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EXECUTIVE SUMMARY 
In 2015, the City of Virginia Beach initiated the Comprehensive Sea Level Rise and 

Recurrent Flooding Study (CSLRRF) in recognition of increased flood risk and the need for a 
strategic plan to protect the city. The goal was to produce the needed information and 
strategies to enable the City to establish long-term resilience to sea level rise (SLR) and 
associated recurrent flooding. Although the City is considering a wide range of physical 
protection measures, this report focuses on an evaluation of building-level flood mitigation 
strategies for both residential and commercial structures/parcels, both individually and 
combined with select citywide coastal risk reduction alternatives. For residential 
structures/parcels, three mitigation strategies were assessed, including structural elevation, 
structure demolition and rebuild, and voluntary property acquisition. Non-
residential strategies considered dry floodproofing and wet floodproofing. 

Benefit-cost analyses (BCAs) were developed for the building-level flood mitigation 
strategies to assess and compare strategy cost-effectiveness. The BCAs were developed using 
benefit and cost data from the Hazus analysis, performed as part of the CSLRRF study, and 
other data based on experience with similar projects. The BCAs were prepared based on FEMA 
BCA software tools in accordance with FEMA Hazard Mitigation Assistance (HMA) Program 
guidance so they could be readily applied to FEMA post-disaster mitigation grant applications. 
BCAs for the different building-level flood mitigation strategies were summarized across the 
City, as well as within the City’s four major watersheds. 

Building-level mitigation strategies can be implemented alone, or in combination with 
other structural, policy, and non-structural natural and nature-based measures to provide 
comprehensive flood protection. This effort also evaluated combining cost-beneficial building-
level projects as complimentary strategies to the conceptual city-wide coastal risk reduction 
structural alternatives. The city-wide flood protection project alternatives represent large-scale 
structures, such as storm surge barriers, sea walls, elevated roads / levees, etc., that extend 
across one or more watersheds in Virginia Beach under the CSLRRF (CVB 2019). Six preferred 
coastal risk reduction alternative alignments were identified that provide widespread 
protection from coastal flood and SLR risks, but tend to be complex and expensive to 
implement. In the context of the city-wide strategies, this report identifies cost-beneficial 
building-level flood mitigation projects that could be implemented in areas outside of areas 
protected by the six preferred alignments, and presents aggregate BCRs to show benefits of a 
complimentary solution set.  
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Based on a detailed and comprehensive review of BCA results and other technical data, the 
following cost-effective building-level flood mitigation strategies were identified for residential 
and non-residential buildings in the City of Virginia Beach, in the context of the citywide 
coastal risk reduction alternative alignments:  

• If the City is looking for city-wide flood mitigation of individual residential and non-
residential structures instead of coastal risk reduction alternatives: 

o For residential structures, pursue structural elevations (2-foot freeboard) as the 
best option to protect the highest number of structures at a reasonable average 
cost, especially in the Lynnhaven and Southern Rivers (here after referred to as 
the ‘Southern’) watersheds. However, consider demo/rebuilds as an option for a 
few structures in the Oceanfront watershed, and consider voluntary residential 
property acquisitions as a highly cost-effective option for select structures in the 
Southern Rivers watershed. 

• For non-residential structures, pursue dry floodproofing as the better option to protect 
more structures at a reasonable average cost in the Lynnhaven and Oceanfront 
watersheds, but consider wet floodproofing to reduce residual risk. Wet floodproofing is 
the better option to protect fewer structures at a reasonable average cost in the Elizabeth 
River and Southern watersheds. 

• If funding is available for the City to look at city-wide coastal risk reduction alternative 
alignments combined with individual residential structures/parcels outside the 
proposed alignments, Alternative C1 combined with residential structural elevations and 
non-residential wet floodproofing outside the alternative alignment is the best option to 
protect the maximum number of structures at a reasonable cost, especially in the 
Lynnhaven and Southern watersheds. However, if funding availability is somewhat 
limited, consider Alternative A1 combined with either residential structural elevations or 
voluntary property acquisitions and non-residential wet floodproofing outside the 
alternative alignment as the best value to protect a large number of residential and non-
residential structures/parcels at the lowest cost. 
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1. INTRODUCTION 
In 2015, the City of Virginia Beach initiated the Comprehensive Sea Level Rise and 

Recurrent Flooding Study (CSLRRF) in recognition of increased flood risk and the need for a 
strategic plan to protect the city. The goal was to produce the needed information and 
strategies to enable the City to establish long-term resilience to sea level rise (SLR) and 
associated recurrent flooding. The City is considering a wide range of physical protection 
measures: natural, nature-based, nonstructural, and structural interventions, illustrated in 
Figure 1. This report focuses on evaluating building-level flood mitigation strategies for both 
residential and commercial structures/parcels. Building-level mitigation strategies can be 
implemented alone or in combination with other structural, policy, non-structural, and natural 
and nature-based measures to provide comprehensive flood protection.  

 

Figure 1: Multiple lines of defense; illustration adapted from ERDC (2018). 

 

In Virginia Beach, approximately 94% of building parcels are residential occupancy, and 6% 
are non-residential occupancy. For residential buildings, mitigation strategies include 
structure elevation, demo/rebuild and voluntary property acquisition. For non-residential 
buildings, mitigation strategies include dry and wet floodproofing. These strategies are 
summarized in Table 1 (residential strategies) and Table 2 (non-residential strategies).  
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Table 1. Residential building-level strategy information. 
 Structure Elevation Demo/Rebuild Voluntary Acquisition 

Project 
Description 

Existing residence lifted and 
placed on elevated 

foundation with lowest floor 
at BFE + 2 ft (or 3 ft*) 

freeboard 

Existing residence demolished 
and replaced with new structure 

on same footprint elevated to 
BFE + 2 ft (or 3 ft*) freeboard  

 

Existing residence and parcel 
purchased by City, structure  
demolished, site restored to 
natural condition and deed-

restricted 

Useful Life 30 years 50 years 100 years 

Costs 85-155% of existing building 
replacement value, depending 

on existing foundation type 

115-145% of existing building 
replacement value 

 

130% of parcel’s current fair 
market value 

 

Special BCA 
Requirements 

FEMA guidance allows the 
BCA to be waived for 

structural elevation projects 
that are located within the 

SFHA (or where FFE is below 
BFE) and cost less than $175k 

FEMA guidance does allows the 
BCA to be waived for mitigation 

reconstruction projects 

FEMA guidance allows the 
BCA to be waived for 

voluntary acquisition projects 
that are located within the 

SFHA (or where FFE is below 
BFE) and cost less than $276k 

Eligible for funding 
under FEMA’s 

Hazard Mitigation 
Program? 

Yes 
 

Yes, but subject to funding 
limitations (maximum Federal 

share of $150k) and other 
restrictions related to the 

building footprint. 

Yes 

Residual Risk Low Low None  

* 3-feet should be used if policy changes, per Policy Adaptation Report, on implemented. 

Table 2: Non-residential building-level strategy information. 
 Dry Floodproofing Wet Floodproofing 

Project Description Reinforce walls, flood shields, and install 
drainage pumps to make substantially 

impermeable to floodwater entry 

Hydrostatic openings, flood damage-resistant 
materials, and key equipment/ contents elevated to 

reduce damages 
Useful Life 20 years 20 years 

Costs Costs $10/SF of building foot for each 1 
foot of protection above grade 

Costs $7/SF of building foot for each 1 foot of 
protection above grade 

Special BCA 
Requirements 

None None 

Eligible for funding 
under FEMA’s 

Hazard Mitigation 
Program? 

Yes Yes 

Residual Risk High Moderate 
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2. APPROACH 
The analyzed building-level mitigation strategies generated a number of benefits for the 

residents and businesses within the city. The main benefit is manifested through a reduction 
(or elimination) of the amount of flooding that a given parcel would experience.  

Benefit-Cost Analysis (BCA) is used to demonstrate that the benefits of a project outweigh 
its costs, or the Benefit-Cost Ratio (BCR) is greater than 1.0.1 Benefits are the avoided damages 
and losses associated with a proposed project; while costs are the initial and long-term 
investments associated with a proposed project. BCA is used to compare the benefits of a 
project to its cost. FEMA’s Unified Hazard Mitigation Assistance (HMA) program guidance 
requires that the mitigation project’s BCR must be greater than 1.0 to be eligible for funding. 

Project benefits occur over a period of time into the future; while most of the project costs 
are incurred up front and in the present. FEMA conducts its BCAs on a net present value basis, 
meaning the present value of the benefits gained from the project over the life of the project are 
compared to the total project cost to establish the BCR. Because project benefits accumulate 
over time, project benefits are calculated on an average annual basis (“annualized”) and then 
multiplied by a Present Value Coefficient (PVC)2 to determine the present value of the 
annualized benefits. 

For the different building-level flood mitigation strategies, the amount of flood damages 
and losses that would occur were estimated if nothing was to be to done for the range of SLR 
scenarios (the “damages before mitigation” or “no-action alternative” [NAA]) and the amount 
of flood damage that are expected to occur after the mitigation project is constructed (the 

                                                   

1 The benefit cost ratio is calculated as follows:  𝐵𝐵𝐵𝐵𝐵𝐵 = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵

  
 
where the benefits are the avoided damages and losses associated with the project and are calculated as 

follows:  
 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷 =  ∑(𝑃𝑃𝑃𝑃𝐴𝐴 𝑝𝑝𝑃𝑃𝐴𝐴𝑝𝑝𝐴𝐴𝑝𝑝𝑝𝑝 𝐸𝐸𝐴𝐴𝐴𝐴𝐸𝐸𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷) − ∑(𝑃𝑃𝐴𝐴𝐷𝐷𝑝𝑝 𝑝𝑝𝑃𝑃𝐴𝐴𝑝𝑝𝐴𝐴𝑝𝑝𝑝𝑝 𝐸𝐸𝐴𝐴𝐴𝐴𝐸𝐸𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐴𝐴𝐷𝐷)  
 
and the costs are sum of the upfront construction costs and the present value of the annual operations and 

maintenance costs over the useful life of the project. 
 
2 The present value coefficient is calculate as follows: 𝑃𝑃𝑃𝑃𝐵𝐵 =  �1−(1−𝑟𝑟)−𝑇𝑇

𝑟𝑟
� 

 
Where: r is the discount rate and T is the useful life of the project.  For most flood mitigation projects, the 

FEMA standard useful life of the project is between 30 years and 100 years; per Office of Management and Budget 
(OMB) guidelines, the discount rate for Federally-funded mitigation projects is 7.00 percent. 
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“damages after mitigation”). The difference between the two are the avoided damages and for 
the purposes of this analysis are the benefits that are generated by the project. 

We estimated the benefits for each project if they were to be implemented today, as well as 
under the 3 ft SLR scenarios being evaluated under the CSLRRF study. The 3 ft SLR scenario 
was chosen to estimate project benefits based on a time frame range that corresponded to the 
end of the project useful life for the proposed mitigation measures (i.e., typically around 50 
years). For each scenario, we analyzed the project benefits for two different flood frequencies – 
the 10-year (1/10 = 10% annual probability) and 100-year (1/100 = 1% annual probability) 
events. The overall steps for the BCA approach are shown in Figure 2 and outlined in the 
sections that follow. 

 

Figure 2: Overall steps in BCA approach for analyzing and calculating building-level flood mitigation strategy costs and 
benefits. 

2.1. Estimate Flood Depths  
Flood depths are a required input for depth-damage-functions. As mentioned above, flood 

depths were evaluated for two return periods (the 10- and the 100-year) and were used to 
evaluate building-level project benefits. BCA performed for the City-wide structural 
alternatives assessed five flood frequencies (the 10-, 25-, 50-, 100-, 500-year return periods). 
This was reduced for two for the building level analysis due to additional needed calculations, 
described in further detail in Section 2.3.2. Assessing such benefits for the two return periods is 
considered standard practice for building-level BCA and provides an acceptable range of events 
to estimate annualized losses while reducing the need for additional calculations of multiple 
flood return periods. Water elevations in this range of flood recurrence are driven by 
extratropical (also known as nor’easters) to tropical storm systems (hurricanes).  

1) Estimate flood 
depths

2) Gather 
parcel/building 

data

3) Estimate losses 
before project 
construction

4) Estimate losses 
after project 
construction

5) Calculate BCRs 
and summarize 

results
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Storm surge elevations were derived from modern studies that applied robust analytical 
approaches utilizing numerical modeling simulations of large suites of storm events. Statistical 
analysis of the event surges, as completed by the source studies, provide for the range of 
recurrence interval elevations. The initial source of probabilistic surge elevations for the entire 
City was the most recent FEMA FIS (FEMA 2015). City staff and Dewberry expressed concerns 
after examination of the BFE at the Virginia-North Carolina boundary provided by the FEMA 
FIS, which led to a review of additional available data sources. These additional data sources 
included the North Carolina Floodplain Mapping Program’s (NCFMP) FIS for Currituck 
County, North Carolina, as well as the USACE’s North Atlantic Coast Comprehensive Study 
(NACCS). This review concluded that limitations in the FIS modeling approach for Virginia 
Beach led to an underestimate in probabilistic surge elevations in the Back Bay and North 
Landing River areas. Improved elevations for these areas were recommended from the NCFMP 
(North Landing River) and NACCS (Back Bay) studies based on observed quality of modeling 
(CVB 2017). The FEMA, NCFMP, and NACCS source surge data were combined into a single 
coverage across the City, providing the existing condition, or baseline stillwater elevation 
surfaces (SWEL).  

SLR scenarios of 1.5 ft and 3 ft were then added to the SWEL to represent the future 
conditions. The 1.5 ft scenario was simply added to the existing condition surface elevations. 
The 3 ft scenario leveraged numerical modeling data of future conditions from NACCS and the 
NCFMP’s Sea Level Rise Impact Study to integrate non-linear changes into the stillwater 
elevations. Non-linear factors were derived from each source study and spatially applied to the 
existing condition surfaces along with the 3 ft rise (CVB 2019a).  

Next, wave heights were calculated for the updated 100-yr flood SWEL leveraging the 
FEMA Wave Height for Flood Insurance Studies (WHAFIS) 1-D model. This was completed at 
existing transect locations from the FIS study, with additional transects added in the Back Bay 
National Wildlife Refuge and False Cape State Park. Erosion was re-evaluated, updated cross-
sections were inputted into WHAFIS, and then wave heights were re-calculated for each 
scenario. Total water surface values were then extracted from WHAFIS and spatially 
interpolated across the City to provide representation of the full coastal flood hazard with 
waves over stillwater. Wave heights were spatially proportioned to the other return periods 
using the relative ratio of wave height to stillwater. Finally, flood depths at a 10-ft horizontal 
cell size were calculated by subtracting these total coastal flood elevations from a topographic 
digital elevation model of the 2013 U.S. Geologic Survey LiDAR topography (CVB 2019a).  
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2.2. Gather Parcel-Level Data 
The next step was to determine the type and size of the structures on each affected parcel, 

so as to provide a basis of valuation. For Virginia Beach, individual parcel level data was used 
from the City of Virginia Beach’s tax database, which is used by city tax assessors to compile 
parcel-level data on individual properties for property tax purposes. 

The City’s data includes a number of variables that were used to estimate the type and size 
of structure on each parcel. The variables include: 

• Building label identifies the use of each parcel;  

• Occupancy class identifies the Hazus User-Defined Facility (UDF)3 occupancy 
class for the property; and 

• Number of stories provides the estimated number or range of stories.  

