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PLANNING IN WATER’S WAY: A LAND USE
GUIDE FOR THE I-86 INNOVATION CORRIDOR
EXECUTIVE SUMMARY
The I-86 Innovation Corridor has significant economic development potential and a history of economic prosperity. However,
that history has also been marred by repeated flooding—from the river, from tributary streams, and from localized drainage.
Because floods can cause significant economic disruptions for the communities affected, the future economic vitality of
Southern Tier communities requires an ability to withstand and recover from any future flood events. This Planning in Water’s
Way guide promotes the economic well-being of the I-86 Innovation Corridor by presenting information about flood
vulnerabilities and promoting strategies that will improve the corridor’s overall economic success—and might even help
attract new investment and new business.
In 1972, devastating flooding from Hurricane Agnes had severe economic impacts, with a fifth of the region’s workforce
temporarily or permanently out of work. If a similar event were to occur in the I-86 Innovation Corridor today, it could cause
over $2 billion in losses and affect a population of 27,092 people living in the present-day Hurricane Agnes floodplain (30%
of the Corridor’s population). Additional economic impacts would result from businesses interruptions, with the potential for
permanent closure of more than 30 businesses. The Corning area and Elmira area levee systems, which were overtopped by
the Hurricane Agnes flood, provide valuable protection from less severe river flooding events. However, localized high
intensity storms are a recurring problem, particularly for tributary streams and roadside drainage systems, where torrents of
water cause localized flooding and erosion. River flooding with a 1% annual probability of occurring (10-year recurrence
interval), could result in flood losses of $1.4 million to residential and non-residential structures, losses that could recur on a
relatively frequent basis.
Flooding and other emergencies can take their toll on business, industry, and communities. But something can be done.
Injuries and damages can be reduced by recognizing the hazards and taking steps to promote safety and reduce the
vulnerabilities. Businesses can return more quickly to normal operations if they plan. The following strategies are
recommended for achieving a flood resilient economy in the I-86 Innovation Corridor.

GUIDING PRINCIPLE: SAFETY FIRST





Identify the highest risk areas and reserve those places for water.
Protect facilities that provide critical services.
Flood warnings save lives.
Plan and train for effective response to emergencies.

GUIDING PRINCIPLE: MANAGE WATER BEFORE IT RUNS DOWNHILL



Reduce and manage runoff from new development.
Manage local drainage using green infrastructure strategies that protect or replicate natural systems.
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Manage drainage along roads.

GUIDING PRINCIPLE: BE PREPARED FOR FLOODS






Use flood-smart land use management tools.
Build high to stay dry.
Retrofit existing flood-prone development.
Prepare for flood recovery.
Maintain healthy stream systems that can carry high flows.



Take care of the levees and be aware of their limitations.

PRIORITIES
Recommended focus areas for promoting economic resilience in the I-86 Innovation Corridor are:





Plan for floods.
Protect assets from floods.
Certify levees.
Increase flood awareness.
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SECTION 1.

INTRODUCTION

The I-86 Innovation Corridor is a scenic stretch of I-86 in New York’s Southern Tier that hosts hundreds of businesses and has
significant potential for additional economic expansion. The Corridor extends from I-99 in the Town of Erwin (in Steuben
County) to the City of Elmira (in Chemung County), encompassing the following municipalities:
 Town of Erwin, Steuben County
 Village of Painted Post, Steuben County
“The I-86 Innovation Corridor is recognized as a
 Village of Riverside, Steuben County
destination business development location,
 City of Corning, Steuben County
distinguished by its concentration of multi Village of South Corning, Steuben County
national
anchor
companies,
advanced
infrastructure
to
support
innovation
and
 Town of Corning, Steuben County
technology, rich educational and research
 Town of Big Flats, Chemung County
resources, specialized and skilled workforce and
 Town of Horseheads, Chemung County
vibrant communities.”
 Village of Horseheads, Chemung County




(I-86 Innovation Corridor Strategic Action Plan)

Village of Elmira Heights, Chemung County
City of Elmira, Chemung County
Town of Elmira, Chemung County

Figure 1-1. I-86 Innovation Corridor

In 2015, these twelve municipalities developed the “I-86 Innovation Corridor Strategic Action Plan” to accelerate public and
private investment, create job opportunities, advance regional competitiveness, and create the magnetism to draw and keep
young, skilled workforce participants.1 However, a significant challenge for achieving the economic development potential of
this Corridor is the region’s vulnerability to flooding. Flood threats include the potential for levee overtopping, widespread
1

I-86 Innovation Corridor Strategic Action Plan, Camoin Associates, July 2015,
https://www.camoinassociates.com/sites/default/files/0%20-%20Main%20Narrative%20-%20I86%20Corridor%20Strategic%20Action%20Plan.pdf
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damage in low-lying areas, flash flooding along small streams, and localized drainage problems—all of which cause physical
damage to property and economic disruptions. The future economic vitality of Southern Tier communities thus requires an
ability to withstand and recover from future flood events.
Flooding has been a perennial problem in this Corridor throughout recorded history 2 (Figure 1-2). In 1972, the region was
devastated by flooding from Hurricane Agnes, which overtopped existing flood control levees and caused extensive damage.
A Cornell University report analyzing the impacts of this flood in Steuben, Chemung, and Schuyler Counties states, “Perhaps
as many as 400 commercial and industrial firms suffered losses as a result of the storm. Eighteen thousand workers were
thrown out of work for varying periods of time.” 3 This represented more than 20% of the region’s workforce who were
temporarily or permanently out of work. Given the widespread damage, it is safe to assume that many of the employees who
remained on the job were unable to function at their normal capacity due to flood impacts on their homes, families, friends,
and support services.
Figure 1-2. Imperial Engineering Company, Painted Post, 1901.
(Newly constructed dikes saved the City of Corning.)

Source: Steuben County Historical Society

When businesses flood, the physical damage to buildings, equipment, and inventory is only part of the cost. Indirect impacts
arise from damage to utilities, which may result in service interruptions. Damage to roads can prevent employees, customers,
and supplies from reaching a business. When businesses close, they are no longer generating revenue and employees may
not be working. According to the Insurance Institute for Business & Home Safety, at least 25 percent of businesses affected

2

Historic Floods in the Southern Tier Central Region of New York, Southern Tier Central Regional Planning & Development Board, 2019,
http://www.stcplanning.org/usr/Program_Areas/Flood_Mitigation/STC_Historic_Floods.pdf
3

Regional Analysis for Development Planning in Disaster Areas, by Barclay G. Jones and James H. Mars, Cornell University Water
Resources and Marine Sciences Center and Cornell University Center for Urban Development Research, Technical Report No. 88, 1974
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by disasters such as floods, hurricanes, tornadoes, wildfires and building fires do not reopen. Those that do, often struggle to
stay in business for a variety of reasons. 4 Other data suggest that business failure rates may be even higher for small
businesses and those that have not developed continuity of operations plans, as indicated in Table 1-1.
Table 1-1. Failure Rates of Businesses Impacted by Natural Disasters
NATURAL DISASTER IMPACT

IMMEDIATE

ONE YEAR
LATER

THREE YEARS
LATER

40%

25%

75%

OF SMALL
BUSINESSES
WON’T REOPEN

MORE SMALL
BUSINESSES
WILL CLOSE

OF BUSINESSES
WITHOUT A
CONTINUITY
PLAN WILL FAIL

Source: Inland Flooding Ready Business Toolkit,
https://www.fema.gov/media-library/assets/documents/152383
The Planning in Water’s Way project was undertaken by Southern Tier Central Regional Planning & Development Board (STC)
to promote a flood resilient economy in the I-86 Innovation Corridor. The project included mapping of flood hazards,
quantifying existing flood vulnerabilities, identifying cost-effective strategies for reducing flood risks, and preparing flood
resilience recommendations for existing and future development. Information about the locations of flood hazards was
compiled in an online mapping tool, which is described in Section 2. Tetra Tech conducted an economic analysis of flood risks
for existing development in the in the I-86 Innovation Corridor and made recommendations for mitigating those flood risks.
Quantified loss estimates and mitigation recommendations developed by Tetra Tech are presented in “Planning in Water’s
Way: Flood Resilience Strategies for the I-86 Innovation Corridor” (July 2019). The findings regarding current vulnerabilities
are summarized in Section 3 of this Guide. Section 4 presents flood resilience strategies and guidance based on three guiding
principles (safety first, manage water before it runs downhill, and be prepared for floods). These flood resilience strategies
address existing development and future development within the I-86 Innovation Corridor. In conclusion, Section 5 of this
Guide identifies priority actions for maximizing the economic potential and flood resilience within the I-86 Innovation Corridor
by implementing cost-effective practices and integrating flood resilience into municipal land use regulations.

4Open

For Business, The Institute for Business & Home Safety, 2007,
https://www.preventionweb.net/files/7280_OpenForBusinessnew.pdf
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SECTION 2.

WHERE ARE THE FLOOD HAZARDS?

The I-86 Innovation Corridor is extremely vulnerable to the physical damages and economic disruptions caused by flooding.
Since 1970, there have been 9 presidentially declared flood disasters in Chemung County and 14 in Steuben County; at least
7 impacted the project area. The region has also experienced floods and flash floods that were locally severe but did not
receive federal disaster declarations. Some of these floods have resulted from high flows in the Chemung River, which
parallels I-86 through much of the Innovation Corridor. The numerous tributaries to the Chemung River are also subject to
flooding and flash flooding. Additional flood damage occurs when the rate of runoff exceeds the capacity of roadside ditches,
storm sewers, and other drainage ways.
The frequency of intense rainfall events is increasing and expected to cause even more extreme flood events and flash
flooding in the future. In the northeastern US, the amount of precipitation concentrated into heavy events has increased by
71% over 50 years (Figure 2-1). This trend is projected to continue. In addition, development has changed the ways that water
runs off the land, often increasing the rate and volume of runoff into streams. Although not every heavy rainfall event results
in flooding, these trends are increasing the potential for flash flooding and erosion damage along small streams, roadside
ditches, and poor drainage areas.
Figure 2-1. Changes in Very Heavy Precipitation Events
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STC developed a Planning in Water’s Way online mapping tool to provide access to multiple sources of information about
potential flood risks within the I-86 Innovation Corridor. This tool is available at:
http://stcgis.maps.arcgis.com/apps/webappviewer/index.html?id=91c5fb0046c64c65ba878852dbc5fb15
(NOTE: The online mapping tool does not work well on all internet browsers.) This tool allows the user to turn on data layers
for a variety of flood risk indicators and zoom in to the area of interest. By using this resource to acquire an understanding of
the flood hazards at a particular site, the hazards and limitations can be addressed when making land use and development
decisions. The flood hazard data layers in the Planning in Water’s Way online mapping tool are described below.

