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5.4.3

FLOOD

This section provides a profile and vulnerability assessment for the flood hazard.
HAZARD PROFILE
This section provides profile information including description, location, extent, previous occurrences and
losses and the probability of future occurrences.
Description
Floods are one of the most common natural hazards in the U.S. They can develop slowly over a period of
days or develop quickly, with disastrous effects that can be local (impacting a neighborhood or
community) or regional (affecting entire river basins, coastlines and multiple counties or states) (Federal
Emergency Management Agency [FEMA], 2008). Most communities in the U.S. have experienced some
kind of flooding, after spring rains, heavy thunderstorms, coastal storms, or winter snow thaws (George
Washington University, 2001). Floods are the most frequent and costly natural hazards in New York
State in terms of human hardship and economic loss, particularly to communities that lie within flood
prone areas or flood plains of a major water source.
The FEMA definition for flooding is “a general and temporary condition of partial or complete inundation
of two or more acres of normally dry land area or of two or more properties from the overflow of inland
or tidal waters or the rapid accumulation of runoff of surface waters from any source (FEMA, Date
Unknown).” The New York State Disaster Preparedness Commission (NYSDPC) and the National Flood
Insurance Program (NFIP) indicates that flooding could originate from one of the following:












Riverine flooding, including overflow from river channels, flash floods, alluvial fan floods, icejam floods and dam-break floods;
Local drainage or high groundwater levels;
Fluctuating lake levels;
Coastal flooding from storm surge or coastal storms;
Coastal erosion;
Unusual and rapid accumulation or runoff of surface waters from any source;
Mudflows (or mudslides);
Collapse or subsidence of land along the shore of a lake or similar body of water caused by
erosion, waves or currents of water exceeding anticipated cyclical levels that result in a flood as
defined above (NYSDPC, 2008; Floodsmart.gov, 2010);
Sea Level Rise; or
Climate Change (Global Warming)

A floodplain is defined as the land adjoining the channel of a river, stream, ocean, lake, or other
watercourse or water body that becomes inundated with water during a flood. Most often floodplains are
referred to as 100-year floodplains. A 100-year floodplain is not the flood that will occur once every 100
years, rather it is the flood that has a one-percent chance of being equaled or exceeded each year. Thus,
the 100-year flood could occur more than once in a relatively short period of time. With this term being
misleading, FEMA has properly defined it as the 1 percent annual chance flood. This one percent annual
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chance flood is now the standard used by most Federal and State agencies and by the National Flood
Insurance Program (NFIP) (FEMA, 2002).
As presented by the Association of State Floodplain Managers (ASFPM), FEMA’s NFIP Floodplain
Management Requirements: A Study Guide and Desk Reference for Local Officials (FEMA-480),
indicates that most floods fall into three categories: Riverine, Coastal and Shallow (ASFPM, 2005).
Other types of floods could include ice-jam floods, alluvial fan floods, dam failure floods, and floods
associated with local drainage or high groundwater (as indicated in the previous flood definition). For the
purpose of this HMP and as deemed appropriate by the County: Riverine, Flash and Dam Failure flooding
are main flood types of concern that could impact the County and are discussed as follows:
Riverine/Flash Floods – Riverine floods, the most common flood type, occur along a channel and
include overbank and flash flooding. Channels are defined features on the ground that carries water
through and out of a watershed. They may be called rivers, creeks, streams or ditches. When a
channel receives too much water, the excess water flows over its banks and inundates low-lying areas.
Theses floods usually occur after heavy rains, heavy thunderstorms, or snowmelt, and can be slow or
fast-rising, and generally develop over a period of hours to days (FEMA, Date Unknown; The Illinois
Association for Floodplain and Stormwater Management, 2006).
According to the National Weather Service (NWS), flash floods are “a rapid and extreme flow of high
water into a normally dry area, or a rapid water level rise in a stream or creek above a predetermined
flood level, beginning within six hours of the causative event (e.g., intense rainfall, dam failure, ice
jam). However, the actual time threshold may vary in different parts of the country. Ongoing flooding
can intensify to flash flooding in cases where intense rainfall results in a rapid surge of rising flood
waters” (NWS, 2005). FEMA’s “Are You Ready” Flood Preparedness Guide, indicates that flash
floods often have a dangerous wall of roaring water that carries rocks, mud, and other debris and can
sweep away most things in its path. They usually result from intense storms dropping large amounts
of rain within a brief period with little or no warning; can reach their peak in only a few minutes.
They normally occur in the summer during the thunderstorm season. The most severe flooding
conditions usually occur when direct rainfall is augmented by snowmelt. If the soil is saturated or
frozen, stream flow may increase due to the inability of the soil to absorb additional precipitation.
Flooding can also occur when a dam fails or breaks, producing effects similar to flash floods. Areas
that are most susceptible to the effects of floods are low-lying areas that are near water or downstream
from a dam (FEMA, 2008).
Dam Failure Floods – A "dam" is an artificial barrier that has the ability to impound water,
wastewater, or any liquid-borne material for the purpose of storage or control of water (different types
of dams). Dams are man-made structures built for the purpose of power production, agriculture, water
supply, recreation, and flood protection. A levee is a natural or artificial barrier that diverts or
restrains the flow of a stream or other body of water for the purpose of protecting an area from
inundation by flood waters. According to FEMA, dam failure is a catastrophic type of failure
characterized by the sudden, rapid, and uncontrolled release of impounded water or the likelihood of
such an uncontrolled release. It is recognized that there are lesser degrees of failure and that any
malfunction or abnormality outside the design assumptions and parameters that adversely affect a
dam's primary function of impounding water is properly considered a failure. These lesser degrees of
failure can progressively lead to or heighten the risk of a catastrophic failure. They are, however,
normally amenable to corrective action (FEMA, 2008). A dam failure can result in severe loss of life,
economic disaster and extensive environmental damage, primarily due to their unexpected nature and
high velocity floodwater. According to FEMA, dams can fail for one or a combination of the
following reasons:
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Overtopping caused by floods that exceed the capacity of the dam (inadequate spillway capacity);
Prolonged periods of rainfall and flooding;
Deliberate acts of sabotage (terrorism);
Structural failure of materials used in dam construction;
Movement and/or failure of the foundation supporting the dam;
Settlement and cracking of concrete or embankment dams;
Piping and internal erosion of soil in embankment dams;
Inadequate or negligent operation, maintenance and upkeep;
Failure of upstream dams on the same waterway; or
Earthquake (liquefaction / landslides) (FEMA, 2006).

All types of flooding can cause widespread damage throughout rural and urban areas, including but not
limited to: water-related damage to the interior and exterior of buildings; destruction of electrical and
other expensive and difficult-to-replace equipment; injury and loss of life; proliferation of disease vectors;
disruption of utilities, including water, sewer, electricity, communications networks and facilities; loss of
agricultural crops and livestock; placement of stress on emergency response and healthcare facilities and
personnel; loss of productivity; and displacement of persons from homes and places of employment.
Any type of agricultural, commercial, residential and recreational development and natural communities
(e.g., wetlands, marshes) located in a floodplain (inland or coastal) are vulnerable to flooding. Increased
urbanization, and thus increase in paved surfaces, enhances the threat of flooding where drainage systems
cannot cope with the increased input of stormwater runoff and decrease in natural water infiltration into
the soil (increasing runoff). In rural areas, property damage caused by flooding can be devastating to
farmers. When flooding occurs during the growing season, farmers can suffer widespread crop loss.
Livestock farmers may lose livestock if they are unable to find safe ground during rising floodwaters.
This threat to agricultural areas is primarily associated with flash flooding (Foster, Date Unknown).
Flooding can also pose several threats to industrial, residential and commercial properties. Industrial
facilities of all types typically handle and store various quantities of hazardous materials for their
operations. These materials can potentially come into contact with flood waters and be released into the
environment impacting local water sources, natural resources and threaten public health. Buildings can
experience significant water-related damage, sometimes beyond repair, due to flooding. Household
furnishings and business inventories can be lost if there is not adequate time to remove items to safe
locations. In addition to being at risk because of floodwater, people face the threat of explosions and fires
caused by leaking gas lines along with the possibility of being electrocuted. Even wild animals, forced out
of their homes and brought into contact with humans by floodwaters, can be a threat. Post-flood concerns
could include mold growth on structures, creating an increased health concern (Foster, Date Unknown).
Severe flooding can cause extensive damage to public utilities and disruptions to the delivery of services.
Loss of power and communications can be expected. Drinking water and wastewater treatment facilities
may be temporarily out of operation. Impacts of flooding on transportation are particularly noteworthy.
Flooded streets and road blocks make it difficult for emergency vehicles to respond to calls for service.
Floodwaters can washout sections of roadway and bridges. Most importantly, the majority of fatalities
that occur in floods are the result of people trying to drive on roads covered by floodwaters (Foster, Date
Unknown).
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Extent
In the case of riverine or flash flooding, once a river reaches flood stage, the flood extent or severity
categories used by the NWS include minor flooding, moderate flooding, and major flooding. Each
category has a definition based on property damage and public threat:




Minor Flooding - minimal or no property damage, but possibly some public threat or
inconvenience.
Moderate Flooding - some inundation of structures and roads near streams. Some evacuations of
people and/or transfer of property to higher elevations are necessary.
Major Flooding - extensive inundation of structures and roads. Significant evacuations of people
and/or transfer of property to higher elevations (NWS, 2008).

The severity of a flood depends not only on the amount of water that accumulates in a period of time, but
also on the land's ability to manage this water. One element is the size of rivers and streams in an area;
but an equally important factor is the land's absorbency. When it rains, soil acts as a sponge. When the
land is saturated or frozen, infiltration into the ground slows and any more water that accumulates must
flow as runoff (Harris, 2008).
Flood severity from a dam failure can be measured with a low, medium or high severity, which are further
defined as follows:




Low severity - No buildings are washed off their foundations; structures are exposed to depths of
less than 10 feet.
Medium severity - Homes are destroyed but trees or mangled homes remain for people to seek
refuge in or on; structures are exposed to depths of more than 10 feet.
High severity - Floodwaters sweep the area clean and nothing remains. Locations are flooded by
the near instantaneous failure of a concrete dam, or an earthfill dam that turns into "jello" and
washes out in seconds rather than minutes or hours. In addition, the flooding caused by the dam
failure sweeps the area clean and little or no evidence of the prior human habitation remains after
the floodwater recedes (Graham, 1999).

Two factors which influence the potential severity of a full or partial dam failure include (1) the amount
of water impounded; and (2) the density, type, and value of development and infrastructure located
downstream (City of Sacramento Development Service Department, 2005).
Location
Flooding has always been and continues to be a statewide concern for New York State. Although some
areas are more prone to certain types of flooding than others, there is no area of the State that is exempt
from flood hazards altogether, including Westchester County. In New York State, there are over 52,000
miles of river and streams, and along their banks there are 1,480 communities that are designated as flood
prone. It is estimated that 1.5 million people live in these flood prone areas. Millions more work, travel
through or use recreational facilities located in these areas. Areas outside recognized and mapped flood
hazard zones can also experience flooding (NYSDPC, 2008).
Flooding is the primary natural hazard in New York State because the State exhibits a unique blend of
weather (climatological and meteorological) features that influence the potential for flooding. Factors
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include: temperature, which is affected by latitude, elevation, proximity to water bodies and source of air
masses; and precipitation which includes snowfall and rainfall. Precipitation intensities and effects are
influenced by temperature, proximity to water bodies, and general frequency of storm systems. The
Cornell Climate Report indicates that the geographic position of New York State, in the northeast U.S.,
makes it vulnerable to frequent precipitation events. This is because nearly all storms and frontal systems
moving eastward across the U.S. pass through, or in close proximity to, New York State. Additionally,
the potential for prolonged periods of heavy precipitation is increased due to the available moisture from
the Atlantic Ocean. The heavy rain can quickly saturate the ground, leading to increased runoff and
flooding. Heavy rain in New York State is subject to come in the form of coastal storms (Nor’Easters,
tropical storms, and hurricanes) as well as thunderstorms. Flood problems in the State are most acute in
the Susquehanna, Genessee, Chemung, Hudson, Mohawk, and Alleghany River Basins. These major
waterways, along with their tributary streams in the basins, are subject to direct flooding throughout the
New York State (NYSDPC, 2008).
As indicated in the City Profile (Section 4), the City of New Rochelle lies in the southern portion of
Westchester County. Communities of Westchester County, including the City of New Rochelle, have
experienced flooding events during all seasons. Some have been associated with high stream stages and
others with high tidal stages. The most severe riverine floods in the past have been associated with
intense rains caused by localized and transcontinental storms, land-falling hurricanes originating in the
Caribbean Sea or heavy rain falling on previously frozen or saturated grounds (FEMA, 2007).
According to the U.S. Environmental Protection Agency (EPA), Westchester County is part of five
different watersheds: Saugatuck, Long Island Sound, Hudson-Wappinger, Lower Hudson and Bronx
(U.S. EPA, 2010). These watersheds consist of rivers and streams that have experienced flooding events.
As a result of the flooding that has historically occurred within the County, the County has been ranked as
the 4th most vulnerable county to flood hazards. Nearly 11-percent of the County is located within the
100-year (NYSDPC, 2008).
Hutchinson River
The headwaters of the Hutchinson River are located near the corporate boundaries of the City of New
Rochelle and the Village of Scarsdale. The upper portion of this drainage area of this River is located
near Heathcote Road (Village of Scarsdale). The River flows south through the City and the Village of
Scarsdale, forming the boundary between the two municipalities: City of New Rochelle on the east and
the Village of Scarsdale on the west. The Town of Eastchester, to the south of the Village of Scarsdale
and west of the City of New Rochelle, is located on the west side of the Hutchinson River (Leonard
Jackson Associates, 2008).
The floodplain of the River, from Lakeshore Drive (City of New Rochelle) to Hutchinson Boulevard
(Village of Scarsdale), is generally narrow, except for an area upstream of the Wilmot Road (City of New
Rochelle) culvert. The culvert is undersized and has a high embankment, creating a significant backwater
behind the crossing, which extends approximately 600 feet. Properties along Wilmot Road in the City are
affected by the backwater created by this culvert (Leonard Jackson Associates, 2008).
Between the Wilmot Road and the Hutchinson Boulevard culverts, there are three small bridges that serve
private residences only. Each of these bridges has caused a backwater that extends several hundred feet
upstream. This backwater is located in an area of the City that has experienced significant flooding
events (Turner Drive and Retiro Lane) (Leonard Jackson Associates, 2008).
The Hutchinson Boulevard culvert creates a significant backwater that extends over 2,000 feet upstream.
This has inundated the Sprague Road and Grand Boulevard crossings and affected numerous properties
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and structures on Charlotte Lane, Wilmot and Primrose Roads in the City, Clarence Road in the Town of
Eastchester, and Scarsdale, Tunstall, and Barry Roads in the Village of Scarsdale (Leonard Jackson
Associates, 2008).
Federal Emergency Management Agency (FEMA)
According to FEMA, flood hazard areas are defined as areas that are shown to be inundated by a flood of
a given magnitude on a map. These areas are determined using statistical analyses of records of
riverflow, storm tides, and rainfall; information obtained through consultation with the community;
floodplain topographic surveys; and hydrologic and hydraulic analyses. Flood hazard areas are delineated
on FEMA’s Flood Insurance Rate Maps (FIRM), which are official maps of a community on which the
Federal Insurance and Mitigation Administration has delineated both the Special Flood Hazard Areas
(SFHA) and the risk premium zones applicable to the community. These maps identify the SFHAs; the
location of a specific property in relation to the SFHA; the base (100-year) flood elevation (BFE) at a
specific site; the magnitude of flood a flood hazard in a specific area; the undeveloped coastal barriers
where flood insurance is not available and locates regulatory floodways and floodplain boundaries (100year and 500-year floodplain boundaries) (FEMA, 2003; FEMA, 2004; FEMA, 2006; FEMA, 2008).
The land area covered by the floodwaters of the base flood is the SFHA on a FIRM. It is the area where
the National Flood Insurance Programs (NFIP) floodplain management regulations must be enforced and
the area where the mandatory purchase of flood insurance applies. The SFHA includes Zones A, AO,
AH, A1-30, AE, A99, AR, AR/A1-30, AR/AE, AR/AO, AR/AH, AR/A, VO, V1-30, VE, and V (FEMA,
2007). This regulatory boundary is a convenient tool for assessing vulnerability and risk in flood-prone
communities since many communities have maps showing the extent of the base flood and likely depths
that will be experienced.
The base flood is often referred to as the “100-year” flood designation. As defined by NFIP, the BFE on
a FIRM is the elevation of a base flood event, or a flood which has a one-percent chance of occurring in
any given year. The BFE describes the exact elevation of the water that will result from a given discharge
level, which is one of the most important factors used in estimating the potential damage to occur in a
given area. A structure located within a 100-year floodplain has a 26-percent chance of suffering flood
damage during the term of a 30-year mortgage. The 100-year flood is a regulatory standard used by
federal agencies and most states, to administer floodplain management programs. The 100-year flood is
used by the NFIP as the basis for insurance requirements nationwide. FIRMs also depict 500-year flood
designations, which is a boundary of the flood that has a 0.2-percent chance of being equaled or exceeded
in any given year (FEMA, 2003; FEMA, 2006).
FEMA partnered with the New York State Department of Environmental Conservation (NYSDEC) to
update all FIRMs and Digital FIRMs (DFIRMs) for Westchester County as a part of a nationwide FEMA
Map Modernization Program. These maps for the County were completed and adopted on September 28,
2007 (FEMA, 2008; Fidelity National Information Services, 2008).
The 2007 DFIRMs indicate that 21.1-percent of Westchester County is located within a 100-year or 500year floodplain (FEMA, 2007). Approximately 10.2-percent of the City of New Rochelle is located
within a 100-year or 500-year floodplain. Figure 5.4.3-1 illustrates the FEMA regulatory 100-year and
500-year flood zones of the City of New Rochelle.
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Figure 5.4.3-1. 100- and 500-Year Regulatory Floodplains within the City of New Rochelle