Please see Table A-1 and Table A-2 in Appendix A for lists of the residential and non-
residential building labels, occupancy classes, and number of stories included in the analysis. 
Parcels from the damage calculations that did not have a structure on them or did not 
experience flooding based on our analysis were excluded.  

2.3. Estimate Damages and Losses Before Project Construction  
The next step in the process was to estimate the physical damages and losses that would 

occur under each scenario and flood frequency before project construction (i.e., damages 
before mitigation or NAA). For each flooded building, three types of damages were estimated: 

• Structure damage includes damage to the structure of the building.  It is measured as 
a percent of the building’s replacement value. 

• Contents damage includes damage to everything within the house/structure that is 
not permanently installed, such as rugs, furniture, inventory (for commercial parcels) 
and appliances.   It is measured as a percent of the building’s replacement value. 

• Displacement/loss of function are the costs associated with not being able to use 
the structure.  For residential structures, it is based on the number of days that the 

                                                   

3 UDF is a HAZUS term that refers to the local inventory data, including buildings, critical facilities and other 
infrastructure, which can replace the national defaults supplied by the Hazus program.   
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structure cannot be occupied, and for non-residential structures it is based on the 
number of days that the structure cannot provide service.  

2.3.1. Structure and Contents Damage within Hazus 
The structure and contents damages for individual buildings were estimated in the Hazards 

US (Hazus) flood module using depth-damage functions (DDFs), which are a mathematical 
relationship between the depth of flooding on a property and the amount of damage that can 
be attributed to the flooding. The FEMA expert panel Coastal A or V DDFs were selected for 
residential buildings in coastal flood zones and U.S. Army Corps of Engineers (USACE) generic 
DDFs for residential buildings in non-coastal flood zones. The non-residential DDFs were 
based on USACE DDFs developed by various USACE Districts for the non-residential building 
types included in the study area. Refer to Appendix A, Table A-3 for additional details on the 
structure DDFs used in the analysis and Table A-4 for additional details on the contents DDFs 
used in the analysis. Note that the selection of specific USACE District DDFs for non-
residential buildings were based on which DDFs most closely reflected the average DDFs 
values used in the FEMA BCA Tool rather than which Districts were geographically closer to 
Virginia Beach.  

Once the structure DDFs were established for individual buildings based on a percentage of 
the building value, the various structure DDF percentages were multiplied by the building 
replacement value (BRV) for each building located within the study area. BRVs were 
established based on unit construction cost ($/square foot) data adapted from RS Means4 
multiplied by the size of the building. The unit BRVs used in the Hazus flood module for 
various residential building structures in Virginia Beach are shown in Appendix A, Table A-5; 
unit BRVs for the various non-residential building structures are shown in Table A-6. 

As with structures, once the contents DDFs were established for individual buildings based 
on a percentage of the contents value, the various contents DDF percentages were multiplied 
by the contents value for each building located within the study area. The contents replacement 
values used in the Hazus flood module for various residential and non-residential building 
structures in Virginia Beach are shown in Table A-4 as percentages of the BRVs. 

                                                   

4 Please see https://www.rsmeans.com/  for additional information.  We used construction costs from RS 
Means that was specific for the study area.   

https://www.rsmeans.com/


 

 

 

 Individual Building and Site-Level Flood Risk Reduction Strategies  |  8  

2.3.2. Displacement and Loss of Function outside Hazus 
Unfortunately, the Hazus flood module does not estimate displacements and loss of 

function values for individual buildings (the module only provides these data by Census block). 
To address this issue, residential displacements and non-residential service losses outside of 
Hazus using the approach outlined in the following paragraphs were estimated. 

Residential displacements were established based on U.S. Army Corps of Engineers 
(USACE) generic DDFs for residential building displacements. See Appendix A, Table A-7 for 
additional details on the residential building displacement DDFs.  

Once the displacement DDFs were established for individual residential buildings based on 
the number of displacement days, the various displacement DDF days were multiplied by the 
unit displacement value for each residential building located within the study area. The unit 
displacement values were established for each residential occupancy type based on the latest 
U.S. Census data for Virginia Beach5 and the current average lodging and per diem rates for 
Virginia Beach from the U.S. General Service Administration6 as shown in Table A-7. 

The non-residential loss of service consists of two components: a one-time disruption cost 
and a recurring monthly cost for the duration of the displacement. Both costs are measured in 
dollars per square foot and reflect the loss of net business income (commercial buildings) or 
value of service (public buildings) from the event as well as increased operational costs 
incurred while repairs are made. Data from the FEMA Benefit Cost Analysis Re-Engineering 
(BCAR) guide was used to estimate the total non-residential loss of service durations in 
months. Refer to Appendix A, Table A-9 for additional details on the non-residential building 
displacement DDFs. 

Once the non-residential loss of function values were established for individual non-
residential buildings based on the number of months of disruption, the various losses of 
function were multiplied by the unit disruption and rental costs for each non-residential 
building located within the study area. The unit disruption and rental costs values were 

                                                   

5 Please see the 2010 U.S. Census Quick Facts data for Virginia Beach 
https://www.census.gov/quickfacts/fact/table/virginiabeachcityvirginia,VA/PST045216 for additional 
information.   

6 Please see U.S. GSA website https://www.gsa.gov/portal/category/100120 for additional information.  We 
used data for the study area averaged over the past 12 months.  

https://www.census.gov/quickfacts/fact/table/virginiabeachcityvirginia,VA/PST045216
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established for each non-residential occupancy type based on FEMA Benefit Cost Analysis 
Re-Engineering (BCAR) guidance as shown in Table A-9. 

2.4. Estimate Damages and Losses After Project Construction  
The next step was to estimate the physical damages and losses that would occur under each 

scenario and flood frequency after project construction (i.e., damages after mitigation). As with 
Step 3, the adjusted structure damage, contents damage, and displacement/loss of function for 
each flooded building was estimated. Based on experience with similar projects, the adjusted 
damages and losses were estimated based on the type of mitigation project as described in the 
paragraphs that follow. Additionally, for all mitigation project types, computation of damages 
and losses after mitigation were limited to flood-prone structures, which were classified as 
those structures with at least $1,000 in total damages and losses before mitigation from the 10-
year or 100-year storm event.  

2.4.1. Residential Structure Elevations 
Residential structure elevation projects involve the lifting of existing individual flood-prone 

homes within each watershed by the City. The structures are lifted by experienced elevation 
contractors using a network of hydraulic jacks and lifting beams and temporarily supported on 
timber cribbing. Once a residential structure is lifted 2 feet above the Base Flood Elevation 
(BFE) in accordance with the City’s floodplain management ordinance (or 3 feet above BFE 
based proposed recommendations in the Virginia Beach Sea Level Rise Policy Response 
report), a permanent foundation is constructed beneath the existing structure in accordance 
with the City ordinances and current building codes and design standards, and then it is 
connected to the existing structure to complete the elevation. Examples of residential structure 
elevations are shown in Figure 3. Note that structure elevations are a well-established 
mitigation approach for addressing flood and SLR risks to individual properties without 
impacting the tax base, but they tend to be complex and expensive to implement. Additionally, 
the feasibility and effectiveness of elevating existing residential structures depends on a wide 
range of factors, but one of the primary considerations is the type of existing foundation as 
shown below: 

• Homes with crawlspace foundations are typically the simplest and cheapest to elevate 
since lifting beams and jacks can be placed and the new foundation constructed with 
relative ease in riverine flood zones. 

https://www.vbgov.com/government/departments/public-works/comp-sea-level-rise/Documents/vb-slr-policy-response-rpt-4-2-19.pdf
https://www.vbgov.com/government/departments/public-works/comp-sea-level-rise/Documents/vb-slr-policy-response-rpt-4-2-19.pdf
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• Homes with pile foundations are more difficult and expensive to elevate because homes 
must be moved off their existing footprint after lifting to allow for driving of taller and 
deeper piles as required in coastal flood zones. 

• Slab-on-grade homes are the most complex and costly to elevate because existing grade 
slabs are difficult and lack the steel reinforcement needed to act as elevated floors, often 
requiring construction of a new elevated floor system to support the home. Additionally, 
existing grade slabs in coastal areas require the use of helical piles which are more 
expensive to install than traditional driven piles. 

 

Figure 3:  Example of residential structure elevation projects in City of Virginia Beach. Bay Island residence after elevation, 
with adjacent house in photo for context. Photograph by Dewberry.  

Based on the past experience with structural elevation projects and extensive discussions 
with City of Virginia Beach building officials, the expected unit costs of the structural elevation 
projects were estimated between 85% and 155% of residential BRVs based on the building 
footprint multiplied by weighted average residential BRVs and adjusted for the existing 
building foundation type and freeboard requirements as shown below: 
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• Elevation costs for elevation to BFE + 2-foot freeboard: 

o Slab-on-grade foundation home in riverine flood zone = $129/SF 

o Other (non-slab) foundation in riverine flood zone = $97/SF 

o Slab-on-grade foundation home in coastal flood zone = $162/SF 

o Other (non-slab) foundation in coastal flood zone = $122/SF 

• Elevation costs for elevation to BFE + 3-foot freeboard: 

o Slab-on-grade foundation home in riverine flood zone = $142/SF 

o Other (non-slab) foundation in riverine flood zone = $107/SF 

o Slab-on-grade foundation home in coastal flood zone = $178/SF 

o Other (non-slab) foundation in coastal flood zone = $134/SF 

Note that residential structure elevation costs included the net present value of annual 
operation and maintenance (O&M) costs over the life of the project in accordance with FEMA 
BCA guidance, with the annual O&M estimate of 0.25% of the elevation cost.  

Using standard values used in the FEMA BCA Tool, residential structure elevation projects 
were assumed to accrue benefits over a project useful life of 30 years to reflect mitigation of the 
existing structure. Structure elevation is considered a low residual risk project; the elevation 
provides full protection up to the design level event and still provides some protection above 
the design event (i.e., a flood above BFE + freeboard can still cause some damage to the 
elevated structure, but far less than if the structure were not elevated). Given the low residual 
risk, damages and losses after mitigation were estimated based on the following adjustments to 
damages and losses before mitigation: 

• 10-year damages after mitigation reduced to zero. 

• 100-year damages after mitigation were estimated based on 10-year damages before 
mitigation and approximated to occur at a 150-year event recurrence interval to reflect 
the residual risk associated with elevating the structure 2 to 3 feet above BFE. For an 
existing building elevated to the BFE, minimal damages after mitigation would start at 
the 100-year event. Therefore, in an effort to conservatively estimate the impact of 
freeboard above the BFE, minimal damages (i.e., the 10-year event before mitigation) 
were assumed to start at the 150-year event.  
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Structure elevation projects that are cost-effective are eligible for funding under FEMA’s 
Unified Hazard Mitigation Assistance (HMA) Program. Additionally, FEMA guidance allows 
the BCA to be waived for structural elevation projects that cost less than $175,000 and are 
either located within the Special Flood Hazard Area (SFHA) or the structure’s first floor 
elevation (FFE) is below the BFE.  

2.4.2. Residential Demo-Rebuild (Mitigation Reconstruction) 
Demo-rebuild projects involve the demolition of existing individual flood-prone homes 

within each watershed. The demolished structures are then replaced by a new structure 
constructed within the same footprint, elevated 2 feet above the Base Flood Elevation (BFE) in 
accordance with the City’s floodplain management ordinance (or 3 feet above BFE based on 
proposed recommendations in the Virginia Beach Sea Level Rise Policy Response Report). The 
new structure is designed and constructed to resist high winds and other hazards in accordance 
with the City ordinances, as well as the latest building codes and design standards. Demo-
rebuild projects are a form of mitigation reconstruction, which is a FEMA hazard mitigation 
technique where all or part of an existing structure is demolished and rebuilt so it is elevated 
above the design flood levels. Examples of residential structure elevations are shown in 
Figure 4. Note that demo-rebuilds are a good mitigation approach for addressing flood and 
SLR risks in situations where one or more existing structures cannot be feasibly elevated. Like 
structural elevations, demo rebuilds allow the City to maintain the tax base, but they are 
expensive and subject to FEMA hazard mitigation grant funding limitations.  

 

Figure 4: Example of residential demo/rebuild project near Bow Creek Boulevard in central Virginia Beach. Left photo shows 
the building prior to demo/rebuild; right photo shows building after. In this case, building was significantly damaged by both 
flooding and fire. Photos courtesy of City of Virginia Beach.  

 

https://www.vbgov.com/government/departments/public-works/comp-sea-level-rise/Documents/vb-slr-policy-response-rpt-4-2-19.pdf
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The expected unit costs of demo-rebuild projects were estimated between 115% and 145% of 
residential BRVs. These estimates were based on the building footprint multiplied by weighted 
average residential BRVs and adjusted for the anticipated quality of construction (i.e., the level 
of detailed design that exceeds minimum code requirements), number of stories, and freeboard 
requirements as shown below: 

• Demo-rebuild costs for elevation to BFE + 2-foot freeboard: 

o Average quality in riverine flood zone (1-story) = $145/SF 

o Average quality in riverine flood zone (2- or more stories) = $135/SF 

o Custom quality in coastal flood zone (1-story) = $165/SF 

o Custom quality in coastal flood zone (2- or more stories) = $155/SF 

• Demo-rebuild costs for elevation to BFE + 3-foot freeboard: 

o Average quality in riverine flood zone (1-story) = $146.50/SF 

o Average quality in riverine flood zone (2- or more stories) = $136.50/SF 

o Custom quality in coastal flood zone (1-story) = $166.50/SF 

o Custom quality in coastal flood zone (2- or more stories) = $156.50/SF 

Note that demo-rebuild costs included the net present value of annual operation and 
maintenance (O&M) costs over the life of the project in accordance with FEMA BCA guidance, 
with an annual O&M estimate of 0.25% of the demo-rebuild cost from experience with similar 
projects.  

Based on standard values used in the FEMA BCA Tool, residential demo-rebuild projects 
were assumed to accrue benefits over a project useful life of 50 years as opposed to 30 years to 
reflect new construction. Demo-rebuild is considered a low residual risk project similar to 
structure elevation, so damages and losses after mitigation were estimated based on the 
following adjustments to damages and losses before mitigation using the same approach as 
structural elevations: 

• 10-year damages after mitigation reduced to zero. 

• 1oo-year damages after mitigation estimated based on 10-year damages before 
mitigation and approximated to occur at a 150-year event recurrence interval to reflect 
the residual risk associated with elevating the structure 2 feet to 3 feet above BFE. For a 
new building elevated to the BFE, minimal damages after mitigation would start at the 
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100-year event. Therefore, in an effort to conservatively estimate the impact of 
freeboard above the BFE, minimal damages (i.e., the 10-year event before mitigation) 
were assumed to start at the 150-year event. 

Mitigation Reconstruction that are cost-effective are eligible for funding under FEMA’s 
HMA Program, but they are subject to funding limitations that limit the maximum Federal 
share to $150,000 as well as other restrictions related to the building footprint. Refer to 
Section D of FEMA’s Hazard Mitigation Assistance Program Guidance Addendum 
(https://www.fema.gov/hazard-mitigation-assistance-program-guidance) for details on these 
restrictions. Additionally, unlike structural elevation projects, FEMA guidance does allow the 
BCA to be waived for mitigation reconstruction projects. 