2.1. FEMA-MAPPED FLOOD HAZARD INFORMATION
The Federal Emergency Management Agency (FEMA) has mapped floodplains and floodways along the rivers and major
streams in the project area. These flood zones are depicted on Flood Insurance Rate Maps (and for some municipalities Flood
Boundary and Floodway Maps). Although these FEMA maps have not been updated in recent years, they do indicate the
areas with the highest risk of flooding. Flood risks should be taken into account for any site planning, construction,
renovations, and facility operations that are located within or adjacent to these flood zones.
The Approximate FEMA Flood Zones layer shows the 1% annual probability (100-year) and 0.2% annual probability (500-year)
floodplains that are shown on the community’s Flood Insurance Rate Map (Figure 2-2). The digital map information in the
online mapping tool is approximate (and in some places incomplete), so the paper Flood Insurance Rate Maps should be
consulted for accurate determination of the flood zone.
Figure 2-2. Approximate FEMA Flood Zones

The 1% annual probability (100-year) floodplain is considered to be a high flood risk area. Development within this flood zone
is regulated by each local municipality. These regulations require elevation of the lowest finished floor and mechanical
equipment (furnace, water heater, electric outlets/breakers, etc.) to a level two or more feet above the anticipated flood
9

height (or 3 or more feet above the highest adjacent grade if the 100-year flood elevation has not been determined). Flood
damage-resistant building materials are required below this level. Basements below grade are prohibited. Any development
(including filling, grading, and other non-building activities) must be done in a manner that does not cause damage to other
properties.
The 0.2% annual probability (500-year) flood zone is classified as an area with moderate flood risk. This flood zone has not
been mapped for all streams. Although floodplain development requirements do not apply in this 2% probability flood zone,
it is recommended that some flood mitigation be implemented. This could include elevation of finished space, no basement,
elevation of utilities, and use of flood damage-resistant building materials in the lower parts of the building.
Because standard insurance policies do not cover flood damage, flood insurance is recommended for buildings that are
subject to flood risks. Within the 1% annual probability flood zone, flood insurance is more costly than in lower risk zones and
is generally required as a condition of the mortgage.
The FEMA-Mapped Floodway layer in the Planning in Water’s Way online mapping tool shows the approximate floodway
areas (Figure 2-3). The floodway was not mapped for all streams and this layer is incomplete in some areas (particularly
outside of the I-86 Innovation Corridor).
Figure 2-3. FEMA-Mapped Floodway

The Floodway is the channel of a river or stream and the overbank areas that must remain open to carry the deeper, fastermoving water during a flood. No new development is permitted within the regulatory floodway unless a licensed professional
engineer demonstrates that the proposed encroachment shall not result in any rise in the 100-year flood elevation. This
requirement is part of the locally-enforced floodplain development standards. Ideally, floodways should be undeveloped
areas that can accommodate flood flows with minimal risk. This is a good place of open space or recreational uses that do
not involve filling or building construction.
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2.2. LEVEE-PROTECTED AREAS
Many of the developed areas in the I-86 Innovation Corridor are protected by flood control levees. Although FEMA has not
mapped the levee-protected areas as high risk flood zones, this does not mean that there is no flood risk. Levees reduce the
risk of flooding, but no levee system can eliminate all flood risk. A large flood can exceed the design capacity and flow over
the levee (Figure 2-4) or damage can allow floodwaters to flow through an opening.
Figure 2-4. Water Overtopping the Floodwall in Elmira, 1972

Figure 2-5 shows the leveed areas from the U.S. Army Corps of Engineers National Levee Database
(https://levees.sec.usace.army.mil). These are areas that could flood if levees overtop or fail. This dataset does not include
areas protected by the Ithaca Road levee in the Town and Village of Horseheads or the Switzer Dike in the Town of Big Flats.
The area at risk includes approximately 54,517 people and 15,918 strucures, with a total property value of $7.23 billion, as
indicated in Table 2-1. Recommendations for flood mitigation in levee-protected areas include emergency planning, locating
vulnerable items upstairs, use of water-resistant materials in the lower parts of buildings, backflow protection valves (to
prevent sewer from backing up into the building), and flood insurance. Alternate locations or additional protection may be
warranted for critical facilities and hazardous materials.
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Figure 2-5. Levee-Protected Areas

Levee System
Gang Mills
Painted Post
Corning
South Corning
North Elmira
South Elmira
Horseheads (Ithaca Rd.)
TOTAL

Table 2-1. Risk Characteristics of Levee-Protected Areas
People at Risk
Structures at Risk
Property Value
3,673
2,075
4,714
9,517
18,973
15,480
85
54,517

948
918
2,480
1,283
3,883
6,359
47
15,918

$567 million
$265 million
$702 million
$716 million
$3.52 billion
$1.44 billion
$20.4 million
$7.23 billion

Levee Safety Action
Classification
Not Screened
Moderate
Low
Low
Not Screened
Low
Not Screened

Source: National Levee Database, https://levees.sec.usace.army.mil (data retrieved August 2019)

2.3. WATERBODIES
Any stream or wetland can overflow and flood surrounding areas. Streambank erosion is also a common problem in the
Southern Tier, with streams washing out their banks and taking whatever is on them. Some streams have moved as much as
100 feet in a single flood event. The Planning in Water’s Way online map tool includes layers for streams and wetlands, as
well as buffers around these features.
The DEC Classified Stream layer is derived from data maintained by the NYS Department of Environmental Conservation
(DEC). In addition to line data for streams, STC has created a polygon layer for 100-foot buffers on either side of each stream
(Figure 2-6). (The buffer data loads slowly, but zooming in to the area of interest creates more visible buffer areas.)
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Figure 2-6. DEC Classified Streams and 100-foot Buffers in the Corning/Painted Post Area

FEMA has not mapped the floodplains for many of the region’s small streams, but any stream can flood. There are also no
maps of erosion hazard areas to indicate where stream and river banks are likely to wash out. The stream buffer layer in the
online mapping tool extends 100 feet from the stream and is considered an indicator of the approximate area that may be
subject to unmapped flooding and/or erosion hazards. Because of the potential for streams to flood and to erode their banks
(Figure 2-7), it is recommended that buildings and other vulnerable development be located away from the streambank. The
recommended setback distance is generally 100 feet.
Figure 2-7. Small Stream Erosion and Flooding

Photo credit: Town of Elmira and Chemung County Soil and Water Conservation District

The State-Regulated DEC Wetlands layer includes wetlands regulated by the NYS DEC, which are generally 12.4 acres or larger
(Figure 2-8). A DEC freshwater wetlands permit is required for activities within the mapped wetland or within 100 feet of the
wetland boundary. The 100-foot buffer around each state-regulated wetland is included in the online mapping tool to indicate
areas where a state permit may be required and to approximate areas that may be subject to flooding from the wetland.
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Figure 2-8. State-Regulated DEC Wetlands and Wetland Buffers in Horseheads

The National Wetlands Inventory (NWI) was developed by the U.S. Fish and Wildlife Service to provide information about the
nation’s wetland resources. The locations of these nationally mapped wetlands are included as a layer in the online mapping
tool (Figure 2-9). These data include open water and small wetlands, including ephemeral wetlands that do not have water
year round. Additional information about wetland characteristics is available from the online Wetlands Mapper
(https://www.fws.gov/wetlands/data/Mapper.html). This national wetlands map does not define the limits of federal
jurisdiction for regulatory purposes.
Figure 2-9. National Wetlands Inventory

The NWI data include open water and small wetlands that are not regulated by New York State. These are areas within or
near which flooding or drainage problems may be a concern (Figure 2-10). Wetlands are also valuable landscape features that
should be prioritized for protection. In addition to their habitat value, wetlands store runoff and release it slowly, which helps
to reduce downstream flood peaks.
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Figure 2-10. Flooding of Large and Small Wetlands

Photo credit: Upper Susquehanna Coalition

2.4. HISTORIC FLOOD INFORMATION
Areas that have flooded in the past are areas that are likely to flood again in the future. Unfortunately, detailed information
about past flood extents are often not recorded and are thus not available to inform future land use decisions. The Planning
in Water’s Way online mapping tool includes three data layers associated with past floods: poor drainage areas where recent
flooding has been reported by municipal personnel, mapped inundation areas for the 1972 Hurricane Agnes flood, and soil
characteristics indicative of flooding.
The Recent Flooding layer includes locally-identified areas of concern (Figure 2-11). These are places where local drainage
problems have caused flooding and flood damage outside of FEMA-mapped floodplains. They were documented based on
meetings with municipal staff following the August 2018 floods and during previous flood mitigation planning efforts. The
documented problem areas have had drainage issues, log/debris jams, and other flash flooding problems (Figure 2-12).
Figure 2-11. Recent Flooding in Poor Drainage Areas
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Figure 2-12. Recent Flooding of Roads

Photo credit: STCRPDB and Steuben County Office of Emergency Services

Following the 1972 Hurricane Agnes flood, the U.S. Geological Survey mapped the extent of flooding from rivers in the
Southern Tier. These flood inundation maps were digitized by STC for the Planning in Water’s Way online mapping tool (Figure
2-13). This data layer does not show inundation from tributary streams (and has not yet been digitized for areas outside of
the I-86 Innovation Corridor).
The 1972 Hurricane Agnes flood is the flood of record for rivers in the I-86 Innovation Corridor, meaning that it had the highest
water levels recorded since the river gauging sites were established. This historical storm caused the levees to overtop,
flooding areas that are typically protected by those levees. Damage was widespread, with homes and businesses swept away,
infrastructure destroyed, and lives lost (Figure 2-14). Levees were repaired following this flood, but the protection levels were
not increased. The U.S. Army Corps of Engineers constructed the Tioga-Hammond and Cowanesque flood control dams (in
Pennsylvania) after the Agnes flood, which significantly reduce downstream flood risks on the Tioga and Chemung Rivers.
However, another devastating flood comparable to the Hurricane Agnes flood is still possible. (Circumstances that could result
in severe flooding include a prolonged event that doesn’t allow drawdown of reservoir levels, heavy rainfall in unregulated
portions of the watershed, or the failure of levees.) Planning for a worst-case flood event should thus take into account the
historic Hurricane Agnes flood.
Figure 2-13. Hurricane Agnes 1972 Flood Inundation from Rivers
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Figure 2-14. Hurricane Agnes Flood Damage to Businesses in Riverside and to the Railroad Bridge in Corning

Source: Steuben County Historical Society

Soils form over hundreds or thousands of years, so their characteristics provide an indication of past conditions over a long
window of time. Flood frequency information is included in the soil mapping data maintained by the USDA Natural
Resources Conservation Service (NRCS). The Planning in Water’s Way online mapping tool displays soils that are classified as
being subject to frequent or occasional flooding (Figure 2-15). The online mapper also displays more detailed information
about these flood-prone soils, including slope grade, ponding frequency, elevation, and drainage class (by clicking on the
flood-prone soil). Additional soil mapping and map unit descriptions can be accessed through the NRCS Web Soil Survey
(https://websoilsurvey.sc.egov.usda.gov). Development on soils indicative of frequent or occasional flooding should be
informed by the knowledge that the site has flooded in the past and is thus likely to flood again. Knowledge of this flood
potential can enable flood-resilient project design.
Figure 2-15. Soils Subject to Occasional or Frequent Flooding
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SECTION 3.

WHAT IS VULNERABLE?

The good news is that most of the existing commercial, industrial, infrastructure, and residential development in the I-86
Innovation Corridor is located outside of flood-prone areas. However, a considerable amount of development could be
subject to flood damage, particularly from an extreme flood event.
A consultant was hired to analyze the ways in which the economy along the I-86 corridor is vulnerable to flooding. Tetra Tech
(consultant) used FEMA’s Hazards U.S.—Multi-Hazard (HAZUS-MH) software tool to determine the magnitude of flood
impacts on the project area for three flood scenarios: (1) a frequent river flooding event (10-percent annual probability/10year flood), (2) a regulatory flood event (1% annual probability/100-year flood), and (3) the historical 1972 Hurricane Agnes
flood. The results of this analysis are summarized below and presented in “Planning in Water’s Way: Flood Resilience
Strategies for the I-86 Innovation Corridor” (July 2019).

3.1 FREQUENT FLOOD E VENTS
Flooding occurs somewhere within the I-86 Innovation Corridor
ABOUT HALF OF ALL FLOOD-RELATED
every two to three years on average. The intense rainfall events that
FATALITIES ARE VEHICLE-RELATED.
produce this flooding are often localized, causing damage within a
Drivers
cannot know the depth of the water or
relatively small area. Although these flood events may not be
the condition of the road under the water.
widespread, the localized damages can be quite severe. Flash floods
“TURN AROUND...DON’T DROWN!”
occur with little advanced warning, sending torrents of water down
slopes, roadside ditches, streams, and other drainage ways.
Uprooted trees and other debris divert flow from established channels and cause flooding in unanticipated areas. High
velocity water erodes streambanks and roadside ditches, washing out roads, damaging bridges, and undermining streamside
development. Eroded sediment accumulates farther downstream. Roads are particularly vulnerable. Sometimes a Town has
erosion or other damage to almost every Town road, which causes significant strain on the municipal budget. Flooding and
damage to roads also pose significant safety concerns for drivers. Flash flooding and the associated erosion often damage
buildings and other development as well.
Because the frequent flash flood events affecting the Southern Tier are generally localized, with erosion and debris blockages
contributing to the location and severity of damages, the flood damages from these events could not be modeled with the
HAZUS-MH software tool. A more predictable type of frequent flooding involves high flows in the rivers, which overflow their
banks and cause shallow flooding on adjacent floodplains. To conduct a quantitative analysis of potential losses from frequent
river flooding events, Tetra Tech used inundation data developed by the U.S. Army Corps of Engineers for the ongoing
Chemung River Flood Inundation Mapping project. Data corresponding to a river flood with a 10-year recurrence interval
(10% annual probability flood event) were used to represent a frequent river flooding event. However, these data only span
the Chemung and lower Tioga Rivers. So calculated damage estimates are limited to a portion of the project area and do not
include flooding of the Cohocton River and other tributaries.
Flood control levees provide significant protection from river flooding in Gang Mills (Town of Erwin), Painted Post, Riverside,
City of Corning, Village of South Corning, Town of Elmira, and City of Elmira. (Levee protected areas are shown in Figure 2-5.)
The frequent river flood scenario used for the exposure and vulnerability analysis involves flooding of low-lying floodplain
areas outside of these levee systems (and only along the Chemung and lower Tioga Rivers). Most of the areas affected by this
scenario are currently undeveloped or used for recreation, mining, or agriculture. However, some development would be
18

impacted, particularly in the Town of Big Flats, as shown in Figure 3-1. This modelled flood event would potentially impact
four residential and ten non-residential structures, with potential flood losses to structures and contents totaling $1.4
million:
 Four residential structures are exposed to flooding, with average estimated damages of $50,000 per structure.
 Ten non-residential structures are exposed to flooding, with average estimated damages of $120,000 per structure.
 One facility containing hazardous materials in the Town of Corning is exposed to flooding.
 Route 352 in the Town of Big Flats is flooded.
 River Road in the Town of Corning is flooded.
These impacts are expected to recur approximately every 10 years (although some areas may flood more frequently).
Significant additional damages occur from frequent flooding outside of the area evaluated by this river flood scenario.
An area of concern is Coopers Plains in the Town of Erwin, which is in the Cohocton River floodplain and includes lowlying areas that are susceptible to frequent flooding. Additional flash flood risks occur along tributary streams (shown
in Figure 2-6) and other drainage ways.
Figure 3-1. Structures Exposed to a 10% Annual Probability River Flood Event in the Town of Big Flats