Source: FEMA DFIRM, 2007
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A Flood Insurance Study (FIS) was prepared by FEMA for Westchester County on September 28, 2007,
which covers most of the geographic area of the County. This FIS aids in the administration of the
National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of 1973. According to the
FIS, records in Westchester County show that substantial flooding conditions have been experienced on
the following dates: July 1889, October 1903, November 1927, March 1936, September 1938, September
1944, May 1946, March 1953, August 1955, October 1955, March 1962, May 1968, August 1971, June
1972, September 1975 and September 1999. Some floods have been associated with high stream stages
and others with high tidal stages (FEMA, 2007).
According to the FIS, the Hutchinson and Sheldrake Rivers are the major waterbodies and principal
sources of flooding in the City. Burling and Stephenson Brooks are limited sources of flooding for the
City. Burling Brook is located in the southwestern corner of the City of New Rochelle. The Brook flows
in a southeasterly direction and has a drainage area of 1.4 square miles. Burling Brook drains into the
Long Island Sound. The area of the Brook consists mainly of commercial and industrial areas.
Stephenson Brook is located in the center of the City of New Rochelle. The drainage area to Eastchester
Road is 1.4 square miles and consists mostly of residential areas. The Brook flows in a southerly
direction and eventually drains by culver from Eastchester Road into the Long Island Sound (FEMA,
2007).
The City of New Rochelle is subject o flooding along its coastline with the Long Island Sound, along the
Hutchinson and Sheldrake Rivers and along the Burling and Stephenson Brooks. The coastal flooding in
the City is caused by Nor’Easters and hurricanes. Nor’Easters occur any time of the year, but are more
prevalent in the winter months, and hurricanes occur between the late summer and early fall months
(FEMA, 2007).
In the City of New Rochelle, flooding occurs on the Sheldrake River in areas along Pine Brook Boulevard
and Puritan Drive. The area along Pine Brook Boulevard floods due to the mild channel slope and the
very flat terrain of the overbank. Flooding occurs along Puritan Drive as a result of backwater caused by
undersized private driveway culverts and inadequate channel capacity. The worst flooding on the
Sheldrake River occurred on September 26, 1975 and June 19, 1972 (FEMA, 2007).
Dam Break Hazard Areas
According to the NYSDEC Division of Water Bureau of Flood Protection and Dam Safety, the hazard
classification of a dam is assigned according to the potential impacts of a dam failure pursuant to 6
NYCRR Part 673.3. Dams are classified in terms of potential for downstream damage if the dam were to
fail. These hazard classifications are identified and defined below:




Low Hazard (Class A) is a dam located in an area where failure will damage nothing more than
isolated buildings, undeveloped lands, or township or county roads and/or will cause no
significant economic loss or serious environmental damage. Failure or misoperation would result
in no probable loss of human life. Losses are principally limited to the owner's property
Intermediate Hazard (Class B) is a dam located in an area where failure may damage isolated
homes, main highways, minor railroads, interrupt the use of relatively important public utilities,
and/or will cause significant economic loss or serious environmental damage. Failure or
misoperation would result in no probable loss of human life, but can cause economic loss,
environment damage, disruption of lifeline facilities, or impact other concerns. Significant hazard
potential classification dams are often located in predominantly rural or agricultural areas but
could be located in areas with population and significant infrastructure.
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High Hazard (Class C) is a dam located in an area where failure may cause loss of human life,
serious damage to homes, industrial or commercial buildings, important public utilities, main
highways or railroads and/or will cause extensive economic loss. This is a downstream hazard
classification for dams in which more than 6 lives would be in jeopardy and excessive economic
loss (urban area including extensive community, industry, agriculture, or outstanding natural
resources) would occur as a direct result of dam failure (NYSDEC, 2006).

According to information provided by Westchester County, NYSDEC, HAZUS and the Dam Incident
Notification (DIN) system maintained by the National Performance of Dam Program (NPDP) there are
182 dams throughout Westchester County. Thirty-one dams within the County are labeled as Class C
(high hazard) dams and 43 are classified as Class B (intermediate hazard). All other dams within the
County are either a low hazard or have not been officially constructed (NYSDPC, 2008; USACE, Date
Unknown; Department of Civil and Environmental Engineering [DCEE], Date Unknown). Refer to Table
4-X and Figure 4-X in the City Profile (Section 4) for dams located in Westchester County and within the
vicinity of the City of New Rochelle.
Previous Occurrences and Losses
Many sources provided historical information regarding previous occurrences and losses associated with
flooding throughout New York State and Westchester County. With so many sources reviewed for the
purpose of this HMP, loss and impact information for many events could vary depending on the source.
Therefore, the accuracy of monetary figures discussed is based only on the available information
identified during research for this HMP.
Between 1953 and 2008, FEMA declared that New York State experienced 36 flood-related disasters
classified as one or a combination of the following disaster types: flooding, heavy rains, severe storms,
coastal storms or high tides (FEMA, 2009). Of those events, the NYS HMP and FEMA indicate that
Westchester County has been declared as a disaster area as a result of 10 flood events between 1953 and
August 2007 (FEMA, 2008; NYSDPC, 2008).
Table 5.4.3-1 summarizes the FEMA Presidential Disaster (DR) or Emergency (EM) Declarations for
flood events in Westchester County, which encompasses the Town of Cortlandt. Many of these federal
disasters were the remnants of severe storms or tropical or extra tropical disturbances (hurricanes, tropical
storms, Nor’Easters) either passing over or located within proximity to the State. These disasters resulted
in flooding in the County, hence the reason for the occasional categorization by FEMA as “severe storms
and flooding” event. Because flooding was the primary impact of many of these types of hazard events,
only the severe flooding impact of major events are discussed in this Hazard Profile and are also
mentioned in their designated sections of this HMP: Section 5.4.1 (Coastal and Severe Storms) and
Section 5.4.2 (Severe Winter Storm).
Table 5.4.3-1. Presidential Disaster Declarations for Flooding Events in Westchester County
Type of Event*
Severe Storms and
Flooding
(Tropical Storm Doria)

Date**

Declaration
Number

September
1971

DR-311

Severe Storms, Heavy
September
Rain, Landslides,
25-27,
Flooding
1975
(Hurricane Eloise)

DR-487

Cost of Losses (approximate)
This storm caused seven deaths and $147.6 M in damage
throughout its path. New York State experienced
approximately $7.4 M in total eligible damages. Westchester
County experienced approximately $29 K in property and crop
damages.
New York State experienced approximately $25 M in property
damages and 2 fatalities. Total rain amounts exceeded 10
inches within southeastern New York State (including
Westchester County).

DMA 2000 Hazard Mitigation Plan – City of New Rochelle, New York
September 2010

5.4.3-9

SECTION 5.4.3: RISK ASSESSMENT – FLOOD

Type of Event*

Date**

Declaration
Number

Coastal Storms and
Flood

April
1984

DR-702

Coastal Storm, High
Tides, Heavy Rain,
Flooding

December
1992

DR-974

Severe Storms / Flooding

October
1996

DR-1146

Hurricane / Tropical
Storm Floyd

September
1999

DR-1296

Severe Storms and
Flooding

April 2-4,
2005

DR-1589

Severe
Storms and Flooding

June 26 –
July 10,
2006

DR-1650

Cost of Losses (approximate)
New York State experienced approximately $11.9 M in
property damages.
New York State experienced approximately $31.2 M in property
damages. Westchester County received between 3 and 5
inches of rain and had $7.1 M in flood damages. In the County,
all public schools were closed. Cars were stuck in the water on
numerous roadways, and several major roads were shut down
at times because of flooding. Over 20,000 power failures
occurred throughout the County.
Coastal flooding event that caused over $16.1 M in property
damages throughout Westchester and Suffolk Counties.
Approximately $3.5 M in disaster aid to the two counties.
Flooding caused the closures of the Hutchinson River Parkway
between Wolfs Lane and East 3rd Street and the Bronx River
Parkway between Sprain Brook Parkway and Scarsdale Road.
Rainfall totals in Westchester County ranged from 2.37 inches at
Ossining to 4.98 inches at Dobbs Ferry.
New York State experienced approximately $62.2 M in eligible
damages as a result of property damage and debris
accumulation (NYSDPC). The worst damage in the New York
metropolitan region occurred in Rockland and Westchester
Counties. NOAA-NCDC, SHELDUS and other sources
indicated that Westchester County experienced between $6.6
and $10 million in flood damages. Many Westchester County
officials proclaimed the storm as one of the worst storms ever to
hit the area at that time, with the most rain ever recorded
dropped on the county in 24 hours (Brenner, 1999). The Town
of Cortlandt incurred an estimated $2 M in damages to
roadways, bridges and culverts. Many surrounding Towns and
Villages suffered millions in damages. Nearly all of the statecontrolled parkways in Westchester flooded during Floyd,
causing about $2.8 M in damage. As of December 6, 1999,
FEMA indicated that Westchester County was approved for over
$1.8 M in public assistance. Other sources indicate that
Westchester municipalities were reimbursed about $14 M by
FEMA for damages; local businesses received $2.3 M from the
agency, and homeowners got about $1.6 M. In Cortlandt,
federal reimbursements were received totaling $886 K . The
Croton River at the New Croton Dam near Croton-On-Hudson
had a water discharge of 20,200 cfs and crested 12.64 feet from
this flood event. This was the 2nd highest historical peak
streamflow at this station.
New York State experienced approximately $66.2 M in eligible
damages. Total Rainfall amounts in New York State ranged
from one-inch on parts of Long Island to nearly four-inches
across parts of the Lower Hudson Valley. NOAA-NCDC and
SHELDUS indicated that Westchester County experienced
approximately $4.3 M in flood damages.
This event was the largest and most costly natural disaster that
New York State encountered since Hurricane Agnes in 1972.
Resulted in a Disaster Declaration for 19 New York State
counties. New York State experienced approximately $246.3 M
in eligible damages. As of December 29, 2006, more than $227
M in disaster aid was approved for the State.
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Type of Event*

Date**

Declaration
Number

Cost of Losses (approximate)

New York State experienced millions in eligible damages.
FEMA gave out more than $61 million in assistance to affected
counties within the State. Private property losses in
Severe Storms and
Westchester County were estimated at $83 M and public
Inland and Coastal
property losses were estimated at $2 M. Disaster assistance to
April 14-18,
Flood
DR-1692
the County totaled $30 M as of July 23, 2007. Westchester
2007
(also identified as a
County was one of the hardest hit counties in the area. The City
Nor’Easter)
of New Rochelle declared a state of emergency. The Twin
Lakes in front of the New Rochelle High School overflowed their
banks and flooded a section of North Avenue, the City’s major
north-south route.
A torrential rainstorm brought heavy rain, strong winds and
flooding to much of the Northeast U.S. In New York State, the
President declared a major disaster for the counties of Nassau,
Orange, Richmond, Rockland, Suffolk, and Westchester after
Severe Storms and
March 13DR-1899
these areas were struck by severe storms and flooding. The
Flooding
15, 2010
storm resulted in six deaths, damages to homes and cars,
power outages and closed roadways. Over 167,000 customers
were without power in New York City and Westchester County.
8,000 homes in the City of New Rochelle were without power.
Source(s): FEMA, 2008; NYSDPC, 2008; Hazards & Vulnerability Research Institute (SHELDUS), 2008; NCDC, 2008;
NYSEMO, 2006
*
The ‘Type of Event’ is the disaster classification that was assigned to the event by FEMA.
**
Represents the date of the event
Note (1): Dollars rounded to nearest thousand. Recorded losses indicate the dollar value of covered losses paid, as available
through the public records reviewed. Some of these events overlap with events shown under the Severe Storm and
Severe Winter Storm hazard profiles of this Plan.
K
Thousand
M
Million
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Based on all additional sources researched, known flooding events that have impacted the City of New Rochelle and its neighboring Towns and
Villages (Scarsdale, Mamaroneck, Larchmont, Pelham, Pelham Manor, and East Chester) are identified in Table 5.4.3-2. With flood
documentation for the State being so extensive, not all sources may have been identified or researched. Therefore, events in Table 5.4.3-2 may not
indicate all events that have impacted the County or the City. Also, loss information is generally provided for the County as a whole for an event;
therefore, damages for just the City of New Rochelle may be limited or scarce.
Table 5.4.3-2. Flood Events Between 1971 and 2010 in Westchester County / City of New Rochelle
Event Date / Name

Location

Losses / Impacts

Source(s)

Countywide

See FEMA Disaster Declarations
(Table 5.4.3-1)

Hazards & Vulnerability
Research Institute (SHELDUS),
FEMA, MARFC, HPC, Kocin

Countywide

See FEMA Disaster Declarations
(Table 5.4.3-1)

FEMA, HPC, NWS, Hazards &
Vulnerability Research Institute
(SHELDUS), Chartuk (NWS)

Countywide

The Northeast U.S. was affected by flooding, causing 40 counties in New
Hampshire, Vermont, New York and Pennsylvania to be declared major disaster
areas by FEMA. In New York State, six counties were declared (FEMA DR-401);
however, Westchester County was not included in this declaration. According to
SHELDUS, the County experienced approximately $38 M in property damages
from this event. However, no other sources were found that indicated this
information.