2.4.3. Residential Voluntary Property Acquisitions 
Residential voluntary property acquisition projects involve the purchase of individual flood-

prone residential parcels within each watershed by the City. Once a residential parcel is 
purchased from the owner, the City demolishes the existing structure(s) on the parcel, restores 
the site to open space, and places a deed restriction on the parcel to prevent any future 
development on the site. An example of a residential voluntary acquisition is shown in 
Figure 5. Note that voluntary acquisitions are the best mitigation approach for addressing flood 
and SLR risks to individual properties, but they are very expensive (depending on the real 
estate market) and can negatively impact the City’s tax base. Based on the latest available 
property tax records from the City to estimate fair market values for the land plus 
improvements (i.e., residential structures) and experience with similar projects, the cost of 
residential voluntary property acquisition projects at 130% of the fair market value for each 
parcel based on the latest City property tax data using the following breakdown: 

• The additional 30% fair market value is used to estimate the cost of demolishing the 
structure and restoring the site, real estate closing costs and legal fees, and deed 
restrictions imposed on the site. 

 

https://www.fema.gov/hazard-mitigation-assistance-program-guidance
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Figure 5: Example of residential voluntary acquisition project. Photo taken by FEMA contractor (John Squerciati, Dewberry) 
taken in 2014 of undeveloped land used as a regional detention pond in Frederick, Colorado  

Note that residential voluntary property acquisition costs included the net present value of 
annual operation and maintenance (O&M) costs over the life of the project in accordance with 
FEMA BCA guidance, with an annual O&M estimate of 0.1% of the acquisition cost from 
experience with similar projects.  

Based on standard values used in the FEMA BCA Tool, voluntary acquisition projects were 
assumed to accrue benefits over a project useful life of 100 years, which is considered to be 
representative of projects that exist in perpetuity (i.e., forever). Voluntary acquisition projects 
are considered to have no residual risk because the residential structures on the acquired 
parcels are no longer at risk of future flood damage. Therefore, damages and losses after 
mitigation were assumed to be zero. 

Voluntary acquisition projects that are cost-effective are eligible for funding under FEMA’s 
HMA Program. Additionally, FEMA guidance allows the BCA to be waived for voluntary 
residential acquisition projects that cost less than $276,000 and are either located within the 
SFHA or if the structure’s FFE is below the BFE. Finally, note that unlike other project types, 
voluntary acquisition projects have potential environmental benefits associated with the 
purchase/preservation of open space. 
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2.4.4. Non-Residential Dry Floodproofing 
Non-residential dry floodproofing projects involve the protection of existing individual 

flood-prone commercial and public structures within each watershed by reinforcing walls, 
adding flood shields, and installing drainage systems with pumps to keep the structures 
substantially impermeable to the passage of floodwaters. An example of non-residential wet 
floodproofing is shown in Figure 6. Note that dry floodproofing is a less expensive flood 
mitigation option that maintains the City’s tax base. However, unlike other individual structure 
measures, dry floodproofing is active mitigation that requires human intervention to be 
effective (i.e., at least 12 hours of warning time to install the measures and evacuate). 
Furthermore, because dry floodproofing measures can impose significant flood loads on 
structures, their application is limited to non-residential structures in riverine floodplains with 
a BFE within 1 foot of grade (i.e., a maximum protection height of 3 feet above grade including 
2 feet of freeboard) and are constructed of concrete or masonry framing with slab-on-grade 
foundations. 

 

Figure 6: Example of non-residential dry floodproofing project. FEMA MAT photos taken by contractor (John Squerciati, 
Dewberry) of dry floodproofed doors at a hospital in New Orleans, Louisiana, taken after Hurricane Katrina (2005). 

Based on the past experience with flood mitigation projects, the expected costs of dry 
floodproofing projects were estimated based on the building footprint multiplied by $10 per 
square foot for each 1 foot of protection height above grade. Note that non-residential dry 
floodproofing costs included the net present value of annual operation and maintenance 
(O&M) costs over the life of the project in accordance with FEMA BCA guidance, with an 
annual O&M estimate of 2.5% of the floodproofing cost from experience with the significantly 
higher maintenance needs of similar projects.  

Using standard values used in the FEMA BCA Tool, non-residential dry floodproofing 
projects were assumed to accrue benefits over a project useful life of 20 years based on the 
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limited durability of dry floodproofing equipment and materials. Dry floodproofing is 
considered a high residual risk project due to its reliance on active measures requiring human 
intervention, lack of redundancy, and flood loads. Given the high residual risk, damages and 
losses after mitigation were conservatively estimated based on the following adjustments to 
damages and losses before mitigation: 

• 10-year damages after mitigation reduced to zero. 

• 150-year damages after mitigation at the BFE plus freeboard were estimated based on 
100-year damages before mitigation. For a building dry floodproofed to the BFE, 
maximum damages after mitigation would start at the 100-year event when the flood 
levels start to overtop the floodproofing and the project is no longer be effective. 
Therefore, in an effort to approximate the impact of freeboard above the BFE, maximum 
damages (i.e., the 100-year event before mitigation) were assumed to start at the 150-
year event. 

Non-residential dry floodproofing projects that are cost-effective are eligible for funding 
under FEMA’s HMA Program, but it is important to recognize the technical feasibility and 
effectiveness limitations of such projects.  

2.4.5. Non-Residential Wet Floodproofing 

Non-residential wet floodproofing projects involve the protection of existing individual flood-
prone commercial and public structures within each watershed by adding hydrostatic 
openings, using flood damage-resistant materials, and elevating key equipment and contents to 
reduce damages and losses from inundation by floodwaters. An example of non-residential wet 
floodproofing is shown in Figure 7. Note that wet floodproofing may be the least expensive 
flood mitigation option that maintains the City’s tax base. However, wet floodproofing may 
involve some active mitigation that requires human intervention to be effective (i.e., moving 
key equipment and contents to a higher level before evacuating) and requires significant post-
flood cleanup. Furthermore, the application wet floodproofing measures is limited to non-
residential structures in riverine floodplains with a BFE within 6 ft of grade (i.e., a maximum 
protection height of 8 feet above grade including 2 feet of freeboard). Wet floodproofing is 
most suitable for commercial warehouses, storage buildings, and other non-residential 
structures where the contents/equipment are more valuable than the structure itself. 
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Figure 7: Example of non-residential wet floodproofing project. Photos taken by FEMA contractor (John Squerciati, Dewberry) 
of hydrostatic openings and elevated HVAC compressors in New Orleans, Louisiana taken on a technical field tour after 
Hurricane Katrina (2005). 

The expected costs of wet floodproofing projects were estimated based on the building 
footprint multiplied by $7 per square foot for each 1 foot of protection height above grade. 

Note that non-residential wet floodproofing costs included the net present value of annual 
operation and maintenance (O&M) costs over the life of the project in accordance with FEMA 
BCA guidance, with annual O&M estimated of 0.5% of the floodproofing cost from experience 
with the higher maintenance needs of similar projects.  

Based on standard values used in the FEMA BCA Tool, non-residential wet floodproofing 
projects were assumed to accrue benefits over a project useful life of 20 years based on the 
limited durability of wet floodproofing equipment and materials. Wet floodproofing is 
considered a moderate residual risk project given that it provides partial protection up to 
design event (post-flood cleanup is required) and still provides limited protection above the 
design event. Therefore, damages and losses after mitigation were conservatively estimated 
based on the following adjustments to damages and losses before mitigation: 

• 10-year damages after mitigation reduced to one half (50%) of 10-year damages and 
losses before mitigation 

• 150-year damages after mitigation at the BFE plus freeboard were estimated based on 
100-year damages before mitigation. For a building wet floodproofed to the BFE, 
maximum damages after mitigation would start at the 100-year event when the flood 
levels start to overtop the floodproofing and the project would no longer be effective. 
Therefore, in an effort to approximate the impact of freeboard above the BFE, maximum 
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damages (i.e., the 100-year event before mitigation) were assumed to start at the 150-
year event. 

Non-residential wet floodproofing projects that are cost-effective are eligible for funding 
under FEMA’s HMA Program, but it is important to recognize the effectiveness limitations of 
such projects.  

2.4.6. Other Partial Protection Techniques 
Wet floodproofing systems for residential buildings were not considered due to the 

following inherent limitations that would have made it extremely difficult to quantify.  

• Wet floodproofing of residential structures are only applicable in limited situations such 
as protecting garage areas and crawlspaces, but not the habitable spaces of a home. 

• Wet floodproofing of residential structures are only applicable to address limited flood 
damages that are less than 50 percent of the structure’s pre-event market value; one 
cannot use wet floodproofing to bring homes that are Substantially Damaged or 
Substantially Improved (i.e., the repair cost is 50 percent or more of pre-event market 
value) into compliance with the NFIP.  

Techniques associated with wet floodproofing that could be used to provide partial 
protection to flood-prone residential buildings were reviewed, and include: 

• Relocation of flood-prone contents: This technique involves moving existing 
building contents located on the lowest floors of flood-prone buildings to a higher level 
or the next highest floor, resulting in reduced contents damage. 

• Installation of hydrostatic openings: This technique involves installing hydrostatic 
openings (commonly referred to as flood vents) on crawlspace foundations walls or the 
walls of enclosures below the BFE that allow for the free entry and exit of floodwaters, 
resulting in reduced risk of physical damage to the structure from collapse due to 
excessive standing water (hydrostatic) pressure. Note that for buildings on crawlspaces 
in SFHAs, this technique can reduce flood insurance premiums by changing the lowest 
rated floor from the ground surface (used when the crawlspace has no hydrostatic 
openings) to the top of the crawlspace. Refer to FEMA NFIP Technical Bulletin 1, 
Openings in Foundation Walls and Walls of Enclosures (August 2008) for additional 
technical details. 
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• Elevation of utilities: This technique involves raising flood-prone outdoor and indoor 
building utility equipment and distribution systems to a higher level or the next highest 
floor, resulting in reduced building damage and displacements/service losses. Note that 
this technique requires less effort for buildings in riverine flood zones because elevated 
building utilities in coastal flood zones must designed to address more complex forces 
(i.e., storm surge, breaking waves, higher winds, and corrosion). Refer to FEMA P-348, 
Protecting Building Utility Systems From Flood Damage (February 2017) for 
additional technical details.  

• Construction Using Flood Damage-Resistant Materials (FDRM): This 
technique involves replacing existing flood-prone structural and finish materials below 
the design flood level with flood damage-resistant materials (FDRMs), resulting in 
reduced building damage and shorter displacements/service losses due to post-flood 
cleanup. Examples of this technique may include replacing oriented-strand board with 
plywood, and replacing wood cabinets with metal. Refer to FEMA NFIP Technical 
Bulletin 2, Flood Damage-Resistant Materials Requirements (August 2008) for 
additional technical details. 

Table 3 provides a summary of these other individual partial protection techniques, their 
estimated project useful life range, and their estimated cost range per residential structure, 
based on experience with similar projects.  

Table 3: Summary of partial protection techniques. 

Partial Protection Technique Project Useful Life 
Range (years) 

Estimated Cost Range 
per Residential Structure 

Relocation of flood-prone contents  15 to 30 $0 to $1,000   
Installation of hydrostatic openings 15 to 20  $5,000 to $10,000 

Elevation of utilities – riverine flood zone 15 to 30 $6,500 to $13,000 
Elevation of utilities – coastal flood zone 15 to 30 $25,000 to $50,000 

Construction using flood damage-resistant materials 20 to 30 $20,000 to $40,000 

Note that that the same partial protection techniques listed in Table 3 can be readily 
adapted and applied to partially protect individual non-residential structures (i.e., business 
and public facilities) from flood damages and losses at a generally lower cost than the other two 
more comprehensive non-residential building mitigation measures. Sufficient data on the cost 
ranges for adapting and applying the individual techniques to non-residential structures were 
not available; however, it is anticipated their other characteristics would be essentially the 
same as shown in Table 3 for residential based on experience with similar projects.  



 

 

 

 Individual Building and Site-Level Flood Risk Reduction Strategies  |  21  

2.5. Determine the Base and Final Benefit-Cost Ratio (BCR) 

2.5.1. Base Benefit-Cost Ratio 
A spreadsheet calculator was developed based on the damage-frequency assessment (DFA) 

module in the latest version of FEMA’s BCA analysis software available at the time of this study 
(Version 5.2.1), and the calculator has been confirmed to be consistent with the two most 
recent versions of the FEMA BCA software (Versions 5.3 and 6.0)7. This calculator was used to 
process the benefits (i.e., based on avoided damages, defined as the losses before mitigation 
minus the damages and losses after mitigation) and divide them by the costs (i.e., based on 
construction cost plus operation and maintenance (O&M) costs necessary to maintain the 
effectiveness of the project throughout its useful life). This equation produces an initial or base 
BCR for each structure. 

2.5.2. Social and Environmental Benefits 
FEMA has recently begun to allow the use of social and environmental benefits to increase 

the total benefits of projects that directly protect occupants of residential buildings. FEMA 
guidance indicates these additional benefits can be added where the base project BCR equals 
0.75 or greater. Social benefits quantify the mental stress and anxiety suffered by residents and 
the loss of productivity to wage earners caused by flood events. The social benefits were 
developed by economists and subject matter experts. FEMA currently allows the following unit 
values for use in social benefit calculations: 

• $2,443 per resident for avoided mental stress and anxiety 

• $8,736 per wage earning resident for avoided loss of productivity 

Data were used from the 2010 US Census and other local resources to estimate the average 
number of residents and wage earners for each flood-impacted residential building within the 
study area that would be mitigated. The above values were then applied to the affected 
buildings to estimate the social benefits that could be added to the base benefits where the base 
BCR was 0.75 or greater. 

                                                   

7 For additional information on the latest versions of the FEMA BCA analysis software currently available, 
please see: https://www.fema.gov/benefit-cost-analysis 
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Environmental benefits – also known as ecosystem service benefits – quantify the value of 
voluntary residential acquisition projects that add or restore open space to the community. As 
with social benefits, the environmental benefits were developed by economists and subject 
matter experts and can only be included where the base BCR is 0.75 or greater. FEMA 
currently allows the following unit values for use in environmental benefit calculations based 
on the restored land use: 

• $8,308/acre/year for green open space 

• $39,545/acre/year for riparian (riverside or seaside access) 

• $6,010/acre/year for wetlands 

• $554/acre/year for forests 

• $1,799/acre/year for marine and estuary 

Data were used from the City of Virginia Beach and other GIS resources to prepare 
simplified estimates of the average environmental benefits for voluntary residential acquisition 
project sites within the study area based on their proximity to rivers, streams, or coastlines. 
Sites adjacent to rivers and streams used the riverside or seaside access value of 
$39,545/acre/year value; while all other sites used the open space value of $8,308/acre/year. 
The above values were then applied to the affected buildings to estimate the environmental 
benefits that could be added to the base benefits where the base BCR was 0.75 or greater. 

Once the social and environmental benefits were calculated, these benefits were added to 
the base benefits for applicable residential project sites. A spreadsheet calculator was 
developed based on the damage-frequency assessment (DFA) module in the latest version of 
FEMA’s BCA analysis software available at the time of this study (Version 5.2.1)8 to process the 
benefits (based on avoided physical damages and losses) and divide them by the costs to arrive 
at a final benefit-cost ratio (BCR) for each structure.  