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

3.2 FEMA-MAPPED FLOODPLAIN (1% ANNUAL PROBABILITY FLOOD EVENT)
The Federal Emergency Management Agency (FEMA) has mapped floodplains for rivers and many of the streams throughout
the project area, as shown in Figure 2-2 (and on Flood Insurance Rate Maps for each municipality). The regulated floodplain
is the area expected to be inundated by a flood with a 1% or greater probability of occurring in any year (the so-called 10019

year floodplain). Although these FEMA-mapped floodplains have not been updated in recent years, they indicate areas with
a high probability of flooding and were used as the basis for Tetra Tech’s quantitative analysis of potential impacts from the
regulatory flood. The current FEMA maps account for the protection provided by flood control levees (showing protected
areas as having moderate or low flood hazards), so this scenario does not include flood losses that might occur if a levee were
to fail during the 1% flood event.
Figure 3-2. Residential Population Exposed to a 1% Annual Probability Flood Event

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

Within the I-86 Innovation Corridor, the regulatory flood scenario could affect a population of 3,731 people and 1,919
buildings located in the floodplain (Figure 3-2). This represents 4.2% of the population and 5.5% of structures in the project
area. This means that 94% of the existing development within the Corridor is located in areas classified as having low to
moderate flood hazards. However, the total damage to buildings and building contents exposed to this flood is estimated to
be $253 million. This loss estimate does not include damage to roads. Of particular concern are the critical facilities that may
be unable to provide services during a flood. Potential impacts of this flood scenario include the following:
 Floodplain development that could be affected includes:
o 25% of buildings in the Village of Elmira Heights,
o 19% of buildings in the Town of Corning, and
o 19% of buildings in the Village of South Corning.

20











The majority of the damage to buildings and contents would be uninsured losses. (Standard insurance policies
do not generally cover flood losses and only 20% of the exposed buildings in the project area are covered by
flood insurance policies through the National Flood Insurance Program.)
The Corning Hospital could be affected. Although the building is elevated above the anticipated flood height, it
may be inaccessible and thus unable to provide emergency services.
The Village of Horseheads Fire Department could be flooded.
The affected area includes six major employers.
The affected area includes seven facilities with hazardous materials (Tier II).
One wastewater treatment facility could be affected (Town of Elmira).
Potable pump stations in Big Flats and the City of Elmira could be affected.
Over 300 people may need short term sheltering due to evacuation.

The potential economic impacts of this regulatory flood scenario are greater than the direct damage to structures and
contents. The regulatory flood scenario could impact 124 businesses that employ an estimated 1,352 people and have annual
revenues of $333 million. If 25% of these businesses are unable to re-open following the flood, 5 the Corridor could
permanently lose 32 businesses. Additional impacts to businesses located in or outside of the flood damage area include:
temporary business closure, utility outages, damaged transportation routes, disrupted supply chains, lack of customers,
damage to employees’ homes, and other factors.

3.3 PRESENT-DAY IMPACT OF A HURRICANE AGNES FLOOD EVENT
The 1972 Hurricane Agnes flood devastated the I-86 Innovation Corridor and had long-lasting impacts on the area’s economy.
This flood overtopped flood control levees in both the Corning area and the Elmira area levee systems, flooding both cities
and surrounding areas. The Tioga River levee protecting Gang Mills had not yet been built. In other areas, flooding extended
beyond the boundaries of the current FEMA-mapped floodplain (1% annual probability flood), particularly in the Town of Big
Flats. The Hurricane Agnes flood event was selected as a credible worst-case scenario for evaluating the potential impact that
an extreme flood could have on the I-86 Innovation Corridor. This analysis was based on the inundation areas mapped by the
U.S. Geological Survey (Figure 2-13) for flooding from the Cohocton, Canisteo, Tioga, and Chemung Rivers. Loss estimates are
based on present-day development within the areas inundated by the 1972 flood. The Agnes inundation areas were not
mapped along tributary streams, so the flood loss estimates do not account for all of the flooding impacts that could occur.
A flood event comparable to Hurricane Agnes (which overtopped the protective levees) would affect a population of 27,092
people who live within the present-day Hurricane Agnes floodplain and 9,686 buildings (Figure 3-3). This represents about
30.5% of the population and 27.7% of structures in the project area. Total losses to buildings and contents are estimated at
over $2 billion, which is approximately 8.7% of the total replacement cost value of all assets in the I-86 Innovation Corridor.
Numerous critical facilities would be exposed to this extreme flood event. Potential impacts of this extreme flood scenario
include the following:
 The building stock that could be affected by a present-day Hurricane Agnes flood includes:
o 100% of buildings in the Village of Riverside,
o 68.5% of buildings in the City of Corning,
o 58.7% of buildings in the Village of South Corning, and
o 53.2% of buildings in the City of Elmira.
5

Open For Business, The Institute for Business & Home Safety, 2007,
https://www.preventionweb.net/files/7280_OpenForBusinessnew.pdf
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The majority of the damage to structures and contents would be uninsured losses.
The affected area includes:
o 11 fire and police stations,
o 11 municipal hall and public works buildings,
o 13 health care, hospital, and emergency medical facilities,
o 42 major employers,
o 16 facilities with hazardous materials (Tier II),
o 4 wastewater treatment facilities,
o 4 potable pump stations,
o 7 electric substations, and
o 9 emergency shelters.
Approximately 2,500 people may need short term sheltering due to evacuation.
Figure 3-3. Present-Day Residential Population Exposed to a Hurricane Agnes Inundation Event

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

A present-day storm of the magnitude of Hurricane Agnes could impact approximately 900 businesses that employ an
estimated 14,000 people and have annual revenues of more than $1 billion. All of the businesses directly affected by flooding
are likely to experience lost revenues due to temporary closure during and after the flood. Tetra Tech estimates that this lost
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revenue is likely to be more than $40 million and may be as high as $400 million (based on the duration of business closures
following Hurricane Agnes). If 25% of businesses are unable to re-open following the flood,6 the Corridor could permanently
lose 228 businesses. Additional cascading impacts to businesses located within and outside of the flooded area can result
from road closures, infrastructure damage, residential losses for employees/customers, lost wages of those unable to work,
supply chain disruptions, lack of emergency services, and other factors. The vast scale of economic impacts for this scenario
reflects a major disaster with long-term consequences.

3.4 OPPORTUNITIES FOR REDUCING FLOOD IMPACTS
These findings suggest that the economic prosperity of the I-86 Innovation Corridor could be seriously hampered by a major
flood event. And the region’s flood-prone history suggests that such a flood is likely to occur sooner or later. This highlights
the need to pursue actions that can reduce the impacts of future floods as part of the overall strategy for supporting the
Corridor’s economic potential. By identifying the location and magnitude of flood impacts, the analysis conducted by Tetra
Tech forms a basis for evaluating the relative benefits and target locations for various mitigation strategies that can reduce
flood vulnerability.
Strategies for reducing flood damage to existing development can
include a wide range of mitigation measures including property
acquisition, property relocation, wet floodproofing, dry
floodproofing, deployable barriers, building elevation, drainage
improvements, sewer backflow valves, basement infill, and stream
management projects. FEMA mitigation grants or other funding may
be available to offset the costs of mitigation projects. Case studies,
cost estimates, and additional information about flood mitigation
options are presented in the Tetra Tech report for the Planning in
Water’s Way project.7

IS MITIGATION COST EFFECTIVE?
Every $1 that federal agencies have invested in
riverine flood mitigation saved $7.
Source: “The Natural Hazard Mitigation Saves: 2017
Interim Report,” National Institute of Building Sciences

3.4.1. PROPERTY ACQUISITION OR RELOCATION
Removing a building from a flood-prone location is the most reliable means of preventing future flood damage to the
structure and contents--and also reducing personal risk to the occupants. Once the building is removed (relocated or
demolished), the site can be converted to a recreational or open space use that is compatible with the flood risk. FEMA has
pre-calculated the long-term benefits of acquiring a structure in the 1% (100-year) floodplain to be $276,0008 (meaning that
any acquisition project costing less than this is assumed to be cost-effective). However, “buyout” projects are costly and
require a willing seller and are thus not desirable in many areas. But safety objectives may make this the preferred option in
the highest risk parts of the floodplain where high velocities, erosion, or other risks can threaten the lives of occupants and
emergency personnel. This may also be a feasible solution within the 10% probability floodplains (used for the frequent river
flood scenario in Section 3.1) in order to prevent the repeated damages associated with flooding in these areas.

6

Open For Business, The Institute for Business & Home Safety, 2007,
https://www.preventionweb.net/files/7280_OpenForBusinessnew.pdf
7

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

8

Cost Effectiveness Determinations for Acquisitions and Elevations in Special Flood Hazard Areas Using Pre-calculated Benefits Memo,
FEMA, October 2013, https://www.fema.gov/media-library/assets/documents/85014
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3.4.2. WET AND DRY FLOODPROOFING
Floodproofing techniques encompass a variety of strategies for retrofitting existing flood-prone development in order to
reduce or prevent flood damage to the structure and/or its contents. Dry flood-proofing consists of completely sealing around
the exterior of the building so that water cannot enter the structure. This technique can only be used when the walls are
strong enough to withstand the hydrostatic force of the water and is only feasible for relatively shallow flooding. Another dry
floodproofing strategy is to use deployable flood barriers or panels, either at openings in a building (doors and windows) or
to protect a larger area (or multiple buildings). Wet floodproofing techniques involve modifying the lower portions of a
building to allow floodwaters to enter the structure without causing damage. Flood vents (openings) allow water to flow in
and out of unfinished areas, typically a crawlspace, garage, or basement. Vulnerable items, such as utilities, appliances, and
contents, are relocated to higher parts of the building or protected in-place. Flood-damage resistant building materials are
used for parts of the building that will be flooded.
Tetra Tech analyzed flood damage trends in the I-86 Innovation Corridor and identified clusters of non-residential structures
that are likely to have less than 4 feet of water during the regulatory flood (1% annual probability/100-year flood). The highdensity areas shown in Figure 3-4 offer opportunities for targeted outreach to property owners about floodproofing
techniques. These are also areas where block-wide deployable barriers could be used to mitigate impacts from shallow
flooding.
Figure 3-4. Non-Residential Target Ares for Wet and Dry Floodproofing

Source: Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor, Tetra Tech, July 2019
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Tetra Tech conducted a hypothetical investment analysis for two non-residential dry floodproofing scenarios (Figure 3-5). Dry
floodproofing of a water-tight commercial structure by installing flood panels over entryways yielded a payback period
ranging from about 6 to 10 years. Temporary flood protection using deployable barriers would have a longer payback period
(between 12 and 20 years) due to the higher initial cost for deployable flood barriers. However, temporary deployable barriers
may be a preferred technique for multiple structures or a building for which the walls cannot be sealed to prevent the entry
of floodwater.
Figure 3-5. Accumulated Benefits for Non-Residential Property Mitigation Scenarios

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

3.4.3. 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 floodproofing, the building can be lifted above the anticipated flood height and placed on a new or extended foundation. Most
structurally-sound buildings can be elevated. FEMA has pre-calculated the long-term benefits of elevating a structure in the
1% annual probability (100-year) floodplain to be $175,0009 (meaning that any building elevation project costing less than
this is assumed to be cost-effective).
Tetra Tech used the impact analysis for the regulatory flood (1% annual probability/100-year flood) to identify residential
structures in the I-86 Innovation Corridor that would sustain greater than 30% structural damage. Areas with a high density
of these structures are shown in Figure 3-6. These clusters present opportunities for targeted outreach to property owners.
Municipalities could consider sponsoring mitigation grant applications for structure elevation projects in these areas.

