier County CSRM study is located 
immediately adjacent to the shoreline, making it susceptible to storm-driven damages 
beyond the inundation modeled by G2CRM. In order to more accurately estimate these 
damages and model the potential protection measures for the beach areas of the study, 
the Beach-fx model was used. 

3.2 Beach-fx Life-Cycle Shore Protection Project Evolution Model 

Federal participation in projects is based on a favorable economic justification in which 
the benefits of the project outweigh the costs. Determining the Benefit to Cost Ratio 
(BCR) requires both engineering analysis (project cost, performance, and evolution) and 
economic analyses (plan formulation, plan selection, and quantification of project 
benefits). The interdependence of these functions has led to the development of the life-
cycle simulation model Beach-fx. Beach-fx combines the evaluation of physical 
performance and economic benefits and costs of shore protection projects (Gravens et. 
al., 2007), particularly beach nourishment, to form the basis for determining the 
justification for Federal participation. 

Background & Theory 

Beach-fx is an event-driven life-cycle model. USACE guidance (USACE, 2006) requires 
that flood damage reduction studies include risk and uncertainty. The Beach-fx model 
satisfies this requirement by fully incorporating risk and uncertainty throughout the 
modeling process (input, methodologies, and output). Over the project life-cycle, typically 
50 years, the model estimates shoreline response to a series of historically based storm 
events applied for each of three USACE sea level change scenarios as required by 
Engineering Regulation, ER 110-2-8162 (USACE, 2013). These plausible storms, the 
driving events, are randomly generated and applied in the model using a Monte Carlo 
approach. The corresponding shoreline evolution includes not only erosion due to the 
storms, but also allows for storm recovery, post-storm emergency dune and/or shore 
construction, planned nourishment events throughout the life of the project, and 
simulates shoreline erosion and accretion during non-storm periods. Risk based 
damages to structures are estimated based on the shoreline response in combination 
with pre-determined damage functions for all structure types within the project area. 
Uncertainty is incorporated, not only within the input data (storm occurrence and 
intensity, structural parameters, structure and contents valuations, and damage 
functions), but also in the applied methodologies (probabilistic seasonal storm 
generation and multiple iteration, life-cycle analyses). Results from the multiple iterations 
of life-cycles are averaged over a range of possible values. 

The project site itself is represented by divisions of the shoreline referred to as 
“Reaches”. Because this term may also be used to describe segments of the shoreline 
to which project alternatives are applied, Beach-fx reaches will be referred to in this 
appendix as “Model reaches”. Model reaches are contiguous, morphologically 
homogenous areas that contain groupings of structures (residences, businesses, 
walkovers, roads, etc…), all of which are represented by Damage Elements (DEs). DEs 
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are grouped within divisions referred to as Lots. Figure 3-1 shows a conceptual 
representation of the model setup. 

Figure 3-1. Beach-fx Model Setup Representation 

Each model reach is associated with a representative beach profile that approximates 
the cross-shore profile and beach composition of the reach. Multiple model reaches may 
share the same representative beach profile while groupings of model reaches may 
represent a single design reach. For Collier County, the project area consists of two 
geographical regions that can be separated into eleven economic reaches and further 
divided into twenty-nine model reaches. Table 3-1 provides region, economic, and model 
reach identifiers as well as the coastal range monument locations that border each 
model reach. 
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Table 3-1. Collier County Project Related Regions and Reaches 
Geographical

Region 
Model Economic Reach R-Monument Reach 

North County
Beaches 

Barefoot Beach BB1 R-1 to R-9 
Barefoot Beach 
Preserve BB2 R-9 to R-16 
Wiggins Pass WP R-17 to R-22 
Vanderbilt Beach VB1 R-22 to R-26 

VB2 R-26 to R-29 
Pelican Bay PB1 R-29 to R-35 

PB2 R-35 to R-41 
Clam Pass CP R-42 to R-46 
Park Shore  PS1 R-46 to R-49 

PS2a R-49 to R-54 
PS2b R-54 to R-57 

Naples Beach NB1 R-58A to R-59 
NB2 R-59 to R-61 
NB3 R-61 to R-64 
NB4 R-64 to R-68 
NB5 R-68 to R-70 
NB6 R-70 to R-76 
NB7 R-76 to R-79 

Gordon Pass GP1 R-79 to R-83 
GP2 R-83 to R-87 
GP4 R-87 to R-88.5 
GP3 R-88.5 to R-89 

Marco Island 
Beaches 

Marco Island Beach MI1 R-135 to R-138 
MI2a R-138 to R-141 
MI2c -
MI2b R-141 to R-143.5 
MI3 R-143.5 to R-146.5 

Cape Marco MI4a R-146.5 to R-148 
MI4b R-148 to G-4 

Implementation of the Beach-fx model relies on a combination of meteorology, coastal 
engineering, and economic analyses and is comprised of four basic elements: 

• Meteorological driving forces 
• Coastal morphology 
• Economic evaluation 
• Management measures 

The subsequent discussion in this section addresses the basic aspects of implementing 
the Beach-fx model. For a more detailed description of theory, assumptions, data 
input/output, and model implementation, refer to Gravens et al., 2007; Males et al., 
2007, and USACE, 2009. 
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3.2.2 

The following sections describe the engineering aspects and parameters of the Beach-fx 
model followed by a discussion of the economic parameters and analysis. 

Engineering Parameters 

3.2.2.1 Meteorological Driving Forces 

The predominant driving force for coastal morphology and associated damages within 
the Beach-fx model is the historically based set of storms that is applied to the life-cycle 
simulation. Because the western coast of Florida is subject to seasonal storms, tropical 
storms (hurricanes) in the summer months and extra-tropical storms (Northeasters) in 
the winter and fall months, the “plausible storms” dataset for Collier County is made up 
of both types. Derived from the processed data provided from the FEMA SWFL Study for 
each save point, the Collier County plausible storm set is based on 27 tropical storms 
and 49 extra-tropical storms. 

Because tropical storm events tend to be of limited duration, passing over a given site 
within a single portion of the tide cycle, it is assumed that any of the historical storms 
could have occurred during any combination of tidal phase and tidal range. Therefore, 
each of the 27 tropical storm surge hydrographs was combined with possible variations 
in the astronomical tide. This was achieved by combining the peak of each storm surge 
hydrograph with the astronomical tide at high tide, mean tide falling, low tide, and mean 
tide rising for each of three tidal ranges corresponding to the lower quartile, mean, and 
upper quartile tidal ranges. This resulted in 3 distinct combinations for each historically 
based tropical storm and a total of 81 tropical storm conditions in the plausible storm 
dataset. 

Due to their generally extended durations, extra-tropical storms in the historical record 
tend to occur over complete tide cycles. Therefore, it can be assumed that the storm 
hydrograph of each of the 49 extra-tropical storms is sufficient without combining with 
possible variations of the astronomical tide. The entire plausible storm suite therefore 
consists of a total of 130 tropical and extra-tropical storms. 

In addition to the plausible storm dataset, the seasonality of the storms must be 
specified. Beach-fx “storm seasons” are based on calendar dates that represent the 
season in which the original historical storm occurred. Storm probability is defined 
through the Probability Parameter which is determined for each season and storm type 
by dividing the number of storms in the season by the total number of years in the storm 
record (extra-tropical or tropical). Eight storm seasons were specified for Collier County 
(Table 3-2.). 
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Table 3-2. Collier County Beach-fx Storm Seasons 

Start Storm Season End Date Date 
Probability

Parameter for 
Tropical Storm 

Probability
Parameter for 
Extra-Tropical

Storm 
Winter 1-Dec 30-Apr 
May 1-May 31-May 
June 1-Jun 30-Jun 
July 1-Jul 31-Jul 
August 1-Aug 31-Aug 
September 1-Sep 30-Sep 
October 1-Oct 31-Oct 
November 1-Nov 30-Nov 

-
-

0.01 
0.03 
0.05 
0.08 
0.07 
0.03 

2.18 
-
-
-

0.06 
0.35 
0.12 
0.18 

The combination of the plausible storm dataset and the specified storm season allows 
the Beach-fx model to randomly select from storms of the type that fall within the season 
currently being processed. For each storm selected, a random time within the season is 
chosen and assigned as the storm date. The timing of the entire sequence of storms is 
governed by a pre-specified minimum storm arrival time. To allow for the possible 
frequency of Northeaster events in this area, a minimum arrival time of 7 days was 
specified for Collier County. Based on this interval, the model attempts to place 
subsequent storm events outside of a 14 day window surrounding the date of the 
previous storm (i.e. a minimum of 2 days prior to the storm event and a minimum of 2 
days following the storm event). However, due to the probabilistic nature of the model 
the minimum arrival time may be overridden as warranted during the course of the life 
cycle analysis. 

3.2.2.2 Coastal Morphology 

The Beach-fx model estimates changes in coastal morphology through four primary 
mechanisms: 

• Shoreline storm response 
• Applied shoreline change 
• Project-induced shoreline change 
• Post-storm berm recovery 

Combined, these mechanisms allow for the prediction of shoreline morphology for both 
with and without project conditions. 

3.2.2.3 Shoreline Storm Response 

Shoreline storm response is determined by applying the plausible storm set that drives 
the Beach-fx model to simplified beach profiles that represent the shoreline features of 
the project site. For this study, application of the storm set to the idealized profiles was 
accomplished with the SBEACH coastal processes response model (Larson and 
Kraus, 1989). SBEACH is a numerical model which simulates storm-induced beach 
change based on storm conditions, initial profiles, and shoreline characteristics such as 
beach slope and grain size. Output consists of post-storm beach profiles, maximum 
wave height and wave period information, and total water elevation including wave 
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3.2.3 

setup. Pre- and post-storm profiles, wave data, and water levels can be extracted from 
SBEACH and imported into the Beach-fx Shore Response Database (SRD). The SRD is 
a relational database used by the Beach-fx model to pre-store results of SBEACH 
simulations of all plausible storms impacting a pre-defined range of anticipated beach 
profile configurations. 

Representative Profiles 

In order to develop the idealized SBEACH profiles from which the SRD was derived, it 
was necessary to first develop representative profiles for the project shoreline. The 
number of representative profiles developed for any given project depends on the 
natural variability of the shoreline itself. Typically, profiles taken along the project 
shoreline are compared, aligned, and averaged into composite profiles representative of 
dimensionally consistent segments of the shoreline. These segments are the basis of 
the model reaches discussed previously and have a single representative profile 
(although it should be noted that different model reaches may share the same 
representative profile). Composite profiles are developed according to the similarity 
between the following seven dimensions: 

• Upland elevation 
• Dune slope 
• Dune height 
• Dune width 
• Berm height 
• Berm width 
• Foreshore slope 

Representative profile dimensions for the existing shoreline condition at Collier County 
were developed. Representative profile information was derived from the County’s 
January/February 2017 monitoring surveys and FDEP surveys were used to fill in areas 
outside of the typical monitoring areas. Table 3-3 and Table 3-4 provide dimensions of 
the idealized future without project representative profiles. 

Table 3-3. Dimensions of Idealized Representative Profiles – North County Beaches 
Upland Dune Dune Berm Berm 

Profile Model Reach Elevation Height Width Elevation Width 
(ft-NAVD88) (ft-NAVD88) (ft.) (ft-NAVD88) (ft.) 

BB1 BB1 4.7 7.6 10.0 3.5 30 
BB2 BB2 6.5 8.0 95.0 3.5 75 
WP WP 3.6 7.2 100.0 3.5 60 
VB VB1, VB2 4.7 7.5 70.0 3.5 58 
PB PB1, PB2 3.7 6.3 60.0 3.5 50 
CP CP 4.3 7.0 15.0 3.5 55 
PS1 PS1 4.6 11.7 12.0 4.5 50 
PS2 PS2a, PS2b 4.7 6.5 80.0 3.5 50 

NB1, NB2, NB3, 
NB4, NB5, NB6, 

NBGP NB7, GP1, GP2 5.0 6.7 70.0 3.5 30 
GP GP3, GP4 4.7 6.0 5.0 3.5 55 
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3.2.4 

Table 3-4. Dimensions of Idealized Representative Profiles – Marco Island Beaches 
Upland Dune Dune Berm Berm 

Profile Model Reach Elevation Height Width Elevation Width 
(ft-NAVD88) (ft-NAVD88) (ft.) (ft-NAVD88) (ft.) 

MI1 MI1 4.3 8.0 40.0 5.0 510 
MI2 MI2a, MI2b 4.7 6.0 60.0 3.5 370 
MI3 MI3, MI4a 4.0 8.5 15.0 4.0 150 
MI4 MI4b 4.5 5.0 10.0 4.0 30 

SBEACH 

SBEACH simulates beach profile changes that result from varying storm waves and 
water levels. These beach profile changes include the formation and movement of major 
morphological features such as longshore bars, troughs, and berms. SBEACH is a two-
dimensional model that considers only cross-shore sediment transport; that is, the model 
assumes that simulated profile changes are produced only by cross-shore processes. 
Longshore wave, current, and sediment transport processes are not included in 
SBEACH and are computed externally when required. 

SBEACH is an empirically based numerical model, which was formulated using both 
field data and the results of large-scale physical model tests. Input data required by 
SBEACH describes the storm being simulated and the beach of interest. Basic 
requirements include time histories of wave height, wave period, water elevation, beach 
profile surveys, and median sediment grain size. 

It should be noted that SBEACH is the USACE recommended model for shoreline 
response. The Beach-fx model, also developed by USACE, is specifically designed to 
import and process output files exported directly from the SBEACH model. 

SBEACH simulations are based on six basic assumptions: 

• Waves and water levels are the major causes of sand transport and profile 
change 

• Cross-shore sand transport takes place primarily in the surf zone 
• The amount of material eroded must equal the amount deposited (conservation 

of mass) 
• Relatively uniform sediment grain size throughout the profile, 
• The shoreline is straight and longshore effects are negligible 
• Linear wave theory is applicable everywhere along the profile without shallow-

water wave approximations 

Once applied, SBEACH allows for variable cross shore grid spacing, wave refraction, 
randomization of input waves conditions, and water level setup due to wind. Output data 
consists of a final calculated profile at the end of the simulation, maximum wave heights, 
maximum total water elevations plus setup, maximum water depth, volume change, and 
a record of various coastal processes that may occur at any time-step during the 
simulation (accretion, erosion, over-wash, boundary-limited run-up, and/or inundation). 

3.2.4.1 Calibration and Verification 
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3.2.5 

Calibration of the SBEACH model was performed using information from Hurricane Irma 
(2017). Water level information was obtained from the NOAA tide gauge at Naples Pier. 
Details of the SBEACH calibration and verification can be found in the Engineering 
Appendix. 

3.2.4.2 Simulations 

Calibrated Collier County SBEACH simulations were completed for each of the without-
project and with-project idealized profiles in combination with each of the tropical and 
extra-tropical storms in the plausible storm database. From these profiles, changes in 
the key profile dimensions were extracted and stored in the Collier County Beach-fx 
SRD. 

Applied Shoreline Change 

The applied shoreline change rate (in feet per year) is a Beach-fx morphology parameter 
specified at each of the model reaches. It is a calibrated parameter that, combined with 
the storm-induced change generated internally by the Beach-fx model, returns the 
historical shoreline change rate for that location. Calibration is essential to ensure that 
the morphology behavior is appropriate and representative of the study area. 

The target shoreline change rate is an erosion or accretion rate equivalent to the 
historical background shoreline change rates for the project area. During Beach-fx 
calibration, applied erosion rates were adjusted for each model reach and the Beach-fx 
model was run repeatedly for 300 iterations over the 50-year project life-cycle. 
Calibration is achieved when the rate of shoreline change, averaged over hundreds of 
life-cycle simulations, is equal to the background (target) shoreline change rate. Table 
3-5 provides the background erosion rates and the calibrated Beach-fx applied erosion 
rates that were optimized to produce the background rates. 
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3.2.6 

Table 3-5. Historical and Beach-fx Calibrated Erosion Rates 

Geographical 
Region Model Reaches 

Calibrated Historical Beach-fx Background AppliedChange Rate Erosion Rates (ft/year) (ft/year) 

North County 
Beaches 

BB1 
BB2 
WP 
VB1 
VB2 
PB1 
PB2 
CP 
PS1 
PS2a 
PS2b 
NB1 
NB2 
NB3 
NB4 
NB5 
NB6 
NB7 
GP1 
GP2 
GP4 
GP3 

-0.83 3.045 
-3.11 -2.291 
-4.43 1.258 
-1.48 2.588 
-4.4 -0.732 

-1.76 1.303 
-0.79 2.287 
-2.63 -0.536 
-1.45 0.818 
-2.58 0.732 

2.6 6.065 
-7.33 -5.530 
-2.9 -1.252 

-4.78 -3.071 
-1.42 0.250 
-4.37 -2.709 
-4.01 -2.329 
-1.44 0.230 
-0.6 1.087 
-0.6 1.087 

-0.47 3.466 
-0.47 3.466 

MI1 25.66 0.156* 
MI2a 14.83 0.227* 

Marco Island MI2b 7.15 0.227* 
Beaches MI3 -7.3 -5.597 

MI4a -7.3 -5.597 
MI4b -10.6 -10.471 

*Note: Calibrated for 0 ft./yr. change rate 

Project Induced Shoreline Change 

The placement of additional sand on a beach will increase the rate of erosion since the 
beach fill material represents a perturbation in the shoreline that is diffused by incident 
waves. Beach-fx requires with-project shoreline change rates in order to represent the 
planform diffusion of the beach fill alternatives in the Beach-fx model simulations. 
Dispersion rates for projects ranging from 10 feet to 100 feet in (berm) width (Table 3-6). 