                                                   

8 For additional information on the FEMA BCA analysis software, please see: http://www.fema.gov/media-
library/assets/documents/92923 

 

http://www.fema.gov/media-library/assets/documents/92923
http://www.fema.gov/media-library/assets/documents/92923
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3. RESULTS 
BCRs were prepared for individual flood-impacted residential and non-residential 

buildings. The results of these analyses are summarized in the following sub-sections. Only 
projects with a BCRs greater than or equal to 1 were considered cost-beneficial and presented 
in this section. Results are first summarized comprehensively across the City and then broken 
down by the four major watersheds in Virginia Beach. This section is followed by a discussion 
of considering cost beneficial building-level projects as a complimentary strategy to the city-
wide structural measures being evaluated under the CSLRRF study.  

3.1. Freeboard Considerations 
Residential structural elevation and demo-rebuild projects were analyzed for both 2-foot 

freeboard in accordance with the City’s floodplain management ordinance and 3-foot freeboard 
based proposed recommendations in the Virginia Beach Sea Level Rise Policy Response report. 
Note that citywide and watershed analysis summaries of individual residential structure 
elevation and demo/rebuild projects with 2-foot freeboard vs 3-foot freeboard were reviewed 
and compared. The results of this review and comparison of citywide and watershed 
summaries revealed the following: 

• Residential structure elevations and demo/rebuilds with 2-foot freeboard were more 
cost-effective with higher BCRs than those with 3-foot freeboard. 

• Residential structure elevations and demo/rebuilds with 2-foot freeboard protected 
more structures at a lower average cost than those with 3-foot freeboard.  

Based on this review and comparison or results, it was decided to expand results and show 
figures for residential structural elevations and demo/rebuilds with 2-foot freeboard instead of 
3-foot freeboard.  

3.2. Summary of Individual Building Measures Across the City 
The BCA results for the three individual measures for residential structures/parcels 

(elevation, demo/rebuild, voluntary acquisition) and the two individual measures for non-
residential structures (dry floodproofing, wet floodproofing) are summarized comprehensively 
at the city-wide scale in Table 4 and displayed in Figure 8. Maps showing locations of cost-
beneficial projects at the city-wide scale are provided in Figure 9 through Figure 13 on the 
pages that follow.  

https://www.vbgov.com/government/departments/public-works/comp-sea-level-rise/Documents/vb-slr-policy-response-rpt-4-2-19.pdf
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Table 4: City-wide BCA results for individual residential and non-residential mitigation measures. 

Mitigation Measure 

Estimated 
Number of  
Structures/ 

Parcels 
Protected 

% of Total 
Structures/ 

Parcel Protected 
City-wide 

Average 
Protection 

Cost per 
Structure/ 

Parcel 

Project 
Benefits Project Costs BCR 

Residential 
Structural Elevation 

– 2 ft Freeboard 
4,009  2.88% Residential   $198,382  $1,756,264,109 $795,314,146 2.21 

Residential 
Structural Elevation 

– 3 ft Freeboard  
3,671  2.64% Residential $215,396  $1,669,333,717 $790,717,049 2.11 

Residential 
Demo/Rebuild –     
2 ft Freeboard 

3,302 2.37% Residential $230,278 $1,567,012,778 $760,378,325 2.06 

Residential 
Demo/Rebuild –     
3 ft Freeboard 

3,268 2.35% Residential $231,993 $1,556,343,773 $758,152,035 2.05 

Residential 
Voluntary Property 

Acquisition 
2,518  1.66% Residential $346,507  $4,649,446,584  $872,504,919  5.33 

Non-Residential Dry 
Floodproofing 291 3.36%  

Non-Residential $77,618 $44,265,554  $22,586,971  1.96 

Non-Residential 
Wet Floodproofing 282 3.26% 

 Non-Residential $77,304  $37,560,993  $21,799,608  1.72 

 

   

Figure 8: City-wide BCA results for individual residential and non-residential mitigation measures. 
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The citywide BCA results indicate the following: 

• All three of the individual measures for residential and both of the individual measures 
for non-residential are cost-effective with BCRs between 1.72 and 5.33. 

• Of the three individual residential measures, structural elevation with 2-foot freeboard 
protects the largest number of structures at 4,009 (2.88% of residential structures city-
wide) with the lowest average protection cost of $198,382 per structure and a high BCR 
of 2.21, but is the second most expensive option at $795 million. By contrast, voluntary 
property acquisition protects the least parcels at 2,518 (1.66% of residential parcels city-
wide) with the highest average protection cost of $223,654 per structure and the highest 
cost at $873 million, but has the highest BCR of any of the mitigation measures analyzed 
at 5.33. 

• Of the two individual non-residential measures city-wide, dry floodproofing and wet 
floodproofing protect the same basic number of structures (291 dry vs 282 wet) with 
similar average protection costs ($77,618/structure dry vs $77,304/structure wet) and 
similar total costs ($22.6 million dry vs $21.8 million wet). Dry floodproofing has a 
higher BCR at 1.96 than wet floodproofing at 1.72. However, given the high residual risk 
and the documented history of poor performance of dry floodproofing measures, it is 
recommended to use wet floodproofing over dry floodproofing wherever practical.  

In addition to the Citywide BCA results, an assessment of the potential cost-effectiveness of 
partial protection techniques discussed in Section 2.4.6 for residential buildings based on 
experience with similar projects (summarized in Table 5) was provided. As stated previously, 
there are not sufficient data on the cost ranges for adapting and applying the individual 
techniques to non-residential structures; however, it is anticipated their potential cost-
effectiveness would be essentially the same as shown in Table 5 for residential structures based 
on experience with similar projects.  

Table 5: Summary of potential cost-effectiveness of partial protection techniques.  

Partial Protection Technique Estimated Cost Range 
per Residential Structure 

Potential Cost-
Effectiveness 

Relocation of flood-prone contents  $0 to $1,000   Highest 
Installation of hydrostatic openings $5,000 to $10,000 High  

Elevation of utilities – riverine flood zone $6,500 to $13,000 Medium 
Elevation of utilities – coastal flood zone $25,000 to $50,000 Low 

Construction using flood damage-resistant materials $20,000 to $40,000 Low 
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Figure 9: Map showing cost beneficial building elevation projects across the City (2-foot freeboard only). 
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Figure 10: Map showing cost beneficial demo/rebuild projects across the City (2-foot freeboard only). 
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Figure 11: Map showing cost beneficial voluntary acquisition projects across the City. 
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Figure 12: Map showing cost beneficial dry floodproofing projects across the City. 
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Figure 13: Map showing cost beneficial wet floodproofing projects across the City. 
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3.3. Watershed Summary  
The following sub-sections provide a summary of the BCR results for cost beneficial 

building-level projects within each of the City’s four major watersheds: Lynnhaven, Elizabeth 
River, Oceanfront, and Southern. 

3.3.1. Residential Projects  
Residential elevation, demo/rebuild, and voluntary property acquisition BCA results with 

breakdowns by the four watersheds within the city of Virginia Beach – Lynnhaven, Elizabeth 
River, Oceanfront, and Southern – are summarized in Table 6 through Table 10 below. 

Table 6: BCA results for individual residential structural elevations at 2-foot freeboard with breakdown by watershed. 

Watershed 

Estimated # of 
Protected 

Residential 
Structures 

% of Watershed 
Residential 
Structures 
Protected 

Average 
Protection 

Cost per 
Structure 

Project 
Benefits Project Costs BCR 

Lynnhaven 2,292  3.26% $169,032  $935,884,170  $387,421,092  2.42 
Elizabeth 

River 16  0.09% $176,048  $3,430,378  $2,816,767  1.22 

Oceanfront 66  1.26% $183,249  $22,764,375  $12,094,410  1.88 
Southern   1,635  3.57% $240,356  $794,185,186  $392,981,877  2.02 
Total – All 

Watersheds 4,009  2.88% $198,382  $1,756,264,109  $795,314,146  2.21 

 

Table 7: BCA results for individual residential structural elevations at 3-foot freeboard with breakdown by watershed. 

Watershed 

Estimated # of 
Protected 

Residential 
Structures 

% of Watershed 
Residential 
Structures 
Protected 

Average 
Protection 

Cost per 
Structure 

Project 
Benefits Project Costs BCR 

Lynnhaven 2,079  2.96% $181,254  $882,841,782  $376,827,151  2.34 
Elizabeth 

River 8  0.05% $182,896  $1,791,259  $1,463,168  1.22 

Oceanfront 52  1.00% $184,711  $19,153,631  $9,604,984  1.99 
Southern  1,532  3.35% $262,938  $765,547,045  $402,821,746  1.90 
Total – All 

Watersheds 3,671  2.64% $215,396  $1,669,333,717  $790,717,049  2.11 
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Table 8: BCA results for individual residential structure demo/rebuilds at 2-foot freeboard with breakdown by watershed. 

Watershed 

Estimated # of 
Protected 

Residential 
Structures 

% of Watershed 
Residential 
Structures 
Protected 

Average 
Protection 

Cost per 
Structure 

Project 
Benefits Project Costs BCR 

Lynnhaven  1,838  2.61% $188,460  $822,632,625  $346,389,145  2.37 
Elizabeth 

River  3  0.02% $210,057  $673,187  $630,171  1.07 

Oceanfront  39  0.75% $180,025  $15,551,359  $7,020,992  2.21 
Southern   1,422  3.11% $285,751  $728,155,607  $406,338,017  1.79 
Total – All 

Watersheds  3,302  2.37% $230,278  $1,567,012,778  $760,378,325  2.06 

Table 9: BCA results for individual residential structure demo/rebuilds at 3-foot freeboard with breakdown by watershed. 

Watershed 

Estimated # of 
Protected 

Residential 
Structures 

% of Watershed 
Residential 
Structures 
Protected 

Average 
Protection 

Cost per 
Structure 

Project 
Benefits Project Costs BCR 

Lynnhaven  1,820  2.59% $190,178  $818,141,370  $346,123,071  2.36 
Elizabeth 

River  2  0.01% $173,628  $385,194  $347,255  1.11 

Oceanfront  39  0.75% $181,957  $15,551,359  $7,096,331  2.19 
Southern   1,407  3.07% $287,552  $722,265,850  $404,585,378  1.79 
Total – All 

Watersheds  3,268  2.35% $231,993  $1,556,343,773  $758,152,035  2.05 

Table 10: BCA results for individual voluntary residential parcel acquisitions with breakdown by watershed. 

Watershed 

Estimated # of 
Protected 

Residential 
Parcels 

% of Watershed 
Residential 

Parcels 
Protected 

Average 
Protection 

Cost per 
Parcel 

Project 
Benefits Project Costs BCR 

Lynnhaven  1,146  1.51% $297,129  $621,552,828  $340,509,901  1.83 
Elizabeth 

River  6  0.03% $267,237  $3,409,237  $1,603,420  2.13 

Oceanfront  2  0.02% $1,716,455  $4,700,402  $3,432,910  1.37 
Southern   1,364  2.75% $386,333  $4,019,784,117  $526,958,688  7.63 
Total – All 

Watersheds  2,518  1.66% $346,507  $4,649,446,584  $872,504,919  5.33 

Lynnhaven Watershed 
For the Lynnhaven watershed, all three residential mitigation project options can protect a 

significant number of structures, with clusters of structures that range from moderately cost-
effective (BCRs up to 2.0) to extremely cost-effective (BCRs above 4.0) for all project types, as 
shown in Figure 14. Specific details on the preferred and alternate mitigation options for the 
watershed are shown below: 
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• Structural elevation with 2-foot freeboard protects the largest number of structures at 
2,292 (3.26% of watershed residential structures) with the lowest average protection 
cost of $169,032 per structure and the highest BCR of 2.42, but is the most expensive 
option at $387.4 million.  

• Demo/rebuild with 2-foot freeboard protects fewer structures at 1,838 (2.61% of 
watershed residential structures) with a higher average protection cost of $188,460 per 
structure than structural elevation, but the BCR is comparable to elevation at 2.37, and 
the option is only slightly more expensive than voluntary acquisition at $346.4 million.  

• Voluntary acquisition protects the fewest parcels at 1,146 (1.51% of watershed residential 
parcels) with highest average protection cost of $297,129 per parcel and the lowest BCR 
of 1.83, but is the least expensive option at $340.5 million.  

 

 

Figure 14: Maps of residential mitigation strategies for Lynnhaven watershed showing clusters of cost-effective 
structures/parcels (Note only 2-foot freeboard options for elevation and demo-rebuild shown for the sake of simplicity). 
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Elizabeth River Watershed 
For the Elizabeth River watershed, residential mitigation project options are extremely 

limited and protect only a few structures, with a handful of structure clusters that are just 
moderately cost-effective (BCRs up to 2.0) as shown in Figure 15. Specific details on the 
preferred and alternate mitigation options for the watershed are shown below: 

• Structural elevation with 2-foot freeboard only protects 16 structures (0.09% of 
watershed residential structures) with the lowest average protection cost of $176,048 
per structure and a higher BCR of 1.22, but is the more expensive option at $2.82 
million. 

• Demo/rebuild with 2-foot freeboard protects the fewest structures at three (0.02% of 
watershed residential structures) with a higher average protection cost of $210,057 per 
structure and the lowest BCR of 1.07, but is the least expensive option at $630,171. 

• While voluntary acquisition protects only six parcels (0.03% of watershed residential 
parcels) at the highest average protection cost of $267,237 per parcel, but has the 
highest BCR of 2.13 and it is a less expensive option at $1.60 million.  
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Figure 15: Maps of residential mitigation strategies for Elizabeth River watershed showing clusters of cost-effective 
structures/parcels (Note only 2-foot freeboard options for elevation and demo-rebuild shown for the sake of simplicity). 
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Oceanfront Watershed  
For the Oceanfront watershed, residential mitigation project options are limited and protect 

fewer structures, with a handful of structure clusters that range from moderately cost-effective 
(BCRs up to 2.0) to extremely cost-effective (BCRs above 4.0) depending on the project type as 
shown in Figure 16 and mitigation specifics for the watershed shown below:  

• Structural elevation with 2-foot freeboard protects the most structures at 66 (1.26% of 
watershed residential structures) with a lower average protection cost of $183,249 per 
structure and a high BCR of 1.88, but is the most expensive option at $12.1 million. 

• Demo/rebuild with 2-foot freeboard protects 39 structures (0.75% of watershed 
residential structures), but it’s the most cost-effective with a BCR of 2.21, has the lowest 
average protection cost of $180,045/structure, and is the least expensive option at $7.02 
million.  

• Voluntary acquisition protects only two parcels (0.03% of watershed residential 
structures) at the lowest BCR of 1.37, the highest average protection cost of $1,716,455 
per parcel, and is the most expensive option at $3.43 million.  
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Figure 16: Maps of residential mitigation strategies for Oceanfront watershed showing clusters of cost-effective 
structures/parcels (Note only 2-foot freeboard options for elevation and demo-rebuild shown for the sake of simplicity). 

Southern Watershed 
For the Southern watershed, all three residential mitigation project options can protect a 

significant number of structures, with clusters of structures that range from moderately cost-
effective (BCRs up to 2.0) to extremely cost-effective (BCRs above 4.0) depending on the 
project type as shown in Figure 17, and specific details on mitigation options shown below: 

• Structural elevation with 2-foot freeboard protects the largest number of structures at 
1,635 (3.57% of watershed residential structures) with the lowest average protection cost 
of $240,356 per structure and is the least expensive option at $393.0 million, but with a 
BCR of 2.02.  
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• Demo/rebuild protects fewer structures at 1,422 (3.11% of watershed residential 
structures) with a higher average protection cost of $285,751/structure and a higher 
BCR of 2.21, but the option is more expensive at $406.3 million.  

