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SECTION 1. PROJECT BACKGROUND
The I-86 Innovation Corridor, home to a skilled workforce with a historically strong work ethic, is a scenic stretch along
New York’s Southern Tier, located between the intersection with I-099 in Erwin (in Steuben County) and the Elmira
interchange (in Chemung County). Today, the area hosts hundreds of manufacturers, large and small, many with roots
extending back over 100 years1.
Flood resilience is a key aspect to supporting the vibrant, thriving, and resilient community of the I-86 Innovation
Corridor. The Southern Tier Central Regional and Planning Development Board (STC) commissioned this report through
the Planning in Water’s Way Project to promote economic resilience to flood risks within the I-86 Innovation Corridor
in Chemung and Steuben Counties, New York. STC retained Tetra Tech, Inc. (Tetra Tech) to perform a flood and
economic analysis of the I-86 Innovation Corridor project area. This report provides an overview of the flood history of
the area, builds on recently improved flood mapping data, and summarizes Tetra Tech’s results of the flood resiliency
analysis performed in 2019.
The region has a long history of economic prosperity despite its location adjacent to the Chemung River and its
tributaries, a source of historic flooding. In many cases, alternates to the relocation or reconstruction of the existing
residential, industrial, and commercial infrastructure may not align with the goal of maintaining and improving the local
economy. As such, a variety of flood mitigation alternatives must be considered to support the continuing commerce
in the area. The primary purpose of this effort is to identify flood hazards and mitigation options for the community to
implement.
This report provides a summary of the flood vulnerability of structures and the associated impact of flood damages on
the economy using historical data to project economic impacts to the region. It provides a strategy for flood-resilient
economic development within the I-86 Innovation Corridor encompassing (1) maps showing the varying levels of flood
risk within the Corridor, (2) quantified flood loss estimates for existing development, and (3) recommendations for
flood resiliency strategies. These flood resilience data can been used to inform implementation of the projects outlined
in the I-86 Innovation Corridor Strategic Action Plan (July 2015), to support cost-effective flood mitigation activities, and
to prioritize integration of flood resilience into municipal land use regulations.
The report is organized as follows:

❖ Section 1 provides an overview of the project approach and area.
❖ Section 2 summarizes the historical flood data that provide the basis for the analysis.
❖ Section 3 includes the results of an analysis to identify areas of concern or priority target areas for
mitigation.
❖ Section 4 summarizes the economic impacts of three levels of flood inundation.
❖ Section 5 provides a summary of the economic impacts of the region including the population exposed,
structural losses, and impact to businesses in the region.

1

I-86 Innovation Corridor Strategic Action Plan, Camoin Associates, July 2015
1-1
SECTION 1

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor
July 2019

❖ Section 6 includes case studies that illustrate the cost and feasibility of various flood mitigation measures.
❖ The Appendix includes the detailed methodology and results of the vulnerability analysis.

1.1 Project Approach
A clear understanding of the location and magnitude of the impacts of flooding is necessary to alleviate the future
losses caused by flooding on the population and built infrastructure of a community. Therefore, the best available
information regarding the probability and location of flooding was assembled to provide a basis for modeling the
impacts of flood events in the planning area. STC selected three flood scenarios to estimate the range of losses that
can be incurred from potential flooding: the 10-percent chance flood event, the 1-percent chance flood event, and an
event equal in magnitude to the Hurricane Agnes flood event. These represent a frequent low-level flood event, a less
frequent higher-impact event, and the worst-case scenario.
Using data provided by STC, Tetra Tech conducted a quantitative analysis of the physical, economic, and social impacts
of flooding within the project area. The resiliency strategies provided in this report address residential, commercial,
and industrial structures. Unit price estimates for facility mitigation are presented to provide businesses and developers
a first estimate of the costs to mitigate damage that could be caused by flooding and to inspire building owners to seek
implementation funding. Of prime importance, the results of the analysis as presented are intended to be used as a
basis to develop specific mitigation strategies and recommendations to help increase the viability of existing businesses
and guide future flood-resilient development.
Tetra Tech performed a variety of tasks as part of the flood analysis of the I-86 Innovation Corridor. Tasks included (1)
developing the risk assessment methodology; (2) reviewing vulnerability model results; (3) performing a hot-spot
analysis to determine areas of potential high flood risk to the population, major businesses, and specifically to the
proposed initiatives presented in the I-86 Innovative Corridor Strategic Action Plan; (4) developing mitigation strategy
alternatives; (5) gathering stakeholder input; and (6) providing this report that summarizes study results and presents
mitigation measures for future consideration of stakeholders. During the course of this project, STC solicited input of
local officials, business, and residents through (1) a webinar presenting draft results of the analysis, and (2) a workshop
attended by a broader group of stakeholders during which the final results of the analysis and recommendations were
presented.

1.2 Project Area
The project area consists of the I-86 Innovation Corridor in Steuben and Chemung Counties, New York. This corridor
extends from the Town of Erwin in Steuben County to the City of Elmira in Chemung County, and includes the Cities of
Corning and Elmira; the Towns of Big Flats, Corning, Erwin, Horseheads, and Elmira; and the Villages of Elmira Heights,
Horseheads, Painted Post, Riverside, and South Corning. The area encompasses 25 census tracts: Chemung 1, 2, 3, 4, 5,
6, 7, 9, 10, 11, 103, 104, 105, 106, 107, 108, 109, and part of 110; Steuben 9623, 9624, 9625, 9626, 9627, 9628, and
9629. The planning area is depicted in Figure 1-1.
The area is drained by the Chemung River and its tributaries. At the upstream end of the corridor, the Tioga, Canisteo,
and Cohocton Rivers join in the Town of Erwin to form the Chemung River, which flows east through the Cities of
Corning and Elmira. Flood protection along the Tioga and Chemung Rivers is provided by the Tioga-Hammond and
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Cowanesque Dams in Pennsylvania. Additional protection of developed areas is provided by (1) the Corning area levee
system (protecting the Gang Mills area of the Town of Erwin; the Villages of Painted Post, Riverside, and South Corning;
and the City of Corning), (2) the Elmira area levee system (protecting the West Elmira area of the Town of Elmira and
the City of Elmira), and (3) the Ithaca Road levee along Newtown Creek (protecting areas in the Town and Village of
Horseheads).
Figure 1-1. I-86 Innovation Corridor Planning Area

This area is extremely vulnerable to the physical damages and economic disruptions caused by flooding, including the
potential for levee overtopping, widespread damage in low-lying areas, and flash flooding along small streams. Since
1970, Chemung County has experienced 8 presidentially declared flood disasters and Steuben County has experienced
14; at least 6 of which have impacted the project area. The region has also experienced floods and flash floods that
were locally severe but did not receive federal disaster declarations. The frequency of intense rainfall events is
increasing and expected to cause more extreme flood events and flash flooding in the future.
Much of the developable land within the economically important I-86 Innovation Corridor is prone to flooding. For this
reason, the data and information summarized in this project is presented to enable business owners, public resource
managers, and the community to both prevent future flood damage to facilities and to quickly resume operations after
1-3
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a disaster. Existing information about flood hazards has been compiled and includes digitized maps showing flood limits
for the 1972 Hurricane Agnes event (which overtopped levees and submerged parts of these communities under as
much as 8 feet of water).
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SECTION 2. FLOOD ANALYSIS
Tetra Tech performed an exposure and vulnerability analysis of the three flood scenarios: a frequent, shallow riverine
flooding event (10-percent annual chance event); a regulatory flood event (1-percent annual chance event); and the
historical 1972 Hurricane Agnes flood inundation event. Tetra Tech used the Federal Emergency Management Agency’s
(FEMA) Hazards U.S.-Multi-Hazard (HAZUS-MH) software tool to determine the magnitude of flood impacts on the
project area, including potential losses and economic impacts. STC chose these three scenarios to provide a broad
range of flood impacts to inform the economic analysis. The Hurricane Agnes event provides a worst-case scenario
flood for the innovation corridor as this was a historic event which overtopped levees and submerged parts of the
communities under 8 feet of water. STC requested the analysis be conducted using available data for the Hurricane
Agnes event to determine the current impacts a flood of that magnitude would have on the planning area if it occurred
today.
The results of the flood model support the economic analysis to quantify the existing vulnerability to flood hazards
throughout the project area. These results are summarized at the municipal and project-area level to identify areas
with the greatest vulnerability. Finally, a hot-spot analysis was conducted in ArcGIS using structural losses to identify
flood damage trends and determine the most at-risk areas.
This section summarizes data collection methods (Section 2.1) and the methodology for determining flood impacts
(Section 2.2) associated with the flood analysis.

2.1 Data Collection
STC identified project area assets to evaluate exposure and potential loss to the chosen flood scenarios. The assets
analyzed for this report include population, general building stock, critical facilities, and local businesses, and are
described below. Some assets may be more vulnerable because of their physical characteristics or socioeconomic uses.
For more detailed information regarding the project area assets and flood hazard data methodologies refer to Appendix
A.
▪

Project Area Assets
o Population: The 2010 U.S. Census block data layers were used to estimate exposure and potential
impacts to the general population. The 2010 U.S. Census demographic data available in FEMA’s HAZUSMH v4.2 model was used to estimate potential impacts to the elderly (over 65 years of age) and
populations with income below the poverty threshold (identified as populations with an income of less
than $20,000 per year).
o General Building Stock: A custom general building stock was generated regionwide to estimate
exposure and update the default general building stock in HAZUS-MH v4.2 to assess potential losses.
The building inventory was developed from the building footprint spatial layer and parcel tax assessor
information provided by STC with the assistance of both Chemung and Steuben Counties.
o Critical Facilities: The critical facility inventory, which includes essential facilities, utilities,
transportation features and user-defined facilities was updated with geographic information system
(GIS) data provided by STC. Facility types include Emergency Operation Centers, Fire Stations, Police
Stations, Schools, Hospitals, Government Buildings, and Major Employers.
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o

Businesses: Local businesses and associated economic data were obtained using ESRI’s Business
Analyst Online (BAO) tool. BAO provides detailed economic information for businesses within a
specified region. Data utilized from this tool includes industry descriptions, annual sales volume, and
number of employees. STC provided a list of major employers located within both counties that was
cross-referenced with the BAO inventory to select the locations of major employers.

Data collection for the flood hazards included the following
information:
▪

▪

▪

FLOOD TERMS

10-percent Annual Chance Flood: U.S. Army Corps
The Federal Emergency Management Agency's
of Engineers (USACE) Chemung River Flood
2
(FEMA) National Flood Insurance Program (NFIP)
Inundation Mapping – USACE generated a series
has adopted the following terminology to
of flood inundation depth grids for several gages of
describe levels of flooding.
the Chemung River between the confluence of the
Tioga and Canisteo Rivers in the Town of Erwin and
1-percent chance flood event: The regulatory, or
the Chemung River in the Borough of Athens, PA.
base flood has a 1-percent (one in 100) chance
The depth grids represent probable flood depths
of occurring in any given year. It is designated as
and extents associated with specified riverine flow
1 -percent annual chance flood and is also
rates. These data provided the inundation data for
commonly referred to as the 100-year flood
the 10-percent chance annual event scenario. The
event.
selected depth grid was imported into HAZUS-MH
v4.2 and was used to estimate losses for this
BFE: The base flood elevation (BFE) is the
scenario. The depth grid was converted into a
elevation of the 1 -percent annual chance flood.
polygon shapefile in ArcGIS v10.5.1 to be used in
the exposure analysis. It should be noted that the
10-percent chance flood event: The 10-percent
extent of these data only spans the main Chemung
annual chance flood is commonly referenced as
River reach of the planning area, most of which is
the 10-year flood event.
protected by levees. The data do not include other
SFHA: The Special Flood Hazard Area (SFHA) is
reaches and tributaries in the planning area
the regulatory floodplain or the area inundated
therefore impacts could be greater along
by flooding during the 100-year flood event.
waterways not included in the USACE project.
1-percent Annual Chance Flood: FEMA floodplain
During the time period of a standard 30-year
boundaries – FEMA Q3 floodplain boundaries were
property mortgage a property located within the
determined to be the best available data by STC for
SFHA will have a 26-percent chance of
the 1-percent annual chance event. Q3 boundaries
experiencing a 100-year flood event. During the
were used for Steuben County, and modified Q3
period of a 30-year mortgage, the chances of
boundaries were used to reflect the levees along
being hit by a 10-year flood event is 96 percent.
the Chemung River and Newton Creek in Chemung
County. A flood inundation depth grid was
generated using the Q3 boundaries, and LiDAR
elevation data were used to generate the depth grid.
1972 Hurricane Agnes or Worst-Case Flood Scenario: U.S. Geological Survey (USGS) maps – STC digitized the
USGS inundation maps for Hurricane Agnes to delineate the spatial extent of the hazard area. STC requested
the analysis be conducted using available data for the Hurricane Agnes event in 1972 to determine the current
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impacts a flood of that magnitude would have on the planning area. STC digitized the flood extents from USGS
maps of the event and provided those to Tetra Tech for the analysis. A depth grid was not available for this
scenario and was generated using a similar methodology to the 1-percent annual chance event. The digitized
boundary was used in the exposure analysis, while the depth grid was imported into HAZUS-MH v4.2. It should
be noted the extent of these data only spanned the Canisteo, Chemung, and Cohocton Rivers in the planning
area and does not account for any tributaries. The impacts could be greater along waterways in communities
not included in the USGS maps. Figure 2-1 displays the chosen flood scenario extents and the location of levees
along the I-86 Innovation Corridor. It should be noted that flood inundation extents were not available for the
entire project area for both the 10-percent annual chance flood event and the Hurricane Agnes event; flood
impacts for the communities in these unmapped areas could not be determined for these events. Figure 2-2
displays the location of levees and the project area for the USACE Chemung River flood inundation report.
Figure 2-1. Flood Scenario Extents in the I-86 Innovation Corridor
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Figure 2-2. Levee Locations in the I-86 Innovation Corridor

Note: This does not include the location of the Ithaca Road levee along Newtown Creek.

2.2 Determination of the Flood Impacts
Tetra Tech conducted an exposure analysis to determine which assets within the I-86 Innovation Corridor are in the
delineated impact area for each of the three flood scenarios. The three scenario flood inundation boundaries and
project area assets (population, general building stock, critical facilities, and BAO inventory) were used. Potential losses
for the project area assets were then estimated using FEMA HAZUS-MH v4.2 modeling software. The software can
estimate direct economic and social losses (shelter requirements and displaced populations) depending on the hazard
and available local data.
FEMA’s HAZUS-MH v4.2 modeling software uses GIS technology to estimate a
community’s direct physical damage to buildings, critical facilities, transportation
systems, and utility systems. The HAZUS tool provides estimates of the physical,
economic, and social impacts of flooding within this corridor, and then evaluates
mitigation options for existing and future development. Direct economic losses
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include the monetized potential damage to each building across all occupancy classes in the planning area (residential,
commercial, agricultural, industrial, and government buildings), transportation assets, and utilities, in addition to
indirect economic impacts including losses to inventory and employment.
Asset inventory losses are calculated at the structural level and are used to help determine the additional risk to the
project area if these facilities are compromised or not functional during and after a flood event. The estimated impact
data have been used to develop recommendations for increasing the viability of existing businesses based on
identification of feasible mitigation options, estimates of project costs, and quantified assessment of the potential
benefits. In addition, Tetra Tech identified flood vulnerable areas to consider in evaluating future development. These
results quantify the existing vulnerability to flood hazards throughout the project area. The flood analysis results are
summarized in the following sections and provide information at the municipal and project-area level to identify areas
with the highest vulnerability.
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SECTION 3. WHAT IS THE POTENTIAL LOSS?
This section summarizes potential loss estimates related to the population (Section 3.1), general building stock (Section
3.2), and flood-vulnerable population and assets (Section 3.3).
Inundation and damages due to the 10- and 1-percent annual chance flood events are located outside the leveeprotected areas following the riverine corridor. Flood Extent in the I-86 Innovation Corridor. Though inundation for the
10-percent annual chance flood event extends along the Chemung River corridor, physical impacts are only observed
in the Town of Big Flats due to a lack of development in this floodplain along the remainder of the corridor. Flood
inundation and damages due to the 1-percent are also present in tributaries of the main river corridor. These areas
include the Cohocton River corridor in the Town of Erwin, the Post Creek and Cutler Creek in the Town of Corning, the
Cutherie Run and SingSing Creek in the Town of Big Flats, and the Newtown Creek and Haldermen Creek in the Town
and Village of Horseheads, Village of Elmira Heights, and City of Elmira area. Along the Chemung River corridor, impacts
for the Hurricane Agnes event extend into levee-protected areas of the Villages of Painted Post, Riverside, and South
Corning, the Town of Erwin, and the Cities of Corning and Elmira. Outside of the levee protected areas impacts are also
seen along the Canisteo, Cohocton, and Tioga Rivers. Impacts for the 10-percent annual chance flood event and the
Hurricane Agnes event do not represent the total potential losses for the project area as there were not project area
wide datasets available for these events.