Hazards & Vulnerability
Research Institute (SHELDUS)

Countywide

See FEMA Disaster Declarations
(Table 5.4.3-1)

FEMA, MARFC, Hebert

Countywide

Westchester County experienced approximately $833 K in property damages.

Countywide

Westchester County experienced approximately $1.3 M in property damages.

Countywide

Westchester County experienced approximately $227 K in property damages.

Countywide

See FEMA Disaster Declarations
(Table 5.4.3-1)

Flash Flood
May 28, 1984

Countywide

Westchester County experienced approximately $2.4 M in property damages.

Flash Flood
March 14, 1986

Countywide

Westchester County experienced approximately $238 K in property damages.

Remnants of Tropical
Storm Doria
August 27-29, 1971
(FEMA DR-311)
Remnants of Tropical
Storm Agnes
June 22-25, 1972
(FEMA DR-338)

Flood
June 28, 1973

Remnants of Tropical
Storm Eloise
September 27, 1975
(FEMA DR-487)
Flash Flood
November 7, 1977
Flash Flood
May 23, 1979
Flash Flood
December 12, 1983
Major Flood
April 5-7, 1984
(FEMA DR-702)
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Hazards & Vulnerability
Research Institute (SHELDUS)
Hazards & Vulnerability
Research Institute (SHELDUS)
Hazards & Vulnerability
Research Institute (SHELDUS)
USGS WSP 2502, FEMA,
AHPS, MARFC.
Hazards & Vulnerability
Research Institute (SHELDUS),
Stuart et al.
Hazards & Vulnerability
Research Institute (SHELDUS)
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Event Date / Name

Location

Losses / Impacts

Source(s)

Southeastern
New York
State

Intense rainfall in New York State during April 3 and 5 caused widespread
flooding in the State. Five counties in southeastern New York State were
declared disaster areas by FEMA (FEMA DR-801). A total of ten deaths resulted
from this storm when a New York State Thruway bridge collapsed over the
Schoharie Creek. Westchester County was not included in the disaster
declaration. The County received between 7 and 8 inches of rain from this storm.

NWS, Zembrzuski and Evans
(USGS)

Multi-State

See FEMA Disaster Declarations
(Table 5.4.3-1)

FEMA, NYSDPC, NYSEMO,
NY Times, The Associated
Press, McFadden

Multi-State

See FEMA Disaster Declarations
(Table 5.4.3-1)

NOAA-NCDC, Associated
Press, USGS, FEMA, Stuart et
al, NYSDPC

Countywide

A slow moving storm caused heavy rain to fall across the area, causing urban
flooding of streets, poor drainage and low-lying areas. Rainfall amounts ranged
between 2.5 inches to 5.5 inches.

NOAA-NCDC

Countywide

See FEMA Disaster Declarations
(Table 5.4.3-1)

FEMA, Pasch, Hazards &
Vulnerability Research Institute
(SHELDUS), NOAA-NCDC,
NHC, NWS, MARFC,
Rubenstein, Brenner,
Bradbury, Chen

Flash Flood
June 17, 2001

Countywide

Excessive rainfall also led to severe flooding conditions across portions of
Westchester County. In Greenburgh, 23 residential structures experienced
basement flooding, causing thousands of dollars of property damage in the
Babbitt Court area. In Ossining, the Sparta Brook overflowed its banks around 5
AM EDT, washing away a backyard and flooding an adjoining basement and
garage. Flooding also was reported in Mt. Kisco, particularly near Shoppers Park,
where several stores reported damage from the flooding. Damage to several
municipal buildings was also reported in other portions of downtown Mt. Kisco.

NOAA-NCDC

Remnants of Hurricane
Charley
August 9-15, 2004

Multi-County

Significant flooding throughout the County.

Rubenstein

Multi-County

Nearly a foot of rain fell on Westchester county within a 24-hour period. The
result was severe, widespread damage, especially in northern areas of the
County, where the landscape was transmogrified by floating cars, downed trees,
collapsed railroad embankments and impassable roadways.

Rubenstein

Multi-County

See FEMA Disaster Declarations
(Table 5.4.3-1)

FEMA, Hazards & Vulnerability
Research Institute (SHELDUS),
USACE, MARFC, NOAANCDC

Flash Flood / Heavy
Rain
March 31, - April 8,
1987
Flood / Nor’Easter
December 11-12, 1992
(FEMA DR-974)
Severe Storms /
Flooding
October 18-23, 1996
(FEMA DR-1146)
Heavy Rain
May 8-11, 1998
Remnants of
Hurricane/Tropical
Storm Floyd
September 16-18, 1999
(FEMA DR-1296)

Remnants of Hurricane
Jeanne
September 13-27, 2004
Severe Storm / Flooding
April 1-4, 2005
(FEMA DR-1589)
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Event Date / Name

Location

Losses / Impacts

Source(s)

Severe Storms and
FEMA, NYSDPC, NYSEMO,
Flood
See FEMA Disaster Declarations
Countywide
Times Herald-Record, USGS,
June 25 - July 12, 2006
(Table 5.4.3-1)
MARFC
(FEMA DR-1650)
Severe Storm / Inland
FEMA, Chas. H. Sells, Inc., The
and Coastal Flooding
Associated Press, Garcia et al.
April 14-17, 2007*
See FEMA Disaster Declarations
Multi-County
(http://www.lohud.com/apps/pb
(also identified as a
(Table 5.4.3-1)
cs.dll/article?AID=%2F2007041
Nor’Easter)
6%2FNEWS01%2F704160360)
(FEMA DR-1692)
Note (1): This table does not represent all events that may have occurred throughout the County. NOAA-NCDC storm query indicated that Westchester County has experienced
92 flood events between January 1, 1950 and July 31, 2009 (including flash, urban, coastal and stream floods). However, not all of these events were identified in this table due to
a lack of detail and their minor impact upon the County and/or the City of New Rochelle.
Note (2): Monetary figures within this table were U.S. Dollar (USD) figures calculated during or within the approximate time of the event. If such an event would occur in the
present day, monetary losses would be considerably higher in USDs as a result of increased U.S. Inflation Rates.
DR
Federal Disaster Declaration
NWS
National Weather Service
EM
Federal Emergency Declaration
NYSDPC
New York State Disaster Preparedness Commission
FEMA
Federal Emergency Management Agency
NYSEMO
New York State Emergency Management Office
K
Thousand ($)
SHELDUS
Spatial Hazard Events and Losses Database for the U.S.
M
Million ($)
USACE
U.S. Army Corps of Engineers
NCDC
National Climate Data Center
USGS
U.S. Geological Survey
NOAA
National Oceanic Atmospheric Administration
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Further descriptions of select flood events that have impacted Westchester County and the City of New
Rochelle are provided below for selected events where details regarding their impact were available.
Although City specific information is relatively scarce, these descriptions are provided to give the reader
a context of the flood events that have affected the County and City and to assist local officials in locating
event-specific data for their municipality based on the time and proximity of these events. Flood impacts
associated with hurricanes, tropical storms or Nor’Easters, are discussed in this profile and are also
mentioned in their designated hazard profiles (Section 5.4.1 Coastal and Severe Storms and Section 5.4.2
Severe Winter Storm).
Monetary figures within the event descriptions were U.S. Dollar (USD) figures calculated during or
within the approximate time of the event (unless present day recalculations were made by the sources
reviewed). If such an event would occur in the present day, monetary losses would be considerably
higher in USDs as a result of inflation.
September 16, 1999 (Hurricane/Tropical Storm Floyd) (FEMA DR-1296): According to the NOAA
NHC, this event was a large and intense storm that pounded the central and northern Bahama islands,
seriously threatened Florida, struck near the coast of North Carolina and moved up the east coast of the
U.S. into New England as a tropical storm. It neared the threshold of a Category 5 on the Saffir/Simpson
Hurricane Scale as it approached the Bahamas, and caused a flood disaster of immense proportions in the
eastern U.S., particularly from the eastern coast of North Carolina through New Jersey (Pasch et al.,
1999). Much of Floyd’s impact was due to heavy rainfall, creating major losses from floodwaters
throughout the eastern U.S. Common rainfall totals ranged between 4 and 12 inches (Figure 5.4.3-2)
(NWS, 1999). Ten states were declared major disaster areas, which included Connecticut, Delaware,
Florida, Maryland, New Jersey, New York, North Carolina, Pennsylvania, South Carolina, and Virginia
(NCDC, 2000).
Figure 5.4.3-2. Hurricane/Tropical Storm Floyd Total Precipitation

Source: NWS, 1999
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New York State experienced approximately $62.2 million in property damages from this event
(NYSDPC, 2008). The worst damage in the New York Metropolitan region reportedly occurred in
Rockland and Westchester Counties (Chen, 1999). NOAA-NCDC, SHELDUS and other sources
indicated that Westchester County experienced between $6.6 and $10 million in flood damages. Many
Westchester County officials proclaimed the storm as one of the worst storms ever to hit the area at that
time, with the most rain ever recorded dropped on the county in 24 hours (Brenner, 1999). In
Westchester County, rainfall totals ranged between 8 and 12 inches (NWS, 1999). The Croton River at
the New Croton Dam near Croton-On-Hudson had a water discharge of 20,200 cfs and crested 12.64 feet
from this flood event. This was the 2nd highest historical peak streamflow at this station.
This storm resulted in a FEMA Disaster Declaration (FEMA DR-1296) on September 19, 1999. Through
this declaration, the following 15 counties were declared eligible for Federal and State disaster funds:
Albany, Dutchess, Essex, Greene, Nassau, Orange, Putnam, Rensselaer, Rockland, Schenectady,
Schoharie, Suffolk, Ulster, Warren and Westchester counties (NYSEMO, 2006; FEMA, 2008; NYSDPC,
2008). Disaster assistance for all counties affected in the State has not been clearly documented. As of
December 6, 1999, 921 Disaster Housing grants totaling $1,682,634 and 104 Individual and Family
Grants (IFG) grants totaling $114,902 were approved out of 1,859 total registrations from the County
(FEMA, 1999). However, other sources indicate that Westchester municipalities were reimbursed about
$14 million by FEMA for damages with local businesses receiving $2.3 million from FEMA and
homeowners receiving nearly $1.6 million. In the Town of Cortlandt, FEMA indicates that federal
reimbursements for the Town were received totaling $886,000 (Rubenstein, 2004).
April 2-4, 2005 (FEMA DR-1589): A slow moving storm moved up through the Appalachians and into
the northeast U.S. The heavy rainfall from this event produced flooding throughout New York, New
Jersey and Pennsylvania (NCDC, 2005). Prior to this storm, the rivers and streams in the area had high
flow-rates due to a previous rainstorm on March 28th and snowmelt. This substantially increased flooding
and caused additional damage, along with the damage produced by this storm. Figure 5.4.3-3 shows
rainfall totals from this event for the northeast U.S.
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Figure 5.4.3-3. Rainfall Totals for April 2-4, 2005

Source: NCDC, 2005

New York State experienced approximately $66.2 M in eligible damages during this event with the
heaviest rain falling in Ulster and Greene Counties (NYSDPC, 2008). Total Rainfall amounts in New
York State ranged from around 1 inch on parts of Long Island to nearly 4 inches across parts of the Lower
Hudson Valley. In Westchester County, NOAA-NCDC and SHELDUS indicated that the County
experienced approximately $4.3 million in flood damages (NCDC, 2008; Hazards & Vulnerability
Research Institute, 2007). The City of New Rochelle received over $75,000 in assistance (FEMA, 2010).
This storm resulted in a FEMA Disaster Declaration (DR-1589) on April 19, 2005. Through this
declaration, the following 20 counties were declared eligible for Federal and State disaster funds:
Broome, Cayuga, Chautauqua, Chenango, Columbia, Cortland, Delaware, Greene, Madison,
Montgomery, Niagara, Orange, Otsego, Putnam, Rensselaer, Schoharie, Sullivan, Tioga, Ulster and
Westchester (NYSDPC, 2008; FEMA, 2008). In a September 14, 2005 Press Release, FEMA indicated
that nearly $35 million in disaster aid was made available to all declared counties as result of this event.
In this press release, FEMA approved $76,136 in public assistance reimbursements for the County
(FEMA, 2005).
April 14-18, 2007 (FEMA DR-1692): An intense and powerful Nor’Easter brought flooding rains and
heavy wet snowfall to the northeast U.S. Rainfall totals of six to eight inches were reported across the
eastern Catskill Mountains, mid-Hudson Valley and western New England, resulting in widespread
flooding. Snowfall accumulations of one to one and a half feet were reported across the southern
Adirondacks, eastern Catskills, Berkshires, and southern Green Mountains (NWS, Date Unknown). The
combined effects of high winds and heavy rainfall during this event led to flooding, storm damages,
power outages, evacuations, and disrupted traffic and commerce.
DMA 2000 Hazard Mitigation Plan – City of New Rochelle, New York
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Various counties in the eastern Catskills and Mid-Hudson Region of New York State were impacted by
several inches of rain during this event, particularly in the southeastern section of the State (NOAA,
2008). Westchester County experienced between 4 and 8 inches of rainfall during this event (Figure
5.4.3-4).
Figure 5.4.3-4. Precipitation Totals for April 16, 2007

Source: NOAA, 2008
Note:
The black circle within New York State indicates the approximate location of Westchester County.