• Voluntary acquisition protects the fewest parcels at 1,364 (2.75% of watershed 
residential parcels) with highest average protection cost of $386,333 per parcel and the 
most expensive option at $527.0 million, but the BCR is the highest of any of the other 
mitigation options at 7.63.  
 

 

Figure 17: Maps of residential mitigation strategies for Southern watershed showing clusters of cost-effective 
structures/parcels (Note only 2-foot freeboard options for elevation and demo-rebuild shown for the sake of simplicity). 
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3.3.2. Non-Residential Projects  
Non-residential dry floodproofing and wet floodproofing BCA results with breakdowns by 

the four watersheds within the city of Virginia Beach – Lynnhaven, Elizabeth River, 
Oceanfront, and Southern – are summarized in Table 11 (Dry Floodproofing) and Table 12 
(Wet Floodproofing), and further described on the following pages.  

Table 11: BCA results for individual non-residential structure dry floodproofing with breakdown by watershed. 

Watershed 

Estimated # of 
Protected 

Non-
Residential 
Structures 

% of Watershed 
Non-Residential 

Structures Protected 

Average 
Protection 

Cost per 
Structure 

Project 
Benefits Project Costs BCR 

Lynnhaven 189 4.54% $57,891 $25,325,095 $10,941,345 2.31 
Elizabeth 

River 10 0.84% $103,098 $2,729,297 $1,030,980 2.65 

Oceanfront 30 5.61% $73,160 $3,713,352 $2,194,801 1.69 
Southern  62 2.24% $135,804 $12,497,810 $8,419,845 1.48 
Total – All 

Watersheds 291 3.36% $77,618 $44,265,554 $22,586,971 1.96 

Table 12: BCA results for individual non-residential wet floodproofing with breakdown by watershed. 

Watershed 

Estimated # of 
Protected 

Non-
Residential 
Structures 

% of Watershed 
Non-Residential 

Structures Protected 

Average 
Protection 

Cost per 
Structure 

Project 
Benefits Project Costs BCR 

Lynnhaven 189 4.54% $89,656 $29,012,216 $16,945,041 1.71 
Elizabeth 

River 15 1.26% $65,534 $1,307,145 $983,013 1.33 

Oceanfront 14 2.62% $35,600 $865,722 $498,398 1.74 

Southern  64 2.31% $57,206 $6,375,911 $3,373,156 1.89 
Total – All 

Watersheds 282 3.26% $77,304 $37,560,993 $21,799,608 1.72 

Lynnhaven Watershed 
For the Lynnhaven watershed, both non-residential mitigation project options can protect a 

significant number of structures, with individual structures that range from moderately cost-
effective (BCRs up to 2.0) to extremely cost-effective (BCRs above 4.0) depending on the 
project type, as shown in Figure 18. Specific details on the preferred and alternate mitigation 
option for the watershed are shown below: 
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• Dry floodproofing protects 189 structures (4.54% of watershed non-residential 
structures) with a lower average protection cost of $57,891 per structure, a higher BCR 
of 2.31, and a lower total cost of $10.9 million.  

• Wet floodproofing protects the same number of structures (189) with less residual risk 
than dry floodproofing; however, wet floodproofing has a higher average protection cost 
of $89,656 per structure, a lower BCR of 1.71, and a higher total cost of $16.9 million. 
 

 

Figure 18: Maps of non-residential mitigation strategies for Lynnhaven watershed showing distribution of cost-effective 
structures. 

Elizabeth River Watershed 
For the Elizabeth River watershed, non-residential mitigation project options can protect 

only a few structures, with individual structures that range from moderately cost-effective 
(BCRs up to 2.0) to highly cost-effective (BCRs above 3.0) depending on the project type, as 
shown in Figure 19. Specific details on the preferred mitigation option for the watershed are 
shown below: 

• Wet floodproofing protects 15 structures (1.26% of watershed non-residential 
structures) with less residual risk at a lower average protection cost of $65,354 per 
structure and a lower total cost of $983,000, but with a lower BCR of 1.33.  

• Dry floodproofing protects only 10 structures (0.84% of watershed non-residential 
structures) with a higher average protection cost of $103,098 per structure and a higher 
total cost of $1.03 million, but with a higher BCR of 2.65. 
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Figure 19: Maps of non-residential mitigation strategies for Elizabeth River watershed showing distribution of cost-effective 
structures/parcels. 

Oceanfront Watershed 
For the Oceanfront watershed, non-residential mitigation project options can protect only a 

few structures. Individual structures range from moderately cost-effective (BCRs up to 2.0) to 
extremely cost-effective (BCRs above 4.0) depending on the project type, as shown in 
Figure 20. Specifics on the preferred and alternate mitigation option for the watershed are 
shown below: 

• Dry floodproofing protects 30 structures (5.61% of watershed non-residential 
structures), but with a lower average protection cost of $73,160 per structure, a lower 
BCR of 1.69, and a lower total cost of $2.19 million.  

• Wet floodproofing protects only 14 structures (2.62% of watershed non-residential 
structures); however, wet floodproofing has less residual risk, a lower average protection 
cost of $35,600 per structure, a slightly higher BCR of 1.74, and a lower total cost of 
$498,398. 
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Figure 20: Maps of non-residential mitigation strategies for Oceanfront watershed showing distribution of cost-effective 
structures/parcels. 

Southern Watershed 
For the Southern watershed, both non-residential mitigation project options can protect a 

number of structures. Individual structures that range from moderately cost-effective (BCRs up 
to 2.0) to extremely cost-effective (BCRs above 4.0) depending on the project type, as shown in 
Figure 21. Specific details on the preferred mitigation option for the watershed are shown 
below: 

• Wet floodproofing protects 64 structures (2.31% of watershed non-residential 
structures) with less residual risk at a lower average protection cost of $57,206 per 
structure, a lower total cost of $3.37 million, and a higher BCR of 1.89.  

• By contrast, dry floodproofing protects 62 structures (2.24% of watershed non-
residential structures) with a much higher average protection cost of $135,804 per 
structure, a much higher total cost of $8.42 million, and a lower BCR of 1.48. 
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Figure 21: Maps of non-residential mitigation strategies for Southern watershed showing distribution of cost-effective 
structures/parcels. 

  



 

 

 

 Individual Building and Site-Level Flood Risk Reduction Strategies  |  44  

4. COMPLIMENTARY STRATEGY EVALUATION 
Building-level mitigation strategies can be implemented alone, or in combination with 

other structural, policy, and non-structural natural and nature-based measures to provide 
comprehensive flood protection. This section presents an evaluation of combining cost-
beneficial building-level projects as complimentary strategies to the city-wide coastal risk 
reduction alternatives.  

Six city-wide structural coastal risk reduction alternative alignments were identified as part 
of the CSLRRF study that provide widespread protection from coastal flood and SLR risks, but 
they tend to be complex and expensive to implement. The selected alignments, A1 and A2, B1 
and B2, and C1 and C2, are shown in Appendix B in Figures B-1, B-2, and B-3, respectively. 
Based on detailed costs and estimated benefits developed as presented in the City-Wide 
Structural Alternatives for Coastal Flood Protection report (CVB 2019b), the BCRs for the 
preferred alternative alignments are summarized in Table 13. Note that A2 extends into the 
City of Norfolk and the Joint Expeditionary Base Little Creek-Fort Story, and C1 and C2 extend 
into the Cities of Norfolk and Chesapeake. Therefore, the costs and benefits below reflect only 
the portion that the City of Virginia Beach would benefit from and be financially responsible 
for, assuming a cost share agreement. For a more detailed discussion on these costs, please 
refer to the report referenced above (CVB 2019b).  

Table 13: City-wide BCA results for coastal risk reduction alternatives. 

Preferred 
Alternative 
Alignment 

Estimated 
Number of 
Structures 
Protected 

% of Total 
Structures 

Protected City-
wide 

Average 
Protection 

Cost per 
Structure 

Project 
Benefits Project Costs BCR 

A1 27,745 18.8% $40,823 $2,277,021,425 $1,132,626,000  2.01 
A2 29,274 19.8% $79,048 $2,342,508,810 $2,314,054,000  1.01 
B1 38,895 26.3% $57,134 $3,851,116,175 $2,222,236,000  1.73 
B2 37,402 25.3% $74,110 $3,690,461,130 $2,771,860,000  1.33 
C1 44,919 30.4% $53,835 $4,080,993,735 $2,418,218,509  1.69 
C2 43,426 29.4% $68,343 $3,920,338,690 $2,967,842,509  1.32 

NOTE: Project costs reflect City of Virginia Beach cost share for alignments A2, C1 and C2. 

Cost-beneficial building-level projects located outside of the city-wide coastal risk reduction 
alternatives were isolated to represent a complimentary strategy. A summary of BCRs for each 
complimentary building-level strategy type is presented in Figure 22. A more detailed 
summary of structure counts, project costs, and benefits can be found in Table 14 through 
Table 18. Detailed maps of select measures for each alignment are shown in Appendix B, 
Figures B-4 through B-18.  
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Figure 22: Summary of BCRs for individual measures that could be implemented outside to area protected by the preferred 
city-wide structural alignments. 

 

Table 14: BCA results for individual residential structural elevations at 2-foot freeboard complimentary with City-wide 
alternative alignments 

Preferred 
Alternative 
Alignment 

City-wide 
Residential 
Structures 
Protected 

Average 
Protection Cost 
per Residential 

Structure 

Percentage of 
Residential 
Structures 
Protected 

Elevation 
Project Benefits 
Complimentary 
with Alignment 

Elevation 
Project Cost 

Complimentary 
with Alignment 

Elevation BCR 
Complimentary 
with Alignment 

A1  1,709  $239,455  1.23% $824,969,502  $409,228,607  2.02 
A2  1,689  $239,108  1.21% $813,273,285  $403,852,649  2.01 
B1  335  $262,404  0.24% $183,357,423  $87,905,229  2.09 
B2  685  $199,434  0.49% $269,812,635  $136,612,478  1.98 
C1  319  $266,735  0.23% $179,927,045  $85,088,462  2.11 
C2  669  $199,994  0.48% $266,382,257  $133,795,711  1.99 
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Table 15: BCA results for individual residential demo/rebuilds at 3-foot freeboard complimentary with City-wide alternative 
alignments. 

Preferred 
Alternative 
Alignment 

City-wide 
Residential 
Structures 
Protected 

Average 
Protection Cost 
per Residential 

Structure 

Percentage of 
Residential 
Structures 
Protected 

Demo/Rebuild 
Project Benefits 
Complimentary 
with Alignment 

Demo/Rebuild 
Project Cost 

Complimentary 
with Alignment 

Demo/Rebuild 
BCR 

Complimentary 
with Alignment 

A1  1,468  $283,889  1.06% $750,171,491  $416,749,584  1.80 
A2  1,450  $284,055  1.04% $739,702,872  $411,879,790  1.80 
B1  286  $341,599  0.21% $168,566,368  $97,697,329  1.73 
B2  552  $260,806  0.40% $244,487,299  $143,964,686  1.70 
C1  283  $342,993  0.20% $167,893,181  $97,067,158  1.73 
C2  524  $264,166  0.38% $232,940,034  $138,422,913  1.68 

Table 16: BCA results for individual residential voluntary acquisitions complimentary with City-wide alternative alignments. 

Preferred 
Alternative 
Alignment 

City-wide 
Residential 

Parcels 
Protected 

Average 
Protection Cost 
per Residential 

Parcel 

Percentage of 
Residential 

Parcels 
Protected 

Voluntary 
Acquisition 

Project Benefits 
Complimentary 
with Alignment 

Voluntary 
Acquisition 
Project Cost 

Complimentary 
with Alignment 

Acquisition 
BCR 

Complimentary 
with Alignment 

A1  1,387  $390,029  0.91% $4,040,059,017  $540,970,868  7.47 
A2  1,373  $387,736  0.90% $4,028,264,133  $532,361,878  7.57 
B1  311  $438,160  0.20% $1,734,417,540  $136,267,667  12.73 
B2  330  $443,534  0.22% $1,749,517,127  $146,366,067  11.95 
C1  305  $441,522  0.20% $1,731,008,303  $134,664,247  12.85 
C2  322  $438,912  0.21% $1,741,407,488  $141,329,737  12.32 

Table 17: BCA results for individual non-residential dry floodproofing complimentary with City-wide alternative alignments. 

Preferred 
Alternative 
Alignment 

City-wide 
Non-

Residential 
Structures 
Protected 

Average 
Protection 

Cost per Non-
Residential 
Structure 

Percentage of 
Non-

Residential 
Structures 
Protected 

Dry Floodproof 
Project Benefits 
Complimentary 
with Alignment 

Dry Floodproof 
Project Cost 

Complimentary 
with Alignment 

Dry Floodproof 
BCR 

Complimentary 
with Alignment 

A1  102  $92,934  1.18% $15,638,857  $9,479,290  1.65 
A2  84  $106,603  0.97% $14,912,563  $8,954,629  1.67 
B1  36  $50,753  0.42% $3,854,400  $1,827,116  2.11 
B2  69  $45,784  0.80% $6,826,039  $3,159,081  2.16 
C1  26  $30,621  0.30% $1,125,103  $796,136  1.41 
C2  36  $35,551  0.42% $2,468,783  $1,279,840  1.93 
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Table 18: BCA results for individual non-residential wet floodproofing complimentary with City-wide alternative alignments. 

Preferred 
Alternative 
Alignment 

City-wide 
Non-

Residential 
Structures 
Protected 

Average 
Protection Cost 

per Non-
Residential 
Structure 

Percentage 
of Non-

Residential 
Structures 
Protected 

Wet Floodproof 
Project Benefits 
Complimentary 
with Alignment 

Wet Floodproof 
Project Cost 

Complimentary 
with Alignment 

Wet Floodproof 
BCR 

Complimentary 
with Alignment 

A1  88  $48,180  1.02% $7,674,668  $4,239,837  1.81 
A2  84  $49,924  0.97% $7,609,529  $4,193,593  1.81 
B1  39  $45,989  0.45% $2,907,559  $1,793,558  1.62 
B2  75  $56,776  0.87% $8,514,487  $4,258,190  2.00 
C1  24  $33,773  0.28% $1,600,414  $810,545  1.97 
C2  52  $57,431  0.60% $6,763,134  $2,986,420  2.26 

The BCA results indicate the following for individual structure/parcel mitigation measures 
constructed to supplement the city-wide coastal risk reduction alternatives:  

• All three of the individual measures for residential and both of the individual measures 
for non-residential combined with city-wide coastal risk reduction alternatives are cost-
effective for all six preferred alternative alignments with BCRs between 1.41 and 12.85.  

• Of the three individual residential measures, structural elevations with 2-foot freeboard 
protect the most residential structures (319 to 1,709 structures) with the lowest average 
protection costs ($199,434 to $266,735 per structure) and higher BCRs (1.99 to 2.09) in 
conjunction with city-wide measures for the six cost-effective alignments. By contrast, 
voluntary residential acquisitions protect the least residential parcels (305 to 1,387) with 
the highest average protection costs ($387,736 to $443,534 per parcel), but have the 
highest BCRs of any individual measures (7.47 to 12.85). 