The project induced shoreline change rates do not take into account the improved 
performance of beach nourishments projects that comes with project maturation. That is, 
theory and beach nourishment experience has shown that dispersion losses at a beach 
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3.2.7 

3.2.8 

nourishment project tend to decrease with the number of project nourishments. Beach-fx 
does not factor in this phenomena. In order to prevent underestimating project 
performance and benefits, early Beach-fx users from within the coastal engineering 
community of practice determined that based on the behavior of previous storm damage 
reduction projects along the east coast of Florida. 

Post Storm Berm Recovery 

Post storm recovery of eroded berm width after passage of a major storm is a 
recognized process. Although present coastal engineering practice has not yet 
developed a predictive method for estimating this process, it is an important element of 
post-storm beach morphology. Within Beach-fx, post-storm recovery of the berm is 
represented in a procedure in which the user specifies the percentage of the estimated 
berm width loss during the storm that will be recovered over a given recovery interval. It 
is important to note that the percentage itself is not a “stand alone” parameter that is 
simply applied during the post-storm morphology computations. The percentage of berm 
recovery is estimated prior to model calibration and becomes a tunable calibration 
parameter to ensure model convergence (i.e., when the model reproduces the target 
erosion rates as discussed in Section 3.2.5. Applied Shoreline Change). 

Based on recommendations by the model developer regarding Florida shorelines, review 
of available historical FDEP profiles that would qualify as pre- and post- storm, and 
successful model calibration a recovery percentage of 90% over a recovery interval of 
21 days was determined to be appropriate for Collier County. 

Management Measures 

Shoreline management measures that are provided for in the Beach-fx model are 
emergency nourishment and planned nourishment. 

3.2.8.1 Emergency Nourishment 

Emergency nourishments are generally limited beach fill projects conducted by local 
governments in response to storm damage. Collier County does not have a history of 
regular emergency nourishment in response to storm related erosion. The Beach-fx 
model assumes emergency fill events have a single profile template, a consistent length 
of coverage, and occur when specific post-storm shoreline conditions are met. The lack 
of a history of consistent post-storm emergency events makes assigning realistic 
emergency fill triggers and specifications within Beach-fx impossible. Therefore, this 
management measure was not included in the Collier County Beach-fx analysis. 

3.2.8.2 Planned Nourishment 

Planned nourishments are handled by the Beach-fx model as periodic events based on 
nourishment templates, triggers, and nourishment cycles. Nourishment templates are 
specified at the model reach level and include all relevant information such as order of 
fill, dimensions, placement rates, unit costs, and borrow-to-placement ratios. Planned 
nourishments occur when user defined nourishment triggers are exceeded and a 
mobilization threshold volume is met. At a pre-set interval, typically one year, all model 
reaches which have been identified for planned nourishment are examined. In reaches 
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3.2.9 

where one of the nourishment threshold triggers is exceeded, the required volume to 
restore the design template is computed. If the summation of individual model reach 
level volumes over the extent of the project exceeds the mobilization threshold volume 
established by the user, then nourishment is triggered and all model reaches identified 
for planned nourishment are restored to the design template. 

3.2.8.3 Nourishment Templates 

Beach-fx planned nourishment templates are defined by three dimensions, the template 
dune height, template dune width, and template berm width. Berm elevations and dune 
and foreshore slopes remain constant based on the existing profiles. For Collier County, 
dune portions of the nourishment templates ranged from consistent with existing 
conditions to 14-foot height and 20-foot width. Berm widths ranged from 75-foot to 150-
foot for North County. 

3.2.8.4 Nourishment Distance Triggers and Mobilization Threshold 

Beach-fx planned nourishment templates have three nourishment distance triggers (1) 
berm width, (2) dune width, and (3) dune height. Each trigger is a fractional amount of 
the corresponding nourishment template dimension. When the template dimensions fall 
below the fraction specified, a need for renourishment is indicated. Nourishment triggers 
for the Collier County beach were set to 0.5 for berm width, dune width, and dune height. 

The mobilization threshold (minimum nourishment volume required to trigger a 
nourishment cycle) can be set in coordination with the berm trigger to control the 
nourishment cycles. The berm trigger can be used to maintain an “allowable” minimum 
berm width if desired. The mobilization threshold was set to a volume reflecting a certain 
desired percentage of fill to be maintained. Thresholds were set for 90% retention. 

Beach-fx Project Design Scenarios 

In order to determine the most effective and cost efficient protective beach design for 
Collier County, scenarios were developed by combining the model reaches and 
nourishment templates discussed previously into an array of scenarios. The table below 
includes a list of model design scenarios along with descriptions and the variable 
nourishment templates applied during the initial screening phase. 
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Table 3-6. Collier County Beach Initial Design Scenarios – North Beach 
Scenario Name Scenario Description 

Dune heights set to existing dune height elevation, dune width set to 20 
DW20_H_E_B75 ft., berm width set to 75 ft. 

Dune heights set to existing dune height elevation, dune width set to 20 
DW20_H_E_B100 ft., berm width set to 100 ft. 

Dune heights set to existing dune height elevation, dune width set to 20 
DW20_H_E_B125 ft., berm width set to 125 ft. 

Dune heights set to existing dune height elevation, dune width set to 20 
DW20_H_E_B150 ft., berm width set to 150 ft. 

Dune heights set to 50 YR SWL elevation, dune width set to 20 ft., berm 
DW20_H50_B75 width set to 75 ft. 

Dune heights set to 50 YR SWL elevation, dune width set to 20 ft., berm 
DW20_H50_B100 width set to 100 ft. 

Dune heights set to 50 YR SWL elevation, dune width set to 20 ft., berm 
DW20_H50_B125 width set to 125 ft. 

Dune heights set to 50 YR SWL elevation, dune width set to 20 ft., berm 
DW20_H50_B150 width set to 150 ft. 

Dune heights set to 100 YR SWL elevation, dune width set to 20 ft., 
DW20_H100_B75 berm width set to 75 ft. 

Dune heights set to 100 YR SWL elevation, dune width set to 20 ft., 
DW20_H100_B100 berm width set to 100 ft. 

Dune heights set to 100 YR SWL elevation, dune width set to 20 ft., 
DW20_H100_B125 berm width set to 125 ft. 

Dune heights set to 100 YR SWL elevation, dune width set to 20 ft., 
DW20_H100_B150 berm width set to 150 ft. 
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Table 3-7. Collier County Beach Initial Design Scenarios – Marco Island 
Scenario Name Scenario Description 

FWP_E_Max 

FWP_E_Med 

FWP_E_Min 

FWP_50YR_Max 

FWP_50YR_Med 

FWP_50YR_Min 

FWP_100YR_Max 

FWP_100YR_Med 

FWP_100YR_Min 

Dune heights set to existing dune height elevation, dune width set to 20 
ft., berm width set to maximum width, excluding MI1 and MI2 reaches 
which do not vary width. 
Dune heights set to existing dune height elevation, dune width set to 20 
ft., berm width set to median width, excluding MI1 and MI2 reaches 
which do not vary width. 
Dune heights set to existing dune height elevation, dune width set to 20 
ft., berm width set to minimum width, excluding MI1 and MI2 reaches 
which do not vary width. 
Dune heights set to 50 YR SWL elevation, dune width set to 20 ft., berm 
width set to maximum width, excluding MI1 and MI2 reaches which do 
not vary width. 
Dune heights set to 50 YR SWL elevation, dune width set to 20 ft., berm 
width set to median width, excluding MI1 and MI2 reaches which do not 
vary width. 
Dune heights set to 50 YR SWL elevation, dune width set to 20 ft., berm 
width set to minimum width, excluding MI1 and MI2 reaches which do 
not vary width. 
Dune heights set to 100 YR SWL elevation, dune width set to 20 ft., 
berm width set to maximum width, excluding MI1 and MI2 reaches 
which do not vary width. 
Dune heights set to 100YR SWL elevation, dune width set to 20 ft., 
berm width set to median width, excluding MI1 and MI2 reaches which 
do not vary width. 
Dune heights set to 100 YR SWL elevation, dune width set to 20 ft., 
berm width set to minimum width, excluding MI1 and MI2 reaches which 
do not vary width. 

3.3 Economic Analysis 

The purpose of this section is to tell the story of the economics investigation and 
resulting analysis. A detailed explanation of the qualitative rigor and the precise 
modeling efforts, from inputs to outputs, which gave rise to the National Economic 
Development (NED) plan (i.e. the plan that maximizes net-benefits) will be provided. The 
subsequent sections will cover the following topics: 

Existing Conditions: Items discussed include an assessment of the spatial 
organization of the study area and an inventory of the coastal infrastructure within 
the study area. 
Future Without-project Condition (FWOP): The FWOP is a forecast of the 
economic conditions and structure values located within the project area that are 
subject to the risks associated with coastal processes and coastal storms. The 
FWOP is the basis for alternative comparison in order to obtain the benefits from any 
potential federal project. 
Coastal Storm Risk Management (CSRM) Benefits: This section will cover the 
methods and assumptions used to estimate the future without-project and future 
with-project condition using Beach-fx, while also accounting for risk and uncertainty. 
The FWOP will cover the distribution of the damages in the following dimensions: 
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3.3.1 

Spatial (Where) 
Categorization of structures (What) 
Damage driving parameter (How) 
Temporal (When) 

Discussion of the future-with project condition (FWP) will address the management 
measures and alternative plans evaluated. In addition, a sensitivity analysis of how the 
alternatives perform under varying sea-level rise scenarios is provided. 

NED & Current Authorized Plan Performance: This section addresses the 
quantitative analysis executed to determine which alternative maximizes NED. A 
detailed description of the performance of the NED as well as an analysis of the 
current authorized plan is provided with the same four dimensions described above 
in the CSRM section. The methodology underpinning the calculation of additional 
benefits provided by the project (i.e. land loss benefits, incidental recreation benefits) 
will be summarized as well. 

Existing Conditions 

A key step in the planning process is to establish the existing (i.e. current) condition by 
developing an inventory and characterizing the critical resources within the project area. 
The existing condition is also a key component for forecasting the FWOP, which is 
described in detail in Section 3.3.3. 

3.3.1.1 Study Area 

All benefit and cost analyses performed and described in this appendix refer specifically 
to the study area outlined and described above in Table 3-1. The specific grouping of 
model reaches into economic reaches were determined based on areas which 
demonstrated similar characteristics as determined during in person site visits and 
feedback from the non-federal sponsor. Damage elements were grouped within lots as 
linear segments of each reach, taking into account parcel boundaries and building 
footprints. In terms of the actual model reach upland width, there were 500 to 550 feet 
modeled in the reaches depending on the location of the main roadway parallel to the 
coastline. 

Figure 3-2. Landward Extent of Beach-Fx Lots, Example Segment 

3.3.1.2 Data Collection 

With assistance from the non-federal sponsor, Collier County, detailed structure 
information for the approximate 19 miles of coastline of the study area were collected. 
2019 real estate assessment tables were provided by the Collier County Assessor’s 
office to assist with characterizing residential and nonresidential structures for the 
economic analysis. Florida statewide building footprints from the Florida Department of 
Environmental Protection were used to validate building footprints. National Structure 
Inventory (NSI2) data was supplemented where information in the data set was missing 
or lacking and used to determine foundation type. First floor elevation assumptions were 
based on foundation type and verified with available elevation certificates. Property class 
descriptions and Google Earth were used to classify buildings into damage categories 
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and occupancy types. Depreciated replacement value per square foot was calculated 
using values for the Ft. Myers FL area, the closest location factor adjustment to Collier 
County, using data from Gordian’s 40th edition of “Square Foot Costs with RSMeans 
Data.” The majority of structures in close proximity to the coastline were found to 
classify as luxury construction material with an average effective age of 25 years 
residential and 30 years commercial. Whereas, the structures in the back-bay portion of 
the study are were assumed to be built with average construction material and have an 
average effective age of 30 for both residential and commercial. 

This information was used within the Beach-fx framework to estimate damages using a 
hierarchical structure best described as follows: 

Profiles: Coastal surveys of the shoreline modified by USACE NAD Coastal 
Engineering personnel to apply coastal morphology changes to the model reach 
level. Profiles are strictly used for modeling purposes and only referred to in this 
section for informational purposes. Specific information regarding the makeup of the 
profiles can be found in the Engineering Appendix. 
Beach-Fx Model Reaches: Quadrilaterals parallel with the shoreline used to 
incorporate coastal morphology changes for transfer to the lot level. As discussed 
above, the Collier County project area contains 29 Model Reaches, 22 in the North 
Beach area and 7 in the Marco Island area. 
Lots: Quadrilaterals encapsulated within reaches used to transfer the effect of 
coastal morphology changes to the damage element. Lots also ensure that the 
model does not overstate damages by placing value parameters around rebuilding. 
In the Collier County model there were a total of 81 lots, 73 in North Beach and 8 in 
Marco Island, containing unique damage elements. 
Damage Elements: Represent a unit of coastal inventory in the existing condition 
and a store of economic value subject to losses from wave-attack, inundation, and 
erosion damages. Damage elements are a primary model input and the topic of 
focus in the following section. In total, 1,095 damageable structures were collected 
for economic modeling using Beach-fx. The damage element structure inventory 
includes all residential and commercial structures that are within approximately 500-
feet of the mean-high-water line. Additional damage elements that typically account 
for a smaller proportion of damages, such as pools, tennis courts, dunewalks, etc. 
will be added to this inventory as part of the beach alternative optimization and 
selection of the beach component of the Tentatively Selected Plan. 