New York State experienced millions in damages from this event (NYSDPC, 2008; Alarcon-The Daily
Mail). In Westchester County, private property losses were estimated at $83 million and public property
losses were estimated at $2 million (Chas. H. Sells, Inc., 2007). Disaster assistance to the County totaled
$30 million as of July 23, 2007. FEMA Project Application Summaries for this disaster indicating that
repair costs after the storm for the Town of Cortlandt were estimated at over $254,000 (FEMA, 2007).
Many roads were damaged, drainage systems were compromised and the Sprout Lake Park and Beach
was completely overflowed with floodwaters from a nearby brook. In the Village of Croton-On-Hudson,
half of the commuter train station's parking lot was under water. It was a combination of unusual high
tides and floodwaters that caused rivers to spill their banks in Westchester County (The Associated Press,
2007).
This Nor’Easter resulted in a FEMA Emergency Declaration (FEMA EM-1692) on April 24, 2007.
Through this declaration, the following 13 Counties were declared eligible for Federal and State disaster
funds: Albany, Columbia, Dutchess, Essex, Greene, Montgomery, Orange, Putnam, Rockland, Schoharie,
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Suffolk, Ulster and Westchester Counties (FEMA, 2008). As of August 13, 2007, FEMA indicated that
nearly $61 million in total disaster aid was made available to all declared counties as result of this event
(FEMA, 2007). Earlier on July 30, 2007, FEMA approved over $30 million in disaster assistance for
Westchester County (FEMA, 2007). The monies include individual assistance (IA) grants, U.S. Small
Business Administration (SBA) loans, and public assistance (PA) funding for damage sustained during
the storm. The monies are broken down as follows:





More than $6.7 million was approved for 2,731 households through the FEMA Housing Program
(HA).
More than $840,000 was approved for 599 households under the FEMA/State Other Needs
Assistance Program (ONA).
The SBA approved $20,225,700 in low-interest disaster loans for 384 homeowners, renters and
business owners.
More than $2.4 million was approved for public assistance (PA) funding (FEMA, 2007).

National Flood Insurance Program (NFIP)
According to FEMA’s 2002 National Flood Insurance Program (NFIP): Program Description, the U.S.
Congress established the NFIP with the passage of the National Flood Insurance Act of 1968. The NFIP
is a Federal program enabling property owners in participating communities to purchase insurance as a
protection against flood losses in exchange for State and community floodplain management regulations
that reduce future flood damages. As stated in the NYS HMP, the NFIP collects and stores a vast
quantity of information on insured structures, including the number and location of flood insurance
polices number of claims per insured property, dollar value of each claim and aggregate value of claims,
repetitive flood loss properties, etc. NFIP data presents a strong indication of the location of flood events
among other indicators (NYSDPC, 2008).
There are three components to NFIP: flood insurance, floodplain management and flood hazard mapping.
Nearly 20,000 communities across the U.S. and its territories participate in the NFIP by adopting and
enforcing floodplain management ordinances to reduce future flood damage. In exchange, the NFIP
makes federally backed flood insurance available to homeowners, renters, and business owners in these
communities. Community participation in the NFIP is voluntary. Flood insurance is designed to provide
an alternative to disaster assistance to reduce the escalating costs of repairing damage to buildings and
their contents caused by floods. Flood damage is reduced by nearly $1 billion a year through communities
implementing sound floodplain management requirements and property owners purchasing of flood
insurance. Additionally, buildings constructed in compliance with NFIP building standards suffer
approximately 80 percent less damage annually than those not built in compliance (FEMA, 2008).
According to the NFIP insurance statistics for the State, there is an extensive history of flood claims with
NFIP which indicates a total of more than 82,053 claims since the inception of the program in the late
1970s. New York State is ranked within the top five states in the U.S. with the highest number of claims
and is also amongst the highest in repetitive flood claims (as defined by FEMA/NFIP). The City of New
Rochelle participates in the NFIP (FEMA, 2010). NFIP data for the City is presented further in Table
5.4.3-9 in the “Vulnerability Assessment” section of this hazard profile.
As an additional component of NFIP, the CRS is a voluntary incentive program that recognizes and
encourages community floodplain management activities that exceed the minimum NFIP requirements.
As a result, flood insurance premium rates are discounted to reflect the reduced flood risk resulting from
the community actions meeting the three goals of the CRS: (1) reduce flood losses; (2) facilitate accurate
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insurance rating; and (3) promote the awareness of flood insurance. According to the 2008 Flood
Insurance Agent's Manual containing current and historical listings of all CRS communities, only the
Village of Scarsdale in Westchester County has participated in CRS since 1993 (FEMA, 2008; NYSDPC,
2008).
Probability of Future Events
Given the history of flood events that have impacted Westchester County and the City of New Rochelle, it
is apparent that future flooding of varying degrees will occur. The fact that the elements required for
flooding exist and that major flooding has occurred throughout the County in the past suggests that many
people and properties are at risk from the flood hazard in the future.
As defined by FEMA, geographic areas within the 100-year floodplain in Westchester County are
estimated to have a one-percent chance of flooding in any given year. A structure located within a 100year floodplain has a 26-percent chance of suffering flood damage during the term of a 30-year mortgage.
Geographic areas in Westchester County located within the 500-year flood boundary are estimated to
have a 0.2-percent chance of being flooded in any given year (FEMA, 2003; FEMA, 2006).
In Section 5.3, the identified hazards of concern for the City of New Rochelle were ranked. The
probability of occurrence, or likelihood of the event, is one parameter used for ranking hazards. Based on
historical records, FIRMs provided through FEMA, and the Planning Committee. The probability of
occurrence for flood events in the City of New Rochelle is considered ‘frequent’ (likely to occur within
25 years, as presented in Table 5.3-3).
It is estimated that the City of New Rochelle will continue to experience flooding annually. Some of the
flooding events may induce secondary hazards such as: water quality and supply concerns and experience
evacuations, infrastructure deterioration and failure, utility failures, power outages, transportation
delays/accidents/inconveniences and public health concerns.
The Role of Global Climate Change on Future Probability
Global climate change poses risks to human health and to terrestrial and aquatic ecosystems. Important
economic resources such as agriculture, forestry, fisheries, and water resources also may be affected.
Warmer temperatures, more severe droughts, storms and floods, and sea level rise could have a wide
range of impacts. All these stresses can add to existing stresses on resources caused by other influences
such as population growth, land-use changes, and pollution.
Climate is defined not simply as average temperature and precipitation but also by the type, frequency
and intensity of weather events. Human-induced climate change has the potential to alter the prevalence
and severity of extremes such as heat waves, cold waves, severe storms, floods and droughts. Though
predicting changes in these types of events under a changing climate is difficult, understanding
vulnerabilities to such changes is a critical part of estimating future climate change impacts on human
health, society and the environment.
It is important to understand that directly linking any one specific extreme event (e.g., flood, severe
hurricane) to climate change is not possible. However, climate change and global warming may increase
the probability of some ordinary weather events reaching extreme levels or of some extreme events
becoming more extreme (U.S. Environmental Protection Agency [EPA], 2006). It remains very difficult
to assess the impact of global warming on extreme weather events, in large part because this analysis
depends greatly on regional forecasts for global warming. Global warming will almost certainly have
different effects on different regions of the Earth, so areas will not be equally susceptible to increased or
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more intense extreme weather events. Although regional climate forecasts are improving, they are still
uncertain (Climate.org, Date Unknown). These many uncertainties may exist regarding magnitude or
severity; however, many sources indicate that future weather patterns and increased intensities are
anticipated as a result of climate change, along with atmospheric, precipitation, storm and sea level
changes (USEPA, 2007).
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VULNERABILITY ASSESSMENT
To understand risk, a community must evaluate what assets are exposed or vulnerable in the identified
hazard area. For the flood hazard, the hazard areas identified in the City of New Rochelle include the
100- and 500-year regulatory FEMA floodplains. The following text evaluates and estimates the potential
impact of flooding on the City including:


Overview of vulnerability



Data and methodology used for the evaluation



Impact, including: (1) impact on life, safety and health of City residents, (2) general building stock,
(3) critical facilities, (4) economy and (5) future growth and development



Further data collections that will assist understanding of this hazard over time



Overall vulnerability conclusion

Overview of Vulnerability
Flood is a significant concern for the City of New Rochelle. To assess vulnerability, potential losses were
calculated for the 100-year and 500-year MRP flood events. The flood hazard exposure and loss estimate
analysis is presented below.
Data and Methodology
A flood polygon is a GIS vector
A modified Level 1 HAZUS-MH analysis was performed to analyze
file
outlining the area exposed to
the flood hazard in the City of New Rochelle, using HAZUS-MH
the flood hazard. HAZUS-MH
MR4; the Digital Flood Insurance Rate Maps (DFIRMs), effective
generates this polygon at the end
September 28, 2007 for Westchester County; and NOAA’s
of the flood computations in order
to analyze the at-risk inventory.
Environmental Sensitivity Index (ESI). A Level 1 analysis is a
basic estimate of flood losses based on national databases and using
A GIS shape file is a type of GIS
the default data in the model (i.e., demographics, general building
vector file that was developed by
stock and critical facility inventory). To customize the analysis and
ESRI for its ArcView software.
results for the City, HAZUS-MH MR4 default critical facility
This type of file contains a table
inventory was updated with facilities provided by the County, City
and a graphic. The records in the
table are linked to corresponding
and Planning Committee. Data collected and reviewed for the flood
objects in the graphic.
hazard included local spatial data from historical flood events,
FEMA DFIRM data, best-available digital elevation data, data
available through Westchester County’s GIS web page and input from the residents and the Planning
Committee. Although the data generated by HAZUS-MH MR4 is considered to be an estimate, its level
of accuracy is acceptable for planning purposes.

HAZUS-MH MR4 was used to run the hydrology and hydraulics for the selected river and coastal
reaches, using the DFIRMs as a guide, a USGS one-third ArcSecond DEM (10 meter resolution), and
NOAA’s ESI to characterize the shoreline. HAZUS-MH MR4 generated the flood-depth grid and flood
boundary for the specified return periods (annualized losses and the 100- and 500-year mean return
periods [MRPs]) and calculated the estimated damages to the general building stock and critical facilities
based on this depth grid.
The FEMA DFIRM polygon data and HAZUS-MH MR4 riverine and coastal models were used to
estimate exposure and losses associated with the flood hazard. The default demographic and general
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building stock data in HAZUS-MH MR4 and the FEMA DFIRM were used to estimate population and
building exposure, and the HAZUS-MH MR4 generated 100- and 500-year flood depth grids and
boundaries were used to estimate losses. These mean return period (MRP) flood events are generally
those considered by planners and evaluated under federal programs such as the NFIP.
The default demographic data in HAZUS-MH MR4, based on the 2000 U.S. Census, was used for
analysis. The valuation of general building stock and the loss estimates determined in the City of New
Rochelle were based on the default general building stock database provided in HAZUS-MH MR4. The
general building stock valuations provided in HAZUS-MH MR4 are Replacement Cost Value from
RSMeans as of 2006. The critical facility inventory (essential facilities, utilities, transportation features,
high-potential loss facilities and user-defined facilities) was updated for the flood, earthquake and wind
hazard models. This comprehensive inventory was developed by gathering input from numerous sources
including HAZUS-MH, Westchester County, the City of New Rochelle and input from the Planning
Committee.
The 11 residential and 10 commercial occupancy classes available in HAZUS-MH were condensed into
the following occupancy classes (residential, commercial, industrial, agricultural, religious, government,
and educational) to facilitate the analysis and the presentation of results. Residential loss estimates
address both multi-family and single family dwellings. In addition, impacts to critical facilities were
evaluated for the 100-year and 500-year MRP flood events.
Impact on Life, Health and Safety
The impact of flooding on life, health and safety is dependent upon several factors including the severity of
the event and whether or not adequate warning time was provided to residents. Exposure represents the
population living in or near floodplain areas that could be impacted should a flood event occur.
Additionally, exposure should not be limited to only those who reside in a defined hazard zone, but
everyone who may be affected by the effects of a hazard event (e.g., people are at risk while traveling in
flooded areas, or their access to emergency services is compromised during an event). The degree of that
impact will vary and is not measurable.
To estimate the population exposed to the 100- and 500-year flood events, the FEMA DFIRM flood zones
were overlaid upon the population data available in HAZUS-MH MR4. The Census blocks with their
center within the flood boundary were used to calculate the estimated population exposed to this hazard.
Table 5.4.3-3 lists the estimated population located within the 100- and 500-year flood zones and Figures
5.4.3-5 through 5.4.3-7 illustrate the population density relative to the regulatory FEMA floodplains.
Table 5.4.3-3. Estimated Population Exposed to the Flood Hazard
Population in 100-Year SFHA
Total
Number
Number in
Total
Number
% of
in VE
% of
A and AE
Population in SFHA
Total
zone
Total
zones
72,182
2,460
3.4
489
0.7
1,971
Sources: HAZUS-MH MR4; FEMA DFIRM
Note: SFHA = Special Flood Hazard Area

Population in 500Year Flood Zone
% of
Total
2.7

Number
3,234

% of
Total
4.5

The table above shows that approximately three-percent (3.4%) of the total City population is exposed to
the 100-year flood and that approximately 4.5-percent (4.5%) of the total City population is exposed to
the 500-year flood.
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HAZUS-MH MR4 estimates 4,764 people will be displaced and 4,243 will seek temporary shelter as a
result of the 100-year MRP flood event. For the 500-year event, HAZUS-MH MR4 estimates 5,581 people
will be displaced and 4,990 will seek temporary shelter. Because the estimated population exposed to
flooding does not include storm surge, this may be a conservative estimate and may be higher if multiple
impacts occur (see Section 5.4.1 Coastal and Severe Storms).
Of the population exposed, the most vulnerable include the economically disadvantaged (households with
an income of less than $20,000) and the population over the age of 65. Economically disadvantaged
populations are more vulnerable because they are likely to evaluate their risk and make decisions to
evacuate based on the net economic impact to their family. The population over the age of 65 is also
more vulnerable because they are more likely to seek or need medical attention which may not be
available to due isolation during a flood event and they may have more difficulty evacuating.
The total number of injuries and casualties resulting from flooding is generally limited based on advance
weather forecasting, blockades and warnings. Therefore, injuries and deaths generally are not anticipated
if proper warning and precautions are in place. Ongoing mitigation efforts should help to avoid the most
likely cause of injury, which results form persons trying to cross flooded roadways or channels during a
flood.
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Figure 5.4.3-5. Distribution of Population Density Relative to the 100- and 500-Year Regulatory Floodplains in the
City of New Rochelle

Source(s): HAZUS-MH MR4; FEMA DFIRMs, 2007
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Figure 5.4.3-6. Distribution of Elderly Population Density Relative to the 100- and 500-Year Regulatory
Floodplains in the City of New Rochelle

Source(s): HAZUS-MH MR4; FEMA DFIRMs, 2007
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Figure 5.4.3-7. Distribution of Low-Income Population Density Relative to the 100- and 500-Year Regulatory
Floodplains in the City of New Rochelle