• Of the cost-effective residential structural elevations with 2-foot freeboard, structural 
elevations outside the Alternative A1 and A2 alignments protect the most residential 
structures at 1,689 to 1,709 (1.21 to 1.23% of residential structures city-wide) with the 
lowest average protection costs at $239,108 to $239,455 per structure, but have lower 
composite BCRs (2.01 to 2.20) and are the most expensive at $403.9 million to $409.2 
million. As an alternative, structural elevations outside combined Alternative C2 protect 
far fewer residential structures at 669 (0.48% of residential structures city-wide) at a 
slightly lower composite BCR of 1.99, but have the second lowest average protection cost 
at $199,994 per structure and represent the third least expensive at $133.8 million. 

• Of the cost-effective residential voluntary acquisitions, acquisitions outside the 
Alternative A1 and A2 alignments protect the most residential parcels at 1,373 to 1,387 
(0.90 to 0.91% of residential structures city-wide) with lower composite BCRs of 7.47 to 
7.57 and the lowest average protection costs at $387,736 to $390,029 per parcel, but are 
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the most expensive at $532.4 million to $541.0 million. As an alternative, voluntary 
acquisitions outside combined Alternative C1 protect far fewer residential structures at 
305 (0.20% of residential structures city-wide) with a higher average protection cost of 
$441,522 per parcel, but have the highest BCR of 12.85 and are the least expensive at 
$134.7 million. 

• Of the two individual non-residential measures, wet floodproofing and dry 
floodproofing protect a comparable number of structures (24 to 102) with similar ranges 
of average protection costs ($30,621 to $106,603 per structure) and similar composite 
BCRs (1.65 to 2.26) in conjunction with city-wide measures for the six cost-effective 
alignments. Therefore, all factors being essentially equal, wet floodproofing measures 
were considered preferable because they had a lower residual risk than dry 
floodproofing.  

• Of the cost-effective non-residential wet floodproofing alternatives combined with city-
wide measures, wet floodproofing outside the Alternative A1 and A2 alignments protect 
the most non-residential structures at 84 to 88 (0.97% to 1.02% of non-residential 
structures city-wide) with a lower BCR of 1.81 and moderate average protection costs of 
$48,180 to $49,924 per structure, but are the most expensive at $4.19 to $4.24 million. 
By contrast, wet floodproofing outside the Alternative C1 alignment protects the least 
non-residential structures at 24 (0.28% of non-residential structures city-wide), with a 
the second highest composite BCR of 1.97, the lowest average protection cost at $33,773 
per structure, and the lowest cost of $810,545. 

Combining complimentary BCA results for the three individual measures for residential 
structures/parcels and the two individual measures for non-residential structures outside the 
alignments with the six preferred coastal risk reduction alternatives are displayed in Figure 23 
and summarized in Table 19 through Table 23.  
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Figure 23: Summary of BCRs for individual measures that could be implemented outside the alignment areas combined with 
preferred city-wide structural alternative alignments. 

Table 19: BCA results for complimentary residential structural elevations at 2-foot freeboard combined with City-wide 
alternative alignments. 

Preferred 
Alternative 
Alignment 

Combined 
City-wide 
Structures 
Protected 

Combined 
Percentage 

of Structures 
Protected 

Average 
Protection Cost 

per Structure 

Combined Project 
Benefits 

Combined Project 
Cost 

Combined 
Project 

BCR 

A1  29,454  19.9% $52,348  $3,101,990,927 $1,541,854,607 2.01 
A2  30,963  21.0% $87,779  $3,155,782,095 $2,717,906,649 1.16 
B1  39,230  26.6% $58,887  $4,034,473,598 $2,310,141,229 1.75 
B2  38,087  25.8% $76,364  $3,960,273,765 $2,908,472,478 1.36 
C1  45,238  30.6% $55,336  $4,260,920,780 $2,503,306,971 1.70 
C2  44,095  29.9% $70,340  $4,186,720,947 $3,101,638,220 1.35 

Table 20: BCA results for complimentary residential demo/rebuilds at 2-foot freeboard combined with City-wide alternative 
alignments. 

Preferred 
Alternative 
Alignment 

Combined 
City-wide 
Structures 
Protected 

Combined 
Percentage 

of Structures 
Protected 

Average 
Protection Cost 

per Structure 

Combined Project 
Benefits 

Combined Project 
Cost 

Combined 
Project 

BCR 

A1  29,213  19.8% $53,037  $3,027,192,916 $1,549,375,584 1.95 
A2  30,724  20.8% $88,723  $3,082,211,682 $2,725,933,790 1.13 
B1  39,181  26.5% $59,211  $4,019,682,543 $2,319,933,329 1.73 
B2  37,954  25.7% $76,825  $3,934,948,429 $2,915,824,686 1.35 
C1  45,202  30.6% $55,645  $4,248,886,916 $2,515,285,667 1.69 
C2  43,950  29.8% $70,677  $4,153,278,724 $3,106,265,422 1.34 
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Table 21: BCA results for complimentary residential voluntary property acquisitions combined with City-wide alternative 
alignments. 

Preferred 
Alternative 
Alignment 

Combined City-
wide 

Structures/Parcels 
Protected 

Combined % of 
Structures/ 

Parcels 
Protected 

Average 
Protection Cost 
per Structure/ 

Parcel 

Combined 
Project Benefits 

Combined 
Project Cost 

Combined 
Project 

BCR 

A1  29,132  19.7% $57,449  $6,317,080,442 $1,673,596,868 3.77 
A2  30,647  20.7% $92,877  $6,370,772,943 $2,846,415,878 2.24 
B1  39,206  26.5% $60,157  $5,585,533,715 $2,358,503,667 2.37 
B2  37,732  25.5% $77,341  $5,439,978,257 $2,918,226,067 1.86 
C1  45,224  30.6% $56,450  $5,812,002,038 $2,552,882,756 2.28 
C2  43,748  29.6% $71,070  $5,661,746,178 $3,109,172,246 1.82 

Table 22: BCA results for complimentary non-residential dry floodproofing combined with City-wide alternative alignments. 

Preferred 
Alternative 
Alignment 

Combined 
City-wide 
Structures 
Protected 

Combined 
Percentage 

of Structures 
Protected 

Average 
Protection Cost 

per Structure 

Combined Project 
Benefits 

Combined Project 
Cost 

Combined 
Project 

BCR 

A1  27,847  18.9% $41,014  $2,292,660,282 $1,142,105,290 2.01 
A2  29,358  19.9% $79,127  $2,357,421,373 $2,323,008,629 1.01 
B1  38,931  26.4% $57,128  $3,854,970,575 $2,224,063,116 1.73 
B2  37,471  25.4% $74,058  $3,697,287,169 $2,775,019,081 1.33 
C1  44,945  30.4% $53,822  $4,082,118,838 $2,419,014,645 1.69 
C2  43,462  29.4% $68,315  $3,922,807,473 $2,969,122,349 1.32 

Table 23: BCA results for complimentary non-residential wet floodproofing combined with City-wide alternative alignments. 

Preferred 
Alternative 
Alignment 

Combined 
City-wide 
Structures 
Protected 

Combined 
Percentage 

of Structures 
Protected 

Average 
Protection Cost 

per Structure 

Combined Project 
Benefits 

Combined Project 
Cost 

Combined 
Project 

BCR 

A1  27,833  18.8% $40,846  $2,284,696,093 $1,136,865,837 2.01 
A2  29,358  19.9% $78,965  $2,350,118,339 $2,318,247,593 1.01 
B1  38,934  26.4% $57,123  $3,854,023,734 $2,224,029,558 1.73 
B2  37,477  25.4% $74,075  $3,698,975,617 $2,776,118,190 1.33 
C1  44,943  30.4% $53,824  $4,082,594,149 $2,419,029,054 1.69 
C2  43,478  29.4% $68,329  $3,927,101,824 $2,970,828,929 1.32 

The combined project BCA results indicate the following for individual structure/parcel 
mitigation measures combined with the city-wide coastal risk reduction alternatives:  

• All three of the individual measures for residential and both of the individual measures 
for non-residential combined with city-wide coastal risk reduction alternatives are cost-
effective for all six preferred alternative alignments with combined project BCRs 
between 1.01 and 3.77.   

• Of the three individual residential measures combined with city-wide alternatives, 
structural elevation with 2-foot freeboard protects the largest number of total structures 
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(29,454 to 45,238 structures) with the lowest average protection costs ($52,348 to 
$87,779 per structure) and the second highest composite BCRs (1.35 to 2.01) when for 
the six cost-effective alignments. By contrast, voluntary residential acquisitions 
combined with city-wide alternatives protect the least residential structures/parcels 
(29,132 to 45,224) with the highest average protection costs ($56,450 to $92,877 per 
structure/parcel), but have the highest BCRs of any combined projects (1.82 to 3.77). 

• Of the cost-effective residential structural elevation measures combined with city-wide 
alternatives, structural elevations with the Alternative C1 alignment protect the most 
structures at 45,238 (30.6% of structures city-wide) with a high combined project BCR 
of 1.70 and the second lowest average protection cost at $55,337 per structure, but is the 
third most expensive at $2.50 billion. Instead, structural elevations with the Alternative 
A1 alignment protects the least structures at 29,454 (19.9% of structures city-wide), but 
with the highest combined project BCR of 2.01, the lowest average protection cost at 
$52,348 per structure, and is the least expensive $1.54 billion. 

• By contrast, of the cost-effective residential voluntary property acquisition measures 
combined with city-wide alternatives, acquisitions with the Alternative C1 alignment 
protects the most structures/parcels at 45,224 (30.6% of structures city-wide) with a 
high combined project BCR of 2.28 and the lowest average protection cost at $56,450 
per structure, but is the third most expensive at $2.55 billion. Instead, voluntary 
acquisitions with the Alternative A1 alignment protect the least structures/parcels at 
29,132 (19.7% of structures city-wide) and the second lowest average protection cost 
($57,449 per structure/parcel), but has the highest combined project BCR of 3.77 and is 
the least expensive $1.67 billion. 

• Of the two individual non-residential measures combined with city-wide alternatives, 
wet floodproofing and dry floodproofing protect a comparable number of structures 
(27,833 to 44,945) with similar average protection costs ($40,846 to $79,127 per 
structure) and the same composite BCRs (1.01 to 2.01). Therefore, all factors being 
essentially equal, wet floodproofing measures were considered preferable since they had 
a lower residual risk than dry floodproofing.  

• Of the cost-effective non-residential wet floodproofing measures combined with city-
wide alternatives, wet floodproofing outside the Alternative C1 alignment protect the 
most structures at 44,943 (30.4% of structures city-wide) with a high combined project 
BCR of 1.69, the second lowest average protection cost at $72,952 per structure, but is 
the third most expensive at $2.42 billion. Instead, wet floodproofing combined with the 
Alternative A1 alignment protects the least structures at 27,833 (18.8% of structures 
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city-wide), but has the highest composite BCR of 2.01, the lowest average protection cost 
at $40,846 per structure, and the lowest cost of $1.14 billion. 

  



 

 

 

 Individual Building and Site-Level Flood Risk Reduction Strategies  |  53  

5. SUMMARY/CONCLUSIONS 
Based on a detailed review of BCA results and other technical data in Section 3, Figures 25 

through 30 are expressed as average annualized losses (AALs): 

• Figure 25 shows AALs in millions of dollars for the baseline (i.e., no SLR) and 3 ft 
SLR scenarios for the City of Virginia Beach in light blue if no mitigation actions are 
taken, along with the reduced AALs shown in dark blue if each of the six citywide 
preferred alternative alignments are constructed alone.  

• Figures 26 and 27 show AALs in millions of dollars for the baseline (i.e., no SLR) and 
3 ft SLR scenarios for the City of Virginia Beach in light blue if no mitigation actions 
are taken, along with the reduced AALs shown in dark blue if each of the six citywide 
preferred alternative alignments are constructed and combined with residential 
elevation and demo/rebuild projects, respectively.  

• Figure 28 shows AALs in millions of dollars for the baseline (i.e., no SLR) and 3 ft 
SLR scenarios for the City of Virginia Beach in light blue if no mitigation actions are 
taken, along with the savings in AALs shown in green if each of the six citywide 
preferred alternative alignments are constructed and combined with voluntary 
residential acquisition projects. Note these savings in green approximate the 
additional ecosystem service benefits associated with acquiring the parcels and 
converting them to open space, and they account for nearly 70% of the total benefits 
shown on the figure. (If the ecosystem service benefits are removed, the reduced 
AALs are comparable with the other residential mitigation measures shown in 
Figures 26 and 27.)  

• Figures 29 and 30 show AALs in millions of dollars for the baseline (i.e., no SLR) and 
3 ft SLR scenarios for the City of Virginia Beach in light blue if no mitigation actions 
are taken, along with the reduced AALs shown in dark blue if each of the six citywide 
preferred alternative alignments are constructed and combined with non-residential 
dry floodproofing and wet floodproofing projects, respectively.  
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Figure 25: AALs in millions of dollars for Baseline and 3-ft SLR scenarios if no mitigation actions are taken (shown in light 
blue) and reduced AALs (shown in dark blue) if each of the six citywide preferred alternative alignments are constructed alone. 

 

Figure 26: AALs in millions of dollars for Baseline and 3-ft SLR scenarios if no mitigation actions are taken (shown in light 
blue) and reduced AALs (shown in dark blue) if each of the six citywide preferred alternative alignments are constructed and 
combined with residential structural elevation projects. 
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Figure 27: AALs in millions of dollars for Baseline and 3-ft SLR scenarios if no mitigation actions are taken (shown in light 
blue) and reduced AALs (shown in dark blue) if each of the six citywide preferred alternative alignments are constructed and 
combined with residential demo/rebuild projects. 

 

Figure 28: AALs in millions of dollars for Baseline and 3-ft SLR scenarios if no mitigation actions are taken (shown in light 
blue) and eliminated AALs plus additional environmental benefits (shown in green) if each of the six citywide preferred 
alternative alignments are constructed and combined with voluntary residential acquisition projects. 
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Figure 29: AALs in millions of dollars for Baseline and 3-ft SLR scenarios if no mitigation actions are taken (shown in light 
blue) and reduced AALs (shown in dark blue) if each of the six citywide preferred alternative alignments are constructed and 
combined with non-residential dry floodproofing projects. 

 

Figure 30: AALs in millions of dollars for Baseline and 3-ft SLR scenarios if no mitigation actions are taken (shown in light 
blue) and reduced AALs (shown in dark blue) if each of the six citywide preferred alternative alignments are constructed and 
combined with non-residential wet floodproofing projects. 
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Using this information, the following recommended flood risk reduction strategies were 
prepared for residential and non-residential buildings in the City of Virginia Beach: 

1) Watershed Strategies for Mitigation of Individual Residential Structures/Parcels: If the 
City is looking for flood mitigation of individual residential structures/parcels in each 
watershed, we recommend the following cost-effective strategies: 

• In the Lynnhaven watershed, structural elevation with 2-foot freeboard is the best 
option to protect the highest number of residential structures at the lowest average 
cost, but consider voluntary acquisition or demo/rebuild of structures/parcels that 
are the most cost-effective (see Figure 14 clusters shown in blue). 

• In the Elizabeth River watershed, structural elevation with 2-foot freeboard is the 
better option to the most residential structures at the lowest average cost, but 
consider voluntary acquisition for the handful of parcels that are more cost-effective 
(see Figure 15 clusters shown in light blue). 

• In the Oceanfront watershed, structural elevation with 2-foot freeboard is the best 
option to protect the most residential structures at the lowest average cost, but 
consider demo/rebuild for the few structures that are more cost-effective (see Figure 
16 clusters shown in blue) and that may be older or in need of major renovation. 