3.3.1.3 Existing Condition Coastal Structure Inventory 

The economic value of the existing Collier County structure inventory represents the 
depreciated replacement costs of damageable elements and their associated contents 
along the coastline. For this analysis, Members of the USACE NAO District worked 
together to provide economic valuations for all of the 715 damageable structures and 
their contents. These damage elements have an overall estimated economic value of 
$4B, with structure and content valuations of $3.5B and $545M respectively. Content 
values were established as a ratio to overall structure value (CSVR). Residential 
structures were applied a CSVR of 50% and non-residential structures were applied 
CSVR’s as appropriate based on the Institute for Water Resource (IWR) publication 
“Nonresidential Flood Depth-Damage Functions Derived from Expert Elicitation” (Davis, 
2013). The overall distribution of value by reach is summarized in Table 3-8. 
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Table 3-8. Distribution of Structures & Structure Value by Reach 

Geographical
Region Economic Reach Reach 

Reach 
Length

(ft) 

Number of 
Damage 

Elements 

% Total 
Damage 

Elements 

Structure and 
Contents Value 

($FY19) 
% Total 
Value 

Barefoot Beach BB1 8,113 129 18% 151,933,265 4% 
Barefoot Beach Preserve BB2 7,475 2 0% 215,084 0% 
Wiggins Pass WP 6,125 6 1% 1,741,275 0% 
Vanderbilt Beach VB1 3,776 39 5% 189,281,225 5% 

VB2 3,120 30 4% 164,005,218 4% 
Pelican Bay PB1 5,987 31 4% 452,248,264 11% 

PB2 6,165 5 1% 5,626,482 0% 
Clam Pass CP 5,442 10 1% 260,633,384 6% 
Park Shore PS1 2,913 11 2% 406,850,066 10% 

PS2a 5,235 27 4% 440,198,193 11% 

North County 
Beaches Naples Beach 

PS2b 
NB1 

3,180 
2,270 

21 
19 

3% 
3% 

132,509,750 
57,523,275 

3% 
1% 

NB2 2,177 13 2% 68,886,200 2% 
NB3 2,952 21 3% 103,304,958 3% 
NB4 3,212 36 5% 69,883,094 2% 
NB5 1,611 25 3% 29,563,699 1% 
NB6 4,811 96 13% 83,253,397 2% 
NB7 3,053 37 5% 56,074,058 1% 

Gordon Pass GP1 3,751 27 4% 51,733,890 1% 
GP2 3,797 54 8% 71,837,399 2% 
GP4 1,385 21 3% 34,477,005 1% 
GP3 731 2 0% 6,907,259 0% 

Subtotal 87,281 662 93% 2,838,686,440 70% 
Marco Island Beach MI1 4,218 11 2% 199,954,732 5% 

MI2a 3,647 6 1% 156,726,912 4% 
MI2c 5 1% 287,768,273 7% 

Marco Island MI2b 1,613 10 1% 99,298,898 2% 
Beaches MI3 2,795 11 2% 201,160,321 5% 

Cape Marco MI4a 1,658 6 1% 113,799,509 3% 
MI4b 646 4 1% 133,005,668 3% 

Subtotal 14,577 53 7% 1,191,714,313 30% 
Total 101,858 715 100% 4,030,400,753 100% 
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From this information one can see that the relative density of damage elements varies 
considerably among the Economic reaches, ranging from .03 to 2 percent of damage 
elements per linear-foot. The economic value also varies, ranging from $29 per linear-
foot in BB2 to $140,000 per linear-foot in PS1. Both geographic areas have some 
reaches with a considerably high value in proportion to the amount of damage elements 
due to the large amount of high-rise hotels and high-rise multi-family residential 
structures. For modeling and reporting purposes the structure inventory was separated 
into fourteen different structure types. Table 3-9 and Table 3-10 provide a summary of 
these structure types and the associated inventory values for each of the geographic 
areas in the study. Over half of the total value in both geographic areas is attributed to 
high-rise multi-family residential structures. 
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Table 3-9. North Beach Economic Value by Structure Type 

Category Occupancy
Type 

Occupancy
Description 

Number of Structure 
Structures Value ($FY19) 

Contents 
Value ($FY19) Total ($FY19) % of Total 

SFR1 Residential, 1 Story 2 501,334 250,667 752,001 0% 
SFR2 Residential, 2 Story 381 296,055,980 148,027,990 444,083,970 16% 
SFR3 Residential, 3 Story 40 59,656,507 29,828,254 89,484,761 3% 
MFR1 Apartment, 1 Story 65 69,820,733 6,912,253 76,732,986 3% 

Residential MFR2 Apartment, 2 Story 23 20,040,562 1,984,016 22,024,578 1% 
MFR3 Apartment, 3 Story 25 37,101,517 3,673,050 40,774,567 1% 
MFR4-7 Apartment, 4-7 Story 43 239,803,910 23,740,587 263,544,497 9% 
MFR8-24 Apartment, 8-24 Story 48 1,567,243,953 155,157,151 1,722,401,104 61% 

Subtotal 627 2,290,224,496 369,573,967 2,659,798,463 94% 
COMRET Store, Retail 1 1,336,814 132,345 1,469,159 0% 
COMTOUR Social Club 12 13,300,015 3,271,804 16,571,819 1% 
HOTL Hotel, 4-7 Story 6 13,217,395 3,383,653 16,601,048 1% 

Commercial HOTLHR Hotel, 8-24 Story 5 101,965,845 26,103,256 128,069,101 5% 
MUNC Town Hall 2 Story 4 8,897,410 1,610,431 10,507,841 0% 
PARK Community Center 7 4,549,764 1,119,242 5,669,006 0% 

Subtotal 35 143,267,243 35,620,731 178,887,974 6% 

Other 

GARAGE 
POOL 
ROAD-1 

TBD 
TBD 
TBD 
Subtotal 

TBD TBD 
TBD TBD 
TBD TBD 
TBD TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

Total 662 2,433,491,739 405,194,698 2,838,686,437 100% 
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Table 3-10. Marco Island Economic Value by Structure Type 

Category Occupancy
Type 

Occupancy
Description 

Number of 
Structures 

Structure 
Value ($FY19) 

Contents 
Value ($FY19) Total ($FY19) % of Total 

Residential 

SFR1 
SFR2 
SFR3 
MFR1 
MFR2 
MFR3 
MFR4-7 
MFR8-24 

Residential, 1 Story 
Residential, 2 Story 
Residential, 3 Story 
Apartment, 1 Story 
Apartment, 2 Story 
Apartment, 3 Story 
Apartment, 4-7 Story 
Apartment, 8-24 Story 
Subtotal 

-
-
-
-
3 
3 
5 

36 
47 

-
-
-
-

6,052,531 
10,596,270 
36,286,646 

769,928,771 
822,864,218 

-
-
-
-

599,201 
1,049,031 
3,592,378 

76,222,948 
81,463,558 

-
-
-
-

6,651,732 
11,645,300 
39,879,024 

846,151,719 
904,327,776 

-
-
-
-

1% 
1% 
3% 

71% 
76% 

Commercial 

COMRET 
COMTOUR 
HOTL 
HOTLHR 
MUNC 
PARK 

Store, Retail 
Social Club 
Hotel, 4-7 Story 
Hotel, 8-24 Story 
Town Hall 2 Story 
Community Center 
Subtotal 

1 
-
2 
3 
-
-
6 

985,049 
-

9,762,521 
217,911,217 

-
-

228,658,788 

443,272 
-

2,499,205 
55,785,272 

-
-

58,727,749 

1,428,322 
-

12,261,727 
273,696,489 

-
-

287,386,537 

0% 
-

1% 
23% 

-
-

24% 

Other 

GARAGE 
POOL 
ROAD-1 

TBD 
TBD 
TBD 
Subtotal 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

Total 53 1,051,523,006 140,191,307 1,191,714,313 100% 
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3.3.2 

• • • 

3.3.1.4 Existing Condition Starting Shoreline 

In order to estimate damages in the future, the starting conditions of the shoreline must 
first be determined. Portions of the Collier County shoreline historically have been 
nourished by the County. Therefore, the berm width in the existing condition for analysis 
included the fill as constructed. 

Coastal Storm Risk Management Benefits 

This section of the appendix covers the approach used to estimate the economic 
benefits of reducing hurricane and storm related damages in Collier County using 
Beach-fx. The topics covered include: 

Benefit Estimation Approach Using Beach-fx 
FWOP Condition 
The Future-With Project Condition (FWP) 

3.3.2.1 Benefit Estimation Approach Using Beach-fx 

Beach-fx was developed by the USACE Engineering Research and Development Center 
in Vicksburg, Mississippi. On April 1, 2009 the Model Certification Headquarters Panel 
certified the Beach-fx CSRM model based on recommendations from the Planning 
Center of Expertise (PCX) and in accordance with EC 1105-2-412 (Assuring Quality of 
Planning Models). The model was reviewed by the PCX for Coastal and Storm Damage 
and found to be appropriate for use in CSRM studies and is therefore the optimum 
model for use in the Collier County CSRM Study. The model links the predictive 
capability of coastal evolution modeling with project area infrastructure information, 
structure and content damage functions, and economic valuations to estimate the costs 
and total damages under various shore protection alternatives. The output generated 
from the model is then used to determine the benefits of each alternative. As an event-
based Monte Carlo life-cycle simulation, Beach-fx fully incorporates risk and uncertainty. 
It is used to simulate future hurricane and storm damages at existing and future years 
and to compute accumulated present-worth damages and costs. Storm damage is 
defined as the ongoing monetary loss to contents and structures incurred as a direct 
result of waves, erosion, and inundation caused by a storm of a given magnitude and 
probability. The model also computes permanent shoreline reductions so that land-loss 
benefits can be derived exogenously. These damages and associated costs are 
calculated over a 50-year period of analysis based on storm probabilities, tidal cycle, 
tidal phase, beach morphology and many other factors. Beach-fx also provides the 
capability to estimate the costs of certain future measures undertaken by state and local 
organizations to protect coastal assets. Based on these attributes, Beach-fx is an ideal 
modeling tool for use in the Collier County CSRM study. 

Of course, the abovementioned computations require inputs from USACE personnel in 
order to function accurately. Data on historic storms, beach survey profiles, and private, 
commercial and public structures within the project area are used as these inputs. The 
majority of these inputs and their source data have been thoroughly discussed in above 
sections, and the rest (i.e. FWOP assumptions) will be discussed below. 
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The FWOP damages are used as the base condition and potential project alternatives 
are measured against this base. The difference between FWOP and FWP damages will 
be used to determine primary CSRM benefits. 

Once benefits for each of the project alternatives are calculated, they will be compared 
to the costs of implementing the alternative. Dividing the total benefits by the total costs 
of the alternative yields a benefit-to-cost ratio (BCR). This ratio must be greater than 1.0 
(i.e. the benefits must be greater than the costs) in order for the alternative to be justified 
and implementable. The federally preferred plan, or NED, is the plan that maximizes net 
benefits. Net benefits are determined by simply subtracting the cost of any given 
alternative from the benefits of that alternative (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 – 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑁𝑁𝐵𝐵𝐵𝐵 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵). 

3.3.2.2 Assumptions 

Beach-fx accuracy is not only dependent upon inputs but also requires a meticulous 
level of thought be given to the parameters (i.e. assumptions) under which the model is 
bound. This section describes some key assumptions specific to the Collier County 
CSRM study and the resulting consequences. 

3.3.2.3 Timeframe and Discount Rate 

Start Year: The year in which the simulation begins is 2017. This is the of the beach 
survey used to create the representative beach profiles and determines the starting 
shoreline position which will be impacted by standard erosion and storm forces 
throughout the period of analysis. It is also the starting point for the sea-level rise 
projections. 
Base Year: The year in which the benefits of a constructed federal project would be 
expected to begin accruing is 2030. 
Planned Nourishment Start: The year in which the planned nourishments are 
implemented in the model is 2025. While the construction timeline of the project as a 
whole is longer, it is anticipated the beach nourishment portion of the project would 
be completed within one year.  Because of this, both costs incurred for nourishments 
and resulting benefits that occur prior to the base year, benefits during construction, 
will be compounded forward to the base year used in the analysis. 
Period of Analysis: 50 years, from 2030 to 2079 
Discount Rate: 2.75% FY2020 Federal Water Resources Discount Rate 
Iterations: Beach-fx was run using 100 iterations for the FWOP and the final array of 
alternatives. The moving average of FWOP damages stabilized by this point and was 
thus determined an adequate number of iterations. Figure 3-3 demonstrates the 
model stabilizing prior to 100 iterations. 
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Figure 3-3. Beach-fx Model Stabilization 
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3.3.2.4 Rebuilding 

The rebuilding parameter within Beach-fx allows the economic modelers to restrict the 
amount of monetary investment allocated to structural repair for any specific building 
type in order to most accurately reflect real-world behavior. Rebuilding does not refer to 
a total rebuild event (i.e. 100% of structure value), but rather a repair event (i.e. some 
non-zero percent of value intended to restore the structure). Allowing for an unlimited 
amount of rebuilding in the period of analysis may be unrealistic for a CSRM study and 
can potentially overstate damages in the FWOP. As a result, the number of rebuilds 
within the model has been limited to reflect this behavior as follows: 

Number of Times Rebuilding Allowed Assumptions
Residential Structures: 20X, approximately once every three-years of the 
model runtime. 
Commercial Structures: 20X, approximately once every three-years of the 
model runtime. 

Additionally, after long-term erosion has claimed more distance on the oceanfront lot 
than the building requires, the model ceases to reinstate the same property. The model 
also considers a lot “condemned” once 50%1 of the total value of that lot is damaged. 
There is also a control feature that allows an individual damage element to become 
condemned once 50% of the original structure value has been damaged at which point 
the damage element undergoes a “time to rebuild” period where no additional damages 

1 This amount, the lot condemnation ratio, can be manipulated within the model as needed but is set to 
50% for this study 

C-82 



  

 
 

    
   

 
   

   
   

 
  

 
 

  
 

  
   

 
  

   
   

    
    

 
  

   
 

  
 

 

 
 

   
 

  
 

                                                
  

  

~09 
:::, 
130.8 
2 
in 0.7 
0 

~06 
Cl 

~05 
t1l 

~04 
t1l 

-~ 0.3 u 
it 02 

0.1 

Damage Function: lSNB-ESW-S 
[!J Min [!J Most Likely [!J Max 

0 0 '--- "-------'""-----'-------'----'-------'----'----....I....------L----'----...J...-----' 

0 10 20 30 40 50 60 70 80 90 100 
% Footprint Compromised 

1.0 

can accrue. These assumptions will continue to prevent overestimation of the FWOP 
damages while allowing for realistic rebuilding to occur. 

Another item to consider when developing rebuilding assumptions is how to account for 
nonconforming structures2. Collier County does not permit rebuilding of nonconforming 
structures if the value of such a rebuild exceeds 50% of the current assessed value. All 
nonconforming structures were removed from the structure inventory once sufficient 
damage was received in a single event in order to accurately reflect the likely denial of 
rebuilding permits. 

3.3.2.5 Damage Functions 

Damage functions are used within the model to determine the extent of storm-induced 
damages attributable to any specific combination of damage element type, foundation 
type, and construction type. There are a total of six types of damage function which 
include erosion damages, inundation damages, and wave damages for both contents 
and structure. The functions are completely user-definable within the model and transfer 
damages to the individual damage elements. Damage is determined as a percentage of 
overall structure or content value using a triangular distribution (minimum, most likely, 
maximum). The range of percentage points used for the damage is determined by 
parameters dependent upon which function is being triggered. For erosion it is 
dependent upon the extent to which the structure’s footprint has been compromised and 
inundation and wave-attack are dependent upon storm-surge heights in excess of first-
floor elevation. An example diagram of how these damage functions operate is provided 
by Figure 3-4. 

Figure 3-4. Example Beach-Fx Damage Function for Collier County CSRM 

For the majority of the aforementioned combinations within this study, the damage 
functions used were those developed by the USACE North Atlantic Division in the “North 
Atlantic Coast Comprehensive Study: Resilient Adaptation to Increasing Risk” (NACCS 
Report), section “Physical Depth Damage Function Summary Report” (January, 2015). 

2 A nonconforming structure is one which was lawfully built prior to the effective date of current Collier 
County building ordinances which does not conform to the requirements of current ordinances. 
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The exception to this included only those non-residential inundation damage functions 
for specific non-residential occupancy types which were identified and had depth 
damage functions developed within the Nonresidential Flood Depth-Damage Functions 
Derived from Expert Elicitation, revised 2013. 

3.3.2.6 Future Structure Inventory 

Collier County is estimated to be 95% built out. Due to the density of the structures in the 
County and the very limited vacant land, a future development structure inventory was not 
included in the damage calculations. Because of this there is not expected to be any 
significant development of land that is not already developed in some form. Any significant 
future developments are expected to be redevelopments. Any redevelopment is expected 
to be constructed to established minimum standards for finished floor elevations. This 
trend will continue on new construction and remodels when over half the value of the asset 
will be changed. Retroactive requirements for existing structures are not anticipated. 

Given this, the future structure inventory and values are the same as the existing 
condition. This conservative approach neglects any increase in value accrued from 
future development. Though most coastal areas have historically experienced increases 
in density and value in real-dollar terms, using the existing inventory is considered 
preferable due to the uncertainty involved in projections of future development. 

3.3.2.7 Coastal Armoring 

Beach-fx allows for assumptions surrounding coastal armoring (e.g. sandbags, 
breakwaters, seawalls) as well. A user can define the different types of armoring applied 
to individual damage elements as well as a distance trigger, applied at the lot level, 
which will prompt construction of said armor. Lots are designated as being either 
armored, armorable in the future, or not armorable based on coastal regulations that 
dictate armor construction and local history on armor permitting and construction.  Since 
armoring forms one of the major roles of lots in Beach-fx, the location and length of 
potential future armoring dictates the seaward boundary of most lots. 

Data on coastal armor within the project area was collected from a variety of sources, 
including site visit photography and examination of the study area using Google Maps 
Street view.  Coastal armor value was determined based on estimates from comparable 
projects in the vicinity of the study area. The average cost per linear foot is assumed to 
be $2,200 and cost of mobilization/demobilization is assumed to be $20,000. 