3.1 Population
Impacts of flooding on life, health, and safety depend on several factors including the severity of the event and whether
adequate warning time is provided to residents. Vulnerable populations are all populations residing or located in the
floodplain or downstream of levee failures that are incapable of escaping the area within the required timeframe to
reach safety. However, hazard exposure should not be limited to those residing within a defined hazard zone, but
everyone who may be affected by a hazard event (i.e., people are considered “at risk” if they are traveling in flooded
areas, or if their access to emergency services is compromised during an event). Flash floods can be localized events
that affect areas outside of the floodplain due to confined drainage issues and can directly impact populations and
comprise access to emergency services. The degree of that impact varies and is not strictly measurable.
Of the population exposed, the most vulnerable include the economically disadvantaged and the population over the
age of 65. Economically disadvantaged populations are more vulnerable because they are likely to evaluate their risk
and make decisions to evacuate based on net economic impacts on their families. The population over the age 65 is
also more vulnerable because they are more likely to seek or need medical attention that may not be available due to
isolation during a flood event, and they may have more difficulty evacuating.
Total numbers of injuries and casualties resulting from typical riverine flooding are generally limited based on advance
weather forecasting, blockades, and warnings. In contrast, warning time for flash flooding is limited; populations
without adequate warning of the event are highly vulnerable to this hazard. Most vulnerable includes populations
downstream of a dam failure event that cannot evacuate within the allowable timeframe. As with riverine flooding,
economically disadvantaged populations and the elderly are more vulnerable to impacts from a sudden flash flood than
the rest of the population.
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3.2 Structures/General Building Stock
Flood impacts to a structure are dependent on the nature of the floodwaters inundating the structure. Damages can
be related to the velocity of water, hydrostatic forces, or prolonged inundation. Within the floodway, structures are at
risk to impacts resulting from the velocity of water flowing through the river or stream. The flowing floodwaters can
cause structural damages and even shift structures off their foundation. Fast-moving floodwaters also have the
potential to erode stream banks and land below structures along the waterways. Damages due to hydrostatic forces
or prolonged inundation are more of a result of standing floodwaters rather than flowing floodwaters. FEMA defines
hydrostatic force as the force placed on a structure from standing water or slowly-moving water that creates a
difference in pressure between the interior and exterior of the structure. These forces have the potential to impact the
foundation, cause structural damage, or shift a structure off its foundation. Prolonged, shallow inundation can impact
structural integrity as well. In FEMA technical Bulletin 2-93, FEMA states that materials that are in “prolonged contact,”
(i.e., at least 72 hours) with floodwaters may be affected differently than those in short-term contact. These materials
can include asphalt tile, carpet, chipboard, wood flooring, gypsum board, and wood framing. Refer to FEMA Technical
Bulletin 2-93 for the impacts of prolonged inundation on each of these structural components. 2
It is important to determine the critical facilities and infrastructure within the project area that may be at risk to
flooding, and that may be impacted should damage occur. Critical services during and after a flood event may not be
available if critical facilities are directly damaged or transportation routes to access these critical facilities are impacted.
Roads that are blocked or damaged can isolate residents and can prevent access throughout the planning area to many
service providers needing to get to vulnerable populations, or to make repairs.

3.3 Flood Vulnerable Population and Assets
To understand the magnitude of flood impacts, it is important to identify the population and assets affected by the
flood hazard. The analysis of population and assets exposed to each of the three flood scenarios evaluated is provided
in the sections below. The analysis summarized in the following sections indicates areas where projects might have a
direct economic impact on the vulnerable population living in the floodplain.

FREQUENT RIVERINE FLOOD EVENTS (10-PERCENT ANNUAL CHANCE
FLOOD EVENT)
Frequent, low-depth riverine flood events—or those defined as the 10-percent annual chance floods for this analysis
(and exclusive of flash flooding events)—impact areas primarily along the Chemung River corridor in the vicinity of Big
Flats. These areas are characterized by flood depths less than 5 feet that have a 10-percent probability of occurrence
in any given year. These floods can cause repetitive damage and provide a negative economic impact from frequent
damage to structures or secondary impacts such as road closures. Figure 3-1 provides an indication of the areas and
structures affected by more frequent, shallow flooding caused by the 10-percent annual event. Detailed maps showing

2

https://www.fema.gov/media-library-data/20130726-1712-250453320/effects_of_long_and_short_duration_flooding_on_building_materials.pdf
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localized areas affected by such flooding are provided in the Appendix. This information can support the identification
of target areas for flood mitigation initiatives to reduce the magnitude of flood-related losses.
Four residential and ten non-residential structures are potentially impacted by the 10-percent annual chance flood,
with an associated total replacement cost of $7.4 million and potential flood losses of $1.4 million. This translates to
$200,000 in residential losses or, on the average, $50,000 loss per residential structure over a period of 10 years. For
non-residential structures, losses are estimated at $1.2 million, or approximately $120,000 in estimated damages per
structure over a period of 10 years. In addition, one critical facility (a site containing hazardous materials) is exposed in
the Town of Corning.
Figure 3-1. 10-Percent Annual Chance Event Flood Event Exposure
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FLOOD IMPACTS IN THE SFHA (1-PERCENT ANNUAL CHANCE FLOOD
EVENT)
A 1-percent annual chance flood event within the special flood hazard area (SFHA) in the I-86 Innovation Corridor would
affect a population of 3,731 located in the floodplain and 1,919 buildings. The population exposed represents 4.2
percent of the population in the project area and buildings within the SFHA comprise 5.5 percent of the total number
of structures in the project area, with a total replacement cost value (of buildings and contents) of over $1.9 billion.
Based on this analysis, the Village of Elmira Heights, the Town of Corning, and the Village of South Corning have the
highest potential flood exposure with a total estimated percent building stock of over 25 percent (Village of Elmira
Heights) and 19 percent (Town of Corning and the Village of South Corning) exposed in a 1-percent annual chance flood.
Potential losses associated with these structures, including structure and contents replacement cost value, represent 1
percent of the building stock value in the project area. Losses are estimated at over $250 million or approximately 1
percent of the total replacement cost value of all structures in the project area. In addition, displaced population due
to this flood scenario is estimated at approximately 4,900 persons, of which over 300 may need short-term sheltering
in case of an evacuation. Figure 3-2 shows the 1-percent annual chance flood event population exposure, and Figure
3-3 shows the 1-percent annual chance flood event municipal-level exposure and impacts. As displayed in Figure 3-3,
estimated losses are less than the total replacement cost value of exposed structures. This difference is because while
an exposure analysis defines what is in or out of a hazard area, potential losses represent the estimated damages from
HAZUS-MH in which losses are a factor of flood depth and physical building characteristics and represent the cost of
damages to the structure and contents replacement cost values for the project area’s building stock.
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Figure 3-2. 1-Percent Annual Chance Flood Event Population Exposure
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Figure 3-3. 1-Percent Chance Flood Event Exposure and Impacts (Municipal Level)
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The SFHA includes a number of critical facilities exposed to the 1-percent flood event, as summarized in Figure 3-4. To
ensure flood resilience, these facilities must be evaluated to determine the level of protection needed to withstand at
least a 0.2-percent chance flood, in accordance with New York State Division of Homeland Security and Emergency
Services Hazard Mitigation Standards3

3

New York State Hazard Mitigation Standards, New York State Department of Homeland Security and Emergency Services,
2017
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Figure 3-4. Critical Facility Exposure – 1-Percent Chance Flood Event
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PRESENT-DAY IMPACT OF A HURRICANE AGNES EVENT
A flood event comparable to Hurricane Agnes, which devastated an area within in the I-86 Innovation Corridor in 1972,
would affect a population of 27,092 located in the present-day Hurricane Agnes floodplain. In addition, 9,686 buildings
or about 27.7 percent of the total number of structures would be affected in the project area, with a total replacement
cost value of the buildings and contents of over $7.2 billion exposed. This represents 30.5 percent of the project area
total population, and 30.5 percent of the building stock in the project area. Based on this analysis, the Village of
Riverside, the City of Corning, the Village of South Corning, and the City of Elmira have the highest potential flood
exposure with a total estimated percent building stock, respectively, of 100 percent (Village of Riverside), 68.5 percent
(City of Corning), 58.7 (Village of South Corning), and 53.2 percent (City of Elmira) exposed to a present-day Hurricane
Agnes flood.
Total losses are estimated at over $2 billion or approximately 8.7 percent of the total replacement cost value of all
structures in the project area. In addition, estimated displaced population due to this flood scenario comprises
approximately 28,000 persons, of which approximately 2,500 may need short-term sheltering. Similarly, for the 1percent annual chance flood event, estimated losses are less than the total replacement cost value of exposed
structures.
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Figure 3-5 shows the estimated population exposed to flooding by a present-day Hurricane Agnes (historically, Agnes
affected a broader area as the waters breached the protective levees). Figure 3-6 provides a summary of the projected
assets exposed and damaged by a present-day Hurricane Agnes magnitude event.
Figure 3-5. Hurricane Agnes Event Population Exposure
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Figure 3-6. Present-Day Agnes Flood Event Exposure and Impacts (Municipal Level)
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Note: * Zero exposure does not indicate no risk; flood boundaries were not available for these communities.

The present-day Hurricane Agnes floodplain includes a number of critical facilities that would be exposed to a presentday Hurricane Agnes flood event, as summarized in Figure 3-7. To ensure flood resilience, these facilities must be
evaluated to determine the level of protection to withstand at least a 0.2-percent chance flood.
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Figure 3-7. Critical Facility Flood Exposure – Present-Day Hurricane Agnes Event
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SUMMARY OF FLOOD IMPACTS FOR THE LESS FREQUENT AND WORSTCASE SCENARIO EVENTS
To provide context of the relative magnitude of the flood events analyzed, the below tables provide a comparison of
the flood impacts for the chosen scenarios. Table 3-1 displays the estimated population impacts for the three chosen
flood scenarios.
Table 3-1. Estimated Flood Population Exposed, Displaced, and in Need of Sheltering for Three Flood Events
of Varied Depths
Flood Vulnerable
Population*
Residential Population
Exposed
% Total Population
Number Displaced Persons
Persons Requiring Shelter

10-Percent Annual Chance
Flood Event

1-Percent Annual Chance
Flood Event

Present Day Hurricane
Agnes Event

8

3,731

27,092

<1%
177
2

4.2
3,784
172

30.5%
27,983
2,496

* Hazus-MH flood model estimates the number of displaced persons and persons requiring shelter at the census block level, while the exposure analysis
on population is conducted at the structural level. Additionally, HAZUS-MH estimates displaced person and persons requiring shelter based on the level
of inundation present in a given census block and assumes local authorities will direct all residents of a block to evacuate, which can lead to differences
in exposure versus HAZUS-MH estimate population impacts.

The relative larger magnitude of the number of displaced persons for the flood events reflects the availability of data
for the Hazus-MH analysis. While these numbers can be larger than the estimated exposure, they can account for
populations displaced due to road closures and the inability to travel to and from their homes.
Table 3-2. Estimated Losses for Three Flood Events of Varied Depths
Flood Vulnerable Structures
Number of Structures in Flood
Hazard Area
% Total Structures in Flood
Hazard Area
Replacement Cost Value of
Structures in Flood Hazard Area
Percent Replacement Cost Value
in Flood Hazard Area
Estimated Cost of Structure Loss
Estimated % Loss of Total
Replacement Cost Value

10-Percent Annual
Chance Flood Event

1-Percent Annual Chance
Flood Event

Present Day Hurricane
Agnes Event

14

1,919

9,686

<1%

5.5%

27.7%

$7.4 million

$1.9 billion

$7.2 billion

<1%

8.2%

30.5%

1.4 million

$253 million

$2.1 billion

<1%

1.1%

8.7%

SECTION 4. SUMMARY OF FLOOD IMPACTS
To leverage the results of the flood analysis, areas of concern were first identified using a probabilistic approach to
determine flood damage trends in the entire project area. In addition, areas that have been targeted for development
in the I-86 Innovation Corridor have been reviewed to provide recommendations to reduce the potential for negative
economic effects of future flooding. This section summarizes the analyses performed for hot spots (Section 4.1) and
proposed development sites (Section 4.2) within the I-86 Innovation Corridor.
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4.1 Hot Spot Analysis
Tetra Tech performed the hot-spot analysis in ArcMap v10.5.1 on the structural impacts of the project area. The analysis
provides a basis to determine flood damage trends, refine the identification of the highest-risk areas, and develop flood
mitigation recommendations. The following are general mitigation strategies identified based on the subsequent hotspot analyses.
•

Wet and Dry Flood-Proofing
–

•

Clusters of non-residential structures with less than 4 feet of water were used to identify target areas
for wet and dry flood-proofing. The Point Density tool in ArcMap v10.5.1 was used to delineate areas
where there is a high density of these structures (displayed in Figure 4-1). Flood depths are based on
the FEMA Base Flood Elevation. These high-density areas offer an opportunity for targeted outreach
to property owners, as well as identify areas for block-wide deployable flood barriers to mitigate
impacts from shallow flooding.

Structural Elevation/Utility Elevation
–

Residential structures with greater than 30 percent structural damage were used to identify target
areas for structural or utility elevation. The Cluster and Outlier tool in ArcMap v10.5.1 was used to
delineate areas with a high density of these structures (displayed in Figure 4-2). The analysis shows at
the structural level the residences that are in a statistically significant hot spot. This information
provides an opportunity for targeted outreach to property owners vulnerable to greater than 30
percent structural damage due to the regulatory flood.
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Figure 4-1. Wet and Dry Flood-Proofing Targets
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Figure 4-2. Structural Elevation/Utility Elevation Targets
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4.2 I-86 Innovation Corridor Proposed Development Sites
In 2015, the twelve communities that comprise the I-86 Innovation Corridor participated in the development of the I86 Innovation Corridor Strategic Action Plan. This plan was designed to accelerate public and private investment, create
job
opportunities,
advance
regional
competitiveness, and create the magnetism to
“The I-86 Innovation Corridor is recognized as
draw and keep young, skilled workforce
4
a destination business development location,
participants . The plan identified four sectors
distinguished by its concentration of multito support innovation including Anchor
national anchor companies, advanced
Institutions,
Entrepreneurs
and
infrastructure to support innovation and
Entrepreneurial Support Institutions, Larger
technology, rich educational and research
Companies, and Physical Infrastructure.
resources, specialized and skilled workforce
and vibrant communities.” 4.
The Action Plan identifies seven potential
development locations to support economic
growth, as shown in Figure 4-3. Four of these
target areas are located outside of the identified flood hazard areas and are good locations for flood resilient
development. However, three of the proposed development locations include flood vulnerable areas.
Potential flood impacts to identified development in the analyzed flood hazard areas are provided in the sections below
to inform future development and investments in the vulnerable areas. Specific information regarding the flood
vulnerable areas is provided in the following sections with recommendations to reduce or eliminate future flood
impacts in the three areas of concern.