• In the Southern watershed, structural elevation with 2-foot freeboard is the best 
option to protect the most residential structures at a reasonable average cost, but 
strongly consider voluntary acquisition of parcels that the most cost-effective (see 
Figure 17 clusters shown in blue) in order to help control development and 
discourage expansion into flood-prone areas. 

2) Watershed Strategies for Mitigation of Individual Non-Residential Structures: If the City 
is looking for flood mitigation of individual non-residential structures in each 
watershed, we recommend the following cost-effective strategies: 

• In the Lynnhaven watershed, dry floodproofing is the better option to protect a large 
number of non-residential structures at a reasonable average cost, but consider wet 
floodproofing to reduce residual risk (see Figure 18). 

• In the Elizabeth River watershed, wet floodproofing is the better option to protect a 
small number of non-residential structures at a reasonable average cost that reduces 
residual risk (see Figure 19). 



 

 

 

 Individual Building and Site-Level Flood Risk Reduction Strategies  |  58  

• In the Oceanfront watershed, dry floodproofing is the better option to protect a small 
number of non-residential structures at a reasonable average cost, but wet 
floodproofing is a better value that can reduce residual risk (see Figure 20). 

• In the Southern watershed, wet floodproofing is the better option to protect more 
non-residential structures at a reasonable average cost that reduces residual risk (see 
Figure 21). 

3) City-wide Strategies for Residential Mitigation Measures: If funding is limited, and the 
City is looking for near-term city-wide flood mitigation of individual residential and 
non-residential structures instead of long-term coastal risk reduction alternatives, we 
recommend the following cost-effective strategies: 

• Pursue residential structural elevations as the best option to protect the highest 
number of residential structures at a reasonable average cost, especially in the 
Lynnhaven and Southern watersheds. However, consider select voluntary 
residential property acquisitions as a highly cost-effective option in the Southern 
watershed. 

• Pursue non-residential wet floodproofing inside the Alternative A1 alignment as 
the better option to protect the higher number of non-residential structures at a 
reasonable cost, especially in the Lynnhaven and Southern watersheds. 

• Promote relocation of flood-prone contents, installation of hydrostatic openings, 
and select elevation of utilities as partial protection techniques that can be 
implemented by flood-prone homeowners, business owners, and public facility 
managers without the need to apply for mitigation grants or loans.  

4) City-Wide Strategies for Residential Mitigation Measures Combined with Coastal Risk 
Reduction Alternatives: If more funding is available, and the City is looking for city-wide 
flood mitigation of individual residential structures/parcels outside the proposed 
alignments combined with coastal risk reduction alternatives, we recommend the 
following cost-effective strategies: 

• Pursue Alternative C1 combined with residential structural elevations and non-
residential wet floodproofing outside the alternative alignment as the first, best 
option to protect the maximum number of residential and non-residential structures 
at a reasonable cost, especially in the Lynnhaven and Southern watersheds. 
Figure 26 shows that combining C1 with residential elevations will reduce AALs 
nearly 95% from $329 million to $18 million; while Figure 30 shows that combining 
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C1 with non-residential wet floodproofing will reduce AALs nearly 90% from $329 
million to $33 million. 

• If funding is somewhat limited, consider Alternative A1 combined with either 
residential structural elevations or voluntary property acquisitions and non-
residential wet floodproofing outside the alternative alignment as the best value 
option to protect a large number of residential and non-residential 
structures/parcels at the lowest cost. Figure 28 shows that combining A1 with 
voluntary residential acquisitions will reduce AALs to zero and provide additional 
environmental benefits of $120 million; while Figure 30 shows that combining A1 
with non-residential wet floodproofing will reduce AALs by 50% from $329 million 
to $163 million 
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APPENDIX A: SUPPORTING TABLES 
Table A-1: Residential building types used in analysis. 

Building Label Occupancy Class Number of Stories Number of Buildings 
RES1 Single-Family Dwelling 1 or more 100,154 
RES2 Mobile Home 1 1,893 

RES3A Multi-Family Dwelling - Duplex 1 or more 3,400 
RES3B Multi-Family Dwelling - 3 to 4 Units 1 or more 6,428 
RES3C Multi-Family Dwelling - 5 to 9 Units 1 or more 23,463 
RES3D Multi-Family Dwelling - 10 to 19 Units 1 or more 2,481 
RES3E Multi-Family Dwelling - 20 to 49 Units 1 or more 841 
RES3F Multi-Family Dwelling - 50+ Units 1 or more 87 

Subtotal Residential All Occupancies 1 or more 138,747 

 

Table A-2: Non-residential building types used in analysis. 
Building Label Occupancy Class Number of Stories Number of Buildings 

AGR1 Agriculture 1 or more 1,049 
COM1 Retail Trade 1 or more 1,426 
COM2 Wholesale Trade 1 or more 878 
COM3 Personal and Repair Services 1 or more 489 
COM4 Business/Professional/Technical Services 1 or more 1,880 
COM5 Depository Institutions 1 or more 95 
COM6 Hospital 1 or more 12 
COM7 Medical Office/Clinic 1 or more 37 
COM8 Entertainment & Recreation 1 or more 699 
COM9 Theaters 1 or more 9 

COM10 Garage/parking 1 or more 29 
GOV1 General Services 1 or more 786 
GOV2 Emergency Response 1 or more 46 
IND1 Heavy Industrial 1 or more 55 
IND2 Light Industrial 1 or more 41 
IND6 Construction 1 or more 90 
REL1 Church/Membership Organizations 1 or more 533 
EDU1 Schools 1 or more 458 
EDU2 Colleges 1 or more 29 
RES4 Temporary Lodging 1 or more 262 
RES5 Institutional Dormitory 1 or more 23 
RES6 Nursing Home 1 or more 36 

Subtotal Non-Residential All Occupancies 1 or more 8,962 
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Table A-3: Structure depth damage functions used in Hazus. 

Building Label(s) Occupancy Class(es) Number of 
Floors 

DDF Curve 
Source DDF Curve Description Hazus Wave 

Zone(s) 

STRUCTURE DDFs - Damage Percentages Relative to Building Replacement Value and Adjusted Based on Depth Above Adjacent Grade 

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 USACE Generic 
Riverine 

1-story without 
basement, riverine 

Riverine 0 3 13 23 32 40 47 53 59 63 67 71 73 75 77 79 

RES1, RES3A-F Single-Family and 
Multi-Family 

2 or more USACE Generic 
Riverine, 
adjusted 

2 or more without 
basement, riverine 

Riverine 0 3 9 15 21 26 31 36 41 45 49 52 56 59 61 64 

RES2 Mobile Home 1 USACE Generic 
Riverine, 
adjusted 

Mobile home, riverine Riverine 0 0 8 44 63 73 78 80 81 82 83 84 85 86 87 88 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 
2ft with obstruction  

Coastal A or V 1 22 53 93 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 
4ft with obstruction  

Coastal A or V 11 48 78 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 
6ft with obstruction  

Coastal A or V 53 93 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 
8ft with obstruction  

Coastal A or V 78 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 
10ft with obstruction  

Coastal A or V 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 
12ft with obstruction  

Coastal A or V 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Wall 2ft (includes piers 
and basements) 

Coastal A or V 2 10 35 75 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Wall 3ft (includes piers 
and basements) 

Coastal A or V 2 30 75 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and 
Multi-Family 

1 or more Expert Panel 
Coastal A or V  

Slab (includes fill) Coastal A or V 0 0 12 25 50 75 100 100 100 100 100 100 100 100 100 100 

RES2 Mobile Home 1 Expert Panel 
Coastal A or V  

Manufactured Home Coastal A or V 15 75 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

AGR1 Agriculture 1 or 2 USACE - 
Galveston 

Average Agriculture, 
structure 

- 0 0 0 6 11 15 19 25 30 35 41 46 51 57 63 70 

COM1 Retail Trade 1 or 2 USACE - 
Galveston 

Average Retail, structure - 0 0 1 9 14 16 18 20 23 26 30 34 38 42 47 51 

COM2 Wholesale Trade 1 or 2 USACE - 
Galveston 

Average wholesale, 
structure 

- 0 0 0 5 8 11 13 16 19 22 25 29 32 37 41 45 

COM3 Personal and Repair 
Services 

1 or 2 USACE - 
Galveston 

Private Day Care, 
structure 

- 0 0 0 15 16 16 20 25 29 33 37 41 44 45 50 53 

COM4 Business/Professiona
l/Technical  

1 or 2 USACE - St. Paul Office Building, structure - 0 0 5 12 17 20 21 22 22 23 25 27 31 35 39 42 

COM5 Depository 
Institutions 

1 or 2 USACE - 
Wilmington 

Bank, structure - 0 0 1 5 13 21 23 24 26 28 30 33 35 37 39 42 

COM6 Hospital 1 or 2 USACE - 
Galveston 

Average, Medical Office, 
structure 

- 0 0 0 1 3 4 6 9 11 14 17 20 24 29 35 42 

COM7 Medical Office/Clinic 1 or 2 USACE - 
Galveston 

Average, Medical Office, 
structure 

- 0 0 0 1 3 4 6 9 11 14 17 20 24 29 35 42 

COM8 Entertainment & 
Recreation 

1 or 2 USACE - 
Galveston 

Average 
Entertainment/Recreati

on, structure 

- 0 0 1 9 11 12 14 16 18 20 22 26 29 33 37 41 
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Building Label(s) Occupancy Class(es) Number of 
Floors 

DDF Curve 
Source DDF Curve Description Hazus Wave 

Zone(s) 

STRUCTURE DDFs - Damage Percentages Relative to Building Replacement Value and Adjusted Based on Depth Above Adjacent Grade 

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

COM9 Theaters 1 or 2 USACE - 
Galveston 

Average theatre, 
structure 

- 0 0 0 2 4 5 5 5 6 8 10 12 15 20 24 29 

COM10 Garage/parking 1 or 2 USACE - 
Wilmington 

Garage, structure - 0 0 3 7 12 17 20 24 28 32 37 41 46 51 55 59 

GOV1 General Services 1 or 2 USACE - 
Galveston 

Average government 
services, structure 

- 0 0 0 5 8 13 14 14 15 17 19 22 26 31 37 44 

GOV2 Emergency Response 1 or 2 USACE - 
Galveston 

Average emergency 
response, structure 

- 0 0 0 1 5 5 5 6 7 9 11 14 17 24 28 32 

IND1 Heavy Industrial 1 or 2 USACE - 
Galveston 

Average heavy 
industrial, structure 

- 0 0 1 10 12 15 19 22 26 30 35 39 42 48 50 51 

IND2 Light Industrial 1 or 2 USACE - 
Galveston 

Average light industrial, 
structure 

- 0 0 1 9 14 17 22 26 30 32 35 37 39 43 46 48 

IND6 Construction 1 or 2 USACE - 
Galveston 

Average Construction, 
structure 

- 0 0 0 22 31 37 43 47 50 54 57 61 43 64 65 67 

REL1 Church/Membership 
Orgs 

1 or 2 USACE - 
Wilmington 

Church, structure - 0 0 0 10 11 11 12 12 13 14 14 15 17 19 24 30 

EDU1 Schools 1 or 2 USACE - 
Wilmington 

School, structure - 0 0 4 22 29 34 39 44 48 53 57 62 66 70 75 79 

EDU2 Colleges 1 or 2 USACE - 
Galveston 

Average 
college/university, 

structure 

- 0 0 0 5 7 9 9 10 11 13 15 17 20 24 28 33 

RES4 Temporary Lodging 2 USACE - 
Wilmington 

Average Hotel & Motel, 
structure 

- 0 0 0 3 5 6 7 9 12 14 18 21 26 31 36 41 

RES5 Institutional 
Dormitory 

1 or 2 USACE - 
Galveston 

Nursing Home, structure - 0 0 0 7 10 14 15 15 16 18 20 23 26 30 34 38 

RES6 Nursing Home 1 or 2 USACE - 
Wilmington 

Rest Home, structure - 0 0 12 21 27 34 41 49 55 62 68 73 78 83 88 93 
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Table A-4: Contents depth damage functions used in Hazus. 

Building 
Label(s) Occupancy Class(es) 

Number 
of 

Floors 
DDF Curve Source DDF Curve Description 

Contents 
Values 
(%BRV) 

Hazus 
Wave 

Zone(s) 

CONTENTSDDFs - Damage Percentages Relative to Contents Replacement Value and Adjusted Based on Depth Above 
Adjacent Grade 

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 
RES1, RES3A-F Single-Family and Multi-Family 1 USACE Generic 

Riverine 
1-story without basement, 

riverine 
100% Riverine 0 3 13 23 32 40 47 53 59 63 67 71 73 75 77 79 

RES1, RES3A-F Single-Family and Multi-Family 2 or 
more 

USACE Generic 
Riverine, adjusted 

2 or more without 
basement, riverine 

100% Riverine 0 3 9 15 21 26 31 36 41 45 49 52 56 59 61 64 

RES2 Mobile Home 1 USACE Generic 
Riverine, adjusted 

Mobile home, riverine 100% Riverine 0 0 8 44 63 73 78 80 81 82 83 84 85 86 87 88 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Open Elevation on Piles 2ft 
with obstruction  

100% Coastal 
A or V 

1 22 53 93 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Open Elevation on Piles 4ft 
with obstruction  

100% Coastal 
A or V 

11 48 78 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Open Elevation on Piles 6ft 
with obstruction  

100% Coastal 
A or V 

53 93 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Open Elevation on Piles 8ft 
with obstruction  

100% Coastal 
A or V 

78 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Open Elevation on Piles 
10ft with obstruction  

100% Coastal 
A or V 

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Open Elevation on Piles 
12ft with obstruction  

100% Coastal 
A or V 

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Wall 2ft (includes piers 
and basements) 

100% Coastal 
A or V 

2 10 35 75 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Wall 3ft (includes piers 
and basements) 

100% Coastal 
A or V 

2 30 75 100 100 100 100 100 100 100 100 100 100 100 100 100 

RES1, RES3A-F Single-Family and Multi-Family 1 or 
more 

Expert Panel Coastal 
A or V  

Slab (includes fill) 100% Coastal 
A or V 

0 0 12 25 50 75 100 100 100 100 100 100 100 100 100 100 

RES2 Mobile Home 1 Expert Panel Coastal 
A or V  

Manufactured Home 100% Coastal 
A or V 

15 75 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

AGR1 Agriculture 1 or 2 USACE - Galveston Average Agriculture, 
structure 

100% - 0 0 0 6 11 15 19 25 30 35 41 46 51 57 63 70 

COM1 Retail Trade 1 or 2 USACE - Galveston Average Retail, structure 36% - 0 0 1 9 14 16 18 20 23 26 30 34 38 42 47 51 
COM2 Wholesale Trade 1 or 2 USACE - Galveston Average wholesale, 

structure 
36% - 0 0 0 5 8 11 13 16 19 22 25 29 32 37 41 45 

COM3 Personal and Repair Services 1 or 2 USACE - Galveston Private Day Care, structure  - 0 0 0 15 16 16 20 25 29 33 37 41 44 45 50 53 
COM4 Business/Professional/Technical  1 or 2 USACE - St. Paul Office Building, structure 12% - 0 0 5 12 17 20 21 22 22 23 25 27 31 35 39 42 
COM5 Depository Institutions 1 or 2 USACE - Wilmington Bank, structure 12% - 0 0 1 5 13 21 23 24 26 28 30 33 35 37 39 42 
COM6 Hospital 1 or 2 USACE - Galveston Average, Medical Office, 

structure 
 - 0 0 0 1 3 4 6 9 11 14 17 20 24 29 35 42 

COM7 Medical Office/Clinic 1 or 2 USACE - Galveston Average, Medical Office, 
structure 