There are currently two low seawalls owned by the County that armor the study area, 
one along GP3 (lot 89) and GP4 (lots 87 and 88) within the Gordon Pass Reach and the 
other located in the MI4b model reach (lot 105) of the Cape Marco Economic Reach. 
Both of these seawall were included in the model by indicating the appropriate lots as 
already armored, with a distance trigger of 55 feet identified for failure of the armor. The 
area modeled also contains several types of privately owned coastal armor constructed 
of various materials.  Most of this existing armor has been constructed to protect single 
family residences from erosion damages. 

The project area shoreline that is not currently armored has been categorized as being 
either armorable in the future or not armorable. This is based on the assumed likelihood 
that armor would or would not be constructed by local interests should the property be 
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3.3.3 

threatened in the future by coastal processes. It is assumed that certain structures 
along the shoreline would be armored by local interests in a similar manner to existing 
armor as erosion continues to threaten homes and property.  In Collier County, there are 
no existing laws that would prevent permits to be issued for construction of this armor. 

Future Without Project Condition (FWOP) 

The back-bay Collier County CSRM planning efforts were conducted using the 
intermediate sea-level rise scenario (SLR2) for all modeling and formulation and the 
Collier County beach segment was done in the same manner for consistency. Any 
display of FWOP and FWP model results from Beach-fx are those derived from the 
SLR2 output files unless specifically indicated otherwise. 

While the county has historically nourished some areas in North Beach, the majority of 
this nourishment has been fragmented and intended to provide recreational beach berm 
as opposed to dune placement designed to provide coastal storm risk management. Given 
the continued impact of SLR, dwindling appropriate sand supply, and related economic 
impacts, the county would most likely become less able over time to maintain the historical 
level of nourishment. While it would be expected that some level of local nourishment 
would continue in the future in the absence of a Federal project, this level of nourishment 
is difficult to quantify. And, because of the aforementioned factors, there is no guarantee 
the County will continue to place sand on their beaches. Therefore, the FWOP for this 
analysis assumes no local nourishment in the future. 

Descriptive statistics of the damages estimated for the North Beach FWOP model 
results are as follows: 

North Beach 
FWOP PV 

Damages  and 
Costs* ($) 

Mean 
Standard Deviation 
Coefficient of Variance 
Median 

270,277,484 
57,742,955 

0.21 
263,131,592 

* PV damages and costs include structure damage, content damage and armoring cost 

The low coefficient of variance indicates low volatility of the FWOP damages incurred in 
the project area throughout the 100 iterations. The lack of volatility (i.e. the steady and 
consistent damage estimation) is due to the fact that damages in the study area are 
primarily driven by annual erosion rates instead of high susceptibility to severe and 
frequent storms. That is not to say that Collier County will not be impacted by storms. 
The little variance there is in the damage estimation is largely driven by the occurrence 
of storms, but rather that areas of the 19 mile stretch of beach are highly vulnerable to 
consistent and predictable coastal processes in the FWOP. 

As part of the FWOP analysis of damages and associated costs for the study area, Beach-
fx was used to estimate damages and costs in the following categories: 
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Structure Damage: Economic losses resulting from the structures situated 
along the coastline being exposed to wave attack, inundation, and erosion 
damages. Structure damages account for 68% of the damages for the FWOP. 
Contents Damage: The material items housed within the structures (usually 
air-conditioned and enclosed) that are potentially subject to damage. Content 
damages are 25% of the total damages. 
Coastal Armor Cost: Beach-fx provides the capability to estimate the costs 
incurred from measures likely to be taken to protect coastal assets and or 
prevent erosion in the study area. Based on the existence of coastal armor 
units throughout the study area, Beach-fx was used to estimate the costs of 
constructing armor throughout the period of analysis. Armor costs account for 
approximately 7% of the total FWOP damages. 

3.3.3.1 Damage Distribution by Structure Category and Type 

This section addresses what is being damaged in the FWOP by structure category and 
type. The coastal inventory was categorized as ‘Residential’, ‘Commercial’, and ‘Other’. 
Table 3-12 provides greater detail on the type of structures within each category as well 
as the composition of the FWOP damages within those categories. The distribution of 
the structural damages by category is as follows: 

Residential: 84% 
Commercial: 16% 
Other: TBD 
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Table 3-11. Distribution of Damages by Damage Category (Figures in $FY20 except percentages) 

Category Code Description 
Structure 

PV 
Damages ($) 

Contents PV 
Damages ($) 

Structure +Armor PV Contents PV Costs ($) Damages ($) 

% of Total 
Structure + 
Contents 
Damages 

Residential 

SFR1 
SFR2 
SFR3 
MFR1 
MFR2 
MFR3 
MFR4-7 
MFR8-24 

Single family 1-floor 
Single family 2-floor 
Single family 3 floor 
Multi-family1-floor 
Multi-family 2 floor 
Multi Family 3 floor 
Multi-family 4-7 floor 
Multi-family 8-24 floor 
Subtotal 

-
88,384,514 
1,441,365 
4,993,563 

33,662,314 
7,877,195 

466,739 
531,969 

137,357,658 

-
46,079,558 

743,256 
519,213 

3,467,641 
830,375 
31,409 
37,783 

51,709,236 

- -
- 134,464,072 
- 2,184,621 
- 5,512,776 
- 37,129,954 
- 8,707,570 
- 498,149 
- 569,752 
- 189,066,895 

0% 
62% 

1% 
3% 

17% 
4% 
0% 
0% 

87% 

Commercial 

COMRET 
COMTOUR 
HOTL 
HOTLHR 
MUNC 
PARK 

Retail 
Tourism 
Hotel 
High-rise Hotel 
Municipal 
Park 
Subtotal 

-
87,000 

9,057,870 
339,696 
800,268 

13,424,688 
23,709,521 

-
22,270 

1,288,437 
53,815 

149,416 
3,388,258 
4,902,196 

- -
- 109,269 
- 10,346,307 
- 393,511 
- 949,684 
- 16,812,946 
- 28,611,717 

-
0% 
5% 
0% 
0% 
8% 

13% 

Other 

GARAGE 
POOL 
ROAD-1 

Subtotal 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

- TBD 
- TBD 
- TBD 
- TBD 

TBD 
TBD 
TBD 
TBD 

Total 161,067,179 56,611,433 52,598,872 270,277,484* 
* Include coastal armor costs 
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3.3.3.2 Residential 

Residential structures dominate the Collier County coastline, making up 94% of all 
structures in the inventory. The primary residential building type in the North Beach area 
is a two-story single-family residence with no basement (SFR2); there are 381 such 
residences (58% of the North Beach structure inventory). However, there are also 48 
high-rise multi-family residential structures (MFR8-24), accounting for a substantial 
portion of the North Beach inventory as well. As one would expect, this is also the 
greatest source of damage in the study area, accounting for 44% of all damages. By 
contrast, there are no single family residences in the Marco Island area inventory, with 
36 high-rise multi-family residential (MFR8-24) structures (68% of the Marco Island 
structure inventory). 

3.3.3.3 Commercial 

There are various commercial structures located along the coastline. These structures 
do not represent a significant number of structures (6% of inventory), but the commercial 
inventory does include eleven high-rise luxury hotels (HOTLHR), three in North Beach 
and eight in Marco Island. Given the significant square-footage and value associated 
with these structures, these structures do end up as a significant driver of damages (6% 
of all damages). 

3.3.3.4 Armor Costs 

Armor costs are associated with the construction of new armor and rebuilding of 
damaged armor. The purpose of coastal armor is to protect coastal infrastructure from 
hurricane and storm damage.  Armor costs account for 8% of the total FWOP damages. 

3.3.3.5 Other 

The remaining structures in the inventory were categorized as ‘Other’. These structures 
represent an ancillary component of damages in the FWOP and have not yet been 
included in this analysis, since it is not expected that these other structures would affect 
plan selection.  However, other structures will be added to complete the structure 
inventory for the study area during optimization of the TSP. 

3.3.3.6 Spatial Distribution of Without Project Damages 

The majority of damages in the study area are estimated to occur in the Naples Beach 
economic reaches. There are also considerable damages in the FWOP condition in the 
Wiggins Pass and Vanderbilt economic reaches. These areas of higher damage are 
consistent with the areas of higher erosion within the study area. Figure 3-5 and Figure 
3-6 demonstrate total PV damages and percent damages by Model Reach. 
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Figure 3-5. Spatial Distribution of Damages and Rates of Erosion by Model Reach 
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Figure 3-6. FWOP Damage by Model Reach 

Total Average PV Damages and Costs by Model Reach 
35% 100 

% of Total 

PV
 D

am
ag

es
 a

nd
 C

os
ts

 ($
1,

00
0,

00
0)

 

90Damages and 
Costs 

% of Total Count 
PV Damages and 

Costs (Right 
Axis) 

30% 

25% 
80 

70 

60 

50 

40 

30 

20 

10 

0 

%
 o

f T
ot

al
 

20% 

15% 

10% 

5% 

0% 

Reach 

C-89 



  

 
 

   
 

    
    
    

 

  
 

  
  

  
 

   
 

       
   

   
  

 
   

 
 

  
 

 
   

 

 

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 

3.3.3.7 Damage Distribution by Damage Driving Parameter 

It is typical for CSRM studies to find that most damages are due to erosion. Collier 
County exemplifies this standard as virtually all of the FWOP damages are attributable to 
erosion. The distribution of damage is as follows: 

Damage 
Type 

PV 
Damages (%

of Total) 
Inundation 4.3% 
Wave Attack 8.8% 
Erosion 86.9% 

3.3.3.8 Temporal Distribution of Damages 

As shown in Figure 3-7, damages in the FWOP remain fairly consistent over time for 
some reaches in the northern end of the beach study area.  However, other model 
reaches, including reaches in Naples Beach, Wiggins Pass, and Vanderbilt Beach begin 
to increase steadily from the start year through 2079. 

Figure 3-7. Damages by Reach and Year 

DAMAGES BY REACH AND YEAR 
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3.3.3.9 FWOP Damages in Alternative Sea-Level rise Scenarios 

Evaluating sea-level rise (SLR) is a vital component in the planning process to ensure 
alternatives are selected based on risk-informed analysis. To incorporate risk into the 
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analysis the FWOP must be run assuming three distinct future rates of SLR. EC 1165-2-
211 provides both a methodology and a procedure for determining a range of SLR 
estimates based on the local historic rate, the construction (base) year of the project, 
and the design life of the project. The Beach-fx results that were presented above refer 
strictly to SLR2, which is based on the intermediate rate. The results comparing the SLR 
scenarios are presented here. Figure 3-8 provides an overall summary of damages in 
each SLR scenario and includes a trend line; Table 3-12 displays how those damages 
are distributed amongst the different structure types. 

Figure 3-8. Total Damages and Costs by SLR Scenarios 
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Table 3-12. Distribution of Damages by Category in the SLR Scenarios 
PV Damages % of Total 

Category Code Description Low Intermediate High Low Intermediate High 

Residential 

SFR1 
SFR2 
SFR3 
MFR1 
MFR2 
MFR3 
MFR4-7 
MFR8-24 

Single family 1-floor 
Single family 2-floor 
Single family 3 floor 
Multi-family1-floor 
Multi-family 2 floor 
Multi Family 3 floor 
Multi-family 4-7 floor 
Multi-family 8-24 floor 
Subtotal 

-
81,660,105 
1,813,836 
4,423,756 

37,470,181 
8,781,176 

358,553 
387,698 

134,895,305 

-
134,464,072 

2,184,621 
5,512,776 

37,129,954 
8,707,570 

498,149 
569,752 

189,066,895 

839 
296,481,397 

3,793,967 
16,314,477 
36,665,517 
9,024,525 
2,200,558 
2,258,719 

366,739,999 

-
54% 

1% 
3% 

25% 
6% 
0% 
0% 

89% 

-
62% 

1% 
3% 

17% 
4% 
0% 
0% 

87% 

0% 
71% 

1% 
4% 
9% 
2% 
1% 
1% 

87% 

Commercial 

COMRET 
COMTOUR 
HOTL 
HOTLHR 
MUNC 
PARK 

Retail 
Tourism 
Hotel 
High-rise Hotel 
Municipal 
Park 
Subtotal 

-
88,923 

7,014,390 
262,003 
250,119 

8,735,606 
16,351,041 

-
109,269 

10,346,307 
393,511 
949,684 

16,812,946 
28,611,717 

2,449 
5,407,678 

12,925,461 
849,899 

2,696,944 
31,800,767 
53,683,198 

-
0% 
5% 
0% 
0% 
6% 

11% 

-
0% 
5% 
0% 
0% 
8% 

13% 

0% 
1% 
3% 
0% 
1% 
8% 

13% 

Other 

GARAGE 
POOL 
ROAD-1 

Subtotal 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

TBD 
TBD 
TBD 
TBD 

Total 151,246,346 217,678,612 420,423,198 100% 100% 100% 
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The SLR results are intuitive in the sense that one would expect damages to be 
positively correlated with water levels (i.e. as water levels increase throughout the period 
of analysis so do damages). What is important to note, however, is the magnitude of the 
effect. From SLR1 to SLR2 the damages increase roughly 44%, but from SLR2 to SLR3 
there was an even greater increase of roughly 93%. From SLR2 to SLR3 the damage 
estimates almost double. 

Figure 3-9. PV Damages by SLR Scenario and Model Reach ($FY2020) 
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3.3.3.10 FWOP Condition Conclusion 

Damages are largely driven by high rates of annual erosion in select portions of the 
study area. Though the probability of any given storm event doesn’t drive the risk in 
Collier County, it contributes to the overall susceptibility to damage. 
The overwhelming majority of the damage is structural in nature. Residential 
structures account for over 80% of all damages. 
Damages are concentrated mainly in Wiggins Pass, Vanderbilt Beach, and Naples 
Beach, where rates of erosion are high and there is a dense composition of relatively 
new residential structures. 
Damages in the FWOP increase exponentially in the SLR scenarios. 

Future With Project Condition 

This section of the appendix tells the story behind the evaluation and comparison of the 
Collier County CSRM study beach alternatives and the plan formulation which lead to 
the development of those alternatives. The beach only alternative included in the set of 
alternatives for the comprehensive study is designated as Alternative 1. All other 
alternatives evaluated as part of the comprehensive study area include the beach 
alternative, Alternative 1, in addition to other measures in the back bay, either structural, 
nonstructural, or some combination of both structural and nonstructural. The 
alternatives developed and evaluated within Beach-fx are all variations of Alternative 1. 
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So as to not confuse these beach alternatives with the alternatives developed for the 
overall study, the beach alternatives are described as ‘scenarios’ in this Chapter of the 
report. A description of the variations of Alternative 1 (Scenarios), their performance in 
terms of benefits and costs, and the methods used for screening are provided in the sub-
sections that follow. 

3.3.4.1 Management Measure Development 

Structural measures for the beach portion of the study area were screened out based on 
rough order of magnitude costs were developed early in the study. Therefore, only 
beach nourishment options were carried into the development of the beach alternative. 
The existing condition contains several low sea-walls, currently maintained by the non-
federal sponsor, and are assumed to be maintained in the future. 

3.3.4.2 Alternative Development 

An alternative plan is a set of one or more management measures functioning in tandem 
to address study-area objectives. Though the team only carried forward one 
management measure, there were 12 beach scenarios for initial modeling of the North 
Beach geographic area and 9 beach scenarios for initial modeling of the Marco Island 
geographic area. As described previously, these scenarios are all variations of 
Alternative 1, which is the beach only plan evaluated and compared to the set of 
alternatives for the comprehensive study. 

 North Beach Geographic Area 
• 9 Economic Reaches, 22 Modeled Reaches 
• Initial array of Existing, 50 year, and 100 year level dunes; 75, 100, 125, 

and 150 foot berms; 7 year placement interval 
 Marco Island Geographic Area 

• 2 Economic Reaches, 7 Modeled Reaches 
• Initial array of Existing, 50 year, and 100 year level dunes; Minimum, 

Medium, and Maximum berms (berm widths vary by modeling reach); 7 
year placement interval 

Information on the engineering model inputs, including the ‘Planned Nourishment’ inputs, 
used for these scenarios can be found in the engineering Beach-Fx model 
documentation. 