9

Cost Effectiveness Determinations for Acquisitions and Elevations in Special Flood Hazard Areas Using Pre-calculated Benefits Memo,
FEMA, October 2013, https://www.fema.gov/media-library/assets/documents/85014
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Figure 3-6. Residential Target Ares for Structural Elevation

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

3.4.4. OTHER MITIGATION OPTIONS
Additional flood mitigation strategies that can be considered in the identified areas of concern include:


Drainage improvements. In some cases, on-site drainage improvements can direct shallow floodwater away from a
flood-prone structure. This may involve regrading, installing a swale, establishing a rain garden or ponding area, or
removing obstructions from an existing swale. Care must be taken not to adversely affect the drainage patterns on
adjacent properties or onto public roads.



Sewer backflow valves. Flooding can inundate and overload sanitary sewer systems, causing water to flow backward
through sewer lines and out through toilets or drains. The best solution to this problem is usually to install a backflow
valve. These valves include check valves, gate valves, and dual backflow valves.



Basement infill. An effective technique for reducing flood and foundation damage in a below-grade basement is to
fill in the basement and convert it into an at-grade crawl space. In addition to removing utilities and other items
from the basement, this technique requires installation of flood openings on sections of the basement walls that
remain above ground (to allow automatic entry and/or exit of floodwaters). Eliminating the below-grade basement
can significantly reduce the cost of flood insurance.
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Tetra Tech conducted an investment analysis for mitigating a hypothetical residential structure by filling the basement or
elevating the entire structure (Figure 3-7). The estimated payback period for the basement infill scenario ranged from about
9 years to 23 years, with a mean value of 15 years. Elevating the structure above flood levels would have greater benefits,
but would also involve significantly higher costs, resulting in a long payback period for the scenario evaluated. However, this
analysis is highly dependent on the building characteristics and on the frequency and severity of flooding. An additional
consideration is the change in flood insurance premiums, which could result in annual savings of several thousand dollars
form some flood mitigation projects.
Figure 3-7. Accumulated Benefits for Residential Property Mitigation Scenarios

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

3.4.5. FLOOD SAFE DEVELOPMENT OF PROPOSED SITES
The I-86 Innovation Corridor Strategic Action Plan10 identifies seven potential development locations to support economic
growth. Four of these target areas are located outside of identified flood hazard areas and are good locations for flood
resilient development. However, Tetra Tech determined that three of the proposed development locations include flood
vulnerable areas (as discussed in Section 4.2 of their report11). Any future development of those sites should strive to locate
development outside of the vulnerable areas and incorporate flood-resilient design.


Corning Hospital Area. The Chemung Feeder Canal flows through this area. Each of the five identified development
sites is in or adjacent to FEMA-mapped floodplains (prone to flooding by the 1% annual probability/100-year flood).
The floodplain in this area was mapped using approximate techniques (without determination of the flood

10

I-86 Innovation Corridor Strategic Action Plan, Camoin Associates, July 2015,
https://www.camoinassociates.com/sites/default/files/0%20-%20Main%20Narrative%20-%20I86%20Corridor%20Strategic%20Action%20Plan.pdf
11

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor, Tetra Tech, July 2019
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elevation), so detailed analysis of flood risk should be undertaken prior to locating economic development assets in
or near the mapped flood zones. To the extent possible, development should be located outside of the high-risk
areas.


Airport Park Area. The Airport Park area includes FEMA-mapped floodplains for Sing Sing Creek, Cuthrie Run, and
Owen Hollow Creek (prone to flooding by the 1% annual probability/100-year flood), as well as areas outside of
these mapped floodplains. The floodplain portions of the Park are suitable for recreation and open space uses.
Whenever possible, economic development assets should be located outside of the mapped floodplains.



The Center at Horseheads Redevelopment & Horseheads Connector Road Area. The Ithaca Road Levee is in the
process of being renovated and certified as part of the Connector Road and bridge construction project. It is
anticipated this effort will mitigate flood risks in this target area.
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SECTION 4.

NO-REGRETS FLOOD RESILIENCE STRATEGIES

Although flood risks along the I-86 Innovation Corridor pose significant economic challenges, there are numerous strategies
that can be employed to promote a flood resilient economy. No single project or approach will achieve the desired results.
However, incremental progress can be achieved by implementing a variety of cost-effective measures as opportunities arise.
By embracing and working toward economic resilience, this region can reduce or avoid post-flood economic declines, such
as occurred in other parts of the Southern Tier after the 2011 floods and in this region after Hurricane Agnes in 1972.

A FLOOD RESILIENT COMMUNITY IS ONE THAT HAS THE CAPACITY TO PREPARE FOR,
RESPOND TO, AND RECOVER FROM FLOODING WITH MINIMAL OUTSIDE ASSISTANCE.





Businesses and residents are prepared before a flood occurs, resulting in less damage and
saved dollars when the waters rise.
Incoming businesses and developers can rely on accepted development practices that
minimized the risk from flood hazards.
All current and future property owners are able to benefit from specific recommendations
about where and how to build to reduce the potential damage, should there be a flood.
Plans are in place for effective flood response and continuity of operations following a flood.

Achieving a flood resilient economy requires proactive efforts by both the private and public sectors. Business and industry
leaders can mitigate existing facilities to reduce potential damages and develop plans for effective response and recovery.
Community leaders can use land use management authorities to promote flood safe communities that better protect human
health and property, while also attracting business and tourism. In addition to preparing to survive a major flood, partnerships
and planning can contribute to a more efficient recovery and position the community to take advantage of new opportunities
that may arise after a flood.
The following guiding principles for flood resilience are intended to help diverse members of the I-86 community to identify
opportunities for becoming more economically resilient by reducing and adapting to flood risks. Targeted implementation of
these strategies can help the I-86 corridor maintain business stability, attract customers and investments, and improve the
region’s reputation for supporting a healthy, flood-resilient economy.
Some of the strategies presented in this section are applicable to existing development, while others relate more directly to
future land use and development decisions, as indicated by the following icons:

Strategies for improving the flood resilience of existing development and assets include emergency
planning/response, floodproofing techniques, drainage/flood infrastructure, and mitigation funding. Public
education and technical assistance are needed to implement these strategies.

Strategies for improving the flood resilience of future development include land use planning and development
standards for managing the location and design of new construction.
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4.1. GUIDING PRINCIPLE: SAFETY FIRST
It goes without saying that safety is of paramount importance for public and private sector operations. All organizations have
a moral responsibility to protect residents, employees, and the environment. Because flooding is the most significant hazard
in the Southern Tier, flood safety is an important element of these health and safety considerations.
4.1.1. IDENTIFY THE HIGHEST RISK AREAS AND RESERVE THOSE PLACES FOR WATER
The wisest use for areas with extremely high flood risks is to maintain these places as open space, utilizing the aesthetic and
recreational benefits. In addition to the potential for physical damage to buildings and facilities, development in these areas
can place residents, employees, and other users at risk. The community may need to take expensive—and risky—measures
to protect the area or rescue people stranded there in a flood.


Identify those areas where flood safety concerns dictate that the best policy is to “make room for water.” This
includes areas where the anticipated velocity or depth of floodwaters prevents safe evacuation. It also includes areas
prone to flash-flooding—where there is not enough warning time for occupants to be alerted and get out of harm’s
way. In other areas, erosion can wash out infrastructure, expose septic systems, or undermine buildings.
Unfortunately, this region lacks detailed mapping of flood
RESOURCES FOR HIGH HAZARD FLOODPLAINS
characteristics or delineation of erosion hazard areas for
streams. More detailed analysis is recommended. However,
Conservation District Recommendations for the
until this information is available, communities can use the
Town of Horseheads, STCRPDB, 2015,
http://www.stcplanning.org/usr/Program_Areas
regulatory floodways mapped by FEMA to approximate the
/Environmental%20Planning/THorseheads_Prop
highest risk floodplains for the rivers and major streams. In
osed_Conservation_Zone.pdf
order to reduce exposure to flash flooding and bank erosion
along streams, some communities prevent development
City of Boulder Flood Fact Sheet, includes
a high hazard zone,” https://wwwwithin a riparian corridor extending 50 or 100 feet from all
static.bouldercolorado.gov/docs/Flood_Fact_Sh
streambanks. Regulatory floodways and 100-foot riparian
eet-1-201801111508.pdf
buffers along streams can be viewed in the Planning in
Vermont Fluvial Erosion Hazard Program,
Water’s Way online mapping tool12 and in Figures 2-3 and 2presentation, https://anrweb.vt.gov/PubDocs/D
6. The 10% annual probability floodplains are also an
EC/WSMD/Rivers/Docs/Nfip/rv_VT_FEH_Progra
indicator of the most frequently flooded areas, where
m_PP.pdf
flooding is expected to occur, on average, about every 10
Model Fluvial Erosion Hazard Area Overlay
years. This frequently flooded area is shown for the
District, Vermont, https://anrweb.vt.gov/PubDo
Chemung River in Big Flats in Figure 3-1 and along the Tioga
cs/DEC/WSMD/Rivers/Docs/rv_modelfehoverla
and Chemung Rivers in the “Planning in Water’s Way: Flood
y.pdf
Resilience Strategies for the I-86 Innovation Corridor” report
ASFPM Riverine Erosion Hazards White Paper,
prepared by Tetra Tech (in Figure 2-1). 13 (The ongoing
2016, http://www.floods.org/ace-images/
Chemung River Flood Inundation Mapping project will
ASFPMRiverine ErosionWhitePaperFeb2016.pdf
enable improved identification of areas that are the first to
See also Section 4.3.1 for land use management
flood.)
resources.

12

http://stcgis.maps.arcgis.com/apps/webappviewer/index.html?id=91c5fb0046c64c65ba878852dbc5fb15

13

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor, Tetra Tech, July 2019
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Locate new devlopment outside of the highest risk floodplains. Municipal land use authorities can be used to
prevent inappropriate development in unsafe locations. Zoning laws can specify the types and densities of allowed
uses within zoning districts or overlay districts. For example, the Town of Big Flats uses a Conservation District that
encompasses significant portions of the floodway to prohibit most buildings and encourage open space uses, such
as recreation and agriculture. The Town of Erwin has a Stream Corridor Overlay District that generally requires a
100-foot setback from protected waterbodies for structures (other than docks). Other municipalities include a
requirement, applicable to all districts, that prohibits structures within 50 feet of a streambank. Conditional use, site
plan review, and subdivision requirements can also be used to prevent unsafe development in high-risk areas. Public
information about flood risks should supplement any land use restrictions by encouraging voluntary selection of safe
locations for both business and residential uses.



Relocate or remove existing development from the highest risk floodplains. In order to enhance safety, some
businesses, renters, or owners in locations with extremely high flooding or erosion risks may choose to voluntarily
relocate to safer locations. In order to remove flood-prone buildings (rather than simply passing the problems on to
new owners), municipalities can apply for FEMA mitigation grants to cover 75% of the cost to buy out willing owners
and convert the land to open space. FEMA has pre-calculated the benefits of acquiring a building in the 1% annual
probability (100-year) floodplain to be $276,000.14 Buyout projects with per-building costs below this amount are
considered to be cost-effective. Buyout projects for more
expensive buildings may also be cost-effective but would
RESOURCES FOR ACQUISITION PROJECTS
require a benefit-cost analysis for the grant proposal. If
Property Acquisitions for Open Space:
businesses remain in the highest risk floodplain areas, it is
Frequently Asked Questions, FEMA, 2017,
critically important that they conduct improvements,
https://www.fema.gov/mediaoperations, and emergency planning in a manner that
library/assets/documents/129645
minimizes risks to employees and customers.