4

I-86 Innovation Corridor Strategic Action Plan, Camoin Associates, July 2015
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Figure 4-3. Proposed Development - I-86 Innovation Corridor: Strategic Action Plan

PROPOSED DEVELOPMENT IN AREAS OF CONCERN
4.2.1.1

C O RN I N G H O S PI T AL A RE A

The Corning Hospital area includes five potential locations for new development, as shown in Figure 4-4. As indicated
on the Strategic Action Plan, this area can support five areas of development; however, each proposed area either
includes or is adjacent to an identified flood-prone area and is subject to potential damages caused by a 1-percent
annual chance flood event. Identifying compatible uses and local government expectations for flood-resilient site design
will ensure appropriate development in these areas (with consideration to flood vulnerability). Use and design criteria
should be established to avoid exacerbating primary and secondary flood impacts such as public safety, interruption of
critical services, and continuity of operations.
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Figure 4-4. Corning Hospital Area Proposed Development

4.2.1.2

A I R P O R T P AR K A RE A

The Airport Park Area includes six areas of proposed development. Of the six areas indicated on the Strategic Action
Plan, four include or are adjacent to an identified flood-prone area and subject to potential damages due to a 1-percent
annual chance flood event. Figure 4-5. Airport Park Proposed Development, indicates the six areas of proposed
development. Areas depicted with green boundaries are outside the mapped the 1-percent annual chance floodplain
and are preferred areas for development. However, the remaining four areas delineated by red boundaries pose
concerns because of their location in or adjacent to known flood hazards. As such, development in each of these areas
must be reviewed to ensure compatible uses with flood vulnerability in terms of use or design criteria to avoid
exacerbating primary and secondary flood impacts such as public safety, interruption of critical services, and continuity
of operations.
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Figure 4-5. Airport Park Proposed Development

4.2.1.3

T H E C E N TE R
R O AD A RE A

AT

H O RS E H E AD S R E D E VE L O PM E N T & H O RS E HE AD S C O N N E C T O R

The Center at Horseheads Redevelopment & Horseheads Connector Road Area includes one area of proposed
development, as well as the construction of a connector road and bridge over Newtown Creek. The proposed
development poses minimal issues, though the area is adjacent to the identified flood vulnerable area. Development
in this area must be reviewed to ensure compatible uses with the flood vulnerability in terms of use or design criteria
to avoid exacerbating primary and secondary flood impacts such as public safety, interruption of critical services, and
continuity of operations. Figure 4-6 shows the area of proposed development, as well as the construction of a
connector road and bridge over Newtown Creek.
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Figure 4-6. The Center at Horseheads Redevelopment & Horseheads Connector Road
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SECTION 5. ECONOMIC IMPACTS
Businesses as well as the population are impacted by all levels of
flood events. As noted in Section 4 of this report, a substantial
number of non-residential, commercial, or industrial structures are
exposed to and impacted from the flood hazard events modelled
according to the flood vulnerability analysis. The significance of these
impacts is not measured solely by the damage incurred in each flood
event, but by the interruption of business, lost revenue, and lost
wages caused by temporary and permanent business closures.
Industry data indicates that many of the businesses impacted by a
natural disaster are unable to re-open and continue operations after
the event, as displayed in Table 5-.
Similarly, the Insurance Institute for Business & Home Safety reports
that each year disasters such as floods, hurricanes, tornadoes, and
wildfires force thousands of businesses to close. Their research shows
at least 25 percent of the businesses that close following events such
as these do not reopen and that many that do reopen struggle to stay
in business.

“Each year disasters such as floods,
hurricanes, tornadoes, and
wildfires force thousands of
businesses to close. But even more
common events, such as building
fires, cause the same result. Our
research shows at least 25 percent
of those businesses that close
following events such as these do
not reopen. Many that do struggle
to stay in business.”
Source: Insurance Institute for Business
& Home Safety 2007

For the purposes of this economic analysis, a value of 25 percent was used to estimate the impact of business closures
following a major flood event.
Table 5-1. Failure Rates of Businesses Impacted by Natural Disasters
NATURAL DISASTER IMPACT
IMMEDIATE
40%
Of small businesses will not reopen

ONE YEAR LATER
25%
More small businesses will close

THREE YEARS LATER
75%
Of businesses without a continuity plan
will fail

Source: Ready Business: Inland Flooding Toolkit, www.ready.gov

The following sections summarize impacts to the I-86 Innovation Corridor during frequent (10-percent annual chance)
and regulatory (1-percent annual chance) flood events (Sections 5.1 and 5.2), present-day impacts from a Hurricane
Agnes event (Section 5.3), as well as additional considerations (Section 5.4).

5.1 Frequent Riverine Flood Impacts (10-Percent Annual Chance Flood
Event) Exposure
For the frequent riverine flood event (exclusive of flash flood events), impacts would primarily affect areas along the
Chemung River in Big Flats. This analysis identified 4 residential and 10 non-residential structures in areas exposed to a
10% annual chance flood event. Because of the potential for repeated flooding, it is imperative that these homes and
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businesses have resiliency strategies that enable them to withstand and recover from floods. They might consider
relocating to higher ground. Businesses should have continuity of operations plans.
However, the nature and frequency of this type of event would significantly affect more than the small, localized
segment of the project area, as road closures and infrastructure failures could temporarily interrupt transportation
corridors or burden residential and non-residential property owners with addressing damages caused by the flood
events. In the Town of Big Flats, portions of State Route 352 are inundated by the flood event and could interrupt travel
throughout parts of the Town. This may not be the only transportation impact seen for this flood event, as there may
be additional transportation routes impacted in unmapped corridors of the project area. In addition, at least one critical
facility containing hazardous materials storage (in the Town of Corning) could be affected by flooding, potentially
causing secondary impacts such as loss of commerce or hazardous materials contamination in the area.

5.2 Regulatory Flood Impacts (1-Percent Annual Chance Flood Event)
The impacts of a 1-percent annual chance flood event affect more than the life safety of the population and damages
to structures in the mapped flood-prone areas. Economic impacts cascade to negatively affect employees through lost
wages and businesses through lost revenue, impinging on the overall economy of the project area. Approximately 124
businesses in the project area could be flooded by the 1-percent annual chance event. These businesses employ an
estimated 1,352 people and have annual revenues of $333 million. If 25% of these businesses are unable to re-open
following a flood, the corridor could permanently lose 32 businesses. Figure 5-1 below shows the number of affected
employees, businesses and the total revenue of exposed businesses as a result of a 1-percent chance flood event.
Potential permanent business closures are indicated in parentheses. Figure 5-2 indicates the location of major
employers that are vulnerable to significant flood events (the 1-percent annual chance flood event).
Figure 5-1. Economic Exposure to the 1-Percent Annual Chance Flood Event

Note: The number in parenthesis represents 25% of the total businesses that could potentially close following a hazard event.
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Figure 5-2. Major Employer Exposure – 1-Percent Chance Flood Event

5.3 Present-Day Impact of a Hurricane Agnes Event
Tetra Tech performed an economic analysis of the present-day impact of a Hurricane Agnes magnitude event. The
results provide a context for the potential business interruption and cascading economic impacts of the worst-case
scenario flood. As demonstrated for the 1-percent annual flood event, the life safety of the population and damages
to structures in the mapped flood-prone areas are not the only factors affected by a worst-case scenario storm such as
Hurricane Agnes. Negative impacts cascade to affect employees from lost wages and businesses from lost revenue,
impacting the overall economy of the project area. For a present-day storm of the magnitude of Hurricane Agnes,
approximately 909 businesses are estimated to be affected by flood events in the project area. Approximately 25
percent of these businesses are estimated to close as a result of the flood event, totally an estimated 228 closed
businesses. Figure 5-3 below shows the number of affected employees, businesses, and total revenue of exposed
businesses as a result of a present-day Hurricane Agnes magnitude flood event.
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The vast scale of economic impacts for this scenario reflect a major disaster with long-term consequences. The total
revenue of exposed businesses is nearly double that of the 1-percent annual chance storm, while the number of
affected employees increases by a factor of six. The impact on employees is more pronounced in Steuben County with
impacts to employees 25 times that experienced in the 1-percent annual chance event.
Based on documented data regarding the length and type of business closures, Tetra Tech calculated the potential lost
revenue as the result of a present-day Hurricane Agnes magnitude flood event using data from the ESRI Business Analyst
tool. Business types were aligned with those in the Rebuilding After Agnes5 report, and the documented lengths of
business closures provided a basis for calculation of low/high-bound values. The results indicate that a similar
magnitude present-day storm would produce a loss of revenue in the following ranges for the business sectors noted
in Figure 5-4. Note, these values only represent an estimated loss of revenue and do not include additional impacts
after businesses re-open, including repairs or replacing lost inventory, as well as reduced future revenues.
▪
▪
▪

Chemung - $21.8 million to $219.6 million
Steuben - $21.6 million to $199.5 million
Planning Area - $43.3 million to $419.0 million

Figure 5-5 indicates the location of major employers that are vulnerable to present-day Hurricane Agnes flood event.
Figure 5-3. Economic Exposure to Hurricane Agnes Flood Event

Note: The number in parenthesis represents 25% of the total businesses that could potentially close following a hazard event.

5

Rebuilding After Agnes, The Chemung Historical Journal, December, 1972
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Figure 5-4. Hurricane Agnes Present-Day Flood Event Calculated Revenue Losses during Flood Recovery
Automobile
(2 weeks to 4 months)

$10,864,875
$5,989,617
$1,114,360

Bank
(1 to 3 months)

$13,125,000
$8,749,991
$4,374,983

Commercial
(2 weeks to 6 months)
Government
(1.5 weeks to 2.5 months)
Industrial
(2 weeks to 1.5 months)
Utilities
(3 to 4 weeks)

$196,729,407

$28,104,514

$365,354,300

$4,146,667
$2,360,409
$574,151
$23,628,375
$15,449,366
$7,270,356
$1,895,591
$1,895,625
$1,895,659

Total Lost Revenue (High End Estimate)

Total Lost Revenue (Average)

5-5
SECTION 5

Total Lost Revenue (Low End Estimate)

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor
July 2019

Figure 5-5. Major Employer Exposure – Present-Day Hurricane Agnes Event

5.4 Additional Considerations
Insurance coverage provided by the National Flood Insurance Program (NFIP), administered by FEMA through the
Insurance Services Organization (ISO), can reduce the impact of flooding on private and public structures. NFIP mitigates
impact by providing insurance to property owners, renters, and businesses and by encouraging communities to adopt
and enforce floodplain management regulations. These efforts help mitigate the effects of flooding on new and
improved structures and overall, reduces the socio-economic impact of disasters by promoting the purchase and
retention of general risk insurance and, specifically, flood insurance. NFIP allows homeowners, business owners, and
renters, in communities that participate in the program to buy federally backed flood insurance, which offers help with
costs to repair flood damage to buildings and contents. The U.S. Congress established the NFIP with the passage of the
National Flood Insurance Act of 1968 (FEMA’s 2002 NFIP: Program Description).
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To quantify the magnitude of protected assets in the project area, a summary of NFIP-insured properties is provided in
Table 5-2 the data indicate that only 20 percent of structures in the regulated floodplain are insured against flood
damage, covering property values of approximately $2 billion at a cost of about $59 million. Table 5-3 indicates that a
significant amount of property is also covered outside of the floodplain—approximately 1 percent of the total structures
valued at approximately $12 billion at a cost of about $76 million.
The magnitude of the insurance-in-force is significant as is the number of structures uninsured and may indicate the
necessity for addressing the cost of insurance as well as informing property owners in the project area on ways to
reduce flood vulnerability, associated potential damages, and the associated cost of insurance. Figure 5-6 provides an
overview of the potential to reduce the cost of insuring flood-prone structures, while increasing flood resiliency.
Figure 5-6. Building Above the Base Flood Elevation Can Save You Money Over Time

Source: Build Back Safer and Stronger Fact Sheet, FEMA 2018
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Table 5-2. What is Insured Inside of the 1-Percent Flood Area? (NFIP Policies)
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Table 5-3. What is Insured Outside of the 1-Percent Flood Area? (NFIP Policies)
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SECTION 6. FLOOD MITIGATION RECOMMENDATIONS
Developing recommendations for mitigation actions within the I-86 Innovation Corridor requires an understanding of
the assets subject to flood damages, the potential extent of damages, and the magnitude of the costs. These costs
encompass not only structural damages, but the impact of the event on the health and welfare of residents, business
owners, and the overall economy.
This section will provide an overview of flood mitigation alternatives that may be considered to eliminate or reduce
flood impacts on structures within the Corridor. Specifically, this section addresses the cost-effectiveness of mitigation
(Section 6.1), mitigation options (Section 6.2), relative cost of mitigation (Section 6.3), and recommendations (Section
6.4).
Factors considered in the selection of mitigation measures include the following:
➢
➢
➢
➢
➢
➢
➢
➢

What is the feasibility of relocating a structure? Is the location critical to the use it provides?
Is the structure a candidate for structural elevation?
Is this a residential or commercial structure?
What is the flood warning time?
What is the potential depth of flooding?
To what depth is flood protection desired?
Is there staff to deploy active flood-proofing measures?
How does flood mitigation affect access to the structure?

The answers to these questions will provide a basis for the selection of recommended alternatives and how best to
protect increase the economic resilience of the planning area.

6.1 Cost-Effectiveness of Mitigation
The I-86 Innovation Corridor project area is subject to riverine flooding, and cost-effective mitigation measures are an
important part of the quest to achieve economic resiliency. The effectiveness of mitigation projects has been
substantiated by a recent study by the National Institute of Building Sciences Institute, Multihazard Mitigation Council,
which undertook an effort in 2017 to develop an updated and
expanded look at the benefits of hazard mitigation. This 2017
Interim Report examines the value of many kinds of natural
EVERY $1 THAT FEDERAL
hazard mitigation efforts at the national level. The report
AGENCIES HAVE INVESTED IN
concludes that although natural hazards present significant
risks to many communities across the United States,
RIVERINE FLOOD MITIGATION
government entities, building owners, developers, tenants,
SAVED $7
and others can take several measures to reduce the impacts
SOURCE: “THE NATURAL HAZARD MITIGATION SAVES: 2017
of such events. These mitigation measures can result in
INTERIM REPORT,” NATIONAL INSTITUTE OF BUILDING
SCIENCES (NIBS)
significant savings in terms of safety and preventing property
loss and disruption of day-to-day life. Specifically, regarding
flood mitigation, the report finds that every dollar that
federal agencies have invested in riverine flood mitigation saved $7 in damage costs. The 2017 Study provides an
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updated examination of the benefits of federal agency grant programs. It utilizes a more-realistic economic life span
for buildings (75 versus 50 years) and takes advantage of a more-advanced HAZUS-MH flood model and improvements
in FEMA’s Benefit-Cost Analysis Tool, which, among other things, allows quantification of the benefit associated with
enhanced service to the community provided by fire stations, hospitals, and other public-sector facilities.
Projects can include a wide range of mitigation measures including property acquisition, property relocation, property
elevation, flood-proofing, and stream management projects. Federally funded projects must demonstrate costeffectiveness through the Benefit-Cost Analysis Tool. Therefore, calculated project benefits much exceed project costs
and many residential and non-residential projects are found to be cost-effective.

6.2 Mitigation Options
For assets that are determined not to be candidates for elevation or relocation, there are a number of methods to
reduce flood risk to residential and commercial buildings. These options include alternate mitigation methods such as
wet and dry floodproofing.