3.3.4.2.1 Initial Cost Estimation 

Cost for initial modeling of beach dune and berm nourishments were developed by cost 
engineering. The Beach-fx model accepts mobilization cost and placement cost (per 
cubic-yard) as model inputs in order to estimate an average of total lifecycle costs 
across the number of iterations run. Based on the initial construction cost, the amount 
entered into Beach-fx during initial screening was $3M for mobilization and $32.00/cy for 
placement costs. It is noted that the estimated cost per cubic yard of volume is 
considerably higher than many existing beach nourishment projects. This is due to the 
only available sand source identified for the project, which is an offshore borrow area 
that is located approximately 30 nautical miles away from the placement area. 
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3.3.4.2.2 Initial Alternative Modeling 

The initial array of scenarios described above were run in the Beach-Fx model and 
compared to preliminary cost estimates for each beach scenario. Initial modeling was 
conducted using only 25 iterations in order to be able to model the vast number of 
scenarios in a time effective manner. Initial Beach-fx modeling showed that none of the 
dune and beach nourishment alternatives were economically justified, demonstrating 
negative net-benefits. However, it was noted that the 100 year protection dune with 75 
foot berm scenario, while negative in net benefits, resulted in the greatest net benefits 
out of this initial analysis. The results of these scenarios are summarized in the 
following table: 
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Table 3-13. Results Summary of Initial Array of Beach-Fx Scenarios North Beach 

Scenario 
Name 

Dune and Profile 
Extension 

Berm 
Extension 

(ft.) 

Shoreline 
Extent 
(model

reaches) 

Project
Length
(feet) 

Average 
Nourishment 

Interval 
(years) 

Average 
Annual Cost 

($) 

Average 
Annual 

Benefits ($) 

Average 
Annual Net 
Benefits ($) 

Benefit-to-
Cost Ratio 

E_75 Existing 75 22 87281 7 13,716,984 -1,770,944 -15,487,929 -0.130 
E_100 Existing 100 22 87281 7 17,778,137 504,800 -17,273,337 0.030 
E_125 Existing 125 22 87281 7 21,718,611 2,649,660 -19,068,951 0.120 
E_150 Existing 150 22 87281 7 25,497,228 5,368,002 -20,129,226 0.210 

50-Year Return 
Period Storm 

50YR _75 Protection 75 22 87281 7 14,875,669 301,335 -14,574,334 0.020 
50-Year Return 
Period Storm 

50YR_100 Protection 100 22 87281 7 18,986,024 2,349,848 -16,636,176 0.120 
50-Year Return 
Period Storm 

50YR_125 Protection 125 22 87281 7 22,707,736 4,784,694 -17,923,042 0.210 
50-Year Return 
Period Storm 

50YR_150 Protection 150 22 87281 7 26,527,209 6,993,576 -19,533,633 0.260 
100-Year Return 
Period Storm 

100YR_75 Protection 75 22 87281 7 17,038,767 3,495,714 -13,543,053 0.210 
100-Year Return 
Period Storm 

100YR_100 Protection 100 22 87281 7 21,042,372 5,010,261 -16,032,112 0.240 
100-Year Return 
Period Storm 

100YR_125 Protection 125 22 87281 7 24,922,085 6,936,615 -17,985,470 0.280 
100-Year Return 
Period Storm 

100YR_150 Protection 150 22 87281 7 28,703,387 8,378,716 -20,324,671 0.290 
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Table 3-14. Results Summary of Initial Array of Beach-Fx Scenarios Marco Island 

Scenario 
Name 

Dune and Profile 
Extension 

Berm 
Extension 

(ft.) 

Shoreline 
Extent 
(model

reaches) 

Project
Length
(feet) 

Average 
Nourishment 

Interval 
(years) 

Average 
Annual Cost 

($) 

Average 
Annual 

Benefits ($) 

Average 
Annual Net 
Benefits ($) 

Benefit-to-
Cost Ratio 

E_Min Existing varies 7 6712 7 16,280,346 50,373 -16,229,973 0.003 
E_Med Existing varies 7 6712 7 18,865,603 50,373 -18,815,230 0.003 
E_Max Existing varies 7 6712 7 21,546,553 50,373 -21,496,180 0.002 

50-Year Return 
Period Storm 

50YR _Min Protection varies 7 6712 7 15,977,607 50,373 -15,927,234 0.003 
50-Year Return 
Period Storm 

50YR_Med Protection varies 7 6712 7 18,718,448 50,373 -18,668,075 0.003 
50-Year Return 
Period Storm 

50YR_Max Protection varies 7 6712 7 21,405,516 50,373 -21,355,143 0.002 
100-Year Return 
Period Storm 

100YR_Min Protection varies 7 6712 7 21,159,687 50,373 -21,109,314 0.002 
100-Year Return 
Period Storm 

100YR_Med Protection varies 7 6712 7 20,474,695 50,373 -20,424,322 0.002 
100-Year Return 
Period Storm 

100YR_Max Protection varies 7 6712 7 23,110,550 50,373 -23,060,177 0.002 
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3.3.4.2.3 Refinements to Alternative Modeling 

The next step in the modeling process was to evaluate the outputs of the initial array of 
scenarios and refine the engineering model inputs as necessary in order to determine the 
most economical alternative for beach nourishment in Collier County. Some of the inputs 
that were revised for the refined scenario model runs include the following: 

Dune Height and Berm Width: It was noted from the results of the initial array 
of scenarios that the net benefits appeared to maximize for the majority of 
reaches with a berm width of 75 feet, and that a higher dune profile may be 
needed to effectively reduce damages in this study area.  Additionally, a higher 
dune height would be needed to support the design of the back-bay CSRM 
structural measures.  Therefore, additional dune heights of 12 and 14 feet were 
included in the refined array of scenarios. 
Placement interval: The initial scenarios were specified to nourish all reaches 
every 7 years over the 50 year period of analysis. The 7 years was initially 
chosen since this is a placement interval has typically proven to be effective for 
other existing beach nourishment projects.  However, since each beach area has 
unique characteristics that may benefit from more frequent nourishments, 
additional scenarios were evaluated with the construction interval set to 1 year so 
that every year the model checks if nourishment is needed, and constructs if the 
trigger and threshold requirements are met. This allows the project to get 
nourished when needed, and an average nourishment interval can be 
determined from the planned nourishment outputs. 
Profiles and Erosion Rate: Checked and refined idealized initial profiles (dune 
widths and upland distances) and optimized erosion rates at the model reach 
level. 
Armoring: When modeling armoring throughout the study area, it is important to 
correctly attribute the armor conditions and corresponding effect to the beach 
processes. For the initial runs, the only model reaches identified as armored 
were GP3, GP4 and MI4b.  A considerable amount of revisions were made to 
more accurately model the armor conditions in the study area. These revisions 
included the following: 

 Revised armor classifications based on a more thorough analysis of 
beach areas using Google Street view on the beach and photos from site 
visits 

 Adjusted lot coordinates to align seaward lot limits with landward toe of 
dune as best as possible 

 Correcting the Configuration Setting for Lot Armoring Effect to enable 
armor 

 Added in failure fractions for all of the armored areas 
 Changed armor mobilization from 0.2 to 0.5 
 Revised Lot Armoring trigger to 10 feet 
 Revised armoring threshold values, 
 Flood thresholds were set to be a foot above existing dune height 
 Wave Thresholds set to 6 ft. 

Prior to running Beach-fx for the refined array several of the model inputs changed, as 
discussed above. Costs were revised at this point which included an estimate that the 
mobilization costs would be slightly lower but placement costs slightly higher, and takes 
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into account costs for environmental mitigation, real estate, and 30% contingency.  
However, these costs do not take into account costs for design, construction 
management, or other construction related costs such as standby time, turtle trawling or 
other necessary costs as determined appropriate for the project. The results from the 
refined array of scenarios for the North Beach area can be seen in the following tables.  
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Table 3-15. Results Summary of Refined Array of Beach-Fx Scenarios North Beach 

Scenario Name 

Dune 
and 
Profile 
Exten-
sion 

Berm 
Exten-
sion 
(ft.) 

Shoreline 
Extent 
(model 
reaches) 

Project 
Length 
(feet) 

Average 
Nourish-
ment 
Interval 
(years) 

Total AAC 
($) 

AAB – 
Storm 
Damage ($) 

AAB –– 
Armor 
Cost 
Reduction 
($) 

Total AAB 
($) 

Average 
Annual Net 
Benefits ($) 

Benefit-
to-Cost 
Ratio 

H10FT_B50 
10 
Feet 50 22 87281 8 41,114,455 8,149,640 938,562 9,088,202 

-
32,026,253 0.22 

H10FT_B50_1YR 
10 
Feet 50 22 87281 11.5 41,902,068 8,164,547 1,131,856 9,296,403 

-
32,605,665 0.22 

H10FT_B75 
10 
Feet 75 22 87281 8 45,480,563 8,147,243 1,120,505 9,267,748 

-
36,212,815 0.20 

H10FT_B75_1YR 
10 
Feet 75 22 87281 11.5 48,022,044 8,163,341 1,261,757 9,425,098 

-
38,596,946 0.20 

H12FT_B50 
12 
Feet 50 22 87281 8 45,032,036 8,157,621 1,256,099 9,413,720 

-
35,618,316 0.21 

H12FT_B50_1YR 
12 
Feet 50 22 87281 12 48,255,829 8,179,173 1,368,075 9,547,248 

-
38,708,581 0.20 

H12FT_B75 
12 
Feet 75 22 87281 8 49,148,058 8,162,706 1,297,085 9,459,791 

-
39,688,267 0.19 

H12FT_B75_1YR 
12 
Feet 75 22 87281 12 56,327,513 8,177,795 1,365,615 9,543,411 

-
46,784,103 0.17 

H14FT_B50 
14 
Feet 50 22 87281 8 49,515,052 8,195,587 1,349,240 9,544,827 

-
39,970,224 0.19 

H14FT_B50_1YR 
14 
Feet 50 22 87281 13 58,847,377 8,221,114 1,411,392 9,632,505 

-
49,214,872 0.16 

H14FT_B75 
14 
Feet 75 22 87281 8 53,178,176 8,183,874 1,320,071 9,503,945 

-
43,674,230 0.18 

H14FT_B75_1YR 
14 
Feet 75 22 87281 13 68,251,656 8,216,527 1,388,138 9,604,665 

-
58,646,991 0.14 
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Table 3-16. Results of Refined Array 12 Foot Dune 75 Foot Berm by Reach and Planning Area 

Planning 
Reach Economic Reach 

FWOP PV 
Damages 
($) 

12FT 
Dune 75 
Foot Berm 
PV 
Damages 
($) 

PV 
Structure 
and 
Contents 
Damages 
Reduced ($) 

PV Armor 
Costs 
Reduced 
($) 

AAB ($) AAC ($) Net Benefits 
($) BCR 

1 Barefoot Beach 1,907,414 593,557 1,313,856 654,338 72,904 2,375,165 -2,302,261 0.03 

1 Barefoot Beach 
Preserve 3,237 0 3,237 0 120 1,604,743 -1,604,623 0.00 

1 Wiggins Pass 5,877,533 3,094 5,874,439 0 217,595 2,959,085 -2,741,490 0.07 
1 Vanderbilt Beach 5,989,413 859,893 5,129,520 9,615,493 546,169 2,591,840 -2,045,672 0.21 
2 Pelican Bay 1,254,714 96,799 1,157,915 2,830,814 147,746 5,938,128 -5,790,382 0.02 
2 Clam Pass 1,213,681 0 1,213,681 3,613,592 178,807 2,229,346 -2,050,539 0.08 
3 Park Shore 431,159 182,915 248,244 9,056,040 344,639 3,165,988 -2,821,349 0.11 
3 Naples Beach North 71,909,838 2,019,362 69,890,476 5,872,787 2,806,341 6,528,433 -3,722,092 0.43 
4 Naples Beach South 134,951,090 132,834 134,818,256 932,802 5,028,344 6,340,216 -1,311,872 0.79 
4 Gordon Pass 2,180,174 1,459,839 720,335 2,441,769 117,127 13,841,996 -13,724,869 0.01 

Total North Beach 225,718,253 5,348,293 220,369,959 35,017,636 9,459,791 47,574,940 -38,115,149 0.20 
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Table 3-17. Results Summary of Refined Array of Beach-Fx Scenarios Marco Island 

Scenario 
Name 

Dune and 
Profile Exten-
sion 

Berm 
Exten-
sion 
()ft.) 

Shoreline 
Extent 
(model 
reaches) 

Project 
Length 
(feet) 

Average 
Nourish-
ment 
Interval 
(years) 

Total AAC 
($) 

Average 
Annual 
Storm 
Damage 
Reduction 
($) 

Average 
Annual 
Armor 
Cost 
Reduction 
($) 

Total 
AAB ($) 

Average 
Annual 
Net 
Benefits 
($) 

Benefit-
to-Cost 
Ratio 

E_Min Existing 
varies 

7 6712 7 879,073 48,096 114,593 162,689 -716,384 0.19 

E_Med Existing 
varies 

7 6712 7 1,011,689 48,096 114,450 162,545 -849,144 0.16 

E_Max Existing 
varies 

7 6712 7 1,141,392 48,096 207,685 255,780 -885,612 0.22 

50YR _Min 

50-Year 
Return Period 
Storm 
Protection 

varies 

7 6712 7 914,625 49,148 142,213 191,361 -723,264 0.21 

50YR_Med 

50-Year 
Return Period 
Storm 
Protection 

varies 

7 6712 7 914,625 49,148 141,597 190,746 -723,879 0.21 

50YR_Max 

50-Year 
Return Period 
Storm 
Protection 

varies 

7 6712 7 1,176,921 49,148 143,335 192,483 -984,438 0.16 

100YR_Min 

100-Year 
Return Period 
Storm 
Protection 

varies 

7 6712 7 1,156,136 49,662 147,019 196,680 -959,456 0.17 
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100YR_Med 

100-Year 
Return Period 
Storm 
Protection 

varies 

7 6712 7 1,285,636 49,662 147,019 196,680 

-
1,088,95 

5 0.15 

100YR_Max 

100-Year 
Return Period 
Storm 
Protection 

varies 

7 6712 7 1,412,526 49,662 147,019 196,680 

-
1,215,84 

5 0.14 

Table 3-18. Results of Refined Array 100YR Dune Medium Berm by Reach and Planning Area Marco Island 

Planning 
Reach Economic Reach 

FWOP PV 
Damages 
($) 

12FT 
Dune 75 
Foot Berm 
PV 
Damages 
($) 

PV 
Structure 
and 
Contents 
Damages 
Reduced ($) 

PV Armor 
Costs 
Reduced 
($) 

AAB ($) AAC ($) Net Benefits 
($) BCR 

6 Marco Island Beach 239,960 0 239,960 0 8,888 689,857 -680,968 0.01 
6 Cape Marco 1,111,450 10,687 1,100,763 3,969,093 187,792 595,779 -407,987 0.32 

Total Marco Island 1,351,410 10,687 1,340,723 3,969,093 196,680 1,285,636 -1,088,955 0.15 
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3.3.5 Final Array Modeling 

Prior to running Beach-fx for the final array, all Beach-Fx inputs and outputs will be 
further analyzed and refined as considered appropriate. The final array will be optimized 
by individual reaches to further determine the most economically efficient means of 
nourishing the beach area while providing support to the back-bay CSRM protection 
measures. The result of the 100-iteration final array will be as follows in Table 3-19. 
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Table 3-19. Final Array Model Results 

Scenario 
Name 

Dune and 
Profile 
Extension 

Berm 
Extension 
(ft.) 

Shoreline 
Extent 
(model 
reaches) 

Project 
Length 
(feet) 

Average 
Nourishment 
Interval 
(years) 

FWOP 
Average 
Annual 
Damages 
($) 

FWP 
Average 
Annual 
Damages 
($) 

Average 
Annual 
Benefits 
($) 

TBD 

Scenario 
Name Dune and Profile Extension 

Berm 
Extension 
(ft.) 

Shoreline 
Extent 
(model 
reaches) 

Project 
Length 
(feet) 

Average 
Nourishment 
Interval 
(years) 

Average 
Annual 
Cost ($) 

Average 
Annual 
Benefits 
($) 

Average 
Annual 
Net 
Benefits 
($) 

Benefit-
to-Cost 
Ratio 

TBD 
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3.3.6 Land Loss Benefits 

In outlining the process and procedures to be used in the evaluation of CSRM projects, ER-1105-2-100 details the inclusion of land 
loss due to erosion, stating that such damages should be computed as the market value of the average annual area expected to be 
lost. Prevention of land loss is a component of primary benefits and is computed based on output data from Beach-fx. Land loss 
benefits must be added to the structure and content benefits as computed by Beach-fx to obtain the total CSRM benefits of the 
project. 

Following the guidance provided, two key pieces of information are needed to calculate land loss benefits of a CSRM project: (1) the 
square-footage of the land lost each year and (2) the market value of land in the project footprint. 