Promote open space and low-impact recreation in the highest risk floodplains. People enjoy being near the water.
This makes areas near streams, rivers, lakes, and wetlands highly desirable for recreational uses. If ballfields, picnic
pavilions, golf courses, and other low-impact recreational facilities are located in the floodplain, they may be subject
to some flood damage and be unusable during periods of high water. However, these uses generally have less safety
concerns and lower damage potential than most other types of development. In addition, recreational uses are
generally more compatible with natural floodplain functions because open space and vegetation allow floodwater
to spread out and slow down, which helps to reduce the severity of erosion and downstream flooding. Municipal
comprehensive plans should target stream corridors and other high-risk areas for trails and other recreational uses.
If parks and recreational facilities are located in the floodplain, this frees up safer areas in the community for more
intensive development.

4.1.2. PROTECT FACILITIES THAT PROVIDE CRITICAL SERVICES
Critical emergency response facilities and equipment could be flooded or rendered inaccessible or inoperable during a flood.
Reliable utilities are also essential for safe recovery. When flooding interrupts the operations of emergency services, health
care providers, or infrastructure it can compromise safety and can also have a dramatic impact on the community’s economy.

14

Cost Effectiveness Determinations for Acquisitions and Elevations in Special Flood Hazard Areas Using Pre-calculated Benefits Memo,
FEMA, October 2013, https://www.fema.gov/media-library/assets/documents/85014
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CRITICAL FACIITY DEFINITION/DESCRIPTION
For some activities and facilities, even a slight chance of flooding is too great a threat. Typical critical
facilities include hospitals, fire stations, police stations, storage of critical records, and similar
facilities. These facilities should be given special consideration when formulating regulatory
alternatives and floodplain management plans. A critical facility should not be located in a floodplain
if at all possible. If a critical facility must be located in a floodplain it should be provided a higher level
of protection so that it can continue to function and provide services after the flood. Communities
should develop emergency plans to continue to provide these services during the flood.
Under Executive Order 11988, Floodplain Management, Federal agencies funding and/or permitting
critical facilities are required to avoid the 0.2 percent (500-year) floodplain or protect the facilities to
the 0.2 percent chance flood level.
Source: FEMA, https://www.fema.gov/critical-facility



Evaluate and address the flood vulnerability of emergency operation facilities to ensure that they will be
operational and accessible during disasters. Critical facilities that may be subject to flooding were identified as part
of the Tetra Tech analysis of potential flood losses in the I-86 Innovation Corridor (Figures 3-4 and 3-7). 15 This
exposure includes an emergency operations center, fire stations, police, hospitals, and emergency shelters. Ideally,
these critical operations should be relocated to less vulnerable sites. If this is not possible, other mitigation options
may include building modifications (such as elevation or floodproofing), use of an alternate location during floods,
or other operational changes.



Strengthen the flood resilience of infrastructure, such as roads, communications, utilities, drinking water,
wastewater, and stormwater. Infrastructure services are critical to public safety as well as business operations.
Because these services are provided throughout communities, they are also particularly vulnerable to damage from
flooding and erosion. The Tetra Tech analysis of potential flood losses identified facilities of concern, including
communications, electric supply, natural gas, public water, and wastewater treatment (Figures 3-4 and 3-7).16 In
addition, roads are highly susceptible to flooding and erosion
RESOURCES FOR FLOOD RESILIENT
damage. Public works departments and service providers in
INFRASTRUCTURE
the Southern Tier generally recognize the flood risks and
strive to maintain safety and functionality. Most
No Adverse Impact (NAI) How-to Guide for
Infrastructure, ASFPM, 2016,
municipalities make incremental improvements to existing
https://www.floods.org/ace-images/ASFPMroads and bridges as resources permit and many have
InfrastructureFinalJuly28.pdf
development standards for new roads and other
infrastructure. However, aging infrastructure may be
See also Section 4.2.3 for resources about
reducing the flood vulnerability of roads.
particularly vulnerable. Mitigation funding and emergency
planning for infrastructure should continue to be high
priorities.

15

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

16

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor, Tetra Tech, July 2019
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4.1.3. FLOOD WARNINGS SAVE LIVES
Reliable and timely flood warnings enable businesses, local governments, and residents to carry out emergency measures
that protect lives and property. Development and dissemination of timely flood warning information relies on partnerships
and coordination among numerous public and private sector entities. These relationships need to be maintained, operations
funded, and data sources protected from the repeated threats of budget cuts.
Figure 4-1. Corning River Gauge Station (with USGS and EES sensors). EES Climate Station at Corning Community College

Source: Janet Thigpen, STCRPDB


Maintain federal gauges, river forecasts, and flood warnings. The NOAA National Weather Service (NWS) is the
primary source of river level forecasts, flood warnings, and flash flood warnings that are critical for emergency
operations. This forecasting of river levels would not be possible without real-time data from river flow gauges
operated by the U.S. Geological Survey (USGS). Although these gauge data are used for multiple purposes (such as
dam operations, levee operations, bridge design, floodplain mapping, etc.), reliance on multiple sources of funding
and fluctuating budgets have led to discontinuation of important gauges and repeated threats to others. When a
gauge is discontinued, the value of the long-term record for anticipating extreme events is lost forever. Ongoing
vigilance is needed to maintain the data and operations required for flood forecasts and warnings.



Maintain and expand local flood warning operations. In Chemung and Steuben Counties, the data collection and
flood warning operations of federal agencies are supplemented by flood warning operations of Environmental
Emergency Services (EES), a three-county not-for-profit organization. EES is a public-private partnership that
operates an automated gauge network that measures precipitation, weather conditions, and water levels in rivers
and streams. EES operations are funded by counties, municipalities, and local businesses. Local government and
private sector financial support for EES should be sustained in order to maintain the existing data collection and data
processing capabilities. Additional funding is needed to fill gaps in the current gauge network. In addition, ongoing
volunteer recruitment and training for EES flood warning operations should continue.
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Utilize flood warning information for local emergency operations. Flood warning and water level information is
essential for conducting evacuations, protecting assets, deploying portable signs, closing roads, and other
emergency operations. The U.S. Army Corps of Engineers is preparing Flood Inundation Mapping for the Chemung
River, which will provide additional support for flood response activities by providing online maps of the inundation
areas associated with current or predicted river gauge levels. However, this information will only be useful for flood
response if people are aware of its value and are able to utilize it easily. Public and private sector training is needed
on how to access and interpret forecast information, gauge data, and the Chemung River Flood Inundation Maps
(when complete). Procedures for accessing and using this information should also be included in emergency
response plans.

4.1.4. PLAN AND TRAIN FOR EFFECTIVE RESPONSE TO EMERGENCIES
BENEFITS OF THE INCIDENT COMMAND SYSTEM
TO PREPARE FOR AND MANAGE EMERGENCY AND CRISIS SITUATIONS








Chain of command provides clear line of authority
Accountability of personnel before, during, and after the event
Communication plan
Effective span of control maintained
Information management system
Joint cooperation with other agencies
Resources pre-identified before incident





Ensure that each municipal emergency management plan
is up to date and includes flood response procedures. If
municipal response plans are based on old information, it
may be time for a comprehensive update using currently
recommended templates. The HAZNY program can be used
to update the community’s identification and analysis of
potential threats. A Flood Annex can provide specific
procedures and URLs for accessing and using flood warnings,
gauge data, river forecasts, inundation maps, and other
relevant information. A plan for effective evacuation is
particularly important for areas protected by levees.
Periodic training and/or drills are recommended so that
personnel are familiar with the plan, chains of command,
and emergency procedures.
Each critical facility, business, and other organization
should create and maintain a comprehensive emergency
management program. Businesses and other organizations
can limit injuries and damages and return more quickly to
normal operations if they plan ahead. The emergency plan
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During an emergency, critical decisions are
made under constant pressure. It takes
planning and training to do this effectively.
This preparation for an emergency
incident plays a vital role in ensuring that
employers, workers, and families have the
necessary equipment, know where to go,
and know how to keep themselves safe
when an emergency occurs. In the floodprone Southern Tier, flood warning and
response information is an important part
of these plans.

RESOURCES FOR EMERGENCY PLANNING
Inland Flooding Ready Business Toolkit, FEMA,
https://www.fema.gov/medialibrary/assets/documents/152383
SMB Prepared Playbook: Emergency
Preparedness Tips for Small Business, American
Red Cross Ready Rating Program, 2015,
https://www.readyrating.org/ResourceCenter/All-Resources/smb-prepared-playbook.
Emergency Planning Guide for Community
Officials, NYS DHSES,
http://www.dhses.ny.gov/planning/state/docu
ments/Planning-Guide.pdf
Family Disaster Plan template, American Red
Cross, https://www.redcross.org/get-help/howto-prepare-for-emergencies/make-a-plan.html
Emergency Information Handbook, NYS DHSES,
http://www.dhses.ny.gov/media/documents/e
mergency-handbook.pdf

should address employee roles, communication procedures, evacuation, and recovery. Plan development should be
followed by employee education and training.


Encourage each family to have a “survival kit” and a family emergency plan. Residents should know what to do
and be prepared to act quickly if an evacuation order is issued. Businesses can partner with local governments to
distribute information and resources about family emergency planning.

4.2. GUIDING PRINCIPLE: MANAGE WATER BEFORE IT RUNS DOWNHILL
Runoff can worsen flooding. Land use activities throughout a watershed should utilize good stormwater management
practices that prevent rapid runoff into streams and rivers. This may be as simple as maintaining soil cover and vegetation to
slow water down and allow it to soak into the ground. When the soil is covered with buildings, pavement, or other impervious
surfaces engineered stormwater management practices may be needed. The objectives for managing runoff should be to
slow the water down, allow it to spread out, and enable it to soak into the ground.
4.2.1. REDUCE AND MANAGE RUNOFF FROM NEW DEVELOPMENT
A New York State permit is required for any construction project that disturbs one or more acre of land. This General Permit
for Construction Activity requires the development of a Stormwater Pollution Prevention Plan (SWPPP) specifying how
erosion and sediment will be controlled during construction and (if required) the practices that will be used to permanently
manage water quality and the amount of runoff from the site. The standards for post-construction stormwater management
are specified in the “New York State Stormwater Management Design Manual,” which requires that peak flows from the site
be managed for 1-year, 10-year, and 100-year storm events. These standards also require use of green infrastructure practices
to preserve or replicate natural drainage conditions to the extent possible.


Municipalities should be involved in the site planning process for stormwater management. Although the SWPPP
is developed for a state permit, the state guidance specifies an initial site planning process that includes consultation
with the municipality regarding applicable local regulations and local priorities. 17 Once the SWPPP is developed, it
should be reviewed by the municipality as part of the local review process for a subdivision or development project.
The urban municipalities in Chemung County are required to conduct local review and approval of SWPPPs as a
condition of their Municipal Separate Storm Sewer System (MS4) permits. Although the technical aspects of this
local review are handled by an engineer, building officials and planning boards are encouraged to review the
narrative description of the stormwater planning process and the rationale for selection of the proposed design over
other possible options. Priority should be given to protection of stream corridors, floodplains, steep slopes, and
other environmentally sensitive areas.



Include stormwater management provisions in municipal land use requirements. Local zoning, site plan review,
and subdivision regulations can supplement state stormwater management standards by applying runoff
management conditions to all projects, even those that do not require a state permit. It is recommended that local
regulations include standards for driveway drainage that prohibit channeling of water onto roads.

17

Six Step Process for Stormwater Site Planning and Practice Selection, in “New York State Stormwater Management Design Manual,”
Chapter 3, Stormwater Management Planning, NYSDEC, 2015, https://www.dec.ny.gov/chemical/29072.html
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Ensure that stormwater management practices continue to operate as designed. When permanent stormwater
facilities are built for a state Stormwater Construction Permit, the SWPPP must specify who will be responsible for
long-term operation and maintenance of such facilities. The municipality should not approve a development
proposal that lacks adequate assurances that the stormwater infrastructure will be properly and routinely
maintained and that funding will be available if repairs are needed.

4.2.2. MANAGE LOCAL DRAINAGE USING GREEN INFRASTRUCTURE STRATEGIES THAT PROTECT OR REPLICATE
NATURAL SYSTEMS
Green infrastructure techniques for stormwater management use natural features and processes to manage runoff near the
source. Healthy soils, vegetation, and natural processes are used to reduce runoff and protect water quality. This is promoted
as an alternative to “grey” infrastructure, such as storm sewers. At the site scale, this approach involves, (1) protecting existing
natural features, such as stream buffers, floodplains, and mature trees, (2) reducing the amount of impervious surface, such
as pavement and roofs, to maximize the areas where water can soak
RESOURCES FOR STORMWATER
into the soil, and (3) using vegetation and other practices that
MANAGEMENT AND GREEN INFRASTRUCTURE
promote infiltration and use of runoff. When applied at the larger
landscape scale, the green infrastructure approach (also called
nature-based mitigation) involves protection or restoration of natural
water management features, such as floodplains, wetlands, intact
forests, and vegetated slopes.