PROPERTY PROTECTION
STC has developed a series of floodproofing information sheets with basic information about different floodproofing
techniques and how to evaluate the options:
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

Floodproofing Info #1: What is Floodproofing? provides an overview of options for protecting floodprone property.
Floodproofing Info #2: Elevating a Structure provides information on the costs and issues related to raising building
in place.
Floodproofing Info #3: Relocating a Structure offers information on the costs and issues related to relocating an
existing structure away from a floodprone location.
Floodproofing Info #4: Dry Floodproofing includes guidance on sealing the exterior of a building to prevent the entry
of flood waters.
Floodproofing Info #5: Wet Floodproofing provides information on variety of techniques that allow a structure to
flood inside, but that reduce the resulting damage to the building and its contents.
Floodproofing Info #6: Levees and Floodwalls offers guidance on the use of barriers to hold back floodwaters.
Floodproofing Info #7: Selecting Floodproofing Techniques - Regulatory Considerations provides an overview of
floodplain management terms and restrictions for floodproofing options in regulatory floodplains.
Floodproofing Info #8: Selecting Floodproofing Techniques - Assessing Flood Risk reviews the resources used to
identify risk to structures located in a floodplain.
Floodproofing Info #9: Selecting Floodproofing Techniques - Technical Considerations provides information
regarding the effectiveness and cost of floodproofing alternatives based on the attributes and location of a building.
Floodproofing Info #10: Selecting Floodproofing Techniques - Financial Considerations provides general guidance
for evaluating floodproofing options.

These resources are available on the STC website at http://www.stcplanning.org/index.asp?pageId=107 .
FEMA has published numerous manuals that help a property owner determine which property protection measures
are appropriate for particular situations. The following measures are generally performed by property owners or their
agents:
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▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

FEMA 259, Engineering Principles and Practices of Retrofitting Floodprone Residential Structures
FEMA 312, Homeowner’s Guide to Retrofitting: Six Ways to Protect Your House from Flooding
FEMA 551, Selecting Appropriate Mitigation Measures for Floodprone Structures
FEMA 348, Protecting Building Utilities from Flood Damage
FEMA 511, Reducing Damage from Localized Flooding
FEMA 102, Floodproofing Non-Residential Structures
FEMA 84, Answers to Questions about the NFIP
FEMA 54, Elevated Residential Structures Book
FEMA 268, Protecting Floodplain Resources: A Guidebook for Communities
FEMA 347, Above the Flood: Elevating Your Floodprone House
FEMA 85, Protecting Manufactured Homes from Floods and Other Hazards
FEMA P-1037: Reducing Flood Risk to Residential Buildings That Cannot Be Elevated

The manuals listed above are available for review at FEMA’s website. The primary methods of property protection
considered for the I-86 Innovation Corridor are listed below:
▪
▪
▪
▪
▪
▪

Demolition/relocation
Elevation (structure or damage prone components such as furnace or air conditioning unit)
Dry flood-proof (to prevent water from get in)
Wet flood-proof portions of the building (to prevent water from causing damage)
Direct drainage away from the building
Drainage maintenance

ACQUISITION
One of the most effective approaches to preventing further flood damage to a building is acquisition and relocation or
clearing of the structure. The property (sans structure) would then serve as open space or recreation area. Property
owners retain the right to select this as a mitigation method. They may sell their property to a government agency or
an agency dedicated to the preservation and management of local open space. The property owner can also relocate
the building to another property. Alternatively, the building can be moved to another area of the same property, if that
location is outside the flood hazard area. The property owner can also take advantage of federal funding for such
mitigation efforts if the local government sponsors the application.

STRUCTURAL ELEVATION
Sometimes dry or wet flood-proofing are not adequate to provide effective flood mitigation, and greater measures
must be taken. For example, if the floodwaters are too high for dry flood-proofing and the inhabited area is too low for
wet flood-proofing, it may be necessary to raise the structure. Whenever the floor of a home is below the 100-year
flood elevation, physically elevating the structure is often recommended as it is one of the most effective means to
prevent flood damage. Financial assistance may be available for flood-proofing.

DRY FLOOD-PROOFING
Dry flood-proofing consists of completely sealing around the exterior of the building so that water cannot enter the
building (illustrated in Figure 6-1). Dry flood-proofing is not a good option for areas where floodwater is deep or flows
quickly. The hydrostatic pressure and/or hydrodynamic force can structurally damage the building by causing the walls
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to collapse or the entire structure to float. For buildings that are structurally able to withstand these pressures and are
located in areas that have minimal velocity and low depth, dry flood-proofing can be a good option.
Figure 6-1. Dry Flood-Proofing Example

Source: FEMA P-312, June 30, 2014

Many flood hazards can be mitigated with various forms of dry flood-proofing. Properties that do not have adequate
protection of their low opening (window or basement door) can effectively raise the low-opening height with a window
well or a flood gate. In a home that is dry floodproofed, all
openings below the design flood elevation should be sealed.
Flooding can inundate and overload
These openings may include doors and windows as well as
sanitary sewer systems and combined
openings for water pipes, gas and electric lines, dryer vents,
sanitary/storm sewer systems. As a result,
and sump pump discharge pipes. In a home that is wet
water can flow backward through sewer
floodproofed, dry floodproofed, or protected by a levee or
lines and out through toilets or drains. The
floodwall, backflow valves must be installed on all water and
best solution to this problem is usually to
sewer lines with openings below the design flood elevation.
install a backflow valve. These valves
These valves prevent floodwaters and wastewaters from
include check valves, gate valves, and dual
backing up into your home. 6
backflow valves.7
Table 6-1 and Table 6-2 summarize the advantages and
disadvantages of dry floodproofing, and the relative cost of dry floodproofing measures, respectively.

6

Homeowner’s Guide to Retrofitting | Six Ways to Protect Your House from Flooding
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Table 6-1 Advantages and Disadvantages of Dry Floodproofing7
Advantages
➢
➢
➢
➢
➢

Disadvantages

Reduces the flood risk to the structure and contents if the
design flood level is not exceeded
May be less costly than other retrofitting measures
Does not require the extra land that may be needed for
floodwalls or reduced levees
Reduces the physical, financial, and emotional strains that
accompany flood events
• Retains the structure in its present environment and may
avoid significant changes in appearance

▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

Does not satisfy the NFIP requirement for bringing
Substantially Damaged or Improved residential structures
into compliance
Requires ongoing maintenance
Does not reduce flood insurance premiums for residential
structures
Usually requires human intervention and adequate warning
time for installation of protective measures
May not provide protection if measures fail or the flood
event exceeds the design parameters of the measure
May result in more damage than flooding if design loads
are exceeded, walls collapse, floors buckle, or the building
floats
Does not eliminate the need to evacuate during floods •
May adversely affect the appearance of the building if
shields are not aesthetically pleasing
May not reduce damage to the exterior of the building and
other property
May lead to damage of the building and its contents if the
sealant system leaks
Involves increased costs for a design professional
At times, may require invasive retrofits
• Does not minimize the potential for damage from highvelocity flood flow and wave action

Table 6-2 Relative Costs of Dry Floodproofing7
Component

Height of Dry Floodproofing
grade)1

Waterproof Membrane(above
Asphalt (two coats on foundation up to 2
feet below grade)1
Sprayed-on Cement (above grade)1
Wood Flood Shield

Relative Cost
Lowest

3 feet

Highest
Lowest

Metal Flood Shield
Highest
1Cement,

asphalt, and membrane alternative sealing methods

The NFIP only allows dry flood-proofing for residential retrofits that are not classified as a substantial improvement. A
substantial improvement is any reconstruction, rehabilitation, addition, or other improvement of a structure that costs
equals to or exceed 50 percent of the market value of the structure before the “start of construction” of the
improvement.

WET FLOOD-PROOFING
Wet flood-proofing consists of modifying uninhabited portions of a home, such as a crawlspace, garage, or unfinished
basement with flood-damage resistant materials, to allow floodwaters to enter the structure without causing damage.
Wet flood-proofing requires portions of the building to be cleared of valuable items and mechanical utilities. A key
component of wet flood-proofing is providing openings (flood vents) large enough for the water to flow through the
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structure such that the elevation of the water in the structure is equal to the elevation of the water outside of the
structure. This equilibrium of floodwater prevents hydrostatic pressure from damaging structural walls. The installation
of backflow valves on all water and sewer lines can also prevent the intrusion of sewer water and provide an additional
level of protection.

DIRECT DRAINAGE AWAY FROM THE BUILDING
In some cases, property owners can employ measures on site, such as directing shallow floodwater away from a floodprone structure. Shallow flooding can often be kept away from a structure by making simple improvements to the yard
around it. Sometimes structures are built at the bottom of a hill or in a natural drainage way or storage area, so that
water naturally flows toward them.
One solution is to regrade the yard. If water flows toward the building, a new swale or wall can direct the flow to the
street or a drainage way. Filling and grading next to the building can also direct shallow flooding away. Although water
may remain in the yard temporarily, it is kept away from the structure. When these types of drainage modifications are
made, care must be taken not to adversely affect the drainage patterns of adjacent properties. Over time, the swales
along the lot lines or in the back yard may get filled in. Property owners build fences, garages, sheds, swimming pools,
and other obstructions up to the lot line. These drainage problems can be fixed by removing the obstructions and
restoring the swales so they will carry water away from the building.

OPTIONS FOR STRUCTURES THAT CANNOT BE ELEVATED, RELOCATED,
OR ACQUIRED
As noted above, several mitigations options can be employed on structures that cannot be elevated, relocated, or
acquired. These options comprise two categories—active and passive mitigation—and should be selected based on the
type of flooding to be mitigated as well as the level of risk to be addressed. The level of risk will determine the
appropriate solution, cost, manpower requirements and lead time to deploy the mitigation measure.
Active measures require human intervention, equipment, and warning time to deploy a flood protection device. These
can be designed and installed to deploy either from (1) storage, which results in additional time to set up and increased
risk of property damage; or (2) the point of use, which results in quicker deployment and lower risk of property damage.
Examples of active mitigation devices include flood shields or panels, flood planks or stop logs, hinged barriers, and
sliding barriers.
Passive measures do not require human intervention once installed. These provide automatic deployment from point
of use and result in the lowest risk of property damage. A graphic summary of these measures is provided in Table 6-3.
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Table 6-3. Summary of Flood Protection Measures
Category

Type

Commentary

Wet Flood-Proofing

Passive

Wet Flood-Proofing

Passive

Wet Flood-Proofing

Passive

Wet Flood-Proofing

Passive

Elevated Utilities

Utility Protection

Flood Openings

Basement Infill

Dry Flood-Proofing

Deployable Flood Barriers
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Category

Type

Commentary

Dry Flood-Proofing

Active or Passive

Dry Flood-Proofing

Active

Dry Flood-Proofing

Passive

Flood Gates

Window and Door Dams

Backflow Valves

ADDITIONAL CONSIDERATIONS FOR THE SELECTION OF MITIGATION
ALTERNATIVES
Table 6-4 summarizes temporary barrier deployment considerations.
Table 6-4. Temporary Barrier Deployment Considerations
Flood Barrier Installation
Type
Foldable Barriers

Potential Positive
Impacts

Potential Negative
Impacts

-Self-deploying and
does not require
inflation by water
or air.
-Installation does
not require trained
personnel.
-Barriers are
flexible and can
cover long straight
or curved runs.
-Barriers are
extendable and
segments can be
attached together to
cover large areas.

-Additional weights
may be needed when
deployed on irregular
or rough terrains.
-Height is generally
limited to 5 feet (but
custom heights can be
manufactured if
needed).
-Depending on the
layout of the barriers,
there is a possibility for
negative impacts to
emergency vehicle
access for some streets.

Potential Positive
Economic
Considerations

Potential Negative
Economic
Considerations

-Protects a large
portion of the area from
the potential of
repeated flooding
damage and losses.

-Cost. The cost of
purchasing and
installing foldable
barriers could create a
financial hardship on
property owners or be
out of reach of some
owners who do not
have the capital
required to fully protect
their property.

6-10
FLOOD MITIGATION RECOMMENDATIONS

Planning in Water’s Way: An I-86 Innovation Corridor Flood Resiliency Analysis
July 2019
Flood Barrier Installation
-Barriers are
reusable, easy to
maintain and
repair.
Flood Panels
Customizable
design, depending
on opening
dimensions and
required depth (i.e.
100-year Base
Flood Elevation + 2
feet)
Does not obstruct
emergency vehicles
accessing adjacent
streets.

-Significant storage
space for the panels
may be required.
-Does not prevent
floodwaters from
damaging a building’s
exterior.
-Does not protect other
building openings (i.e.
vents, cracks, etc.)
Installation requires
qualified personnel or
contractor and must be
verified by a Licensed
Professional Engineer.

-Can protect a large
portion of the area from
the potential of
repeated flooding
damage and losses.
-Cost effective per unit
cost versus the cost of
foldable barriers.

-Total cost for all the
individual panels
together could exceed
the cost of foldable
barriers.

6.3 Relative Cost of Mitigation
An overview of the relative costs of mitigation measures is provided in this section in Table 6-5 and Table 6-6 as an
initial basis for selection of appropriate measures to reduce flood impacts.

Table 6-5. Relative Cost of Mitigation Measures
Mitigation Measure

Life Cycle Cost

Expected Useful Life

Design Complexity

Potential for
Reducing Flood
Damage

Wet Flood-Proofing Measures
Flood Openings

Low

15-20 Years

Low

High

Elevate building utilities

Low to Moderate

15-20 Years

Low

Moderate

Flood-proof building utilities
Flood damage-resistant
materials
Dry Flood-Proofing Measures

Low to Moderate

15-20 Years

Moderate

Limited

Moderate

10-20 Years

Moderate

Limited

Dry flood-proofing system

High

15-30 Years

High

Moderate

Floodwall with or without gates

High

50 Years

High

Moderate

Levee with and without gates

High

50-100 Years

High

Moderate

Barrier Measures

Interior Modification / Retrofit Measures
Basement Infill

Moderate to High

30-50 years

High

High

Abandon lowest floor

Moderate to High

30-50 years

High

High

Elevate lowest interior floor

Moderate to High

30-50 years

High

High

Source: FEMA P-312, June 30, 2014
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Table 6-6. Example Unit Costs of Mitigation Measures
Example Unit Costs of Mitigation Measures
Flood Barriers
Type

Height

Cost

Berm

2'-6'

$60-170/linear foota

Floodwall

2'-6'

$92-195/linear foota

3.25'-5'

$150-268/square foot

4' to 8'

$315-750/linear footb

3.5' (can
be
combined
with
more
units for
greater
height)

$3,995 per 50 foot unitg

Foldable
Barriers
Aquafence

Tiger Dam

Automatic Flood Barriers
Type

Height

Cost

FloodBreak

3'

$2,300-2,800/linear footf

SelfActivating
Flood
Barrier (UK
Based)

Up to 8'
2"

$947.60/square foot ($10,200/square meteri)

AquaFragma

Project
Specific

$464.51/square foot ($5,000/square meterh)
Dry Flood-Proofing

Type

Cost

Waterproof
Membrane/Sealing

$2.50-$3.50/square foota

Bentonite grout
(below grade - 6')

$20/square foota

Sump pump with
back-up valve

$1,710 per unitc

Plumbing check
valve

$1,060 per unitc

Flood Log - 3'

$155/square footd

PS Doors-EZ Dam
(3.5'- 4' 4")
Wood Flood
Shield

$1,000-$1,400 per unite
$117/linear footc

Sources:
aFEMA.