Source: HAZUS-MH MR4; FEMA DFIRMs, 2007

DMA 2000 Hazard Mitigation Plan – City of New Rochelle, New York
September 2010

5.4.3-27

SECTION 5.4.3: RISK ASSESSMENT – FLOOD

Impact on General Building Stock
After considering the population vulnerable to the flood hazard, the HAZUS-MH MR4 default value of
general building stock exposed to, and damaged by, the 100- and 500-year MRP flood events was
evaluated. In addition, annualized losses for the general building stock using HAZUS-MH MR4 were
also examined for the City. Exposure in the flood zone includes those buildings located in the flood zone
that are exposed to the flood hazard. Potential damage is the modeled loss that could occur to the exposed
inventory, including structural and content value.
HAZUS-MH MR4 does not estimate general building stock exposure to the flood hazard. To provide a
general exposure building count estimate, the 100- and 500-year regulatory floodplains were overlaid upon
a 2004 structure GIS layer provided by Westchester County GIS for the City of New Rochelle.
According to this 2004 dataset, there are 17,810 ‘buildings’ in the City (tanks, towers, train stations, train
platforms and miscellaneous structures were excluded). The buildings with their center located within the
flood boundary were used to estimate the building count exposed to this hazard. There are 433 buildings
(2.4-percent of the total buildings) located within the 100-year floodplain and 596 buildings (3.3-percent
of the total buildings) within the 500-year floodplain (Table 5.4.3-4 below). Because no other attribute
data was provided with the building GIS layer, the number of buildings per occupancy class (i.e.,
residential, commercial, etc.) or the building/contents replacement values cannot be specified. Figure
5.4.3-8 illustrates the buildings in the City relative to the regulatory floodplains.
Table 5.4.3-4. Number of Buildings in the City of New Rochelle Regulatory Floodplains
100-Year

500-Year

Total Number of
Buildings

# in Zone

% of Total

# in Zone

% of Total

17,810

433

2.4

596

3.3

Source: NYSEMO; Westchester GIS, 2004

To provide a general estimate of building/content replacement value exposure, the 100- and 500-year MRP
regulatory floodplains were overlaid upon the HAZUS-MH MR4 general building stock data inventory.
The Census blocks with their center within the flood boundary were used to estimate the building count
(for residential single-family dwellings and manufactured housing only) and replacement cost value
exposed to this hazard (Tables 5.4.3-5 and 5.4.3-6). Only RES1 and RES2 occupancy class building
counts are provided because they are based on census housing unit costs. All other occupancy class
building counts are calculated in HAZUS-MH MR4 based on regional average square footage values for
specific occupancy class/building types, and may significantly over- or under-estimate actual structure
counts and therefore, those building counts were not included in the summary table. Figures 5.4.3-X and
5.4.3-X illustrate the residential and building stock density relative to the regulatory floodplains.
There is approximately $385 million of building/contents exposed to the 100-year flood in the City of
New Rochelle. This represents approximately 3.5-percent of the City’s total general building stock
replacement value inventory (nearly $11 billion; see Section 4). For the 500-year event, it is estimated
there is greater than $540 million of buildings/contents exposed in the City of New Rochelle. This is
nearly 5-percent of the City’s total general building stock replacement value inventory. Refer to Table
5.4.3-5 for the exposure estimates for each occupancy class.
Table 5.4.3-6 summarizes the general building stock estimated losses as a result of the 100- and 500-year
flood events as calculated by HAZUS-MH MR4. The estimated total loss for the 100-year flood event is
nearly $166 Million or 1.5-percent of the City of New Rochelle’s building stock replacement value; 500year flood event is greater than $233 Million or 2-percent of the City’s building stock replacement value.
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Figure 5.4.3-8. Buildings in the City of New Rochelle Relative to the 100- and 500-Year MRP Regulatory
Floodplains

Source(s): FEMA DFIRMs, 2007; WC GIS, 2004
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Table 5.4.3-5. Estimated Number of Residential Buildings (Single-Family Dwellings and Manufactured Housing) Located in the DFIRM 100- and 500-year
Flood Boundaries
Total in City
RES1

RES1

RES2

100-Year

RES2
500-Year

100-Year

500-Year

0

0

11,224
16
377
417
Source: HAZUS-MH MR4
Notes: RES 1 = Single-Family Dwellings; RES2 = Manufactured Housing

Table 5.4.3-6. Estimated General Building Stock Replacement Value (Structure and Contents) Located in the DFIRM 100- and 500-Year Flood Boundaries

Total RV in the
City
$10,961,726,000

RV in SFHA
(A, AE and VE)
$385,293,000

Residential Buildings
100-Year
$316,116,000

500-Year
$424,631,000

Agricultural Buildings

Total (All Occupancy Classes) in SFHA
% of
% of
RV in A and AE
Total
RV in VE zone
Total
zones
3.5
$61,425,000
0.6
$323,868,000

Commercial Buildings
100-Year
$51,890,000

500-Year
$97,744,000

Religious Buildings

100-Year
500-Year
100-Year
500-Year
$308,000
$308,000
$1,978,000
$1,978,000
Source: HAZUS-MH MR4; FEMA, 2007
Notes: RV = Replacement Value. SFHA = Special Flood Hazard Area.
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% of
Total
3.0

Industrial Buildings
100-Year
$6,039,000

Government Buildings
100-Year
$0

Total (All Occupancy
Classes)
in 500-Year Flood Zone
% of
RV
Total
$541,484,000
4.9

500-Year
$0

500-Year
$7,861,000

Educational Buildings
100-Year
$8,962,000

500-Year
$8,962,000
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Figure 5.4.3-9. Distribution of Residential General Building Stock Density Relative to the 100- and 500-Year MRP
Regulatory Floodplains in the City of New Rochelle

Source(s): HAZUS-MH MR3, 2007; FEMA DFIRMs, 2007
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Figure 5.4.3-10. Distribution of Commercial General Building Stock Density Relative to the 100- and 500-Year
MRP Regulatory Floodplains in the City of New Rochelle

Source(s): HAZUS-MH MR3, 2007; FEMA DFIRMs, 2007
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Table 5.4.3-7. Estimated General Building Stock Replacement Value (Structure and Contents) Damaged by the 100-Year and 500-Year MRP Flood Events
Total (All Occupancies)
Total
100-Year
(Coastal and
Riverine)
$165,723,000

Residential

% of
Total
RV

Total
500-Year
(Coastal and
Riverine)

Coastal

Riverine

% of
Total
RV

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

1.5%

$233,721,000

2.1%

$131,628,000

$178,438,000

$34,095,000

$55,283,000

$94,031,000

$126,871,000

$16,536,000

$22,169,000

Commercial

Coastal

Riverine

Industrial

Coastal

Riverine

Coastal

Riverine

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

$32,461,000

$44,327,000

$12,073,000

$18,687,000

$2,065,000

$2,881,000

$1,705,000

$8,181,000

Agriculture

Religious

Coastal

Riverine

Coastal

Riverine

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

$1,000

$6,000

$243,000

$642,000

$877,000

$1,365,000

$813,000

$1,398,000

Government
Coastal

Education
Riverine

Coastal

Riverine

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

100-Year

500-Year

$25,000

$40,000

$49,000

$46,000

$2,168,000

$2,948,000

$2,676,000

$4,160,000

Source: HAZUS-MH MR4
Notes: The total replacement value is the sum of all seven general occupancy classifications.

RV = Replacement Value.
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Annualized losses are useful for mitigation planning because they provide a baseline upon which to 1)
compare the risk of one hazard across multiple jurisdictions and 2) compare the degree of risk of all
hazards for each participating jurisdiction. Please note that annualized loss does not predict what losses
will occur in any particular year. Table 5.4.3-8 summarizes the estimated annualized general building
stock losses as a result of the flood hazard.
Table 5.4.3-8. Summary of Estimated Annualized Flood General Building Stock Losses for the City of New
Rochelle
Municipality
City of New Rochelle
Source: HAZUS-MH MR4

Total
(Buildings +
Contents)

Buildings

Contents

$8,157,000

$3,813,000

$4,302,000

In addition to total building stock modeling, individual data available on flood policies, claims, RLP and
severe RLP (SRL’s) were analyzed. FEMA Region 2 provided a list of properties with NFIP policies,
past claims and multiple claims (RLPs). According to the metadata provided: “The NFIP Repetitive Loss
File contains losses reported from individuals who have flood insurance through the Federal Government.
A property is considered a repetitive loss property when there are two or more losses reported which were
paid more than $1,000 for each loss. The two losses must be within 10 years of each other and be as least
10 days apart. Only losses from (sic since) 1/1/1978 that are closed are considered.”
Severe RLP were then examined in the City of New Rochelle. According to section 1361A of the
National Flood Insurance Act, as amended (NFIA), 42 U.S.C. 4102a, a severe RLP property is defined as
a residential property that is covered under an NFIP flood insurance policy and:


Has at least four NFIP claim payments (including building and contents) over $5,000 each, and
the cumulative amount of such claims payments exceeds $20,000; or



For which at least two separate claims payments (building payments only) have been made with
the cumulative amount of the building portion of such claims exceeding the market value of the
building.



For both of the above, at least two of the referenced claims must have occurred within any 10year period, and must be greater than 10 days apart.
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A summary table of NFIP Loss Claims and Payment Data, including outstanding claims provided by FEMA
in February 2010 is displayed below in Table 5.4.3-9. This table also displays Repetitive Loss and Severe
Repetitive Loss Property statistics (refer to Figure 5.4.3-11). According to FEMA, there are 32 RL
properties in the City of New Rochelle. Of these 32 RL properties, 23 RL properties are classified as ‘single
family’, 7 RL properties are ‘assumed condominiums’, one RL property is ‘non-residential’ and one
property is ‘other residential’. Additionally, this data indicates there are 5 Severe RL properties in the City
(FEMA Region 2, 2010).
The location of the properties with policies, claims and repetitive and severe repetitive flooding were
geocoded by FEMA with the understanding that there are varying tolerances between how closely the
longitude and latitude coordinates correspond to the location of the property address, or that the indication of
some locations are more accurate than others. This data is more current than the properties reported in the
New York State HMP which may explain any difference in property count between these sources.
The following areas in the City were specifically identified by the Planning Committee as being vulnerable
to flooding and storm surge: Halcyon Park; Homestead Place (off Palmer, behind tennis center); Van
Guilder Street (both homes and the roadway); Valley Road up beyond Paine Lake, by Wood Place and
Barbery; Portman and Fifth, down by the entrance to City Park; Portman to the city line; Glen Island Park;
clubs along the Long Island Sound; and areas along Pelham Road.
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Table 5.4.3-9. NFIP Policies, Claims and Repetitive Loss Statistics

Municipality

# Policies
(1)

Insurance (2)

# Claims
(Losses)
(1)

Total Paid
(Structure
and
Contents) (1)

# Rep.
Loss
Prop.
(1)

# Severe
Rep.
Loss
Prop.
(1)

# Polices
in 100year
Boundary
(1)

# Polices
in 500Boundary
(1)

# Policies
Outside the
500-year
Flood
Hazard
(1)
531

City of New Rochelle
677
$174,377,300
390
$4,064,449
32
5
109
146
Source:
(1)
Policies provided by FEMA Region 2 in February 2010 using the “Comm_Nbr” field. To calculate policies located within the FEMA DFIRM flood boundaries were
used.
(2)
Insurance in-force (http://bsa.nfipstat.com/reports/1011.htm#NYT) as of March 31, 2010; Please note this website also indicates there are 701 policies in the City.
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Figure 5.4.3-11. Polices, Claims, Repetitive and Severe Repetitive Loss Properties in the City of New Rochelle

Source: FEMA, 2010
Note: NFIP statistics provided by FEMA Region 2 in February 2010
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Impact on Critical Facilities
HAZUS-MH MR4 estimates the probability critical facilities may sustain damage as a result of a 100year and 500-year MRP flood event. The following tables list critical facilities and utilities that may be
impacted by these events; if a damage estimate was not calculated by HAZUS-MH MR4, and the facility
is located within the FEMA DFIRM flood boundaries, it is also included in the tables below.
Table 5.4.3-10. Estimated Percent Damage to Critical Facilities due to a 100- and 500-Year MRP Flood Events in
the City of New Rochelle
100-Year
Name

Description

% Structure Damaged

% Contents Damaged

N.R.F.D. - Fire Station # 5

Fire/EMS

0.52

0.6

New Rochelle Rowing Club

Marina

NA

NA

Sailing School

Marina

NA

NA

City of New Rochelle Marina

Marina

NA

NA

Harrison Isle Beach & Yacht

Marina

NA

NA

New Rochelle Shore Club

Marina

NA

NA

El Dorado Caban & Country

Marina

NA

NA

Davenport Park

Marina

NA

NA

Imperial Yacht Club Inc.

Marina

NA

NA

Castaways Yacht Club

Marina

NA

NA

Gavia Yachts East

Marina

NA

NA

Neptune Boat Club

Marina

NA

NA

Wright Island Marina Inc.

Marina

NA

NA

CNR WW Pump Station 2

Wastewater

3.69

NA

CNR WW Pump Station 3

Wastewater

NA

NA

Bayberry Care Center

User Defined

7.44

41.26

Description

% Structure Damaged

% Contents Damaged

N.R.F.D. - Fire Station # 5

Fire/EMS

2.32

2.66

New Rochelle Rowing Club

Marina

NA

NA

Sailing School

Marina

NA

NA

City of New Rochelle Marina

Marina

NA

NA

Harrison Isle Beach & Yacht

Marina

NA

NA

New Rochelle Shore Club

Marina

NA

NA

El Dorado Caban & Country

Marina

NA

NA

Davenport Park

Marina

NA

NA

Imperial Yacht Club Inc.

Marina

NA

NA

Castaways Yacht Club

Marina

NA

NA

Gavia Yachts East

Marina

NA

NA

Neptune Boat Club

Marina

NA

NA

500-Year
Name

Wright Island Marina Inc.