Retrofit existing drainage with landscaped areas (such as
rain gardens) that capture, store, and treat stormwater from
roofs and paved areas. Soils can be de-compacted and/or
amended to improve the water storage capacity. Porous
pavement on parking lots and sidewalks allows runoff to
soak into the ground. Driveways can be re-graded to direct
flow onto lawns. Urban and community forestry programs
are encouraged as a way to help communities protect and
plant appropriate tree species in developed areas. Restored
or created wetlands can reduce runoff to down-slope areas.
Explore incentives that encourage reduced impervious
surfaces and other drainage improvements from existing
development. Provide public education and technical
assistance with runoff management on private property.
Review and revise municipal land use regulations to
promote green infrastructure strategies by removing
impediments (such as excessive parking requirements,
elevated landscaped islands, etc.) and encourage the use of
efficient street design, bioretention, pervious paving, and
other green infrastructure practices. Development should
be restricted on steep slopes (greater than 15%). Some
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New York State Stormwater Management Design
Manual, 2015,
https://www.dec.ny.gov/chemical/29072.html
Stormwater Green Infrastructure and
Planning/Zoning Boards, presentation, STCRPBB
& Chemung County Stormwater Coalition, 2012,
http://www.stcplanning.org/usr/Program_Areas
/Water_Resources/Stormwater/GI_&_Planning_
Bds_2012_06.pdf
Model Drainage System and Erosion Control
Language for Site Plan Review, Zoning, and/or
Subdivision Regulations, STCRPDB, 2010,
http://www.stcplanning.org/usr/Program_Areas
/Water_Resources/Stormwater/model_drainage
_2010_FINAL.pdf
Building a Rural Driveway, STCRPDB, 2009,
http://www.stcplanning.org/usr/Program_Areas
/Water_Resources/Stormwater/Rural_driveway
_October_22_2009.pdf
Municipal Official’s Guide to Forestry in New
York State, NYSDEC, 2005, http://www.dec.ny.go
v/docs/lands_forests_pdf/guidetoforestry.pdf
Recommendations for Green Infrastructure, Low
Impact Development, and Improved Water
Quality in Big Flats, STCRPDB,
http://www.stcplanning.org/usr/Program_Areas
/Environmental%20Planning/GreenInfrastructur
e/GI_CodeRecommendations_BigFlats.pdf

municipalities also chose to regulate timber harvesting activities and promote use of best practices for managing
runoff.
4.2.3. MANAGE DRAINAGE ALONG ROADS
Businesses rely on transportation networks every day to bring in employees, customers, and supplies and to send out goods.
During a flood, roads are vital for evacuating and rescuing people. These same roads follow waterways, cross streams, and
intercept hillside drainage, all of which make them highly susceptible to flooding and washouts. Flooded roads can be
extremely dangerous to the traveling public. Flood damaged roads are costly to restore, interrupt traffic, and limit access by
emergency vehicles. In addition, extensive networks of roadside ditches channel runoff into streams and increase the
potential for downstream flooding.




Maintain and re-plumb roadside drainage systems to both protect roads and slow down runoff into streams. Many
miles of roadside ditches intercept runoff from adjacent hillslopes and convey it rapidly into streams. This can
significantly increase flooding, increasing peak stream heights by as much as 300%. 18 Ditch design and maintenance
practices can slow and redirect runoff. When possible implement practices to improve ditch design in order to reduce
the potential for flooding and erosion of the road and also
RESOURCES FOR REDUCING THE FLOOD
minimize contributions to downstream flooding. Ditch
VULNERABILITY OF ROADS
management practices recommended by the Cornell Local
Roads program include:
Flood- Resistant Local Road Systems: A Report
Based on Case Studies, FEMA & American
o keep ditches shallow,
Lifelines Alliance, 2005, www.floods.org/PDF/A
o clean, don’t scrape,
LA_Flood_Roads_January2005.pdf
o always reseed,
Roadside Ditches: Best Management Practices
o mow instead of cleaning if possible, and
to Reduce Floods, Droughts, and Water
o when in doubt, get help.
Pollution, Cornell University,
https://cornell.app.box.com/v/clrp-tt-ditches
Right-size culverts and bridges. Undersized culverts and
Re-plumbing the Chesapeake Watershed:
bridges can back up water, causing upstream and roadway
Improving Roadside Ditch Management to Meet
flooding. The restricted flow also results in high flow
TMDL Water Quality Goals, R. Schneider & K.
velocities and erosion. Clogging of structures by trees and
Boomer, 2016, STAC Publication No. 16-001,
other debris compounds these problems. Routine inspection
www.chesapeake.org/pubs/349_Boomer2016.p
can identify obstructions or other problems before a flood.
df
An assessment of 70 culverts in Steuben County found that
Roadway and Roadside Drainage, Cornell Local
all were undersized for current flow conditions. 19 Since
Roads Program, CLRP No. 98-5, 2003,
funding constraints limit the number of structures that can
https://cornell.app.box.com/v/clrp-ws-rrd
be replaced, it is recommended that highway departments
Stream Crossings: Guidelines and Best
assess all stream crossing structures to identify those with
Management Practices, NYS DEC website,
the greatest potential for road flooding or washouts.
https://www.dec.ny.gov/permits/49066.html
Upgrade structures as resources permit.

18

Re-plumbing the Chesapeake Watershed: Improving Roadside Ditch Management to Meet TMDL Water Quality Goals, Schneider, R.
and K. Boomer, 2016, STAC Publication Number 16-001, www.chesapeake.org/pubs/349_Boomer2016.pdf
19

The Nature Conservancy and Steuben County Soil and Water Conservation District, 2019
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4.3. GUIDING PRINCIPLE: BE PREPARED FOR FLOODS

“Floods are ‘acts of God,’
but flood losses are largely acts of man.”
—Dr. Gilbert White, 1945

Flooding is natural. When there is more runoff than river and stream
channels can handle, water will naturally overflow onto the
floodplain. But flood damage is not inevitable. A flood resilient
community is one that effectively prepares for and adapts to floods.

4.3.1. USE FLOOD-SMART LAND USE MANAGEMENT TOOLS
Where and how communities develop profoundly affects their
resilience to flooding and other extreme events. If major economic
drivers are susceptible to flood damage, a severe flood can have farreaching impacts on the entire community. Threats to residential
areas can also have profound impacts on overall economic health
because workers, volunteers, and consumers support a functioning
economy. In New York state, municipal governments have the
authority—and responsibility—to manage land use patterns.




Integrate flood resilience objectives into municipal
comprehensive plans. The plan should include maps of
flood hazard areas, levees, streams, and other natural
features. Target parts of the community that are vulnerable
to flooding for recreational uses, protection of natural
features, low development densities, and flood resilient
construction standards. Identify less vulnerable areas where
growth should be encouraged and develop strategies for
promoting desirable uses in these low hazard areas. A future
land use map can set the stage for flood-safe land use
patterns.
Update land use regulations to promote flood safety and
longevity of development. Opportunities include:
o Conservation zoning district that limits
development in areas considered unsafe for
development (local examples are Towns of Big Flats
and Southport).
o Stream setbacks or other development restrictions
adjacent to streams.
o Large lot sizes to reduce development densities in
floodplains.
o Subdivision requirements for flood-safe building
sites on all lots.
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RESOURCES FOR FLOOD RESILIENT
LAND USE MANAGEMENT
Municipal Land Use Strategies for Improving
Flood Resilience: Protecting Health, Safety, and
Welfare, STCRPDB, 2017, http://stcplanning.org/
usr/Program_Areas/Flood_Mitigation/Flood%20
Resistant%20Communities/LandUseStrategiesFo
rFlooding.pdf
Planning in Water’s Way Online Mapping Tool,
STCRPDB, http://stcgis.maps.arcgis.com/apps/w
ebappviewer/index.html?id=91c5fb0046c64c65
ba878852dbc5fb15
Online Mappers for Natural Features, Central
and Western New York, STCRPDB handout,
http://stcplanning.org/usr/Program_Areas/
Environmental%20Planning/OnlineMappersForN
atural Features.pdf
No Adverse Impact (NAI) How-to Guide for
Planning, ASFPM, 2014, https://www.floods.org/
ace-images/PlanningFinal6_16_16.pdf
Model Local Laws to Increase Resilience, NYS
DOS, 2019, https://www.dos.ny.gov/opd/progra
ms/ resilience/index.html
Conservation (C) District Recommendations for
the Town of Southport, STCRPDB, 2015,
http://stcplanning.org/usr/Program_Areas/Envir
onmental%20Planning/Southport_Proposed_C_
Zone_changes.pdf
Subdivision Design and Flood Hazard Areas, PAS
Report 584, 2016, APA & ASFPM, https://www.p
lanning.org/nationalcenters/hazards/subdivision
design/

o

Cluster subdivisions offering the developer
incentives in the way of smaller lot sizes in exchange
for the preservation of floodplains and other
sensitive natural features.

RESOURCES FOR FLOOD EDUCATION
Flood Education Plan, STCRPDB, 2014,
http://stcplanning.org/usr/Program_Areas/Floo
d_Mitigation/Education/FloodEducationPlan.pdf



Promote public understanding of flood risks and solutions.
No Adverse Impact (NAI) How-to Guide for
Education & Outreach, ASFPM, 2014,
Well-informed businesses and residents are more likely to
https://www.floods.org/acetake voluntary actions that enhance flood safety of land use
images/EducationFinal6_16_16.pdf
and development decisions. Research shows that public
K-12 Flood Education Resources, searchable
information efforts need to both promote awareness of the
website, ASFPM,
hazards and also let people know what they can do to cut
https://www.floodsciencecenter.org/products/k
their losses. This information empowers people to take
-12-flood-education/
responsible actions. Municipal planning and building
personnel can supplement flood outreach efforts by
providing technical assistance to help people apply general information to their specific circumstances.



Include flood resilience objectives in local plans. In keeping with the duty to protect the health, safety and welfare,
local governments should address flood hazards whenever any type of plan is developed for areas with flood risks.
This includes plans and strategies for economic development, capital improvements, local waterfront revitalization,
facility plans, recreation, open space or natural resource plans, etc.

4.3.2. BUILD HIGH TO STAY DRY
Each municipality regulates development in the FEMA-mapped Special Flood Hazard Area (1% annual probability/100-year
floodplain shown in Figure 2-2) based on a Local Law for Flood Damage Prevention and also the floodplain construction
standard in the NYS Uniform Codes. These development standards do not prevent development in high-risk areas, but are
intended to ensure that new development in regulated floodplains is (1) reasonably safe from flood damage and (2) will not
result in physical damage to other property. Protection from flood damage is generally accomplished by elevating buildings
above flood elevations. The use of flood resilient techniques for new construction is a more cost-effective means of reducing
flood damage than later mitigation or retrofitting projects.


Train municipal personnel and private sector professionals to promote effective design and permitting of
floodplain development. Standards for development in regulated floodplains are generally enforced by Code
Enforcement Officers who should either be well-trained on these issues and/or obtain assistance from more
experienced staff when floodplain development proposals are received. In addition, Planning Board and Zoning
Board of Appeals members should have a working knowledge of development requirements in floodplains and
floodways. Design professionals, land surveyors, real estate agents, building contractors, and others should also be
familiar with floodplain development requirements.



Enact higher standards that provide additional protection for new development in regulated floodplains. Although
current municipal laws for regulating floodplain development are consistent with minimum federal standards, it is
recommended that updated regulations be enacted to maintain consistency with the two-foot freeboard
requirement in the NYS Uniform Code. The current NYS model ordinance also includes language that allows
accessory structures and detached garages to be wet floodproofed (rather than elevated). Improved flood protection
can be achieved by including additional higher standards for development in the regulated floodplain. Examples
include:
39

o

o

o

20

Critical facilities and hazardous materials: Additional protection is desirable for facilities that are vital to
flood response or that, if flooded, could make the flood impacts worse (due to hazardous material release,
utility failure, etc.). These facilities could be prohibited in the floodplain or protected to a higher level.
Compensatory storage: When fill is used in the floodplain, it is a best practice to maintain flood storage
capacity (and thus reduce the potential for increased flood depths) by removing an equivalent volume of
material from adjacent floodplain areas.
Cumulative substantial improvement: A floodplain building that pre-dates floodplain development
standards must be brought into compliance with current standards as part of any project that “substantially
improves” the structure. A more rigorous definition of “substantial improvement” would trigger this
additional flood protection more often.