2007. FEMA 551 - Selecting Appropriate Mitigation Measures for Floodprone Structures. https://www.fema.gov/media-library-

data/20130726-1609-20490-5083/fema_551.pdf
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Boston Public Works Department. 2018. Climate Resilient Design Standards and Guidelines for Protection of Public Rights-ofWay.https://www.boston.gov/sites/default/files/document-file-10b

2018/section_7.0_deployable_flood_barrier_guidance.pdf
c Aerts, J. 2018. A Review of Cost Estimates for Flood Adaptation. https://www.mdpi.com/2073-4441/10/11/1646
dNational Flood Protection LLC sales representative. February 2017. https://www.floodpanel.com/flood-protection-products/floodlog-flood-barriers/
ePS Doors. 2017. https://www.psfloodbarriers.com/
fA Better City. 2015. Passive Flood Barrier Overview and Product Comparisons. https://www.abettercity.org/docsnew/2015.09.09%20Passive%20Flood%20Barrier%20Publication.pdf
gTiger

Dam System. 2013. Tiger Dam Flood Protection System.

hAquaFragma.
I

2019. https://aquafragma.com/en/node/7

Floodproofing.com. 2019. Passive Flood Barriers. https://www.floodproofing.com/passive-flood-barriers

IS MITIGATION A GOOD INVESTMENT?
Understanding the costs of mitigation helps to inform a property owner’s decision on whether or not to invest in one
of the mitigation alternatives to reduce the impact of flood events. A simple return on investment calculation can
provide insight into whether the implementation of a mitigation project will be wise investment.
For residential structures, a comparison of a simple basement infill project with a property elevation, a baseline return
on investment analysis was conducted for a typical residential structure in the planning area to provide data to provide
economic information. This analysis indicates a significantly shorter return on investment for a basement infill as
opposed to the elevation of the structure above the BFE.
As shown in Figure 6-2, basement infill has a payback period ranging from about 10 years to 25 years, with a mean value
of 15 years, depending on the cost of implementation. Payback period would also be affected by the specific flood risk
for a given property. However, additional property-specific considerations can incentivize basement infill projects to
support implementation. These considerations can include the instance when prior to basement infill, there is a need
for upgrade or replacement of utilities due to age or unsuitable performance, and which
•
•
•
•

are currently located in the basement of a structure below the BFE
which could be re-located above grade (and the BFE) if there is sufficient elevated space to accommodate those
utilities/uses,
accommodate the relocated utilities and if finished living space is above BFE, or
is a frequent occurrence and if basement flooding has damaged the current utility equipment.

This situation provides an opportunity to embark on a step-wise approach for basement infill, with the first step
consisting of the relocation of utilities.
In comparison, despite higher annual benefits, the elevation alternative has a much longer payback period due to its
higher initial cost. However, is some cases the elevation of the structure might be desirable and provide additional
benefits in case where:
•
•

the structure has been damaged, particularly if the substantial damage requirement is triggered,
if structure characteristics (such as historic value) make it desirable to maintain and preserve the building for
many years into the future, or
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•

if the location of the structure is vulnerable to flooding and is subject to frequent or severe flood damage.

Figure 6-2. Accumulated Benefits for Residential Property Mitigation Scenarios

For non-residential structures, a comparison of deployable, temporary floodproofing and dry floodproofing was
undertaken to illustrate the comparative return on investments of these mitigation options. As shown in Figure 6-3, dry
floodproofing has a payback period ranging from about 6 years to 10 years, with a mean value of 8 years, depending
on the cost of implementation. Payback period would also be affected by the specific flood risk for a given property.
Due to a higher initial cost, the deployable barrier would have a payback period between 12 and 20 years, with a mean
of 16 years. However, it is noted that the investment decision for a single property is subject to uncertainty in cost and
benefits when considered at this coarse level. In general, dry floodproofing a or the deployment of temporary flood
barriers can provide protection from damages to frequent and low level flood events. For structures with number
openings below the BFE, dry floodproofing may present an expensive and complicated process, so the feasibility of this
mitigation option must be considered on a case-by-case basis by a floodproofing professional For the deployable
floodproofing option, again, the considerations vary based on the unique aspects of the building characteristics, access
to the building, requirements for ingress and egress, availability of storage space and personnel to deploy the
equipment and flood warning time. Although this analysis did not consider the adverse effects on a business than
prolonged closures can have, or the potential insurance premium savings, floodproofing for non-residential structures
in high-risk location may yield substantial positive returns on investment.
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Figure 6-3. Accumulated Benefits for Non-Residential Property Mitigation Scenarios

As illustrated by this data, the investment decision for a single property is subject to several case-specific variables. In
general, floodproofing a typical single-family structure located in a high-risk area will yield positive returns on
investment over the long term. Whether a homeowner considers the investment worthwhile will depend upon their
tolerance for risk and judgement of an acceptable payback period. A key note, however, is that the benefits included in
this analysis do not include additional benefits such as the decrease of flood insurance premiums or the lessening of
other related costs such as potential mental stress or loss of income due to the impacts of flood events. From the
perspective of a property owner in the NFIP, an investment in floodproofing would also result in annual savings on flood
insurance premiums. FEMA-published data suggests that floodproofing could result in savings of between $2000 and
$4000 per year depending on the property.
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CASE STUDIES
6.3.2.1

R E S I D E N TI AL B AS E M E N T I N F I L L -S I N GL E S T R U C TU RE

This section provides a case study for a basement infill. This measure is recommended to address slow moving riverine
flooding with minimal debris and for areas where the base flood
elevation (BFE) is near grade. It involves filling a basement located
Base Flood Elevation: The base flood
below the BFE to grade (ground level). Sections of the basement walls
elevation (BFE) is the height to which
that remain above ground must be retrofitted with flood openings
floodwater is expected to rise during
that allow automatic entry and/or exit of floodwaters (refer to the
the base flood—the flood having a
Flood Openings section 6.3.1.2). Any basement utility systems and
one percent chance of being equaled
associated equipment must be elevated to protect utilities from
or exceeded in any given year.
damage or loss of function from flooding.
Effectiveness: Basement infill has been proven to be effective at
reducing damages to building elements and contents located below
the BFE since the lowest floor can potentially be re-located above the
BFE.

Substantial Improvement: Any
reconstruction, rehabilitation,
addition, or other improvement of a
building, the cost of which equals or
exceeds 50 percent of the market
value of the building before the start
of construction of the improvement.

Considerations: Homeowners must be careful to install and maintain
flood openings that open automatically during a flood event when
needed. Infill of basements and, if required, relocation of basement
utilities will lead to a loss of square footage and the possible loss of
livable or rentable space within the existing building, which may not
be economically feasible for some owners. However, step-wise relocation of utilities to a higher floor could be
accomplished as utilities are replaced due to age and operability. To compensate for the loss of livable or rentable space
within the existing building, additional living space above the BFE may be added in the form of an added floor or lateral
addition to make up for the loss of the basement. Unfortunately, adding the cost of the additional living space may not
be economically feasible for some homeowners and may also trigger a Substantial Improvement declaration. A
substantial improvement declaration will result in the compliance with NFIP floodplain management ordinance,
regulation, or provisions of the building code intended to reduce flood damage. 8 A secondary benefit to consider
regarding relocation of utilities for aged populations, is improved access and ability to maintain utilities while aging in
place.
Case Study Project Specifications7:
➢ Concrete and masonry wall single family two-story home with a basement located in a regulatory floodplain
where the first-floor elevation above the basement is at the mapped base flood elevation (BFE).
➢ Estimated cost range: $50,000 to $108,000 including annual maintenance7
➢ Useful life: 30 to 50 years
➢ Estimated annual reduction in NFIP flood insurance premium: $4,906

7

FEMA P-1037, Reduce Flood Risk to Residential Buildings That Cannot Be Elevated (2015); DMA Info. 2013. “Poll Urges Those
Rebuilding in Flood Zones to Fill Basements with Concrete.”
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Figure 6-4. Basement Infill (Before)

6.3.2.2

Figure 6-5. Basement Infill (After)

R E S I D E N TI AL F L O O D O PE N I N GS – S I N GL E S T R UC T U RE

This section provides a case study for installation of flood openings. This measure his measure is recommended to
address slow moving riverine flooding with minimal debris and where the BFE is near grade. It involves installing
openings in foundation and enclosure walls located below the BFE that allow automatic entry and exit of floodwaters
to prevent collapse from the pressures of standing water. In areas where expected base flood depths are high, this
flood protection technique alone may not provide protection to the BFE.
Effectiveness: Flood openings have been proven to be effective at reducing structural damage to residential buildings
caused by unequal hydrostatic pressures. Considerations: Homeowners must be careful to install and maintain
openings that open automatically during a flood event and do not require human assistance. Cost and useful life:
Installing flood openings is considered a relatively low-cost measure with an expected useful life ranging from 15 to 20
years with some limited annual maintenance costs.
Potential impact on flood insurance premiums: Installation of flood openings has the potential to increase the elevation
at which the lowest floor is rated for NFIP insurance and may therefore lower insurance premiums. Actual premium
reductions will vary on a case by case basis as individual structures are rated.8
Case Study Project Specifications7:
➢ Installing openings in foundation and enclosure walls located below the BFE that allow automatic entry and
exit of floodwaters. Installing flood openings is considered a relatively low-cost measure.
➢ Estimated cost range: $6,300 to $9,500 including annual maintenance8
➢ Useful life: 15 to 20 years with limited annual maintenance costs
➢ Estimated annual reduction in NFIP flood insurance premium: $537

6.3.2.3

A D D I S O N M I D D L E /H I G H S C HO O L P RO TE C TI O N

This section provides a case study for critical facility flood protection where elevation or relocation of the facility is not
economically feasible. This school, located near the project area, represents a facility that may not be a candidate for
elevation or relocation. A temporary, deployable floodproofing system is illustrated to illustrate a potential solution.
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Figure 6-6. Recommended Deployable Flood-Proofing Device

Figure 6-7. Addison Middle School Flood-Proofing Case Study

Case Study Project Specifications:
➢ Proposed mitigation measure: Murlac, 3’water filled barrier perimeter protection
➢ Estimated cost: $50.76 per foot
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➢ Deployment Considerations:
▪ Perimeter protection considerations:
▪ Crew size: 6 – 8 people (2, 4-person crews work best)
▪ Expected time of deployment: 6 – 8 Hours with crew of 6 - 8 should be budgeted for deployment
▪ Additional Requirements
▪ 2 to 3 trash pumps
▪ 2 leaf blowers
▪ Watertight storage containers for long terms storage on site
▪ Forklift or pallet jacks to move empty bladders out of storage containers and into place
▪ Recommendation: sump pump to be used on DRY side of water filled barrier to pump “seepage” during
flood.
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6.3.2.4

H O RS E H E AD S V I L L AG E F I RE D E P T . - D E PL O Y A BL E P RO TE C TI O N O P TI O N

This section provides a case study for the Horseheads Village Fire Department, where relocation or elevation of the
facility is not economically feasible.
Figure 6-8. Horseheads Village Fire Department Flood-Proofing Case Study

Case Study Project Specifications:
➢ Proposed mitigation measure: Muscle Wall® deployable protection system
➢ Estimated cost: $900 per unit
➢ Deployment Considerations:
▪
▪

Due to the size of the land and the various openings, the easiest form of protection would be a wraparound Muscle Wall®
At 4 feet tall, the wall will look roughly like this when deployed:
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Figure 6-10. Rendering of Proposed Flood-Proofing Deployment

Figure 6-9. Rough Perimeter Location of Flood-Proofing Device

Why choose Deployable Protection?

Figure 6-11. Suggested On-Site Storage Area

➢ Muscle Wall® is an easily deployed protection system. As
mentioned previously, it is a very simply setup and is made to
be done quickly.
➢ Setup is fast and easy, and storage is simple. The unoccupied
plot of land next to the Fire Station would be a great place to
store the wall with a simple tarp thrown over.
➢ $900 per unit, it is an affordable option for high-quality flood protection.
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6.3.2.5

P E R I M E TE R B UI L D I N G P R O TE CTI O N

This section provides a case study for a building facade, addressing entry door, storefront glass, and garage door
openings where relocation or elevation of the facility is not economically feasible. As this building has a variety of
openings to allow water entry, multiple techniques are recommended to be deployed. These techniques include manual
and automatically deployed flood doors, barriers, and panels, the selection of which depends on factors including flood
warning time, available staff to deploy the measure, and cost.
Figure 6-12. Entry Door Flood Mitigation

Case Study Project Considerations:
➢ Assuming that the windows are all above 4 feet, there is only one possible way for water to enter into the
building
➢ The service door is the only opening for water to enter the building. To stop this from happening, there are
various methods that could be used.
Table 6-7. Alternatives Matrix for Entry Door Flood-Proofing
Building Façade – Entry Door
Flood Barrier Installation
Budgetary
Cost
(excludes
delivery or
Installation)

Comments
(assume 4’-0” high water protection height and a 3’-0” wide door
with the standard manufacturer specifications.)

Option

Type

Mitigation
Product
Manufacturer

1

Flood Door

PS
Industries™

$10,000

Automatic, water tight deployment

2

Horizontal
Sliding Barrier

PS
Industries™

$7,000

Manual deployment by single person

3

HydroDefense™
Flood Plank™

PS
Industries™

$3,000

Manual deployment by stacking planks on top of one another in
between installed jambs with a mullion option for continuous widths

4

Flood Panel

Flood Risk
America

$2,500

Manual deployment; acts a s a shield and is custom-made and light
weight, along with a lifetime warranty
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Table 6-8. Alternatives Matrix for Building Façade (Garage Door)
Building Façade – Garage Door
Flood Barrier Installation

Budgetary
Cost
(excludes
delivery or
Installation)

Comments
(assume 4’-0” high water protection height and a 12’-0” wide
opening with the standard manufacturer specifications.)

Option

Type

Mitigation
Product
Manufacturer

1

HydroDefense™
Flood Plank™

PS
Industries™

$7,500 to
$8,500

Manual deployment by stacking planks on top of one another in
between installed jambs with a mullion option for continuous widths

2

Flood Panel

Flood Risk
America

$6,500

Custom-made, Manual deployment; acts a s a shield and is custommade and light weight, along with a lifetime warranty

3

Temporary
Flood Wall

Muscle Wall

$3,000

Manual deployment, easy storage

Table 6-9. Alternatives Matrix for Building Façade (Storefront Glass)
Building Façade – Storefront Glass
Flood Barrier Installation

Budgetary
Cost
(excludes
delivery or
Installation)

Comments
(assume 4’-0” high water protection height and a 25’-0” wide opening
with the standard manufacturer specifications.)

Option

Type

Mitigation
Product
Manufacturer

1

Flood
Panel

Flood Risk
America

$15,000 $18,000

Custom-made, Manual deployment; acts a s a shield and is custom-made and
light weight, along with a lifetime warranty

2

Temporary
Flood
Wall

Muscle Wall

$4,500

Manual deployment, easy storage
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6.3.2.6

N E I G H B O R H O O D A RE A -W I D E D E PL O Y A BL E F L O O D -P R O O F I N G P RO GR A M C AS E
S TU D Y

This section provides a case study for a property where elevating the buildings on site to reduce the flood risk is not
economically feasible.
Figure 6-13. Commercial and Residential Dry and Deployable Protection Option

Case Study Project Specifications:
➢ Proposed mitigation measures: Combination of deployable flood barriers and flood shields
➢ Project Considerations: Flood-proofed to the 1-Percent Chance Flood Event elevation plus 2 feet to meet NYS
requirements.
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Figure 6-14. Commercial and Residential Dry and Deployable Protection Option

Note: Yellow boundary depicts flood panels with waterproofing, while red dotted lines depict foldable barriers.

➢ Estimated cost: $2.9 million
➢ Project Useful Life: 25 years
Table 6-10. Avoided Loss Analysis for Commercial and Residential Dry and Deployable Protection Option
Recurrence Interval
2-Year
10-Year
25-Year
50-Year
100-Year

Estimated Loss ($ Assessed Value)
Current Conditions
Post-Flood-proofing
$0
$0
$1,598,026
$0
$2,631,756
$0
$5,015,103
$0
$7,335,190
$0

Note: Estimated damages includes loss to the structure and contents

➢ Estimated Benefits/Cost = 1.31 (This project is feasible.)
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6.3.2.7

C RI TI C AL F A CI L I TY P R O TE C TI O N – L O U RD E S H O S PI T AL , B I N G HA M T O N , N E W
Y O RK

This section provides a case study for a critical facility with complex and multiple areas of water entry must be protected
and where elevation of buildings and infrastructure or relocation of the facility not economically feasible. A floodwall
installed around this facility protected this critical facility from flooding during Tropical Storm Lee. The final design
included the installation of permanent concrete flood walls and 11 passive floodgates. The flood barriers provided
permanent flood protection without required human intervention or power. The flood barriers were designed to
remain hidden beneath the entryways, allowing unimpeded access to the hospital by patients, staff and visitors, during
non-flood conditions. The floodwall allowed the hospital to remain fully operational after back to back storms hit in
2011.