In the case of Collier County, annual reduction in upland width across all Beach-fx Model Reaches was obtained from the Beach-fx 
LandLoss.csv FWOP and FWP output files based on modeled changes to the shoreline. ER 1165-2-130 does not allow land loss 
benefits be claimed for beach areas subject to temporary shoreline recessions. Thus, changes in upland width, rather than changes 
in berm or dune width, are used as the appropriate measure of land loss. 

For Beach-fx reaches located within the project area, the basis of the annual changes in upland width calculation is the width in each 
reach in the model base year (2030), compared to the average minimum berm width maintained throughout the period of analysis in 
the FWP. The difference between the with-project width and the without-project width in a given year results in the cumulative loss of 
upland given the profile of that specific Model Reach. However, for the purpose of calculating land loss benefits, the annual loss of 
width is needed. This is obtained by taking the cumulative change in width in a given year and subtracting from it from the cumulative 
change in width from the previous year. This calculation results in the yearly incremental change in upland width for a given reach. 

Using the annual decrease in width for a specific reach and the corresponding length of shoreline eligible for land-loss benefits, the 
total annual square-footage of land lost is obtained on a reach-by-reach basis and then summed across all study reaches for a given 
year within the period of analysis. 

As the second component of the land-loss benefits calculation, ER 1105-2-100 instructs that nearshore land values be used to 
estimate the value of land lost. For Collier County, real estate specialists did not have available data on vacant lot sales data. So, 
based on the vacant lot information from previous studies, the average value of second-row land was determined to be $12.42 per 
square-foot. 

Using the analysis technique described above, the total present value of land-loss benefits over the 50-year period of analysis is 
estimated at or $1,756,712 annually. The summary of benefits applied to each reach can is summarized in Table 3-20 below. 
Adding the land loss benefits to the final array of alternatives is shown in Table 3-22. 

Table 3-20. Land Loss Benefits 

Planning
Area Reach Reach 

ID 
Length

(ft) 
Land Loss 
Reduction 

(sqft) 

Annual 
Land Loss 
Reduction 

(sqft) 

Annual 
Loss 

Reduction 
($) 

Barefoot Beach 
Barefoot Beach 

BB1 8,113 280,110 5,602 69,579 

Preserve BB2 7,475 313,316 6,266 77,828 
1 Wiggins Pass WP 6,125 1,106,820 22,136 274,934 

Vanderbilt Beach 1 VB1 3,776 60,775 1,215 15,096 
Vanderbilt Beach 2 VB2 3,120 589,297 11,786 146,381 
Subtotal 28,609 2,350,317 47,006 583,819 
Pelican Bay 1 PB1 5,987 206,530 4,131 51,302 

2 Pelican Bay 2 
Clam Pass 

PB2 
CP 

6,165 
5,442 

38,433 
638,377 

769 
12,768 

9,547 
158,573 

Subtotal 17,594 883,340 17,667 219,422 

3 

Park Shore 1 
Park Shore 2a 
Park Shore  2b 
Naples Beach 1 
Naples Beach 2 
Naples Beach 3 
Naples Beach 4 
Subtotal 

PS1 
PS2a 
PS2b 
NB1 
NB2 
NB3 
NB4 

2,913 
5,235 
3,180 
2,270 
2,177 
2,952 
3,212 

21,939 

68,916 
450,108 

-5,643 
900,678 
258,886 
700,850 
72,715 

2,446,510 

1,378 
9,002 
-113 

18,014 
5,178 

14,017 
1,454 

48,930 

17,119 
111,807 

-1,402 
223,729 
64,307 

174,091 
18,062 

607,713 
Naples Beach 5 NB5 1,611 343,998 6,880 85,449 
Naples Beach 6 NB6 4,811 912,384 18,248 226,636 
Naples Beach 7 NB7 3,053 72,731 1,455 18,066 

4 Gordon Pass 1 
Gordon Pass 2 

GP1 
GP2 

3,751 
3,797 

14,773 
14,954 

295 
299 

3,670 
3,715 

Gordon Pass 3 GP3 1,385 21,665 433 5,382 
Gordon Pass 4 GP4 731 11,435 229 2,840 
Subtotal 19,139 1,391,940 27,839 345,758 
Total PA1 + PA3 50,548 4,796,828 95,937 1,191,532 
Total 87,281 7,072,108 141,442 1,756,712 

(1) Land loss reduction is calculated as the reduction in upland width erosion over the entire life cycle multiply by the length of each reach 
(2) Annual land loss reduction is calculated as the yearly expected land loss reduction over the period of analysis 
(3) Land loss value calculated as the land loss multiply by the estimated market value of land within the project footprint of $12.42 per sqft 
(4) Positive figures indicate land loss reductions, negative figures indicate increase in land losses 
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3.3.7 

• 

• 
• 

Table 3-21. Benefit Summary of Final Array with Land Loss Added 

Scenario Name Total Costs (AAEQ) 

Total 
Project Benefits w/ 

LL 
(AAEQ) 

Primary Net Benefits 
(CSRM+LL) (AAEQ) BCR 

Incidental Rec Benefits 

According to ER-1105-2-1001, incidental recreation benefits that result from the construction of a project can be calculated and 
added to overall project benefits in CSRM studies. Recreation benefits are not to be used in plan formulation, but they can be 
included in total project benefits so long as primary benefits (i.e. CSRM and land loss benefits) constitute 51% of the benefits 
required for economic justification. Recreation benefits represent a vital component of a CSRM project and access for the public to 
use and recreate on the beach is the foundation for federal interest in the project. Though recreation cannot be used for plan 
formulation, and though the NED is economically justified on primary benefits alone, recreation benefits play a role in increasing net-
benefits. 

Additionally, ER-1105-2-100 specified that benefits arising from recreation opportunities created by a project be measured in terms of 
willingness to pay. Three acceptable calculation methods are outlined (a) the travel cost method (TCM), (b) the contingent valuation 
method (CVM), and (c) the unit day value method (UDV). According to ER-1105-2-100 Appendix E, UDV is appropriate in several 
scenarios, including cases where plan formulation or selection is not materially influenced by recreation benefits and where annual 
visitation to the project area does not exceed 750,000. For Collier County the annual visitation is well above the 750,000 annual 
visitation policy limit, with approximately 1.8 million visitors in 2018, of which about 80% visited the beaches. 

Since the annual visitation to beaches is over the policy limitation for use of the UDV method for measuring recreational benefits on 
this study, the use of either the TCM and/or CVM was considered.  Accordingly, this analysis is being conducted as part of a 
collaborative effort with four other USACE studies on the Florida coast. The recreational benefit analysis study is being conducted by 
a private contractor, and will either use A) Contingent Valuation Method (CVM) /Travel Cost Method (TCM) or B) Random Utility 
Model (RUM), which is a variant of the TCM, utilizing existing Deep Water Horizon (DWH) oil spill data. Given the length of the 
process for survey approval and timing requirements to conduct surveys during the high season of visitation, this recreational 
benefits analysis will not be concluded at the time this report is produced. Once it is concluded, the estimated recreational benefit 
results will be incorporated into the total benefits identified in this report. In the interim, the UDV methodology will be used with a limit 
of 750,000 annual days visitation to the study area. 

The UDV method estimates a user’s willingness to pay for a given recreational opportunity by assigning ratings to five criteria 
designed to measure the quality of the overall recreation experience provided in the project area. These five criteria are intended to 
gauge the overall quality of the experience, availability, carrying capacity, accessibility, and environment in the project area. Each 
criterion can be assigned to one of five possible scoring ranges rated from low to high. Within each range a specific point value is 
also chosen. These point values are summed together and applied a dollar day value based on the current UDV guidance. The 
current unit day values, provided by USACE Economics Guidance Memorandum #20-03, Unit Day Values for Recreation for Fiscal 
Year 2020, are presented in Table 3-22. Linear interpolation was used to estimate the dollar value of point scores not published. For 
example, a point score of 2 corresponds with a dollar value of $4.36. 

Table 3-22. Current Unit Day Values for Recreation (FY20) 
Point 

Values  
General 

Recreation 
Values (1) 

General 
Fishing and 

Hunting 
Values (1) 

0 $4.21 $6.06 
10 $5.00 $6.85 
20 $5.53 $7.37 
30 $6.32 $8.16 
40 $7.90 $8.95 
50 $8.95 $9.74 
60 $9.74 $10.80 
70 $10.27 $11.32 
80 $11.32 $12.11 
90 $12.11 $12.38 

100 $12.64 $12.64 

The point assignments are based on qualitative criteria; they depend on best professional judgment (i.e. “judgment criteria”) and 
knowledge of the project area. The differences in the assigned point scores vary for each category depending on the relevant 
recreation facilities. The following list briefly explains the logic behind the judgment criteria applied to Collier County. And the 
recreation point values assigned to Collier County are summarized in Table 3-23. 

Recreation Experience: Collier beaches were assigned a point score of 5 in the FWOP, which corresponds to “several general 
activities”. The beaches offer visitors the opportunity to experience several general activities, including swimming, surfing, and 
fishing. The value in the FWP is assigned a 7 since the project could create additional recreation experiences in terms of area 
available for picnicking. 
Availability of Opportunity: The availability of opportunity is assigned a 2 in both the FWOP and FWP for Collier County 
beaches since there are several other beaches within one hour travel time and a few within 30 minutes of travel time. 
Carrying Capacity: In the FWOP the starting point is 10 indicating that the study area beaches contain “adequate facilities to 
conduct without deterioration of the resource or activity experience”. In the FWOP the carrying capacity is kept the same 
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• 
• 

throughout the period of analysis as a significant portion of the usable beach area is expected to be maintained by the County in 
the absence of a Federal project. The FWP condition is expected to maintain the starting point of 12 throughout the period of 
analysis. 
Accessibility: Collier County has “good access, high standard roads to site; good access within site” which corresponds to a 
score of 16 for both the FWOP and FWP.  This accessibility is not expected to change over the life of the project. 
Environmental Quality: The FWOP was assigned a score of 8 indicating an above average aesthetic quality with limiting factors 
that can be reasonably rectified. By the end of the analysis it is anticipated that study area degradation will result in factors that 
lower quality to a minor degree, but not enough to impact this rating. The FWP is expected to maintain the above average quality, 
with a score of 9, slightly above that of the FWOP. 

Table 3-23. Total Unit Day Point Scores applied to Collier County 

Alternative Recreation 
Experience 

Availability
of 

Opportunity 
Carrying
Capacity Accessibility Environmental Total 

Points 

Without-Project 5 2 10 16 8 41 
75 ft. 7 2 12 16 9 46 

After assigning point scores and dollar values, these values must be assigned to expected recreation visits over the life of the project. 
Visitation data was collected from Collier County and provided to the PDT. Table 3-24 shows the Collier County annual visitor counts 
from 2009 to 2016. 

Table 3-24. Collier County Visitation 2009-2018 
Total Visitation 

2009 1,338,800 
2010 1,383,500 
2011 1,489,900 
2012 1,573,000 
2013 1,668,200 
2014 1,773,900 
2015 1,829,500 
2016 1,793,700 
2017 1,774,800 
2018 1,823,300 

In order to project annual beach visitor days over the life of the project, ten years of growth was applied to the total visitation, based 
on the previous ten years of data collected by Collier County. The annual number of visitors was held constant after ten years due to 
the uncertainty of growth beyond this period.  Next, the amount of beach visitors out of the total had to be determined since the 
visitation data includes all visits to Collier County, not just those to the beach areas.  Visitor reports indicate 79.4% of visitors to 
Collier County come to the area mainly to visit the beach, and spend an average of 4.5 days at the beach while visiting. These 
amounts were applied to the total visitation over time to determine the amount of beach visitors each year, and the average beach 
user days each year.  Since the visitation amounts were held constant after the base year of 2030, the average amount of visitors 
over the life of the project is assumed to remain the same.  Based on these assumptions, the annual beach visitor amount for Collier 
County beaches is estimated to be 1,879,000 and the average beach user days is estimated to be 8,457,000. 

Capacity constraints in the study area were considered, but determined not to be a limiting factor in this analysis.  The conservatively 
estimated visitation used for this analysis is only 430,000 more than current annual beach visitors using the area. There is ample 
parking at the most highly visited public beaches in the study area and is able to support peak daily demand. It is anticipated the 
future capacity requirements would not surpass the current available capacity. Visitation to all of the Collier County beaches was 
expected to reach 1.9 million by the year 2030 and held constant until the year 2079 for this analysis. Therefore, capacity was not 
applied as a constraint for this analysis. 

The total annual visitation numbers combined with the relevant UDV for a 75 foot beach berm resulted in total recreation benefits for 
Collier County in the FWP condition to be calculated at $394,000 in AAEQ for 750,000 annual visitation days, and $4,440,000 for 
8,457,000 annual visitation days. The resulting range of benefits between the policy restricted and unrestricted visitation can be 
seen in the following table for each reach in the study area.  Adding these recreation benefits onto the primary benefits of the final 
array as displayed above results in the net-benefits displayed in Table 3-25. 
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3.3.8 

Table 3-25. Recreational Benefits 
Average Average 

Planning
Area Reach Reach ID Length

(ft.) 
Annualized 
Benefits -
Restricted 

Annualized 
Benefits -

Unrestricted 
% of 
Total 

($) ($) 
Barefoot Beach 
Barefoot Beach 

BB1 8,113 31,382 353,646 8% 

Preserve BB2 7,475 28,914 325,836 7% 
1 Wiggins Pass WP 6,125 23,692 266,989 6% 

Vanderbilt Beach 1 VB1 3,776 14,606 164,596 4% 
Vanderbilt Beach 2 VB2 3,120 12,069 136,001 3% 
Subtotal 28,609 110,663 1,247,069 28% 
Pelican Bay 1 PB1 5,987 23,158 260,974 6% 

2 Pelican Bay 2 
Clam Pass 

PB2 
CP 

6,165 
5,442 

23,847 
21,050 

268,733 
237,217 

6% 
5% 

Subtotal 17,594 68,056 766,924 17% 
Park Shore 1 PS1 2,913 11,268 126,978 3% 

3 Park Shore 2a PS2a 5,235 20,250 228,194 5% 
Park Shore  2b PS2b 3,180 12,301 138,617 3% 
Naples Beach 1 NB1 2,270 8,781 98,950 2% 
Naples Beach 2 NB2 2,177 8,421 94,896 2% 
Naples Beach 3 NB3 2,952 11,419 128,678 3% 
Naples Beach 4 NB4 3,212 12,424 140,011 3% 
Subtotal 21,939 84,863 956,323 22% 
Naples Beach 5 NB5 1,611 6,232 70,224 2% 
Naples Beach 6 NB6 4,811 18,610 209,712 5% 
Naples Beach 7 NB7 3,053 11,809 133,081 3% 

4 Gordon Pass 1 
Gordon Pass 2 

GP1 
GP2 

3,751 
3,797 

14,509 
14,687 

163,506 
165,512 

4% 
4% 

Gordon Pass 3 GP3 1,385 5,357 60,372 1% 
Gordon Pass 4 GP4 731 2,828 31,864 1% 
Subtotal 19,139 74,032 834,271 19% 
Marco Island 1 MI1 4,218 16,316 183,863 4% 
Marco Island 2a/2c MI2a/MI2c 3,647 14,107 158,973 4% 
Marco Island 2c MI2c 0% 

6 Marco Island 2b 
Marco Island 3 

MI2b 
MI3 

1,613 
2,795 

6,239 
10,811 

70,311 
121,834 

2% 
3% 

Marco Island 4a MI4a 1,658 6,413 72,272 2% 
Marco Island 4b MI4b 646 2,499 28,159 1% 
Subtotal 14,577 56,386 635,413 14% 
Total PA1 + PA3 50,548 195,526 2,203,392 50% 
Total 101,858 394,000 4,440,000 100% 

(1) The calculation in the "% of Total" and "Average Annualized Benefits" columns is based on values from all 6 areas i.e. PA1-PA6 
(2) Restricted and unrestricted average annualized benefits are based on the total of $394,000 and $4,440,000 for the entire study area respectively 

Table 3-26. Benefit Summary of Final Array with Land Loss and Recreation Added 

Scenario Name Total AAEQ Costs 
Total AAEQ 

Project Benefits
(CSRM+LL+REC) 

Primary and 
Incidental AAEQ Net-
Benefits 

BCR 

Economic Summary of Beach Nourishment 

With incidental recreation benefits added to primary benefits, the beach only plan including reaches in planning areas 1, 3, and 4 is 
not economically justified with a BCR of 0.18 and net-benefits of -$42,000,000 AAEQ. See Table 3-27 for a complete summary. 
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Table 3-27. Economic Summary of Alternative 1 – Beach only plan (FY20 Price level, 2.75% discount rate) 

ECONOMIC SUMMARY 
STORM RISK 

MANAGEMENT 
BENEFITS ONLY 

STORM RISK 
MANAGEMENT + 

LAND-LOSS 
BENEFITS 
(PRIMARY) 

STORM RISK 
MANAGEMENT + 

LAND-LOSS + 
RECREATION 

Storm Risk Management Benefits 9,100,000 - -
Land Loss Benefits - 1,500,000 -
Recreation Benefits - 3,000,000 
Total Benefits 9,100,000 10,700,000 13,700,000 

1Beach-fx Estimated Cost 51,100,000 51,100,000 51,100,000 
Net-Benefits -42,000,000 -42,400,000 -37,400,000 
Benefit Cost Ratio 0.18 .21 0.27 

(1) Costs used in this analysis are preliminary estimates and do not include all costs included in the full project cost estimate. 