Enact planning considerations for flood-prone areas. If floodplain management regulations are enacted as an
overlay zone in the municipal zoning law, planning considerations can be included to require evaluation of potential
safety concerns, whether a proposed use is compatible with the flood hazard, and other considerations. This would
allow the flexibility to impose additional flood-related requirements when they are warranted. For example,
approval of some types of floodplain development could be contingent on preparation of a site-specific evacuation
plan.



Consider extending floodplain development requirements
to additional areas. The FEMA-mapped floodplains do not
delineate all areas where development may be subject to
flood damage. In fact, more than 20% of flood insurance
claims are for properties outside of high-risk flood zones.20
To protect future development against flood damage, the
municipality can specify additional areas where floodplain
development permits are required and establish standards
for those locally mapped flood zones. NOTE: Extending the
requirement for a local floodplain development permit to
additional areas would have no effect on flood insurance
purchase requirements or flood insurance prices (which are
based on the FEMA maps). Examples of additional areas
where floodplain development standards could be applied
include:
o 0.2% annual probability/500-year floodplains:
These “moderate” hazard floodplains are shown
on existing FEMA maps for many waterways. They
are thus areas with known flood hazards and are
likely to include any future regulated floodplains
that may result from updated FEMA mapping.
o Floodplain buffers: Although flood zone
boundaries are shown as sharp lines on the map,
there are considerable uncertainties involved in
the modeling used to delineate those boundaries.
In addition, debris often diverts flow to areas not

FEMA, www.floodsmart.gov
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RESOURCES FOR MANAGING FLOODPLAIN
DEVELOPMENT
Floodplain Development Standards, website
with fact sheets and forms, STCRPDB,
http://stcplanning.org/index.asp?pageId=108
National Flood Insurance Program, Floodplain
Management Requirements, A Study Guide and
Desk Reference for Local Officials, FEMA 480,
2005, https://www.fema.gov/medialibrary/assets/documents/902
Higher Floodplain Development Standards,
Recommendations for the Town of Horseheads,
STCRPDB, 2015, http://www.stcplanning.org/usr
/Program_Areas/Flood_Mitigation/Floodplain%2
0Management/THorseheads_Proposed_FP_Stan
dards.pdf
No Adverse Impact (NAI) How-to Guide for
Regulations & Development Standards, ASFPM,
2017, https://www.floods.org/aceimages/ASFPMRegulationsGuideApril2017.pdf
A Guide for Higher Standards in Floodplain
Management, ASFPM, 2013,
https://www.floods.org/acefiles/documentlibrary/committees/3-13_Higher
_Standards_in_Floodplain_Management2.pdf

o
o

anticipated by the modeling. Current standards allow buildings with basements just outside of the flood
zone, the floor of which may be many feet below the protection level applied within the regulated
floodplain. To address these risks, flood damage protection standards could be applied within a floodplain
buffer zone that extends 50 or 100 feet from the FEMA-mapped high hazard flood zone (1% annual
probability/100-year floodplain).
Dam inundation areas: Some dam emergency plans include mapping of areas that would flood if the dam
fails. Safety considerations warrant development restrictions or flood protection standards in these areas.
Additional flood hazard areas: If a community has an actionable map of areas with flood hazards, based on
prior flooding or modeling, this map can be referenced in the floodplain law in order to reduce the flood
exposure of future development in these additional areas. For example, FEMA developed preliminary maps
for Chemung County in 2011 that were never finalized. Although parts of those maps are problematic, the
approximate Zone A flood zones (without base flood elevations) that were mapped in rural areas will
probably be used for future mapping and could be referenced in current municipal regulations.

4.3.3. RETROFIT EXISTING FLOOD-PRONE DEVELOPMENT
Existing development in areas with flood risks can be retrofitted to reduce the potential damage from flooding. The benefits
of retrofitting projects include reduced post-flood rebuilding costs, minimizing business interruption, and the competitive
advantage of maintaining operations during and after floods. As part of the assessment of flood risks conducted for this
project, Tetra Tech evaluated opportunities for mitigating the risks to existing development in the I-86 Innovation Corridor.
Those findings are summarized in Section 3.4; details, along with case studies, are presented in the Tetra Tech report.21

21



Elevate, relocate, or demolish facilities and residences with severe flood risks. FEMA buyout programs offer a
permanent solution that eliminates risks for those structures subject to extreme flood hazards, such as high
velocities, deep water, erosion, or repetitive flooding. Relocation may also be warranted for critical operations (such
as emergency services and utilities), facilities with vulnerable clients (such as day care centers and hospitals), or
facilities at which hazardous substances could be released during a flood. If a buyout is not feasible, but the structure
is susceptible to major damage, flood protection can be achieved by elevating the existing building above anticipated
flood levels. Local governments can sponsor mitigation grant applications to FEMA for 75% of the funding for projects
that meet the benefit-cost criteria. Target areas for elevation of existing residential structures are shown in Figure
3-6.



Increase the flood resilience of existing buildings and contents using floodproofing measures, deployable barriers,
and other techniques. A variety of techniques can be used to reduce potential flood damage in areas where
anticipated flood depths are expected to be relatively shallow. Because these techniques allow the buildings to
remain in place, they are less disruptive for existing uses and are often more desirable. In-place retrofitting
techniques include:
o wet floodproofing (in which water enters the building, but damage potential is reduced),
o dry floodproofing (in which the building is sealed to prevent entry of water),
o elevation of utilities/vulnerable items to higher areas in the building,
o deployable barriers (installed around a building or area in response to flood warnings),
o sewer backflow valves (to prevent water and wastewater from entering the building through sanitary sewer
systems),

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor, Tetra Tech, July 2019
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o basement infill,
o and other techniques.
These flood protection measures are highly specific to the building and flood characteristics, so each situation needs
to be evaluated independently in order to select the most desirable strategy. Figure 3-4 shows target areas where
non-residential structures are good candidates for flood protection retrofits (with less than four feet of water during
a 1% annual probability/100-year flood). Information about these flood protection measures for buildings and case
studies are presented in Section 6 of the Tetra Tech Planning in Water’s Way Report.22 A significant amount of the
value for both businesses and homeowners is located inside
of the building as equipment, inventory, heirlooms, records,
RESOURCES FOR MITIGATION
and other contents. When it’s practical to do so, vulnerable
AND FLOODPROOFING
equipment and contents can be located above flood levels,
Selecting Appropriate Mitigation Measures for
either permanently or relocated in response to flood
Floodprone Structures, FEMA 551, 2007,
warnings. Important or sentimental records can be backed
https://www.fema.gov/mediaup offsite. Municipalities can promote retrofitting of
library/assets/documents/10618
existing buildings and protection of vulnerable items by
Hazard Mitigation Assistance webpage
developing educational, financing, and technical assistance
(information and links for mitigation ideas,
programs to help businesses and residents protect their
FEMA’s mitigation grant programs, and program
property from flooding.
guidance) https://www.fema.gov/hazardmitigation-assistance


22

Protect hazardous materials and fuel tanks from releases
during a flood. When flooding inundates or dislodges
chemical storage or fuel tanks, the resulting contamination
can compound the severity of flood impacts, create
additional safety concerns, complicate recovery efforts, and
necessitate high cleanup costs. To the extent possible, all
hazardous materials should be located outside of flood
hazard areas. If this is not possible storage areas should be
protected from flood damage in order to prevent pollution
of floodwaters and minimize additional health risks.
Improper anchoring and elevation of residential fuel tanks
resulted in numerous oil spills in eastern New York State
during Hurricane Sandy. Within the regulated floodplain,
installation of fuel tanks should be covered by a floodplain
development permit from the municipality. Local
governments can promote increased awareness and
provide technical assistance regarding best practices for
securing chemical storage containers, fuel tanks, emergency
generators, or anything else that could be dislodged by
floodwaters.

Reducing Flood Risk to Residential Buildings
That Cannot Be Elevated, FEMA P-1037, 2015,
https://www.fema.gov/medialibrary/assets/documents/109669
Floodproofing: Protect Your Property from Flood
Damage, webpage with fact sheets, STCRPDB,
http://stcplanning.org/index.asp?pageId=107
No Adverse Impact (NAI) How-to Guide for
Mitigation, ASFPM, 2016, https://www.floods.or
g/ace-images/ASFPM-MitigationFinalJuly28.pdf
Recommended Practice for Home Heating Oil
Tank Flood Resistance, National Oil Heat
Research Alliance, https://noraweb.org/wpcontent/uploads/2015/07/NORA-TankSecurement.pdf
Section 6: Flood Mitigation Recommendations,
Planning in Water’s Way: Flood Resilience
Strategies for the I-86 Innovation Corridor, Tetra
Tech, 2019

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor, Tetra Tech, July 2019
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4.3.4. PREPARE FOR FLOOD RECOVERY
Businesses that can operate with minimal interruption during and after floods will have a competitive advantage. For each
asset, the owner/operator should consider:
1) Is it exposed to flood hazards?
2) Could it be indirectly impacted by flood damage to infrastructure, residential areas, suppliers, or critical services?
3) If it is, what would be the effect on operations?
4) How adaptable is it?


Plan and train for continuity-of-operations after flooding or
RESOURCES FOR EMERGENCY AND
other emergencies. The Small Business Administration
CONTINUITY PLANNING
estimates that 75% of businesses without continuity planning
23
fail within three years after a disaster. A continuity-ofPlanning Framework for a Climate-Resilient
Economy, EPA, 2016, https://www.epa.gov/sm
operations plan is one that prepares a business or
artgrowth/planning-framework-climateorganization to weather the direct and indirect impacts of a
resilient-economy
flood and other disaster. Each plan should include
assessment of potential risks, evaluation of how the business
Continuity of Operations Planning (COOP),
webpage with tools and resources, NYS DHSES,
might be affected, identification of critical operations that
http://www.dhses.ny.gov/planning/state/coop.
need to continue, and a strategy for resuming operations as
cfm
soon as possible. It should include strategies for storing
Emergency Preparedness Resources for
critical business documents and data. This planning process
Businesses, webpage with links, FEMA,
may help to identify areas where additional products,
https://www.fema.gov/mediaprocesses, relationships, or operational practices can
library/resources-documents/collections/357
enhance the resilience of the business. Once developed, a
continuity plan should be periodically reviewed/updated and
employees should be trained to facilitate effective implementation. Continuity planning can be integrated with the
organization’s emergency management planning (Section 4.1.4), evaluation of opportunities to reduce facility
exposure to flood damage (Section 4.3.3), and assessment of flood insurance needs (below).



Maintain insurance coverage for flood losses. Because standard insurance policies do not cover flood damage,
separate flood insurance coverage is needed to help pay for repairs after a flood. Flood insurance is generally
required for a mortgage in the FEMA-mapped floodplain. Although the terminology—1% annual probability or 100year floodplain—makes it sound like flooding is extremely unlikely, these areas have a 26% or greater probability of
flooding during a 30-year mortgage (compared to a 9% chance of experiencing a structural fire). However, only 20%
of the buildings exposed to this flood in the I-86 Innovation Corridor are covered by flood insurance policies through
the National Flood Insurance Program. 24 Although levee-protected areas are not currently mapped as high risk
floodplain, the levees do not eliminate all flood risks. Flood insurance, which is less costly in lower risk flood zones,
is recommended for buildings and contents in areas with levee protection, as well as other areas with flood risks.
Additional training for insurance agents is needed to support effective marketing and accurate rating of flood
insurance policies.

23

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

24

Planning in Water’s Way: Flood Resilience Strategies for the I-86 Innovation Corridor, Tetra Tech, July 2019
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4.3.5. MAINTAIN HEALTHY STREAM SYSTEMS THAT CAN CARRY HIGH FLOWS.