➢ Project included a flood wall and 11 passive floodgates
➢ Estimated Cost: ~$10,000 per linear foot

6.4 Recommendations
This report includes a summary of flood vulnerability within the project area, including population and assets exposed
and impacted by three flood scenarios to inform the stakeholders, policy makers, and investors of potential economic
impact to existing and future commerce and development.
Strategies to reduce vulnerability in the identified areas of concern are based on factors including the estimated future
damages and the ability to relocate population and assets to minimize future losses and economic disruptions. The
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mitigation strategies proposed in this report address the physical relocation, re-design, or hardening structures when
existing or future development must stay in place. The identified areas of concern identified by the Hazus analysis
provides an understanding of what assets that are subject to flood damage, the extent of damage, and the magnitude
of the costs of not only structural damages but the impact of the event on the health and welfare of residents, business
owners, and the economy to provide a basis for recommendations for mitigation actions.
Table 6-11 provides a summary of the recommendations in this report based on the type and location of assets.
Table 6-11 Recommended Mitigation Alternatives
Areas of Concern

Recommended Mitigation Alternatives

Residential Areas (Shallow Flooding)
Residential Areas (Deep Flooding)
Non-Residential Structures (Shallow Flooding)
Non-Residential Structures (Deep Flooding)

Residential Areas (Shallow Flooding)
Residential Areas (Deep Flooding)
Non-Residential Structures (Shallow Flooding)

Non-Residential Structures (Deep Flooding)

Levee Protected Areas
Elevate utilities, deployable flood barriers, window/door dams, floodproofing membrane, basement infill, backflow valve, flood vents,
drainage improvements
Structural elevation, abandon lowest floor, relocation
Dry flood-proofing, elevated utilities, flood proof utilities, deployable
flood barriers, window/door dams, basement infill, backflow valves,
flood vents, drainage improvements
Relocation, deployable flood barriers, structural elevation
Other Areas
Elevate utilities, elevate lowest interior floor, deployable flood barriers,
window/door dams, flood-proofing membrane, basement infill, backflow
valve, flood vents, drainage improvements
Structural elevation, abandon lowest floor, relocation, setback levee
Dry flood-proofing, elevated utilities, flood proof utilities, deployable
flood barriers, window/door dams, flood-proofing membrane, basement
infill, backflow valves, flood vents, elevate lowest interior floor, drainage
improvements
Relocation, deployable flood barrier, structural elevation, abandon
lowest floor

As a top priority, it is recommended to address the areas identified by the shallow flooding hot-spot analysis (Figure
4-1) as these high-density areas offer an opportunity for targeted outreach to property owners, as well as providing
potential target areas for block-wide deployable flood barriers to mitigate impacts from shallow flooding. Deployment
of the shallow flooding mitigation alternatives will provide increased resiliency to both residential and commercial
operations due to the reduction of damages, shortened recovery time, and economic impacts in the mitigated areas as
well as the community.
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APPENDIX A. METHODOLOGY
This appendix contains information and details to support information provided in Section 3 (Flood Vulnerable
Population and Assets)
A risk assessment is the process of measuring the potential loss of life, personal injury, economic and property damage
resulting from identified hazards. It allows planning personnel to address and reduce hazard impacts and emergency
management personnel to establish early response priorities by identifying potential hazards and vulnerable assets. In
order to assess the vulnerability of assets within the planning area, the following process was employed:
o
o

Exposure identification—Estimation the total number of assets in the jurisdiction that are likely to
experience a flood event if it occurs by overlaying hazard maps with the asset inventories.
Vulnerability identification and loss estimation—Assessment of the impact of flood events on the people,
property, economy, and lands of the region, including estimates of the cost of potential damage or cost
that can be avoided by mitigation.

For this project, Tetra Tech used ArcMap v10.5.1 and FEMA’s HAZUS-MH v4.2 tool to conduct the risk assessment in
the I-86 Innovation Corridor.

What is HAZUS-MH?
HAZUS-MH is a standardized model for estimating losses caused by earthquakes, known as Hazards U.S. or HAZUS. In
1997, FEMA developed this modelling tool in response to the need for more effective national-, state-, and communitylevel planning and for identification of areas that face the highest risk and potential for loss. HAZUS was expanded into
a multi-hazard methodology, HAZUS-MH, with new models for estimating potential losses from wind (hurricanes) and
flood (riverine and coastal) hazards. HAZUS-MH is a geographic information system (GIS)-based software tool that
applies engineering and scientific risk calculations, which have been developed by hazard and information technology
experts, to provide defensible damage and loss estimates. These methodologies are accepted by FEMA and provide a
consistent framework for assessing risk across a variety of hazards. The GIS framework also supports the evaluation of
hazards and assessment of inventory and loss estimates for these hazards.
HAZUS-MH uses GIS technology to produce damage reports, detailed maps and analytical reports that estimate a
community’s direct physical damage to building stock, critical facilities, transportation systems, and utility systems. To
generate this information, HAZUS-MH uses default HAZUS-MH provided data for inventory, vulnerability, and hazards.
This default data can be supplemented with local data to provide a more refined analysis. Damage reports can include
induced damage (inundation, fire, threats posed by hazardous materials and debris) and direct economic and social
losses (casualties, shelter requirements, economic impact) depending on the hazard and available local data. HAZUSMH’s open data architecture can be used to manage community GIS data in a central location. The use of this software
also promotes consistency of data output now and in the future and standardization of data collection and storage.
More information on HAZUS-MH is available at http://www.fema.gov/hazus.
In general, probabilistic analyses were performed to develop expected and estimated distribution of losses (mean
return period losses). The probabilistic model generates estimated damages and losses for specified return periods
(e.g., 100- and 500-year).
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Asset Inventories
The planning area assets were identified to assess potential exposure and loss associated with the chosen flood
scenarios. The following types of assets were assessed for this report: population, buildings, critical facilities, and local
businesses. Some assets may be more vulnerable because of their physical characteristics or socioeconomic uses.

P O P UL A TI O N
The 2010 U.S. Census block data layers were used to estimate exposure and potential impacts to the general population.
The 2010 U.S. Census demographic data available in FEMA’s HAZUS-MH v4.2 model was used to estimate potential
impacts to the elderly (over 65 years of age) and populations with income below the poverty threshold (identified as
populations with an income less than $20,000 per year).
The census blocks do not follow the boundaries of the hazard areas, possibly leading to gross overestimates or
underestimates of exposed populations from use of centroids or intersects of census blocks with these zones.
Limitations of these analyses are recognized, and thus the results are used only to provide a general estimate.
Therefore, residential buildings, as defined in the general building stock, and the 2010 U.S. Census block data were used
in conjunction to provide a more accurate exposure estimate. The average population per structure was calculated
using the total population for each census block and total number of residential buildings per census block. This
methodology provides an even distribution of the census block population to all residential buildings. Limitations of
these analyses are recognized, and thus results are used only to provide a general estimate for planning purposes. Table
A-1 below displays the population statistics based on 2010 U.S. Census demographic information by jurisdiction.
Table A- 1. Planning Area Population Statistics by Jurisdiction
Total
Population

Population Under
5 Years Old

Population Over
65 Years Old

Average
Household Size

Low-Income
Population1

Chemung County Total

63,350

3,929

9,898

-

13,414

Big Flats, Town of

7,731

396

1,410

2.50

590

Elmira, City of

29,200

2,104

3,438

2.34

8,209

Elmira, Town of

5,959

347

1,200

2.31

758

Elmira Heights, Village of

4,097

251

626

2.50

1,463

Horseheads, Town of

9,902

517

1,703

2.29

1,466

Jurisdiction

Horseheads, Village of

6,461

314

1,521

2.08

930

Steuben County Total

25,490

1,481

4,045

-

5,124

Corning, City of

11,183

742

1,621

2.17

3,018

Corning, Town of

4,628

214

709

2.45

676

Erwin, Town of

6,228

364

1,104

2.36

769

Painted Post, Village of

1,809

92

376

2.14

394

497

21

80

2.27

125

1,145

48

155

2.24

141

Riverside, Village of
South Corning, Village of

Planning Area Total
88,840
5,410
13,943
18,523
Source: U.S. Census Bureau 2010
1) Low-income population calculated using household income statistics from HAZUS-MH v4.2 and the average household size
for each jurisdiction. Statistics regarding individuals below the poverty level (2017 Census poverty threshold for a 3-person
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family unit is $19,173) were used as a basis for this estimate. HAZUS-MH v4.2 provides counts for households under
$10K/year and between $10K and $20K/year. These counts were totaled and multiplied by the average household size.

G E N E R AL

BUI L D I N G S T O C K

A custom general building stock was generated countywide and used to estimate exposure and update the default
general building stock in HAZUS-MH v4.2 to estimate potential losses. The building inventory was developed from the
building footprint spatial layer and parcel tax assessor information provided by Southern Tier Central Regional Planning
and Development Board (STC) with the assistance of both Chemung and Steuben Counties. Attributes provided in the
spatial files were used to further define each structure in terms of occupancy class, construction type, etc. The centroid
of each building footprint was used to estimate the building location. Structural and content replacement cost values
(RCV) were calculated for each building utilizing available assessor data and RSMeans 2019 values and applying a
regional location factor for the planning area of 0.97 for all occupancy classes. Replacement cost value is the current
cost of returning an asset to its pre-damaged condition, using present-day cost of labor and materials. Total
replacement cost value consists of both the structural cost to replace a building and the estimate value of contents of
a building. The occupancy classes available in HAZUS-MH v4.2 were condensed into the following categories
(residential, commercial, industrial, agricultural, religious, governmental, and educational) to facilitate the analysis and
the presentation of results. Residential loss estimates address both multi-family and single-family dwellings. Table A2 displays the number of buildings and replacement cost value (structure, contents, and structure + contents) by
jurisdiction.
Table A- 2. Planning Area General Building Stock Count and Replacement Cost Value by Jurisdiction
Building Count

Replacement Cost
Value (Structure only)

Replacement Cost Value
(Contents only)

Total Replacement
Cost Value (Structure
+ Contents)

24,490

9,564,180,884

6,903,405,602

16,467,586,486

Big Flats, Town of

3,739

$1,848,714,941

$1,384,376,086

$3,233,091,028

Elmira, City of

9,025

$3,284,613,064

$2,385,209,286

$5,669,822,349

Elmira, Town of

2,893

$793,149,485

$447,455,585

$1,240,605,070

Elmira Heights, Village of

1,597

$448,466,467

$314,028,339

$762,494,806

Horseheads, Town of

4,490

$1,751,023,431

$1,238,090,740

$2,989,114,170

Horseheads, Village of

2,746

$1,438,213,497

$1,134,245,566

$2,572,459,063

Steuben County Total

10,466

4,201,498,259

2,962,769,046

7,164,267,305

Corning, City of

3,945

$1,368,264,018

$898,214,014

$2,266,478,032

Corning, Town of

2,376

$755,664,093

$486,505,437

$1,242,169,530

Erwin, Town of

Jurisdiction
Chemung County Total

2,617

$1,502,412,765

$1,149,178,441

$2,651,591,206

Painted Post, Village of

686

$315,314,261

$244,392,012

$559,706,273

Riverside, Village of

271

$90,807,187

$69,565,737

$160,372,924

South Corning, Village of

571

$169,035,935

$114,913,404

$283,949,339

Planning Area Total
Source: STC 2019; ESRI 2019

34,956

13,765,679,143

9,866,174,648

23,631,853,791

CRI TI C AL F ACI L I TI E S

The critical facility inventory, which includes essential facilities, utilities, transportation features and user-defined
facilities was updated with Geographic Information System (GIS) data provided by STC. To protect individual privacy
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and the security of assets, information is presented in aggregate, without details about specific individual properties or
facilities. Table A-3 displays the number of critical facility types in the planning area by county.
Table A- 3. Planning Area Critical Facility Type Counts by County
Facility Type

Chemung County

Steuben County

Airport

1

1

Bus

1

Church

Chemung County

Steuben County

Library

6

1

1

Major Employer

62

33

5

44

Municipal Hall

6

6

College

1

2

Natural Gas

3

2

Communication

0

7

Police

7

3

Correctional

1

0

Post Office

0

4

County Building

12

1

4

2

Day Care

0

45

1

1

DPW

7

5

Potable Pump Station
Potable Water
Treatment
Public Health

0

1

Drug & Alcohol

0

2

School

20

11

Education

2

37

Senior

2

1

EMS

0

1

Shelter

0

16

EOC

1

0

0

12

Fire

13

9

28

29

Health Care

9

7

1

3

Historic

32

8

Substation
Tier II (Hazardous
Material)
Wastewater
Treatment
Water Tank (Potable)

0

2

2

1

Hospital
Source: STC 2019; ESRI 2019

L O CAL

Facility Type

B US I N E S S E S

Local businesses and associated economic data were obtained using ESRI’s Business Analyst Online (BAO) tool. BAO
provides detailed economic information for businesses within a specified region. Data utilized from this tool includes
industry description, annual sales volume, and number of employees. STC provided a list of major employers located
within both counties that was cross-referenced with the BAO inventory to select out the locations of major employers.
Table A-4 displays the summary of BAO statistics by jurisdiction.
Table A- 4. ESRI Business Analyst Online - Summary by Jurisdiction
Jurisdiction

Number of Employees

Annual Sales Volume

20,520

$1,594,618,000

Big Flats, Town of

4,120

$489,773,000

Elmira, City of

Chemung County Total

9,221

$567,227,000

Elmira, Town of

314

$15,932,000

Elmira Heights, Village of

768

$70,757,000

Horseheads, Town of

4,434

$136,630,000

Horseheads, Village of

1,663

$314,299,000

Steuben County Total

8,567

$649,933,000
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Jurisdiction

Number of Employees

Annual Sales Volume

Corning, City of

4,214

$298,634,000

Corning, Town of

1,255

$67,456,000

Erwin, Town of

1,225

$131,433,000

Painted Post, Village of

1,618

$129,190,000

168

$16,921,000

Riverside, Village of
South Corning, Village of
Planning Area Total
Source: ESRI 2019

87

$6,299,000

29,087

$2,244,551,000

Industry description and NAICS code were used to categorize each business into business types corresponding with
those in Rebuilding After Agnes (1972) to be used in the risk assessment. Table A-5 displays the total number of
businesses by type for each jurisdiction.
Table A- 5. Total Number of Business Types by Jurisdiction
Jurisdiction

Automobile

Bank

Commercial

Government

Industrial

Utilities

Chemung County Total

50

111

817

171

44

8

Big Flats, Town of

6

22

223

25

17

4

Elmira, City of

18

48

312

88

8

2

Elmira, Town of

3

5

22

10

0

0

Elmira Heights, Village of

1

10

52

13

6

0

Horseheads, Town of

17

13

88

8

9

0

Horseheads, Village of

5

13

120

27

4

2

Steuben County Total

27

61

370

56

20

2

Corning, City of

5

32

190

24

9

2

Corning, Town of

8

3

76

3

2

0

Erwin, Town of

9

15

59

10

6

0

Painted Post, Village of

0

6

19

14

2

0

Riverside, Village of

3

1

12

1

0

0

South Corning, Village of
Planning Area Total
Source: ESRI 2019

2

4

14

4

1

0

77

172

1,187

227

64

10

RISK ASSESSMENT
The below provides a summary of the methodology used in the risk assessment.