Marina

NA

NA

CNR WW Pump Station 2

Wastewater

4.26

NA

CNR WW Pump Station 3

Wastewater

NA

NA

Bayberry Care Center
User Defined
15
84.14
Source: HAZUS-MH MR4, 2009
Notes: NA = Not Available; Facility located within the HAZUS generated 100- or 500-year floodplain; however, no damages are
estimated by HAZUS-MH MR4.
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In addition to the facilities noted above, the following senior facilities and/or their utilities have been
identified by the Planning Committee as vulnerable to flooding and storm surge: 676 Pelham Road –
Dumont Masonic Home; Bayberry Nursing Home; and 490 Pelham Road – Glen Island Nursing Home.
As listed in Table 5.4.3-10, there are numerous critical facilities and utilities vulnerable to the flood
hazard. Transportation features are not included in Table 5.4.3-10; however, specific roadways were
identified by the Planning Committee as vulnerable to flooding: Pelham Road; Valley Road up beyond
Paine Lake, by Wood Place and Barbery; Homestead Place; Beachmont Road; Van Guilder Street;
Portman and Fifth. In addition, portions of the New York State Thruway and the Metro North rail line are
located within the regulatory floodplains; however it is not known whether or not these portions are built
above the base flood elevation. Refer to Figure 5.4.3-11 on page 5.4.3-37 which illustrates the FEMA
DFIRM boundaries with the local roads and highways throughout the City.
To estimate the highway bridges exposed to the flood hazard, the FEMA DFIRM flood boundaries were
overlaid upon the major bridge inventory provided by HAZUS-MH MR4. The bridges with their center
within the FEMA DFIRM flood boundary were determined and listed in Table 5.4.3-11. Table 5.4.3-11
indicates the highway bridges located in the FEMA DFIRM 100- and 500-year flood boundaries and
therefore, vulnerable to flooding. This listing does not convey whether or not the bridge is designed and
built above the base flood elevation.
Table 5.4.3-11. Major Bridges in the City of New Rochelle Located Within the FEMA DFIRM Flood Boundaries
Bridge
Glen Island Approach
TO SB HRP
HUT R PKY
Source: FEMA DFIRM, 2007; HAZUS-MH MR4, 2009

100-Year
Boundary
X
X
X

500-Year
Boundary
X
X
X

Impact on Economy
For impact on economy, estimated losses from a flood event are considered. Losses include but are not
limited to general building stock damages, business interruption, impacts to tourism and tax base to the
City of New Rochelle. Damages to general building stock can be quantified using HAZUS-MH as
discussed above. Other economic components such as loss of facility use, functional downtime, loss of
tourism revenue and social economic factors are less measurable with a high degree of certainty.
Direct building losses are the estimated costs to repair or replace the damage caused to the building. The
potential damage estimated to the general building stock inventory associated with the 100-year flood is
$166 Million. This estimate represents 1.5-percent of the City’s overall total general building stock
inventory. For the 500-year event, the potential damage estimate is greater than $233 Million (structure
and contents), or approximately 2-percent of the City’s total general building stock replacement value
inventory. These dollar value losses to the City’s total building inventory replacement value would
greatly impact New Rochelle’s tax base and the local economy.
HAZUS-MH MR4 estimates the amount of debris generated from the riverine and coastal flood events as
a result of 100- and 500-year MRPs. The model breaks down debris into three categories: 1) finishes (dry
wall, insulation, etc.); 2) structural (wood, brick, etc.) and 3) foundations (concrete slab and block, rebar,
etc.). The distinction is made because of the different types of equipment needed to handle the debris.
For the 100-year event, HAZUS estimates 37,433 tons of debris will be generated (16,529 tons of finish
debris; 12,670 tons of structure debris and 8,234 tons of foundation debris). For the 500-year event,
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HAZUS estimates 73,694 tons of debris will be generated (23,831 tons finish debris; 30,844 tons of
structure debris and 19,019 tons of foundation debris).
Future Growth and Development
As discussed in Section 4, areas targeted for future growth and development have been identified across
the City. Any areas of growth could be potentially impacted by the flood hazard if located within the
identified hazard areas (Figure 5.4.3-12 below). Table 5.4.3-12 summarizes the potential new
development located in the FEMA floodplains.
Table 5.4.3-12. Potential New Development in the City of New Rochelle
Address

Project

Type

Main Street
(Blocks 72, 84 & 87)

Echo Bay

Commercial/
Residential

Pelham Road
Block 445 Lot 1000

Titus Mill Landing

Residential

Located in Floodplain
100-year (Parcels 253; 255-263; 270-272275)
500-year (Parcels 253-266; 269-275)
100-year (Parcel 2,605)
500-year (Parcel 2,605)

Source: Westchester County, 2010; City of New Rochelle Planning Committee, 2010
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Figure 5.4.3-12. Potential Development and FEMA DIFRMs for the City of New Rochelle

Source: FEMA, 2007; Westchester County, 2010; City of New Rochelle Planning Committee, 2010
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Additional Data and Next Steps
Over time, the City will continue to work together with local, state, and federal entities to learn more
about the flood hazard, enhance participation in FEMA’s NFIP, and support further mitigation efforts as
discussed in Section 6 to reduce the losses when future flood events occur. Refinement of floodplain
maps and improvement of local inventory data will support refined analyses using the flood model over
time. Future evaluations may use the DFIRMs and the Flood Information Tool in HAZUS or apply the
HAZUS-MH model to study particular reaches of concern in greater detail. Also, the model may be used
to estimate the impact of particular mitigation activities that could be implemented to reduce flood risk.
Also, as new or refined flood maps (DFIRMs) are created and development and mitigation efforts occur,
future evaluations (for example, through updates to this Plan) should consider any changes to the flood
loss estimates presented in this Plan.
Overall Vulnerability Assessment
The flood hazard is evaluated as a significant threat, which was ranked overall as a “high” risk by the
Planning Committee with a “frequent” probability of occurrence (see Tables 5.3-3 and 5.3-6 in Section
5.3). This hazard can be managed and planned for through the mitigation strategy and specific activities
outlined in Section 6, which build on efforts already undertaken by the City and County.
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5.4.4 COASTAL EROSION
This section provides a profile and vulnerability assessment for the coastal erosion hazard.
HAZARD PROFILE
This section provides profile information including description, location and extent, previous occurrences
and losses and the probability of future occurrences.
Description
Coastal erosion results from beach-ocean interaction together with human activity. Many factors
contribute to coastal erosion – human activity, sea-level rise, seasonal fluctuations, and climate change.
Wind, waves, and longshore currents are the driving forces behind coastal erosion. The removal and
disposition of sand permanently changes shape and structure. Sand may be transported to land-side
dunes, deep ocean trenches, other beaches and deep bottom oceans. Coastal erosion poses many
problems to coastal communities in that property is frequently lost. Human activity may promulgate the
process of coastal erosion through poor land use methods (South Carolina Sea Grant Consortium, 2005).
According to the New York State Department of Environmental Conservation (NYSDEC) Rules and
Regulations (6 NYCRR Part 505.2 – Coastal Erosion Management), coastal erosion is the loss or
displacement of land along the coastline due to the action of waves, currents, tides, wind-driven water,
waterborne ice, or other impacts associated with storms. It also means the loss or displacement of land
due to the action of wind, runoff of surface waters, or groundwater seepage. The principal natural causes
of erosion are wave action, wind action, and overland runoff groundwater seepage through intense
precipitation and natural sorting of beach sediment through loss of fines. Other contributing factors that
can significantly increase erosion of a natural protective feature include length of fetch (length of water
over which a given wind has blown), wind direction and speed, wave length, height and period, nearshore
water depth, tidal influence, increased lake or sea levels, overall strength and duration of storm events and
variability in sediment supply to the littoral zone. Combinations of these factors and events can
exacerbate the effects of these processes by increasing water levels, storm rise, wave run up and wind
setup, producing damaging waves, driving ice "plates" along the shore scouring beaches and bluff areas,
reducing sand from beaches, and allowing water and wave action further inland that intensifies erosion of
dunes and bluffs (NYSDEC, 1988). In addition, erosion can be exacerbated by man-made influences,
such shoreline hardening, seawalls, groins, jetties, navigation inlets, boat wakes, dredging and other
interruptions of physical coastal processes which reduce or interrupt longshore sediment transport.
Primary forms of coastal erosion include beach erosion, dune scarping/dune erosion, overwash, and bluff
erosion, as described below:




Beach Erosion: A beach is the accumulation of sand, gravel, silt or clay located at the transition
zone between land and water. Beach erosion occurs through the removal of beach sediment
caused by wind, wave action and longshore currents, causing offshore movement of sand from
the sub-aerial beach during storms. Beach erosion is a recurring, long-term problem and it is a
precursor of dune erosion, dune overwash, bluff erosion, failure of shoreline protection structures
and destruction of shoreline development.
Dune Erosion/Scarping: A dune is a hill of sand built by wind-related or man-made processes
found in deserts or near lakes and oceans. Dune erosion is caused by wave-attack during a storm
or a large swell or by wind action. This process, generally known as scarping, releases sand that
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was stored in the dune to the active beach or to the zone just landward of the dune. The influx of
this dune sand to the active beach is often carried offshore to build temporary sand bars, which
help attenuate incoming wave energy and can assist in post storm low profile beach recovery.
Overwash/Washover: Overwash/washover are terms related to the transport of sediment
landward of the active beach, which occurs from coastal flooding during a tsunami, hurricane,
Nor’Easter or other event with extreme waves. Overwash occurs where the flow of water (from
wave and storm surge) over the upper part of the beach profile causes beach sediment, to
advance over the crest of the beach, dune or berm and where this beach sediment does not
directly return to the generating water body such as ocean, sea, bay or lake after water level
fluctuations return to normal. There are two kinds of overwash: overwash by run up and
overwash by inundation. Overwash begins when the run up level of waves, usually coinciding
with a storm surge, exceeds the local beach or dune crest height. As the water level in the ocean
rises such that the beach or dune crest is inundated, a steady sheet of water (called sheetwash) and
sediment runs over (overwashes) the barrier. Washover is the sediment deposited inland of a
beach by overwash. Washover can be deposited onto the berm crest or as far as the back barrier
bay, estuary, or lagoon (Donnelly, 2004).
Bluff Erosion: A bluff is a cliff with a broad face, or a relatively long strip of land rising abruptly
above surrounding land or water. Typically, it rises at least 25 feet above the water body at an
average slope of 30 percent or greater. Bluff erosion is the erosion of these cliffsides or broad
faces as a result of high waves, wind, groundwater or surface runoff and can lead to significant
loss of land to the sea. Bluff erosion takes place from the top of the bluff down to the sea. Several
processes can lead to erosion on bluffs. Groundwater can leak out the face of a bluff to create wet
areas that wash sediments down the bluff face. Surface water may flow directly over the face of a
bluff or down a gully on a bluff and carry soil and sediment to the sea. Seasonal freeze-thaw
cycles can loosen sediment in a bluff that slumps downhill in the spring. At the base of the bluff,
high tides, coastal flooding and wave action can scour the bluff toe to remove sediment and
undercut the slope. Oversteepened slopes can move downward under the pull of gravity. Coastal
bluffs can be affected by all of these processes to some extent. The rate of bluff erosion may vary
from one location to the next. Over time, erosion is often episodic with significant land loss one
year and less the next. Bluff erosion leads to net land loss and the landward migration of the
shoreline as well as the top of the bluff. Actively eroding bluffs are unstable and potentially
unsafe for development near the bluff top (Maine Geological Survey, 2005).

Erosion can impact beaches, dunes, bluffs, barriers, bays, cliffsides, wetlands, marshes, parks, and other
natural landforms and can lead to destructive forces upon nearby manmade structures. One of the major
impacts of erosion processes is the permanent breaching or creation of inlets along barrier beaches and
islands. Impacts associated with new inlets could include (1) increased flooding and erosion on the
mainland shoreline due to increased water levels and wave action in the bays, (2) changes in shoaling
patterns, water circulation, temperature and salinity that could significantly alter existing bay ecosystems,
and (3) disruption of the longshore transport of sand along the ocean shoreline that would result in
increased downdrift erosion. It is noted that stabilized inlets do provide benefits for recreational and
commercial navigation, which is the trade-off (Alaska Division of Homeland Security and Emergency
Management, 2007).
Wind, waves and water level changes lead to transformations in circulation, sediment transport, and
erosion in the Great Lakes, Hudson River and coastal waters. Climate change and interbasin water
transfers make the coastlines of New York State vulnerable to erosion, flooding and wind damage (New
York Sea Grant, Date Unknown).
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The City of New Rochelle contains 9.3 miles of waterfront along the Long Island Sound (Downtown New
Rochelle, Date Unknown).
Hurricanes, tropical storms, severe storms and strong winds have helped shape the present-day shoreline,
as a result of the erosion and movement of sands by these storms. Development along the coastline has
placed many New York residents in areas of high vulnerability due to lack of hurricane protection, as well
as the erosion of supportive and protective landforms. While all shore lines are subject to wind, water and
gravitational forces of erosion, some shorelines have a greater risk than others. New York State’s Coastal
Erosion Hazard Area (CEHA) program was established to protect lives and property from the threat of
coastal erosion. The CEHA program also protects the natural protective features that mitigate or slow the
forces of coastal erosion (NYS HMP, 2008).
New York State currently has 86 municipalities under the CEHA program and where coastal erosion is a
significant concern. The City of New Rochelle is a municipality in the CEHA program (NYS HMP,
2008).
Coastal erosion also poses many ecological and economical problems to coastal communities in that
valuable property is frequently lost to the dynamic beach-ocean system. The coastal erosion process
causes extensive damage to publicly and privately owned property and to natural resources as well as
endangering human lives. When this erosion occurs, individuals and private businesses are prone to
suffer significant economic losses, as does the state's economy (South Carolina Sea Grant Consortium,
2005).
There are a variety of natural- and human-induced factors that influence the erosion process. For
example, shoreline orientation and exposure to prevailing winds, open ocean swells and storm surges, and
waves all influence erosion rates. Beach composition influences erosion rates as well. For example, a
beach composed of a finer sand and silt is easily eroded compared to beaches primarily consisting of
course sand, boulders, gravel or large rocks, which are more resistant to erosion. Other factors may
include:










Shoreline type
Geomorphology of the coast
Structure types along the shoreline
Density of development
Amount of encroachment into the high hazard zone
Proximity to erosion inducing coastal structures
Nature of the coastal topography
Elevation of coastal dunes and bluffs
Shoreline exposure to wind and waves (Alaska Division of Homeland Security and Emergency
Management, 2007).