“...ten thousand river commissions,
with the mines of the world at their
back, cannot tame that lawless
stream cannot curb it or define it,
cannot say to it ‘Go here,’ or ‘Go
there,’ and make it obey; cannot save
a shore which it has sentenced,
cannot bar its path with an
obstruction which it will not tear
down, dance over, and laugh at.”
—Mark Twain





When more water drains into a stream or river than the channel can hold,
that water has to go somewhere, so it spills out onto the floodplain. Once the
water spreads out it slows down and loses energy, particularly if it’s flowing
through vegetation. This flooding is a natural processes and isn’t a problem-except in places where there are buildings, roads, or other development near
the stream. If the stream is unable to dissipate enough energy, water rushing
downstream may tear out the stream banks as it goes. This erosion will
continue until the stream establishes a new normal—a shape that supports a
dynamic equilibrium. This channel adjustment process is also natural, but is
often accelerated by changes to the watershed, the stream corridor, or the
channel itself. Streambank erosion and channel adjustments become a
problem when the stream threatens yards, septic systems, buildings, crop
land, bridges, roads, and other development.

Allow space for rivers and streams to flood and to move. Streams and rivers are active systems that convey varying
amounts of water and adjust their shape and location to adapt to changing conditions. Locating development away
from the banks gives the stream a place to flood and to adjust the channel in a manner that maintains a balanced
system. Maintaining a vegetated buffer along rivers and streams serves the multiple purposes of providing root
systems that help to hold the banks in place and reducing downstream flooding by storing and slowing floodplain
flows—while also keeping vulnerable development a safe distance from the threats of floodwater, erosion, and
sediment deposition. Stream setbacks and protection of riparian vegetation can be required in municipal land use
regulations. Whether it is regulated or not, it is safer and more cost-effective to allow room for water than to try to
restore a stream system after its functions have been compromised. State and federal riparian buffer programs
provide plants and other assistance to restore riparian
RESOURCES FOR STREAMS
vegetation. Stream corridors are ideal places for recreational
trails. The 100-foot buffer areas along streams can be viewed
Stream Processes: A Guide to Living in Harmony
with Streams, Chemung County
in the Planning in Water’s Way online mapping tool 25 and in
SWCD and STCRPDB, 2016, http://www.stcplan
Figure 2-6
ning.org/index.asp?pageId=103
Manage or maintain streams in a manner that retains or
Guidelines for Maintaining Streams in Your
restores equilibrium. Because rivers and streams are dynamic
Community, Pennsylvania Department of
systems, changes to one section of channel can have
Environmental Protection, http://files.dep.state
upstream and downstream consequences that can affect
.pa.us/Water/FactSheets/StreamMaintenance/
flooding and erosion potential. When intervention is
StreamMaintenanceBooklet_forWeb.pdf
necessary to protect assets, design assistance should be
Riparian Buffers, webpage, NYSDEC,
obtained from the County Soil and Water Conservation
http://www.dec.ny.gov/chemical/106345.html
District or other stream professional. If trees or other debris
Statewide Riparian Opportunity Assessment,
are blocking or diverting flow in a developed area, they can be
webpage, NY Natural Heritage Program,
removed. If this work can’t be accomplished by hand, a permit
http://www.nynhp.org/treesfortribsny
from the NYS DEC may be required to operate machinery in or
Trees for Tribs, webpage, NYSDEC,
near some streams. Projects, such as berm removal, that
http://www.dec.ny.gov/animals/77710.html
restore a stream’s connection to its floodplain can be
beneficial.

25

http://stcgis.maps.arcgis.com/apps/webappviewer/index.html?id=91c5fb0046c64c65ba878852dbc5fb15
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4.3.6. TAKE CARE OF THE LEVEES AND BE AWARE OF THEIR LIMITATIONS
Flood control levees in the I-86 Innovation Corridor provide enormous benefits to the local economy by preventing damage
and economic disruptions from flooding. The extensive areas protected by these levees (Figure 2-5) contain more than 50,000
residents and property worth over $7 billion (Table 2-1). The flood control infrastructure is thus a tremendous asset. However,
the levees do not offer absolute protection. In 1972, floodwaters overtopped levees and wreaked havoc in areas that were
thought to be protected. More recently in 2019, catastrophic flood damage to dozens of Midwestern levees demonstrated
that Mother Nature can produce an event that exceeds the design capacity of structural flood control projects. The leveeprotected areas in the I-86 Innovation Corridor are currently shown on FEMA maps as moderate- or low-hazard flood zones.
But this does not mean that the levees eliminate all flood risks.


Maintain high standards for operation and maintenance of levees. The New York State Department of
Environmental Conservation has assumed operation and maintenance responsibilities for many of the levees in the
I-86 Innovation Corridor (except those maintained by the Town of Erwin). This requires coordination and assistance
from municipalities, owners of drainage structures, land owners, and others with permits to use flood control land.
The U.S. Army Corps of Engineers has found that deteriorating culverts through a levee can be the “weakest link”
that contributes to levee failure,26 highlighting the importance of inspecting and maintaining drainage structures.
Most activities on flood control lands are strictly regulated in order to protect the integrity of the levees. Any activity
that damages the protective vegetation on earthen levees, such as operation of a motor vehicle, is illegal and should
be reported to law enforcement.



Verify the condition of the levees. How safe are the levees
RESOURCES FOR LEVEES
in the I-86 Innovation Corridor? The simple answer is that no
Levee Safety Program, U.S. Army Corps of
one knows for sure. Annual inspection by the U.S. Army
Engineers webpage with links to the Levee
Corps of Engineers provides only a limited understanding of
Portfolio Report and the National Levee
a levee’s condition. When FEMA updates flood hazard
Database (web-based maps and data),
mapping, the ability of the levees to provide protection from
https://www.usace.army.mil/Missions/Civilthe 1% annual probability (100-year) flood will be reWorks/Levee-Safety-Program/
evaluated. To meet FEMA’s criteria, the local community or
FEMA Levee Resources Library, webpage
levee owner must provide certification by a Professional
includes links to information about
Engineer that the levee system meets specified design,
accreditation for FEMA mapping, https://www.f
operation, and maintenance standards. This certification is
ema.gov/fema-levee-resources-library
intended to provide a “reasonable assurance” that the
Guidelines for Levee-Protected Areas,
system would perform properly in a flood event. If the
STCRPDB, 2016, http://stcplanning.org/usr/Pro
engineering evaluation identifies deficiencies in the levees,
gram_Areas/Flood_Mitigation/Education/Levee
the community will be able to address those problems
dAreaGuidelines.pdf
before a flood. If the levees are not certified, FEMA would
So, You Live Behind a Levee! What you should
prepare maps that include levee-protected areas in the
know to protect your home and loved ones
regulated floodplain, which is subject to floodplain
from floods, ASCE, 2010, https://www.lrh.usace
.army.mil/Portals/38/docs/civil%20works/So%2
development standards, mandatory flood insurance
0You%20Live%20Behind%20a%20Levee.pdf
coverage requirements (for mortgages), and higher flood
insurance costs. If funding is not found to certify levees
within the I-86 Innovation Corridor, as many as 15,000 existing structures could be reclassified as unprotected, with
adverse impacts on private property values and land development potential.

26

U.S. Army Corps of Engineers Levee Portfolio Report: A Summary of Risks and Benefits Associated With the USACE Levee
Portfolio, 2018, https://usace.contentdm.oclc.org/utils/getfile/collection/p266001coll1/id/6922
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Promote public awareness about the benefits and possible risks associated with levees. Because levee
infrastructure often goes unnoticed, citizens are frequently unaware of the risks associated with possible
overtopping or failure of a levee. Posting maps showing levee-protected areas can increase awareness of these
systems and the immense value they provide to the protected communities. Residents and businesses should also
be informed about the flood risk that exists behind a levee and the folly of relying solely on levee protection for flood
safety. Recommended actions that can save lives and property include: emergency preparedness, locating
vulnerable items upstairs, use of water-resistant materials in the lower parts of buildings, sewer backflow valves,
and flood insurance.
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SECTION 5.

CONCLUSIONS

A flood resilient community is not necessarily one that never floods. A flood resilient community is one that has adapted to
its flood risks so that when low-lying areas do flood, it does not cause devastating consequences. To be resilient, the economy
must be able to recover rapidly and completely from flood disasters.
The I-86 Innovation Corridor has low-lying areas and a long history of floods. The location of assets in flood-prone areas means
the Corridor has the potential for severe economic impacts if (or when) there is another “big one.” Flood control structures
moderate the impacts of some floods—but that protection is not guaranteed. Communities within the Corridor undertake
numerous proactive actions that contribute to flood resilience, but there are still many vulnerabilities. In short, there is more
work to do.
The following strategies are recommended to achieve additional improvements in flood safety and flood resilience in order
to enhance the Corridor’s economic potential.
Plan for floods.
Planning for disasters before they occur facilitates damage prevention, emergency preparations, safety during an event, and
effective recovery. When the I-86 Innovation Corridor was recovering from Hurricane Agnes, shelves of flood-related reports
and plans were developed. But in the decades that followed, the region has become complacent. Some planning efforts are
out of date; others are lost. Some more recent plans fail to acknowledge and address the potential severity of future flooding.
Now—before the next flood—is the best time to improve integration of flood risks into local plans.
o Municipal comprehensive and land use planning should promote flood-safe future land use patterns.
o Municipal emergency response plans should integrate real-time data sources and facilitate effective flood response.
o Business emergency plans should support employee safety, effective measures to protect assets, and post-disaster
continuity of business.
o Countywide hazard mitigation plans need more effective community engagement and buy in so that priority actions
are identified and then implemented.
o Every family should have a disaster plan.
Outreach, training, and planning assistance are needed to facilitate these planning efforts. Because good planning starts with
fact-finding, additional information needed to support improved planning for floods includes real-time and long-term flood
hazard data (gauge data, flood hazard mapping, erosion hazard mapping, flood inundation mapping, etc.).
Protect assets from floods.
The estimated damage to assets in the I-86 Innovation Corridor from a major flood is over $250 million, with additional
cascading impacts from business interruption and some permanent closures. If one or more of the region’s levees overtops
or fails, the losses could be much higher. Fortunately, many of the options for avoiding or reducing these potential damages
are cost-effective.
o Municipal land use regulations should protect future assets from flooding and protect natural features that help to
moderate flood severity.
o Floodproofing and mitigation measures should be implemented to protect assets that are currently vulnerable to
flooding. This effort should target structures in the FEMA-regulated floodplain.
o Roads, infrastructure, and other critical assets require protection from flood damage.
Planning assistance is needed to review and revise each municipality’s land use regulations; and training is needed to
effectively implement those local regulations. Information, outreach, training, technical assistance, and funding are needed

47

to develop and implement building-specific mitigation of floodplain structures. Funding and training are needed to improve
roadside drainage, right-size culverts, and implement other flood protection measures for infrastructure and critical assets.
Certify levees.
“Levees reduce the risk of flooding. But no levee system can eliminate all flood risk. There is always the chance that a flood
will come along that exceeds the capacity of a levee, no matter how well it was built. Levees do not always perform as
intended. In fact, levees sometimes fail even when a flood is small.” 27
o Each of the levee systems protecting development in the I-86 Innovation Corridor should be certified in order to (1)
identify any deficiencies that need to be addressed, (2) provide assurance that, although the levees are old, they can
be trusted to perform as intended during a flood, and (3) be accredited on future FEMA flood hazard maps.
Funding is needed for the engineering expenses involved in levee certification.
Increase flood awareness.
Businesses, residents, and other organizations that have no recent disaster history often lack basic awareness and tools to be
prepared for flooding or other disasters. Effective management of flood risks is a community-wide endeavor that requires a
community-wide culture of preparedness. Well-informed people are able to make better decisions to protect themselves and
their property from flooding. To achieve this, a comprehensive flood education campaign should address the following key
topics.
o Flood safety education should promote for family emergency planning, evacuation, safe driving, and other safety
issues (before, during, and after a flood).
o Floodproofing can be promoted by providing both general and site-specific information about flood risks and
measures that can be taken to protect property.
o Promote public awareness about levees and additional flood protection measures for levee-protected areas.
o Insurance agents need information and training to improve their ability to promote and sell flood insurance (so that
insurance funds are available to support recovery and rebuilding after a flood).
Funding is needed for a community-wide flood education and awareness campaign that delivers key messages to various
audiences and from multiple credible sources. Local governments and community leaders need the knowledge and capacity
to help those requiring additional assistance.

27

So, You Live Behind a Levee! What you should know to protect your home and loved ones from floods, American Society of Civil
Engineers, 2010, https://www.lrh.usace.army.mil/Portals/38/docs/civil%20works/So%20You%20Live%20Behind%20a%20Levee.pdf
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