FLOOD DATA
Table A-6 displays the flood data that were used in the risk assessment.
Table A- 6. Summary of Flood Data Used
HAZUS-MH Analysis Levels
10-percent annual chance event

Flood data from the U.S. Army Corps of Engineers (USACE) Chemung River Flood
Inundation Mapping (FIM) Project

A-5
APPENDIX A. METHODOLOGY

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor
July 2019

1-percent annual chance event
Hurricane Agnes (1972) historic event

HAZUS-MH Analysis Levels
FEMA Q3 floodplain boundaries for both Chemung and Steuben Counties; Chemung Q3
data was modified by STC
STC digitized the USGS inundation maps for Hurricane Agnes to delineate the spatial
extent of the hazard area

10-percent annual chance event: USACE generated a series of flood inundation depth grids for several gages of the
Chemung River between the confluence of the Tioga and Canisteo Rivers in the Town of Erwin and the Chemung River
in the Borough of Athens, PA. The depth grids represent probable flood depths and extents associated with specified
riverine flow rates. Table A-7 displays the flow rates (cfs) associated with various storm frequencies from “USGS
Scientific Investigations Report (SIR) 2014-5084, Maximum Known Stages and Discharges of New York Streams and their
Annual Exceedance Probabilities through September 2011.”
Table A- 7. Storm Frequency Flow Rates for Project Area Gages
01531000
Chemung River
at Chemung, NY

01530332
Chemung River at
Elmira, NY

01529950
Chemung River
at Corning, NY

01526500
Tioga River near
Erwin, NY

2-year

38,200

32,600

29,700

20,900

7,140

5-year

51,100

42,700

38,500

26,900

11,200

10-year

59,900

49,700

43,800

30,800

14,600

25-year

71,100

59,700

50,100

35,500

19,500

50-year

79,600

65,600

54,600

39,000

23,900

100-year

79,600

65,600

54,600

39,000

23,900

200-year

88,300

72,700

58,900

42,500

28,700

97,100

80,100

62,000

46,000

34,200

109,000

90,200

68,300

50,600

42,600

Frequency
Storm

500-year
1,000-year
Source: USGS, 2014

01529500
Cohocton River near
Campbell, NY

USACE developed the depth grids at 1-foot increments, so the flow rates for these did not align with those in the above
table. Tetra Tech selected the depth grid that most closely represented the above flow rates for the 10-percent annual
chance flood event with the input of STC. The depth grid was imported into HAZUS-MH v4.2 and used to estimate
losses for this scenario. The depth grid was converted into a polygon Shapefile in ArcGIS v10.5.1 to be used in the
exposure analysis. It should be noted that the extent of these data only spans the main Chemung River reach of the
planning area, most of which is protected by levees. The data do not include other reaches and tributaries in the
planning area. The impacts could be greater along waterways in communities not included in the USACE FIM project.
1-percent annual chance event: FEMA Q3 floodplain boundaries were determined to be the best available data by STC
for the 1-percent annual chance event. The Q3 boundaries were modified by STC to reflect to reflect map revisions
after development of the Q3 Data along the Chemung River and Newton Creek in Chemung County; the Q3 boundaries
for Steuben County were used as is. A flood inundation depth grid was not available for this scenario, so Tetra Tech
generated one. The Q3 boundaries and 1-meter resolution LiDAR elevation data were processed using 3D Analyst and
Spatial Analyst tools in ArcMap v10.5.1 to generate the depth grid. LiDAR elevation data were obtained from New York
State’s GIS website. The Q3 boundaries were used in the exposure analysis, while the depth grid was imported into
HAZUS-MH v4.2 to estimate losses.
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Hurricane Agnes (1972 Historic Event): STC requested the analysis be conducted using available data for the Hurricane
Agnes event in 1972 to determine the current impacts a storm of that magnitude would have on the planning area. STC
digitized the flood extents from USGS maps of the event and provided those to Tetra Tech for the analysis. A depth
grid was not available for this scenario and was generated using a similar methodology to the 1-percent annual chance
event. The digitized boundary was used in the exposure analysis, while the depth grid was imported into HAZUS-MH
v4.2. It should be noted the extent of these data only spanned the Canisteo, Chemung, and Cohocton Rivers in the
planning area and does not account for any tributaries. The impacts could be greater along waterways in communities
not included in the USGS maps.

E X P O S URE

AN AL Y S I S

An exposure analysis involves overlaying spatially delineated hazards with identified assets in GIS to determine which
assets are in the impact area of the hazard. The analysis highlights which assets may be affected by a hazard but does
not estimate potential losses (i.e. structural damage, population displacement). The floodplain boundaries and planning
area assets (population, building stock, critical facilities, and BAO inventory) were used to estimate exposure to the
selected flood scenarios. If the center of an asset is in a hazard area, it is deemed exposed and potentially vulnerable
to the hazard. Assets with their centroid in the hazard areas were totaled to estimate the numbers and values exposed
to a flood event.

HAZUS-MH

AN AL Y S I S

The FEMA HAZUS-MH v4.2 modeling software was used to estimate potential losses for each flood scenario. HAZUSMH uses GIS technology to produce damage reports, detailed maps and analytical reports that estimate a
community’s direct physical damage to building stock, critical facilities, transportation systems, and utility systems.
The software can also estimate direct economic and social losses (casualties, shelter requirements, inventory losses)
depending on the hazard and available local data. Table A-8 displays the various levels of analyses that can be
conducted using the HAZUS-MH software.
Table A - 8. Summary of HAZUS-MH Analysis Levels
HAZUS-MH Analysis Levels
Level 1
Level 2
Level 3

HAZUS-MH provided hazard and inventory data with minimal outside data collection or mapping.
Analysis involves augmenting the HAZUS-MH provided hazard and inventory data with more
recent or detailed data for the study region, referred to as “local data”
Analysis involves adjusting the built-in loss estimation models used for the hazard loss analyses.
This Level is typical done in conjunction with the use of local data.

A Level 2 analysis was used for this report. Default general building stock and critical facility inventories and hazard
data in were updated with local data to provide a more refined analysis.
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APPENDIX B. SUPPLEMENTAL DATA
The tables in the following sections display the results from the risk assessment for the 1-percent annual chance event
flood and Hurricane Agnes events; results for the 10-percent annual chance flood event were limited and are
summarized in Section 5 (Economic Impacts).

1-percent Annual Chance Flood Event
The below tables provide a summary of the 1-percent annual chance exposure results reported on the municipal level
for communities within the project area.
Table B - 1. 1-Percent Annual Chance Flood Event Exposure Results
Population

General Building Stock
% Structures
Replacement
Located in
Cost Value
the Hazard
(RCV) in
Area
Hazard Area

RCV
Exposed as
% of Total
RCV

Population
in Hazard
Area

% Population
Located in the
Hazard Area

Structures
in Hazard
Area

2,599

4.1%

1,182

4.8%

$1,221,355,727

7.4%

343

4.4%

207

5.5%

$237,877,127

7.4%

Elmira, City of

640

2.2%

204

2.3%

$300,161,595

5.3%

Elmira, Town of
Elmira Heights, Village
of
Horseheads, Town of

43

0.7%

36

1.2%

$31,542,639

2.5%

583

14.2%

204

12.8%

$191,159,019

25.1%

711

7.2%

367

8.2%

$382,489,947

12.8%

Jurisdiction

Chemung County
Total
Big Flats, Town of

Horseheads, Village of

280

4.3%

164

6.0%

$78,125,401

3.0%

Steuben County Total

1,132

4.4%

737

7.0%

$706,475,559

9.9%

6

0.1%

5

0.1%

$1,329,105

0.1%

Corning, Town of

281

6.1%

195

8.2%

$240,560,723

19.4%

Erwin, Town of

705

11.3%

455

17.4%

$409,546,532

15.4%

0

0.0%

0

0.0%

$0

0.0%

0.0%

0

0.0%

$0

0.0%

12.2%

82

14.4%

$55,039,198

19.4%

4.2%

1,919

5.5%

$1,927,831,286

8.2%

Corning, City of

Painted Post, Village of

Riverside, Village of
0
South Corning, Village
139
of
Planning Area Total
3,731
Source: U.S. Census 2010; STC 2019; FEMA Q3
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Jurisdiction

Airport

Church

Communication

Day Care

Education

Fire

Historic

Hospital

Library

Major Employer

Natural Gas

Potable Pump
Station

Substation

Tier II (Hazmat
Facility)

Wastewater
Treatment

Table B - 2. 1-percent Annual Chance Flood Event Critical Facility Exposure Results

Chemung County Total

0

1

0

0

1

1

1

0

1

5

0

4

0

3

1

Big Flats, Town of

0

0

0

0

1

0

0

0

0

1

0

2

0

0

0

Elmira, City of

0

0

0

0

0

0

0

0

0

1

0

2

0

1

0

Elmira, Town of

0

0

0

0

0

0

0

0

0

0

0

0

0

2

1

Elmira Heights, Village of

0

1

0

0

0

0

1

0

1

1

0

0

0

0

0

Horseheads, Town of

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

Horseheads, Village of

0

0

0

0

0

1

0

0

0

1

0

0

0

0

0

Steuben County Total

1

3

1

2

0

0

0

1

0

1

1

0

1

4

0

Corning, City of

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Corning, Town of

0

1

1

1

0

0

0

1

0

0

1

0

1

2

0

Erwin, Town of

1

2

0

1

0

0

0

0

0

1

0

0

0

2

0

Painted Post, Village of

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Riverside, Village of

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

South Corning, Village of

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Planning Area Total
1
4
1
2
Source: STC 2019; ESRI 2019; FEMA Q3

1

1

1

1

1

6

1

4

1

7

1

Table B - 3. 1-Percent Annual Chance Flood Event Potential Impacts and Losses
Jurisdiction
Chemung County Total

Population
Displaced
Short-Term
Population
Sheltering

General Building Stock
Estimated Loss as
Estimated Loss
% of Total RCV

2,728

124

$195,408,433

1.2%

599

9

$36,343,697

1.1%

Elmira, City of

30

0

$46,730,437

0.8%

Elmira, Town of

120

0

$5,181,688

0.4%

Elmira Heights, Village of

657

58

$34,671,735

4.5%

Horseheads, Town of

975

48

$57,979,021

1.9%

Big Flats, Town of

Horseheads, Village of

347

9

$14,501,855

0.6%

Steuben County Total

1,056

48

$57,348,142

0.8%

0

0

$665,213

0.0%

Corning, City of
Corning, Town of

341

6

$10,357,137

0.8%

Erwin, Town of

694

41

$38,604,688

1.5%

Painted Post, Village of

0

0

$0

0.0%

Riverside, Village of

0

0

$0

0.0%

South Corning, Village of

21

1

$7,721,104

2.7%
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Population
Displaced
Short-Term
Population
Sheltering
3,784
172

Jurisdiction
Planning Area Total
Source: HAZUS-MH v4.2

General Building Stock
Estimated Loss as
Estimated Loss
% of Total RCV
$252,756,574
1.1%

Hurricane Agnes
The below tables provide a summary of the present-day Hurricane Agnes event exposure results reported on the
municipal level for communities within the project area.
Table B - 4. Hurricane Agnes Event Exposure Results
Population
Jurisdiction

Chemung County
Total
Big Flats, Town of

General Building Stock
% Structures
Replacement
Located in
Cost Value
the Hazard
(RCV) in
Area
Hazard Area

Population
in Hazard
Area

% Population
Located in the
Hazard Area

Structures
in Hazard
Area

14,657

23.1%

4,840

19.8%

$3,429,576,834

RCV
Exposed as
% of Total
RCV
20.8%

852

11.0%

473

12.7%

$306,017,451

9.5%

13,105

44.9%

4,062

45.0%

$3,013,749,385

53.2%

Elmira, Town of
Elmira Heights, Village
of*
Horseheads, Town of*

698

11.7%

305

10.5%

$109,809,998

8.9%

0

0.0%

0

0.0%

$0

0.0%

0

0.0%

0

0.0%

$0

0.0%

Horseheads, Village of

2

<1%

0

0.0%

$0

0.0%

Steuben County Total

12,435

48.8%

4,846

46.3%

$3,770,107,789

52.6%

Corning, City of

6,370

57.0%

2,273

57.6%

$1,552,428,884

68.5%

334

7.2%

192

8.1%

$102,606,875

8.3%

Erwin, Town of

3,425

55.0%

1,372

52.4%

$1,360,928,353

51.3%

Painted Post, Village of

1,361

75.2%

493

71.9%

$427,223,667

Elmira, City of

Corning, Town of

487
98.0%
271
100.0%
$160,372,924
Riverside, Village of
South Corning, Village
457
39.9%
245
42.9%
$166,547,086
of
27,092
30.5%
9,686
27.7%
$7,199,684,623
Planning Area Total
Source: U.S. Census 2010; STC 2019; FEMA Q3
Note: * Zero exposure does not indicate no risk; flood boundaries were not available for these communities.
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Wastewater Treatment

1

Tier II (Hazmat Facility)

20

Substation

5

Shelter

1

Senior

1

School

0

Potable Water Treatment

Fire

0

Potable Pump Station

EOC

0

Post Office

EMS

1

Police

Education

0

Municipal Hall

Drug & Alcohol

8

Major Employer

DPW

0

Library

Day Care

1

Hospital

County Building

1

Historic

Communication

0

Health Care

Church

Chemung County
Total
Big Flats, Town of

Bus

Jurisdiction

Airport

Table B - 5. Hurricane Agnes Event Critical Facility Exposure Results

3

15

2

2

0

3

0

7

1

0

0

6

1

0

0

0

0

0

0

1

0

0

0

0

0

1

0

0

1

2

1

0

0

2

0

0

0

0

0

1

0

Elmira, City of

0

1

1

0

8

0

0

0

0

0

1

1

4

20

1

2

13

1

2

0

1

0

7

1

0

0

4

0

Elmira, Town of
Elmira Heights, Village
of
Horseheads, Town of

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Horseheads, Village of

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Steuben County Total

1

0

29

1

0

29

4

2

14

1

0

5

6

6

0

1

27

4

3

4

1

1

7

1

9

7

10

3

Corning, City of

0

0

18

0

0

14

1

2

11

1

0

1

6

4

0

1

17

1

1

2

0

0

5

1

7

4

1

1

Corning, Town of

0

0

1

1

0

1

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

1

Erwin, Town of

1

0

6

0

0

7

1

0

1

0

0

2

0

0

0

0

4

0

1

1

0

0

1

0

1

1

7

0

Painted Post, Village of

0

0

3

0

0

4

1

0

2

0

0

1

0

2

0

0

4

2

1

1

0

1

1

0

1

1

0

1

0
0
1
0
Riverside, Village of
South Corning, Village
0
0
0
0
of
1
1
30
1
Planning Area Total
Source: STC 2019; ESRI 2019; FEMA Q3

0

3

1

0

0

0

0

0

0

0

0

0

2

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

8

29

5

2

14

1

1

6

11

26

1

4

42

6

5

4

4

1

14

2

9

7

16

4
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Table B - 6. Hurricane Agnes Event Potential Impacts and Losses
Jurisdiction
Chemung County Total
Big Flats, Town of

Population
Displaced
Short-Term
Population
Sheltering
15,507

1,455

General Building Stock
Estimated Loss as
Estimated Loss
% of Total RCV
$935,572,324

5.7%

974

36

$92,267,704

2.9%

13,817

1,390

$808,882,790

14.3%

716

29

$34,421,830

2.8%

Elmira Heights, Village of*

0

0

$0

0.0%

Horseheads, Town of*

0

0

$0

0.0%

Horseheads, Village of

0

0

$0

0.0%

Steuben County Total

12,476

1,041

$1,130,360,346

15.8%

6,363

543

$561,508,449

24.8%

Elmira, City of
Elmira, Town of

Corning, City of
Corning, Town of

375

7

$19,177,425

1.5%

Erwin, Town of

3,477

330

$294,300,810

11.1%

Painted Post, Village of

1,315

120

$86,957,786

15.5%

Riverside, Village of

491

18

$68,754,044

42.9%

South Corning, Village of

455

23

$99,661,833

35.1%

Planning Area Total
27,983
2,496
$2,065,932,670
Source: HAZUS-MH v4.2
Note: * Zero exposure does not indicate no risk; flood boundaries were not available for these communities.