13% - 0 0 0 1 3 4 6 9 11 14 17 20 24 29 35 42 

COM8 Entertainment & Recreation 1 or 2 USACE - Galveston Average Entertainment/ 
Recreation, structure 

25% - 0 0 1 9 11 12 14 16 18 20 22 26 29 33 37 41 

COM9 Theaters 1 or 2 USACE - Galveston Average theatre, structure  - 0 0 0 2 4 5 5 5 6 8 10 12 15 20 24 29 
COM10 Garage/parking 1 or 2 USACE - Wilmington Garage, structure  - 0 0 3 7 12 17 20 24 28 32 37 41 46 51 55 59 

GOV1 General Services 1 or 2 USACE - Galveston Average government 
services, structure 

 - 0 0 0 5 8 13 14 14 15 17 19 22 26 31 37 44 

GOV2 Emergency Response 1 or 2 USACE - Galveston Average emergency 
response, structure 

 - 0 0 0 1 5 5 5 6 7 9 11 14 17 24 28 32 

IND1 Heavy Industrial 1 or 2 USACE - Galveston Average heavy industrial, 
structure 

 - 0 0 1 10 12 15 19 22 26 30 35 39 42 48 50 51 
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Building 
Label(s) Occupancy Class(es) 

Number 
of 

Floors 
DDF Curve Source DDF Curve Description 

Contents 
Values 
(%BRV) 

Hazus 
Wave 

Zone(s) 

CONTENTSDDFs - Damage Percentages Relative to Contents Replacement Value and Adjusted Based on Depth Above 
Adjacent Grade 

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 
IND2 Light Industrial 1 or 2 USACE - Galveston Average light industrial, 

structure 
 - 0 0 1 9 14 17 22 26 30 32 35 37 39 43 46 48 

IND6 Construction 1 or 2 USACE - Galveston Average Construction, 
structure 

 - 0 0 0 22 31 37 43 47 50 54 57 61 43 64 65 67 

REL1 Church/Membership Orgs 1 or 2 USACE - Wilmington Church, structure 7% - 0 0 0 10 11 11 12 12 13 14 14 15 17 19 24 30 
EDU1 Schools 1 or 2 USACE - Wilmington School, structure  - 0 0 4 22 29 34 39 44 48 53 57 62 66 70 75 79 
EDU2 Colleges 1 or 2 USACE - Galveston Average 

college/university, 
structure 

 - 0 0 0 5 7 9 9 10 11 13 15 17 20 24 28 33 

RES4 Temporary Lodging 2 USACE - Wilmington Average Hotel & Motel, 
structure 

 - 0 0 0 3 5 6 7 9 12 14 18 21 26 31 36 41 

RES5 Institutional Dormitory 1 or 2 USACE - Galveston Nursing Home, structure 100% - 0 0 0 7 10 14 15 15 16 18 20 23 26 30 34 38 
RES6 Nursing Home 1 or 2 USACE - Wilmington Rest Home, structure  - 0 0 12 21 27 34 41 49 55 62 68 73 78 83 88 93 
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Table A-5: Residential building replacement values for Virginia Beach used in Hazus. 

Building Label Occupancy Class Quality of 
Construction* 

Number of 
Floors BRV ($/SF) 

RES1 Single-Family Dwelling Economy 1   $ 78.91  
RES1 Single-Family Dwelling Economy 2  $ 83.96  
RES1 Single-Family Dwelling Economy 3   $ 89.01  
RES1 Single-Family Dwelling Economy 4 or more  $  94.06  
RES1 Single-Family Dwelling Average 1   $ 111.15  
RES1 Single-Family Dwelling Average 2  $ 107.93  
RES1 Single-Family Dwelling Average 3   $ 113.12  
RES1 Single-Family Dwelling Average 4 or more   $ 101.71  
RES1 Single-Family Dwelling Custom 1   $ 137.57  
RES1 Single-Family Dwelling Custom 2 $  135.17  
RES1 Single-Family Dwelling Custom 3   $ 140.06  
RES1 Single-Family Dwelling Custom 4 or more   $ 126.00  
RES1 Single-Family Dwelling Luxury 1   $ 167.32  
RES1 Single-Family Dwelling Luxury 2  $ 159.33  
RES1 Single-Family Dwelling Luxury 3   $ 164.11  
RES1 Single-Family Dwelling Luxury 4 or more   $ 149.42  
RES2 Mobile Home - -  $ 42.80  

RES3A Multi-Family Dwelling – Duplex 1 or more 1 or more  $ 95.15  
RES3B Multi-Family Dwelling – 3 to 4 Units 2 or more 2 or more  $ 103.68  
RES3C Multi-Family Dwelling – 5 to 9 Units 2 or more 2 or more  $ 184.74  
RES3D Multi-Family Dwelling – 10 to 19 Units 3 or more 3 or more  $ 164.82  
RES3E Multi-Family Dwelling – 20 to 49 Units 3 or more 3 or more  $ 162.09  
RES3F Multi-Family Dwelling – 50+ Units 4 or more 4 or more  $ 157.94  

*All RES1 properties in coastal areas are assumed to be of the highest quality (Luxury) 
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Table A-6: Non-residential building replacement values for Virginia Beach used in Hazus. 
Building Label Occupancy Class BRV ($/SF) 

AGR1 Agriculture  $ 90.93  
COM1 Retail Trade  $ 98.92  
COM2 Wholesale Trade $90.93  
COM3 Personal and Repair Services $122.52  
COM4 Business/Professional/Technical Services $159.74  
COM5 Depository Institutions $229.30  
COM6 Hospital $268.52  
COM7 Medical Office/Clinic $196.55  
COM8 Entertainment & Recreation $204.13  
COM9 Theaters $146.12  

COM10 Garage/parking $52.34  
GOV1 General Services $128.43  
GOV2 Emergency Response $199.44  
IND1 Heavy Industrial $105.69  
IND2 Light Industrial $90.93  
IND6 Construction $90.93  
REL1 Church/Membership Organizations $165.89  
EDU1 Schools $138.05  
EDU2 Colleges $173.27  
RES4 Temporary Lodging $158.65  
RES5 Institutional Dormitory $180.73  
RES6 Nursing Home $151.98  
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Table A-7. Residential displacement depth damage functions used outside Hazus. 
Building 
Label(s) 

Occupancy Class(es) Number of 
Floors 

DDF Curve Source DDF Curve Description Hazus 
Wave 

Zone(s) 

DISPLACEMENT DDFs – Residential Number of Days Based on Depth Above Grade 

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

RES1, RES3A-F Single-Family and Multi-Family 1 USACE Generic 
Riverine 

1-story without basement, riverine Riverine - - 0 45 90 135 180 225 270 315 360 405 450 495 540 585 

RES1, RES3A-F Single-Family and Multi-Family 2 or 3 USACE Generic 
Riverine, adjusted 

2- or 3-story without basement, 
riverine 

Riverine - - 0 45 90 135 180 225 270 315 360 405 450 495 540 585 

RES1, RES3A-F Single-Family and Multi-Family 4 or more USACE Generic 
Riverine, adjusted 

4 or more stories with basement, 
riverine 

Riverine - - 0 23 45 68 90 113 135 158 180 203 225 248 270 293 

RES2 Mobile Home 1 USACE Generic 
Riverine, adjusted 

Mobile home, riverine Riverine 0 0 0 604 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 2ft with 
obstruction  

Coastal A 
or V 

0 120 360 540 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 4ft with 
obstruction  

Coastal A 
or V 

0 360 540 720 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 6ft with 
obstruction  

Coastal A 
or V 

360 540 720 720 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 8ft with 
obstruction  

Coastal A 
or V 

540 720 720 720 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 10ft with 
obstruction  

Coastal A 
or V 

720 720 720 720 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Open Elevation on Piles 12ft with 
obstruction  

Coastal A 
or V 

720 720 720 720 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Wall 3ft (includes piers and 
basements) 

Coastal A 
or V 

0 120 540 720 720 720 720 720 720 720 720 720 720 720 720 720 

RES1, RES3A-F Single-Family and Multi-Family 1 or more Expert Panel 
Coastal A or V  

Slab (includes fill) Coastal A 
or V 

0 0 0 120 360 540 720 720 720 720 720 720 720 720 720 720 

RES2 Mobile Home 1 Expert Panel 
Coastal A or V  

Manufactured Home Coastal A 
or V 

0 540 720 720 720 720 720 720 720 720 720 720 720 720 720 720 

Table A-8: Residential unit displacement values. 

Building Label Occupancy Class Estimated Number of 
Households 

Unit Displacement 
Value* ($/day) 

RES1 Single-Family Dwelling 1 $275 
RES2 Mobile Home 1 $275 

RES3A Multi-Family Dwelling - Duplex 2 $550 
RES3B Multi-Family Dwelling - 3 to 4 Units 4 $1,100 
RES3C Multi-Family Dwelling - 5 to 9 Units 7 $1,925 
RES3D Multi-Family Dwelling - 10 to 19 Units 15 $4,125 
RES3E Multi-Family Dwelling - 20 to 49 Units 35 $9,695 
RES3F Multi-Family Dwelling - 50+ Units 50 $13,750 

*Residential Displacement Value Per Household estimated as follows: 
Average Household Population for Virginia Beach (2010 U.S. Census) 2.63 

Current FY2018 Average Lodging Rate for Virginia Beach, VA ($/night) $119 
Current FY2018 Per Diem Rate for Virginia Beach, VA ($/person/day) $59 

Average Household Population Displacement (rounded) 3 
Adjusted cost per person to eat meals at home ($/person/day) $7 

Residential Displacement Value per household ($/day) $275 
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Table A-9: Non-residential loss of function depth damage functions used outside Hazus. 

Building 
Label Occupancy Class Number of 

Floors 
Disruption 

Costs ($/SF) 
Rental Costs 

($/SF/Month) 
LOSS OF FUNCTION DDFs – Non-Residential Disruption Times in Months Based on Depth Above Grade* 

-2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

AGR1 Agriculture 1 or more $0.68 $0.68 - - 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
COM1 Retail Trade 1 or more $1.09 $1.16 - - 16.0 16.0 16.0 16.0 16.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 31.0 
COM2 Wholesale Trade 1 or more $0.95 $0.48 - - 16.0 16.0 16.0 16.0 16.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 31.0 
COM3 Personal and Repair Services 1 or more $0.95 $1.36 - - 10.5 10.5 10.5 10.5 10.5 13.5 13.5 13.5 13.5 21.0 21.0 21.0 21.0 21.0 
COM4 Business/Professional/Technical 

Services 
1 or more $0.95 $1.36 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 

COM5 Depository Institutions 1 or more $0.95 $1.70 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 
COM6 Hospital 1 or more $1.36 $1.36 18.0 18.0 24.0 24.0 24.0 24.0 24.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 
COM7 Medical Office/Clinic 1 or more $1.36 $1.36 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 
COM8 Entertainment & Recreation 1 or more N/A $1.70 - - 16.0 16.0 16.0 16.0 16.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 31.0 
COM9 Theaters 1 or more N/A $1.70 - - 16.0 16.0 16.0 16.0 16.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 31.0 

COM10 Garage/parking 1 or more N/A $0.34 - - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
GOV1 General Services 1 or more $0.95 $1.36 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 
GOV2 Emergency Response 1 or more $0.95 $1.36 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 
IND1 Heavy Industrial 1 or more N/A $0.20 - - 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
IND2 Light Industrial 1 or more $0.95 $0.27 - - 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
IND6 Construction 1 or more $0.95 $0.14 - - 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
REL1 Church/Membership 

Organizations 
1 or more $0.95 $1.02 - - 16.0 16.0 16.0 16.0 16.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 31.0 

EDU1 Schools 1 or more $0.95 $1.02 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 
EDU2 Colleges 1 or more $0.95 $1.36 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 
RES4 Temporary Lodging 1 or more $0.82 $2.04 - - 12.5 12.5 12.5 12.5 12.5 16.0 16.0 16.0 16.0 18.0 18.0 18.0 18.0 21.0 
RES5 Institutional Dormitory 1 or more $0.82 $0.41 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 
RES6 Nursing Home 1 or more $0.82 $0.75 - - 14.0 14.0 14.0 14.0 14.0 18.5 18.5 18.5 18.5 24.0 24.0 24.0 24.0 25.0 

*Non-Residential Displacement = (Disruption Cost x Building SF Area) + (Rental Cost x Building SF Area x Disruption Time in Months) 



 

 

 

 Individual Building and Site-Level Flood Risk Reduction Strategies  |  71  

APPENDIX B: CITYWIDE PREFERRED ALTERNATIVES AND COMPLIMENTARY STRATEGY ANALYSIS  

 

Figure B-1: Maps of City-wide coastal risk reduction preferred alternatives A1 (left) and A2 (right). 
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Figure B-2: Maps of City-wide coastal risk reduction preferred alternatives B1 (left) and B2 (right). 
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Figure B-3: Maps of City-wide coastal risk reduction preferred alternatives C1 (left) and C2 (right). 
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Figure B-4: Maps of individual residential structural elevations (left), demo/rebuilds (center) and voluntary parcel acquisitions (right) outside of City-wide coastal risk reduction preferred Alternative A1. 
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Figure B-5: Maps of individual non-residential dry floodproofing (left) and wet floodproofing (right) outside of City-wide coastal risk reduction preferred Alternative A1. 
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Figure B-6: Maps of individual residential structural elevations (left), demo/rebuilds (center) and voluntary parcel acquisitions (right) outside of City-wide coastal risk reduction preferred Alternative A2. 
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Figure B-7: Maps of individual non-residential dry floodproofing (left) and wet floodproofing (right) outside of City-wide coastal risk reduction preferred Alternative A2. 
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Figure B-8: Maps of individual residential structural elevations (left), demo/rebuilds (center) and voluntary parcel acquisitions (right) outside of City-wide coastal risk reduction preferred Alternative B1. 

 

 



 

 

 

 Individual Building and Site-Level Flood Risk Reduction Strategies  |  79  

 

Figure B-9: Maps of individual non-residential dry floodproofing (left) and wet floodproofing (right) outside of City-wide coastal risk reduction preferred Alternative B1. 
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Figure B-10: Maps of individual residential structural elevations (left), demo/rebuilds (center) and voluntary parcel acquisitions (right) outside of City-wide coastal risk reduction preferred Alternative B2. 
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Figure B-11: Maps of individual non-residential dry floodproofing (left) and wet floodproofing (right) outside of City-wide coastal risk reduction preferred Alternative B2. 
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Figure B-12: Maps of individual residential structural elevations (left), demo/rebuilds (center) and voluntary parcel acquisitions (right) outside of City-wide coastal risk reduction preferred Alternative C1. 
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Figure B-13: Maps of individual non-residential dry floodproofing (left) and wet floodproofing (right) outside of City-wide coastal risk reduction preferred Alternative C1. 
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Figure B-14: Maps of individual residential structural elevations (left), demo/rebuilds (center) and voluntary parcel acquisitions (right) outside of City-wide coastal risk reduction preferred Alternative C2. 
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Figure B-15: Maps of individual non-residential dry floodproofing (left) and wet floodproofing (right) outside of City-wide coastal risk reduction preferred Alternative C2. 
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