3.4 Conclusion of Beach Analysis 

Collier County is highly susceptible to damage from annual erosion as well as hurricane and storm damage. Beach-fx modeling has 
demonstrated that, in the absence of a federal project, significant economic damage from coastal forces can be expected to occur 
over the next 50-years. When factoring in the potential for sea levels to rise in excess of baseline projections those economic 
damages increase dramatically. 

In an effort to reduce as much damage as possible, this Beach-fx modeling team considered a multitude of alternatives to most 
efficiently address the problems in the study area. Years of technical expertise, best professional judgment and rigorous modeling 
efforts were all leveraged to determine a plan that maximizes net-benefits and contributes to national economic development.  While 
the modeled beach plan does provide Collier County with protection from damage, it is not economically justified, it is not the most 
efficient plan, and is therefore not the NED alternative. 

While the beach only alternative is not justified on its own for the entire beach study area, portions of the beach plan that support 
back bay comprehensive efforts are considered in conjunction with back bay structural and nonstructural measures in order to 
compare the justification and efficiency of other alternatives considered in this overall study. In addition, individual reaches will be 
optimized as the study progresses to determine if any additional reaches are individually justified in areas outside of planning areas 
that are required for back-bay structural support. 
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4 ECONOMIC ANALYSIS OF ALTERNATIVES 

As discussed in the Chapter 5 of the main report, measures were developed and combined into four alternatives to include beach 
nourishment, structural measures and nonstructural measures. Through the iterative planning process, a number of updates and 
changes occurred as new information became available. 

The beach only alternative is intended to be a comprehensive analysis of the entire beach in the study area.  As such, all reaches in 
planning areas 1, 2, 3, 4, and 6 were evaluated and compared for this alternative.  However, since the reaches in planning area 2 
and 6 decreased the net benefits for that Alternative, these planning areas were not included in the net benefit comparison of 
alternatives for Alternative 1. 

Since the beach only alternative was not justified on its own, only beach reaches required to work in conjunction with the back-bay 
protective measures in planning areas 1 and 3 were included in the net benefit comparison of alternatives for Alternatives, 2, 3, and 
4. A 12 foot dune and 75 foot berm beach design was assumed to be required to support the effectiveness of the back-bay structural 
measures. 

Alternative 4, the combination of beach, structural, and nonstructural measures was found to have higher net benefits than 
Alternative 1, 2 and 3.  A variation of Alternative 4 without planning area 4 and parts of planning area 6, Alternative 4a, was 
estimated to provide a substantial increase in net benefit over Alternative 4 with all planning areas. Therefore, Alternative 4a was 
selected to be the Tentatively Selected Plan (TSP) and appended to the list of alternatives. The most economically efficient variation 
of Alternative 4 will continue to be optimized as the study progresses. Table 4-1 summarizes the alternatives and the economic 
results for each. 

Table 4-1. List of Alternatives 
Alternative Name 

0 No Action No action taken 

1 Beach Nourishment 

Beach nourishment (12ft dune/75ft berm) in PA1 
(Barefoot Beach, Barefoot Beach Preserve, Wiggins 
Pass, Vanderbilt Beach), PA3 (Parkshore and 
Naples R58A-R71), PA4 (Naples R68-R79 and 
Gordon Pass) 

2 Beach and Structural 

Beach nourishment in PA1 and PA3; structural 
measures in PA1 (Bonita Beach Road Alignment 
and Wiggins Pass Surge Barrier), PA3 (Seagate 
Drive Alignment and Doctor's Pass Surge Barrier) 
and PA5 (Tamiami Trail) 

3 Beach and 
Nonstructural 

Beach nourishment in PA1 and PA3; and 
nonstructural measures (acquisition, elevation, and 
floodproofing) for PA2, PA4, PA6 

4 
Beach and Combination 
of Structural and 
Nonstructural 

Beach nourishment in PA1 and PA3; structural 
measures for PA1, PA3, PA5; and nonstructural 
measures for PA2, PA4, PA6 
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4.1.1 

Modified A4 

Description 

Beach nourishment in PA1 and PA3; structural 
measures for PA1, PA3, PA5; and nonstructural 
measures for only PA2, PA6 

4.1 Costs of Alternatives 

Estimation of Costs 

Preliminary initial cost estimates (first costs) were developed for all alternatives based on representative unit costs for similar 
construction projects in the area. All costs used in comparison of alternatives are in October 2019 (FY 2020) price levels. First cost 
developed for each alternative plan include estimation for construction, contingency, preconstruction engineering and design, real 
estate, and environmental mitigation. After total costs were determined, the cost of interest during construction (IDC) was calculated 
based on the estimated length of construction and added to each first cost to determine the investment cost of each alternative. 
Additional information on specific cost components can be found in the Engineering Appendix. 

Maintenance Costs 
The operations, maintenance, relocations, rehabilitation, and repair (OMRR&R) costs for each alternative were also estimated based 
on comparable projects constructed in the past. OMRR&R is expected to occur during the period of analysis for all structural 
measures. 

Average Annual Costs 
Using the total investment costs and annual OMRR&R, the average annual equivalent costs were calculated for each alternative 
based on a 50-year period of analysis, a 2.750% discount rate, and October 2019 (FY2020) price levels. 

4.2 Net Benefit Comparison of Alternatives 

Table 4-2 shows the total average annual costs, average annual benefits, and resulting net benefits and benefit to cost ratios (BCR) 
for each alternative in the final array. 

C-111 



  
  

  
 
 

 

 
 

 

 
 
 

  

       

 

 
 

      

 
 

        

 

 
  

      

      

 
  

  
 

      

 
  

 
 

 

Table 4-2. Economic Results of the Final Array of Alternatives 
Costs are in October 2019 Price Levels (Fiscal Year 2020); 2.75 Discount Rate 

Alternative Alternative Name 
Average Annual 
Benefits (AAB) 

($) 

Average 
Annual Costs 

(AAC) ($) 

Annual Net 
Remaining 
Benefits ($) 

BCR Description 

0 No Action - - - - -

1 

Beach Only (PAs 1, 
3, 4) (12FT 

Dune/75FT Berm) 14,000,000 60,000,000 -47,000,000 0.2 
Beach Nourishment Planning 
Areas 1, 3, and 4 

2 
A1+ Structural (PAs 

1, 3, 5) 277,000,000 68,000,000 209,000,000 4.1 

Beach Nourishment and 
Structural Measures in Planning 
Areas 1, 3, and 5 

3 

A1+ Nonstructural 
(PAs 2, 4, 6 + NS 

looks in PAs 1, 3, 5) 158,000,000 230,000,000 -72,000,000 0.7 

Beach Nourishment and 
Nonstructural Measures Planning 
Areas 1-6 & Critical Infrastructure 

4 

A1+ Combination 
(Structural and 
Nonstructural) 422,000,000 238,000,000 184,000,000 1.8 

Beach Nourishment, Structural 
Measures in Planning Areas 1, 3, 
5, and Nonstructural Measures in 
Planning Areas 2, 4, 6 & Critical 
Infrastructure 

4A Modified A4 376,000,000 104,000,000 272,000,000 3.6 

Beach Nourishment, Structural 
Measures in Planning Areas 1, 3, 
5, and Nonstructural Measures in 
Planning Areas 2 and 6, & Critical 
Infrastructure 

*Alternative 4a nonstructural plan for PA6 does not include MA31E and MA31WS 
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5 DESCRIPTION OF THE TENTATIVELY SELECTED PLAN 

The TSP is the NED plan and a variation of Alternative 4 from the final array of alternatives. Since PA4 and part of PA6 (MA31WS 
and MA31E) were not incrementally justified as separable elements, these subareas are not currently included in the TSP. The TSP 
includes both structural and nonstructural measures to reduce the risk associated with future coastal storms in Collier County. The 
TSP is the outcome of the analyses which occurred to evaluate a variety of competing measures and alternative plans. Three design 
heights and associated water levels were investigated to determine the TSP scale and alignment. The TSP is a hybrid plan that 
includes structural measures, where they were found to be feasible and justified, and nonstructural measures elsewhere to provide 
greater coverage of the study area and further buy-down residual risk.  Critical infrastructure will be incorporated into the 
nonstructural component of the TSP during optimization of the plan. More detailed information on the TSP can be found in Chapter 7 
of the Integrated Feasibility Report. 

5.1 Project Costs of the Tentatively Selected Plan 

In accordance with ECB No. 2007-17, dated 10 September 2007, "Cost risk analysis methods will be used for the development of 
contingency for the Civil Works Total Project Cost estimate. It is the process of identifying and measuring the cost and schedule 
impact of project uncertainties on the estimated total project cost. When considerable uncertainties are identified, cost risk analysis 
can establish the areas of high cost uncertainty and the probability that the estimated project cost will or will not be exceeded. This 
gives the management team an effective additional tool to assist in the decision making process associated with project planning and 
design." An Abbreviated Risk Analysis (ARA) was completed on the Final Array of Alternatives described in the Engineering 
Appendix.. A full Cost and Schedule Risk Analysis (CSRA) was performed on the Tentatively Selected Plan. Further information 
regarding the CSRA can be found in Appendix B. The total estimated project costs for the TSP at the October 2019 (FY 2020) price 
level can be found in Table 5-1 below. 
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Table 5-1. Total Project First Costs of the Tentatively Selected Plan 

Planning
Area 

Alternative 4a - Beach (PA 1, 3);  Structural (PA 1, 3, 5);  
NonStructural (PA 2, 6) Volume (CY) Construction 

($) 
Environmental 
Mitigation ($) PED ($) 

Construction 
Management

($) 
Real Estate 

($) 
Cultural 

Resource 
Mitigation ($) 

Contingency
($) Total Cost ($) 

1 

Wiggins Pass Surge Barrier 
Bonita Beach Road Alignment 
Beach Nourishment Barefoot Beach, Barefoot Beach Preserve, 
Wiggins Pass State Park, Vanderbilt Beach 

Subtotal PA1 
1,512,600 

61,808,959 
61,251,724 

51,327,646 
174,388,329 

160,300,000 
3,857,276 

18,148,229 
182,305,505 

26,471,000 
7,760,000 

8,198,153 
42,429,153 

22,433,000 
5,969,000 

6,947,588 
35,349,588 

430,041 
2,400 

34,589,470 
35,021,911 

2,221,000 
651,000 

0 
2,872,000 

82,099,000 
23,847,000 

35,760,914 
141,706,914 

355,763,000 
103,338,400 

154,972,000 
614,073,400 

2 NonStructural PA2 79,948,875 0 9,433,967 7,994,888 2,576,010 0 33,984,272 133,938,011 
Seagate Dr. Alignment 32,163,134 246,000 3,862,000 3,273,000 1,652,796 324,000 12,456,000 53,976,930 

3 Doctors Pass Surge Barrier 
Beach Nourishment Park Shore and Naples Beach (R58A-R68) 1,571,500 

24,393,000 
53,303,930 

13,080,000 
16,963,759 

4,466,000 
8,291,587 

3,785,000 
7,026,769 

262,530 
37,519,659 

374,000 
0 

13,908,000 
36,929,296 

60,268,530 
160,035,000 

Subtotal PA3 109,860,064 30,289,759 16,619,587 14,084,769 39,434,985 698,000 63,293,296 274,280,460 
5 Tamiami Trail 234,012,000 378,000 27,935,000 23,673,000 11,630,168 2,344,000 89,992,000 389,964,168 
6 NonStructural PA6 489,272,894 0 57,734,202 48,927,289 24,642,419 0 210,996,113 831,572,918 

Total Initial Project Construction 3,084,100 1,087,482,162 212,973,265 154,151,909 130,029,533 113,305,493 5,914,000 539,972,595 2,243,828,957 
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5.1.1 

5.1.2 

5.1.3 

Construction Schedule 

For this analysis, the Tentatively Selected Plan is assumed to have a five-year construction schedule, with the construction cost 
divided into annual increments over the five years preceding the base year of 2030. There is also a nonstructural component that 
involves acquiring, elevating, floodproofing of structures in approximately 6,200 structures. Unlike the various project increments that 
comprise the structural component of the plan, each individual structure comprising the nonstructural component is essentially a self-
contained, fully functioning, stand-alone project increment. Accordingly, the nonstructural component of the project is assumed to 
have a 6-month construction schedule, as would be expected for each individual structure. 

Operation and Maintenance, Repair, Replacement, and Rehabilitation (OMRR&R) 

Operations and maintenance costs for determining the TSP were based on parametric costs developed in the North Atlantic Coast 
Comprehensive Study (NACCS). On top of these general NACCS assumptions, OMRR&R costs considered the cost of OMRR&R 
on similar existing structures for labor and materials to perform yearly inspections/tests of pump stations, floodwall street closures, 
storm surge barriers, small repairs, and potentially replace gates or equipment during the 50 year life cycle. 

Parametric costs were then adjusted based on the length, type of measure, and additional labor/material costs as deemed necessary 
for different structural measures. The following assumptions were considered and evaluated for operation and maintenance 
estimates: 

• Yearly monitoring and inspections of beaches and structures 
• $2 per linear foot plus $10,000 per drain for floodwalls 
• 0.5% of total costs for storm surge barriers and tide gates 
• 1% of total costs for beach restoration with renourishment interval of 7 years 
• Small repairs (concrete spalls/cracks and sandblast/painting) every 2 to 7 years 
• Major repairs (replace pumps, etc.) every 5-10 years 
• Dive inspections where necessary every 5 years 
• Major parts replacements (gates) every 30 – 50 years. 

After computation of the total costs, they were annualized using the FY2020 discount rate of 2.750% for a 50-year life cycle of the 
project.  Repair, replacement, and rehabilitation cost will be completed during optimization phase and are not expected to impact 
plan selection. Further detail on the OMRR&R costs associated with the TSP can be found in Appendix B. 

Continuing Construction of Beach Nourishment 

The total project costs described in the previous section of this chapter include those costs incurred at the initial construction of the 
project. There are also costs of continuing construction that occur for the renourishment of beach areas every seven years after 
initial project construction. While maintenance of the project is the sole responsibility of the non-Federal sponsor after completion of 
the project, continuing construction is cost shared at 50% Federal/50% non-Federal. The anticipated cubic yards of material and 
estimated placement costs are shown in the following table: 

Table 5-2. Continuing Construction Costs of the Tentatively Selected Plan (FY2020 Price Level) 

Planning Area Beach Reaches Volume 
(CY) 

Cost ($) 

1 Barefoot Beach, Barefoot Beach Preserve, Wiggins Pass State Park, Vanderbilt Beach 1,343,000 63,300,000 
3 Park Shore and Naples Beach (R58A-R68) 988,000 48,500,000 

Total Per Placement Cycle 2,330,000 111,800,000 
Total 7 Placement Cycles over 50 year project life 16,313,000 782,300,000 

5.2 Net Benefits of the Tentatively Selected Plan 

The expected annual benefits attributable to the project alternative were converted to an equivalent time frame using the FY 2020 
Federal discount rate of 2.750% for the Tentatively Selected Plan. The base year for this conversion is the year 2030 for the 
Tentatively Selected Plan. The equivalent annual benefits were then compared to the average annual costs to develop a benefit-to-
cost ratio for the alternative. The net benefits for the alternative were calculated by subtracting the equivalent annual costs from the 
equivalent annual benefits. The net benefits were used to determine the economic justification of the project alternative. 