B-5
APPENDIX B. SUPPLEMENTAL DATA

8.7%

Planning in Water’s Way: An I-86 Innovation Corridor Flood Resiliency Analysis
July 2019

APPENDIX C
Return on Investment (ROI) Analysis

APPENDIX C - RETURN ON INVESTMENT (ROI) ANALYSIS

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor
July 2019

APPENDIX C. RETURN ON INVESTMENT (ROI) ANALYSIS
This appendix contains a return on investment analysis for flood mitigation alternatives for typical residential and
commercial structures in the planning area to support the summary information presented in the report.
Hypothetical Investment Analysis for a Single-Family Home
In order to illustrate the potential return on investment for residential floodproofing, we are looking at two alternatives
including 1) the infill of the basement of the floodprone structure, and 2) the elevation of the structure to the height
two feet above the base flood elevation (BFE). This analysis is based on a typical high-risk property outside the levees
and within the 10-year floodplain. This hypothetical structure was an 1800-square-foot, two-story home with a
basement, and a replacement cost of around $200,000.
Assumptions for calculating the return on investment for each of the alternatives are as follows: a 2-story, single-family
household with a basement, where the first-floor elevation is equal to that of the base flood elevation. The structure
is 1,800 square feet in area.
Costs for basement infill range from $50,000 to $108,000 and have a useful life of 20-50 years. The level of protection
would be to the 100-year flood event, or base flood elevation. Basement infill saves homeowners an average of $4,906
in insurance premiums, annually. i
Costs for elevation range from $175,000 to $199,500, where $175,000 is the FEMA accepted threshold for a home
elevation cost to be cost effective, and $199,500 is the accepted threshold with the location multiplier for the project
area. Elevations have a useful life of 20-50 years and the level of projection would be to the base flood elevation + 2
feet, which is the New York State requirement. This is assumed to protect against flood elevations greater than the
100-year flood event, but less than that of Hurricane Agnes.
In a benefit-cost analysis (BCA), the benefits are the reduction in damages that would be achieved by implementation
of the mitigation alternative, and costs are limited to the cost of that implementation exclusive of any ancillary costs
such as loss of use of the structure. Two floodproofing alternatives were evaluated for this hypothetical structure,
including basement infill and structure elevation. For basement infill, the level of protection was set at the 100-year
recurrence interval. For structure elevation, the level of protection was set at the 500-year recurrence interval to
illustrate the potential damage reduction resulting from raising the first finished floor above the base flood elevation
relative to the magnitude of damage reduction from basement infill projects. A range of possible costs for each
mitigation alternative was developed based upon recent FEMA publicationsi. For basement infill, costs ranged from a
low of $50,000 to a high of $108,000 and a mean of $79,000. Elevation costs ranged from $175,000 to $199,500, with
a mean of $187,250. For both basement infill and elevation, FEMA notes that expected maintenance costs are very low,
typically limited to checking that flood vents remain unobstructed. As such, maintenance was assumed to be negligible
for this analysis. Total costs were converted to expected annual costs (EAC) for consistency with the benefits (EAB). The
discount rateii considered in this analysis was the FY20 USACE rate of 2.75% (USACE 2019)iii.
Benefits were computed as the difference between damages before mitigation and after mitigation. For this analysis,
damages before mitigation were estimated based upon a typical frequency-damage function for the 10-, 100-, and
1000-year events (see Appendix A) for more discussion of HAZUS modeling for this study. The frequency-damage
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function was converted to an annualized equivalent value called expected annual damage (EAD). The frequencydamage function was then adjusted for the after mitigation condition based upon the expected level of protection for
the floodproofing alternatives. Table 1 and Table 2 summarize the estimation EAD for the before mitigation and after
mitigation conditions, and the computed expected annual benefits (EAB). As shown in the tables, the elevation
alternative would achieve larger annual benefits.
Table 1 – Benefit Estimation, Basement Infill
Recurrence
Interval

Before Mitigation

After Mitigation

Benefits

Event Damage

EAD

Event Damage

EAD

EAB

10

$50,000

$7,840

$0

$1,460

$6,380

100

$100,000

$0

1000

$200,000

$200,000

Table 2 – Benefit Estimation, Structure Elevation
Recurrence
Interval

Before Mitigation

After Mitigation

Benefits

Event Damage

EAD

Event Damage

EAD

EAB

10

$50,000

$7,840

$0

$380

$7,450

100

$100,000

$0

500

$169,900

$0

1000

$200,000

$200,000

Figure 1 graphically presents the results of the analysis. The x-axis corresponds to the analysis period in years (years
with the alternative in place). The dotted vertical lines highlight 20-year and 50-year period lengths. The y-axis shows
cumulative discounted net benefits of the alternative, with a bold horizontal line shown at $0 of cumulative net benefits
to highlight the point at which the investment has paid for itself and net benefits begin to accrue.
For each alternative, a colored band illustrates the accumulation of net benefits for the range of project costs. The
darker line at the center corresponds to the accumulation of benefits at the mean project cost, and the width of band
is a function of the upper and lower cost limits. The curves begin below zero following the initial investment in the
mitigation and subsequently accumulate benefits over time.
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As shown in the figure for the hypothetical property, basement infill has a payback period ranging from about 9 years
to 23 years, with a mean value of 15 years, depending on the cost of implementation. Payback period would also be
affected by the specific flood risk for a given property. However, additional property-specific considerations can
incentivize basement infill projects to support implementation. These considerations can include step-wise
preparedness for basement infill related to relocation of utilities when there is a need for upgrade or replacement of
utilities due to age or unsuitable performance, and the utilities
• are currently located in the basement of a structure below the BFE and
• could be re-located above grade and above the BFE.
The payback period would be shorter if
•
•
•

the building has sufficient elevated space to accommodate utilities/uses currently in the basement (thus
reducing overall project costs),
the basement is subject to frequent flooding (resulting in higher benefits from preventing this damage), or
recent flood damage has not been repaired (which would affect the additional cost required for basement
infill).

These situations may provide an opportunity to embark on a step-wise approach for basement infill, with the first step
consisting of the relocation of utilities.
In comparison, despite higher annual benefits, the elevation alternative has a much longer payback period due to the
higher initial cost. However, in some cases elevation of the structure might be desirable and provide additional
benefits, such as when:
• the structure has been damaged, particularly if the substantial damage requirement is triggered,
•

structure characteristics (such as historic value) make it desirable to maintain and preserve the building
for many years into the future,

•

the structure is subject to frequent or severe flood damage (and is thus more vulnerable than the
hypothetical structure used for this analysis, for which the finished living space is at the BFE), or

•

the benefits of reduced flood insurance costs are factored into the analysis.
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Figure 1 – Accumulated Benefits for Residential Property Mitigation Scenarios

Tables 3 and Table 4 present the return on investment information for these residential mitigation scenarios in
tabular form.

Table 3 – Summary of Residential Property BCA, Basement Infill
20-year Period

50-year Period

Low

Cost Range
Mean

High

Low

Cost Range
Mean

High

Expected Annual Costs

$3,284

$5,188

$7,093

$1,852

$2,926

$4,000

Expected Annual Benefits
Annual Net Benefits

$6,378
$3,094

$6,378
$1,190

$6,378
-$715

$6,378
$4,526

$6,378
$3,452

$6,378
$2,378

Benefit-Cost Ratio

1.94

1.23

0.90

3.44

2.18

1.59

Return on Investment
Discounted Payback Period

94%
9

23%
15

-10%
23

244%
9

118%
15

59%
23
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Table 4 – Summary of Residential Property BCA, Structure Elevation
20-year Period

50-year Period

Low

Cost Range
Mean

High

Low

Cost Range
Mean

High

Expected Annual Costs

$11,493

$12,297

$13,102

$6,482

$6,936

$7,390

Expected Annual Benefits
Annual Net Benefits

$7,453
-$4,039

$7,453
-$4,844

$7,453
-$5,648

$7,453
$971

$7,453
$517

$7,453
$63

Benefit-Cost Ratio

0.65

0.61

0.57

1.15

1.07

1.01

Return on Investment
Discounted Payback Period

-35%
38

-39%
43

-43%
49

15%
38

7%
43

1%
49

As illustrated by these tables and figures, the investment decision for a single property is subject to several case-specific
variables. In general, floodproofing a typical single-family structure located in a high-risk area will yield positive returns
on investment over the long term. Whether a homeowner considers the investment worthwhile will depend upon their
tolerance for risk and judgement of an acceptable payback period. However, it is important to note that this analysis
derives benefits only from reduction in direct damage to the property for consistency with programmatic BCA method
such as FEMA’s Hazard Mitigation Assistance grant programs. From the perspective of a property owner in the NFIP,
investment in floodproofing would also result in annual savings on flood insurance premiums. FEMA-published data
suggests that floodproofing could result in savings of between $2,000 and $4,906 per year depending on the property.
Hypothetical Investment Analysis for a Non-residential Property
Based upon the same technical approach as presented for the hypothetical residential structure, an example analysis
for a non-residential property was also developed. The subject property is a 3000 square foot commercial building with
no basement and a replacement cost of $375,000. For this analysis, it was assumed that the structure had walls that
prevent the entry of flood water and two doorways where water could enter. This structure was assumed to be in a
high-risk area outside the levee where it would be subject to flooding from the 10-year event.
Assumptions for calculating the return on investment for each of the alternatives included a single story, commercial
structure that is approximately 3,000 square feet with no basement. The base flood elevation is less than 3’ above the
first floor. The structure has two doorways where water can enter: a 25’ wide storefront glass entryway; a 3’ wide
entry door.
Two floodproofing alternatives were evaluated for this hypothetical structure: a Deployable Water Filled Flood Barrier
and Dry Floodproofing. For both alternatives, the level of protection was set at the 100-year recurrence interval based
on the ability to protect from floods roughly three to four feet in depth depending on specific product selection and
site deployment. A range of possible costs for each mitigation alternative was developed based upon available data
(See Section 6.2). The discount rateii considered in this analysis was the FY20 USACE rate of 2.75% (USACE 2019iv).
For the deployable water filled flood barrier, the cost of this product is $50.76 per foot. The product needs to be long
enough to extend outside the perimeter of the structure which was estimated at 220 feet. The product protects to 3’
of water. This will protect to at least the 100-year flood event. This resulted in a base cost of $12,700. This cost was
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roughly tripled to account for labor and equipment costs associated with initial acquisition and future deployments.
Based upon a range of plus or minus 20%, the costs for the alternative ranged from $30,500 to $45,700 with a mean of
$38,100. It is noted that successful deployment of this mitigation option is based on the existence of sufficient warning
time and availability of personnel to deploy the equipment prior to the flooding conditions.
For dry floodproofing, two flood panels will be required – one for each entry way. It was estimated that the entry ways
would be protected by flood panels. The 3’ wide entry door can be protected by a Flood Panel, which will cost $2,500,
and the 25’ entryway can be protected by a temporary flood wall, which will cost $4,500. Both measures will protect
to 4’ of water and protect to at least the 100-year flood event. This cost was tripled to account for labor and equipment
costs associated with initial acquisition and future deployments. Based upon a range of plus or minus 20%, the costs
for the alternative ranged from $16,800 to $25,200 with a mean of $21,000. It is noted that this option is dependent
on the structural integrity of the walls to resist failure due the hydrostatic and dynamic pressures of flood waters.
Benefits were computed as the difference between damages before mitigation and after mitigation.
Table 5 summarizes the estimation expected annual damage for the before mitigation and after mitigation conditions,
and the computed expected annual benefits (EAB).
Table 5 – Benefit Estimation, Deployable Barrier and Dry Floodproofing
Recurrence
Interval

Before Mitigation

After Mitigation

Benefits

Event Damage

EAD

Event Damage

EAD

EAB

10

$18,750

$4,037

$0

$1,100

$2,900

100

$56,250

$0

101

$56,250

$56,250

1000

$187,500

$187,500

Figure 2 graphically presents the results of the analysis. As shown in the figure for the hypothetical property, dry
floodproofing has a payback period ranging from about 6 years to 10 years, with a mean value of 8 years, depending
on the cost of implementation. Payback period would also be affected by the specific flood risk for a given property.
Due to a higher initial cost, the deployable barrier would have a payback period between 12 and 20 years, with a mean
of 16 years. Table 6 and Table 7 present this information in tabular form.
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Figure 2 – Accumulated Benefits for Non-Residential Property Mitigation Scenarios

Table 6 – Summary of Non-Residential Property BCA, Deployable Barrier
20-year Period

50-year Period

Low

Cost Range
Mean

High

Low

Cost Range
Mean

High

Expected Annual Costs

$2,003

$2,504

$3,004

$1,130

$1,412

$1,694

Expected Annual Benefits
Annual Net Benefits

$2,933
$930

$2,933
$429

$2,933
-$71

$2,933
$1,803

$2,933
$1,521

$2,933
$1,239

Benefit-Cost Ratio

1.46

1.17

0.98

2.60

2.08

1.73

Return on Investment
Discounted Payback Period

46%
12

17%
16

-2%
21

160%
12

108%
16

73%
21
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Table 7 – Summary of Non-Residential Property BCA, Dry Floodproofing
20-year Period

50-year Period

Low

Cost Range
Mean

High

Low

Cost Range
Mean

High

$622

$778

$933

$1,103

$1,379

$1,655

$2,933
$2,311

$2,933
$2,155

$2,933
$2,000

$2,933
$1,830

$2,933
$1,554

$2,933
$1,278

Benefit-Cost Ratio

4.71

3.77

3.14

2.66

2.13

1.77

Return on Investment
Discounted Payback Period

371%
6

277%
8

214%
10

166%
6

113%
8

77%
10

Expected Annual Costs
Expected Annual Benefits
Annual Net Benefits

As illustrated by these tables and figures, the investment decision for a single property is subject to uncertainty in cost
and benefits when considered at this coarse level. In general, dry floodproofing or the deployment of temporary flood
barriers can provide protection from damages to frequent and low level flood events. For structures with numerous or
large openings below the BFE, dry floodproofing may present an expensive and complicated process, so the feasibility
of this mitigation option must be considered on a case-by-case basis by a floodproofing professional For the deployable
floodproofing option, again, the considerations vary based on the unique aspects of the building characteristics, access
to the building, requirements for ingress and egress, availability of storage space and personnel to deploy the
equipment and flood warning time. Although this analysis did not consider the adverse effects on a business than
prolonged closures can have, or the potential insurance premium savings, floodproofing for non-residential structures
in high-risk location may yield substantial positive returns on investment.

i

FEMA. 2007. FEMA 551 - Selecting Appropriate Mitigation Measures for Floodprone Structures; FEMA 2015. FEMA P-1037
- Reduce Flood Risk to Residential Buildings That Cannot Be Elevated).
ii
Benefit-cost analysis for flood risk includes reflection of the time value of money in the stream of costs and benefits that
result from a given project. Conceptually, the time value of money is the rate at which society is willing to trade current
consumption for future consumption. Consider the question, “I can give you $1000 today, or some larger value in one year.
How much money would I need to give you in one year to convince you to wait?” The answer reveals the time value of
money – how much more $1000 now is worth to you than $1000 in the future. For benefit-cost analysis, the same concept
is applied to future benefits and costs. Those occurring sooner are worth more, whereas those in the future have a
discounted value. Values are discounted based on an annual rate. Definition of an appropriate social discount rate is a
matter of economic research. For practical purposes, Federal agencies specify a rate in policy in order to perform consistent
analyses across projects. The U.S. Army Corps of Engineers, for example, annually sets the discount rate based upon the
average market yields on Treasury securities (i.e. the cost of government borrowing), which has been between 2% and 3%
for the last several years. The current (FY20) rate is 2.75%. Other agencies, such as FEMA, require BCA’s use a 7% discount
rate based upon guidance from the Office of Management and Budget that this rate approximate the marginal pretax rate
of return on private sector investments and is a better reflection of the opportunity cost of capital for Federal investment.
iii
https://planning.erdc.dren.mil/toolbox/library/EGMs/EGM20-01.pdf
iv
https://planning.erdc.dren.mil/toolbox/library/EGMs/EGM20-01.pdf
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