The causes of erosion are often difficult to determine and usually require a skilled interpretation of the
processes and activities affecting a particular area. However, common contributing factors to coastal
erosion include, but are not limited to, the following:



Coastal Storms (Tropical and Extra-tropical)
Human Influence / Intervention (Poor land use practices, failed erosion control methods)
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Reduction in Sand/Sediment Supply (through littoral sand transport, sand mining, weather
patterns)
Rising Sea Levels (potentially exacerbated by global warming)

These contributing factors to erosion are described below.
Coastal Storms
Coastal erosion is often attributed to major storm events, and in particular to those storm events where
high wave energy, strong on-shore winds, and heavy rainfall coincide with a high tide. Large stormgenerated waves from hurricanes, Nor’Easters, or other storms often expedite coastal erosion processes,
when wave action is high and water levels and coastal currents rapidly increase. Coastal erosion may
change the shoreline over time through the long-term losses of sediment and rocks, or in other cases, may
temporarily redistribute coastal sediments; erosion in one location may result in accretion (deposition of
sediments) nearby. Deposition is the placement of sediment transported by wind, water, or ice.
The impact that waves have along the coastline is dependent upon storm surge. Storm surge is an
elevation of water levels, including tides due to lower barometric pressure associated with a hurricane or
extra-tropical storm, and wind stress in front of such strong storms which pushes water toward the
shoreline. Storm surges contribute substantially to the coastal erosion process, which is further discussed
earlier in this section (Section 5.4.X Coastal Storms). The three most important factors contributing to
beach and dune erosion during storms are (1) storm surge heights, (2) storm surge duration, and (3) wave
steepness (ratio of wave height to length) (Committee on Coastal Erosion Zone Management et al., 1990).
The fast moving nature of a hurricane in northern latitudes means that the storm surge can be short lived,
usually lasting less than a complete tidal cycle.
The impacts of storm surge are most severe if the storm surge coincides with high tide. Fortunately, the
marine shoreline of most of New York has not had significant erosion and flooding damage from recent
hurricanes that impacted the New York area as it has had in the past because the time of maximum storm
surge coincided with lower tides or hurricane strength was not as great. Extratropical storms
(Nor’Easters) are less intense but can have localized wind velocities that reach hurricane strength. These
are slow moving storms and the effects of these storms are generally present in an area for several days
(unlike hurricanes) impacting landscapes much like hurricanes. The primary reason for their ability to
alter a shoreline is their duration within an area. Unlike hurricanes that many times have a general
duration of 6 hours, Nor’Easters may remain for a much longer period of time, thus allowing the high
waves and storm surges to modify coastal morphology over several complete tidal cycles (Cuomo, 1994).
Human Influence / Intervention
Another contributing factor to erosion-related problems is human intervention. Even though natural
events play a major role in the erosion process, human actions can intensify or exacerbate the effects of
these processes speeding the erosion process through poor land use methods, dredging operations,
vegetation removal, construction of shoreline structures (for example, homes, boardwalks, piers,
recreational structures), and misguided erosion control efforts. The mid-Atlantic coast, which extends
from New York to Virginia, is the most urbanized shore in the country, with millions of people using the
shore for recreational or residential purposes. Significant coastal growth in these areas includes the desire
to build along the coast line. As a result, there has been a coastal building boom of all types of structures;
construction in these areas can increase the potential for coastal erosion by disturbing the natural coastline
and also increases the inventory exposed to the coastal erosion hazard (Committee on Coastal Erosion
Zone Management et al., 1990).
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Humans contribute to the erosion process by removing vegetation which then allows wind and
precipitation to directly erode the soil, directing runoff from streets, parking lots, roofs, and other
locations (e.g., over a bluff and causing erosion). Humans also alter the coastline by constructing
"hardened" structures on the shore, which blocks littoral processes and can reflect wave energy onto
adjacent shoreline areas or cause deepening of the nearshore area. Many development activities damage
or alter natural protective features and the protection that these features afford the upland area from
erosion and storm damage. These problems are contributed by:





Building without considering the potential for damage to property,
Activities which destroy natural protective features such as dunes or bluffs, and their vegetation
are undertaken,
Building structures intended for erosion prevention actually serve to exacerbate erosion
conditions on adjacent or nearby properties, and
Wakes from boats producing erosive action on the shoreline (NYSDEC, 2007)

Engineered structures can halt, retard, mitigate or accelerate shoreline erosion. Erosion and accretion of
beaches, inlet opening and closing, alterations in bay environments, bluff slumping, dune loss, wetland
loss and other changes to coastal environments have been occurring naturally on a routine basis since the
glacial retreat. These events, whether occurring incrementally or in a single storm event, are part of a
natural system. The placement of hard structures (e.g., groins, jetties, bulkheads, revetments, seawalls) or
soft structures (e.g., beach nourishment, vegetation, beach scraping, dune building) on dynamic landforms
and in flood plains adjacent to coastal waters may not always comply with the dynamic nature of the
landform to produce the desired results of erosion control. Through human intervention of these natural
coastal processes, coastal erosion in some areas has been mitigated while in other areas it has accelerated
(Cuomo, 1994).
Reduction in Sand/Sediment Supply
Beaches and barrier landforms are created by sediment (predominantly sand) that is constantly in motion
as a result of coastal processes. General landform conditions are dependent on the amount of sediment
entering or leaving an area. Sediment supply is critical in determining whether a beach or barrier
landform erodes, remains stable, or accretes.
The volume of sediment supply to any beach or barrier landform depends upon sediment source (for
example, glacial bluffs) and the transport pathway from source to landform (Cuomo, 1994). Reduction in
the sand/sediment supply, either from landward or seaward (primarily reef) sources can have a myriad of
causes. Obvious causes such as beach sand mining and structures that prevent natural access to beach
deposits remove sediment from the active littoral system.
Alongshore sediment transport occurs in the nearshore and surf zone. Pathways can be blocked by
natural and man-made structures built perpendicular to the shore. Interference with sediment transport
can result in excess sediment, (beach accretion), on the side from which sediment is coming (updrift), and
sediment starvation, (increased erosion), along the downdrift side of the structure.
Rising Sea Levels
Rising sea levels result in the landward migration of the shoreline (OCDA, Date Unknown). Along much
of New York’s coast, sea level already is rising 10 inches per century, and can rise up to another
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22 inches (as a potential on the higher end of the range of possible sea level rise predictions) by 2100 Sea
levels rise due to a variety of causes, which occur over different temporal intervals and vary in magnitude.
Such causes include, but are not limited to, changes in sea floor spreading rates, changes in areas of ocean
and land, changes in direction of movement of plates, thermal effects, and climate effects (i.e., global
warming) (Cuomo, 1994).
Sea level rise can lead to the flooding of low-lying coastal areas; extension of flood zone areas inland;
loss and/or displacement of coastal wetlands and other types of coastal habitats; accelerated erosion of
beaches; dune line recession; saltwater contamination of drinking water; decreased longevity of low-lying
roads, causeways, and bridges; displacement of coastal habitats; and decreases in the ability of the natural
barrier, bay, and wetland systems to maintain themselves, especially in light of present human shoreline
alterations. According to the Governor’s Coastal Erosion Task Force Final Report, hardened shorelines
prevent the natural migration and response of wetlands and barriers to climatic forces and as a
consequence, cause the destruction of these natural protective features and a loss of the benefits they
provide for wildlife habitats, storm protection and recreation (Cuomo, 1994). However, soft solutions
such as beach renourishment may in certain circumstances prolong the life of these existing features,
where desirable. In addition, sea level rise could increase the vulnerability of coastal areas to storms and
associated flooding. New York State has one of the most urbanized coastlines in the United States. Over
20 million people use New York State beaches and coastal regions for recreation each year.
Coastal erosion poses many ecological and economical problems to coastal communities in that valuable
property is frequently lost to the dynamic beach-ocean system. The coastal erosion process causes
extensive damage to publicly and privately owned property and to natural resources as well as
endangering human lives. When this erosion occurs, individuals and private businesses are prone to suffer
significant economic losses, as does the state's economy.
Extent and Location
Due to the ongoing coastal erosion problems along the New York State coastline, the State Legislature
passed the Coastal Erosion Hazard Areas (CEHA) Act (Article 34 of the Environmental Conservation
Law [ECL]), establishing the State’s coastal policy in August 1981. Under this act:






Areas prone to coastal erosion are identified.
Activities in areas subject to coastal erosion are undertaken in such a way that damage to property
is minimized, increases in coastal erosion are prevented, and natural protective features are
protected. Public actions likely to encourage new development in CEHA should not be
undertaken unless the areas are protected by structural or other erosion control projects which
could prevent erosion damage during the life of the proposed action.
Erosion control projects are publicly financed only where needed to protect human life for
existing or new development, which absolutely requires a location within a given hazard area.
Public and private erosion control projects should minimize damage to other human-made
property, natural protective features, and other natural resources.

Pursuant to Article 34, the NYSDEC has identified and mapped CEHA experiencing greater than one foot
per year of long-term, average erosion-related recession and areas which function as natural erosion
protective features along the state’s marine and Great Lake coasts. The CEHA maps show the boundaries
of such areas, annual rates of shoreline recession, and the boundaries of natural protective features
(O’Neill, 1989).
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As a part of this Act, NYSDEC has developed minimum standards and criteria, 6 NYCRR Part 505 –
Coastal Erosion Management, for the statewide regulation of development and other activities within
CEHA. Part 505 defines when the Department will administer a regulatory program within identified
CEHA and establishes standards for the issuance of coastal erosion management permits by the
Department. Procedural requirements are also established for local governments that wish to implement a
local program, although local implementation is not required until after the Department has filed CEHA
maps for a municipality (NYSDEC, 1988). Part 505 establishes two categories of CEHA: (1) Structural
Hazard Areas and (2) Natural Protective Features.


Structural Hazard Areas: areas where the long term average annual rate of recession is at least
1 foot per year and which are likely to be subject to erosion within a 40-year period. The inland
boundary of a structural hazard area is a line parallel to the landward edge of the fronting natural
protective feature at a distance of 40 times the long-term average annual recession rate at that site,
measured perpendicular to that landward edge.



Natural Protective Feature Area (NPFA)s: areas such as beaches, dunes, bluffs, nearshore areas
and wetlands, the alterations of which might reduce or destroy the protection against coastal
erosion that the feature afford to other lands, or lower the reserves of sand or other natural
materials available to replenish storm losses through natural processes (O’Neill, 1989).

Both types of areas are depicted on CEHA maps, which depict the landward limit of the Surface Hazard
Areas and Natural Protective Features and indicate the recession rate in feet per year where applicable.
The NYSDEC commissioner is tasked to review the boundaries of these hazard areas every 10 years and
after major coastal storms and revise the maps if the CEHA boundary changed by 25 feet or more
(NYSDEC Article 34, Chapter 841). According to Mr. Jay Tanski, Outreach Specialist for Coastal
Hazards (SUNY Stonybrook) with the New York Sea Grant, such updates have not been implemented in
recent years. Therefore, the 1988 maps are still the most recent regulatory delineations of the CEHA.
The digitized CEHA line was provided by Mr. Robert McDonough of the NYSDEC Division of Water,
Coastal Erosion Management Unit in June 2007. Figure 5.4.X-X illustrates the digitized line and the
average rate at which the eroding shoreline moves landward, expressed in feet per year, for the City of
New Rochelle. Although NYSDEC’s digitized CEHA line included a rate of recession attribute (as show
in the figure legend), it appears the rate for the City coastline is undefined (illustrated as a purple line in
Figure 5.4.X-X). According to the metadata, the CEHA jurisdiction extends 1,000 feet seaward of the
mean low water level or to a depth of 15 feet, whichever is greater. The 1,000 foot buffer on the seaward
side of the CEHA or NPFA landward limit line has been placed as a reminder of the seaward limit of the
nearshore area which is regulated as a Natural Protective Feature. As explained by Mr. McDonough, the
CEHA maps filed with the municipality are the official documents containing the legally defined NPFA
and SHA boundary lines and should be referred to when considering areas subject to the coastal erosion
hazard.
To define the hazard area for the purposes of this plan, the CEHA line provided by NYSDEC was used
and an approximate 1,000-foot seaward buffer from the CEHA line was created. For the 1,000-foot
buffer along the coast, only 1,000-feet were extended south into the Long Island Sound off the main coast
and the small island off of Davenport Park, whereas a 1,000-foot buffer in all directions was used for all
other islands in the City of New Rochelle (Figure 5.4.4-1 below)
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Figure 5.4.4-1. NYSDEC Coastal Erosion Hazard Areas Line (CEHA) for the City of New Rochelle

Source: NYSDEC, 2004
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The City of New Rochelle’s waterfront primarily contains mixed-density residential development, with
areas of recreational, commercial and water-related uses. The waterfront area of the City can be broken
down into five areas: Echo Bay area, Davenport Neck, Upper New Rochelle Creek, the Lower Harbor
area, and the outer islands (Cashin Associates, 1998).
The Echo Bay area contains a mix of residential, institutional, industrial, recreational, and commercial
land use. Recreational uses in the Echo Bay area include Hudson Park, Five Islands Park, Echo Island
and Leif Erikson Park. Hudson Park is the largest recreational area and contains a large beachfront and
the home to the New Rochelle Rowing Club, the New Rochelle Harbor Patrol office and dock, and the
Wildcliff Theater/Museum. Five Islands Park is made up of a group of five islands, three of which are
interconnected. Echo Island is utilized by the Echo Bay Yacht Club and contains a small beach, dock and
clubhouse. Leif Erikson Park is a small park at the head of Ferris Creek. The Ferris Creek portion of
Echo Bay is mainly marine commercial land use (Cashin Associates, 1998).
The waterfront area of Davenport Neck contains a mix of residential and water-related land uses. The
northern portion of Davenport Neck is almost all single-family residences. The southern portion of this
area is developed with beach clubs to the east, yacht clubs and small residential area to the west and a
Con Edison substation (Cashin Associates, 1998).
New Rochelle Creek, the western shoreline, contains a mix of medium and high-density residential
development, commercial buildings and marine areas. Marinas are found along the shoreline and
commercial and residential buildings are found in the upland area along Pelham Road (Cashin Associates,
1998).
Lower Harbor contains a mix of recreation and marine commercial uses. There are some residential areas
found along the western shoreline of Neptune Basin. Recreational use is predominant in the Lower
Harbor area and includes Glen Island County Park and the New York Athletic Club Yacht Club (Cashin
Associates, 1998).
The Outer Islands consist of Pine Island, Davids Island, Pea Island, Huckleberry Island, Goose Island,
and Columbia Island. Pine Island is located off the eastern shoreline of Davenport Neck. It is a small
bedrock outcrop used by the New Rochelle Rowing Club. Davids Island is a former military site and is
vacant. Pea and Huckleberry Islands are owned by the Huguenot Yacht Club and the New York Athletic
Club Yacht Club. They are undeveloped and used for seasonal water-related recreation. Goose Island
consists of residential homes. Columbia Island is vacant (Cashin Associates, 1998).
In the City of New Rochelle, coastal erosion protection is provided by different natural features that
include nearshore areas, beaches and vegetated marshes. These features protect the adjacent upland from
coastal erosion by dissipating the energy of incident waves. Maximum protection is provided by
gradually sloping nearshore areas and wider, more gently sloped beaches (Cashin Associates, 1998).
The CEHA within the City of New Rochelle has been designated and delineated on maps based on the
existence of natural protective features. The CEHA includes areas that lie immediately adjacent to the
Long Island Sound, including the western shore of Davenport Neck and the shoreline areas of Davids
Island and the outer islands (Goose, Columbia, Pea, Pine and Huckleberry). The natural protective
features along these shorelines consist mainly of beaches and nearshore areas (Cashin Associates, 1998).
The majority of the City of New Rochelle’s shorefront has been developed with structural protection
devices. These include: bulkheads, seawalls, revetments, breakwaters and groins. Additional information
regarding these different types of protection are discussed below.
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Bulkheads are wall-like structures composed of timber, corrugated steel, concrete, masonry or
other materials. They are built along the shoreline and are intended to retain upland material and
provide a barrier against shoreline recession. Bulkheads are common in Ferris Creek, New
Rochelle Creek and the Lower Harbor.
Seawalls are similar in appearance to bulkheads; however, they are a sturdier design and are
intended to protect the shoreline against direct wave impacts. In some parts of the City of New
Rochelle, natural bedrock outcroppings have been incorporated into seawall segments. Low
seawalls made of fieldstone or concrete are common in the City, especially along residential
properties and the upland edge of the beaches on Davenport Neck. Other areas protected by
seawalls include Glen Island Park and portions of Echo Bay.
Revetments are built along the shoreline and composed of heavy rocks or concrete rubble. They
are intended to provide an armor to protect against wave attacks. Revetments are common
throughout the shorelines of the City of New Rochelle.