The economic summary for the Tentatively Selected Plan is displayed in Table 5-3. The TSP has higher equivalent annual net 
benefits than Alternatives 0, 1, 2, or 3, and thus constitutes the National Economic Development (NED) Plan. 
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Table 5-3. Economic Summary of the Tentatively Selected Plan 

Federal discount rate FY20 = 2.75%, FY2020 Price Levels, 
50-Year Period of Analysis, Figures in $ Except BCR 

Project First Costs 
Construction1 1,087,482,000 
Preconstruction Engineering & Design (PED) 154,152,000 
Construction Management (CM) 130,030,000 
Real Estate 113,305,000 
Environmental Mitigation 212,973,000 
Cultural Resource Mitigation 5,914,000 
Contingency 539,973,000 
Total Project First Costs 2,243,829,000 
Average Annual Costs 
Construction2 101,478,000 
Interest During Construction 1,694,000 
Annual OMRR&R 1,000,000 
Total Average Annual Cost 104,171,000 
Average Annual Benefits 375,923,000 
Net Benefits 271,752,000 
Benefit-Cost Ratio (BCR) 3.6 

Table 5-4 summarizes the equivalent annual damages and benefits, total annual costs, benefit-to-cost ratio, and equivalent annual 
net benefits for each measure in the Recommended Plan. This BCR reflects damages reduced for the critical infrastructure by the 
nonstructural measures. This formulation is in alignment with a multi-layered approach for risk reduction for the County. 
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Table 5-4. Economic Results for Each Measure in the Tentatively Selected Plan (Figures in $FY20 except BCR) 

Planning Area 1 Planning
Area 2 Planning Area 3 Planning

Area 5 
Planning

Area 6 

Wiggins Bonita Seagate Doctor's Beach Beach Tamiami Pass Surge Beach Road Nonstructural Drive Pass Surge Nonstructural Nourishment Nourishment Trail Barrier Alignment Alignment Barrier 
Measure 

355,763,000 103,338,000 154,972,000 133,938,000 53,977,000 60,269,000 160,035,000 389,964,000 831,573,000 Project First Cost 

13,726,000 
240,000 

13,966,000 

3,987,000 
178,000 

4,165,000 

16,174,000 
-

16,174,000 

4,972,000 
-

4,972,000 

2,199,000 
120,000 

2,319,000 

2,455,000 
92,000 

2,547,000 

14,142,000 
-

14,142,000 

14,643,000 
370,000 

15,013,000 

30,872,000 
-

30,872,000 

Annualized Investment Cost 
Plus: Annualized OMRR&R 
Project Average Annual 
Cost 

18,131,000 
18,449,000 

318,000 
1.0 

16,174,000 
2,668,000 

-13,506,000 
0.2 

4,972,000 
12,583,000 
7,611,000 

2.5 

4,866,000 
11,401,000 
6,535,000 

2.3 

14,142,000 
4,715,000 

-9,427,000 
0.3 

15,013,000 
240,102,000 
225,089,000 

16.0 

30,872,000 
86,006,000 
55,134,000 

2.8 

Average Annual Cost 
Average Annual Benefits 
Net Benefits 
B/C Ratio 

Planning Area 
34,305,000 
21,117,000 
-13,188,000 

0.6 

4,972,000 
12,583,000 
7,611,000 

2.5 

19,008,000 
16,116,000 
-2,892,000 

0.8 

15,013,000 
240,102,000 
225,089,000 

16.0 

30,872,000 
86,006,000 
55,134,000 

2.8 

Average Annual Cost 
Average Annual Benefits 
Net Benefits 
B/C Ratio 

(1) Prices are at FY20 price levels, estimates were annualized using a discount rate of 2.750% 
(2) First costs for structural projects include 30% contingency, Planning, Engineering, and Design (PED), Construction Management, Real Estate, 

Environmental, and Cultural Resource Mitigation 
(3) Present value first cost for beach nourishments do not include periodic renourishment every 7 years 
(4) Annualized investment cost for beach nourishments do include periodic renourishment every 7 years 
(5) OMRR&R – Operations, maintenance, repair, replacement and rehabilitation 
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5.3 Residual Risk 

Residual Risk is the flood risk that remains in the study area after a proposed flood risk 
management project is implemented. Residual risk includes the consequence of capacity 
exceedance as well as consideration of the project flood risk reduction. The total average 
annual damages remaining in the study area if the TSP was implemented would be around 
$244 million (i.e. average annual damages remaining in the study area) or about 40%. In other 
words, the project performance of the TSP would be effective enough to reduce about 60% of 
the flood damages modeled in the study area with only about 40% of potential flood damages 
remaining (i.e. residual). 

5.4 Estimated Life Loss 

The analysis of life loss was conducted using G2CRM. As previously mentioned in Section 
2.3.5, there is a high level of uncertainty regarding the modeling of life loss; therefore, the 
results of the modeling should be viewed as more qualitative as oppose to a quantitative 
assessment of life loss even though the results are stated in numerical values. Viewing the 
results in this manner is a better use of the model to understand whether or not any 
recommended alternatives might or could have an impact to life safety as oppose to no action 
(e.g. introducing more risk of flooding). As shown in Table 5-5 below, the Tentatively Selected 
Plan would either negligibly change or reduce the overall life safety risk for each model area 
when compared to the future without project condition. 

Table 5-5. Life Loss Reduction by Model Area 

Estimated Life Loss 

Planning Area FWOP TSP - Alt 4a Life Loss 
Reduction 

Life Loss 
Reduction -
% of FWOP 

1 
2 
3 
5 
6 

1,239 1,120 
204 200 
426 320 
500 360 
264 242 

119 
4 

106 
140 
21 

10% 
2% 

25% 
28% 

8% 
Total - Alt 4a 2,631 2,241 390 15% 

Estimates for PA6 do not include MA31E and MA31WS 

5.5 Results at the OMB 7% Discount Rate 

The analysis will be completed after the TSP is determined to be the Recommended Plan at the 
time of the Agency Decision Milestone 

Project costs, OMRR&R, equivalent annual project damages, benefits, and net benefits are 
similarly displayed in Table 5-6 using the Office of Management and Budget (OMB) discount 
rate of 7% for each measure in the Tentatively Selected Plan. 
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Table 5-6. Economic Results by Measure at the OMB 7% Discount Rate 
Costs are in October 2020 Price Levels (Fiscal Year 2019), (2030 - 2079), 7% Discount Rate, All numbers in $1000's 

Description 
Economic 
Reach 

Equiv 
Annual 
Without 
Project 
Damages 

Equiv 
Annual 
With-
Project 
Damages 

Equiv 
Annual 
Benefits 

Project 
First 
Costs 

Interest 
During 
Construction 

Annual 
Operation & 
Maintenance 
Costs 

Total 
Average 
Annual 
Costs 
($1,000) 

Annual Net 
Benefits 
($1,000) BCR 

TBD 

Project First Costs include relocations, levees and floodwalls, pumping plant, floodway control & diversion structure, cultural resource preservation, lands and damages, Planning, 
Engineering and Design and Construction Management. 
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5.6.1 

5.6.2 

5.6.3 

5.6 Regional Economic Development Impacts of Tentatively Selected Plan 

The Regional Economic Development impact analysis is underdevelopment 

Background 

The TSP is a system of beach placement, floodwalls, storm surge barriers and nonstructural 
measures selected to reduce coastal storm risk to Collier County. This system is being 
implemented in response to reoccurring hurricane storm damage and is designed to prevent 
loss of life and to reduce flood damages. For this analysis, the Regional Economic Development 
(RED) effects of implementing the components of the TSP will be estimated. 

Methodology 

This RED analysis employs input-output economic analysis, which measures the 
interdependence among industries and workers in an economy. This analysis uses a matrix 
representation of a region’s economy to predict the effect of changes in one industry on others. 
The greater the interdependence among industry sectors, the larger the multiplier effect on the 
economy. Changes to government spending drive the input-output model to project new levels 
of sales (output), value added (GRP), employment, and income for each industry. 

The specific input-output model used in this analysis is RECONS (Regional Economic System). 
This model was developed by the Institute for Water Resources (IWR), Michigan State 
University, and the Louis Berger Group. RECONS uses industry multipliers derived from the 
commercial input-output model IMPLAN to estimate the effects that spending on USACE 
projects has on a regional economy. The model is linear and static, showing relationships and 
impacts at a certain fixed point in time. Spending impacts are composed of three different 
effects: direct, indirect, and induced. RECONS is designed to evaluate a discrete spending 
stimulus, which means that all expenditures occurring over multiple years that are required to 
complete a project are considered to occur in a single year. Therefore, RECONS is not time-
sensitive with respect to the calculation of effects and reporting of outputs. Direct effects 
represent the impacts the new federal expenditures have on industries which directly support 
the new project. Labor and construction materials can be considered direct components to the 
project. Indirect effects represent changes to secondary industries that support the direct 
industries. Induced effects are changes in consumer spending patterns caused by the change in 
employment and income within the industries affected by the direct and induced effects. The 
additional income workers receive via a project may be spent on clothing, groceries, dining out, 
and other items in the regional area. 

The inputs for the RECONS model are expenditures that are entered by work activity or industry 
sector, each with its own unique production function. The production function “FRM 
Construction” was selected to gauge the impacts of the construction of the NED plan. The 
model results are expressed in 2020 dollars. 

Assumptions 

Input-output analysis rests on the following assumptions. The production functions of industries 
have constant returns to scale, so if output is to increase, inputs will increase in the same 
proportion. Industries face no supply constraints; they have access to all the materials they can 
use. Industries have a fixed commodity input structure; they will not substitute any commodities 
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5.6.4 

5.6.5 

or services used in the production of output in response to price changes. Industries produce 
their commodities in fixed proportions, so an industry will not increase production of a 
commodity without increasing production in every other commodity it produces. Furthermore, it 
is assumed that industries use the same technology to produce all of its commodities. 

Description of Metrics   

“Output” is the sum total of transactions that take place as a result of the construction project, 
including both value added and intermediate goods purchased in the economy. “Labor Income” 
includes all forms of employment income, including employee compensation (wages and 
benefits) and proprietor income. “Gross Regional Product (GRP)” is the value-added output of 
the study regions. This metric captures all final goods and services produced in the study areas 
because of the project’s existence. It is different from output in the sense that one dollar of a 
final good or service may have multiple transactions associated with it. “Jobs” is the estimated 
worker-years of labor required to build the project. 

Results  

For the Tentatively Selected Plan, for the study area, an initial construction stimulus of $X billion 
would generate X worker-years of labor, $X million in labor income, $X billion in output, and $X 
million in Gross Regional Product. See Table 5-7. For the state of Florida as a whole, the 
construction stimulus would generate X worker-years of labor, $X billion in labor income, $X 
billion in output, and $X million in Gross Regional Product. 

The impact area captures about X% of the direct spending on the project. About X% of the 
spending leaks out into other parts of the state of Virginia. The rest of the nation captures the 
remaining X%. The secondary impacts, the combined indirect and induced multiplier effects, 
account for X% of the total output, about X% of jobs, about X% of labor income, and X% of 
gross regional product in the impact area. 

C-121 



  

 
 

 
 

     
        

  
    

     
 

     
     

        
 

    
     
 

     
     

        
  

    
     
 

     
      

 
  

 
   

 
   

 
    

 
  

 

 
 
 
 

 

 
  

 
 

 
 
 

 

 
  

  
  

 
 

 
         

5.7.1 

I I 

Table 5-7.Regional Economic Development Summary 

Impact Regional State National 
TBD 

Direct Impact 
Output 
Jobs 
Labor 
Income 
GRP 

Secondary Impact 
Output 
Jobs 
Labor 
Income 
GRP 

Total Impact 
Output 
Jobs 
Labor 
Income 
GRP $978,688,000 $1,421,378,000 $2,142,961,000 

5.7 Optimizing the Level of Risk Reduction 

Optimization of Alternative 4a 

Optimization will be completed following the TSP 

Table 5-8. Economic Results from Optimization of the Tentatively Selected Plan 

All Columns: FY 2020 Prices (2030-2079); 2.75 Discount Rate, All numbers in $1000's 

Description 

Equivalent 
Annual 
Without 
Project 

Damages 

Equivalent 
Annual 

With-Project 
Damages 

Equivalent 
Annual 
Benefits 

Total 
Average 
Annual 
Costs BCR 

Annual 
Net 

Benefits 
XX year 

Alternative 4a 
(Tentatively 
Selected Plan) TBD 
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5.8.1 

XX year 
Alternative 4a 
(Tentatively 
Selected Plan) 

XX year 

Alternative 4a 
(Tentatively 
Selected Plan) 

5.8 Sensitivity Analysis 

The sensitivity analysis is currently under development 

Sea Level Rise Scenarios 

The without-project conditions and benefits for the Tentatively Selected Plan were developed 
employing the USACE intermediate sea level rise. The benefits were further evaluated using the 
USACE sea level rise scenarios, low and high. The benefits were then compared to the project 
costs for the Tentatively Selected Plan. The results of the sea level rise scenarios are shown in 
Table 5-9. The analysis shows that the Tentatively Selected Plan is economically justified for all 
sea level rise scenarios. It should be noted that while the net benefits increase, significant 
residual risk remains if sea level rise trends high with the Tentatively Selected Plan. The flat 
topography makes the project difficult to adapt without, significantly, adding to the footprint of 
the project. 

Table 5-9. Economic Results for Varying Rates of Sea Level Rise 
All Columns: 2020 Prices (2030-2079); 2.75 Discount Rate, All numbers in $1000's 

Low 

Description 

Equiv Annual 
Without 
Project 

Damages 

Equiv Annual 
With-Project 

Damages 
Equiv Annual 

Benefits 
Total Average 
Annual Costs BCR Net Benefits 

Alternative 4a 
(Tentatively 
Selected Plan) TBD 

Intermediate 
Alternative 4a 
(Tentatively 
Selected Plan) 

High 
Alternative 4a 
(Tentatively 
Selected Plan) 
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5.9.1 

5.9.2 

5.9 Risk Analysis 

The risk analysis is currently underdevelopment 

Benefit Exceedance Probability Relationship 

The economic models used the uncertainty surrounding the economic and engineering inputs to 
generate results that can be used to assess the performance of the Tentatively Selected Plan. A 
spreadsheet was developed using the expected annual damage and benefit results from the 
Beach-fx and G2CRM models to calculate the equivalent annual without-project and with-project 
damages and the damages reduced for each of the project alternatives. Equivalent annual 
benefits at the 75, 50, and 25 percentiles will be shown in Table 5-10. These percentiles reflect 
the percentage chance that the benefits will be greater than or equal to the indicated values. 
The benefit exceedance probability relationship for each of the project alternatives can be 
compared to the point estimate of the average annual costs for each of the project alternatives... 

Table 5-10. Economic Uncertainty Results at Year 2030 and 2079 

Project Performance by Reach for the Years of Analysis 

The results from the economic models were also used to calculate the long-term annual 
exceedance probability (AEP) and the conditional non-exceedance probability, or assurance, for 
various probability storm events. The model provided a target stage to assess project 
performance for each study area reach for the base year, 2030, and the last year in the 50-year 
period of analysis under both without-project and with-project conditions. For study area 
reaches without proposed levees or berms, the target stage was set by default at the elevation 
where the model calculated five percent residual damages for the 1% ACE (100-year) event. 

The model calculated a target stage AEP with a median and expected value that reflected the 
likelihood that the target stages will be exceeded in a given year. The median value was 
calculated using point estimates, while the expected value was calculated using Monte Carlo 
simulation. The results also show the long-term risk or the probability of a target stage being 
exceeded over 10-year, 30-year, and 50-year periods. Finally, the model results show the 
conditional non-exceedance probability or the likelihood that a target stage will not be exceeded 
by the 10% ACE (10 year), the 5% ACE (20-year), the 2% ACE (50-year), the 1% ACE (100-
year), the 0.5% ACE (200-year), and the 0.2% ACE (500-year). The project performance results 
for each study area reach for the base year, 2030, and the last year in the 50-year period of 
analysis, 2079, under without-project and with-project conditions are displayed in Table 5-11. 

Table 5-11. Project Performance in Years 2030 and 2079 

5.10 Summary of NED Plan and Alternatives 

Collier County is highly susceptible to storm damage. This is particularly true for the large and 
high-value residential structures. When factoring in the potential for sea levels to rise in excess 
of baseline projections, significant economic damages from coastal forces can be expected to 
increase dramatically. 
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6 

In an effort to reduce as much damage as possible, the modeling team considered a multitude 
of alternatives to most efficiently address the problems in the study area. Years of technical 
expertise, best professional judgment and rigorous modeling efforts were all leveraged to 
determine a plan that maximizes net-benefits and contributes to national economic 
development. In conclusion, it was determined that the Tentatively Selected Plan was 
alternative 4a, which maximized NED benefits and met the objectives of the study. The BCR is 
3.6 and the net benefits are $272,000,000. The plan is efficient, acceptable, and complete. 
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