Previous Occurrences and Losses
Many sources provided historical information regarding previous occurrences of coastal erosion
throughout the City of New Rochelle. With so many sources reviewed for the purpose of this HMP, loss
and impact information for many events could vary depending on the source. Therefore, the accuracy of
monetary figures discussed is based only on the available information identified during research for this
HMP.
Although many factors contribute to the natural coastal erosion of the City of New Rochelle shorelines;
historical hurricanes, tropical storms and Nor’Easter events have significantly increased coastal erosion
processes throughout the City. Erosion is a common result of most coastal storms that have affected the
City.
Probability of Future Events
As indicated in the FEMA Multi-Hazard Identification and Risk Assessment Report, coastal erosion is
measured as the rate of change in the position or horizontal displacement of a shoreline over a specific
period of record, measured in units of feet or meters per year. Erosion rates vary as a function of
shoreline type and are influenced primarily by episodic events. Monitoring of shoreline change based on
a relatively short period of record does not always reflect actual conditions and can misrepresent long
term erosion rates. Shorelines that are accreting, stable or experiencing mild rates of erosion over a longterm period are generally considered as not subject to erosion hazard. However, short-term and daily
erosion can expose a segment of coast to an episodic storm event and associated erosion damages at any
given time. Detailed methods of determining return periods and frequencies of occurrence of coastal
erosion are very difficult to determine due to limited information and the relatively short period of
recorded data in most areas. The long-term patterns of coastal erosion are also difficult to detect because
of substantial and rapid changes in coastlines in the short-term (that is, over days or weeks from storms
and natural tidal processes). It is usually severe short-term erosion events, occurring either singly or
cumulatively over a few years, that cause concern and lead to attempts to influence the natural processes.
Analysis of both long- and short-term shoreline changes are required to determine which is more
reflective of the potential future shoreline configuration.
Long-Term Erosion
Coastal erosion may be a result of multi-year impacts and long-term climatic change such as sea-level
rise, lack of sediment supply, subsidence, or long-term human factors such as the construction of shore
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protection structures and dams or aquifer depletion. These trends have caused the shoreline to shift
landward across the present-day continental shelf during the last 15,000 years.
Short-Term Erosion
Coastal erosion can occur from rapid, short-term daily, seasonal, or annual natural events such as waves,
storm surge, wind, coastal storms, and flooding or from human activities including boat wakes and
dredging. The most dramatic erosion often occurs during storms, particularly because the highest energy
waves are generated under storm conditions.
As presented in an abstract by Keqi Zhang, Bruce Douglas, and Stephen Leatherman in The Journal of
Geology of the University of Chicago in 2002, in a few hours or days, scores of meters of beach width
can be lost due to a severe storm. However, newly available shoreline data from the U.S. East Coast show
that beaches recover after storms to positions consistent with their long-term (100+ year) trend. Even the
largest storms, such as the Ash Wednesday Storm of 1962, considered to be the most damaging in the
twentieth century, appear to have had little effect on long-term trends. The gradual recession of beaches
along the U.S. East Coast is mainly controlled by other factors such as sea-level rise and variations of
sediment supply. Therefore, it follows that barrier beaches in a coastal plain setting would not experience
long-term erosion in response to storm impacts if the sea were to stop rising and sediment supply did not
change (Zhang, Douglas; Leatherman, 2002).
Based on the 1999 National Assessment of Coastal Vulnerability to Sea-Level Rise: Preliminary Results
for the U.S. Atlantic Coast, USGS Open-File Report 99-593 prepared by E. Robert Thieler and Erika S.
Hammar-Klose of USGS, increasing sea level rise appears to be the main problem affecting U.S.
coastlines, resulting in increased erosion, flooding, and storm damage. This study focuses on determining
the physical response of the coastline to sea-level rise, which has been identified as one of the most
important applied problems in coastal geology. Prediction of shoreline retreat and land loss rates is
critical to the planning of future coastal zone management strategies, and to assessing the biological
impacts of habitat changes or destruction. Presently, long-term (greater than 50 years) coastal planning
and decision-making has been done piecemeal, if at all, for the nation's shoreline (National Research
Council, 1990; 1995). Consequently, facilities and at times entire communities are being developed
without adequate consideration of the potential costs of protecting or relocating them from sea level riserelated erosion, flooding and storm damage.
Although a viable, quantitative, predictive approach is not available, the relative vulnerability of different
coastal environments to sea-level rise may be quantified at a regional to national scale using basic
information on coastal geomorphology, rate of sea-level rise, past shoreline evolution, and other factors.
The overall goal of this study is to develop and utilize a relatively simple, objective method to identify
those portions of the U.S. coastal regions at risk and the nature of that risk (e.g., inundation, erosion, etc.).
The long-term goal of the 1999 USGS study was to predict future coastal changes with a degree of
certainty useful for coastal management, following an approach similar to that used to map national
seismic and volcanic hazards.
In this study, the relative vulnerability of different coastal environments to sea-level rise is quantified for
the U.S. East Coast. This initial classification is based upon variables such as coastal geomorphology,
regional coastal slope, and shoreline erosion and accretion rates. The combination of these variables and
the association of these variables to each other furnish a broad overview of regions where physical
changes will occur due to sea-level rise. Coastal erosion and accretion rates are grouped as one of six risk
variables used to create the Coastal Vulnerability Index (CVI), which was created as a means to
determine coastal vulnerability to sea level rise in the U.S. The index allows the six physical variables to
be related in a quantifiable manner. This method yields numerical data that cannot be directly equated
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with particular physical effects. It does, however, highlight those regions where the various effects of sealevel rise may be the greatest.
For the purpose of this HMP, the erosion/accretion variable is the only one that applies to this hazard
profile; therefore, all other variables are not discussed. Shoreline erosion and accretion rates for the U.S.
were compiled into the Coastal Erosion Information System (CEIS), which is a computerized database of
a data collected by Dolan and Kimball of the University of Virginia. The data presents shoreline rates of
change for various geography regions of the U.S. The data is drawn from a wide variety of sources,
including published reports, historical shoreline change maps (for example, CEHA maps), field surveys,
and aerial photo analyses. However, the lack of a standard method among coastal scientists for analyzing
shoreline changes has resulted in the inclusion of data utilizing a variety of reference features,
measurement techniques, and rate-of-change calculations. Thus, while CEIS represents the best available
data for the U.S. as a whole, much work is needed to accurately document regional and local erosion
rates. The CEIS data are being augmented by, and updated with, shoreline change data obtained from
states and local agencies, in addition to new analyses being conducted to determine regional and local
erosion rates. Risk rankings of erosion and accretion rates for Long Island were identified as presented in
Figure 5.4.4-2. The risk rankings of erosion/accretion along the shoreline of the City of New Rochelle is
considered a high risk (USGS, 2009).
Figure 5.4.4-2. Erosion / Accretion Rates for New York to New Jersey Region

Source: USGS, 2009
Note: Map of the shoreline erosion/accretion rate variable for the New York to New Jersey region. The smaller-scale variations in
the coastal vulnerability index (CVI) values are influenced primarily by changes in the shoreline erosion rate.
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VULNERABILITY ASSESSMENT
To understand risk, a community must evaluate what assets are exposed or vulnerable in the identified
hazard area. While coastal erosion is not generally considered an imminent threat to public safety, its
impact to property, infrastructure, environmental resources and local economies is clear. The following
text evaluates and estimates the potential impact of coastal erosion on the City of New Rochelle
including:






Overview of vulnerability
Data and methodology used for the evaluation
Impact on (1) life, health and safety; (2) general building stock; (3) critical facilities; (4) economy and
(5) future growth and development
Further data collection that will assist understanding of this hazard over time
Overall vulnerability conclusion

Overview of Vulnerability
Coastal erosion is a significant concern to the City of New Rochelle because of the large number of
cultural resources (marinas, parks, nature preserves etc.) located along the coast.
As described in detail earlier in this profile, principal natural causes of erosion are wave action, wind
action, and overland runoff through intense precipitation. Other contributing factors that can significantly
increase erosion of a natural protective feature include length of fetch, wind direction and speed, wave
length, height and period, near-shore water depth, tidal influence, increased lake levels, and overall
strength and duration of storm events. Additionally, sea-level rise will exacerbate coastal erosion. As
identified in USGS Open-File Report 99-593, through using all the variables identified in Table 5.4.X-X
of the CVI, Figure 5.4.4-3 identifies the coastal vulnerability to sea-level rise along the shorelines of New
York. Those areas at risk within the City of New Rochelle are located along the south shore of the Long
Island Sound. This area is ranked ‘low’ on the coastal vulnerability index for the City of New Rochelle.
Table 5.4.X-X. Coastal Vulnerability Index

Source: USGS, 2001
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Figure 5.4.4-3. CVI Risk Ranking for New York to New Jersey Region

Source: USGS, 2001
Note: The black circle indicates the approximate location of the City of New Rochelle.

According to the City of New Rochelle Planning Committee, the point between Beach Point Lane and
Shore Club Drive is identified as being vulnerable to coastal erosion.
Data and Methodology
Step 4 in FEMA’s How-To 386-2 discusses the loss estimation process. For erosion damage, FEMA
states “Unfortunately, current standard loss estimation models and tables for erosion damages are not
available. As a result, you may wish to simplify your consideration of structure damage so that buildings
are assumed to be either undamaged or severely damaged due to erosion. Although slight or moderate
damage can occur due to erosion, the likelihood of this level of damage is considered small. Your
estimated structure loss from erosion should be based on past experience, the location of the structure
within the hazard area, rate of erosion, and the structure replacement value.”
Available data was used to assess the City of New Rochelle’s vulnerability to coastal erosion. For the
purposes of this risk assessment, the CEHA data provided by NYSDEC (CEHA line) was used and an
approximate 1,000-foot seaward buffer from the CEHA line was created and used to define the hazard
area. A 1,000-foot seaward buffer was selected because according to the CEHA metadata provided, the
‘CEHA jurisdiction extends 1,000 feet seaward of the mean low water or a depth of 15 feet, whichever is
greater.’ For the 1,000-foot buffer along the coast, only 1,000-feet were extended south into the Long
Island Sound off the main coast and the small island off of Davenport Park whereas a 1,000-foot buffer in
all directions was used for all other islands in the City of New Rochelle. This hazard area was used to
estimate exposure. The average rate of recession of the coastline is not defined for the City of New
Rochelle (Figure 5.4.4-4).
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The asset data (population, building stock and critical facilities) presented in the City Profile section
(Section 4) was used to support an evaluation of assets exposed and the potential impacts and losses
associated with this hazard. To determine what assets are exposed to coastal erosion, available and
appropriate GIS data was overlaid upon the hazard area.
Impact on Life, Health and Safety
Coastal erosion is not generally considered an imminent threat to public safety (FEMA Multi-Hazard ID
and RA).
Impact on General Building Stock
The Westchester Geographic Information Systems (GIS) provided a 2009 parcel-based land use shapefile
for Westchester County and a 2004 structure shapefile for the City of New Rochelle. According to these
datasets, there are 15,061 parcels in the City and 17,810 ‘buildings’ in the City with the remainder of the
structures (69 structures) being tanks, towers, train stations, train platforms and miscellaneous structures.
To estimate the number of parcels and structures exposed to coastal erosion, the parcel and structure
centroids were overlaid upon the coastal erosion hazard area (CEHA line and 1,000-foot seaward buffer).
Of the 15,061 parcels in the City of New Rochelle, 7 parcels (or less than 1-percent of the parcels in the
City of New Rochelle) are located within the coastal hazard area. These parcels have the associated
‘GENCODENAM’ attribute: one is classified as a ‘Transportation, Communication, Ut’ parcel, two are
‘Private Recreation’ parcels, one is ‘Vacant/Undeveloped’ parcels and three parcels are ‘Residential.’
Please note, most parcels on the islands off the shore of New Rochelle are large and their centroid is not
included in this total above.
Of the 17,879 structures in the City of New Rochelle, 27 structures (19 buildings and 8 structures not
classified as buildings) are located in the coastal hazard area (less than 1-percent of the structures in the
City of New Rochelle). Table 5.4.X-X lists the estimated number of parcels and structures exposed to
coastal erosion in the City of New Rochelle. Figure 5.4.4-4 illustrates the CEHA line and 1,000-foot
buffer with the City’s parcels and structures.
Table 5.4.X-X. Estimated Number of Parcels and Structures in the CEHA Jurisdiction
Municipality
Number of Parcels
City of New Rochelle
7
Source: Westchester GIS, 2004; Westchester GIS, 2009

Number of
Buildings
19

Number Structures
(Other than
buildings)
8

At this time, sufficient data was not available to estimate coastal erosion damages to the general building
stock.
Impact on Critical Facilities
There are no police stations, fire/EMS facilities, schools, EOCs, medical facilities or shelters located with
in the coastal erosion hazard area. Based on the inventory provided by the Planning Committee, only a
marina is located within this hazard area boundary.
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Figure 5.4.4-4. City of New Rochelle Parcels, Structures and CEHA Jurisdiction

Source: NYSEMO, 2004; Westchester GIS, 2004; Westchester GIS, 2009
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Impact on Economy
The City of New Rochelle’s beaches, parks and other coastal resources are a large draw for local residents
and contribute to the City’s economy. The following is a list of resources in the City that could be
impacted by coastal erosion.






Glen Island
Five Islands Park
Hudson Park
Davids’ Island
Travers Island

Future Growth and Development
As discussed in Section 4, areas targeted for future growth and development have been identified across
the City. Any areas of growth could be potentially impacted by coastal erosion similar to those that
currently exist within the City. Figure 5.4.4-5 below illustrates the potential future growth in the City in
relation to the CEHA jurisdiction. There is no potential new development located within the CEHA
jurisdiction.
Additional Data and Next Steps
When the CEHA maps are updated, this section of the plan will be updated to reflect new areas and/or
assets located in the coastal erosion hazard area. Additional data on historic costs incurred to reconstruct
buildings and/or infrastructure due to coastal erosion impacts would assist in estimating future losses.
Overall Vulnerability Assessment
The City of New Rochelle is vulnerable to coastal erosion events which can cause significant impacts and
losses to natural resources (i.e., beaches, parks), buildings and infrastructure. Existing and future
mitigation efforts should continue to be developed and employed that will enable the study area to be
prepared for these events when they occur. The overall hazard ranking determined for this HMP for the
coastal erosion hazard is ‘medium’, with a ‘frequent’ probability of occurrence (hazard event is likely to
occur within 25 years) (see Tables 5.3-3 through 5.3-6 in Section 5.3).
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Figure 5.4.4-5. Potential Future Growth and CEHA Jurisdiction for the City of New Rochelle

Source: Westchester County, 2010; City of New Rochelle Planning Committee, 2010
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